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Executive Summary

Since the enactment of the Air Act 1981, air pollution control programs have focused on point
and area sources of emission. However, most cities in the country still face continuing
particulate non-attainment problems from particles of unknown origin (or those not considered

for pollution control) despite the high level of control applied to many sources.

To address the air pollution issues of the City of Agra, the Uttar Pradesh Pollution Control
Board (UPPCB), Lucknow has sponsored the study “Air Quality Assessment, Trend Analysis,
Emission Inventory and Source Apportionment Study in Agra City” to the Indian Institute of
Technology Kanpur (IITK). The main objectives of the study are preparation of emission
inventory, air quality monitoring in two seasons, chemical composition of PM1o and PM2s,
apportionment of sources to ambient air quality, trend analysis in historical air quality data and
development of pollution control plan for the city. The project has the following specific

objectives:

e Identify and inventorize emission sources (industry, traffic, power plants, local power
generation, small-scale industries, etc.);

e Chemical speciation of particulate matter (PM) and measurement of other air pollutants;

e Perform receptor modeling to establish the source-receptor linkages for PM in ambient air;

e ldentification of various control options and assessment of their efficacies for air quality
improvements and development of control scenarios consisting of combinations of several
control options; and

e Selection of best control options from the developed control scenarios and recommend

implementing control options in a time-bound manner.

This study has five major components (i) air quality measurements, (ii) emission inventory,
(iii) air quality modeling, (iv) control options and (v) action plan. The highlights of these

components are presented below.
Air Quality: Measurements

A total of five air quality sampling sites were categorized based on the predominant land-use
pattern (Table 1) to cover varying land-uses prevailing in the city. PMio (particulate matter of
size less than or equal to 10 um diameter), PM2s (particulate matter of size less than or equal



to 2.5 um diameter), SO2, NO2, VOCs (volatile organic compounds), OC (organic carbon), EC
(elemental carbon), ions, elements and PAHs (polyaromatic hydrocarbons) were considered
for sampling and analysis. The air quality sampling was conducted for two seasons: winter
(2018-19) and summer (2019).

Table 1: Description of Sampling Sites of Agra

S. | Sampling Site Description of | Type of sources
No. | Location Code | thesite
1. | Ghatia Azam | GAK | Commercial Vehicles, road dust, garbage
Khan Gate burning, restaurants, DG sets
2. | Nunhai Industrial | NNH | Industrial Industries, DG sets, vehicles, road
Area dust,  garbage/industrial ~ waste
burning
3. | Jaipur House JHS Residential Domestic cooking, vehicles, road
dust, garbage/MSW  burning,
restaurants
4. | Sikandra SKD | Residential cum | Domestic cooking, vehicles, road
commercial dust, garbage/MSW burning,
restaurants
5. | Taj Mahal TAJ Sensitive Zone | Vehicles, road dust, garbage/MSW
burning

Based on the air quality measurements in summer and winter and critical analyses of air quality
data (Chapter 2), the following inferences and insights are drawn for understanding the current
status of air quality. The season-wise, site-specific average air concentrations of PMio, PM2s
and their compositions have been referred to bring the important inferences to the fore.

- Particulate pollution is the main concern in the city where PMuo levels are 2.0 — 4.2 times
higher than the national air quality standards in the winter season and 1.5 — 2.0 times in
the summer season. PMzs levels are 2.5 — 5.0 times higher than the national standard in
the winter season. In the summer, PM2s levels marginally exceed (4 — 12%) the national

standards.

- The chemical composition of PMio and PMzs carries the signature of sources and their
harmful contents. The chemical composition is variable depending on the size fraction of
particles and the season. The PM levels and chemical composition are discussed

separately for two seasons.



PMjio (winter and summer)

The overall average concentration of PM1o was 334484 pg/m? in winter and 183+21
ug/m?® in summer against the acceptable level of 100 pg/m3. The highest levels were
observed at GAK (423+100 pg/m?®) and lowest at JHS (201+48 pg/m?®) in winter. In

summer, the highest levels were at JHS and the lowest at TAJ.

In winter, crustal component (Si + Al + Fe + Ca) accounts for about 12% (much less
compared to 26% in summer). This suggests soil and road dust have reduced significantly
in PM1o in winter. The coefficient of variation (CV) is about 0.25 (of the fraction of
crustal component), which suggests the crustal source contributes consistently even in

winter, though much less than in summer.

In summer, the crustal component (Si + Al + Fe + Ca) accounts for about 26% of total
PMz1o. This suggests airborne soil and road dust are the major sources of PMz1o pollution
in summer. The coefficient of variation (CV) is about 0.07 (of the fraction of crustal
component), which suggests the sources are consistent and uniform all around the city,
forming a layer that envelops the city. GAK and SKD have the highest crustal fraction
(around 28% of total PMuo). It is difficult to pinpoint the crustal sources as these are
widespread and present all around in Agra and are more prominent in summer when soil
and dust are dry and high-speed winds make the particles airborne. It was observed that
in summer, the atmosphere looks light brownish, which can be attributed to the presence
of large amounts of soil dust particles in the atmosphere.

The other important component is the secondary particles (NO;~ + SO, 72+ NH,*), which
account for about 27% of total PM1o and combustion-related total carbon (TC = EC +
OC) accounts for about 23%; both fractions of secondary particles and combustion-

related carbons have increased in winter and account for 50% of PMio.

In summer, the secondary particles (NO5;™ + SO,72 + NH,*) account for 12% of total

PMz10 and combustion-related total carbon (EC+OC) accounts for about 13%.

The CI content in PM1o in winter is consistent and varies between 6 — 10%, an indicator
of the burning of municipal and plastic solid waste (MSW); poly vinyl chloride (PVC) is
a significant part of MSW. The highest CI- content is observed at NNH at 38 pg/m®

compared to the overall city level of 25 pg/m?. The CI- content in PM1o in summer is
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consistent at 2.8 — 4.4%. The high level at NNH signifies some local burning of waste

either in industrial processes or as means of disposal of solid waste.

The zinc (Zn) levels are highly variable, with city average of 1.85 pg/m?® in winter and
0.34 pg/m? in summer. The maximum levels were at NNH (5.18 pg/m?®) in winter and
GAK (0.60 pg/mq) in summer. The high levels of Zn signify the industrial emissions and
tyre wear and burning in the city.

PM2 s (winter and summer)

The overall average concentration of PMzs is 238458 pg/m? in winter and 6745 pg/m?
in summer and against the acceptable level of 60 pg/m2. The highest levels are observed
at GAK (30477 pg/m®) and lowest at JHS (153+47 pg/m?®) in winter. In summer, the
highest levels were at NNH and the lowest at TAJ.

The crustal component (Si + Al + Fe + Ca) accounts for about 9% in winter and 12% in
summer in total PM2s. The CV is about 0.21 in summer, which suggests the source is

consistent all around the city though relatively small in winter.

In winter, the important components are the secondary particles (NO3™ + SO,72 + NH,*),
which account for 31% of total PM2s and combustion-related total carbon (EC+OC)
accounts for 24%; both secondary particles and combustion-related carbon are consistent
contributors to PM2s at about 55%. The highest TC level was observed at GAK (about
90 pg/m?®) and secondary particles at NNH (about 92 pg/m?3).

In summer, the secondary particles account for 23% and combustion-related total carbon
(EC+0OC) accounts for 27%; both secondary particles and combustion-related carbon are
consistent contributors to PMz.s at about 50%. The highest TC was at JHS and secondary
particles at NNH.

The CI content in PM2s was consistent in the winter and summer seasons and varied
between 5 — 12%, which is an indicator of the burning of MSW. This is relatively lower

in summer than in winter.

Potassium levels
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In general, potassium levels are high and variable for PM1o (3.0 to 10.2 pg/mq) both in
winter and summer. In PMz25 potassium levels in winter vary between 3.1 to 5.1 pg/m®.
In general, the potassium levels are 2.0 pug/m? in urban areas. Potassium is an indicator
of biomass burning and high levels and variability (CV ~ 0.40) show day-to-day variation

both in summer and winter.
NO: levels

NOz2 levels in winter are higher than those in summer at all sites and the levels meet the
national air quality standard of 80 pg/m®. The highest NO2 levels were at NNH, an
industrial and traffic site. In addition, high levels of NO2 are expected to undergo
chemical transformation to form fine secondary particles in the form of nitrates, adding

to high levels of existing PM1o and PM2s.
SOz levels (less than 6.0 pg/m?3) in the city were well within the air quality standard.
General inferences

in winter, PM2s and EC levels are significantly higher at all sites. PM1o, OC and NO2 are
high at most sites (except JHS). Levels of PM2s and EC are statistically higher (at all
locations) in winter than in summer. In general, air pollution levels in ambient air (barring
traffic intersections) are uniform across the city, suggesting the entire city is stressed
under high pollution; in a relative sense, GAK is most polluted, followed by NNH and
TAJ. JHS is the least polluted area.

It is to be noted that OC3/TC ratio (OC3 refers to carbon content of higher molecular
weight organic compounds) is above 0.20 and the highest among the ratio of the fraction
of OC to TC. It suggests a significant component of secondary organic aerosol is formed
in the atmosphere due to condensation and nucleation of volatile to semi-volatile organic

compounds, which suggests emissions within and outside of Agra.

Total PAH levels (17 compounds; particulate phase) in winter are high (relatively to
levels generally seen in urban areas) at 207 ng/m® and B(a)P at 1.73 ng/m® (annual
standard is 1.0 ng/m®); the comparison with the annual standard is not advisable due to

different averaging times. However, PAH levels in summer drop significantly to about
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19 ng/m3. The highest PAH levels were observed at GAK (winter 344 ng/m® and in

summer 25 ng/mq).

The total BTX levels are slightly higher in summer (10.5+ 3.5 pug/m?®) than in winter (9.0
7.6 pg/m?3). The emission rate is expected to be high in summer due to higher temperature,
but not much difference in the concentration is due to better dispersion and large
ventilation coefficient in summer. The benzene generally meets the annual national

standard (5 pug/mq) in winter (except at GAK) and in summer (except at SKD).

In a broad sense, the air quality is worse in winter than in summer as air contains a much

larger contribution of combustion products in winter than in summer.
Emission Inventory

Emission inventory (EI) is a necessity for planning air pollution control activities. The overall
baseline EI for Agra City is developed for the base year 2019. The pollutant-wise contribution
is shown in Figures 1 to 5. The spatial distribution of pollutant emissions from all sources is

presented in Figure 6.

The total PM1o emission load in the city is estimated to be 36 t/d. The top four contributors to
PM1o emissions are road dust (82%), vehicles (5%), hotels (4%) and domestic fuel (3%); these
are based on annual emissions. Seasonal and daily emissions could be highly variable. The
estimated emission suggests that there are many important sources and a composite emission
abatement including most of the sources will be required to obtain the desired air quality.

PMz2s emission load in the city is estimated to be 14 t/d. The top four contributors to PM2s
emissions are road dust (68%), vehicles (12%), domestic fuel burning (7%) and hotels (5%);

these are based on annual emissions. Seasonal and daily emissions could be highly variable.

NOx emissions load in the city is estimated to be 19 t/d. Nearly 86% of emissions are attributed
to vehicles followed by industries (4%) and domestic (3%). Vehicular emissions occur at
ground level, probably making it the most important sources. Apart from being a pollutant,
NOXx is an important component in the formation of secondary particles (nitrates) and ozone.

NOx from vehicles and industry are potential sources for controlling NOx emissions.
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SO2 emission load in the city is estimated to be 1 t/d. Vehicular emission accounts for 33% of
the total emission. Domestic fuel burning contributes 22% followed by hotels and restaurants
(21%) and industries (17%).

The estimated CO emission is about 38 t/d. Nearly 59% emission of CO is from vehicles,
followed by hotels (20%), domestic fuel (13%) and MSW burning (7%).
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Figure 1: PMz1o Emission Load of Different Sources in Agra
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Figure 2: PM2s Emission Load of Different Sources in Agra
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Figure 3: SO, Emission Load of Different Sources in Agra
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Figure 4: NOx Emission Load of Different Sources in Agra
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Figure 5: CO Emission Load Contribution of Different Sources in Agra
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Figure 6: Spatial Distribution of PMz1g, NOx, SO2 and CO Emissions in Agra City

Air Quality Modeling for Source Apportionment: Receptor Modeling

Based on the PMF5.0 (positive matrix factorization model; USEPA 5.0 version) modeling
results (Figure 7) and their critical analyses, the following inferences and insights are drawn to
establish quantified source-receptor impacts and to pave the path for the preparation of action
plan. The important inferences are:

e The sources of PM1o and PMzs contributing to ambient air quality are different in

summer and winter.

- In winter, % contribution of PMio — PM25 sources (given in parenthesis) to the
ambient air level are: vehicles (20 — 23%; include all vehicles powered by gasoline,
diesel, CNG, DGs and LPG uses), secondary inorganic aerosol (SIA) (19 — 19%),
soil and road dust (18 — 14%), coal and fly ash (15 — 16%; includes ash from burning
of residual oil), MSW burning (12 - 14%), biomass burning (6 — 8%), industrial (7
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— 6%; also includes the contribution from trye wear and burning) and construction
material (3 —1%). It is noteworthy, in winter, major sources for PM10 and PMzsare
generally the same.

- In summer, % contribution of PMio - PMz2s sources (given in parenthesis) to the
ambient air level are: soil and road dust (41 — 35%), coal and fly ash (31 - 23%;
includes burning of residual oil), vehicles (8 — 14%; include all vehicles powered
by gasoline, diesel, CNG, DGs and LPG uses), biomass burning (7 - 10%), MSW
burning (4 — 7%), SIA (4 - 6%), industrial (2 — 3%) and construction material (3 —
3%). It is noteworthy, in summer also, the major sources for PMio and PMzs are

generally the same.

The most consistent sources for PM1o and PMzs in both seasons are soil and road dust
(including construction material), SIA, vehicles that includes a small contribution (less
than 0.1%) of DG sets, coal and fly ash and industry. The other sources on average may

contribute more (or less), but their contributions are variable from one day to another.

The consistent presence of biomass and MSW burning (in PM2s) at all sites envelops

the entire region.

In summer, soil and road dust, coal and fly ash and construction activities contribute
75% to PM1o and 60% to PMzs. It is observed that in summer, the atmosphere looks
brownish indicating presence of large amounts of dust. In winter, the contributions of
coal and fly ash, soil and road dust and construction material reduce significantly both
in PM1o and PM2s (by 36 and 31%) when winds are low and prevalent atmospheric

conditions are calm.

Coal and fly ash (includes residual oil) are the second most contributor to PM1o and
PMz2s in summer. High and consistent contributions suggest the combustion of coal in
different sectors, i.e., hotel and restaurants, industries, and brick kilns within the 50 km
radius of the city.

The contribution of the biomass burning in summer is at 10% (for PM25s) and 7% (for
PMio) and in winter at 8% (for PM1o) and 6% (for PM25). The presence of sizeable
biomass is consistent in winter and summer, indicates that local sources present in Agra

and nearby areas.
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The contribution of MSW burning is higher in the winter than in the summer. In winter,
contribution of MSW burning is very high at GAK in PM1o— PMz25 (24 — 25%) followed
by SKD (13 — 12%) and NNH (10 — 13%). In summer, contribution of MSW burning
varied 2 - 6% in PM1o and 6 - 8% in PM2s. Nagpure et al. (2015) have reported number
MSW burning incidents (39 — 202 /km?/day) and estimated that 223 tons/day of MSW
was burnt (~24% of 923 tons/day of generated MSW).

The Industrial contribution (including the contribution of tyre wear and burning) is high
in winter months (7 — 6%) in PMio — PMz2:s. The maximum contribution was in winter
at NNH; PM25 (18%) and PM1o (20%)

Directions for PM control

e Soil and road dust

In summer, this source contributes about 41% to PMio. The silt load on most of the
roads is very high and silt can become airborne with the movement of vehicles. The
estimated PM1o emission from road dust is about 30 tons per day. Similarly, soil
from the open fields gets airborne in summer. The potential control options can be
sweeping and watering of roads, better construction and maintenance, growing

plants, grass etc., to prevent re-suspension of dust.

e Coal and fly ash

In summer, coal and fly ash contribute about 31% to PM1o and 23% to PMzs. It is
a fugitive non-point source. Fly ash emissions from hotels, restaurants, tandoors,
brick kilns (within 50 km radius) and some unauthorized use of coal cause
emissions and require better housekeeping, fly ash collection, disposal and adoption
of improved zigzag technologies in brick kilns. It is important to note that a
significant part of fly ash may include construction-related emissions as the cement
has up to 35% of fly ash. The construction work of smart city and metro is another
potential source of fly ash. It is learnt that there are about 40 registered coal depots
in the city. A rough estimate of sale of coal could be 25-30 tonnes per day. A smaller
contribution of a large power plant of 665 MW in a 100 km radius is possible in the

city depending on meteorology.
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e Vehicular pollution

This source is the third-largest source and most consistently contributing source to
PMio and PMz2s in winter and summer. Various control options include the
implementation of BS-VI, introduction of electric and hybrid vehicles, traffic
planning and restriction of movement of vehicles, retro-fitment in diesel exhaust,
improvement in public transport etc. These options are further discussed in Chapter
6.

e Biomass burning

Biomass burning should be minimized if not completely stopped. Possibly, it could
be switched to cleaner fuel for domestic fuel, local bakery and hotels, industries and
other local thermal energy-consuming industries. All biomass burning in Agra

should be banned and strictly implemented.
e MSW burning

One of the reasons for the burning of MSW/plastic waste is the lack of infrastructure
for timely collection of MSW and people conveniently burn or it may smolder
slowly for a long time. In this regard, infrastructure for collection and disposal of
MSW has to improve and the burning of MSW should be completely banned.

e Secondary particles

What are the sources of secondary particles, the major contributors to Agra’s PM?
These particles are expected to source from precursor gases (SO2, and NOx) which
are chemically transformed into particles in the atmosphere. Mostly the precursor
gases are emitted from far distances from large sources. For sulfates, the major
contribution can be attributed to large power plants, refineries and brick kilns.
However, the contribution of NOx from local sources, especially vehicles and power
plants can also contribute to nitrates. Behera and Sharma (2010) for Kanpur have
concluded that secondary inorganic aerosol accounted for a significant mass of
PM 25 (about 34%) and any particulate control strategy should also include control

of primary precursor gases.
e Industrial sources

The industrial unit in the NNH must comply with the norms notified by the

government. There might be some unauthorized industries in the surroundings of
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JHS and TAJ that must be enforced to close such units. At SKD and JHS, a
significant contribution might be from trye wear and burning as there were many
open tyre burning incidents seen in the Transport Nagar during the monitoring
period situated between these sites. The burning of tyres must stop and be collected

at the authorized centers for proper disposal.
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Figure 7: City level source contribution to ambient air PM1o and PM_ s levels
Dispersion Air Quality Modeling

The WRF (Weather Research and Forecasting) model for meteorology parameters was
validated against the measured data from continuous air quality monitoring station, Agra. The
model performed satisfactorily with a statistically significant correlation coefficient (r > 0.15;
n = 8750) for predicting wind speeds in February, March, April, and June. In general, the wind
speeds were overestimated by a factor of 1.2. Furthermore, the time-series plot of observed
hourly ambient temperature levels with modeled levels showed a good agreement (r = 0.86;
n=2900) for all months of 2018. It was concluded that the WRF model provided realistic

meteorology and the WRF outputs were used in air quality modeling.

The PM2s modeled and observed levels over one year showed a good linear association (r =

0.64 n= 350). It is noteworthy that the model under-predicts the concentration by a factor of

XV



more than 2.0. The probable reasons for underestimation by the model are (i) over prediction
of wind speed by the WRF model, (ii) inventory may be incomplete and some source may be
missing, and (iii) there is a substantial contribution of sources present outside the Agra City.
Since the linear association in the model-computed and observed levels is very good, the model

could be used for decision-making and useful insights.

The deficit in the model and measured (referred to as unidentified) PMzs levels were highest
during the January-February and November-December months. Also, it is worth noting that
there was a sudden spike in these unidentified concentrations of PM2s during the first week of
November. This episodic spike in the unidentified PM2.s concentrations with an average value
was 119 pg/m? in the city can be attributed to the influx from the surrounding regions outside
the city.

For better insight, Agra city was divided into five regions (Figure 8). Regions 2 (north) and 3
(north-east) showed the highest PMz2s levels. Regions 2 and 3 are densely populated, and region
2 also has a major industrial area. The highest 24-hour average PM2s concentrations were
computed for the winter and summer months of the year 2018. It was observed that region 3
had the 24-hour peak PM25s concentration at 298 + 62 pg/m? followed by region 2 with 175 +
63 pg/m3, and region 1 with 140 + 44 pg/m®. Region 5 (south-east) had the least 24-hour
average PM2s at 76 + 24 pg/m®. The highest 24-hour average PM2s concentrations were
observed during the winter (November to February) while the lowest during the summer (May

to June).

The highest contributing source was road dust in all the regions followed by vehicular sources
in regions 1, 4 and 5. Industrial sources were the second-highest contributors in regions 2 and
3. Domestic sources were the third-highest contributors in regions 1 and 4, where the residential
population is concentrated, and industry in region 5.

Overall city-level contributors to PM2.s were road dust (64%), vehicles (13%), industry (9%),

domestic (7%), and hotels and restaurants (3%).

From the annual average plots, it is seen that PM2s envelops a large area that gets elongated
along the prevailing wind direction (N-E) within the Agra City (Figure 9). The annual standard
for PM2;s concentration (40 pg/md) is exceeded in the area surrounding the National Highway
19 (NH-19).
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Figure 9: Annual Average PM2s Levels from All Sources in the City

Control Options and Actions

A detailed analysis of control options for PM is given in Chapter 6. The proposed control
options are summarized below in Table 2.
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Table 2: Control Options and Action Plan for City of Agra

Source Control Action Responsible authorities/agencies Time Frame
Restaurants of sitting capacity more than 10 should not - .
use coal and shift to ?electpric o>r/ gas-based appliances. Agra Municipal Corporation 1 year
Hotels/ _ o Agra I\/!ur\icipal _Corporation, Departm_ent of
Restaurants Link Commercial license to clean fuel Food, Civil Supplies and Consumer Affairs and 1 years
Oil Companies (Indian Oil/HP, etc.)
Ash/residue from the tandoor and other activities should Agra Municipal Corporations 1 year
not be disposed near the roadside.
Department of Food, Civil Supplies and
LPG to all. Slums are using wood as cooking fuel. Consumer Affairs and Oil Companies (Indian 2 years
Domestic Oil/HP, etc.)
Sector . . . . Department of Food, Civil Supplies and
Ely\/IGZ.OBO, city may plan to shift to electric cooking or Consumer Affairs and Oil Companies (Indian 2 years
Oil/HP, etc.)
Any type of garbage burning should be strictly stopped. | Agra Municipal Corporation
_Srl;r[\)/lezllllance is required that hazardous waste goes to Agra Municipal Corporation, UPPCB
Municipal — - — - — -
Solid  Waste Desilting ar!d cl_eanlng of_mun|C|paI drains Agra Municipal Corporation _
(MSW) Waste burning in Industrial area should be stopped. UPSIDC, UPPCB Immediate
: Daily, Monthly mass balance of MSW generation and - .
Burning . Agra Municipal Corporation
disposal
S.ensmze people .and media through workshops and Agra Municipal Corporation, UPPCB and NGO
literature distribution.
Construction Agra Development Authority, Agra Housing i
and Wet suppression Board / ADA, Agra Municipal Corporation, Immediate
Demolition Urban Development Department, PWD
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Source Control Action Responsible authorities/agencies Time Frame
Agra Development Authority, Agra Housing
Wind speed reduction (for large construction site) Board / ADA, Agra Municipal Corporation,
Urban Development Department, PWD
Enforcement of C&D Waste Management Rules. The | Agra Development Authority, Agra Housing
waste should be sent to construction and demolition | Board / ADA, Agra Municipal Corporation,
processing facility Urban Development Department, PWD
: : Agra Development Authority, Agra Housin
Proper handling and storage of raw material: covered the g P i g : g
storage and provide the windbreakers Board / ADA, Agra Municipal Corporation,
g P ' Urban Development Department, PWD
. : e g . Agra Development Authority, Agra Housin
Vehicle cleaning and specific fixed wheel washing on g veop " .I)./ g u.' J
leaving the site and damping down of haul routes Board / ADA, Agra Municipal Corporation,
g ping ' Urban Development Department, PWD
Actual construction area should be covered by a fine Agra Development Author_lty, Agra Hous_lng
Board / ADA, Agra Municipal Corporation, i
screen. Immediate

Urban Development Department, PWD

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

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
Urban Development Department, PWD

Builders should leave 25% area for green belt in
residential colonies to be made
mandatory.

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
Urban Development Department, PWD

Sensitize construction workers and contract agency
through workshops.

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
Urban Development Department, PWD,
UPPCB and NGO
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Source

Control Action

Responsible authorities/agencies

Time Frame

Road Dust

The silt load in Agra varies from 7.4 to 55.1 g/m?. The
silt load on each road should be reduced under 3 gm/m?.
Regular vacuum sweeping should be done on the road
having silt load above 3 gm/m?

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
National Highway Authority, PWD

Convert unpaved roads to paved roads. Maintain pothole
free roads.

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
National Highway Authority, PWD

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

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
National Highway Authority, PWD

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

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
National Highway Authority, State Forest
Department, PWD

vacuum assisted sweeping carried out four times in a
month, this will reduce road dust emission by 71%

Agra Development Authority, Agra Housing
Board / ADA, Agra Municipal Corporation,
National Highway Authority, PWD

Immediate

Vehicles

Diesel vehicle entering the city should be equipped with
DPF which will bring a reduction of 40% in emissions
(This option must be explored once Bharat stage VI fuel
is available.)

State Transportation Department

3 years

Industries must be encouraged to use Bharat stage VI
vehicles for transportation of raw and finished products

Industrial Associations

Immediate

Restriction on plying and phasing out of 10 years old
commercial diesel driven vehicles.

Transport Department

2 years
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Source Control Action Responsible authorities/agencies Time Frame

Department of Food, Civil Supplies and

Introduction of cleaner fuels (CNG/ LPG) for vehicles. | Consumer Affairs and Oil Companies (Indian 2 years
Oil/HP, etc.)

Check overloading: Expedited installation of weigh-in- | Transport Department, Traffic Police, Agra, Immediate

motion bridges and machines at all entry points to Agra. | NHAI, Toll agencies

Ele_ctrlc/_Hybrld Vehlcles_ shou_ld_be encouraged,; N_ew Transport Department, Agra City Transport

residential and commercial buildings to have charging Services Pvt. Lid 1 year

facilities. Buses should be CNG or Electric. '

Make a time-bound plan for dipper penetration of electric

vehlc!es .(EVS)’ paralle.lly effort m.u .St. be madg f or The state of Uttar Pradesh and Agra

charging infrastructure including facilities for swiping administration 1 year

the batteries. As a first step, two and three-wheeler should

be considered for EVs.

Depot spaces should be rationalized to ensure more

efficient utilization. Multi-modal, multi-use bus depots to

be developed to provide high-class bus services and | Transport Department, Agra City Transport Lyear

terminal experience to passengers. Should include well- | Services Pvt. Ltd

equipped maintenance workshops. Charging stations

shall be set-up.

Enforcement of bus lanes and keeping them free from Agra Deyelopment Authorlty, Agra M_un|C|paI

. Corporation, Agra City Transport Services Pvt. 1 year

obstruction and encroachment. Ltd
Agra Metro Rail Corporation, Agra

Ensure integration of existing metro system with bus | Development Authority, Agra Municipal 1 year

services.

Corporation, Agra City Transport Services Pvt.
Ltd, Traffic Police, Agra
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Source

Control Action

Responsible authorities/agencies

Time Frame

Route rationalization: Improvement of availability by
rationalizing routes and fleet enhancement with requisite
modification.

Agra Development Authority, Agra City
Transport Services Pvt. Ltd, Traffic Police,
Agra

1 year

IT systems in buses, bus stops and control centre and
passenger information systems for reliability of bus
services and monitoring.

Agra Development Authority, Agra City
Transport Services Pvt. Ltd, Traffic Police,
Agra

1 year

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

Transport Department, Agra Development
Authority, Agra City Transport Services Pvt.
Ltd, Traffic Police, Agra

1 year

Industries and
DG Sets

Ensuring emission standards in industries. Shifting of
polluting industries.

UPPCB, Industries Department

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

Municipal council and UPPCB

1 year

There should be separate Treatment, Storage, and
Disposal Facilities (TSDFs) for hazardous waste.

Industrial Associations, UPSIDC,
Department, UPPCB

Industries

2 years

Industrial waste burning should be stopped immediately

Industrial Associations, UPSIDC, UPPCB

Immediate

Follow best practices to minimize fugitive emission
within the industry premises, all leakages within the
industry should be controlled

Industrial Associations, UPSIDC, UPPCB

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

Industrial Associations, UPSIDC, UPPCB

Immediate

Industries (Induction Furnace)

Recommended Fume gas capturing hood followed by
Baghouse should be used to control air pollution

Industrial Associations, UPPCB

2 years

Diesel Generator Sets
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Source

Control Action

Responsible authorities/agencies

Time Frame

Strengthening of grid power supply, uninterrupted power
supply to the industries

State Energy Department, JVVVNL

2 years

The standby power from DG sets should also be on clean
fuel. All industrial DG sets which have gas connections
should shift to gas-based generators. The battery-backed
UPS/inverters should be considered for other commercial
places and hospitals. Renewable energy-based generation
should be encouraged.

Industrial  Associations,
Corporations, Agra

Agra  Municipal

2 years

Decongestion
of Roads at
high  traffic
areas

Strict action on roadside encroachment.

Agra Development Authority, Agra Municipal
Corporations, Agra City Transport Services Pvt.
Ltd, Traffic Police, Agra

Disciplined Public transport (designate one lane stop).

Agra City Transport Services Pvt. Ltd., Traffic
Police, Agra

Removal of free parking zone

Agra Development Authority, Agra Municipal
Corporation, Agra City Transport Services Pvt.
Ltd, Traffic Police, Agra

Examine existing framework for removing broken
vehicles from roads and create a system for speedy
removal and ensure minimal disruption to traffic.

Agra Development Authority, Agra City
Transport Services Pvt. Ltd, NHAI, Traffic
Police, Agra

Synchronize traffic movements or introduce intelligent
traffic systems for lane-driving.

Agra Development Authority, Agra City
Transport Services Pvt. Ltd, NHAI, Traffic
Police, Agra

Mechanized multi storey parking at bus stands, railway
stations and big commercial areas.

Agra Development Authority, Agra City
Transport Services Pvt. Ltd, Agra Municipal
Corporations, NHAI, Traffic Police, Agra

6 months
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Source Control Action Responsible authorities/agencies Time Frame
Identify traffl_c bottleneck intersections and develop Agra Development Authority, Agra City
smooth traffic plan. For example, Lohamandi, : .
. . . .| Transport Services Pvt. Ltd, Agra Municipal
Rakabganj, Kotwali, Tajganj, Hari-parwat are the main . . .
. Corporations, Traffic Police, Agra
bottlenecks for traffic.
Parking policy in congestion area (high parking cost, at | Agra Development Authority, Agra City
city centers, only parking is limited for physically | Transport Services Pvt. Ltd, Agra Municipal
challenged people, etc). Corporations, NHAI, Traffic Police, Agra
Bijli Ghar and ldgah Bus Stand causes extreme
[ i issi houl . :
congestion and !nc_reased_ emissions and should _be Agra Development Authority, Agra City
decongested at priority. It is recommended that the city . ..
. . ..~ | Transport Services Pvt. Ltd, Agra Municipal
should relocate these bus stations to outskirts of the city Cornorations. Traffic Police. Aara
(Bijli Ghar may be shifted to trans Yamuna and ldgah P ’ S
may be shifted to near to Patholi Village, Jaipur Road).
An outer road from Keetham connects to Gwalior Road.
This road may be connected to Agra ring road
(connecting Yamuna Expressway and Agra-Lucknow . .
N . ... | Agra Development Authority, Agra City
express way); this will restrict the movement (within Transport Services Pvt. Ltd. NHAI 2-3 years
Agra city) of those vehicles destined to Jaipur or Gwalior. P B
The ring road should further extend to the Agra-Jaipur
highway.
There should be a bypass for heavy vehicles and major
godowns should be shifted away from the city at outside | Agra Development Authority, Agra City 9.3 vears
areas to prevent the movement of heavy vehicles in the | Transport Services Pvt. Ltd, NHAI y
city.
Mantola  and | The major drains of city (Mantola Drain, Taj East Drain/ - .
other  major | Kolhai Nala, Water Works Drain, Naraich Nala, Bhairo Xlljjt?]lgr'ﬁal Corporation and Agra Development 2-3 years
Drains Nala, Nagla Budhi Nala, Anurag Nagar Nala, Peelakhar y
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Source Control Action Responsible authorities/agencies Time Frame

Nala) should be covered, diverted fully to wastewater
treatment plant of tertiary level and then only discharge
in river Yamuna or perhaps recycled. This will remove
the problem NHs, H2S and smell in the city and Taj Mahal
area

Municipal Corporation and Agra Development

Crematoriums | Electric, or gas-based crematorium should be installed .
Authority

1-2 years

*The above steps should not only be implemented in Agra municipal limits rather these should be extended to up to at least 25 km beyond the
boundary. This will need support from the central government.
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1 Introduction

1.1 Background

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 source mix (e.g.,
industries, automobiles, generator sets, domestic fuel burning, roadside dust, construction
activities, etc.). Being a major center of tourism, commerce, industry and education, Agra has
experienced a significant growth in recent years. The burgeoning population coupled with rapid
growth in terms of vehicles, construction, and energy consumption has resulted in serious

environmental concerns in Agra.

Until recently, traditional approaches to the problem of apportioning source impacts have been
limited to dispersion, or source, models which use emission inventory data (gathered at
emission source) with meteorological data to estimate impacts at the receptor. Unlike source
models, receptor models (especially for particulate matter) derive source impacts based on
ambient particulate morphology, chemistry and variability information collected at the
receptor. The increased interest in receptor models has resulted from the inability of dispersion
models to assess short-term source impacts or identify sources, which collectively account for
all of the measured mass (USEPA, 1991). These shortcomings are largely the result of the
difficulty in developing accurate 24-hour particulate emission inventories and meteorological
databases. Although traditional techniques using dispersion modeling for source impact
apportionment will remain an important tool in air-shed management, recent advances in

receptor-oriented techniques offer an additional useful tool.

Since the enactment of the Air Act 1981, air pollution control programs have focused on point
and area source emissions, and many areas have benefited from these control programs.
Nonetheless, most cities in the country still face continuing particulate non-attainment
problems from particles of unknown origin (or those not considered for pollution control)
despite the high level of control applied to many point sources. It is in the latter case that an
improved understanding of source-receptor linkages is especially needed if cost-effective
emission reductions are to be achieved. Determining the sources of airborne particulate matter
is a difficult problem because of the complexity of the urban source mix. The problem is often
compounded by the predominance of non-ducted and widely distributed area (fugitive) sources

and the lack of understanding of the sources of secondary aerosol, their formation and transport.
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The advent of receptor modeling and recent developments in the areas of trace element analysis
now permit a much more detailed analysis of ambient aerosol samples. By providing detailed
information on the sources of the total, fine and inhalable particles, receptor models can play a

major role in developing strategies for controlling airborne particulate matter.

It is evident from the above discussions that receptor modeling is a promising tool for source
identification and apportionment in complex urban conditions. This is particularly true when
there are many unorganized activities releasing particulate to the atmosphere, which are
typically true for our urban cities. In order to apply receptor modeling, it is essential to identify
sources (small or large), generate emission profiles in terms of fingerprints and elemental
composition. The next vital step is determining the chemical characterization of collected
particulate matter on filter paper. In fact, it is easily conceivable that receptor and dispersion
modeling can complement each other for better interpretations and decision making and can be

applied in tandem.

To address the air pollution issues of the City of Agra, the Uttar Pradesh Pollution Control
Board (UPPCB), Lucknow has sponsored the study “Air Quality Assessment, Trend Analysis,
Emission Inventory and Source Apportionment Study in Agra City” to the Indian Institute of
Technology Kanpur (IITK). The main objectives of the study are preparation of emission
inventory, air quality monitoring in two seasons, chemical composition of PM1o and PM2s,

apportionment sources to ambient air quality, trend analysis in historical air quality data.
1.2  General Description of City

1.2.1 Geography and Demography

Agra is a city in the State of Uttar Pradesh situated between the latitude 27.216° - 27.231° N
and longitude 77.939° - 78.122° E on the right bank of river Yamuna. Agra is the fourth-most
populous city in Uttar Pradesh and 24th in India. Agra has a large number of tourists (0.7
million in 2018-19 (Lok Sabha, 2019) visiting the city because of its various tourist attraction,
the most famous of which is the Taj Mahal, a UNESCO World Heritage Sites. In Agra, key
business activities are tourism, trade and commerce and local handicraft industries. The
manufacturing and fabrication industries sectors in Agra are categorized as leather and
footwear, iron foundries, handicrafts, garments, zari and zardosi work, sweets, automobiles,

and cold storage.



The population of Agra city is 1,585,704 (as per the 2011 census) and has shown a consistent
increase in the past 50 years (Census-India, 2012). The city is governed by Municipal
Corporation, which has 100 wards.

1.2.2 Climate

The climate of Agra features a semi-arid climate that borders on a humid subtropical climate.
The city features mild winters, hot and dry summers and a monsoon season. Agra has a
reputation for being one of the hottest and the coldest towns in India. In summers, the city
witnesses a sudden surge in temperature and at times, mercury goes beyond the 46 °C marks
in addition to a very high level of humidity. During summer, the daytime temperature hovers
around 46-50 °C. Nights are relatively cooler and the temperature lowers to a comfortable
30 °C.

1.2.3 Emission Source Activities

The source activities for air pollution in the city of Agra can be broadly classified as: transport
sector (motor vehicles and railways), commercial activities, industrial activities, domestic
activities, institutional & official activities and fugitive non-point sources. For transport of men,
mostly public transport, tempos and taxies fulfil the transport requirement for the city. The
combustion of fuels like coal, liquefied petroleum gas (LPG) and wood come under the source
of domestic activities. As far as industrial activities are concerned, small and medium scale
industries are also responsible for air pollution. In most institutions and offices, diesel

generators are used at the time of power failure.
1.3 Need for the Study

1.3.1 Air Pollution Levels: Earlier Studies

PM2s and PMio concentrations varied seasonally with atmospheric processes and the
anthropogenic activities in Agra. A few studies on source apportionment of PM levels have
been reported in Agra (Kulshrestha et al., 2009; Singh and Sharma, 2012). These studies have
employed trace element markers and principal component analysis at a few locations. Kumar
and Shukla (Kumar and Shukla, 2017) from long-term (2002 to 2013) measurements at Taj
Mahal have reported levels of TSP (total suspended particulate size 100 um or less; 275 — 376
ug/m3), PMuo (particulate matter of size 10 um or less; 133 - 178 pg/m®), NO2 (17 - 23 pg/m?)


https://en.wikipedia.org/wiki/Agra
https://en.wikipedia.org/wiki/Semi-arid_climate
https://en.wikipedia.org/wiki/Humid_subtropical_climate

and SO2 (4 — 9 pg/m®) and Bergin et al. (Bergin et al., 2015) have reported PM2s (particulate

matter of size 2.5 um or less; 60+39 pg/m®) during the year 2011-2012.

Although Agra city faces air pollution problems due to the number of sources, no detailed study

of the chemical composition of PM1o and PMzs has been undertaken to identify the sources

and their contributions to air pollution.

1.4

Objectives and Scope of Work

Obijectively the project aims to achieve the following:

Development of GIS-based gridded (2 km x 2 km resolution) emission inventory for
air pollutants (particulate matter equal and less than 10pum diameter (PM1o), particulate
matter equal and less than 2.5um diameter (PMz2s), sulphur dioxide (SO2), carbon
monoxide (CO), and oxides of nitrogen (NOXx) for the base year, 2019.

Compilation of emission factors for all sources, parking lot surveys through
questionnaires for vehicle technology, model, engine capacity and measurement of

driving patterns of various classes of vehicles operating on roads.

Compilation and interpretation of ambient air quality data for PM1o, PM2s, SO2, NO2
and other pollutants being monitored. The time-series analyses will identify trends such
as: (i) significant downward, (ii) significant upward, (iii) firstly decreasing and then

increasing, (iv) firstly increasing then decreasing (iv) no trend.

Monitoring of air pollutants PM1o, PM25s, SO2, NO2, Benzene, Toluene, and Xylene.
Analyze collected PM1o and PM2s mass for elemental composition, ions, elemental
carbon, organic carbon, PAHs (Di methyl Phthalate (DmP), Acenaphthylene (AcP), Di
ethyl Phthalate (DEP), Fluorene (Flu), Phenanthrene (Phe), Anthracene (Ant), Pyrene
(Pyr), Butyl benzyl phthalate (BbP), Bis(2-ethylhexyl) adipate (BeA),
Benzo(a)anthracene (B(a)A), Chrysene (Chr), Benzo(b)fluoranthene (B(b)F),
Benzo(k)fluoranthene (B(k)F), Benzo(a)pyrene (B(a)P), Indeno(1,2,3-cd)pyrene (InP),
Dibenzo(a,h)anthracene (D(a,h)A) and Benzo(ghi)perylene (B(ghi)P)).

Reconstruction of chemical species of PM and assessment for primary and secondary

sources of air pollutants.

Application of receptor model to establish source receptor linkages of PM1o, and PM25

using state-of the-art modeling to arrive at source apportionments at various sampling
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sites.

e |dentification of various control options (e.g., adoption of EURO 1V/V, diesel filter,
etc.) and assessment of their efficacies for air quality improvements and development
of control scenarios (in a techno economical perspective) consisting of combinations of

several control options.
e Selection of most effective control options for implementation and development of
time-bound action plan.

1.5 Approach to the Study

The approach to the study is based on attainment of its objectives within the scope of work, as
explained in the section 1.4. The summary of the approach to the study and major tasks are

presented in Figure 1.1. The overall approach to the study is broadly described below.



Basemap —» ArcGIS: Map digitization and formation of thematic layers of maps
including 2 km x 2 km gridded map (e.g., population, road map)

1

Collection of source information activity data (e.g., population,
) fuel uses, vehicle count etc.) and categorization of sources and
Point sources ’ development of GIS- based emission inventory for all pollutants

Emission Factors — 9 for the base year (e.g., 2018) Y.

!

[ Performance of time series analysis of air quality data for all pollutants }

Area sources -
Line sources —

to provide information in terms of trends from the past 10 years data

4

Air Quality simulation and reconstruction of sources of pollutants:
h Performance evaluation of AERMOD model and assessment of source
Topography g contributions to each pollutant on a 24 hr basis of the base year

Meteorology —»

!

Receptor modeling: Source apportionment analysis of monitored
PM species with PMF5.0 model for the base year for the reported
ambient air sources profile data and reconstruction PM species

I

Efficacy of possible control options: Air quality simulation by
coupled AERMOD model for the base and the future (10t year)
and Formulation of control scenarios by combinations of control

Chemical
speciation

Source profiles —»

Meteorology —

Topography —»

options
Meteorology —» Efficacy of possible control scenarios: Air quality simulation by
AERMOD model and selection of Best Control Scenario for the
Topography —» future

]

ArcGIS: Generation of ambient concentration profile maps for the
base and future years with recommendation of the control
policies

Figure 1.1: Approach to the Study and Major Tasks

1.5.1 Selection of sampling sites: Representation of Urban Land-use

It was considered appropriate that five sites in a city like Agra can represent typical land-use

patterns. It needs to be ensured that at all sites, there is a free flow of air without any obstruction

(e.g., buildings, trees, etc.). In view of the safety of the stations, mostly public buildings could

be better choices as sampling sites. Sites were finalized in consultation with the officials of

UPPCB, Agra.



1.5.2 Identification and Grouping of Sources for Emission Inventory

An on-the-field exercise was taken up to physically identify all small and large sources around
the sampling sites. This exercise included the presence of emission sources like refuses and
biomass burning, road dust, and coal/coke burnt by street vendors/small restaurants to large
units like power generation units and various vehicle types. It was necessary to group some of
the similar sources to keep the inventory exercise manageable. It needs to be recognized that
particulate emission sources change from one season to another. Finally, the collected data
were developed into emission inventory for the following pollutants: SO2, NOx, CO, PM1o and

PM2son a GIS platform.
1.5.3 Emission Source Profiles

PMF model does not require emission source profiles. Instead, it generates the local profiles
based on the matrix database. First, however, a database is developed to find source-specific
fingerprint chemical species for assigning the source to the factor generated from the PMF

model.

Since for PMzs, Indian or Agra specific source profiles are not available except for vehicular
sources (ARAI 2009), the source profiles for this study were taken from ‘SPECIATE version
3.2 of USEPA (2006). For vehicular sources, profiles were taken from ARAI (2009).
‘SPECIATE’ is a repository of Total Organic Compound (TOC) and PM speciated profiles for
a variety of sources for use in source apportionment studies (USEPA, 2006); care has been
exercised in adopting the profiles for their applicability in the local environment of Agra city.
For the sake of uniformity, source profiles for non-vehicular sources for PM1o and PM2.s were
adopted from USEPA (2006).

1.5.4 Application of Receptor modeling

There are several methods and available commercial software that can be used for apportioning
the sources if the emission profiles and measurements are available in the ambient air
particulate in terms of elemental composition. The most common software is USEPA CMB8.2
(USEPA, 2004) and PMF 5.0 (USEPA, 2014). This model should be able to provide the
contribution of each source in the particulate in ambient air. The modeling results should be

helpful in identifying major sources for pollution control. It was important to note that along



with source contribution, the model could also provide the associated uncertainties in estimated

source contributions.
1.5.5 Application of Dispersion modeling

In addition to receptor modeling, dispersion modeling in the study area was undertaken. The
hourly meteorological data were generated through WRF “Version 3.6” model (NCAR, 2012).
The emission quantities coupled with predominant meteorological data of the city were used
in the dispersion model in estimating the concentration of various pollutants and examining the
contribution of each of the sources. AERMOD View “Version 9.0.” model (USEPA, 2015)

was used for dispersion modeling.
1.6 Report Structure

The overall framework of the study is presented in Figure 1.3. The report is divided into six

chapters. The brief descriptions of the chapters are given below.
Chapter 1

This chapter presents the background of the study, general description of the city, including
geography and demography, climate and sources of air pollution. The current status of the city
in terms of air pollution is described by reviewing the previous studies. The objectives, scope

and approach to this study are also briefly described in this chapter.
Chapter 2

This chapter presents the air quality status of the city based on the monitoring and chemical
characterization results of various air pollutants of all sampling sites for two seasons, i.e.,
winter and summer. In addition to the above information, this chapter also enumerates
methodologies adopted for monitoring, laboratory analyses, quality assurance and quality
control (QA/QC). Finally, this chapter also compares the results of all sites both diurnally and

seasonally.
Chapter 3

This chapter describes the methodology of developing an emission inventory of pollutants at
different grids of the city. The chapter also presents and compares the grid-wise results of

emission inventory outputs for various pollutants. The contributions of various sources towards
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air pollution loads (pollutant-wise) are presented. The QA/QC approaches for emission

inventory are also explained in this chapter.
Chapter 4

This chapter presents the methodology used for PMF5.0 modeling for source apportionment
study for PMaio and PMzs in the summer and winter. The contribution of various sources at
receptor sites and the overall scenario of sources that influences the air quality in the city is
presented.

Chapter 5

This chapter presents the methodology used for dispersion modeling for source apportionment
study for PMzs in the summer and winter seasons. The pattern of PMzs is described temporally
and spatially at different receptor sites and the overall scenario of sources that influence the

city's air quality is presented.
Chapter 6

This chapter describes, explores and analyzes emission of control options and analysis for
various sources based on the modeling results from Chapters 3, 4 and 5.

This chapter discusses alternatives for controlling the prominent sources in the city from the

management point of view and explains the benefits to be achieved in the future.



2 Air Quality: Measurements, Data Analyses and

Inferences

2.1 Introduction

Air pollution continues to remain a public health concern despite various actions taken to
control air pollution. There is a need to take stock of benefits that have accrued and ponder on
“Way Forward’. Further analysis of actions and future needs become even more important in
view of the revised air quality standards that have Dbeen notified
(http://www.cpcb.nic.in/National _Ambient_Air_Quality Standards.php (CPCB, 2009). The

first step to accomplish future action is to assess the current air pollution status.

This chapter presents and discusses the current status of the air quality of Agra from the

sampling and chemical analysis results for two seasons carried out under the present study.
2.2 Methodology

2.2.1 Site selection and details

Total five air quality sites have been selected to cover various land-use patterns prevailing in
the city. It is ensured that at all sites, there was a free flow of air without any obstruction (e.qg.,
buildings, trees etc.). In view of the safety of the stations, public buildings (institutions, office
buildings etc.) were selected. The sites were selected in consultation with UPPCB, Lucknow.
Table 2.1 describes the sampling sites with prevailing land use and other features. Figure 2.1
shows the physical features (photographs) of the sampling sites. Figure 2.2 shows the locations

of the sampling sites on the map and the overall land-use pattern of the city.
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Table 2.1: Description of Sampling Sites of Agra

S. | Sampling Site Description of | Type of sources
No. | Location Code | thesite
1. | Ghatia-Azam GAK | Commercial Vehicles, road dust, garbage
Khan Gate burning, restaurants, DG Sets
2. Nunhai Industrial | NNH | Industrial Industries, DG sets, vehicles, road
Area dust, garbage/industrial  waste
burning
3. | Jaipur House JHS Residential Domestic cooking, vehicles, road
dust, garbage/MSW  burning,
restaurants
4. | Sikandra SKD | Residential cum | Domestic cooking, vehicles, road
commercial dust,  garbage/MSW  burning,
restaurants
5. | Taj Mahal TAJ Sensitive Zone | vehicles, road dust, garbage/MSW

burning

4. SKD

5.TAJ

Figure 2.1: Photographs of Sampling Sites showing the physical features
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Figure 2.2: Land-use Pattern and Locations of Sampling Sites

The parameters for sampling and their monitoring methodologies, including the type of filter
papers/chemicals and calibration protocols, are adopted from CPCB, Delhi (www.cpcb.nic.in).
The entire monitoring programme is divided into two groups, i.e., (i) gaseous sampling and (ii)
particulate matter (PM) sampling (PM1o and PM25). Nitrogen dioxide (NOz2), sulphur dioxide
(SO2) and volatile organic compounds (VOCs) are among the gaseous species. The monitoring
parameters for this study along with sampling and analytical methods, are presented in Table

2.2 and the chemical components (of PM) in Table 2.3.

Table 2.2: Details of Samplers/Analyzers and Methods

Sr. No. |Parameter Sampler/Analyzing Instrument Method
1. PM1o 4-Channel Speciation Sampler (4-CSS) | Gravimetric
2. PM2s 4-Channel Speciation Sampler (4-CSS) | Gravimetric
3. SO2 Bubbler/Spectrophotometer West and Gaek
4, NO:2 Bubbler/Spectrophotometer Jacob &Hochheiser modified
5. OC/EC OC/EC Analyzer Thermal Optical Reflectance
6. lons lon-Chromatograph lon-Chromatography
7. Elements | ICP-MS USEPA
8. PAHSs GC-MS Mass spectrophotometry
9. VOCs GC-MS with ATD Mass spectrophotometry
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Table 2.3: Target Chemical components for Characterization of PM

Components

Required filter
matrix

Analytical methods

PM1o/PM2 5

Teflon filter paper.

Gravimetric

Elements (Be, B, Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe,
Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba and Pb)

Teflon filter paper

ED-XRF or ICP-MS

lons (F, CI, NOs3', SO,%, K*, NH,", Na*, Mg?, and Ca?")

Teflon filter paper

lon-chromatography

Carbon Analysis (OC, EC and Total Carbon)

Quartz filter

TOR/TOT method

(Prebaked at 600°C)

2.2.2 Instruments and Accessories

The 4-channel speciation samplers (Umwelttechnik MCZ GmbH, Germany) (with mass flow
controller) are used in this study for monitoring particulate matter (Figure 2.3(a)). A flow rate
is 16.7 LPM for PM1o and PMzs is used in the sampler. Three channels of the sampler are
utilized: First channel for PM1o, second channel for PMzs (Teflon filters -Whatman grade PTFE
filters of 47 mm diameter) and third for collection of PM2s on quartz fiber filter (Whatman
grade QM-A quartz filters of 47 mm Diameter). PTFE filters are used for the analysis of ions
and elements and quartz filters are used for OC-EC and PAHSs.

Ecotech AAS 118 (Ecotech, India; flow rate of 1.0 LPM) sampler was used for gaseous
pollutants (SO2 and NOz2) and a low flow pump (Pocket pump 210 series; SKC Inc, USA) was
used for sampling of VOCs (flow rate — 50 ml/min).

PM1o and PMz2s concentrations are determined gravimetrically by weighing the PTFE filters
before and after the sampling using a digital microbalance (Metler-Toledo MX-5, USA,;
sensitivity of 1ug; Figure 2.3(b)) in USEPA standard weighing and filter conditioning
laboratory.

Water-soluble ions are extracted from the Teflon filters in ultra-pure Milli-Q water following
the reference method (USEPA, 1999a). lons analysis of extracted sampled is carried out using
lon Chromatography (Merohm 882 compact IC, Switzerland; Figure 2.3(e)). lon recovery
efficiencies were determined by spiking the known quantity of ion mass and reproducibility
tests were performed by replicate analysis. Recovery was found between 90% and 106%, which

was within £10% for all species analyzed.

In addition to conventional pollutants and parameters, this study has analyzed the fraction of
organic carbon (OC) and elemental carbon (EC) by thermal optical transmittance (DRI Model
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2001A Themal/Optical Carbon Analyzer; Figure 2.3(c)). The explanation of fractions of EC

and OC is given in below:

OC1: Carbon evolved from the filter punch in a He-only (>99.999%) atmosphere from
ambient (~25 °C) to 140 °C.

OC2: Carbon evolved from the filter punch in a He-only (>99.999%) atmosphere from
140 to 280 °C.

OC3: Carbon evolved from the filter punch in a He-only (>99.999%) atmosphere from
280 to 480 °C.

OC4: Carbon evolved from the filter punch in a He-only (>99.999%) atmosphere from
480 to 580 °C.

EC1: Carbon evolved from the filter punch in a 98% He/2% O2 atmosphere at 580 °C.

EC2: Carbon evolved from the filter punch in a 98% He/2% O2 atmosphere from 580
to 740 °C.

EC3: Carbon evolved from the filter punch in a 98% He/2% O2 atmosphere from 740
to 840 °C.

OP: The carbon evolved from the time that the carrier gas flow is changed from He to
98% He/2% 02 at 580 °C to the time that the laser-measured filter reflectance (OPR)
or transmittance (OPT) reaches its initial value. A negative sign is assigned if the laser

split occurs before the introduction of Oo.
OC: OC1+0C2 + 0OC3 + 0C4 +0P
EC: EC1 +EC2 + EC3

Total Carbon (TC): OC1 + OC2 + OC3 + OC4 + EC1 +EC2 + EC3; All carbon evolved
from the filter punch between ambient and 840°C under He and 98% He /2% O:

atmospheres.

For elemental analysis, PTFE filters were digested in hydrochloric/nitric acid solution using

the microwave digestion system (Anton-Paar, Austria) as per the USEPA method (USEPA,

1999b). The digested samples were filtered and diluted to 25 mL with deionized (ultra-pure)

water. The digested samples for elements were analyzed using ICP-MS (Thermo fisher
Scientific Inc, USA; Figure 2.3(f)) (USEPA, 1999c).
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PAHs were extracted in hexane and dichloromethane (DCM) solvent (1:1v/v) followed by
passing it through silica cartridge (Rajput et al., 2011, USEPA, 1999d). The extracted samples
were concentrated using the rotary evaporator (up to 10 mL) and Turbo Vap (Work Station-II,
Caliper Life Sciences, Hopkinton, USA) for a final volume of 1 mL. Extracted samples were
analyzed for PAHSs using the Gas chromatography-Mass spectrophotometer (Model Clarus 600
S, Perkin Elmer, USA,; Figure 2.3(d)).

(a) 4-Channel Speciation (b) Microbalance (c) OC/EC Analyzer
_Samnoler

(d) GC-MS with (e) lon Chromatography (f) ICP-MS

Figure 2.3: Instruments for Sampling and Characterization
2.3 Quality Assurance and Quality Control (QA/QC)

Quality assurance and quality control (QA/QC) in entire project planning and its
implementation at all levels were designed and the hands-on training was imparted to the
project team before the beginning of any sampling and analysis. During sampling and analysis,
a coding system has been adopted to eliminate any confusion. Separate codes for seasons, site
locations, parameters, time slots are adopted.

For SO2, and NOz, analyses were done regularly just after the sampling following the standard
operating procedures (SOPs) in the laboratory which was set up at Agra. All other
measurements and analyses were carried out at the laboratories of 11T Kanpur. The calibrations
for all samplers were done at regular intervals at the time of sampling. The calibrations of
overall analyses were established by cross-checking with known concentrations of the
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pollutants. The major features of QA/QC are briefly described here.

e SOPs for entire project planning and implementation were developed, peer-reviewed
by other experts and project personnel have been trained in the field and in the
laboratory. Whenever necessary, the SOPs were adjusted to meet the field challenges.

e SOPs include type of equipment (with specifications), sampling and calibration
methods with their frequency.

e SOPs for chemical analysis includes a description of methods, standards to be used,
laboratory and field blanks, internal and external standards, development of the
database, screening of data, record-keeping including backups, traceability of

calculations and standards.

There are dedicated computers for instruments and data storage with passwords. It ensures that

computers do not get infected. These computers are not hooked to Internet connections.

Sampling periods: The ambient air sampling has been completed for 20 days at each site for
winter (December 05, 2018 - February 18, 2019) and summer (April 08, 2019 - June 30, 2019).
The analysis of SO2 and NO2 are carried out daily on a regular basis, while gravimetric analysis
for particulate matters is done after the completion of the sampling at 11T Kanpur. All efforts
were made for the 100% achievement of the sampling and analysis. The overall sampling was
achieved over 95% of the time. Efforts were made to sample on extra days to cover the missing
days of sampling. The details of sampling days for all pollutants at all monitoring sites are
presented in Tables 2.4 to 2.13 for the winter and summer seasons, respectively.

Table 2.4: Sampling days of various pollutants in winter (2018-19) at GAK
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Table 2.5: Sampling days of various pollutants in winter (2018-19) at NNH
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Table 2.6: Sampling days of various pollutants in winter (2018-19) at JHS
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Table 2.7: Sampling days of various pollutants in winter (2018-19) at SKD
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Table 2.8: Sampling days of various pollutants in winter (2018-19) at TAJ
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Table 2.9: Sampling days of various pollutants in summer (2019) at GAK
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Table 2.10: Sampling days of various pollutants in summer (2019) at NNH
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Table 2.11: Sampling days of various pollutants in summer (2019) at JHS
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Table 2.12: Sampling days of various pollutants in summer (2019) at SKD
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Table 2.13: Sampling days of various pollutants in summer (2019) at TAJ
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2.4 Ambient Air Quality - Results

2.4.1 Ghatia-Azam Khan Gate (GAK)

The sampling period was December 06 — 31, 2018 for winter and May 8 — 28, 2019 for summer.
2.4.1.1 Particulate Matter (PM1o, PM25)

Time series of 24-hr average concentrations of PMio and PM2s at GAK are shown for winter
(Figure 2.4) and summer (Figure 2.5). Average levels at this site were: PM2s: 304+77 (winter)
and 64+19 pg/m® (summer) and PMio: 423100 (winter) and 179+93 pg/m® (summer). In
winter, the PMz2s levels were about five times higher than the national air quality standard
(NAQS: 60 pg/m®) and PM1o levels were four times higher than the NAQS (100 pg/md). In
summer, the PMz2s levels generally meet the standards, while PM1o is 1.8 times higher than the
NAQS.

A statistical summary (Mean, maximum, minimum, standard deviation (SD) and coefficient of
variation (CV)) of PM concentrations is presented in Tables 2.17 — 2.20 for the winter and
summer season. In summer, PM2s levels drop significantly compared to PMio levels that
continued to be high in spite of improvement in meteorology and better dispersion. The particle
airborne from the soil during dust storms in the dry months of summer can contribute

significantly to a coarse fraction (i.e., PM2s-10).
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Figure 2.4: PM Concentrations at GAK for Winter Season
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PM: GAK, Summer
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Figure 2.5: PM Concentrations at GAK for Summer Season
2.4.1.2 Gaseous pollutants

Time series of 24-hr average concentrations of SO2 and NOz are shown for winter (Figure 2.6)
and summer (Figure 2.7) seasons. It was observed that SO2 concentrations were low (mostly <
5.0 pg/m®) and meet the air quality standard. NO2 levels also meet the national standard (80
pg/m?) with an average of 20 days at 40.8+18.4 pg/m3in winter and 20.6+5.4 pg/m?in summer
season (Table 2.14). The summer concentration of NO2 dropped dramatically, as does the PM2s
levels. Although NO:2 levels are meeting the standard, it is a matter of concern as NOz is largely
attributed to vehicular pollution, which is on the rise. Variation in NO2 is due to variability in
meteorology and the presence of occasional local sources like DG sets, traffic jams or local

open burning etc.

The Mean concentrations of benzene, toluene, p-xylene and o-xylene (BTX) are presented in
Figure 2.8 and the statistical summary in Table 2.14. The total BT X level is observed 15.1+10.8
ug/m? (Benzene: 5.4 and Toluene: 6.4 pug/md) in winter and 7.3+0.8 pg/m? (Benzene: 2.3 and
Toluene: 2.9 ug/m?®) in summer seasons. The BTX levels were higher during summer than in

the winter.
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Figure 2.8: VOCs concentration at GAK
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2.4.1.3 Carbon Content (EC/OC) in PMz5

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.9 (a) and (b) for winter and summer seasons. Organic carbon is
observed slightly higher (winter: 48.8+20.5 and summer: 10.6+1.7 pg/m?) than the elemental
carbon (winter: 41.9+16.7 and summer: 6.0+1.9 pg/m?). It is also observed that the OC and EC
are higher in the winter than in the summer. A statistical summary of carbon content (TC, EC,
OC; OC1, 0OC2, OC3 and OC4 with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC) is
presented in Table 2.15 for winter and summer. The ratio of OC3/TC is observed higher that

indicates the formation of secondary organic carbon in the atmosphere at GAK.

(a) PM,.s: Carbon Content, GAK (b) OC/TC = Winter
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Figure 2.9: EC and OC Content in PM2s at GAK

TC typically present in an urban environment (i.e., 20-45% of PM2s) (Dinoi et al., 2017), and
the results match as TC in PMzs in winter is about 33% in winter and 25% in summer. It also
suggests fresh nearby combustion and burning. It is reported that burning of plastic core wires

are extensively done to recover metal in the area.
2.4.1.4 PAHsin PM2s

The concentrations of PAHs (from solid phase only) with some specific markers were
analyzed. Figure 2.10 shows the average measured concentration of PAHs at GAK for winter
and summer seasons. A statistical summary of PAHSs is presented in Table 2.16 for winter and
summer seasons. 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), (vii) Pyrene (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), (xiii) Benzo(k)fluoranthene (B(k)F), (xiv) Benzo(a)pyrene
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(B(a)P), (xv) Indeno(1,2,3-cd)pyrene (InP), (xvi) Dibenzo(a,h)anthracene (D(a,h)A) and (xvii)
Benzo(ghi)perylene (B(ghi)P). It is observed that Total PAHs concentrations are much higher
in winter season (344132 ng/m®) compared to summer season (25+19 ng/m?). Major PAHs
(mostly higher molecular weight compounds) are InP (95 ng/m?), B(ghi)P (69 ng/m?), B(b)F
(37 ng/mq), Chr (35 ng/m?®) and B(K)F (28 ng/m?) for winter season and Phe (4.8 ng/m?), Ant
(3.3 ng/m?), Flu (3.0 ng/m3), BeA (2.3 ng/m®) and DmP (1.4 ng/m?) for summer season.
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Figure 2.10: PAHs Concentrations in PM2sat GAK
2.4.1.5 Chemical Composition of PM1o and PM2s and their correlation

Graphical presentations of chemical species are shown for the winter and summer seasons for
PMao (Figure 2.11) and PM2s (Figure 2.12). Statistical summary for particulate matter (PMao
and PMz2s), its chemical composition [carbon content (EC and OC), ionic species (F~, CI-,
NO;~, SO,72, Na*, NH,*, K*, Ca*™2, Mg*?) and elements (Be, B, Na, Mg, Al, Si, P, K, Ca, Cr,
V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb)] along with mass percentage (% R)
recovered from PM are presented in Tables 2.17 — 2.20 for winter and summer season.

The correlation between different parameters (i.e., PM, TC, OC, EC, F~, CI7, NO37, SO,72,
Na*, NH,", K*, Ca*2, Mg*2 and Metals (elements)) with major species (PM, TC, OC, EC,
NO3~, SO,72, NH,", Metals) for PM1o and PM2s composition is presented in Tables 2.21 —
2.24 for both seasons. It is seen that most of the parameters showed a good correlation (>0.30)
with PM1o and PM2s. The percentage constituents of the PM are presented in Figure 2.13 (a)

and (b) for the winter season and Figure 2.14 (a) and (b) for the summer season.
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Figure 2.13: Percentage distribution of species in PM at GAK for Winter Season
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2.4.1.6 Comparison of PMy and PM2s Composition

This section presents some important observations from the experimental findings related to
fine particles and PMio concentrations. The graphical presentation is a better option for
understanding the compositional variation. A compositional comparison of PMz.s vs PM1o for

all species is shown for winter and summer seasons (Figure 2.15) at GAK.

The chemical species considered for the comparisons are carbon content (TC, OC and EC),
ionic species (F~, CI7, NO57, SO,72, Na*, NH,*, K*, Ca*2, Mg*?) and elements (Be, B, Na, Mg,
Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded
that most portion of PM has fine mode during winter (72%) than summer (36%). The major
species contributing to fine mode are TC, OC, EC, CI7, NO37, SO,72, Na*, NH,*, K*, Be, B,
V, Cu and Zn; whereas, major species contributing in coarse mode are F~, Mg?*, Ca?*, Mg, Al,
Si, P, Ca, Cr, Mn, As, Se, Rb, Sr, Cs and Ba.
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Figure 2.15: Compositional comparison of species in PM25 Vs PM1 at GAK
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Table 2.14: Statistical results of gaseous pollutants (ug/m?) at GAK for winter (W) and

summer (S) seasons

GAK (W) | NO, SO, Benzene Toluene | p-Xylene | o-Xylene | Total (BTX)
Mean 40.82 2.00 541 6.42 1.56 1.74 15.13
SD 18.42 0.00 3.49 5.24 1.29 1.41 10.76
Max 68.99 2.00 13.99 19.02 4.95 5.25 41.00
Min 10.61 2.00 1.25 1.10 0.18 0.15 3.28
Cv 0.45 0.00 0.64 0.82 0.83 0.81 0.71

GAK (S) NO, SO, Benzene Toluene | p-Xylene | o-Xylene | Total (BTX)
Mean 20.55 | 2.00 2.31 2.91 0.53 1.59 7.34
SD 5.39 0.00 0.15 0.50 0.13 0.15 0.84
Max 31.90 | 2.00 2.79 3.93 0.74 1.96 9.42
Min 13.40 | 2.00 2.09 2.02 0.33 1.27 5.84
Cv 0.26 0.00 0.07 0.17 0.24 0.09 0.11
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Table 2.15: Statistical results of carbon contents (ug/m?) in PM2s at GAK for Winter (W) and summer (S) seasons

GAK (W) | PM2s TC EC OoC OC1 | OC2 | OC3 | OC4 | OCUTC | OC2/TC | OC3/TC OC4/TC
Mean 303.7 90.48 4884 | 4188 | 6.02 | 17.37 | 1833 | 7.12 0.063 0.190 0.205 0.082
SD 77.3 37.07 2051 | 16.72 | 3.71 7.84 7.16 2.80 0.018 0.015 0.019 0.019
Max 436.3 | 197.65 | 111.19 | 86.45 | 13.87 | 41.36 | 39.67 | 16.64 0.107 0.215 0.257 0.133
Min 144.0 33.31 18.39 | 1493 | 1.35 6.05 6.57 4.37 0.038 0.162 0.169 0.048
CvVv 0.25 0.41 0.42 0.40 0.62 0.45 0.39 0.39 0.286 0.080 0.091 0.231
GAK (S) | PMz2s TC EC OoC OCl1 | OC2 | OC3 | OC4 | OCLTC | OC2/TC | OC3/TC OC4/TC
Mean 63.9 16.64 10.59 6.00 0.62 3.23 4.27 2.47 0.036 0.196 0.259 0.151
SD 19.2 3.35 1.70 1.89 0.27 0.52 0.84 | 0.39 0.012 0.016 0.037 0.023
Max 121.3 23.33 14.19 9.13 1.09 4.49 5.99 3.25 0.058 0.227 0.341 0.212
Min 394 10.56 7.68 2.88 0.25 2.21 2.73 1.62 0.018 0.176 0.208 0.118
CVv 0.30 0.20 0.16 0.31 0.43 0.16 0.20 0.16 0.331 0.083 0.145 0.150
Table 2.16: Statistical results of PAHs (ng/m?) in PM25 at GAK for winter (W) and summer (S) seasons
GAK(W) | DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA | B(@A | Chr | B(b)F | B(F | B(@P | InP | D(ah)A | B(ghi)P gg\tlils
Mean 3.73 1039 ] 632 | 159 | 295 | 838 | 7.70 | 12.66 | 2.91 | 14.89 | 3515 | 36.52 | 28.16 | 1.87 | 94.60 16.60 69.30 | 343.74
SD 315 | 042 | 452 | 289 | 1.81 | 416 | 3.45 | 33.80 | 2.65 | 834 | 13.61 | 16.52 | 10.02 | 2.09 | 34.04 7.62 24.80 | 132.73
Max 9.95 | 147 | 11.13 | 9.63 | 6.89 | 14.24 | 12.72 | 108.74 | 6.78 | 29.28 | 61.00 | 73.62 | 41.39 | 6.95 | 139.15 | 25.87 | 100.65 | 562.89
Min 0.15 | 0.11 | 0.00 | 0.09 | 027 | 2.64 | 1.98 | 058 | 022 | 166 | 11.81 | 12.85 | 958 | 0.27 | 32.08 3.79 2426 | 120.44
cVv 0.84 |1.07] 071 | 1.81 | 061 | 050 | 0.45 | 267 | 091 | 056 | 039 | 045 | 036 | 1.12 | 0.36 0.46 0.36 0.39
GAK(S) | DmP | AcP | DEP | Flu Phe | Ant Pyr BbP BeA | B(@A | Chr | B(b)F | B(kF | B(a)P InP D(a,h)A | B(ghi)P -FI’-X[&IS
Mean 1.84 {143 ] 157 | 3.02 | 483 | 331 | 012 | 056 | 231 | 019 | 046 | 182 | 079 | 0.84 | 050 0.03 1.02 | 24.64
SD 096 | 197 | 181 | 367 | 734 | 451 | 031 | 1.06 | 6.07 | 004 | 1.02 | 223 | 065 | 0.88 | 1.07 0.05 2.28 | 18.64
Max 3.44 | 570 | 4.96 | 10.03 | 21.03 | 12.42 | 1.03 | 3.74 |20.22 | 032 | 353 | 624 | 1.77 | 3.07 | 3.53 0.14 7.87 | 69.58
Min 0.66 | 0.10 | 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | 0.07 | 0.00 | 0.16 | 0.1 | 0.05 | 0.05 | 0.05 | 0.00 0.00 0.15 9.01
cVv 052 |138] 115 | 122 | 152 | 1.36 | 254 | 190 | 2.62 | 023 | 221 | 122 | 0.82 | 1.05 | 214 1.91 2.25 0.76
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Table 2.17: Statistical results of chemical characterization (ug/m?3) of PMo at GAK for winter (W) season

GAK (W) | PMw | OC | EC | F- | CI" | NOs | SOs2 | Na* | NHs | K* | Mg?| Ca*? | Be B Na | Mg Al Si P
Mean 423 | 69.8 | 505 | 0.2 |29.8| 469 | 29.9 4.3 231 | 35| 08 | 39 | 8E-4 | 048 | 975 | 419 | 8.68 | 23.75| 055
SD 100 29.3 20.1 01 |119 | 12.7 10.8 1.8 5.4 12 | 0.6 2.1 2E-4 | 019 | 421 1.57 2.77 | 5.40 0.16
Max 595 | 158.8 | 1042 | 05 | 57.7| 784 50.3 8.9 31.6 66 | 26 | 101 | 1E-3 | 096 | 16.96 | 7.46 | 16.24 | 32.01 | 1.01
Min 211 | 263 | 180 | 0.0 |131| 225 | 143 2.6 129 | 19 | 02 | 1.7 | 56-4 | 027 | 436 | 266 | 3.79 | 1292 | 0.33
CV 024 | 042 | 040 | 0.90 | 040 | 0.27 | 0.36 0.42 023 [033]082| 054 | 029 | 039 | 043 | 037 | 032 | 0.23 | 0.30
GAK (W) K Ca Cr \% Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 6.53 7.56 104 | 1.04 | 0.27 | 6.16 0.02 1.17 024 |0.63| 0.06 | 0.02 | 0.02 | 0.06 | 0.07 | 1E-3 | 0.15 | 2.64 76.9

SD 1.83 1.63 1.27 | 0.29 | 0.19 | 2.18 0.02 0.81 020 | 030 | 007 | 0.01 | 0.01 | 0.02 | 0.06 | 4E-4 | 0.08 | 2.20 3.1
Max 10.17 | 11.01 | 455 | 1.54 | 0.74 | 10.36 | 0.06 2.95 085 | 117 0.26 | 0.06 | 0.05 | 0.12 | 0.25 | 2E-3 | 0.44 | 7.65 82.3
Min 293 | 472 | 026 | 053 | 0.11 | 2.23 | 0.00 0.17 0.08 |0.11] 0.00 | 0.01 | 0.00 | 0.02 | 0.01 | 1E-3 | 0.07 | 045 | 726
CcVv 028 | 022 | 1.21 | 0.28 |0.71| 035 | 1.22 0.70 081 |048| 119 | 053 | 042 | 034 | 0.89 | 024 | 054 | 0.83 | 0.04

% R is the % recovery of mass of collected particle through compositional analysis
Table 2.18: Statistical results of chemical characterization (ug/m?) of PM2s at GAK for winter (W) season

GAK (W) | PM2s | OC | EC F- Cl" [ NOs | SOs2| Na® | NHs | K+ | Mg? | Ca? | Be B Na | Mg | Al Si P
Mean 304 48.8 | 41.9 0.1 245 | 384 | 239 2.8 18.4 2.6 0.2 0.7 | 5E-4 | 0.29 | 6.47 | 2.37 | 453 | 12.21 | 0.22
SD 77 20.5 16.7 0.1 10.3 | 11.0 8.8 1.3 4.7 0.7 0.2 04 | 2E-4| 016 | 3.19 | 1.44 | 1.87 | 481 | 0.09
Max 436 111.2 | 86.5 0.3 48.0 | 68.1 | 449 6.2 26.8 4.3 1.0 1.7 | 1E-3 | 0.67 | 1295 | 5.93 | 853 | 18.91 | 0.45
Min 144 18.4 14.9 0.0 10.3 | 20.7 | 104 1.2 10.4 1.3 0.0 0.1 | 3E-4| 0.07 | 1.65 | 0.38 | 229 | 243 | 0.12
CVv 0.25 0.42 040 | 1.26 | 042 | 0.29 | 0.37 0.48 026 | 029 | 088 | 057 | 0.36 | 0.56 | 049 | 0.61 | 041 | 0.39 | 0.42
GAK (W) K Ca Cr \% Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb | %R
Mean 4.29 437 | 058 | 064 | 014 | 389 | 1E-2 | 0.81 015 | 038 | 0.03 | 9E-3 | 5E-3 | 2E-2 | 0.04 | 6E-4 | 0.07 | 1.69 | 78.8
SD 1.25 184 | 081 | 031 | 013 | 1.87 | 1E-2 | 0.60 011 | 023 | 005 | 1E-2 | 3E-3 | 1E-2 | 0.04 | 2E-4 | 0.07 | 1.29 | 39
Max 7.45 784 | 272 | 123 | 041 | 8.05 | 4E-2 1.95 055 | 104 | 019 | 4E-2 | 1E-2 | BE-2 | 0.16 | 9E-4 | 0.33 | 410 | 878
Min 151 164 | 0.04 | 022 | 004 | 142 | 8E-4 | 0.12 0.06 | 0.05 | 000 | 2E-3 | 4E-4 | 3E-4 | 0.00 | 2E-4 | 0.00 | 0.17 | 735
CcVv 0.29 042 | 141 | 048 | 090 | 048 | 1.34 | 0.75 075 | 062 | 144 | 110 | 058 | 0.77 | 1.00 | 0.27 | 1.06 | 0.76 | 0.05

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.19: Statistical results chemical characterization (ug/m?3) of PMio at GAK for summer (S) season

GAK(S) | PMw | OC EC F- | CI" | NOs | SO | Na* | NHe | K* | Mg”? | Ca? | Be B Na | Mg | Al Si P
Mean 179 | 151 | 72 | 03 | 51 | 74 7.9 1.0 34 | 1.6 | 08 | 20 | 9E-4 | 0.03 | 2.14 | 420 | 1052 | 24.47 | 0.30
SD 93 2.4 23 | 01 | 30 | 32 2.5 0.3 1.0 | 06 | 06 | 09 |3E-4| 001 | 1.38 | 295 | 834 | 17.27 | 0.18
Max 479 | 203 | 110 | 04 | 113 | 130 | 125 1.6 56 | 34 | 21 | 42 | 2E-3| 0.07 | 6.70 | 14.02 | 40.36 | 81.47 | 0.74
Min 91 | 110 | 35 | 01 | 1.8 | 35 45 0.4 1.9 | 09 | 02 | 10 |7E-4| 001 | 084 | 1.64 | 3.66 | 8.64 | 0.07
CV 052 | 016 | 031 | 022|058 | 043 | 032 | 031 | 028 | 037 | 072 | 046 | 029 | 052 | 0.65 | 0.70 | 0.79 | 0.71 | 0.61
GAK (S) K Ca Cr V | Mn | Fe Co Ni Cu Zn As Se | Rb Sr Cd Cs Ba Pb | %R

Mean 5.09 | 838 | 029 | 0.29 | 0.15 | 7.46 8E-3 0.04 005 | 060 | 0.04 | 1E-2 | 1E-2 | 3E-2 | 0.09 | 1E-3 | 0.06 | 0.24 | 63.3

SD 319 | 504 | 018 | 0.04 | 0.10 | 490 1E-2 0.05 002 | 018 | 0.02 | 6E-3 | 1E-2 | 3E-2 | 0.14 | 7TE-4 | 0.03 | 0.14 3.9

Max 15.13 | 2325 | 0.72 | 0.38 | 0.47 | 22.03 | 5E-2 0.19 0.13 | 107 | 007 | 2E-2 | 5E-2 | 1E-1 | 0.60 | 3E-3 | 0.14 | 0.68 | 71.1

Min 1.99 2.58 011 | 0.22 | 0.07 | 1.97 3E-3 0.01 003 | 029 | 002 | 4E-3 | 3E-3 | 3E-3 | 0.01 | 6E-4 | 0.03 | 0.08 | 57.1

cv 063 | 060 | 0.64 | 0.15 | 0.68 | 0.66 1.43 1.10 049 031 | 046 | 048 | 0.88 | 0.85 | 157 | 0.59 | 049 | 0.60 | 63.3

% R is the % recovery of mass of collected particle through compositional analysis

Table 2.20: Statistical results of chemical characterization (ug/m?3) of PMas at GAK for summer (S) season

GAK(S) | PMos | OC | EC | F | CI' | NOs | SOs2 | Na' | NHs' | Kt | Mg™ Ca'? Be B Na Mg Al Si P
Mean 64 | 106 | 6.0 | 0.1 | 3.3 | 47 5.2 0.5 23 | 0.7 0.2 0.5 6E-4 0.02 0.93 0.78 | 198 | 469 | 0.12
SD 19 1.7 (19|01 | 16 | 18 1.7 0.2 07 | 04 0.2 0.3 6E-5 0.01 0.52 0.44 | 123 | 277 | 0.10
Max 121 | 142 | 91 | 02 | 6.7 | 9.2 9.2 0.8 40 | 1.9 0.7 1.0 7E-4 0.05 2.40 1.89 | 580 | 12.69 | 0.49
Min 39 77 12900 | 15| 21 2.8 0.2 15 | 02 0.1 0.1 4E-4 0.00 0.33 0.34 | 056 | 156 | 0.04
CcVv 0.30 | 0.16 | 0.31 | 0.60 | 0.49 | 0.39 033 | 032 | 029 | 0.63| 0.69 0.60 0.11 0.52 0.56 056 | 062 | 059 | 0.85

GAK (S) K Ca | Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R
Mean 132 | 161|011 |0.24|006 | 1.60 | 4E-3 | 1E-2 | 0.03 | 0.33 | 0.02 4E-3 3E-3 4E-3 0.04 4E-4 | 0.02| 011 | 733
SD 094 | 0.94|0.06|003|003| 111 | 3E-3 |1E-2| 001 |0.12| 0.01 2E-3 1E-3 4E-3 0.05 2E-4 | 0.01 | 0.06 5.1
Max 365 | 442|028 032|012 | 531 | 1E-2 |4E-2| 0.05 | 0.61| 0.04 8E-3 6E-3 2E-2 0.26 8E-4 | 0.05| 033 | 81.2
Min 0.37 | 044 |0.04 |018|0.03| 038 | 1E-3 |2E-3| 0.02 | 0.18| 0.01 1E-3 4E-4 4E-4 0.00 3E-4 | 0.01]| 0.05 | 66.5
CcVv 0.72 | 058 | 058 | 0.14 | 0.41 | 0.69 0.77 | 0.80 | 0.38 | 0.37 | 0.33 0.55 0.36 1.10 1.45 0.37 | 0.68 | 0.58 | 0.07

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.21: Correlation matrix for PMyo and its composition at GAK for winter season

GAK (W) | PMio TC (0] EC F- CI NOs~ SO472 Na* NH4* K* Mg* Ca*? Metals

PMio 1.00 0.84 0.81 0.87 0.39 0.57 0.60 0.68 0.19 0.61 0.45 0.32 0.38 0.57
TC 1.00 1.00 0.99 0.12 0.32 0.31 0.38 0.01 0.37 0.40 0.20 0.35 0.19
0oC 1.00 0.97 0.11 0.30 0.28 0.37 0.01 0.33 0.40 0.21 0.35 0.17
EC 1.00 0.12 0.35 0.34 0.40 0.01 0.42 0.38 0.19 0.34 0.23
NOs~ 0.64 0.66 1.00 0.75 0.35 0.48 0.37 0.48 0.33 0.20
SO472 0.80 0.67 1.00 0.33 0.63 0.37 0.51 0.21 0.34
NH4* 0.16 0.34 -0.13 1.00 0.12 -0.10 0.15 0.41
Metals 0.14 0.11 0.08 0.27 0.04 0.25 1.00

Table 2.22: Correlation matrix for PMzsand its composition at GAK for winter season

GAK (W) | PMoa.s TC OC EC F- Cl NOs~ S04 Na* NH4* K* Mg*? Ca'? Metals
PM:.s 1.00 0.90 0.87 0.91 0.18 0.48 0.61 0.72 0.20 0.62 0.43 0.12 0.05 0.54
TC 1.00 0.99 0.99 0.08 0.34 0.39 0.52 0.12 0.43 0.52 0.10 -0.02 0.27
OoC 1.00 0.97 0.07 0.31 0.35 0.49 0.10 0.38 0.51 0.10 0.00 0.26
EC 1.00 0.09 0.37 0.41 0.53 0.14 0.47 0.51 0.08 -0.07 0.30
NOs~ 0.56 0.70 1.00 0.83 0.51 0.44 0.32 0.48 0.39 0.16
SO472 0.62 0.72 1.00 0.43 0.57 0.35 0.37 0.32 0.21
NH4* -0.06 0.33 -0.02 1.00 0.13 -0.37 -0.17 0.31
Metals -0.26 | -0.14 -0.17 0.01 -0.16 -0.20 1.00
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Table 2.23: Correlation matrix for PMyand its composition at GAK for summer season

GAK(S) | PMo TC oC EC F- Cl- NOs- SO.2 Na* NH.4* K* Mg? | Ca® Metals
PMio 1.00 | 046 | 055 | 030 | -0.10 | 0.58 0.56 0.58 0.67 0.58 0.65 | 0.69 0.69 0.99
TC 100 | 094 | 094 | 019 | 015 0.17 0.23 0.55 0.09 049 | 0.16 0.23 0.41
ocC 1.00 | 077 | 025 | 0.23 0.24 0.31 0.59 0.15 052 | 0.36 0.30 0.50
EC 1.00 | 0.09 | 0.06 0.08 0.11 0.44 0.00 040 | -007 | 0.13 0.26
NOs -0.34 | 0.92 1.00 0.81 0.15 0.61 0.06 | 0.28 0.46 0.49
SO 030 | 071 1.00 0.41 0.42 0.13 | 0.47 0.47 0.52
NH.* -0.06 | 0.61 0.05 1.00 031 | 045 0.27 0.56
Metals -0.08 | 052 0.67 0.66 | 0.70 0.68 1.00

Table 2.24: Correlation matrix for PMzsand its composition at GAK for summer season

GAK(S) | PMas TC oC EC F- Cl- NOs- N Na* NH.* K* Mg?2 | Ca® Metals
PM..5 1.00 054 | 065 | 039 | 051 | 052 0.44 0.42 0.20 0.28 057 | 0.76 0.70 0.93
TC 100 | 093 | 094 | 049 | 0.16 0.21 0.28 023 | -008 | 051 | 032 0.36 0.31
ocC 1.00 | 077 | 057 | 0.26 0.28 0.31 026 | -004 | 057 | 053 0.53 0.45
EC 1.00 | 037 | 0.09 0.14 0.23 016 | -009 | 041 | 011 0.20 0.16
NOs 022 | 0.79 1.00 0.63 -0.10 | 0.72 0.00 | 033 0.33 0.17
SO.2 -0.06 | 0.50 1.00 -0.01 | 027 | -004 | 0.24 0.46 0.17
NH. 0.06 | 067 -0.16 | 1.00 001 | 024 | -0.01 0.12
Metals 047 | 0.29 0.20 058 | 0.74 0.63 1.00
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2.4.2 Nunhai Industrial Area (NNH)

The sampling period was December 31, 2018 — January 22, 2019 for winter and May 14 — June
03, 2019 for summer.

2.4.2.1 Particulate Matter (PM1o, PM25)

Time series of 24-hr average concentrations of PMio and PMzs are shown at NNH for winter
(Figure 2.16) and summer (Figure 2.17). Average levels for winter and summer season were
27386 and 71+30 pg/m? (for PM2s) and 367496 and 182+57 ug/m?® (for PM1o) respectively.
The PM2s levels are about 4.5 times higher than the NAQS and PMuo is about 3.7 times higher
than the NAQS in winter. The PMzs levels are about 1.2 times higher and PMao levels are 1.8
times higher than the NAQS in summer. The high levels may be due to industrial emissions. A
statistical summary of PM concentrations is presented in Tables 2.28 — 2.31 for the winter and
summer seasons. In summer, PMzs levels drop significantly compared to PMao levels that
continued to be high in spite of improvement in meteorology and better dispersion. The particle
airborne from the soil during dust storms in the dry months of summer can contribute

significantly to a coarse fraction (i.e., PM2s-10).
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Figure 2.16: PM Concentrations at NNH for Winter Season
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Figure 2.17: PM Concentrations at NNH for Summer Season
2.4.2.2 Gaseous pollutants

Time series of 24-hr average concentrations of SO2 and NO2 are shown for winter (Figure 2.18)
and summer (Figure 2.19) seasons. It was observed that SOz concentrations were low (mostly
< 5.0 pg/md) and meet the air quality standard. NO: levels also under the NAQS with an average
of 20 days at 42.3+15.3 pg/m?® in winter and 23.5+6.3 pg/m?® in summer season (Table 2.25).
The summer concentration of SOz and NO2 dropped dramatically similarly PMzs levels.
Although the NO2 and SO: are certainly a matter of concern in the winter season and these
values can largely be attributed to vehicular pollution, DG sets and coal combustion. The
Variation in NOz and SOz is due to variability in meteorology and the presence of occasional
local sources like DG sets, traffic jams or local open and coal burning etc.

The Mean concentrations of BT X were presented in Figure 2.20 and the statistical summary in
Table 2.25. The total BTX level is observed 9.0+8.5 pg/m® (Benzene: 4.0 and Toluene: 3.6
pg/m?) in winter and 7.4+1.3 pg/m? (Benzene: 2.6 and Toluene: 2.2 pg/m3) in summer seasons.
The BTX levels were high during winter than in the summer.
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Figure 2.20: VOCs concentration at NNH
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2.4.2.3 Carbon Content (EC/OC) in PMz5

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.21 (a) and (b) for winter and summer seasons. Organic carbon is
observed higher (winter: 37.5+18.6 and summer: 17.7+3.1 pg/m?) than the elemental carbon
(winter: 26.6+13.6 and summer: 6.7+2.3 pg/md). It is also observed that the OC and EC are
higher in the winter season than in the summer season. A statistical summary of carbon content
(TC, EC, OC; OC1, OC2, OC3 and OC4 with fractions OC1/TC, OC2/TC, OC3/TC and
OCA4/TC) is presented in Table 2.26 for winter and summer seasons. The ratio of OC3/TC is
observed higher that indicates the formation of secondary organic carbon in the atmosphere at
NNH.

(a) PM,.5: Carbon Content, NNH (b) OC/TC = Wintor
W Summer
40.0
B Winter 0.30
= 350 1 H Summer 0.25
£ 300 -
2 550 - . 0.20 -
c —
.% 200 - 5 015
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£ 15.0 0.10
g 100 -
8 5o 0.05 1
0.0 - 0.00 -
oc EC oc1 oc? 0c3 oca OC1/TC 0OC2/TC OC3/TC OC4/TC

Figure 2.21: EC and OC Content in PM25 at NNH

2424 PAHsin PMa2s

Figure 2.22 shows the average measured concentration of PAHs at NNH for winter and summer
seasons. A statistical summary of PAHSs is presented in Table 2.27 for winter and summer
seasons. The PAHs compounds analyzed were: (i) DmP, (ii) AcP, (iii) DEP, (iv) Flu, (v) Phe,
(vi) Ant, (vii) Pyr, (viii) BbP, (ix) BeA, (x) B(a)A, (xi) Chr, (xii) B(b)F, (xiii) B(K)F, (xiv)
B(@)P, (xv) InP, (xvi) D(a,h)A and (xvii) B(ghi)P. It is observed that Total PAHs concentrations
are much higher in winter season (226+100 ng/m®) compared to summer season (15.6+6.7
ng/m®). Major PAHSs are InP (64 ng/m?), B(ghi)P (47 ng/m?), Chr (27 ng/m?), B(b)F (22 ng/m?3)
and B(K)F (15 ng/m?®) for winter season and B(ghi)P (2.4 ng/m?), DmP (2.3 ng/m?), BeA (1.8
ng/m?), B(K)F (1.7 ng/m®), B(b)F (1.5 ng/m®) and InP (1.3 ng/m®) for summer season.
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Figure 2.22: PAHs Concentrations in PM2sat NNH
2.4.25 Chemical composition of PM1o and PM2s and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer seasons for
PMio (Figure 2.23) and PM2s (Figure 2.24). Statistical summary for particulate matter (PMaio
and PMzz5), its chemical composition [carbon content, ionic species and elements] along with
mass percentage (% R) recovered from PM are presented in Tables 2.28 — 2.31 for winter and

summer season.

The correlation between different parameters (i.e., PM, TC, OC, EC, F~, CI7, NO37, SO,72,
Na*, NH,", K*, Ca*2, Mg*2 and Metals (elements)) with major species (PM, TC, OC, EC,
NO3~, SO,72, NH,", Metals) for PM1o and PM2s composition is presented in Tables 2.32 —
2.35 for both seasons. It is seen that most of the parameters showed a good correlation (>0.30)
with PMio and PM2s. The percentage constituents of the PM are presented in Figure 2.25 (a)
and (b) for the winter season and Figure 2.26 (a) and (b) for the summer season.

PM,o: Chemical Composition, NNH
100.00

B Winter B Summer

10.00

1.00

Concentration (pug/m?)

Chemical Species

Figure 2.23: Concentrations of species in PM1o at NNH
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Figure 2.24: Concentrations of species in PM2s at NNH
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Figure 2.25: Percentage distribution of species in PM at NNH for Winter Season
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2.4.2.6 Comparison of PMy and PM2s Composition

40

contributing in coarse mode are Mg?*, Ca*, Mg, Al, Si, Ca, Cr and Fe.

Figure 2.26: Percentage distribution of species in PM at NNH for Summer Season

The graphical presentation is the better option for understanding the compositional variation.
A compositional comparison of PMzs vs PMao for all species is shown for winter and summer
seasons (Figure 2.27) at NNH. The chemical species considered for the comparisons are carbon
content (TC, OC and EC), ionic species (F~, ClI7, NO3~, SO,72, Na*, NH,*, K*, Ca*2, Mg*?)
and elements (Be, B, Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr,
Cd, Cs, Ba, Pb). It is concluded that most portion of PM has fine mode during winter (74%)
than summer (39%). The major species contributing to fine mode are TC, OC, EC, CI~, NO3™,
SO,7%, NH,*, Be, B, V, Mn, Co, Cu, Zn, As, Rb, Cd, Ba and Pb; whereas major species
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Figure 2.27: Compositional comparison of species in PMz25 Vs PM1g at NNH

Table 2.25: Statistical results of gaseous pollutants (ug/m?) at NNH for winter (W) and

summer (S) seasons
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Table 2.26: Statistical results of carbon contents (ug/m?®) in PM2s at NNH for winter (W) and summer (S) seasons

NNH (W) | PMzs TC EC OoC OCl1 | OC2 | OC3 | OC4 | OCL/TC | OC2/TC | OC3/TC OC4/TC
Mean 272.5 64.11 3752 | 26.61 | 411 | 1342 | 13.75 | 6.25 0.055 0.208 0.220 0.105
SD 85.5 31.99 18.60 | 13.56 | 4.07 6.95 6.25 2.63 0.026 0.012 0.019 0.025
Max 405.6 | 132.75 | 7845 | 57.96 | 18.99 | 29.14 | 27.43 | 12.20 0.143 0.236 0.251 0.146
Min 82.0 14.94 9.28 5.66 0.50 2.96 3.64 2.18 0.023 0.188 0.160 0.043
CvVv 0.31 0.50 0.50 0.51 0.99 0.52 0.45 0.42 0.470 0.059 0.087 0.238

NNH (S) | PM2s TC EC oC OCl1 | OC2 | OC3 | OC4 | OCLTC | OC2/TC | OC3/TC OCA4/TC
Mean 71.3 17.74 11.02 6.72 0.36 3.50 4.35 2.81 0.019 0.197 0.244 0.165
SD 30.1 4.93 3.06 2.26 0.28 1.08 1.47 0.50 0.009 0.025 0.032 0.029
Max 189.1 27.04 17.23 | 1090 | 1.25 5.35 7.86 4.21 0.046 0.258 0.302 0.224
Min 43.8 10.42 6.91 3.25 0.11 2.04 2.38 2.13 0.008 0.163 0.200 0.110
CV 0.42 0.28 0.28 0.34 0.77 0.31 0.34 0.18 0.484 0.126 0.130 0.175

Table 2.27: Statistical results of PAHs (ng/m?3) in PM_s at NNH for winter (W) and summer (S) seasons

NNH(W) | DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA | B(@A | Chr | B(b)F | B(k)F | B(@P | InP | D(ah)A | B(ghi)P ggﬁ's

Mean 1.60 | 1.11 | 1.55 | 1.47 | 0.42 | 858 | 582 | 0.64 | 2.40 | 11.80 | 26.68 | 22.18 | 15.27 | 5.27 | 64.49 9.71 46.89 | 225.86
SD 1.83 | 1.58 | 1.39 | 1.60 | 0.56 | 651 | 544 | 032 | 422 | 844 | 1485 | 890 | 1040 | 1524 | 28.88 7.55 20.13 | 100.36
Max 6.84 | 5.96 | 4.62 | 553 | 1.94 | 20.32 | 21.99 | 1.16 | 1555 | 30.23 | 52.48 | 35.03 | 32.86 | 53.58 | 109.84 | 22.82 | 7759 | 381.87
Min 0.42 | 0.27 [ 0.04 | 0.00 | 0.00 | 1.03 | 2.21 | 021 | 025 | 152 | 569 | 815 | 056 | 0.12 | 20.46 0.69 16.86 | 109.02
cV 1.15 | 1.42 1 0.90 [ 1.09 | 1.32 | 0.76 | 094 | 050 | 1.76 | 0.72 | 056 | 0.40 | 0.68 | 2.89 | 0.45 0.78 0.43 0.44

NNH(S) | DmP | AcP | DEP | Flu | Phe | Ant Pyr | BbP | BeA | B(@A | Chr | B(b)F | B(k)F | B(a)P InP D(a,h)A | B(ghi)P ;ztﬂs

Mean 2.33 [ 021 | 059 | 0.24 | 1.08 | 012 | 030 [ 039 | 178 | 019 | 023 | 154 | 166 | 1.12 | 126 0.16 243 | 1561
SD 2.32 | 020 | 1.23 | 055 | 1.83 | 0.10 | 054 | 044 | 379 | 0.06 | 025 | 133 | 145 | 053 | 1.49 0.12 3.38 6.73
Max 7.70 | 0.78 | 404 | 1.68 | 5.05 | 032 | 1.71 | 137 | 1206 | 035 | 091 | 406 | 491 | 201 | 3.86 0.44 9.50 | 26.91
Min 0.00 | 0.10 [ 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | 0.07 | 0.00 | 0.16 | 0.11 | 0.08 | 054 | 050 | 0.1 0.05 0.21 7.12
cVv 1.00 | 0.96 | 2.10 [ 230 | 1.71 | 089 | 181 | 113 ]| 212 | 031 | 109 | 0.87 | 087 | 048 | 1.18 0.72 1.39 0.43
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Table 2.28: Statistical results of chemical characterization (ug/m?3) of PMio at NNH for winter (W) season

NNH (W) | PMio oC EC F CI" | NOs | SO.2 Na* NH4* K" | Mg™ | Ca* Be B Na | Mg Al Si P
Mean 367 536 | 321 | 0.3 |380 | 525 | 33.0 3.1 25.9 29 | 05 29 | 1E-2 | 0.38 | 510 | 2.26 | 5.98 | 17.18 | 0.41
SD 96 26.6 163 | 05 | 171 ] 19.1 | 142 2.6 104 | 1.3 | 03 16 | 5e-3 | 0.17 | 231|067 | 213 | 6.38 0.20
Max 516 | 1121 | 698 | 20 | 734 | 927 | 61.8 13.4 45.3 6.3 | 15 6.8 | 3E-2 | 0.81 | 9.13 | 3.56 | 10.43 | 31.89 | 0.93
Min 192 13.3 6.8 0.0 |121 | 19.2 11.7 0.9 7.0 1.2 0.1 0.8 6E-3 | 0.16 | 1.03 | 1.32 | 2.83 | 7.67 0.19
CcVv 026 | 050 | 051 | 1.79 | 045 | 036 | 0.43 0.84 0.40 | 043 | 066 | 054 | 0.47 | 045 | 045|030 | 0.36 | 0.37 0.47
NNH (W) K Ca Cr \ Mn Fe Co Ni Cu Zn As Se Rb Sr Cd | Cs Ba Pb %R
Mean 530 | 556 | 029 | 0.68 | 0.37 | 6.90 | 0.03 0.04 0.18 | 518 | 0.09 | 0.04 | 0.04 | 0.05 | 0.18 | 0.03 | 0.08 | 1.59 | 79.62
SD 241 2.00 0.13 | 0.22 | 0.23 | 2.61 0.01 0.02 0.09 | 247 | 006 | 0.03 | 0.02 | 0.02 | 0.22 | 0.01| 0.03 | 1.04 3.83
Max 1271 | 10.26 | 0.56 | 1.28 | 1.08 | 12.81 | 0.06 0.08 040 |935| 0.28 | 0.10 | 0.10 | 0.13 | 1.07 | 0.06 | 0.16 | 3.81 | 87.48
Min 296 | 275 | 012 | 041 | 0.06 | 2.83 | 0.01 0.01 0.08 |140| 0.03 | 0.02 | 0.02 | 0.03 | 0.03|0.02| 0.04 | 041 | 67.09
CcVv 045 | 036 | 045 | 0.32 | 0.62 | 0.38 | 0.44 0.55 048 | 048 | 0.69 | 066 | 052 | 0.47 | 1.26 | 0.43 | 0.36 | 0.65 0.05

% R is the % recovery of mass of collected particle through compositional analysis
Table 2.29: Statistical results of chemical characterization (ug/m?3) of PMas at NNH for winter (W) season

NNH (W) | PM.s | OC | EC F- Cl" | NOs | SOs2 | Na* | NHs | K | Mg? | Ca? | Be B Na | Mg | Al Si P
Mean 273 375 | 26.6 0.1 316 | 431 | 27.2 2.1 21.9 2.2 0.2 11 | 8e-3| 029 | 3.80 | 1.29 | 3.31 | 896 | 0.27
SD 86 186 | 13.6 0.2 150 | 1562 | 115 1.0 9.1 1.1 0.2 09 |3E-3| 014 | 186 | 056 | 1.63 | 451 | 0.18
Max 406 785 | 58.0 0.8 63.4 | 70.8 | 48.6 4.7 434 49 0.8 29 | 2E-2| 063 | 7.82 | 2.80 | 811 | 20.39 | 0.72
Min 82 9.3 5.7 0.0 65 | 11.2 | 82 0.6 5.7 0.6 0.1 02 |5e-3| 013 | 081 | 053 | 1.08 | 3.03 | 0.08
cVv 0.31 050 | 051 | 164 | 047 | 035 | 042 | 050 042 | 051 | 093 | 083 | 042 | 0.47 | 0.49 | 0.43 | 0.49 | 050 | 0.66
NNH (W) K Ca Cr \ Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 4.11 275 | 015 | 057 | 027 | 3.95 | 0.02 | 0.03 0.13 | 393 | 0.07 | 0.03 | 0.03 | 0.03 | 0.14 | 0.02 | 0.05 | 1.22 | 819

SD 2.03 119 | 010 | 0.19 | 0.18 | 1.94 | 0.01 | 0.02 0.06 | 210 | 0.05 | 0.02 | 0.01 | 0.01 | 0.19 | 0.01 | 0.03 | 0.88 | 29
Max 9.68 516 | 043 | 1.12 | 091 | 9.24 | 0.04 | 0.07 030 | 722 | 020 | 0.09 | 0.08 | 0.07 | 0.92 | 0.05 | 0.12 | 3.27 | 87.0
Min 0.87 097 | 004 | 038 | 005 | 1.64 | 0.01 | 0.01 0.05 | 1.07 | 0.02 | 0.01 | 0.02 | 0.02 | 0.02 | 0.01 | 0.02 | 0.25 | 76.6
cVv 0.49 0.43 | 067 | 0.33 | 0.67 | 0.49 | 048 | 0.63 049 | 053 | 0.67 | 0.68 | 0.55 | 0.42 | 1.37 | 0.42 | 0.48 | 0.72 | 0.04

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.30: Statistical results chemical characterization (ug/m?) of PMio at NNH for summer (S) season

NNH(@S) | PMow | OC | EC | F | ¢ [ NOy | SO«2 | Nat | NHe | K* | Mg2 | Ca? | Be B Na | Mg | Al Si P
Mean | 182 | 157 | 81 | 03 | 80 | 7.6 9.8 17 | 72 | 17| 09 | 24 |1E3| 003 | 455 | 3.92 | 9.07 | 21.32 | 0.20
) 57 | 44 | 27 [ 01| 25 | 24 1.9 07 | 19 | 07| 05 | 08 |1E-4| 001 | 2.87 | 206 | 352 | 8.81 | 0.07

Max 308 246 | 131 | 05 | 133 | 142 13.9 3.5 11.9 4.0 2.2 44 | 1E-3 | 0.05 | 1432 | 9.85 | 1560 | 35.77 | 0.34

Min 113 9.9 3.9 02 | 54 3.9 7.5 0.6 4.8 0.8 0.3 09 |9E-4 | 001 | 1.29 | 1.61 | 503 | 10.63 | 0.09

Cv 031 | 028 | 034 | 0.20 | 0.32 | 0.32 0.19 0.43 027 | 040 | 051 | 034 | 011 | 048 | 063 | 053 | 0.39 | 041 | 0.33

NNH (S) K Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R

Mean 466 | 730 | 022 | 0.27 | 0.24 | 6.72 8E-3 0.03 0.05 | 039 | 0.04 | 0.02 | 1E-2 | 2E-2 | 0.07 | 3E-3 | 0.05 | 0.20 | 645

SD 191 | 277 | 0.07 | 0.03 | 0.23 | 2.57 2E-3 0.01 002 | 013 | 0.02 | 001 | 6E-3 | 1E-2 | 0.09 | 4E-4| 0.01 | 0.11 3.6

Max 8.78 | 1241 | 034 | 031 | 1.02 | 1157 | 1E-2 0.06 0.09 | 0.70 | 0.07 | 0.03 | 2E-2 | 4E-2 | 0.32 | 3E-3 | 0.08 | 041 | 714

Min 214 | 357 | 012 | 0.21 | 0.09 | 3.36 6E-3 0.01 0.02 | 018 | 001 | 0.01 | 2E-3 | 5E-3 | 0.01 | 2E-3 | 0.03 | 0.06 | 57.7

CcVv 041 | 038 | 0.30 | 0.10 | 0.93 | 0.38 0.22 0.39 036 | 0.33 | 042 | 042 | 057 | 056 | 1.26 | 0.16 | 0.27 | 0.53 | 0.06

% R is the % recovery of mass of collected particle through compositional analysis

Table 2.31: Statistical results of chemical characterization (ug/m?) of PM2s at NNH for summer (S) season

NNH(S) | PMos | OC | EC | FF | CI' | NOs | SO«2 | Na® | NHs | K* | Mg? Ca' Be B Na Mg Al Si P
Mean 71 |110| 67 | 02 | 56 | 55 7.0 08 | 46 | 09 0.3 0.5 7E-4 0.01 1.91 091 |1.66 | 3.78 | 0.10
SD 30 31| 23|00 | 20| 19 1.6 0.3 14 | 04 0.2 0.2 9E-5 0.01 2.05 142 | 148 | 3.28 | 0.03
Max 189 | 17.2 1109 | 0.3 | 10.1| 104 | 114 15 | 83 | 18 1.2 1.0 9E-4 0.04 10.20 6.88 |7.79|17.31 | 0.14
Min 44 69 | 32 | 02 | 31| 26 5.3 03 | 30 | 04 0.1 0.2 6E-4 0.01 0.75 031 |0.77 | 1.64 | 0.04
CcVv 042 |028|034]011|035| 034 | 023 | 041 | 029 |041| 0.89 0.42 0.12 0.56 1.08 155 | 0.90| 0.87 | 0.30

NNH (S) K Ca | Cr V | Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb % R

Mean 145 | 136 |0.09|021|017| 122 | 6E-3 | 0.01 | 0.03 | 0.23 | 0.03 8E-3 6E-3 5E-3 0.05 1E-3 | 0.03| 0.11 | 77.0

SD 098 |139|002|0.03|021| 118 | 1E-3 | 0.01 | 0.01 | 0.08 | 0.01 SE-3 4E-3 2E-3 0.06 4E-4 | 0.01 | 0.06 4.0

Max 510 | 716 | 012 | 0.26 | 0.90 | 593 | 1E-2 | 0.03 | 0.05 | 0.36 | 0.06 2E-2 1E-2 7E-3 0.20 2E-3 | 0.05| 0.22 | 829

Min 0.74 | 0.62 | 0.06 | 0.14 | 0.03 | 0.53 | 5E-3 | 0.00 | 0.00 | 0.09 | 0.01 3E-3 6E-4 2E-3 0.01 5E-4 | 0.01| 0.03 | 66.4

CcVv 0.68 | 1.02 | 0.22 | 0.15| 1.18 | 0.96 0.18 | 042 | 0.35 | 033 | 0.49 0.56 0.62 0.32 1.26 0.37 | 046 | 060 | 0.05

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.32: Correlation Matrix for PMyo and its composition at NNH for winter season

NNH (W) | PMio TC OC EC F- CI- NOs- SO42 Na* NH4* K* Mg | Ca*™ Metals
PMio 1.00 065 | 064 | 0.65 | 0.07 | 0.83 0.70 0.67 0.12 0.77 058 | -0.16 | 0.43 0.41
TC 1.00 1.00 099 | -0.14 | 0.47 0.21 0.05 -0.03 | 0.21 0.38 0.04 0.20 -0.22
OoC 1.00 | 0.98 | -0.13 | 0.47 0.19 0.04 -0.03 | 0.20 0.37 0.01 0.20 -0.21
EC 1.00 | -0.16 | 0.47 0.24 0.06 -0.03 | 0.23 0.40 0.08 0.19 -0.23
NOs~ 0.13 | 0.44 1.00 0.87 0.10 0.79 0.37 0.10 0.18 0.15
SO+ 016 | 0.44 1.00 0.25 0.80 050 | -0.13 | 0.21 0.37
NH4* -0.11 | 0.78 0.14 1.00 047 | -0.12 | 0.20 0.30
Metals 0.33 | 0.40 0.17 022 | -0.34 | 042 1.00

Table 2.33: Correlation matrix for PM2sand its composition at NNH for winter season

NNHW) | PMos | TC | OC | EC | F | c | Nos | sos2 | Nat | NHes | K | Mg? | Ca? | Metals
PM..5 100 | 070 | 069 | 071 | 013 | 080 | 077 | 069 | 016 | 0.74 | 063 | -0.10 | 0.41 0.64
TC 1.00 | 1.00 | 099 | -0.09 | 048 | 033 | 011 | 000 | 019 | 0.47 | 003 | 0.16 0.08
ocC 100 | 098 | -007 | 048 | 031 | 009 | -001| 017 | 045 | 001 | 0.15 0.08
EC 100 | 012 | 048 | 036 | 013 | 000 | 022 | 049 | 0.07 | 018 0.08
NOs 019 | 048 | 1.00 | 0587 | 009 | 076 | 047 | 0.10 | 0.26 0.44
SO« 0.17 | 0.46 100 | 006 | 082 | 056 | -0.12 | 0.26 0.54
NH.* -0.02 | 0.79 001 | 200 | 052 | -022 | 0.18 0.47
Metals 0.38 | 051 0.46 032 | -0.17 | 0.62 1.00
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Table 2.34: Correlation matrix for PMygand its composition at NNH for summer season

NNH (S) | PMio TC oC EC F- Cl NOs~ S04 Na* NH4* K* Mg* Ca*™ Metals
PMio 1.00 0.52 0.46 0.52 0.26 0.59 0.67 0.52 0.60 0.26 0.79 0.68 0.35 0.97
TC 1.00 0.96 0.89 0.02 0.52 0.56 0.12 0.17 0.13 0.43 0.13 0.29 0.33
OoC 1.00 0.71 0.01 0.45 0.45 0.04 0.10 0.05 0.36 0.03 0.22 0.28
EC 1.00 0.02 0.54 0.63 0.22 0.23 0.23 0.47 0.28 0.36 0.35
NOs~ 0.14 0.78 1.00 0.58 0.55 0.61 0.73 0.47 0.21 0.54
S04 0.05 0.41 1.00 0.66 0.47 0.49 0.55 0.37 0.48
NH4* 0.16 0.68 0.33 1.00 0.36 0.18 0.22 0.15
Metals 0.28 0.44 0.61 0.77 0.73 0.29 1.00

Table 2.35: Correlation matrix for PM2sand its composition at NNH for summer season

NNH(S) | PMas | TC | OC | EC | F | € | NOs | SO« | Na* | NH¢ | K' | Mg? | Ca? | Metals
PM.s | 200 | 051 | 050 | 045 | 013 | 071 | 079 | 074 | 048 | 071 | 049 | 087 | 056 0.95
TC 100 | 095 | 090 | 020 | 051 | 056 | 024 | 015 | 027 | 016 | 021 | 047 0.27
ocC 100 | 071 | 025 | 043 | 045 | 016 | 007 | 014 | 018 | 017 | 0.44 0.28
EC 100 | 009 | 052 | 062 | 030 | 023 | 041 | 010 | 023 | 0.42 0.21
NOs 014 | 0.81 | 200 | 062 | 026 | 0.83 | 019 | 059 | 0.42 0.63
SO+ -0.20 | 0.49 100 | 061 | 065 | 045 | 068 | 031 0.69
NH.' 0.12 | 0.82 030 | 1.00 | 005 | 059 | 0.13 0.61
Metals 008 | 0.54 0.55 057 | 093 | 056 1.00

46




2.4.3 Jaipur House (JHS)

The sampling period was January 26 — February 18, 2019 for winter and April 20 — May 10,

2019 for summer.
2.4.3.1 Particulate Matter (PM1o, PM25)

Time series of 24-hr average concentrations of PMio and PMzs are shown for winter (Figure
2.28) and summer (Figure 2.29). Average levels for winter and summer season were 153+47
and 65+12 pg/m?3 (for PM2:s) and 201+48 and 202+42 pg/m? (for PM1o) respectively. The PMz2s
levels are about 2.5 times higher than the NAQS and PMuo is two times higher than the NAQS
in winter. The PMzs levels generally meet the standards, while PMao is two times higher than
the national standard in summer. A statistical summary of PM concentrations is presented in
Tables 2.39 — 2.42 for the winter and summer seasons. In summer, PMzs levels drop
significantly and meet the national standards, but PMio levels were stable at the same level as
in winter and continue to be high in spite of improvement in meteorology and better dispersion.
The particles airborne from the soil surface during dust storms in the dry months of summer

can contribute significantly to a coarse fraction.
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Figure 2.28: PM Concentrations at JHS for Winter Season
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PM: JHS, Summer
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Figure 2.29: PM Concentrations at JHS for Summer Season
2.4.3.2 Gaseous pollutants

Time series of 24-hr average concentrations of SOz and NOz are shown for winter (Figure 2.30)
and summer (Figure 2.31) seasons. It was observed that SO2 concentrations were low (mostly
< 5.0 ug/m?®) and meet the air quality standard. NO: levels also under the national standard with
an average of 20 days at 24.9+11.1 pg/m?in winter and 20.6+6.7 pg/m®in summer season
(Table 2.36). The summer concentration of NO2 dropped slightly with no significant change.
Although, the NOz is certainly a matter of concern and these values can largely be attributed to
vehicular pollution and DG sets. Variation in NOz2 is due to variability in meteorology and the

presence of occasional local sources like DG sets, traffic jams or local open burning etc.

The Mean concentrations of BT X were presented in Figure 2.32 and the statistical summary in
Table 2.38. The total BTX level is observed 6.3+5.2 pg/m® (Benzene: 2.5 and Toluene: 2.9
pg/m®) in winter and 10.9+3.9 pg/m?® (Benzene: 3.9 and Toluene: 5.1 pg/m®) in summer

seasons. The BTX levels were high during summer than the winter.
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Figure 2.32: VOCs concentration at JHS
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2.4.3.3 Carbon Content (EC/OC) in PMz5

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.33 (a) and (b) for winter and summer seasons. Organic carbon is
observed higher (winter: 14.745.0 and summer: 12.5+3.7 pg/m?®) than the elemental carbon
(winter: 9.5+4.0 and summer: 7.4+2.3 ug/md). It is also observed that the OC and EC are higher
in the winter season than in the summer season. A statistical summary of carbon content (TC,
EC, OC; OC1, OC2, OC3 and OC4 with fractions OC1/TC, OC2/TC, OC3/TC and OC4/TC)
is presented in Table 2.37 for winter and summer seasons. The ratio of OC3/TC is observed

higher that indicates the formation of secondary organic carbon in the atmosphere at JHS.

(a) PM,.5: Carbon Content, JHS (b) OC/TC
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Figure 2.33: EC and OC Content in PM2s at JHS
2.4.3.4 PAHsin PMgys

Figure 2.34 shows the average measured concentration of PAHs at JHS for winter and summer
seasons. A statistical summary of PAHSs is presented in Table 2.38 for winter and summer
seasons. The PAHs compounds analyzed were: (i) DmP, (ii) AcP, (iii) DEP, (iv) Flu, (v) Phe,
(vi) Ant, (vii) Pyr, (viii) BbP, (ix) BeA, (x) B(a)A, (xi) Chr, (xii) B(b)F, (xiii) B(K)F, (xiv)
B(a)P, (xv) InP, (xvi) D(a,h)A and (xvii) B(ghi)P. It is observed that Total PAHs concentrations
are much higher in winter season (62+24 ng/m® compared to summer season (14.5+10.9
ng/m3). Major PAHs are InP (14.9 ng/m?), B(ghi)P (11.3 ng/m?), B(b)F (6.3 ng/m?®), DmP (6.1
ng/m®) and Chr (4.6 ng/mq) for winter season and B(b)F (3.7 ng/m?), B(a)P (2.4 ng/m3), B(K)F
(1.59 ng/m?3), Phe (1.56 ng/m®) and BeA (1.27 ng/m?) for summer season.
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Figure 2.34: PAHs Concentrations in PMzsat JHS
2.4.3.5 Chemical Composition of PM1o and PM2s and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer seasons for
PMao (Figure 2.35) and PM2s (Figure 2.36). Statistical summary for particulate matter (PMao
and PMz2s), its chemical composition [carbon content, ionic species and elements] along with
mass percentage (%R) recovered from PM are presented in Tables 2.39 — 2.42 for winter and

summer season.

The correlation between different parameters (i.e., PM, TC, OC, EC, F~, CI7, NO3;7, SO,72,
Na*, NH,*, K*, Ca*?, Mg*2 and Metals (elements)) with major species (PM, TC, OC, EC,
NO;~, SO,72, NH,*, Metals) for PM1o and PMz:s composition is presented in Tables 2.43 —
2.46 for both seasons. It is seen that most of the parameters showed a good correlation (>0.30)
with PMz1o and PMzs. The percentage constituents of the PM are presented in Figure 2.37 (a)
and (b) for the winter season and Figure 2.38 (a) and (b) for the summer season.
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Figure 2.35: Concentrations of species in PM1o at JHS
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Figure 2.36: Concentrations of species in PM2s at JHS
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Figure 2.37: Percentage distribution of species in PM at JHS for Winter Season
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Figure 2.38: Percentage distribution of species in PM at JHS for Summer Season

The graphical compositional comparison of PM2s vs PM1o for all species is shown for winter
and summer seasons (Figure 2.39) at JHS. The chemical species considered for the
comparisons are carbon content (TC, OC and EC), ionic species (F~, CI7, NO;~, SO,72, Na*,
NH,*, K*, Ca*™2, Mg*?) and elements (Be, B, Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, Ni,
Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that a significant portion of PM has
fine mode during winter (76%) than summer (35%). The major species contributing to fine
mode are TC, OC, EC, CI7, NO5~, SO,2, NH,", Be, B, P, V, Zn, As, Se, Cd and Pb; whereas,

major species contributing in coarse mode are Mg*2, Ca?*, Mg, Al, Si, Ca, Cr, Mn and Fe.
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Figure 2.39: Compositional comparison of species in PM2s Vs PMyo at JHS

Table 2.36: Statistical results of gaseous pollutants (ug/m?3) at JHS for winter (W) and

summer (S) seasons
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Table 2.37: Statistical results of carbon contents (ug/m?®) in PM2s at JHS for winter (W) and summer (S) seasons

JHS (W) PM2s TC EC oC OCl1 | OC2 | OC3 | OC4 | OCL/TC | OC2/TC | OC3/TC OC4/TC
Mean 152.7 24.19 14.66 9.53 0.86 5.00 5.75 3.05 0.033 0.210 0.244 0.129
SD 47.2 8.91 5.00 4.02 0.53 1.68 1.92 1.04 0.009 0.016 0.035 0.020
Max 235.5 47.56 28.89 | 18.69 | 2.45 9.41 | 11.07 | 5.96 0.051 0.254 0.359 0.159
Min 67.2 4.90 3.70 1.21 0.15 1.25 1.59 0.71 0.015 0.181 0.205 0.090
CV 0.31 0.37 0.34 0.42 0.61 0.34 0.33 0.34 0.264 0.076 0.144 0.152
JHS (S) PM2s TC EC oC OCl | OC2 | OC3 | OC4 | OCL/TC | OC2/TC | OC3/TC OCA4/TC
Mean 65.3 19.86 12.45 7.42 0.37 4.06 5.00 3.03 0.018 0.203 0.253 0.153
SD 11.6 5.46 3.69 2.29 0.19 1.23 1.52 1.00 0.006 0.014 0.039 0.022
Max 89.0 29.96 19.19 | 1193 | 0.90 6.61 8.32 5.82 0.038 0.228 0.351 0.213
Min 47.1 10.91 6.99 3.35 0.14 2.01 2.49 1.67 0.008 0.180 0.206 0.112
CV 0.18 0.27 0.30 0.31 0.51 0.30 0.30 0.33 0.348 0.067 0.154 0.147
Table 2.38: Statistical results of PAHs (ng/m?3) in PM_5 at JHS for winter (W) and summer (S) seasons
JHS(W) | DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA | B@@A | Chr | B(b)F | B(K)F | B(@P | InP | D(ah)A | B(ghi)P gg\ta's
Mean 6.05 | 210 | 1.06 | 110 | 1.29 | 2.36 | 1.18 | 1.10 | 1.02 | 146 | 456 | 6.30 | 3.78 | 0.38 | 14.85 1.63 1131 | 6154
SD 8.88 | 235 | 1.02 | 245 | 1.44 | 213 | 052 | 1.29 | 057 | 121 | 305 | 275 | 216 | 014 | 844 1.76 5.89 | 23.97
Max 33.77 | 9.00 | 352 | 878 | 548 | 825 | 231 | 454 | 215 | 455 | 1159 | 1255 | 9.12 | 059 | 34.52 6.32 25.01 | 114.76
Min 0.36 | 0.29 | 0.10 | 0.00 | 0.43 | 0.86 | 0.17 | 0.29 | 026 | 0.19 | 044 | 152 | 062 | 0.10 | 0.79 0.00 1.07 | 22.29
cV 147 | 112 | 096 | 2.22 | 1.12 | 0.90 | 044 | 1.17 | 056 | 0.82 | 0.67 | 044 | 057 | 037 | 057 1.08 0.52 0.39
JHS (S) DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA | B(@A | Chr | B(b)F | B(K)F | B(a)P InP D(a,h)A | B(ghi)P ;/Tﬂs
Mean 0.86 | 0.25 | 0.08 | 0.59 | 1.56 | 0.16 | 0.23 | 0.38 | 127 | 0.46 | 027 | 3.70 | 1.59 | 235 | 0.20 0.05 0.53 | 1453
SD 156 | 0.22 | 0.24 | 1.68 | 3.08 | 0.22 | 059 | 051 | 417 | 0.87 | 041 | 319 | 141 | 389 | 0.23 0.13 0.49 | 10.93
Max 5.14 | 0.87 | 0.81 | 560 | 9.10 | 0.76 | 1.98 | 1.55 | 13.84 | 3.10 | 1.49 | 10.09 | 3.61 | 13.02 | 0.74 0.44 156 | 33.46
Min 0.00 | 0.10 | 0.00 | 0.00 | 0.00 | 0.02 | 0.00 | 0.07 | 000 | 016 | 0.1 | 0.08 | 0.19 | 0.05 | 0.00 0.00 0.13 2.11
cV 1.83 | 0.87 | 3.09 | 2.87 | 1.97 | 1.33 | 254 | 1.35 | 328 | 1.89 | 152 | 0.86 | 0.89 | 166 | 1.17 2.82 0.92 0.75

55




Table 2.39: Statistical results of chemical characterization (ug/m?3) of PMo at JHS for winter (W) season

JHS (W) | PMiw | OC EC F | CI' [ NOs | SOs2 | Na' | NHs | K* | Mg? | Ca2 | Be B Na | Mg | Al Si P
Mean 201 20.9 115 0.1 |13.1| 238 17.6 1.1 12,5 15 0.3 1.6 1E-2 | 0.13 | 229 | 3.34 | 6.38 | 1819 | 0.31
SD 48 7.1 4.8 00 | 54 | 6.8 5.7 0.5 3.7 04 | 02 08 | 8E-3 | 0.07 | 096 | 1.11 | 224 | 6.14 | 0.26
Max 293 41.3 22.5 02 | 294 | 364 32.4 2.1 22.8 2.3 0.8 3.7 3E-2 | 029 | 474 | 564 | 1140 | 31.27 | 1.34
Min 124 5.3 15 0.0 44 | 12.7 10.3 0.4 7.4 0.6 0.1 0.6 2E-3 | 0.04 | 060 | 1.09 | 271 | 7.47 0.03
CVv 0.24 0.34 042 | 059 | 041 | 0.29 0.32 0.44 030 [029| 061 | 049 | 064 | 052 | 042 | 033 | 0.35 | 0.34 0.84
JHS (W) K Ca Cr \% Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 3.53 6.92 0.18 | 041 | 0.08 | 4.01 0.02 0.02 0.05 | 038 | 0.04 | 002 | 0.02 | 0.04 | 0.02| 1E-2 | 0.21 | 0.27 | 73.10
SD 1.19 3.14 0.11 | 033 [ 0.04 | 1.44 0.01 0.01 002 |018 | 0.02 | 0.01 | 0.01 | 0.02 | 0.01 | 5E-3 | 0.20 | 0.28 3.36
Max 545 | 1322 | 051 | 1.67 | 0.21 | 8.32 | 0.04 0.05 0.09 | 090 | 0.09 | 0.07 | 0.07 | 0.10 | 0.05| 2E-2 | 0.58 | 1.42 | 78.82
Min 154 | 221 | 004 | 0.09 |0.02]| 1.95 | 0.00 0.00 0.01 | 017 | 0.02 | 0.00 | 0.01 | 0.01 |0.00 | 3E-3 | 0.03 | 0.05 | 66.57
CcVv 034 | 045 | 061 | 0.81 | 053 | 0.36 | 0.56 0.65 049 | 048 | 049 | 0.74 | 069 | 0.64 |0.71 | 044 | 0.95 | 1.03 | 0.05
% R is the % recovery of mass of collected particle through compositional analysis
Table 2.40: Statistical results of chemical characterization (ug/m®) of PM2s at JHS for winter (W) season
JHS (W) PM..s OoC EC F- CI- | NOs™ | SO+42 | Na* NH4+* K* Mg | Ca®™ Be B Na Mg Al Si P
Mean 153 147 9.5 0.0 105 | 194 | 141 0.8 10.2 11 0.2 0.7 | 9E-3| 0.09 | 1.78 | 2.60 | 4.62 | 13.17 | 0.19
SD 47 5.0 4.0 0.0 4.5 7.0 55 0.5 3.6 0.4 0.1 0.3 | 6E-3| 005 | 0.66 | 0.94 | 207 | 536 | 0.09
Max 236 28.9 18.7 0.1 234 | 319 | 280 19 18.7 1.9 0.6 18 | 2E-2| 022 | 287 | 462 | 9.19 | 24.88 | 0.40
Min 67 3.7 12 0.0 3.4 74 6.3 0.1 41 0.5 0.0 0.3 | 7E-4| 0.03 | 0.50 | 0.88 | 1.13 | 3.17 | 0.03
Cv 0.31 0.34 042 | 040 | 043 | 0.36 | 0.39 0.60 035 | 033 | 0.71 049 | 066 | 055 | 0.37 | 0.36 | 0.45 | 041 | 0.48
JHS (W) K Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 2.74 500 | 013 | 0.30 | 0.06 | 2.98 | 1E-2 | 0.02 0.03 | 026 | 0.03 | 1E-2 | 0.02 | 0.03 | 1E-2 | 8E-3 | 0.15 | 0.16 | 74.21
SD 1.06 267 | 007 | 016 | 003 | 1.25 | 8E-3 | 0.01 0.01 | 012 | 001 | 9e-3 | 0.01 | 0.02 | 9E-3 | 4E-3 | 0.14 | 0.08 | 3.26
Max 457 11.10 | 025 | 0.70 | 0.12 | 6.86 | 3E-2 | 0.04 0.05 | 0.62 | 0.07 | 4E-2 | 0.05 | 0.09 | 3E-2 | 1E-2 | 0.48 | 0.35 | 78.40
Min 0.71 152 | 0.03 | 0.08 | 0.02 | 1.29 | 4E-4 | 0.00 0.00 | 0.13 | 0.01 | 3E-3 | 0.01 | 0.01 | 4E-4 | 2E-3 | 0.02 | 0.03 | 67.18
CcVv 0.39 053 | 052 | 054 | 052 | 042 | 0.62 | 0.65 049 | 048 | 050 | 0.60 | 0.68 | 0.71 | 0.68 | 0.46 | 0.93 | 0.50 | 0.04

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.41: Statistical results chemical characterization (ug/m?3) of PMio at JHS for summer (S) season

JHS(S) | PMw | OC EC F- | CI" | NOs | SOs2 | Na* | NHs | K* | Mg™? | Ca2 | Be B Na | Mg | Al Si P
Mean 202 17.8 8.9 0.5 7.5 8.1 8.0 2.0 6.3 2.0 1.2 28 | 9E-4 | 006 | 416 | 454 | 11.13 | 25.98 | 0.16
SD 42 5.3 2.8 0.9 1.8 1.7 2.4 0.7 1.7 0.7 0.5 08 | 1E-4| 003 | 1.67 | 1.95 | 4.08 9.37 0.08
Max 273 | 274 | 144 | 43 | 106 | 11.2 12.7 3.8 9.3 3.3 2.2 45 | 1E-3 | 0.11 | 8.07 | 8.23 | 15.89 | 36.56 | 0.44
Min 136 10.0 4.0 0.3 41 5.6 3.9 1.2 3.7 1.0 0.4 16 | 7E4 | 001 | 209 | 1.41 | 3.43 8.40 0.06
CcVv 0.21 0.30 031 | 1.73 | 0.23 | 0.20 0.30 0.34 027 | 032 | 037 | 030 | 0.13 | 051 | 040 | 043 | 0.37 | 0.36 0.50
JHS (S) K Ca V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 403 | 905 | 0.18 | 025 | 0.08 | 748 | 3E-3 | 1E-2 | 0.02 | 0.26 | 0.03 | 0.01 | 6E-3 | 0.02 | 0.01 | 9E-4 | 0.04 | 0.16 | 62.43
SD 126 | 3.18 | 0.07 | 0.01 | 0.03 | 269 | 6E-4 | 7E-3 | 0.01 | 0.10 | 0.02 | 0.01 |3E-3| 0.01 | 001 | 2E-4 | 0.01 | 0.11 | 4.25
Max 6.45 | 1362 | 032 | 0.27 | 0.14 | 12.28 | 4E-3 4E-2 0.04 | 045 | 0.06 | 0.03 | 1E-2 | 005 | 0.04 | 1E-3 | 0.06 | 0.43 | 73.42
Min 1.89 2.98 0.03 | 0.22 | 0.02 | 2.40 2E-3 7TE-3 001 | 011 | 001 | 000 | 2E-3 | 0.00 | 0.00 | 3E-4 | 0.02 | 0.03 | 5853
cv 031 | 035 | 0.38 | 0.05 | 0.34 | 0.36 0.20 053 | 041 | 038 | 071 | 051 | 048 | 051 | 085 | 0.29 | 0.22 | 0.71 | 0.07
% R is the % recovery of mass of collected particle through compositional analysis
Table 2.42: Statistical results of chemical characterization (ug/m?) of PM2s at JHS for summer (S) season
JHS(S) | PMas | OC | EC | F | CI" [ NOs | SOs2 | Na* | NHs* | K* | Mg? | Ca? Be B Na Mg Al | Si P
Mean 65 125 74 | 02 | 54 5.9 5.6 0.6 4.5 0.8 0.3 0.7 6E-4 0.03 1.03 0.59 1.18 | 2.86 | 0.09
SD 12 37 | 23 |00 | 13| 13 1.9 0.3 1.3 | 0.3 0.2 0.3 5E-5 0.02 0.45 0.23 | 0.38|0.89 | 0.03
Max 89 19.2 1119 | 0.3 | 87 8.4 9.9 1.3 7.1 15 0.7 15 TE-4 0.08 1.93 1.10 193|451 | 011
Min 47 70 | 33 | 02 | 26 | 35 2.5 0.4 24 | 0.3 0.1 0.4 5E-4 0.01 0.52 0.29 | 0.67 | 1.66 | 0.03
cVv 0.18 | 0.30 | 0.31 | 0.15 | 0.25 | 0.22 034 | 043 | 0.30 | 0.33| 0.50 0.37 0.10 0.70 0.44 039 | 032|031 0.29
JHS(S) K Ca | Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba | Pb | %R
Mean 1.23 | 1.06 | 0.03 | 0.21 | 0.01 | 0.83 1E-3 | 5E-3 | 1E-2 | 0.17 0.02 7TE-3 3E-3 5E-3 8E-3 3E-4 | 0.02|0.09 | 78.48
SD 0.44 | 039 |0.01|0.03]|0.01]| 0.23 3E-4 | 2E-3 | 5E-3 | 0.09 0.01 7E-3 1E-3 4E-3 7E-3 7E-5 | 0.01 | 0.07 | 3.65
Max 194 | 221 |0.05|023|003]| 124 2E-3 | 9E-3 | 2E-2 | 0.33 0.06 2E-2 6E-3 1E-2 3E-2 4E-4 | 0.04 | 0.27 | 85.40
Min 0.69 | 052 | 0.00|0.13 |0.00 | 045 | 8E-4 | 1E-3 | 1E-3 | 0.05| 0.00 5E-4 7E-4 3E-4 2E-3 2E-4 | 0.01 | 0.01 | 71.47
cv 0.36 | 037 | 051|013 |048 | 0.28 0.26 0.40 | 0.56 | 0.52 0.83 0.93 0.57 0.72 0.87 0.26 0.47 | 0.78 | 0.05

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.43: Correlation matrix for PMio and its composition at JHS for winter season

JHS (W) | PMio TC (0] EC F- CI NOs~ SO472 Na* NH4* K* Mg* Ca*? Metals
PMo 1.00 0.73 0.69 0.77 0.44 0.56 0.65 0.66 0.39 0.88 0.62 0.13 -0.12 0.84
TC 1.00 0.99 0.98 0.22 0.49 0.39 0.53 0.00 0.63 0.49 0.06 -0.02 0.35
0oC 1.00 0.95 0.22 0.46 0.35 0.51 -0.01 0.59 0.45 0.05 -0.02 0.30
EC 1.00 0.23 0.51 0.43 0.54 0.02 0.68 0.53 0.08 -0.01 0.41
NO3~ 0.22 0.33 1.00 0.66 0.43 0.80 0.73 0.26 0.00 0.42
SO,™2 0.18 0.07 1.00 0.34 0.80 0.41 -0.02 -0.39 0.39
NH,* 0.34 0.48 0.39 1.00 0.62 0.23 -0.18 0.63
Metals 0.36 0.33 0.40 0.39 -0.03 -0.19 1.00

Table 2.44: Correlation matrix for PM.sand its composition at JHS for winter season

JHS (W) PM:.s TC oC EC F- Cl NOs™ S04 Na* NH4* K* Mg*? Ca' Metals
PM;.5 1.00 0.68 0.64 0.72 0.25 0.65 0.79 0.78 0.54 0.93 0.63 0.16 -0.12 0.92
TC 1.00 0.99 0.98 0.35 0.55 0.40 0.52 0.05 0.63 0.46 0.02 -0.05 0.44
oC 1.00 0.95 0.36 0.51 0.35 0.49 0.04 0.57 0.45 0.01 -0.05 0.39
EC 1.00 0.34 0.58 0.44 0.54 0.05 0.68 0.47 0.03 -0.05 0.48
NO3~ 0.14 0.50 1.00 0.75 0.47 0.89 0.65 0.21 -0.17 0.65
SO,7? 0.24 0.28 1.00 0.49 0.85 0.42 0.05 -0.22 0.64
NH,* 0.17 0.61 0.46 1.00 0.57 0.23 -0.19 0.79
Metals 0.13 0.49 0.56 0.52 0.10 -0.11 1.00
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Table 2.45: Correlation matrix for PMzgand its composition at JHS for summer season

JHS (S) PMio TC 0oC EC F- Cl NOs~ S04 Na* NH4* K* Mg* Ca? Metals
PM1o 1.00 -0.14 -0.18 -0.04 0.26 -0.13 -0.07 0.03 0.56 -0.10 0.38 0.64 0.60 0.97
TC 1.00 0.96 0.84 0.33 -0.35 -0.24 -0.08 -0.15 0.00 0.27 -0.09 -0.20 -0.34
0oC 1.00 0.66 0.43 -0.41 -0.31 -0.20 -0.16 -0.16 0.27 -0.04 -0.19 -0.34
EC 1.00 0.07 -0.15 -0.03 0.16 -0.10 0.31 0.22 -0.15 -0.18 -0.25
NO3~ -0.35 0.75 1.00 0.65 0.16 0.66 -0.23 -0.03 -0.23 -0.13
SO,72 -0.39 0.76 1.00 0.04 0.71 -0.29 0.02 -0.15 -0.07
NH,* -0.34 0.59 -0.10 1.00 -0.02 -0.15 -0.19 -0.21
Metals 0.22 -0.16 0.55 0.34 0.61 0.63 1.00

Table 2.46: Correlation matrix for PMzsand its composition JHS for summer season

JHS(S) | PM.s | TC oc EC F c | Noy | sos | Na | NHe | K | Mg? | Ca? | Metals
PM.,.s 100 | 054 | 047 | 054 | 008 | 028 | 056 0.66 023 | 065 | 036 | 075 | 0.65 0.61
TC 100 | 095 | 087 | 006 | -031 | -0.17 003 | -016 | -0.05 | -006 | 025 | 0.0 -0.19
oc 100 | 066 | 010 | -036 | -022 | -009 | -016 | -019 | 012 | 019 | -0.03 -0.20
EC 100 | -002 | -0.16 | -0.05 023 | -012 | 016 | -032 | 028 | 0.04 -0.14
NO;- 029 | 072 | 1.00 0.64 051 | 062 | 028 | 058 | 0.66 0.60
S0, 021 | 075 1.00 024 | 064 | 049 | 041 | 065 0.44
NH,* 007 | 034 042 | 100 | 043 | 069 | 0.74 0.67
Metals -0.09 | 0.33 0.50 018 | 069 | 0.70 1.00
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2.4.4 Sikandra (SKD)

The sampling period was January 01 — 26, 2019 for winter and April 08 — May 03, 2019 for

summer.
2.4.4.1 Particulate Matter (PM1o, PM25)

Time series of 24-hr average concentrations of PMio and PMzs are shown for winter (Figure
2.40) and summer (Figure 2.41). Average levels for winter and summer season were 212+69
and 65+12 pg/m?® (for PMz2s) and 312+162 and 201+60 pg/m?® (for PMuo) respectively. The
PMzs levels are about 3.5 times higher than the NAQS and PMao about 3.1 times higher than
the NAQS in winter. The PM2s levels marginally exceed the standards, while PMio is two
times higher than the national standard. A statistical summary of PM concentrations is
presented in Tables 2.50 — 2.53 for the winter and summer seasons. In summer, PMzs levels
drop significantly and about to meet the national standards. PMio levels also decreased but
continue to be high in spite of improvement in meteorology and better dispersion. The particles
airborne from the soil surface during dust storms in the dry months of summer can contribute

significantly to a coarse fraction.
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PM: SKD, Summer
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Figure 2.41: PM Concentrations at SKD for Summer Season
2.4.4.2 Gaseous pollutants

Time series of 24-hr average concentrations of SO2 and NO2 are shown for winter (Figure 2.42)
and summer (Figure 2.43) seasons. It was observed that SOz concentrations were low (mostly
< 5.0 ug/m?®) and meet the air quality standard. NO: levels also under the national standard with
an average of 20 days at 30.0+13.4 ug/m® in winter and 17.7+12.1 pg/m? in summer season
(Table 2.47). The summer concentration of NO2 dropped significantly. Although the NOz2 is
certainly a matter of concern, these values can largely be attributed to vehicular pollution and
DG sets. Variation in NOz2 is due to variability in meteorology and the presence of occasional

local sources like DG sets, traffic jams or local open burning etc.

The Mean concentrations of BT X were presented in Figure 2.44 and the statistical summary in
Table 2.47. The total BTX level is observed 9.9+10.0 ug/m?® (Benzene: 3.9 and Toluene: 5.4
pg/m?) in winter and 20.4+9.3 pug/m?® (Benzene: 5.9 and Toluene: 13.2 pg/md) in summer

seasons. The BTX levels were high during summer than in the winter.

61



SKD, Winter

Gaseous

AAQS: SOz and NO:

| —=NO: —4—50: -----MeanNO» -----Mean SO:

90
80

70
60
50
30
20

40

(sw/3n) wonenUEIIUO))

610T-10-6C
610T-10-8C
610T-10-LT
610T-10-9T
610T-10-SC
610T-10-vC
610T-10-€C
610T-10-TC
610T-10-1T
610T-10-0T
610T-10-61
610T-10-81
610T-T0-LI
610T-10-91
610T-10-ST
610T-T0-¥I
610T-T0-<I
610T-10-TI
6L0T-T10-11
610T-10-01
610T-10-60
6102-10-80
610T-10-L0
610T-10-90
610T-10-50
610T-10-+0
610T-10-€0
610T-10-T0

Figure 2.42: SO, and NO; Concentrations at SKD for Winter Season
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Figure 2.43: SO, and NO, Concentrations at SKD for Summer Season
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Figure 2.44: VOCs concentration at SKD
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2.4.4.3 Carbon Content (EC/OC) in PMz5

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.45 (a) and (b) for winter and summer seasons. Organic carbon is
observed higher (winter: 30.7+15.4 and summer: 13.3+7.5 pg/m?) than the elemental carbon
(winter: 24.1+12.3 and summer: 8.1+2.8 pug/md). It is also observed that the OC and EC are
higher in the winter season than in the summer season. A statistical summary of carbon content
(TC, EC, OC; OC1, 0OC2, OC3 and OC4 with fractions OC1/TC, OC2/TC, OC3/TC and
OC4/TC) is presented in Table 2.48 for winter and summer seasons. The ratio of OC3/TC is
observed higher that indicates the formation of secondary organic carbon in the atmosphere at
SKD.

(a) PM..5: Carbon Content, SKD (b) Oc/TC
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Figure 2.45: EC and OC Content in PM2s at SKD

2444 PAHs in PM2s

Figure 2.46 shows the average measured concentration of PAHs at SKD for winter and summer
seasons. A statistical summary of PAHSs is presented in Table 2.49 for winter and summer
seasons. The PAHs compounds analyzed were: (i) DmP, (ii) AcP, (iii) DEP, (iv) Flu, (v) Phe,
(vi) Ant, (vii) Pyr, (viii) BbP, (ix) BeA, (x) B(a)A, (xi) Chr, (xii) B(b)F, (xiii) B(K)F, (xiv)
B(a)P, (xv) InP, (xvi) D(a,h)A and (xvii) B(ghi)P. It is observed that Total PAHs concentrations
are much higher in winter season (169+76 ng/m®) compared to summer season (24+20 ng/m?®).
Major PAHs are InP (42.7 ng/m®), B(ghi)P (30.3 ng/m®), Chr (18.1 ng/m®), B(b)F (17.0 ng/m?3)
and Ant (13.9 ng/mq) for winter season and B(b)F (3.27 ng/m?®), InP (2.69 ng/m?), B(ghi)P
(2.66 ng/m?3), B(K)F (2.57 ng/m®) and Chr (2.56 ng/m®) for summer season.
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Figure 2.46: PAHs Concentrations in PM2s at SKD
2.4.45 Chemical Composition of PM1 and PM2s and their correlation matrix

Graphical presentations of chemical species are shown for the winter and summer season at
SKD for PMao (Figure 2.47) and PM2s (Figure 2.48). Statistical summary for particulate matter
(PM1o and PMz25), its chemical composition [carbon content, ionic species and elements] along
with mass percentage (% R) recovered from PM are presented in Tables 2.50 — 2.53 for winter

and summer season.

The correlation between different parameters (i.e., PM, TC, OC, EC, F~, CI7, NO37, SO,73,
Na*, NH,", K*, Ca*2, Mg*2 and Metals (elements)) with major species (PM, TC, OC, EC,
NO3~, SO,72, NH,", Metals) for PM1o and PMz2s composition is presented in Tables 2.54 —
2.57 for both seasons. It is seen that most of the parameters showed a good correlation (>0.30)
with PM1o and PMzs. The percentage constituents of the PM are presented in Figure 2.49 (a)

and (b) for the winter season and Figure 2.50 (a) and (b) for the summer season.

PM;o: Chemical Composition, SKD
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Figure 2.47: Concentrations of species in PM1o at SKD
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Figure 2.49: Percentage distribution of species in PM at SKD for Winter Season
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Figure 2.50: Percentage distribution of species in PM at SKD for Summer Season

The graphical compositional comparison of PM2s vs PM1o for all species is shown for winter
and summer seasons (Figure 2.51) at SKD. The chemical species considered for the
comparisons are carbon content (TC, OC and EC), ionic species (F~, CI7, NO;~, SO,72, Na*,
NH,*, K*, Ca*™2, Mg*?) and elements (Be, B, Na, Mg, Al, Si, P, K, Ca, Cr, V, Mn, Fe, Co, Ni,
Cu, Zn, As, Se, Rb, Sr, Cd, Cs, Ba, Pb). It is concluded that most portion of PM has fine mode
during winter (68%) than summer (35%). The major species contributing to fine mode are TC,
OC, EC, F, CI7,NO37, S0O,72,NH,*, K*, B, V, Cu and Pb; whereas major species contributing
in coarse mode are Ca*2, Mg*2, Al, Si, Ca, Cr, Mn, Fe, Co, Se, Rb, Sr and Ba.
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Figure 2.51: Compositional comparison of species in PM2s Vs PMyo at SKD

Table 2.47: Statistical results of gaseous pollutants (ug/m3) at SKD for winter (W) and

summer (S) seasons

SKD (W) | NO; SO, Benzene Toluene | p-Xylene | o-Xylene | Total (BTX)
Mean 29.99 3.59 3.91 5.38 0.30 0.25 9.85
SD 13.43 3.71 3.17 6.45 0.42 0.37 10.05
Max 51.51 16.18 12.59 22.38 1.81 1.56 38.34
Min 11.94 | 2.00 0.58 0.39 0.03 0.02 1.22
CcVv 0.45 1.03 0.81 1.20 141 1.45 1.02

SKD (S) NO2 SO2 Benzene Toluene | p-Xylene | o-Xylene | Total (BTX)
Mean 17.67 4.44 5.86 13.24 0.76 0.53 20.40
SD 6.60 3.75 2.30 7.59 0.43 0.29 9.32
Max 30.14 14.04 10.37 27.70 1.73 1.23 37.47
Min 6.71 2.00 2.54 1.90 0.28 0.11 5.42
cVv 0.37 0.84 0.39 0.57 0.57 0.56 0.46
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Table 2.48: Statistical results of carbon contents (ug/m?®) in PM2s at SKD for winter (W) and summer (S) seasons

SKD (W) PM2s TC EC oC OC1 0C2 0OC3 0oC4 OCl/TC OC2/TC OC3/TC OC4/TC
Mean 211.6 55.03 30.70 24.06 3.15 10.65 | 11.87 5.02 0.052 0.185 0.220 0.098
SD 68.9 26.92 15.42 12.25 2.31 6.02 5.62 1.95 0.014 0.047 0.026 0.024
Max 374.5 117.99 64.82 53.26 9.22 23.72 | 24.48 9.45 0.087 0.225 0.291 0.143
Min 104.4 20.71 8.75 8.14 0.74 0.00 4.48 2.35 0.034 0.000 0.176 0.061
CcVv 0.33 0.49 0.50 0.51 0.73 0.57 0.47 0.39 0.266 0.251 0.116 0.245
SKD (S) PM2s TC EC oC OC1 0C2 0OC3 0oC4 OCl/TC OC2/TC OC3/TC OC4/TC
Mean 71.3 21.43 13.34 8.09 1.01 4.03 5.56 2.74 0.047 0.193 0.248 0.132
SD 23.8 6.96 5.28 2.65 0.41 1.11 3.74 0.70 0.012 0.043 0.060 0.024
Max 143.0 42.81 33.07 13.57 2.10 6.40 21.41 4.65 0.084 0.366 0.500 0.190
Min 34.8 11.79 7.53 2.80 0.41 2.13 2.87 1.66 0.027 0.135 0.190 0.092
CcVv 0.33 0.32 0.40 0.33 0.41 0.27 0.67 0.25 0.250 0.222 0.241 0.186
Table 2.49: Statistical results of PAHs (ng/m?) in PM2;5 at SKD for winter (W) and summer (S) seasons
SKD (W) | DmP | AcP | DEP | Flu | Phe | Ant | Pyr | BbP | BeA | B(@A | Chr | B(b)F | B(k)F | B@P | InP | D(ah)A | B(ghi)P ;%f"s
Mean 6.93 | 023 218 | 136|048 | 13.87 | 5.82 | 1.96 | 499 | 6.29 | 18.09 | 17.00 | 12.81 | 046 | 42.68 3.32 30.25 | 168.74
SD 574 1011 169 | 086|052 ] 590 | 2.27 | 1.41 | 384 | 509 | 1030 | 856 | 755 | 0.60 | 23.88 3.69 16.03 75.61
Max 2153 | 0.43 | 6.39 | 2.66 | 1.55 | 24.45 | 9.00 | 524 | 13.67 | 15.47 | 3462 | 32.81 | 2645 | 2.20 | 81.25 | 11.68 | 58.22 | 310.76
Min 0.32 [ 011 0.00 [ 000|000 590 | 1.83 | 0.74 | 113 | 072 | 345 | 4.09 | 261 | 005 | 6.59 0.07 5.51 57.52
cv 0.83 | 046 | 0.77 | 0.63[1.09| 0.43 | 0.39 | 072 | 0.77 | 081 | 057 | 050 | 059 | 1.29 | 0.56 1.11 0.53 0.45
SKD (S) | DmP | AcP | DEP | Flu | Phe | Ant Pyr BbP | BeA | B(@A | Chr | B(b)F | B(k)F | B(a)P InP D(a,h)A | B(ghi)P gg\tals
Mean 1.38 [ 021 ] 145 [023]043| 136 | 1.35 | 070 | 1.04 | 1.12 | 256 | 327 | 257 | 115 | 2.69 0.01 2.66 24.16
SD 119 [0.14] 303 [033]099| 1.22 | 155 | 0.85 | 2.08 | 2.02 | 556 | 313 | 225 | 1.35 [ 3.80 0.03 2.90 20.31
Max 3.10 | 047 1081|089 |345| 355 | 446 | 251 | 577 | 690 | 1659 | 9.17 | 769 | 520 | 9.89 0.08 7.30 67.73
Min 0.08 | 0.10| 0.00 | 0.00 | 0.00| 0.02 | 0.00 | 009 | 000 [ 047 | 041 | 0.10 | 043 | 030 | 0.00 0.00 0.22 3.48
cv 0.86 | 0.66 | 209 | 144|231 090 | 115 | 1.22 | 200 | 181 | 217 | 096 | 088 | 1.18 | 1.41 1.94 1.09 0.84
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Table 2.50: Statistical results of chemical characterization (ug/m?) of PMg at SKD for winter (W) season

SKD (W) | PMw | OC EC F- | CI" | NOs | SOs2 | Na* | NH« | K* | Mg | Ca2 | Be B Na | Mg | Al Si P
Mean 312 43.9 29.0 0.1 |19.2| 38.2 235 2.8 18.6 2.3 0.6 2.8 7E-3 | 0.21 | 6.21 | 266 | 7.64 | 20.32 0.33
SD 162 22.0 14.8 0.1 8.9 | 17.2 11.3 1.6 8.2 1.0 0.4 2.2 4E-3 | 010 | 2.71 | 1.75| 8.27 | 22.49 0.29
Max 929 926 | 642 | 0.3 |486 | 93.6 | 60.8 5.8 460 | 48 | 138 9.1 | 2E-2 | 043 | 1185 | 7.10 | 42.15| 11298 | 1.45
Min 132 125 9.8 0.0 7.1 | 17.7 8.1 11 5.8 1.0 0.1 0.5 4E-3 | 0.05 | 2.14 | 0.66 | 1.74 4.37 0.10
CcVv 052 | 050 | 051 | 093 | 046 | 0.45 | 0.48 0.56 0.44 | 044 | 074 | 078 | 050 | 0.46 | 0.44 | 0.66 | 1.08 | 1.11 0.89
SKD (W) K Ca Cr V Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 521 | 6.74 | 025 | 1.15 | 0.14 | 555 | 0.02 0.03 012 |114| 004 | 0.02 | 0.03 | 0.04 | 0.04 | 0.02| 0.08 | 050 | 75.37
SD 516 | 579 | 0.18 | 0.55 | 0.10 | 5.42 | 0.01 0.02 016 |1.12| 003 | 0.01 | 0.01 | 0.02 | 0.02 | 0.01| 0.05 | 045 4.82
Max 28.06 | 31.17 | 0.70 | 297 | 047 | 2852 | 0.04 0.08 079 | 424 | 0.14 | 005 | 0.05 | 0.08 | 0.12 | 0.04 | 0.20 1.86 81.68
Min 2.09 1.98 0.06 | 040 | 0.05| 1.66 0.01 0.01 0.03 | 0.07 | 0.02 | 0.00 | 0.00 | 0.02 | 0.01 | 0.00 | 0.03 0.08 61.14
cv 0.99 0.86 0.74 | 048 | 0.68 | 0.98 0.34 0.53 126 (098 | 070 | 049 | 049 | 0.36 | 0.65 | 041 | 0.62 0.88 0.06
% R is the % recovery of mass of collected particle through compositional analysis
Table 2.51: Statistical results of chemical characterization (ug/m?3) of PM. at SKD for winter (W) season
SKD (W) | PMas 0oC EC F CI' | NOs | SOs2| Na* | NHs | K* | Mg? | Ca? | Be B Na | Mg | Al Si P
Mean 212 30.7 24.1 0.0 152 | 30.5 | 188 1.8 14.9 15 0.2 1.0 | 4E-3| 0415 | 421 | 154 | 349 | 890 | 0.16
SD 69 154 | 122 0.0 57 | 115 | 78 0.8 5.8 0.6 0.2 05 | 3E-3| 006 | 1.79 | 099 | 141 | 403 | 0.10
Max 375 64.8 53.3 0.1 29.1 | 56.5 | 36.2 4.3 28.2 2.8 0.9 22 | 2E-2| 0.28 | 897 | 4.85 | 7.87 | 2227 | 0.43
Min 104 8.7 8.1 0.0 6.2 13.9 6.7 0.9 4.9 0.4 0.1 04 | 2E-3| 0.03 | 1.75 | 055 | 1.32 | 3.49 | 0.05
Cv 0.33 0.50 051 | 098 | 037 | 0.38 | 0.41 0.44 0.39 041 | 0.85 0.49 | 0.63 | 041 | 042 | 065 | 040 | 045 | 0.61
SKD (W) K Ca Cr v Mn | Fe | Co Ni Cu Zn | As Se | Rb Sr | cd | Cs | Ba | Pb | WR
Mean 3.21 366 | 011 | 0.99 | 0.08 | 2.88 | 1E-2 | 0.02 0.08 | 057 | 002 | 0.01 | 8E-3 | 0.02 | 0.02 | 6E-3 | 0.03 | 0.38 | 77.85
SD 1.51 165 | 007 | 046 | 0.04 | 1.53 | 6E-3 | 0.01 0.08 | 0.67 | 001 | 0.01 | 4E-3 | 0.01 | 0.01 | 4E-3 | 0.02 | 0.32 | 2.65
Max 7.48 929 | 033 | 242 | 019 | 7.05 | 3E-2 | 0.03 041 | 328 | 006 | 0.03 | 2E-2 | 0.04 | 0.05 | 1E-2 | 0.07 | 1.45 | 81.79
Min 1.30 153 | 003 | 035 | 0.03 | 0.80 | 2E-3 | 0.01 0.01 | 0.06 | 0.00 | 0.00 | 3E-3 | 0.00 | 0.00 | 8E-4 | 0.01 | 0.06 | 72.63
cv 0.47 045 | 061 | 046 | 055 | 053 | 0.60 | 0.47 112 | 118 | 068 | 059 | 048 | 054 | 0.68 | 0.67 | 0.61 | 0.85 | 0.03

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.52: Statistical results chemical characterization (ug/m?) of PMig at SKD for summer (S) season

SKD (S) | PMw | OC EC F- CI" | NOs | SOs2 | Nat | NHs+ | K* | Mg? | Ca? | Be B Na | Mg Al Si P
Mean 201 19.1 9.7 0.3 5.7 6.9 9.1 1.6 5.3 1.4 1.6 24 | 1E-3| 0.03 | 3.20 | 3.93 | 11.28 | 26.32 | 0.20
SD 60 7.5 3.2 01 2.1 2.3 2.8 0.7 1.9 0.4 0.6 1.0 | 2E-3| 0.02 | 1.89 | 1.67 | 417 9.50 0.08
Max 314 | 472 | 163 | 08 | 128 | 12.3 15.3 3.1 11.0 2.2 2.6 40 | 1E-2 | 0.09 | 8.00 | 6.69 | 17.86 | 41.11 | 0.39
Min 73 10.8 34 0.3 25 25 25 0.7 1.4 0.3 0.4 0.4 | 4E-4| 0.01 | 1.00 | 0.73 | 2.87 6.84 0.14
cv 030 | 0.40 | 0.33 | 0.33 | 0.38 | 0.33 0.31 043 | 036 | 027 | 041 | 040 | 165 | 059 | 059 | 0.43 | 0.37 | 0.36 | 0.39
SKD(S) | K Ca Cr V | Mn | Fe Co Ni Cu | zZn | As | Se | Rb | Sr | cd | Cs | Ba | Pb | %R
Mean 3.18 9.47 0.18 | 0.27 | 0.09 | 8.07 4E-3 0.01 0.02 | 0.27 | 0.02 | 0.02 | 7E-3 | 1E-2 | 1E-2 | 1E-3 | 0.04 | 0.09 | 61.61
SD 0.82 3.41 0.07 | 0.02 | 0.03 | 3.02 3E-3 0.01 0.01 | 0.24 | 0.02 | 0.01 | 2E-3 | 6E-3 | 8E-3 | 3E-4 | 0.01 | 0.04 2.87
Max 414 | 1430 | 031 | 0.34 | 0.14 | 13.11 | 1E-2 0.05 0.06 | 1.30 | 0.07 | 0.05 | 1E-2 | 3E-2 | 4E-2 | 2E-3 | 0.07 | 0.18 | 66.98
Min 058 | 250 | 001 | 0.24 | 0.01 | 1.57 1E-3 0.00 | 0.00 | 011 | 0.00 | 0.00 | 3E-3 | 4E-3 | 7E-3 | 6E-4 | 0.02 | 0.03 | 57.49
CcVv 0.26 0.36 0.40 | 0.09 | 0.40 | 0.37 0.65 0.88 0.67 | 090 | 067 | 0.76 | 0.30 | 0.49 | 054 | 0.26 | 0.35 | 0.48 0.05
% R is the % recovery of mass of collected particle through compositional analysis
Table 2.53: Statistical results of chemical characterization (ug/m?) of PM2s at SKD for summer (S) season
SKD (S) | PMz.s | OC | EC F- CI" | NOs | SO4?2 Nat | NHs" | K* Mg* Ca* Be B Na Mg Al Si P
Mean 71 133 81 | 0.3 | 43 5.2 6.8 0.6 4.0 0.7 0.2 0.5 4E-4 0.02 1.02 0.61 156 | 356 | 0.12
SD 24 53 126 | 00|16 | 17 2.2 0.2 14 | 0.2 0.1 0.3 2E-4 0.01 0.35 035 | 0.80 |1.77 | 0.06
Max 143 |331]136| 05| 92 | 94 12.4 11 79 | 14 0.5 1.5 1E-3 0.03 2.03 1.77 | 446 |9.86 | 0.33
Min 35 75128 | 02 | 18 1.7 1.8 0.3 1.2 0.1 0.1 0.2 3E-4 0.01 0.54 028 | 0.64 |1.41| 0.06
CVv 0.33 [ 0.40]0.33|0.19 | 0.38 | 0.33 0.32 0.29 035 (034 | 042 0.53 0.50 0.39 0.34 0.58 | 051 | 050 | 0.46
SKD (S) K Ca | Cr V | Mn Fe Co Ni Cu Zn As Se Rb Sr Cd Cs Ba Pb %R
Mean 1.18 | 1.35]0.05|023|002| 111 | 2E-3 6E-3 | 0.01 | 013 | 1E-2 8E-3 3E-3 4E-3 8E-3 | 6E-4 | 9E-3 | 0.06 | 75.05
SD 0.52 | 0.720.04 | 0.03]0.02| 0.69 2E-3 7E-3 | 0.01 | 0.06 | 1E-2 6E-3 1E-3 3E-3 5E-3 3E-4 | 7E-3 | 0.03| 261
Max 2.36 [ 3.99]0.17]0.32|0.08| 3.70 | 6E-3 4E-2 | 0.04 | 0.28 | 4E-2 2E-2 5E-3 2E-2 2E-2 | 1E-3 | 3E-2 | 0.13 | 80.05
Min 0.14 | 0.45]0.00 | 0.18 | 0.00 | 0.32 4E-4 1E-3 | 0.00 | 0.06 | 2E-3 6E-4 1E-3 TE-5 2E-3 3E-4 | 2E-3 | 0.02 | 69.90
CVv 0.44 | 053 ]0.86 | 0.12 | 0.82 | 0.62 0.91 1.25 0.64 | 045 | 0.88 0.78 0.39 0.75 0.64 040 | 0.71 | 059 | 0.03

% R is the % recovery of mass of collected particle through compositional analysis
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Table 2.54: Correlation Matrix for PM1o and its composition at SKD for winter season

SKD (W) | PMio TC (0] EC F- CI NOs~ SO472 Na* NH4* K* Mg* Ca*? Metals
PMio 1.00 0.52 0.50 0.54 0.65 0.91 0.78 0.74 0.35 0.81 0.84 0.40 0.58 0.94
TC 1.00 0.99 0.98 0.47 0.62 0.19 0.15 0.42 0.29 0.63 0.65 0.67 0.25
0oC 1.00 0.94 0.45 0.59 0.15 0.09 0.45 0.24 0.57 0.71 0.63 0.23
EC 1.00 0.47 0.64 0.24 0.23 0.36 0.36 0.70 0.54 0.70 0.27
NOs~ 0.25 0.65 1.00 0.89 0.20 0.88 0.68 0.22 0.35 0.72
SO+ 0.32 0.67 1.00 0.13 0.90 0.73 -0.05 0.38 0.70
NH4* 0.43 0.75 0.26 1.00 0.72 0.12 0.34 0.73
Metals 0.63 0.80 0.26 0.70 0.24 0.44 1.00

Table 2.55: Correlation matrix for PM2sand its composition at SKD for winter season

SKD (W) | PM..s TC oC EC F- Cl NOs™ S04 Na* NH4* K* Mg*? Ca' Metals
PMo2.s 1.00 0.82 0.78 0.85 0.48 0.84 0.61 0.61 0.23 0.68 0.69 0.01 0.39 0.83
TC 1.00 0.99 0.98 0.46 0.73 0.17 0.11 0.05 0.26 0.55 0.12 0.25 0.54
oC 1.00 0.94 0.42 0.70 0.14 0.05 0.06 0.21 0.49 0.18 0.26 0.49
EC 1.00 0.48 0.75 0.24 0.20 0.05 0.34 0.61 0.05 0.26 0.59
NOs~ 0.11 0.44 1.00 0.86 0.44 0.82 0.49 0.03 0.19 0.43
SO+~ 0.18 0.46 1.00 0.39 0.87 0.48 -0.19 0.29 0.52
NH4 0.25 0.61 0.40 1.00 0.55 -0.08 0.17 0.47
Metals 0.49 0.58 0.11 0.61 -0.02 0.46 1.00
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Table 2.56: Correlation matrix for PMyand its composition at SKD for summer season

SKD (S) PMio TC 0oC EC F- Cl NOs~ S04 Na* NH4* K* Mg* Ca? Metals
PMio 1.00 0.67 0.58 0.63 -0.37 0.52 0.54 0.62 0.48 0.71 0.63 0.66 0.51 0.95
TC 1.00 0.96 0.72 0.00 0.44 0.37 0.44 0.16 0.48 0.58 0.27 0.24 0.43
0oC 1.00 0.49 0.16 0.38 0.23 0.27 0.17 0.43 0.50 0.27 0.20 0.35
EC 1.00 -0.38 0.42 0.56 0.69 0.06 0.42 0.54 0.15 0.24 0.45
NOs~ -0.39 0.76 1.00 0.84 0.14 0.78 0.45 0.24 0.02 0.43
SO+ -0.47 0.59 1.00 0.14 0.71 0.56 0.31 0.13 0.50
NH4* -0.39 0.81 0.40 1.00 0.62 0.49 0.28 0.62
Metals -0.40 0.39 0.55 0.52 0.71 0.57 1.00

Table 2.57: Correlation matrix for PM2sand its composition at SKD for summer season

SKD(S) | PM.s | TC oc EC F c | Noy | sos | Na | NHe | K | Mg? | Ca? | Metals
PM.s 1200 | 084 | 077 | 067 | 023 | 076 | 072 0.74 071 | 083 | 063 | 072 | 052 0.94
TC 100 | 094 | 075 | 016 | 047 | 041 0.48 063 | 051 | 055 | 066 | 058 0.66
oc 100 | 049 | 005 | 040 | 0.25 0.26 067 | 046 | 045 | 069 | 0.74 0.63
EC 100 | -053 | 045 | 058 0.73 033 | 043 | 054 | 037 | 004 0.47
NOs- 038 | 075 | 1.00 0.84 032 | 076 | 047 | 030 | -0.01 0.66
SO+ -0.46 | 0.61 1.00 043 | 067 | 062 | 040 | -0.05 0.67
NH4* 028 | 078 060 | 100 | 061 | 063 | 031 0.82
Metals 0.14 | 072 0.72 053 | 072 | 057 1.00
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2.45 Taj Mahal (TAJ)

The sampling period was December 05 — 27, 2018 for winter and June 01 — 30, 2019 for

summer.
2.4.5.1 Particulate Matter (PM1o, PM25)

Time series of 24-hr average concentrations of PMio and PMzs are shown for winter (Figure
2.52) and summer (Figure 2.53). Average levels for winter and summer season were 250+53
and 61422 pg/m?3 (for PM2:s) and 334+84 and 184+21 pg/m? (for PM1o) respectively. The PMzs
levels are 4.2 times higher than the NAQS and PMao is 3.3 times higher than the NAQS in
winter. The PMzs levels generally meet the standards, while PM1o is 1.8 times higher than the
national standard in summer. A statistical summary of PM concentrations is presented in Table
2.61 — 2.64 for the winter and summer seasons. In summer, PMzs levels drop significantly and
meet the national standards. PMuo levels also were dropped significantly but continue to be
high in spite of improvement in meteorology and better dispersion. The particles airborne from
the soil surface during dust storms in the dry months of summer can contribute significantly to

a coarse fraction.
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Figure 2.52: PM Concentrations at TAJ for Winter Season
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PM: TAJ Summer
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Figure 2.53: PM Concentrations at TAJ for Summer Season
2.4.5.2 Gaseous pollutants

Time series of 24-hr average concentrations of SOz and NOz are shown for winter (Figure 2.54)
and summer (Figure 2.55) seasons. It was observed that SO2 concentrations were low (mostly
< 6.0 ug/m?®) and meet the air quality standard. NO: levels also under the national standard with
an average of 20 days at 27+12 pg/m?in winter and 13+8 pg/m3in summer season (Table 2.58).
The summer concentration of NO2 dropped significantly. Although, the NOz2 is certainly a
matter of concern and these values can largely be attributed to vehicular pollution and DG sets.
Variation in NO2 is due to variability in meteorology and the presence of occasional local
sources like DG sets, traffic jams or local open burning etc.

The Mean concentrations of BT X were presented in Figure 2.56 and the statistical summary in
Table 2.58. The total BTX level is observed 4.9+3.6 pg/m® (Benzene: 2.6 and Toluene: 1.6
pg/m?) in winter and 6.6+2.3 pg/m? (Benzene: 2.6 and Toluene: 2.2 pg/m?) in summer seasons.

The BTX levels were high during summer than in the winter.
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Figure 2.54: SO, and NO> Concentrations at TAJ for Winter Season

Gaseous: TAJ, Summer
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Figure 2.55: SO, and NO, Concentrations at TAJ for Summer Season
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Figure 2.56: VOCs concentration at TAJ
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2.4.5.3 Carbon Content (EC/OC) in PMz5

Average concentrations of EC, OC (OC1, OC2, OC3 and OC4) and the ratio of OC fraction to
TC are shown in Figure 2.57 (a) and (b) for winter and summer seasons. Organic carbon is
observed slightly higher (winter: 37.3+11.6 and summer: 7.9+2.4 ug/mq) than the elemental
carbon (winter: 28.0+9.9 and summer: 5.2+2.3 pg/m?). It is also observed that the OC and EC
are higher in the winter season than in the summer season. A statistical summary of carbon
content (TC, EC, OC; OC1, OC2, OC3 and OC4 with fractions OC1/TC, OC2/TC, OC3/TC
and OC4/TC) is presented in Table 2.59 for winter and summer seasons. The ratio of OC3/TC
is observed higher that indicates the formation of secondary organic carbon in the atmosphere
at TAJ.

(a) PM,.s: Carbon Content, TAJ (b) OC/TC = Winter
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Figure 2.57: EC and OC Content in PM2s at TAJ

2.4.5.4 PAHs in PM2s

Figure 2.58 shows the average measured concentration of PAHSs at TAJ for winter and summer
seasons. A statistical summary of PAHSs is presented in Table 2.60 for winter and summer
seasons. The PAHs compounds analyzed were: (i) DmP, (ii) AcP, (iii) DEP, (iv) Flu, (v) Phe,
(vi) Ant, (vii) Pyr, (viii) BbP, (ix) BeA, (x) B(a)A, (xi) Chr, (xii) B(b)F, (xiii) B(K)F, (xiv)
B(a)P, (xv) 