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Post harvest paddy stubble burning occurs every year during October and November in the N.W Indo
Gangetic Plain (NW-IGP) where 13-14 Tg of paddy residue is burnt in open over a large area > 12600
km? (90% area of Punjab & 32% area of Haryana are under combine harvesterst). This activity emits a
large number of gaseous and particulate pollutants into the air and causes severe deterioration in
regional air quality. Therefore, comprehensive quantification of the speciation and sources of NMHCs
through “chemical fingerprinting” as well as ambient measurements are necessary for quantifying
emissions from the fires and characterizing the reactant mixture responsible for the air pollution.

Materials and Methods

[ Site Description

The measurements were performed at IISER
Mohali Atmospheric Chemistry Measurement
Facility. The site iIs a regionally representative
suburban location in the NW-IGP.23 Ambient
measurements were performed over a period
of two weeks from 10-24 Nov, 2016. Whole
air samples from specific sources (paddy
stubble fires, traffic and fuel evaporation)

J

were collected in Mohali, Chandigarh and
adjacent villages.
[ Measurement detalls ]

» NMHCs were measured using TD-GC-FID:
Gas Chromatograph columns equipped with
two Flame lonization detectors (GC-FID,
7890B Agilent Technologies, USA) and a
thermal desorption unit (Unity 2 and CIA
Advantage-HL, Markes International, UK)
optimized for quantification of 49 C2-C10
NMHCs. Detection limit 2-104 ppt,
overall measurement uncertainty <15%.

» CO, and CH, : Cavity Ring Down
Spectrometer (Model G2508, Piccaro,
USA), overall measurement uncertainty
<4%.4

» CO: Non dispersive infrared (NDIR) filter
correlation spectrometer (Thermo Fisher
Scientific, Model 48i), overall measurement
uncertainty <6%.%4

» Offline samples were
commercially available 6L passivated
SilcoCan air sampling steel canister
(Restek, USA) that were preconditioned as
per EPA TO15 method.
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[“Chemical fingerprinting” of emission sou rces]
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b) Paddy stubble
burning: Smouldering

981

0.2 x
048

08—

g

0.8

JHper T T 1T T T T T T T T T T T
e ~. - =@ Paddy stubble burning: Flaming (This work)
-.~ o =@ Paddy stubble burnmg Smouldering (This work)
2~ ~ =@= Crop residue burnlng =
1 =@= Crop residue burmng
S 05 -
—
L
= 025
w
0.125 —
0.0625 [—
0.03125 |-
0.015625 —
\.‘ .
0.0078125 | | I | I | | | I I I [®@ ] +
QO QO () o [<b) QO <b) b b) [<b) Q (<) (<) ®
c o c c o c o c o c c o c -
T ¢ ¢ § & ¢ & § & & & S S &
= &£ 2 &£ £ 2 3 ¢ 3 3 3 & 35 3
i 2 o gl o@ @ dd 6 a 3
o 9 o - O c § ! = O
w o = <
. - -
a: Andreae and Merlet 20015; b :Akagi et al, 20127 c °©
wied

The EFs obtained here for flaming fires agree well with the
EFs reported in literature and used In emission inventories,
however smouldering EFs are much higher.
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» I-Pentane : traffic/fossil fuel tracer; Acetylene : general

combustion tracer

» Propane was found to be one of the major emissions from
the paddy stubble fires and hence not an ideal LPG

emission tracer in such a complex emission environment.
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Emission factors of NMHCs (g/kg) from
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MCE = 0.95 : Flaming fire;
MCE = 0.8-0.82 : Smouldering fire >’

» Emission factors were calculated by carbon mass
balance method>:

EF i = F_, X1000 d MM X Cx
kg kg MM Ctotal
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Quantification of emissions from paddy stubble
L burning in NW-IGP )
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» Emissions of trace gases over Punjab and Haryana (NW-
IGP) were estimated from paddy stubble fires under
flaming conditions®°:

Total Emissions = Z(A x B x C x D x E x EF))

where, A: annual crop production (kg) for 2009-2015 1,

B: Residue to crop ratio (1.50) !,

C: Dry matter fraction of crop (0.86) &°,

D: Fraction of crop residue burnt (0.9 for Punjab and 0.32 for
Haryana) !

E: Fraction actually oxidized (0.9) 89

EF;: Emission factor for air pollutant (this work)

» Smouldering EFs point to even higher emissions.
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» Comprehensive quantification of 49 C2-

C10 NMHCs wusing TD-GC-FID in
ambient air.

ratios of five most
abundant NMHCs : Propane (14.3 ppb) >
n-Butane (8.9 ppb) > Toluene (5.7 ppb) >
i-Butane (5.7 ppb) > Ethane (5.6 ppb).

» Average mixing ratios of C2-C5 alkanes

were lower than the reported levels In
Lahore!? and Karachi?

I Ambient concentration (ugm-3) I
Noon : 93.5 * 8.5 uygm-3

Alkenes + Alkyne Alkenes + Alkyne

; Alkanes m-DE
o 5% m/p-Xer e
p-EthyItFo}ue
5%
nz

4%
1,2,3-TMB
4%

/P0pa e 6%

Aromatics Others Alkanes

45%

Aromatics
OH Reactivity (s) I

Noon: 7.5 * 0.7 s
Alkenes + Alkyne

Alkanes '2, >
9% ren
en .
N

m-Ethyltoluen
4% Prope
3 /

Alkenes + Alkyne

| 4
Aromatics

Evening : 32.8 £ 5.7 s1

Evening: 411,02 796 uams | | > FYOMatics  were the largest
R contributor to the observed mass
concentration (40-60%) and OH

reactivity (40-70%).
» Anthropogenic source of post-
harvest paddy stubble burning

was Identified as major source of
NMHCs iIn this environment
during post monsoon.

Conclusion

Chemical fingerprinting of the sources reveal distinct emission profiles. i-Pentane and Acetylene
were Identified as traffic/fossil fuel and combustion tracers respectively, while Diesel
evaporative emissions were identified as the sources of Diethylbenzenes. Propane being one of
the major emission from the paddy stubble fires was not an ideal LPG emission tracer.

Emission factors for 49 NMHCs from paddy stubble fires were calculated and smouldering
stage EFs were found to be upto 20 times higher than flaming stage EFs .

Emissions of CO,, CO, CH, and NMHCs over Punjab and Haryana (NW-IGP) from paddy
stubble fires were quantified to be 24 Tg, 0.85 Tg, 46 Tg and 37 Gg respectively, which suggests
that large amount of reactive carbon Is available for photochemical oxidation and the large
fraction of aromatics emphasizes the air toxicity and a major contributor to the poor air quality.
First ever comprehensive quantification of 49 C2-C10 NMHCs using TD-GC-FID in ambient air
over India during November identified paddy stubble burning as major source of NMHCs in this

atmospheric environment.
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