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Supplementary Figure 1: 7 

Temporal and spatial extent of fire counts detected (at ≥ 80% confidence interval) during 8 

NCFI (10 April 2013 to 21 April 2013) and CFI periods (11 May 2013 to 17 May 2013) 9 

using the MODIS satellite over the north-west Indo-Gangetic Plain. Black circle shows the 10 

location of the measurement site (30.667 0N, 76.729 0E, 310 m a.s.l.). The map was generated 11 

using Panmap software, Version 0.9.61 (url : 12 

https://doi.pangaea.de/10.1594/PANGAEA.104840) 13 
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Supplementary Figure 2: 15 

 Time series of the measured OH reactivity (3 min temporal resolution) and calculated OH 16 

reactivity due to measured compounds (top panel), mixing ratios of acetonitrile, isoprene, 17 

acetaldehyde and toluene (second panel) and NOx and O3 (third panel). The regional (28°N–18 

33°N lat and 72°E–79°E long) MODIS satellite-derived fire counts and measured solar 19 

radiation are shown in the bottom panel. Light green shaded region shows the measurements 20 

during pre-harvest NCFI period whereas light pink shaded region shows the measurements 21 



during post-harvest CFI period. The blue shaded region shows periods when overcast 22 

conditions and rain were observed. 23 

 24 
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Supplementary Figure 3: 27 

Diel box and whisker plots of measured concentrations (in ppb) of acetonitrile, sum of C-9 28 

aromatics, acetaldehyde and acetone in the pre-harvest (NCFI) and post-harvest (CFI) period 29 

of summer 2013. The box represents inter-quartile range (25th-75th percentile) whereas the 30 

whiskers represent 10th and 90th percentiles. Average and median are shown as solid circle 31 

and dashed line, respectively. 32 

  33 



Supplementary Figure 4: 34 

Diel box (25th-75th percentiles) and whisker (10th, 90th percentiles) plots of measured 35 

concentrations (in ppb) of m/z 46 (mainly formamide in daytime) and m/z 60 (mainly 36 

acetamide in daytime) during the extended pre-harvest NCFI (28 February 2013 to 30 April 37 

2013) and extended post-harvest CFI period (1 May 2013 to 31 May 2013). 38 
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Supplementary Figure 5: 41 

Accuracy of total OH reactivity measurements tested using propane standards of known 42 

reactivity during the NCFI and CFI measurement periods. The horizontal error bars represent 43 

the uncertainty in the OH reactivity due to the introduced standards (11.2%) and the vertical 44 

error bars represent the total uncertainty (18.8 %) of the measured OH reactivity. 45 

 46 

 47 
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Supplementary Figure 6: 49 

Diel box (25th-75th percentiles) and whiskers (10th, 90th percentiles) profiles of the measured 50 

mass concentrations of PM2.5 (top panel) and PM10 (bottom panel) in the CFI (red) and NCFI 51 

(black) periods summer 20132. 52 
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Supplementary Table 1: 54 

Average concentration ± 1σ ambient variability; (75th – 90th percentile) and enhancement 55 

ratios of the VOCs and trace gases (in ppb) directly measured along with the total OH 56 

reactivity during the pre-harvest non crop-residue fire influenced (NCFI) and post-harvest 57 

crop-residue fire influenced (CFI) periods.  58 

Species 

Pre-harvest (NCFI) 

Average ± 1σ (75th – 90th 

percentile) 

Post-harvest (CFI) 

 Average ± 1σ (75th – 90th 

percentile) 

Enhancement 

ratio 

 Acetone 6.6 ± 1.6 (8.2 – 10.1) 13.1 ± 2.5 (14.5 – 18.2) 2.0 

Methyl ethyl ketone 1.4 ± 0.4 (1.8 – 2.1) 2.7 ± 0.6 (3.1 – 3.5) 1.9 

Sum of C-9 aromatics 1.3 ± 0.6 (1.5 – 2.2) 2.3 ± 1.4 (2.6 – 4.6) 1.8 

Acetonitrile× 0.8 ± 0.6 (0.9 – 1.5) 1.4 ± 0.8 (1.7 – 2.1) 1.8 

Monoterpenes 0.6 ± 0.3 (0.8 – 0.9) 1.0 ± 0.3 (1.2 – 1.4) 1.7 

Isoprene 1.6 ± 0.7 (1.9 – 2.4) 2.5 ± 0.6 (2.9 – 3.3) 1.6 

MVK + MACR 1.3 ± 0.4 (1.3 – 0.5) 2.0 ± 0.4 (2.4 – 2.7) 1.5 

Benzene  1.4 ± 1.1 (1.7 – 2.7) 2.1 ± 1.3 (2.8 – 3.8) 1.5 

Acetaldehyde 8.6 ± 3.4 (11.3 – 13.2) 12.8 ± 3.6 (15.3 – 17.0) 1.5 

Sum of C-8 aromatics 2.1 ± 1.2 (2.2 – 3.3) 2.6 ± 1.6 (3.0 – 4.8) 1.2 

Toluene  2.6 ± 2.1 (3.3 – 4.5) 3.2 ± 2.2 (4.1 – 5.7) 1.2 

Methanol  42.6 ± 8.3 (48.8 – 62.4) 49.9 ± 10.0 (59.8 – 70.7) 1.2 

NOx
 8.5 ± 7.5 (10.7 – 16.5) 14.4 ± 9.6 (18.7 – 27.1) 1.7 

CO  325.7 ± 223.0 (370 – 530) 394.8 ± 190.0 (510 – 770) 1.2 

A non-parametric Mann–Whitney U test was performed separately for daytime and nighttime 59 

hours to check the confidence interval at which the measurement in the two periods represent 60 

dataset with different median. The measured VOCs and NOx pass this test at a confidence 61 

interval > 99.9%, whereas for CO the confidence interval for distinct median is 99.9% for 62 

daytime and 97.0% for nighttime data.  Species included in the box model. × Species not 63 

present in the box model. 64 



Supplementary Table 2: 65 

Average concentration ± 1σ ambient variability; (75th – 90th percentile) and enhancement 66 

ratios of the rarely measured VOCs (in ppb) for the extended NCFI and extended CFI periods 67 

of summer 2013.   68 

Species 

Pre-harvest (NCFI) 

Average ± 1σ 

 (75th – 90th percentile) 

Post-harvest (CFI) 

 Average ± 1σ  

(75th – 90th percentile) 

Enhancement 

ratio 

Nitromethane× 0.5  ± 0.1 (0.6 – 0.8) 1.1 ± 0.2 (1.3 – 1.5) 2.2 

Hydroxyacetone 1.6 ± 0.8 (2.0 – 2.5) 3.4 ± 1.6 (4.2 – 5.8) 2.1 

Acetic acid 13.0 ± 7.3 (16.8 – 21.2) 27.4 ± 12.3 (36.0 – 42.9) 2.1 

Butane-2,3-dione 1.2 ± 0.6 (1.6 – 2.0) 2.3 ± 1.1 (2.9 – 3.9) 1.9 

2-Furaldehyde/ 

2,5-Dimethylfuran× 
0.7 ± 0.3 (0.8 – 1.1) 1.2 ± 0.6 (1.6 – 2.2) 1.7 

Acetamide/ 

Trimethylamine× 
1.8 ± 0.7 (2.0 – 2.6) 3.0 ± 1.4 (2.6 – 4.0) 1.7 

Ethanol/  

Formic acid 
14.5 ± 4.8 (17.1 – 20.5) 24.1 ± 9.1 (29.4 – 35.8) 1.7 

Acrolein/ 1-Butene 3.9 ± 2.3 (4.4 – 6.2) 5.9 ± 3.1 (6.8 – 8.5) 1.5 

Formamide/Dimethy

lamine/Ethylamine× 
7.1 ± 2.6 (8.6 – 10.5)) 10.2 ± 3.1 (11.6 – 14.8) 1.4 

Styrene 0.3 ± 0.3 (0.3 – 0.4) 0.4 ± 0.5 (0.4 – 0.5) 1.3 

Isocyanic acid× 1.7 ± 0.6 (2.2 – 2.6) 2.2 ± 0.7 (2.7 – 3.3) 1.3 

The measured concentrations in the extended NCFI and extended CFI periods belong to 69 

datasets having different medians at a confidence interval greater than 99.9% for the above 70 

mentioned VOCs separately for daytime and nighttime hours.  Species included in the box 71 

model. × Species not present in the box model. 72 

  73 



Supplementary Table 3: 74 

Concentrations of C2-C5 alkanes and C2-C4 alkenes for the pre-harvest NCFI and post-75 

harvest CFI periods calculated using their prescribed3 emission ratio to CO for crop residue 76 

fires and the average measured CO concentration in the respective periods. 77 

Hydrocarbon Pre-harvest (NCFI) Post-harvest (CFI) 

Ethane 2.43 3.89 

Propane 0.89 1.42 

i-Butane 0.02 0.03 

n-Butane 0.08 0.12 

n-Pentane 0.03 0.04 

Ethene 3.76 6.01 

Propene 1.79 2.86 

1-Butene 0.17 0.28 

i-Butene 0.11 0.17 

cis-2-Butene 0.07 0.11 

trans-2-Butene 0.05 0.09 

Ethyne 1.04 1.66 

 Species included in the box model. 78 

Supplementary Table 4: 79 

Summary of commonly used box models in atmospheric chemistry investigations listing the 80 

chemical mechanisms implemented within the models 81 

Box models Used chemical mechanisms Whether amines are 

included 

F0AM/UWCM4 MCM (No of gas phase species 5832, 

No. of gas phase  reactions 17224) 

No 

 



Carbon Bond 05 (No. of gas phase 

species 53, No. of gas phase reactions 

156) 

Carbon Bond 06 (No. of gas phase 

species 77, No. of gas phase reactions 

216) 

RACM2 (No. of gas phase species 

124, No. of gas phase reactions 363) 

GEOS-CHEM (No. of species 171, 

No. of reactions 505) 

CAABA5 MECCA (No. of gas phase species 

286, No. of gas phase reactions 826), 

MCM, MIME 

No 

BOXMOX6 MCM, MOZART (No. of gas phase 

species 85, No. of gas phase reactions 

157  

No 

DSMACC7  MCM, GEOS-CHEM No 

SAPRC chemical 

mechanism 

modeling system 

(airshed model)8 

SAPRC-11 (No. of gas phase species 

139, No. of gas phase reactions 339) 

Yes (limited to reactions of 

alkylamines with OH 

radicals. Subsequent 

chemistry of first generation 

products (e.g. amides) is not 

included) 

 82 

Supplementary Note 1: Sensitivity of box model to choice of rate constants of lumped 83 

species 84 

In our model setup we have assumed sum of C-8 aromatics, sum of C-9 aromatics and sum of 85 

monoterpenes as separate lumped species with rate constants for reaction with OH radicals 86 

equal to that of p-xylene, 1,2,4-trimethylbenzene and alpha pinene, respectively which are the 87 

most abundant contributors. We have performed sensitivity runs assuming minimum (case 1) 88 

and maximum (case 2) rate constants for the lumped species to provide upper and lower 89 



bounds of the missing OH reactivity. Among the C-8 aromatics included in the MCM 3.3.1, 90 

ethylbenzene has the minimum rate constant of reaction with OH radicals (7.0 × 10-12 91 

cm3molecule-1s-1 at 298 K) and m-xylene has the maximum rate constant for reaction with 92 

OH radicals (2.3 × 10-11 cm3molecule-1s-1 at 298 K). Similarly, among the C-9 aromatics 93 

included in the MCM 3.3.1, n-propylbenzene has the minimum rate constant of reaction with 94 

OH radicals (6.0 × 10-12 cm3molecule-1s-1 at 298 K) and 1,3,5-trimethylbenzene has the 95 

maximum rate constant for reaction with OH radicals (5.6 × 10-11 cm3molecule-1s-1 at 298 K). 96 

Among the monoterpenes included in the MCM 3.3.1, alpha pinene has the minimum rate 97 

constant of reaction with OH radicals (5.2 × 10-11 cm3molecule-1s-1 at 298 K) and limonene 98 

has the maximum rate constant for reaction with OH radicals (16.4 × 10-11 cm3molecule-1s-1 99 

at 298 K). 100 

In all cases for both NCFI and CFI periods, the change in values of missing OH reactivity 101 

relative to present values reported in Fig 3 (5 % missing in NCFI and 39 % missing in CFI), 102 

still resulted in no missing OH reactivity in NCFI period (within uncertainty of 103 

measurements) and less than 6 % reduction in missing OH reactivity for the CFI period. 104 

Thus, the conclusion concerning a large fraction of unexplained OH reactivity in the CFI 105 

period remained unaffected. 106 

Supplementary Note 2: Mechanism of atmospheric oxidation of alkylamines to amides, 107 

isocyanic acid, nitromethane, dimethylnitramine and dimethylnitrosamine  108 

 109 

Mechanism of O3 initiated atmospheric oxidation of trimethylamine and dimethylamine 110 

to nitromethane9 111 

(𝐶𝐻3)3𝑁 
−𝑂2
→  
𝑂3
[(𝐶𝐻3)3𝑁

+𝑂−]∗
−∙𝐶𝐻3
→    (𝐶𝐻3)2𝑁𝑂 ∙ R1 



(𝐶𝐻3)2𝑁𝑂 ∙ 
−𝑂2,−∙𝐶𝐻3
→       

𝑂3
𝐶𝐻3𝑁𝑂2 R2 

(𝐶𝐻3)2𝑁𝐻 
−𝑂2
→  
𝑂3
[(𝐶𝐻3)2𝑁(𝐻)

+𝑂−]∗
          
→   [(𝐶𝐻3)2𝑁𝑂𝐻]

∗  
−𝑂2,−∙𝑂𝐻
→      

𝑂3
(𝐶𝐻3)2𝑁𝑂 ∙ R3 

(𝐶𝐻3)2𝑁𝑂 ∙
−𝑂2,−∙𝐶𝐻3
→       

𝑂3
  𝐶𝐻3𝑁𝑂2 R4 
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Mechanism of OH radical initiated atmospheric oxidation of alkylamines to amides and 113 

isocyanic acid10 114 

𝐶𝐻3𝑁𝐻2 + ∙ 𝑂𝐻 → ∙ 𝐶𝐻2𝑁𝐻2 + 𝐻2𝑂 R5 

∙ 𝐶𝐻2𝑁𝐻2 + 𝑂2 +𝑀→ ∙ 𝑂𝑂𝐶𝐻2𝑁𝐻2 +𝑀 R6 

∙ 𝑂𝑂𝐶𝐻2𝑁𝐻2 +  𝑁𝑂 → ∙ 𝑂𝐶𝐻2 − 𝑁𝐻2 + 𝑁𝑂2 R7 

 ∙ 𝑂𝐶𝐻2 − 𝑁𝐻2 + 𝑂2 →  𝐻𝐶𝑂𝑁𝐻2 +∙ 𝐻𝑂2 R8 

𝐻𝐶𝑂𝑁𝐻2 + ∙ 𝑂𝐻 → ∙ 𝐶(𝑂)𝑁𝐻2 + 𝐻2𝑂 R9a 

𝐻𝐶𝑂𝑁𝐻2 + ∙ 𝑂𝐻 → ∙ 𝐻𝐶(𝑂)𝑁𝐻 + 𝐻2𝑂 R9b 

∙ 𝐶(𝑂)𝑁𝐻2 + 𝑂2 →  𝐻𝑁𝐶𝑂 +∙ 𝐻𝑂2 R10 

∙ 𝐻𝐶(𝑂)𝑁𝐻 + 𝑂2 →  𝐻𝑁𝐶𝑂 +∙ 𝐻𝑂2 R11 

 115 

Mechanism of OH radical initiated atmospheric oxidation of dimethylamine to 116 

dimethylnitramine and dimethylnitrosamine9 117 

(𝐶𝐻3)2𝑁𝐻 + ∙ 𝑂𝐻 → ∙ (𝐶𝐻3)2𝑁 + 𝐻2𝑂 R12 

∙ (𝐶𝐻3)2𝑁 +  𝑁𝑂2 → ∙ (𝐶𝐻3)2𝑁 − 𝑁𝑂2 R13a 

∙ (𝐶𝐻3)2𝑁 +  𝑁𝑂 → ∙ (𝐶𝐻3)2𝑁 − 𝑁𝑂 R13b 

 118 

Supplementary Note 3: Atmospheric oxidation reactions of hydroxyacetone producing 119 

methylglyoxal and HO2 radicals11 120 



∙ 𝑂𝐻 + 𝐶𝐻3𝐶(𝑂)𝐶𝐻2𝑂𝐻 
91% 𝑦𝑖𝑒𝑙𝑑
→      𝐶𝐻3𝐶(𝑂)𝐶𝐻𝑂𝐻 ∙  +𝐻2𝑂 R14 

𝐶𝐻3𝐶(𝑂)𝐶𝐻𝑂𝐻 ∙  + 𝑂2  
                     
→      𝐶𝐻3𝐶(𝑂)𝐶𝐻𝑂 + 𝐻𝑂2 ∙ R15 

121 
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