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Abstract 

Isocyanic acid, a potentially harmful organic acid, was measured in the ambient air a decade 

ago. While its primary sources include biomass burning and traffic emissions, it is formed 

photochemically from amides reacting with the hydroxyl (OH) radical. This study aims at 

further investigating the production of isocyanic acid from these precursor compounds and 

look into the possible sinks during the monsoon season at a suburban site in the NW-IGP.  

The VOCs were measured using an online Proton Transfer Reaction – Mass Spectrometer 

and the data for the period 06-07-2019 to 08-08-2019 (n>12000 measurements) at a 4-minute 

temporal resolution was analyzed in this study. The average VOC concentrations during this 

period were 0.86 ppb, 5.4 ppb, 0.65 ppb, 0.23 ppb, 0.13 ppb for isocyanic acid, formamide, 

acetamide, Sum of C3 Amides and Sum of C4 amides respectively. 

Diel profiles of isocyanic acid and the amides showed a daytime peak indicating a strong 

photochemical source. Average daytime peak of isocyanic acid reached ~1 ppb which is 

believed to be a concern as it might pose health risks. Sources and sinks were investigated by 

calculating the rates of formation of isocyanic acid. The calculated rate of formation (32.99 x 

10-6 ppb/sec) was found to be ~ 3 times the observed rate of formation (10.7x10-6 ppb/sec) 

from 6:00am to 13:00 pm. This is because observed rate of formation comprises of both 

sources and sinks while calculated rate of formation doesn’t account for the sinks. By 

comparing this value with the observed rate of isocyanic acid formation and applying mass 

balance the sink was determined to be 22.29 x 10-6 ppb/sec. Our results suggest deposition 

could be a major sink of isocyanic acid during the monsoon season over north-west IGP. 
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Chapter 1 

Introduction 

1.1 Isocyanic Acid: Overview and Health Risks 

Isocyanic acid (HNCO) has been known since 1830, when it was shown to be formed on the 

depolymerization of Cyanuric Acid1. However, it was only recently measured in ambient air 

and emissions from biomass burning at concentrations that could potentially pose a health 

risk2. This is because isocyanic acid is highly soluble at physiological pH, and isocyanic acid 

and its aqueous cyanate ion (NCO-) is has been identified as an intermediate in the protein 

carbamylation reactions 3. It has been found in multiple studies that protein carbamylation 

and its corresponding inflammatory response leads to adverse health issues like cataracts, 

cardiovascular problems and even chronic disorders like rheumatoid arthritis 3–5. Also its 

structure is similar to methyl isocyanate (CH3NCO), which is a highly toxic compound as 

was found during its accidental leak from a pesticide plant in Bhopal, India, causing deaths 

and diseases in thousands of people 6.  

 

Figure 1.1 An example of a carbamylation reaction by isocyanic acid. (Source: Gorisse, 

L. et al 2015 7) 

In the study by Roberts et al 20112, they calculated the Henry’s Law Constant of HNCO at 

pH=3and used that to estimate that HNCO would be highly soluble at physiological pH=7.4 

with the Henry’s Law solubility value of 105 M/atm. It was calculated from this solubility 

that inhalation of ambient air having isocyanic acid concentrations greater than 1ppb can 

result in formation of high enough equilibrium concentration of NCO-(100µM) which is 

known to mimic carbamylation in vitro 3. 
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However in a very recent article 8, it was shown that these conclusions might not be very true. 

A healthy individual had, on an average, a concentration of 45nM of isocyanic acid in their 

blood plasma. Even in people suffering from chronic renal failure had HNCO and urea 

concentrations 141nM and 28mM respectively 9. The values of measured concentrations from 

the Roberts et al study were more than thousand times the values associated with severe 

chronic conditions and thus could be very significant. This contrast in values is because the 

concentration from Roberts et al. 2011 (100 µM) was calculated by assuming the solubility 

and reactivity in a pure water system. Even on assuming that the body has no elimination 

mechanisms, it would take a person 600 days to build up such a high dose of 100 µM in the 

blood plasma, and the bodily elimination systems might also be playing a significant role 

which cannot be ruled out 8. Hence it becomes even more important to accurately quantify its 

concentration and study its sources and sinks to accurately predict its health risks.  

1.2 Isocyanic Acid: Sources  

Many places across the world have now recorded isocyanic acid in ambient air as can be seen 

in Table 1. In India, it was first recorded in ambient air by Chandra et al. 201610, at a site in 

the North-West Indo-Gangetic Plain. This study shows a clear secondary photochemical 

production as a source of isocyanic acid along with primary emissions from biomass 

burnings. This is similar to methyl isocyanate (CH3NCO) which is also formed as a major 

product from the photochemical oxidation of methyl isocyanide (CH3NC) by OH radicals11 

apart from its primary emission sources. 

Apart from this many other sources of isocyanic acid have been identified like from cigarette 

smoke 12, gasoline and diesel vehicles13–16  and extractions from oil sands 17. 

Location  Reagent 

ion/MS 

Avg. Mixing Ratio    

(ppbv) 

Reference 

Mohali, India H3O+/quad 0.940 (mean) Chandra et al. 201610 

Kathmandu 

Valley, Nepal 

H3O+/ToF 0.900 (mean) Sarkar et al. 201618 

Toronto, Ontario Acetate/ToF Fall: 0.100 (mean), 0.080 Hems et al. 201912 
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Table 1. Average HNCO concentrations measured in ambient air from different 

locations across the world. (Modified from the table obtained from Leslie et al, 201926) 

(median) 

 Acetate/quad Summer: 0.085 (mean) Wentzell et al. 201313 

 Iodide/ToF Summer: 0.045 (mean), 

0.039 (median) 

Winter: 0.025 (mean), 

0.015 (median) 

Wren et al. 201816 

La Jolla, 

California 

Acetate/quad 0.081 (mean) Zhao et al. 201419 

Erie, Colorado Acetate/quad Winter: 0.072 (mean), 

0.065 (median) 

Roberts et al. 201420 

 Acetate/ToF Summer: 0.030 (mean) Mattila et al. 201821 

Fort Collins, 

Colorado 

Acetate/quad 0.055 (mean), 0.050 

(median) 

Roberts et al. 201420 

Calgary, Alberta Acetate & 

iodide/quad 

0.036 (mean), 0.034 

(median) 

Winter: 0.028 (mean), 

0.033 (median) 

Woodward-Massey et 

al. 201422 

Pasadena, 

California 

Acetate/quad Summer: 0.025 (mean), 

0.022 (median) 

Roberts et al. 2011, 

20142,20 

Canadian Arctic 

Archipelago 

Acetate/ToF 0.020 (mean), 0.016 

(median) 

Mungall et al. 201723 

Manchester, UK Iodide/ToF 0.012 (mean) Priestley et al. 201824 

Guangzhou , 

Pearl River Delta, 

China (urban) 

ToF-CIMS Fall: 0.46 (mean) Wang Z et al. 202025 

North China 

Plain, China 

(rural) 

ToF-CIMS Winter: 0.37 (mean) Wang Z et al. 202025 
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In the laboratory biomass burning experiment by Roberts et al. (2011), the emission time 

profile of the fire was measured and it was found that HNCO emissions were higher during 

the flaming stage while the HNCO concentrations were lower in the smoldering stage. The 

HNCO concentration was also highly correlated with the CO concentrations during the 

flaming stage of the fire and this ratio could be used to identify biomass burning events. This 

data was then compared to the ambient measurements from the FourMile Canyon Wildfire in 

Boulder, Colorado in 2010 and ambient data from LA. While the concentrations in laboratory 

experiment went as high as 600ppbv, the ambient background concentration of HNCO was 

about 10pptv and went to about 200pptv during the FourMile fire and up to 100pptv at the 

LA site. The high concentrations in the lab experiments could also be because the burning 

smoke was measured very close to the source. The FourMile fire was consistent with the 

smoldering stage concentrations of HNCO and CO from the lab experiment fire. This shows 

that biomass burning is an important source of HNCO emissions in the atmosphere. Apart 

from this they observed a clear diurnal variation in the HNCO concentration at the LA site 

(Figure 1.2) in a period when there were no wildfires, hence eliminating wildfires as a source 

of HNCO. This suggests that HNCO is formed photochemically from precursor compounds 

like amines and amides. 

 

Figure 1.2.1 Diurnal variation of HNCO at the LA site – 20 second measurements(blue 

dots), 5 min average concentrations (blue line) and ±1σ (light blue shaded region) 

(Source: Roberts et al. 2011) 
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Many precursor compounds have now been identified which lead to secondary 

photochemical formation of isocyanic acid like urea 27, nicotine 28, amines 29 and amides 30. 

So basically the amines get oxidized to amides which in turn get oxidized to isocyanates 31. 

A very recent study (Wang Z et al. 2020) 25 done at a field campaign in China tried to find 

the sources and precursor compounds of isocyanic acid. The urban site(Pearl River Delta) 

recorded an average of 0.46ppbv of HNCO while the rural site(North China Plain) recorded 

an average of 0.37ppbv. These measurements were about 10 times higher than those 

measured in LA2 and Canada22.What was observed was that while the urban site had a clear 

diurnal variation with an afternoon peak indicating secondary photochemical formation, the 

rural site had comparatively stable concentrations throughout the day with a morning peak 

indicating that there was both primary emission and secondary formation at the rural site. 

Next they tried to identify the precursor compounds of HNCO by calculating the rates of 

secondary formation of HNCO using the measured concentrations of formamide and C2-C10 

amides, since amides have already been identified as precursors of HNCO. It was found that 

C3 amide concentrations were the largest among amides and it contributed to 74% of the 

HNCO production in the extreme case calculation (Figure 1.2.2 (a)). The concentrations 

(hourly average) of HNCO went up to 1ppbv while that of C3 amide went up to 5.6ppbv 

(Figure1.2.2 (b)). Also it was observed that C3 amides had higher concentrations at night in 

contrast to the HNCO peak during the daytime (Figure 1.2.2 (c)). Also a correlation plot of 

C3 amide vs. styrene, which is a marker for industrial emissions, was made and a good 

correlation was observed indicating that the C3 amides were emitted from industrial 

emissions (Figure1.2.2 (d)).  
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Figure 1.2.2 All plots are from measurements from the urban (PRD) site. 

(a)Comparison of HNCO production rates from steady state analysis and calculated 

contributions from various amides. Reported yields: the production rate calculated 

from the reported yields of amides. Extreme Case: production rate calculated assuming 

all the nitrogen of the amides is converted to HNCO (100% yield) (b) Time series of 

HNCO and C3 amides at the urban site during the campaign period. (c) Diurnal 

variation of HNCO and C3 amides. (d) Correlation plot of C3 amides with styrene. 

 ("Reprinted with permission from - High Concentrations of Atmospheric Isocyanic 

Acid (HNCO) Produced from Secondary Sources in China, Zelong Wang, Bin Yuan, 

Chenshuo Ye, James Roberts, Armin Wisthaler, Yi Lin, Tiange Li, Caihong Wu, 

Yuwen Peng, Chaomin Wang, Sihang Wang, Suxia Yang, Baolin Wang, Jipeng Qi, 

Chen Wang, Wei Song, Weiwei Hu, Xinming Wang, Wanyun Xu, Nan Ma, Ye Kuang, 

Jiangchuan Tao, Zhanyi Zhang, Hang Su, Yafang Cheng, Xuemei Wang, and Min 

Shao, Environmental Science & Technology 2020 54 (19), 11818-11826, DOI: 

10.1021/acs.est.0c02843. Copyright 2020 American Chemical Society.") 

 

From these results it was concluded that secondary formation was the major source of HNCO 

in Guangzhou, China and might validate the claim by Link et al., 201632 that photochemical 
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formation might be a more important source of HNCO than primary emissions in urban 

areas. Also while amides might be precursors of HNCO, the production rate of HNCO from 

amides was significantly lower than the total production rate required to maintain the 

corresponding concentrations thus hinting that there might be other precursors for which 

further studies might be required. 

1.3 Isocyanic Acid: Loss Processes  

On extrapolating the already available data for isocyanic acid at high temperatures, the rate 

constant for reactivity with OH radicals to be 1.24 x 10-15 cm3 molecule-1 s-1 corresponding to 

an atmospheric lifetime of HNCO as long as several decades 33. Hence this shows that 

removal of isocyanic acid from the atmosphere via gas phase reactions is a slow process. Also 

isocyanic acid is stable against photolysis from the solar radiation 34 and its lifetime with 

respect to the same is calculated to be in the order of a few months2. Hence the main loss 

processes of isocyanic acid in the atmosphere comprise of wet and dry deposition 35. 

The lifetime of isocyanic acid with respect to hydrolysis is highly dependent on the 

temperature, water content in the air and the pH of the cloud droplets. The gas to liquid 

partitioning is governed by the Henry’s Law constant KH, which for isocyanic acid is highly 

dependent on the pH of water and was calculated to be 26±2 M atm-1. Once it is dissolved, it 

can undergo three different reactions depending on the pH of the solution as shown in the 

Figure 1.3 35. Another study estimated the aqueous fraction of HNCO and found that it could 

better estimate the HNCO scavenged by cloud water than predicted by the Henry’s law 

coefficient thus confirming the importance of aqueous phase partitioning in determining the 

lifetime of HNCO in the atmosphere.19  
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Figure 1.3 Possible hydrolysis mechanisms for isocyanic acid (Source: Borduas et al 

201635, License link) 

 

A recent study in the Pearl River Delta in China (an urban site) observed rapid dry deposition 

from the diurnal profiles and calculated the atmospheric lifetime isocyanic acid against dry 

deposition to range between 6-16 hours25.  

Recently Roberts et al., 201936, also reported the lifetime of isocyanic acid against such 

heterogeneous processes. This was calculated using the Henry’s law coefficient at different 

pH to calculate the uptake coefficient γrxn using the formula:  

௥௫௡
ସு೐೑೑ோ்ඥ௞஽ೌ

ழ௖வ
   

Here, Heff is the Henry’s law coefficient, R is the gas constant, T is the temperature, Da is the 

diffusion coefficient, k is the first order loss rate and <c> is the mean molecular speed. Once 

this is calculated, it is used to calculate the deposition velocity Vd using the formula:   

ௗ
ழ௖வ

ସ
 

Once the Vd was obtained, it was used to get the lifetime since lifetime is given by h/ Vd 

where h is the PBL height. The atmospheric lifetime of isocyanic acid with respect to dry 

-------- Eq. 2 

-------- Eq. 1 
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deposition to neutral pH surfaces in the boundary layer was calculated to be about 1 day and 

6-12 days with respect to aerosol deposition. 

 This hence seems to be an important sink in contrast to photolysis and gas phase 

photochemistry. These conclusions were also confirmed in a recent study where the results 

from the atmospheric EMAC model also predicted that the gas phase chemical loss 

contributes to less than 1% of loss processes, cloud precipitation contributes to around 10% of 

removal of HNCO and dry deposition contributes to about 90% loss globally, thus being a 

major sink for HNCO37.  

1.4 Isocyanic Acid: Chemical Transport Modelling 

A study by Young et al., 201238, used the MOZART-4 chemical transport model to estimate 

the global concentrations of HNCO and to identify areas where the concentrations of HNCO 

might be higher based on their environmental conditions. The model included primary 

emissions from biomass burnings and other anthropogenic sources and loss processes 

including reaction with OH radical, dry and wet deposition which is pH dependent. Hence the 

Henry’s law coefficient Heff was also calculated using the model calculated pH and the 

simulation run using this value was the control simulation (called pH_calc). Simulations were 

also run using parameters if the pH was 2 everywhere and similarly from pH 3-7 to compare 

the effect of pH on the HNCO abundance and its tropospheric budget. In the simulation run 

using the Heff from model calculated pH, the highest annual average surface HNCO 

concentration were measured over China of approximate 470 pptv as can be seen in Figure 

1.4.1. 
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Figure 1.4.1 Annual mean surface concentrations of HNCO obtained from the control 

simulation. (Source: Young et al., 201238 , License Number:5040191114711) 

It was found that the regions having high primary emissions from biomass burning like 

South-East Asia, tropical Africa, Siberia, Canada and the Amazon had the highest 

concentrations of HNCO which often exceeded the 1ppbv limit. Hence the model also 

calculated the number of days for which the HNCO concentrations exceeded 1ppbv in these 

different regions and how many people did that affect in each respective region. It was found 

that while Siberia exceeded 1ppbv limit for the maximum number of days, since South-East 

Asia is densely populated, the highest number of people exposed to it were in the South-East 

Asian region (Figure 1.4.2). 
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Figure 1.4.2 (a) Number of days where HNCO concentrations exceeded 1ppbv. 

(b)Number of people exposed to HNCO greater than 1ppbv for more than 7 days a 

year.(Source: Young et al., 2012 , License Number: 5040191114711) 

 

Apart from this, the global tropospheric budget was also calculated for different pH 

simulations. The importance of the pH of the cloud droplets was demonstrated in these 

simulations since it controlled the percentage of loss via wet deposition and it can be seen 

that wet deposition becomes the dominant loss process on increasing the pH (Figure 1.4.3 

(b)). It was also observed that the burden and the lifetime decreased on increasing the pH and 

hence indicating that the model calculated pH must be lower (2-4) (Figure 1.4.3(a) and (c)). 

This was likely due to the absence of basic influence of Ca2+ from the soil dust. Hence this 

indicates that pH is highly important when estimating the transport of HNCO from the 

emitting areas to remote areas since it controls the atmospheric lifetime and loss rates. It was 

found that HNCO export was greatly reduced in the high pH (6-7) simulations. 
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Figure 1.4.3 Plots for simulations pH 2-7 and control simulation (pH_calc)  

(a) Average tropospheric burden for the year at different pH simulations (Gigagrams of 

HNCO) (b) Monthly loss rates of HNCO via both wet and dry deposition at different 

pH simulations (c) tropospheric lifetime of HNCO at different pH simulations                 

(Source:Young et al., 2012 , License Number: 5040191114711) 

 

However this model was run with some limitations and incomplete understanding of the 

sources and sinks of HNCO and hence more observational data and research is required to get 

better model estimations. However one conclusion that stands is that regions with high 

primary emissions from biomass burnings and other anthropogenic emissions are exposing 

their populations to higher concentrations of HNCO which could potentially be a health risk. 

Also further studies are required to know exactly what concentrations of HNCO could cause 

what health effects for better risk assessment at different regions in the world. 
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Chapter 2 

Materials and Methods 

2.1 Site Description 

All the measurements of Isocyanic acid concentrations and ambient air pollutants like CO2, 

PM2.5, NOx were recorded from the Atmospheric Chemistry and Emissions Laboratory at the 

Indian Institute of Science Education and Research, Mohali, India. It is located in the city of 

Mohali, in a suburban region, 310 meters above mean sea level (30.667° N – 76.729° E). The 

area is located in the North-West Indo-Gangetic Plane (NW-IGP), South-West of the Tricity 

Area comprised of the three cities- Mohali, Chandigarh and Panchkula and close to the 

foothills of Himalayan Mountain Range as seen below in Figure 2.1.   

        

Figure 2.1 Left- Map marking the location of Mohali; Right- Map describing the land 

use of the area of 100 km × 200 km surrounding the measurement site (black dot – 

30.6670 N, 76.7290 E) (Source: Sinha et al 201439, License link) 

 

The institute campus is residential with tree cover throughout. As discussed above, the North 

West to North to East sector comprises of the tricity area and hence is classified an urban 

sector. A few small-scale industrial units are located surrounding the campus in the South to 

East sector like paint, pharmaceutical and solvent industries, glass manufacturing units and 
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brick kilns. The National Highways 1 and 2 also lie in this sector, which connect the city to 

the national capital New Delhi which is about 300kms South of the site. The South to North-

West Sector is mostly agricultural land. Further site description, land use and land cover 

details, and sampling techniques are described in Sinha et al 201439. 

2.2 Criteria for selecting the time period under study 

and prevalent meteorological conditions 

The PTR-MS records Isocyanic Acid at m/z ratio 44. The supporting data used in this study 

also involves the data recorded by the PTR-MS at m/z 46, 60, 74 and 88 which are predicted 

to be formamide, acetamide, C3 amides and C4 amides – which are the predicted precursor 

compounds in the secondary formation of isocyanic acid. The data analyzed in this study was 

for the period of monsoon 2019 from 06-07-2019 to 08-08-2019. Before choosing this time 

period the data for the entire year was cleaned and corrected and the diel profiles were plotted. 

The annual average concentration of Isocyanic Acid was 0.84 ppb. The seasons were split as 

Winter (01-01-2019 to 02-03-2019), Summer (03-03-2019 to 04-07-2019), Monsoon (04-07-

2019 to 04-10-2019) and Post Monsoon (05-10-2019 to 03-12-2019). The Figure 2.2.1(a) and 

(b) below show the diel profile of Isocyanic Acid concentration for the year 2019 and the 

season-wise diel profile respectively.    

Figure 2.2.1 (a) Diel profile for Isocyanic acid concentrations for the year 2019 (b) 

Season-wise average diel profile for Isocyanic acid for the year 2019 
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Figure 2.2.2 Normalized frequency distribution of data points for different seasons for 

2019 (y-axis denotes normalized frequency and x-axis denotes the upper limit of 

concentration for each specific bin).  

Isocyanic Acid shows a daytime peak which is due to strong photochemical production during 

the daytime. The nighttime peak is due to primary emission sources like traffic emissions or 

biomass burnings, etc. The post-monsoon has the highest average concentration with a night-

time peak which is consistent with the emissions from biomass burning which is prevalent in 

the region during the post-monsoon season. A detailed study on the contribution of this 

biomass burning in post-monsoon on ambient isocyanic acid concentrations can be found in 

Chandra et al, 201610. It was observed from the plots above that monsoon had higher average 

daytime concentrations as compared to summer which was against the expected behavior. 

Also monsoon had slightly higher frequencies of data points at higher concentrations 

(>0.7ppb)  as compared to summer. Summer is expected to have higher daytime 

concentrations due to greater secondary photochemical production being expected as monsoon 

has more overcast days which reduce the solar radiation and hence lower photochemical 

formation. This further motivated to analyze the monsoon period. A calendar plot was made 

for the year 2019 to check for availability of data to choose the period, as can be seen in 
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Figure2.2.3 below. Finally the data from monsoon period 06-07-2019 to 08-08-2019 was 

chosen for further analysis.  

 

Figure 2.2.3 Calendar plot for Isocyanic Acid concentrations for the year 2019. Yellow 

denotes days with daily average concentration less than 1ppb while Red denotes days 

with daily average concentration greater than 1 ppb 

 

Meteorological parameters like Wind Speed, Wind Direction, Ambient Temperature, 

Relative Humidity, and Solar Radiation were measured using the Meteorological Station 

installed on site (Met One Instruments Inc., Rowlett, Texas, USA).   

 

The Figure 2.2.5 shows the diel profiles of ambient temperature, relative humidity, solar 

radiation and wind speed during the period of study. The average ambient temperature for the 

period was 28.9⁰C with the minimum and maximum recorded temperature during the period 

being 21.5⁰C and 37.8⁰C respectively. The average humidity during the period was ~71% and 

the average daytime solar radiation peaked at ~435 W/m2 at 13:00hrs. The lower solar 

radiation is because the period under study is associated with the Indian Summer Monsoon 

season with frequent episodes of rainfall and overcast skies. 
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The Figure 2.2.4 represents the wind rose plot for the period under study. As can be seen, the 

predominant fetch region is South East which is consistent with the Indian Summer Monsoon 

Season and the average wind speeds during the period were ~1.8 m/s. 

 

Figure 2.2.4 Wind Rose plot for the period 06-07-2019 to 08-08-2019, obtained from on-

site wind speed and wind direction data. The radius axis represents the probability for 

an air mass to arrive from that particular direction and speed bin.  

 

 

Figure 2.2.5 Diel profile for on-site prevalent meteorological conditions during the 

period of study 06-07-2019 to 08-08-2019 - (a) Ambient Temperature, (b) Relative 

Humidity, (c) Solar Radiation, (d) Wind Speed.  
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2.3 VOCs measured using a Proton Transfer 

Reaction – Mass Spectrometer (PTR-MS) 

The concentrations of all the volatile organic compounds reported in this thesis were 

measured using an on-site Proton Transfer Reaction-Quadrupole Mass Spectrometer (PTR-

QMS) manufactured by Ionicon. (HS Model 11-07HS-088; Ionicon Analytik Gesellschaft, 

Austria). 

The PTR-MS was built by Professor Werner Lindinger and his group in 1998 at the 

University of Innsbruck, Austria40. The technique works on the chemical ionization principle 

which is a soft ionization technique- meaning that is produces negligible or no fragmentation 

of the ions. The analyte molecules undergo a proton transfer from the reagent ions (H3O
+) 

which are then detected by a quadrupole mass spectrometer. Since water has a proton affinity 

(P.A.) = 165.2 Kcal/mol, only the molecules with greater P.A than this undergo ionization 

and hence only such molecules can be detected. It is a highly sensitive instrument and can 

measure, in real time, trace quantities of Volatile Organic Compounds upto a few pptv in 

concentration.  

 

 

Figure 2.3 Schematic Diagram of the PTR-QMS Instrument (Source: de Gouw, J et al 

200741 License Number: 5040210449872) 
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The Figure 2.3 above shows the diagram of the PTR-MS with its components in the order: 

Ion Source, Drift Tube, Quadrupole Mass Analyzer and Detector (Secondary Electron 

Multiplier). The following is the process involved in measuring the analytes: 

1. Pure water is introduced through the inlet which is then converted to a pure stream of 

reagent H3O
+ ions (>95%) using plasma discharge in a hollow cathode tube.  

2. The H3O
+ ions then enter the drift tube. The analyte molecules (R) are also introduced 

into the drift tube from the air inlet. The analyte molecules with P.A. greater than that of 

water are protonated by reacting with the H3O
+ ions.  

HଷOା +  R → RHା
 +  H2O 

3. The ions are separated based on their m/z ratio by the Quadrupole Mass Analyzer which 

allows ions with only one m/z ratio to pass through at a time.  

4. They are then detected by the Secondary Electron Multiplier (SEM). The SEM amplifies 

the charges to produce a current which is then converted to the signal which is recorded 

in the computer. 

 

This study also involved measurements for some other supporting parameters like CO, NOx 

and PM2.5. The Table 2 below mentions the instruments used for measurement of each of 

the trace gases mentioned above and their working principle. 

 

Instrument Working principle Target species 

PM 2.5 Analyzer β-Attenuation PM 2.5 

NOx Analyzer Chemiluminescence NO and NO2 

CO Analyzer Non-dispersive Infrared Spectroscopy 
(NDIR) 

CO 

Table 2. List of analyzers used and the respective principles they work on 

2.4 Data Quality Assurance - Calibration experiment 

Calibration experiment was performed to determine the sensitivity and the detection limits of 

the VOCs. Instrument background was taken by passing the zero air which was generated by 

passing the  zero air from cylinder (Sigma gases; 99.9999% purity) through a Gas Calibration 

-------- Eq. 3 
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Unit (GCU-s v2.1; Ionimed Analytik, Innsbruck, Austria). Next the flow of calibration gas 

(Apel-riemer Environmental, Inc., Colorado, USA) dynamically diluted by a constant flow of 

zero air was introduced to the PTR-MS for the calibration. The ion signal obtained is of the 

unit counts per second (cps) which is then normalized with respect to hydronium 

ions(obtained by H3O(18)+ x 500) and hydronium ion water clusters to normalized counts per 

second (ncps) using the following formula obtained from  Sinha et al, 200942 : 

ncps =
ூ(ோுశ)×ଵ଴ల 

(ூ൫ுయைభఴ
శ ൯ ୶ ହ଴଴)ାூ(ுయைశ)(ுమை)

×
ଶ

୔ౚ౨౟౜౪
×

୘ౚ౨౟౜౪

ଶ଻ଷ.ଵ଼
 

 

This obtained ncps was the measured response which was plotted against the introduced 

concentration (ppb) and the slope of this plot was the sensitivity factor for the compound in 

ncps/ppb. This sensitivity factor was the used to convert the ncps of each compound to 

concentration in ppb. The sensitivity factors can also be calculated theoretically using the 

equation derived from  de Gouw and Warneke, 200741 as shown in Eq.5 below. It was found 

that the sensitivity factor obtained from the quadratic fit when compared to the one obtained 

theoretically, the uncertainty was less than 40%. 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
௞

ଵ଴వ
 x 

ே஺ ௅మ

ଶଶସ଴଴ ୶ µబ  ୶ ௎೏ೝ೔೑೟
 x  బ்

మ

்೏ೝ೔೑೟
మ x 

௉೏ೝ೔೑೟
మ 

௉బ
మ  x 

்(ோுశ)

்(ுయைశ)
 

Where: 

 k = rate coefficient for proton-transfer reaction 

L = length of drift-tube (9.3 cm) 

µ0 = ion mobility of H3O
+ 

N = number density of the gas in drift tube 

T (RH+) = transmission efficiency for RH+ 

T (H3O
+) = transmission efficiency for H3O

+ 

P0 = air pressure at STP  

T0 = temperature at STP 

 

However the compounds in this study- measured at m/z 44,46,60,74 and 88 do not have an 

available gas standard for calibration and hence their sensitivity factors are obtained from the 

------ Eq. 4 

----- Eq. 5 
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quadratic fit of the curves obtained from the calibration experiment done on 29-06-2019 of 

the available VOCs. The graph for the same experiment can be seen below in Figure 2.4.1. 

 

Figure 2.4 Calibration experiment done on 29-06-2019. The quadratic fit equation was 

used to calculate the sensitivity factors for the compounds used in this study. The 

vertical bars represent standard deviation of the sensitivity factors obtained from the 

calibration experiment. 

 

m/z ncps/ppb 
44 10.394 
46 10.472 
60 10.57 
74 9.884 
88 8.414 

Table 3. Sensitivity factors obtained from the quadratic fit for the compounds used in 

this study 

 

The sensitivity factors obtained are summarized in Table 3 above. The sensitivity factors 

which were derived using calibration experiments and the ones theoretically derived for the 

compounds were within ~40% of each other. The sensitivity factors reported in some other 

studies for isocyanic acid were – 22.6 ncps/ppb in Borduas et al, 2015 31and 25.57 obtained 

from the quadratic fit in Warneke et al, 2011 43. The values for sensitivity factors obtained 

from our calibration experiment for acetonitrile (m/z 42) and acetaldehyde (m/z 45) were 

12.36 and 12.18 respectively. The values for the same from Warneke et al, 2011 43 were 
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25.39 and 25.65 respectively. Hence we can say that the systems were different and may 

have different parameters like transmission efficiency which caused this difference in 

sensitivity factors. This hence justifies the difference in the value of sensitivity factors 

calculated from the quadratic fit. Also the detection limit for isocyanic acid for the machine 

used in our study was less than 0.08 ppb as reported in Chandra et al, 201610. 

Once the sensitivity factors were derived, the following steps were carried out to correct and 

clean the data: 

1. The raw data (ncps) for each compound was converted to concentration by using the 

obtained sensitivity factor for that compound. 

2. The data for the periods when the machine was showing alarms for internal parameters 

like Pdrift, and cases when impurity ion concentrations exceeded the normal range was 

removed. 

3. The data for the period when machine was used for other experiments (not measuring 

ambient air) was removed. 
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Chapter 3 

Results and Discussion 

3.1 General variability in time series of isocyanic 

Acid and precursor compounds 
 

The mass assignments of compounds should be considered as upper limits for the mixing 

ratios as minor isobaric interferences cannot be ruled from compounds other than those 

attributed to at these mass channels. At m/z 46, the PTR-MS can detect dimethylamine, 

ethylamine and formamide but since dimethylamine and ethylamine are not formed 

photochemically, I have attributed daytime concentrations to be primarily formamide. Also, 

NO2+, which is an impurity ion is also measured at m/z 46 and hence m/z 46 will be 

considered strictly as an upper bound for formamide. A daytime correlation was done 

between m/z 46 and NO2 data, the correlation coefficient was found to be -0.4. 

Similarly at m/z 60, the PTR-MS can detect trimethylamine ad acetamide but since 

trimethylamine is not formed photochemically, I have attributed daytime concentrations to  

acetamide primarily and m/z 60 will be considered as upper bound for acetamide.43 At m/z 

74 and 88, multiple isomers for C3 and C4 amide compounds can be detected and hence m/z 

74 and 88 will be considered as sum of C3 amides and sum of C4 amides respectively. 

The figure 3.1 below shows the 1-minute average time series for the period of study for 

isocyanic acid (m/z 44), formamide(m/z 46), acetamide(m/z 60), sum of C3 amides(m/z 74) 

and sum of C4 amides(m/z 88).  

Average concentrations for the period were observed as0.86 ppb, 5.4 ppb, 0.65 ppb, 0.23 

ppb, 0.13 ppb for isocyanic acid, formamide, acetamide, Sum of C3 Amides and Sum of C4 

amides respectively.
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Figure 3.1 Time series plot of 4-minute temporal resolution for the mixing ratios of 

Isocyanic Acid (bottom panel), Formamide and Acetamide (middle panel), Sum of C3 

and Sum of C4 Amides (top panel) for the period under study 

 

3.2 Analysis of diel variability of isocyanic acid and 

precursor compounds in the monsoon season 
In this analysis the diel profiles of isocyanic acid and precursor compounds were analyzed.  

The number of data points for isocyanic acid and precursor compounds were n>12000. 

The diel profile for isocyanic acid can be seen in Figure 3.2.1. Since isocyanic acid is 

photochemically formed, a daytime peak in concentrations is observed with the peak average 

concentration reaching ~1.00 ppb at 13:00 and 16:00 pm. This is agreement as the solar 

radiation peak of ~435 W/m2 for the season also occurs at 13:00pm as can be seen in figure 

2.2.4. 
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Figure 3.2.1 Diel profile for Isocyanic Acid concentrations 

 

The diel profiles for the precursor compounds plotted for the period can be seen in Figure 

3.2.2.  Just like isocyanic acid, all the 4 precursors are also photochemically formed and have 

a similar diel profile where a daytime peak is observed. Table 4below lists the peak daytime 

concentrations of the precursor compounds. 

Figure 3.2.2 Diel profile for (a) Formamide (b) Acetamide (c) Sum of C3 Amides 

  (d) Sum of C4 Amides 
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 Peak Concentration (ppb) Peak time 

Formamide 5.8 ppb 15:00 pm 

Acetamide 0.85 ppb 15:00 pm 

Sum of C3 Amides 0.27 ppb 15:00 pm 

Sum of C4 Amides 0.15 ppb 14:00 pm 

Table 4. Peak daytime concentrations of precursor compounds 

 

Also, the diel profile for Carbon monoxide (CO) and NOx, tracers for combustion and traffic 

emissions, were plotted as can be seen in Figure 3.2.5 below. These compounds are not 

photochemically formed and hence do not show daytime peak. 

 

Figure 3.2.3 Diel profile for (a) NOx (ppb)  (b) CO(ppm)   

 

Also, boundary layer height plays a very important role in the concentration on trace VOCs 

since greater the boundary layer height, greater the volume of air in which the gas is emitted 

and hence lower concentration. The Figure 3.2.4 below shows the diel plot of boundary layer 

height and ventilation coefficient. 

 

𝑽𝒆𝒏𝒕𝒊𝒍𝒂𝒕𝒊𝒐𝒏 𝒄𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 = 𝑩𝒐𝒖𝒏𝒅𝒂𝒓𝒚 𝒍𝒂𝒚𝒆𝒓 𝒉𝒆𝒊𝒈𝒉𝒕 (𝒎) 𝐱 𝑾𝒊𝒏𝒅𝒔𝒑𝒆𝒆𝒅(𝒎/𝒔) ----- Eq. 6 
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Figure 3.2.4 Diel profile for (a) BLH (m)  (b) Ventilation Coefficient (m2/s)   

 

It can be seen that both BLH and ventilation coefficient have a daytime peak meaning that 

greater dilution takes during the daytime which could play a role in keeping the daytime 

concentrations of amides and isocyanic acid from going very high. 

 

3.3 Calculation of photo-chemical production rate of 

isocyanic acid 
Further analysis was done into the production and loss processes of Isocyanic Acid. The rate 

of formation of any species in the atmosphere is dependent on the net production and net loss 

processes. Also since during the daytime Isocyanic acid is mostly photochemically formed 

from the precursor compounds, the maximum rate of formation will be achieved during the 

daytime from sunrise to daytime solar radiation peak time. In the further sections, it will be 

discussed how the Observed and Calculated Rate of formation was obtained. 

3.3.1. Observed rate of formation of isocyanic acid 

The observed rate of formation was calculated by using the hourly average concentration of 

isocyanic acid from the diel plot in figure 3.2.1 from sunrise to the time of peak solar 

radiation which was obtained from the diel plot of solar radiation for the entire period of 

study in Figure 2.2.4 (c) as 6:00 am and 13:00 pm respectively. The rate of formation is then 

given as: 

(𝑹𝑯𝑵𝑪𝑶)𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅  =  
𝑯𝑵𝑪𝑶 

𝒕
 ----- Eq. 7 
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Where: 

HNCO = average HNCO[13:00] – average HNCO[06:00] 

t = 3600  7 = 25200 s  

 

The observed rate of formation was calculated for the period as 10.7x10-6 ppb/sec. Note that 

observed rate of formation includes both sources and sinks and is hence expected to be lower 

than the calculated rate of formation. 

 

3.3.2. Calculated rate of formation of isocyanic acid 

Isocyanic acid is formed photochemically by reaction of precursor compounds with OH 

radical. The equations for these reactions are as follows: 

 From Formamide : (Source: V Kumar et al,2018 44) 

Pathway 1:                  𝑯𝑪𝑶𝑵𝑯𝟐  + ∙ 𝑶𝑯 → ∙ 𝑪(𝑶)𝑵𝑯𝟐 + 𝑯𝟐𝑶              

   ∙ 𝑪(𝑶)𝑵𝑯𝟐 +  𝑶𝟐 →  𝑯𝑵𝑪𝑶 + ∙ 𝑯𝑶𝟐 
 

Pathway 2:                       𝑯𝑪𝑶𝑵𝑯𝟐 + ∙ 𝑶𝑯 → ∙ 𝑯𝑪(𝑶)𝑵𝑯 + 𝑯𝟐𝑶                       

∙ 𝑯𝑪(𝑶)𝑵𝑯 +  𝑶𝟐 →  𝑯𝑵𝑪𝑶 +∙ 𝑯𝑶𝟐 

 From Acetamide : (Source: Barnes et al, 2010 27) 

𝑪𝑯𝟑𝑪𝑶𝑵𝑯𝟐 + ∙ 𝑶𝑯 →  𝑪𝑯𝟑𝑪(𝑶) ∙ 𝑵𝑯 + 𝑯𝟐𝑶                    

𝑪𝑯𝟑𝑪(𝑶) ∙ 𝑵𝑯  
𝑪𝑯𝟑 𝑬𝒋𝒆𝒄𝒕𝒊𝒐𝒏
ሱ⎯⎯⎯⎯⎯⎯⎯⎯ሮ  𝑯𝑵𝑪𝑶 

 

Isocyanic acid is formed photochemically from amides like formamide, acetamide, C3 

amides and C4 amides reacting with the OH radical via pseudo first order reaction kinetics. 

The rates of formation of isocyanic acid can hence be calculated as given below: 

 

(𝑹𝑯𝑵𝑪𝑶)𝒄𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆𝒅 = [𝑶𝑯](𝒌𝑶𝑯 𝐱 [𝑪])  

Where: 

[OH] = concentration of OH radical in the atmosphere (10.9 x 105 molecules/cm3) 

kOH  = rate constant of reaction of Formamide/Acetamide/C3 Amides/C4 Amides with 

OH radical 

----- Eq. 11 

----- Eq. 8 a and b 

----- Eq. 9 a and b 

----- Eq. 10 a and b 



 

[C] = average concentration of Formamide

06:00 am to 13:00pm 

 

The concentration of OH radical in the atmosphere was taken as 

which is the global tropospheric average obtained from M Li, et al 2018

The same equation is used for calculating the rate of formation of 

formamide, acetamide, C3 Amides and C4 amides by replacing the k

respective kOH and [C] for each compound. 

Figure 3.3 below obtained from Wang Z et al, 2020

calculated rate of formation.

Note that since there are multiple isomers for C3 and C4 amides, the highest and the lowest

kOH values for each were used so as to obtain an upper and lower bound for the calculated 

rate of formation from C3 and C4 amides respectively. The upper and lower bound rates of 

formation were then averaged to get an average calculated rate of formation 

amides respectively. The values obtained from f

bound) and C4 amides(upper and lower bound) were then added to give the total calculated 

rate of formation of Isocyanic Acid (upper and lower bound). This

period and the values are summarized in Table 5

 

Figure 3.3 The red box highlights the k

of Isocyanic Acid from various compounds (Source:

29 

average concentration of Formamide/Acetamide/C3 Amides/C4 Amides

H radical in the atmosphere was taken as 10.9 x 10

which is the global tropospheric average obtained from M Li, et al 2018

The same equation is used for calculating the rate of formation of Isocyanic Acid from 

cetamide, C3 Amides and C4 amides by replacing the kOH

and [C] for each compound. The kOH for each compounds were taken from the 

below obtained from Wang Z et al, 202025.  All these were added

calculated rate of formation. 

Note that since there are multiple isomers for C3 and C4 amides, the highest and the lowest

values for each were used so as to obtain an upper and lower bound for the calculated 

rate of formation from C3 and C4 amides respectively. The upper and lower bound rates of 

formation were then averaged to get an average calculated rate of formation 

vely. The values obtained from formamide, acetamide, C3(upper and lower 

bound) and C4 amides(upper and lower bound) were then added to give the total calculated 

rate of formation of Isocyanic Acid (upper and lower bound). This was calculated for the 

values are summarized in Table 5. 

The red box highlights the kOH values used to calculate the rate of formation 

of Isocyanic Acid from various compounds (Source: Wang Z et al, 2020

/Acetamide/C3 Amides/C4 Amides from 

10.9 x 105  molecules/cm3 

which is the global tropospheric average obtained from M Li, et al 201845. 

Isocyanic Acid from 

OH and [C] with the 

for each compounds were taken from the 

were added up to get a total 

Note that since there are multiple isomers for C3 and C4 amides, the highest and the lowest 

values for each were used so as to obtain an upper and lower bound for the calculated 

rate of formation from C3 and C4 amides respectively. The upper and lower bound rates of 

formation were then averaged to get an average calculated rate of formation from C3 and C4 

cetamide, C3(upper and lower 

bound) and C4 amides(upper and lower bound) were then added to give the total calculated 

was calculated for the 

 

values used to calculate the rate of formation 

Wang Z et al, 202025) 
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("Reprinted with permission from - High Concentrations of Atmospheric Isocyanic 

Acid (HNCO) Produced from Secondary Sources in China, Zelong Wang, Bin Yuan, 

Chenshuo Ye, James Roberts, Armin Wisthaler, Yi Lin, Tiange Li, Caihong Wu, 

Yuwen Peng, Chaomin Wang, Sihang Wang, Suxia Yang, Baolin Wang, Jipeng Qi, 

Chen Wang, Wei Song, Weiwei Hu, Xinming Wang, Wanyun Xu, Nan Ma, Ye Kuang, 

Jiangchuan Tao, Zhanyi Zhang, Hang Su, Yafang Cheng, Xuemei Wang, and Min 

Shao, Environmental Science & Technology 2020 54 (19), 11818-11826, DOI: 

10.1021/acs.est.0c02843. Copyright 2020 American Chemical Society.") 

 

The total average RHNCO Calculated for the period was 32.99 x 10-6 ppb/sec. As discussed in 

the previous section, since calculated rate of formation does not consider loss processes, it is 

expected to be greater than the observed rate of formation, which was observed in this case 

also. Hence the sink term was calculated by subtracting the observed rate of formation from 

the calculated rate of formation. 

 

𝑺𝒊𝒏𝒌 𝑻𝒆𝒓𝒎 = (𝑹𝑯𝑵𝑪𝑶)𝒄𝒂𝒍𝒄𝒖𝒍𝒂𝒕𝒆𝒅 − (𝑹𝑯𝑵𝑪𝑶)𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅  

 

 

3.3.3. Comparison between observed and calculated rates 

of formation of isocyanic acid and sink term 

 

The Table 5 below summarizes all the observed and calculated rates of formation and sink 

terms for the period. The calculate rate of formation (32.99 x 10-6 ppb/sec) is ~ 3 times the 

observed rate of formation (10.7x10-6 ppb/sec). This leads to the average Sink term to be  

22.29  x 10-6 ppb/sec. This again hints at the fact that there is a possible sink which is 

keeping the isocyanic acid concentrations lower than they would have been in absence of it. 

Some further analysis was done to try to determine the sink which is discussed in the next 

section. 

 

----- Eq. 12 
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 Rate of formation (ppb/sec)  

RHNCO observed (6:00-13:00 avg)  10.7x10-6 

RHNCO calculated (upper bound)  35.57 x 10-6  

RHNCO calculated (lower bound)  30.42 x 10-6  

RHNCO calculated (average)  32.99 x 10-6 

Sink Term  (upper bound)  24.87 x 10-6  

Sink Term (lower bound)  19.72 x 10-6  

Sink Term (average) 22.29 x 10-6 

Table 5. The values of Observed and Calculated Rates of Formation of Isocyanic Acid 

and Sink Term for the period 

3.4 Assessing Deposition Sinks  
Isocyanic acid has a lifetime of up to several decades against reaction with OH radicals in the 

atmosphere33. Also isocyanic acid is fairly stable against photolysis from solar radiation with 

a lifetime of several months against photolyis34. The major loss processes then comprise of 

heterogeneous losses in form of wet or dry deposition. Also a study found the pH of 

rainwater during the monsoon season in New Delhi and surrounding stations on an average 

was 6.39.46 Apart from this other studies Panipat in Haryana also reported average pH of 

rainwater 5 to 6.86 and a study from Pune reported the average pH=6.6 of rainwater47,48. 

Thus pH can be assumed for our site in the range 6-7 and as discussed in section 1.4, at high 

pH (6-7), isocyanic acid has a very high solubility. Hence high humidity and rain events 

during monsoon could serve as a sink for uptake of isocyanic acid. In this section another 

possible sink of isocyanic acid was investigated – PM2.5. This was hypothesized because 

aerosol particles can provide with a surface for deposition.  
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Figure 3.4 Diel profile for PM2.5 (μg/m3) for the period 

 

The diel profile of PM2.5 was plotted, as can be seen below in Figure 3.4. Further, an 

approximate surface area of PM2.5 available for deposition was calculated for using the 

average concentration from 18:00 pm to 23:00 pm (47.39 μg/m3). This was done by 

assuming each particle to be a sphere, having a density of 1.5g/cm3 and a diameter of 300nm. 

Further calculations were done as follows: 

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝟏 𝑷𝒂𝒓𝒕𝒊𝒄𝒍𝒆 𝒐𝒇 𝑷𝑴𝟐. 𝟓 =  
𝟒

𝟑
𝝅𝒓𝟑 = 𝟒𝟓𝝅 𝐱 𝟏𝟎ି𝟐𝟐  𝐦𝟑 

𝑴𝒂𝒔𝒔 𝒐𝒇 𝟏 𝑷𝒂𝒓𝒕𝒊𝒄𝒍𝒆 𝒐𝒇 𝑷𝑴𝟐. 𝟓 = 𝑫𝒆𝒏𝒔𝒊𝒕𝒚 𝐱 𝑽𝒐𝒍𝒖𝒎𝒆 = 𝟒𝟓 𝐱 𝟏. 𝟓 𝐱 𝝅 𝐱 𝟏𝟎ି𝟏𝟎𝛍𝐠 

𝑵𝒐. 𝒐𝒇 𝑷𝒂𝒓𝒕𝒊𝒄𝒍𝒆𝒔 𝒐𝒇 𝑷𝑴𝟐. 𝟓 𝒑𝒆𝒓 𝒎𝟑 𝒐𝒇 𝒂𝒊𝒓 =  
𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏

𝟒𝟓 𝐱 𝟏. 𝟓 𝐱 𝝅 𝐱 𝟏𝟎ି𝟏𝟎𝛍𝐠
 

 

𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 𝑺𝒖𝒓𝒇𝒂𝒄𝒆 𝑨𝒓𝒆𝒂 𝒐𝒇 𝑷𝑴𝟐. 𝟓 𝑷𝒂𝒓𝒕𝒊𝒄𝒍𝒆𝒔 𝒑𝒆𝒓 𝒎𝟑 𝒐𝒇 𝒂𝒊𝒓

=  𝟒𝝅𝒓𝟐 𝐱 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑷𝒂𝒓𝒕𝒊𝒄𝒍𝒆𝒔 𝒐𝒇 𝑷𝑴𝟐. 𝟓 𝒑𝒆𝒓 𝒎𝟑 𝒐𝒇 𝒂𝒊𝒓  

 

 

----- Eq. 13 

----- Eq. 14 

----- Eq. 15 

----- Eq. 16 
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 Calculations 

PM 2.5 average conc.            
(avg 18:00-23:00) 

47.39 µg/m
3
 

PM2.5 Upper bound  
(from 18:00-23:00) 

53.41 µg/m
3
 

PM2.5 Lower bound  
(from 18:00-23:00) 

42.71 µg/m
3
 

No. of  PM 2.5 Particles 
(upper bound) 

2.52  x 10
9
 particles/m

3
 of air 

No. of  PM 2.5 Particles 
(lower bound) 

2.01 x 10
9
 particles/m

3
 of air 

No. of  PM 2.5 Particles 
(average) 

2.23 x 10
9
 particles/m

3
 of air 

Surface Area Available 
(upper bound) 

7.13 x 10
-4

 m
2
/m

3
 of air 

Surface Area Available 
(lower bound) 

5.68 x 10
-4

 m
2
/m

3
 of air 

Surface Area Available 
(average) 

6.31 x 10
-4

 m
2
/m

3
 of air 

Table 6. Available surface area of PM2.5 particles for nighttime (from 18:00 pm). 

To calculate the deposition rates, night-time data (from 18:00 hrs) will be used since 

photochemical production at night is very little or negligible. Table 6 above summarizes the 

values obtained from the calculations for nighttime data. The equation for uptake coefficient 

and the rate of deposition was obtained from Tang M et al, 201049 as follows: 

𝒅[𝑿]

𝒅𝒕[𝑿] 𝒆𝒙𝒑
𝜸 · 𝒄ത

𝟒

𝒂

𝑽
 

Where: 

 [X] = the gas-phase concentration of species X (molecule cm−3) 

 a/V = the surface area (a, cm2 ) per volume (V , cm3 ) 

 c̅ = the mean molecular velocity of the trace gas (cm s−1 ) (~415 m/s) 

γ = uptake coefficient 

----- Eq. 17 
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The kexp was calculated using the fractional change in concentration of isocyanic acid from 

18:00pm to 23:00 pm with value equal to 2.72 x 10-6 s-1. The order of magnitude is same as 

the rates of formations and hence could mean that PM2.5 could be a contributing sink for 

isocyanic acid. The uptake coefficient was calculated to be 4.15 x 10-5.  

Also, the calculations were done for one rainy day in the season -14-07-2019. The average 

sink term for that day was 16.57 x 10-6 ppb/sec, the average kexp was 6.06 x 10-6 s-1 and the 

uptake coefficient was calculated to be 2.9 x 10-4. The sink term was lower than the seasonal 

average but the kexp and the uptake coefiicient was greater than the seasonal average. This 

could be because the rain events might also contribute for the deposition of isocyanic acid.  

Comparing this with the uptake coefficients for other gases in table 7 below, the uptake 

coefficient for isocyanic acid is less than that of NO3, N2O5 and H2O but greater than that of 

SO2. In the study Tang et al 201049, the concentration of NO3 dropped from ~450ppt to 

~50ppt in presence of the ambient aerosols. From all this it can be hypothesized that while 

the uptake coefficient for isocyanic acid is less than that for NO3, PM2.5 could still account 

for some of the deposition. Also since PM2.5 does not account for all the aerosols in the 

atmosphere and chemical, it can be said that the deposition rate and uptake coefficient 

calculated are underestimating the deposition of isocyanic acid on aerosols.  

Gas Uptake Coefficient 

NO3 
49 9 x 10-3  

N2O5 
50 1.3 x 10-2 

H2O 51 6.3 x 10-2  

SO2 
52 6.6 x 10-5 

HNO3
53 3.3 x 10-2 

Acetic Acid(on Al2O3 in mineral dust) 54 3 x 10-7 

HNCO (monsoon season average) 4.15 x 10-5 

HNCO (rainy day) 2.9 x 10-4 

Table 7. Uptake Coefficients for different gases and isocyanic acid  
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Chapter 4 

Summary and Conclusion 

 Isocyanic acid was only recently measured in the ambient air and not much is known 

about its atmospheric chemistry, sources and loss processes. It is an important trace 

VOC in the atmosphere as it may cause adverse effects on the climate, air quality and 

human health.  

 The purpose of this study is to investigate the sources and sinks of ambient isocyanic 

acid concentrations at a suburban site in the NW-IGP. Isocyanic acid and its precursor 

compounds used in the analysis were quantified using an on-site PTR-MS with a 4-

minute temporal resolution. 

 The period to be studied was chosen as monsoon 2019 from 06-07-2019 to 08-08-2019 

(n>12000).  Average concentrations in ppb for the period were observed as 0.86, 5.4, 

0.65, 0.23, and 0.13 for Isocyanic Acid, Formamide, Acetamide, Sum of C3 Amides 

and Sum of C4 amides respectively. 

 The diel profiles for the period for Isocyanic Acid, Precursor compounds, 

Meteorological Parameters, CO and NOx were plotted. 

 The BLH and the ventilation coefficient profiles were also plotted to account for the 

dilution effect during the daytime. 

 Since all these compounds are formed photochemically, they had a daytime peak in 

concentration with peak isocyanic acid concentration being ~1 ppb. 

 The observed and calculated rates of formation of isocyanic acid from precursor 

compounds were determined. It was found that the average calculated rate of formation 

for the period was 32.99 x 10-6 ppb/sec, ~3 times the observed rate of formation 10.7 x 

10-6 ppb/sec. 

 This is because calculated rate of formation just considers the source terms while 

observed rate also includes the sink terms. The average sink term was calculated to be 

22.29 x 10-6 ppb/sec for the period.  
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 Since isocyanic acid is stable against photolysis and reaction with OH radical in the 

atmosphere, the main loss processes then include wet and dry deposition.  

 Since aerosol particles provide a surface for deposition, it was hypothesized that PM2.5 

particles could serve as potential sinks for deposition of isocyanic acid. Nighttime data 

was used to calculate the rate of deposition and uptake coefficient. 

 The diel profile of PM2.5 was plotted for the period and the average concentration 

from 18:00 pm to 23:00 pm was 47.39 μg/m3. Further the available surface area for 

deposition per m3 of air was calculated.  

 The rate of deposition and uptake coefficient was calculated as 2.72 x 10-6 s-1 and 4.15 

x 10-5 respectively. This was comparable to uptake coefficients of some other gases and 

PM2.5 can be a potential contributor for the deposition of isocyanic acid. 

 However it was beyond the scope of this study to prove it since not much is known 

about the deposition processes of isocyanic acid in the ambient air. 

 Hence it is important that more studies be done on this compound, its sources and loss 

processes since concentrations exceeding 1ppb are thought to be concerning and 

potential causes of adverse health effects.  
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