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Abstract 

A systematic evaluation of the yearlong, continuous, real-time measurements of gaseous pollutants including oxides of 

nitrogen (NOx = NO + NO2), carbon monoxide (CO), carbon dioxide (CO2), and ozone (O3) were carried out in the 

National Capital Region (NCR) of Delhi, a highly polluted area in the world. Extremely high concentrationNO2 and CO 

concentrations were found  at the urban traffic air quality monitoring station (AMS) of New Okhla Industrial Area 

(NOIDA) during the winter season with an NOx concentration of ~ 135 ppb, whereas NO2  (134 ppb)  concentrations 

were ~ 2.1 and 1.5  times higher than the Indian and US EPA National Ambient Air Quality Standards (NAAQS),  

respectively. The CO (19.57 ppm) concentrations were 4.7 times higher than NAAQS. No single factor was responsible 

for these high concentrations of CO, and NO2 over NOIDA. Rather, it was found to be a combination of environmental 

features embedded with meteorological dynamic. Backward trajectory suggested the origin of northwesterly air mass 

was transported from Pakistan resulting in high measured pollutant concentrations.  
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1.  Introduction 

Clean air is a basic necessity for sound health and well-beings of humans, animals, and plants. Unfortunately, 

during the past few decades, our atmosphere is progressively getting polluted. Large increases in population 

density, industrial development, and vehicular traffic are causing worsening air pollution and pose serious 

environmental threats in many urban and surrounding areas. One of the challenging issues in the ever growing 

industrial and urban civilization is atmospheric trace gases [1]. The major gaseous air pollutants are oxides of 

carbon (COx), nitrogen (NOx) and sulfur (SOx) that are emitted by various sources including transportation, 

power generation, refuse incineration, industrial and domestic fuel combustion [2].  The National Capital 

Territory (NCT) of Delhi is a developing megacity with a very fast growing economy. Registered motor 

vehicles in Delhi as on 31 March 14 were 8293167 with an annual increase of around 7% [3].  Delhi has the 

high-density traffic of goods trucks and lorries during the night from five national highways (NH) namely 

NH-1, NH-2, NH-8, NH-10 and NH-24 passing through its territory.  An estimated 80,000 trucks enter Delhi 

every night between 2100 to 0600 hr.  These trucks contribute more than 60% of the pollutants emitted by 

diesel vehicles inside Delhi [4]. The CO and NOx emissions from vehicular transport in Delhi were found to 

be 284.43 and 129.99 mg/km
2
, respectively [5]. In order to increase the existing knowledge of gaseous 

pollutants over northern India, the present work offers a comprehensive statistical analysis of gaseous 

pollutant concentrations (NOx, CO, CO2, and O3) based on a one year (2014) measurement campaign in NCR 

of Delhi. The results were studied in view of the possible source emissions and meteorological effects. 

 

2.    Monitoring location and technique  

2.1.    Aerosols monitoring station (AMS) and meteorological observatories (MO) 

National centre for medium range weather forecasting (NCMRWF), NOIDA (28.57°N 77.32°E) AMS is 

located on the campus NCMRWF, Sector 62, New Okhla Industrial Development Area (NOIDA), Gautam 

Budha Nagar in Uttar Pradesh State. It’s an industrial area with a very busy N-S oriented national highway 

(NH-24), connecting Delhi to Uttar Pradesh state capital Lucknow. Densely populated residential colonies are 
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spread from West and NW in the close proximity of AMS. Two major industrial localities namely Sahibabad 

industrial areas and Bulandshahr industrial area lies in NW and N of AMS. The meteorological observatory is 

at Hindon Air Force base (VIDX) MO located near Ghaziabad, Uttar Pradesh.  

2.2.   Measurement techniques  

 Gaseous pollutants namely oxides of nitrogen (NOx = NO + NO2), CO, CO2  and O3 were simultaneously and 

continuously measured from 01
st
 January to 31

st
 December 2014 at NOIDA AMS using NOx (Thermo 

Electron model 42i), CO (Thermo Electron model 48i), CO2 (Thermo Electron model 410i) and O3 (Thermo 

Electron: Model 49i) analyzers.  

 

3. Results and discussion 

3.1. High concentrations of gaseous pollutants  

NCMRWF NOIDA AMS recorded extremely high NO2 and NOx concentrations in the winter season. NO2 

(134.1ppb) concentrations were ~ 2.1 & 1.5 times higher than NAAQS (42.5 ppb) [6] & USEPA ( 53 ppb) [7] 

values respectively. NOx, NO2, and CO showed sharp rises in concentrations on 02
nd

 March 2014 and 

remained relatively constant until 11
th
 March 2014 (Fig.1).  NO decreased and remained low during this 

period. These large variations during the episode from 20
th
 Feb.14 to 10

 th
 Mar.14 over NCMRWF NOIDA 

AMC in the extremely high concentrations of CO, NO2, and NOx were due to two active extratropical systems 

termed the ‘Western Disturbance (WD)’ [8] affecting entire NW India in form of fairly widespread rain and 

thunderstorm activity.  
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Fig.1:  Hourly variation of  gaseous pollutants over NCMRWF, Noida from 20th Feb. to 10th Mar. 2014. 

 

The first WD affected Delhi NCR and adjoining states from 26 Feb.  14 to 01 Mar. 14. Daily rainfall recorded 

on 27 Feb.  14, 28 Feb.  14 and 01 Mar. 14 were in the order of Hindon MO (0.1, 6.4 and 18.5 mm) , Palam 

MO (1.0, 6.2 and  17.2 mm)  and  Safdarjung MO (0.3, 9.4 and 9.7 mm) respectively. After the passage of 

first WD, the successive WD affected NW India after a gap of 08 days from 09 to 12 Mar. 14. During this 

period , daily rainfall recorded on 10, 11 and 12 Mar. 14 at Hindon MO were 0.3, 3.8 and 3.3 mm  at  Palam 
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MO were 1.8, 61.8 and 3.8 mm  and  at Safdarjung MO were 0.1, 3.9 and 9.6 mm.  After the passage of first 

WDs, the minimum temperature (temp.min) dropped relative humidity increased and cloud cover reduced over 

all of NW India, including Delhi NCR.  Hindon MO recorded  temp.min of 8.2 and 9.3C on 02 and 03 Mar. 

2014, respectively and rise in RH of the order of 90 to 100% from 01 to 07 Mar. 14, especially in early 

morning and morning hours . Total cloud cover decreased substantially with cloud amount varying from 2 to 4 

octas throughout the day.  

The wind rose at Hindon MO during the study period, superimposed on Google earth map of NCMRWF, 

NOIDA AMS is placed as Fig. 2. The resultant wind vector over Hindon MO was NW’ly  [ 316 (47%)].  The 

majority of wind flow were from NNE’ly to ESE’ly ( 020 to 120) direction with speed varying between 01 

to 03 m/s from 26 to 28 Feb. 14. This deviation from resultant wind vector was due to the approaching first 

WD over NW India. From 01 to 10 Mar. 14, the wind flow reversed to NW’ly to W’ly (330 to 270) regime 

with speed being < 2 m/s in the morning and 2 – 4 m/s in daytime. After 10 Mar. 14, the wind flow once got 

altered to NE’ly to SE’ly (060 to 160) with an average speed of 3 – 5 m/s. Analysis of wind flow over 

NCMRWF, NOIDA indicate that the NW’ly to W’ly wind flow advected heavy transport emission of NH -24, 

Sahibabad industrial area pollution and densely populated area’s domestic fuel over NCMRWF NOIDA AMS 

which probably sustainably increased the concentration of CO, NO2, and NOx.  

 

Fig. 2. Wind rose of Hindon MO, superimposed on NCMRWF, Noida AMS using  Google earth map  for the 

study period from  20th Feb 14 – 10th Mar. 14. 

 

The composition of gaseous pollutant is influenced by its source region and transport pathway. To identify the 

possible transport pathways of gaseous pollutant during the study period from their potential sources of 

origins at NCMRWF, NOIDA AMS, three-day (72 hr) backward trajectories were calculated using the Hybrid 

Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model [9].  Normal type of backward direction 

trajectories for alternate days at 500 m above the ground level (AGL) using GDSA 01 and 0.5-degree 

meteorological data have been calculated for the study period. The height of 500 m was selected to diminish 

the effects of surface friction and to represent winds in the low boundary layer. The source point, NCMRWF 

NOIDA AMS is assigned coordinates as 28.625N and 77.356E. Each line on Fig. 3 indicates a 72 hr 

trajectory. 
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Fig.3: HYSPLIT 72 hours backward trajectories over NCMRWF Noida 

 

4.  Conclusions 

Measurements of NOx (NO + NO2), CO, CO2 and O3 at seven different AMSs across Delhi NCR were made 

during 2014.  Daily mean concentrations of NOx, CO, CO2 and O3 over Delhi NCR were  37.8  6.1 ppb, 2.3  

0.6 ppm, 317  38.0 ppm and 37.5  11ppb, respectively.  The daily mean concentration of CO over 

NCMRWF NOIDA AMS was higher than the mean of Delhi NCR in terms of spatial variability. A relative 

study of CO and O3 reveals a reverse diurnal pattern with lowest CO concentration and highest O3 

concentration during afternoon hours. Possible local sources of gaseous pollutants were identified by 

analyzing the surface wind direction at the Hindon MO and Palam MO having annual resultant wind vector 

NW’ly 338  (57%) and W’ly 228 (27%) respectively. During the analysis, an extremely high NOx and CO 

concentration event were observed at the urban traffic impacted NCMRWF, NOIDA AMS during the winter 

season. 
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