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Abstract

The present study was designed to analyze the spatial distributions of ground-level ozone (GLO) 

concentrations in Ranchi (Jharkhand, India) using geostatistical approaches. From September 

2014 to August 2015, monthly GLO concentrations were monitored in 40-identified locations 

distributed in the region of study. In every month, the monitoring was done at three different time 

periods of the day; 5.30 AM to 7.30 AM, 11.30 AM to 1.30 PM, and 5.30 PM to 8 PM). The time 

duration was assigned based on the temporal variations of GLO concentrations. The descriptive 

statistics indicate that the spatial mean ozone concentrations ranged from 23.45 μg m−3 to 53.91 

μg m−3 in morning hours, from 82.50 μg m−3 to 126.66 μg m−3 in the day time and from 40.04 μg 

m−3 to 71.25 μg m−3 in the evening hours. The higher level of spatial variance observed in the 

months of December (standard deviation: 24.21), July (standard deviation: 29.59) and November 

(standard deviation: 19.60) for the morning, noon, and evening time, respectively. The effects of 

meteorological factors (wind speed and wind direction) on the ozone concentrations were also 

analysed. The study confirmed that wind speed is not the dominant factor for influencing the GLO 

concentrations. The study also analysed the ozone air quality index (OZAQI) for assessing the 

health impacts in the study area. The result suggests that most of the area had the moderate 

category of OZAQI (101-200) and that leads to breathing discomfort for people with lung and 

heart disease.
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Introduction

Air pollution is one of the challenging problems in most of the developed and developing 

countries (Molina and Molina, 2004; Sikder et al., 2013; Al-Harbi, 2014). Consequently, it 

has hindered sustainable development all over the world (Han et al., 2011). A marked 
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deterioration of the air quality has been witnessed across the world due to the onset of 

industrialization and urbanization. It is caused by energy production from power plants, 

industries, residential heating, fuel burning vehicles, natural disasters, or other sources. 

Among all the factors, combustion of fossil fuels is one of the primary processes responsible 

for the continuous change in the atmospheric composition (Hassan et al., 2013). The quality 

of air is directly or indirectly linked with all the biotic and abiotic components of the 

environment, and may adversely affect crops and forest ecosystems (Fuhrer, 1994; Sanders 

et al., 1994; U.S. EPA, 1996; Schaub et al., 2005; Bassin et al., 2007; Hayes et al., 2007; 

Mills et al., 2007; Kampa and Castanas, 2008; Caiazzo et al., 2013; Chang et al., 2013).

Though a number of air pollutants (particulate matter, nitrogen dioxides, sulfur dioxide, 

carbon monoxide, ozone, lead, etc.) are listed as criteria pollutants in most of the country's 

air quality standards, the present study considers ozone for analyzing the spatial variations 

and its health impacts due to limitations of data availability. The presence of these pollutants 

in ambient air is generally due to numerous diverse and widespread sources of emissions. 

Ground level ozone (GLO) is considered as one of the major air pollutants due to its adverse 

health impacts (WHO, 2000; Han et al., 2011; Hassan et al., 2013). Gorai et al. (2014) 

studied the association between air pollution and asthma in New York State of the USA 

using GIS-based approach to estimate ozone concentrations and examined its association 

with asthma incidence in the study area. Poupart et al. (2014) conducted a study on spatio-

temporal variations of ozone levels in Quebec (Canada) to compare the accuracy of three 

spatio-temporal models to predict summer ground-level O3. Denby et al. (2010) used spatial 

mapping techniques to understand the trends of ozone and SO2 in Europe. García et al. 
(2010) performed geostatistical analysis for mapping of surface-level O3 concentration in 

the city of Badajoz. The study reported ozone distribution patterns in the medium size and 

industrialized urban city (Badajoz) in Extremadura region (southwest Spain). Carnevale et 
al. (2008) designed an integrated forecasting system using the cokriging and neural network 

(NNs) for forecasting maximum 8-hour ozone concentration over an urban domain in two-

day advance. Awang et al. (2015) proposed the multivariate techniques for prediction of 

GLO during daytime, nighttime, and critical conversion time in urban areas. Jef et al. (2006) 

performed analysis on the spatial interpolation method for estimating the ozone 

concentrations over the whole territory of Belgium from sparse monitoring points distributed 

in the Country. Wong et al. (2004) compared various spatial interpolation methods for the 

estimation of ozone levels at census block groups using U.S. EPA's air quality monitoring 

data. Mulholland et al. (1998) studied the temporal and spatial distributions of ozone in 

Atlanta to establish a relation between ambient levels of ozone and pediatric asthma 

exacerbation. In 1997, Phillips et al. (1997) used interpolation techniques to determine 

ozone concentrations in order to estimate the exposure limit in the forests of Southeastern 

United States. Awang et al. (2016) studied the influence of spatial variability of critical 

conversion point (CCP) of GLO production in the context of tropical climate. The study 

used a hierarchical agglomerative cluster analysis (HACA) technique for analyzing the 

spatial variability of CCP.

The literature survey indicates that most of the studies on spatial analysis of GLO 

concentrations have been done in the developed countries. There are rarely any kinds of 

literatures available on the spatial analysis of GLO concentrations in developing countries. 
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Thus, the objective of the present study is to understand spatio-temporal changes of GLO 

concentrations in the urban area of Ranchi, Jharkhand, India. Geostatistical tools were being 

used to estimate the concentrations of pollutants in places where monitoring stations are not 

available at varied locations. The study also examined the different kriging models for 

obtaining spatial maps of GLO concentrations and minimizing the prediction error. In the 

past, many air pollution studies used deterministic method (Inverse distance weighting), but 

the geostatistical approach is the one that considers the spatial correlation into its estimation 

process (Phillips et al., 1997; Buttner et al., 1998). The geostatistical (kriging) method can 

only be used for estimating the value of a variable where a spatial correlation in the area 

interest exists (Hopkins et al. 1999; Ella et al., 2001; Stein, 1999). The spatial correlation is 

not only a condition for interpolation of the data of ozone concentrations in space, but it also 

gives detailed information about the variations of the attribute (Keefer, 1994; Isaaks et al., 
1989; Goovaerts et al., 1997; Lin et al., 2009). The spatial distribution maps of ozone assist 

city and regional managers in identifying the areas which have harmful levels of GLO 

concentrations.

Materials and Method

Study Area

Ranchi municipal corporation (RMC) area (shown in Fig. 1) was selected for analyzing the 

spatio-temporal variations of GLO concentrations. Ranchi is the capital of the Jharkhand 

state. The latitude and longitude of the study area range from 85°15′9.5″E to 85°24′13″E 

and 23°14′ 37″N to 23°25′39.5″ N respectively. RMC consists of 55 wards covering a 

total area of 17,533.58 km2. The total population in the region is approximately 843,954 

(data source: Ranchi municipal corporation office, 2010). A subtropical climate exists in the 

study area. The climate is characterized by hot summer for three-month from March to May 

and rainfall during southwest monsoon from June to October. The winter months in the 

region are marked by dry and cold weather during the months of November to February. The 

altitude of the area varies from 500 to 700 m above mean sea level. The primary sources of 

air pollution in the city are attributed to the traffic and small scale industries.

Monitoring Instruments and Methods

For analyzing the spatial distribution, 40 sampling locations (shown in Fig. 1) distributed 

evenly in the study area were selected for monitoring of GLO concentrations. The 

instrument used for monitoring ozone concentration was Ozone Monitor (Model 202) made 

by 2B Tech. The latitude and longitude of each monitoring location were recorded using the 

GPS meter of GARMIN (Model: GPSMAP 78 series). The concentration levels had been 

monitored on a monthly basis at all the 40 different locations during three different periods 

(morning: 5.00 AM–7.30 AM, day: 11.30 AM–1.30 PM, and evening: 5.30 PM–8 PM) from 

September 2014 to August 2015. The specific time-period for spatial monitoring was 

selected based on the temporal variation of ozone concentrations. Since the monitoring had 

been done with a single instrument, a particular period was chosen for monitoring at 40 

locations. For analyzing the temporal variation of GLO concentrations, monitoring had been 

conducted in a single station (Latitude: 23°20′ 56.34″ N and Longitude: 85°18′56.01″ E) 

(shown in Fig. 1) from 5 AM to 8 PM each month during the period of September 2014 to 
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August 2015. The meteorological data (temperature, wind speed and wind direction) had 

also been monitored using the Rainwise Automatic Weather Meter in the same period as that 

of ozone monitoring.

Data

Temporal Data—The diurnal variations of hourly-average GLO concentrations in each 

month are represented in Fig. 2. The values showed in Fig. 2 clearly indicate that the hourly 

average concentrations exceeded the 8-hr standard (100 μg m−3) during the peak hours 

(11.30 AM–1.30 PM) but were within the limit of 1-hr ozone standard (180 μg m−3) in each 

of the 12 month. The hourly variations of the GLO concentrations were compared to the 

hourly variations of solar radiation and ambient temperature. It was observed that the ozone 

concentrations were highly correlated with the temperature (r = 0.80) and solar radiation (r = 

0.91). The temporal analysis helps to categorize the 24-hr period into peak hours and lean 

hours based on GLO concentration. The GLO concentration was found to be minimum 

(12.25 μg m−3) in the month of November and maximum (187.5 μg m−3) in the month of 

August. The temporal variations clearly indicate the general trend of diurnal variation, i.e., 

the maximum during the day hours and minimum during evening and morning hours. The 

daily pattern of GLO reveals that the concentration level is nearly same from 5.30 AM to 

7.30 AM and attains the maximum during the post noon and again declined to the 

background value after the 5.30 PM. The concentration level during 11.30 AM to 1.30 PM 

was also shown to be at an approximately uniform values in each month. At this point, the 

formation and dissociation or dispersion of ozone may be in equilibrium. The peak 

concentrations of GLO may last for two to three hours (WHO, 1979).

Spatial Data—The present study used the geostatistical approaches for spatial analysis of 

GLO concentrations in the Ranchi City. Geostatistical methods use autocorrelation analysis 

(also called semi-variance analysis) in which the spatial auto-similarity is represented with 

the variogram models. In the past, many types of kriging (ordinary, simple, indicator, 

universal, disjunctive and probability) were developed, the present study uses the ordinary 

kriging for spatial analysis of GLO concentrations. Four types of semi-variogram model 

(spherical, exponential, Gaussian, and Stable) were examined for ordinary kriging 

estimations based on the 40 samples distributed in the area in each of the 12 months 

(September 2014–August 2015).

The descriptive statistics of the spatial data of GLO concentrations for each sampling 

campaign are summarized in Table 1. The results indicate that the mean values of GLO 

concentrations varied from 23.45 ± 15.24 μg m−3 to 53.91 ± 9.82 μg m−3 in the morning 

hours. Similarly, the mean values of GLO concentrations ranged from 82.50 ± 9.55 μg m−3 

to 126.66 ± 29.59 μg m−3 in the day-time, and from 38.16 ± 8.59 μg m−3 to 161.66 ± 12.94 

μg m−3 in the evening time. The maximum and minimum values were observed in the month 

of September and July respectively in the day time, and the corresponding respective months 

for maximum and minimum in the evening time were August and October. The higher value 

of standard deviation indicates the high spatial variance of GLO concentrations, and thus the 

mapping is very useful for assessing the health impacts. The results also suggest that the 
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mean values of spatial GLO concentrations did not exhibit any trend, but the concentrations 

were relatively lower in winter months compared to summer months.

Methods of Spatial Analysis

Exploratory Data Analysis—The first step of the kriging method is to conduct the 

exploratory analysis of data for checking the data consistency, outlier detection, and 

examining the distribution of data. The outlier detection and removal is very important for 

obtaining the best results from kriging interpolations. Furthermore, kriging methods give 

best results for the data which follows a normal distribution (Goovaerts et al., 1997). If the 

data does not follow a normal distribution, transformations can be used to make it normal. 

The normality of the data was checked with the Q-Q plots (listed in supplementary file). The 

Q-Q plots indicate that the sampling data in each campaign closely followed a normal 

distribution. Thus, the study did not use the data transformation for normalization.

Structural Analysis of Data—After examining the data normality, spatial correlations 

were quantified with variogram (semi-variogram) models. The basic function of a semi-

variogram model for a paired data values z(x) and z(x + h) with the distance lag h for 

continuous sampling site is given by Eq. (1) (Olea, 1999).

(1)

The function for discrete sampling site is given by Eq. (2) (Olea, 1999).

(2)

where,

z(xi) represent the value of the variable z at the location of xi,

h is the lag distance, and

N(h) represents the number of pairs of sample points separated by h.

It is very difficult to maintain the distance between the sample pairs to be exactly equal to h 

for irregular samples. A semivariogram plot can be obtained from the semivariogram values 

at different lags. The values were then fitted with the four type of semivariogram model 

(spherical, exponential, stable, or Gaussian). The model gives the information about the 

spatial structure as well as the inputs for the kriging interpolation. The variogram models 

and its corresponding characteristic parameters (sill, nugget, range, and lag value) for each 

case are listed in Table 2.
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Model Prediction and Performance Evaluations—Geostatistical interpolation of 

ozone concentration provides the predicted value at a location where no monitoring data are 

available along with the prediction error, using the known concentrations. The present study 

uses the ordinary kriging method for prediction. The performances of the models were 

examined with the cross-validation results. In the cross-validation diagnostic, the ozone 

concentration is predicted at a particular observed location after removing the observed 

value at that location and using information on the remaining observations. Then the same 

procedure is repeated to each of the monitoring locations. Then the observed and predicted 

values are compared to determine the errors. The model performance evaluation was 

conducted using the five error indices [mean error (ME), root mean square error (RMSE), 

mean square error (MSE), root mean square standardized error (RMSSE), and average 

standard error (ASR)]. The mathematical expressions for all the five errors are represented in 

Eqs. (3)–(7) (Goovaerts, 1997; Gorai and Kumar, 2013). The ME should be close to zero for 

an unbiased prediction. The drawback of this statistics is that it depends on the scale of the 

data and is insensitive to inaccuracies in the variogram. Thus, the study also uses the MSE 

(being ideally zero) for the performance evaluation. In addition to the predictions, the 

kriging method also provides the kriging variances. The kriging variances used for 

estimating the deviations of the predicted values from the observed values. Furthermore, the 

closer values of RMSE and ASE indicates the good prediction. The value of RMSSE should 

be close to one for accurate prediction. The value of RMSSE greater than one indicates the 

variability of the predictions is underestimated, and for less than one, the variability is 

overestimated. Based on the cross-validation results, the best-fitted models were identified 

for each case. The maps were derived using the best-fitted model for visual presentation of 

the distribution of the GLO concentrations. The errors of the four different models were 

determined for each case and reported in Table 2. The kriging analyses were done in ArcGIS 

software version 10.2 with Geostatistical Analyst extension.

(3)

(4)

(5)
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(6)

(7)

where,

σ̂2 (Xi) is the kriging variance for location Xi,

Ẑ(Xi) is predicted value, and

Z(Xi) is the measured or observed value at location Xi (Goovaerts, 1997; ESRI, 2003).

Results and Discussion

Spatial Variations and the Effect of Meteorological Factors

The statistical analysis of spatial variations of GLO concentrations indicates that the mean 

spatial variations of ozone concentrations ranged from 23.45 to 53.91 μg m−3 during 

morning time, from 82.50 to 126.66 μg m−3 during day-time, and from 40.04 to 71.25 μg 

m−3 during evening hours.

The box plot of the spatial variation of ozone concentrations for each month is shown in Fig. 

3. The box plot clearly indicates that the mean value of the spatial GLO concentration was 

relatively higher during daytime compared to those of the morning and evening times during 

each month. Also, the GLO concentration was found to be maximum in the month of July 

during day-time. But, there no definite trend was shown in the observed GLO concentrations 

with seasons. The wind rose diagrams were plotted using the hourly wind speed and wind 

direction data monitored during the ozone monitoring period. The wind rose diagrams for 

12-month (September 2014–August 2015) are shown in Fig. 4. The plots indicate the 

intensity of wind speed and dominant wind direction during the sampling period. The wind 

rose diagram helps in the understanding of horizontal dispersion and transportation of GLO 

(Verma and Desai, 2008; Gorai et al., 2015a, b). The plots clearly indicate that the 

percentage of time of calm condition of the atmosphere are low during summer and rainy 

seasons (May–August) in the area. Thus, the horizontal dispersion of pollutants during this 

period (May–August) should be higher due to more frequent wind blowing in comparison to 

the rest of the months. The higher dispersion of GLO leads to lower level of GLO 

concentration for a fixed amount of ozone formation, but in reality, the concentration level 

observed during these months (May–August) were not lowest. The present study did not 

monitor the vertical temperature profile and thus not possible to explain the vertical 

dispersion of pollutants. Thus, it can be inferred from the result that the wind speed does not 

have the dominant influence on the dispersion GLO. The local precursor sources may 
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dominantly influence the specific nature of spatial distribution of GLO. The present study 

did not monitor the vertical temperature profile and thus not possible to explain the vertical 

dispersion of pollutants.

Spatial Analysis

The present study examined four types (spherical, exponential, Gaussian, and stable) of 

variogram model for prediction of GLO concentrations at the un-sampled locations in the 

study area. The spatial patterns of GLO concentrations were derived using the best-fitted 

variogram models for each case. The best-fitted variogram models for prediction of GLO 

concentrations were identified based on the various prediction errors as explained in 

performance evaluation section. The characteristics (range, sill, and nugget value) of the 

best-fitted semivariogram models along with the various prediction error indices are 

summarized in Table 2.

The nugget effect indicates the random measurement error. However, the nugget values were 

found to be low in most of the cases, a significant value observed for few observed data set. 

The range of the variogram model varied from 2876.4 to 18538.9 m for the morning time 

data sets. Similarly, the variogram models ranged from 2424.4 to 18069.6 m and 2803.6 to 

13170.5 m respectively for the day-time and evening-time datasets. It is also observed that 

the stable and exponential model yielded the best for prediction GLO concentrations in most 

of the cases. The spherical and Gaussian models also performed well in few cases. The 

percentage value of the ratio of the nugget to sill can be used for classifying the spatial 

dependence of the variable (Shi et al., 2007; Gorai and Kumar, 2013). If the percentage ratio 

less than 25%, the variable (GLO) will exhibit a strong spatial dependence. The variable 

(GLO) indicates a moderate spatial dependence for the ratio between 25 and 75%, and weak 

spatial dependence for greater than 75%. In the present study, the results indicate that the 

GLO showed moderate to strong spatial dependence during the day-time in each month. The 

ratio was found to be lower than 25% in nine months and was in the range of 25–50% in 

three months (September, November, and June).

Similarly, the GLO showed strong spatial dependence during the morning-time in nine 

month and moderate spatial dependence in three months (October, January, and May). The 

most interesting fact that can be observed from the results is that the spatial dependence of 

GLO in the area is found to be weak during the evening time in many cases, i.e., the ratio 

was exceeded the 50% value. The number of weak, moderate, and strong spatial dependence 

cases during evening hours are respectively three, six, and three.

The performances of the fitted models were examined based on the calculated errors. It is 

clear from the results that the RMSSE values for day-time predictions were very close to 1 

(desired value for perfect prediction) except in the month of September (0.82) and December 

(0.72). Similarly, the RMSSE values for morning-time predictions were very close to 1 

except in the month of February (1.29) and April (0.77). The results further indicate that the 

RMSSE values for evening-time predictions were very close to 1 except in the month of July 

(0.77). The RMSE and ASE results indicate that the corresponding values are close to each 

other as desired in each case. Also, the MSE values are close to zero in each case as desired 

for the perfect prediction.
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The spatial distribution maps were derived using the best-fitted model for each month during 

morning-time, day-time, and evening time. The analysis was done using Geostatistical 

Analyst module of ArcGIS software version 10.3. The spatial distributions of GLO 

concentration are presented for each month during morning-time, day-time, and evening 

time in Fig. (5.1)–(5.3). The maps indicate that the spatial patterns of GLO concentration in 

three monitoring campaign (morning, day, and evening) in a day do not have the similar 

trend in most of the occasions, i.e., the patterns are changes with time. This may be due to 

the precursor emission sources in the different zones are change with time. However, the 

range of the GLO concentration was found to be maximum during day-time in comparison 

to that of the morning and evening time. Also, the concentration range was higher during 

evening time in comparison to the morning time in most of the months.

The monthly spatial maps indicate that the spatial distributions of GLO concentration do not 

have uniform patterns in most of the cases. However, the patterns were found to be uniform 

in few cases due to seasonal factors. The vulnerable or the highest GLO concentrations were 

found in the north-east and south-west part of the study area in most of the occasions. 

Similarly, the safe zone or the lowest concentrations were observed in the central region of 

the study area in most of the occasions.

The local precursor sources may be playing the role of a specific type of distribution 

patterns. To identify the exact formation and dispersion of ozone, region-wise climatic 

conditions and precursor emissions needs to be studied.

Ozone-Air Quality Index (OZAQI) Maps for Estimation of Health Impacts

During the last two decades, a number of air quality index (AQI) determination methods 

have been developed worldwide (ORAQI, 1970; Ontario, 1991; GVAQI, 1997; Malaysia, 

1997; UK, 1998; U.S. EPA, 1999; Sharma et al., 2003; Gorai et al., 2015c). Nowadays, the 

United States Environmental Protection Agency (US EPA) AQI system is widely recognised 

with few diversifications. The US EPA AQI system was designed in the year 1976 and later 

modified in the year of 1999.

The system uses the maximum operator function for determining the AQI values in terms of 

the concentrations of several representative pollutants (O3, PM2.5, PM10, CO, SO2, and 

NO2)]. The present study uses the IND-AQI system designed by Sharma et al. (2003) for 

determining the OZAQI. The method used for determining the AQI in IND-AQI system is 

same as that of U.S. EPA- AQI system except the break point concentration. The breakpoints 

for 8-hr ozone concentration along with the ranges of various OZAQI category and the 

possible health consequences for Indian AQI system are summarized in Table 3. The OZAQI 

was determined using Eq. (8).

(8)

where,
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Ip represents the Index for ozone,

Cp is rounded concentration of ozone,

BPHI is break point that is greater than or equal to Cp,

BPLO is breakpoint that is less than or equal to Cp,

IHI is OZAQI value corresponding to BPHI,

ILO is OZAQI value corresponding to BPLO.

The OZAQI values were calculated for each of monitoring locations in GIS database. Since 

the break points are defined only for eight-hour average concentration, it was assumed that 

the monitoring values in daytime represent the maximum eight-hour average values. The 

OZAQI maps were generated using the same interpolation method as explained above. The 

maps were produced only for daytime monitored values since the concentrations were lower 

during the morning and evening hours. The maps shown in Fig. 6 indicate that the OZAQI 

during the daytime are of moderate category (defined in Table 3) in most of the places 

during each month except in September and October. In the month of September and 

October, the air quality was found to be relatively better in comparison to the rest of the 

months. It was also reported that moderate category of OZAQI (defined in Table 3) leads to 

breathing discomfort for people with lung and heart disease.

Conclusions

The present study analyzed the temporal and spatial variations of GLO concentrations in 

Ranchi City, India. The temporal variations data revealed that GLO concentration slowly 

rises after the sun rise and attains the maximum during the post noon time and again 

declines to the background level after the sun set. The peak levels of ozone concentrations in 

each month were within the limit of 1-hr National Ambient Air Quality Standard (NAAQS), 

India. The mean value of the spatial GLO concentration was found to be relatively higher 

during daytime in comparison to that of the morning and evening hours in each month. 

There was no definite trend exists in the observed GLO with months. The wind-rose 

diagrams indicate that the percentage of time of calm condition of the atmosphere is low 

during summer and rainy seasons (May–August) in the region. Thus, the horizontal 

dispersion of pollutants during this period should be higher during summer and rainy 

seasons in comparison to the rest of the months. The higher dispersion of GLO leads to 

lower level of GLO concentration for a fixed amount of ozone formation, but in reality, the 

concentration level observed during these months were not lowest. Thus, it can be inferred 

from the result that the wind speed does not have the dominant influence on the dispersion 

GLO.

The maps indicate that the spatial patterns of GLO concentration in three monitoring 

campaign (morning, day, and evening) in a day do not have similar trend in most of the 

occasions, i.e., the patterns are changes with time. This may be due to the precursor 

emission sources in different area are changes with time.

Gorai et al. Page 10

Aerosol Air Qual Res. Author manuscript; available in PMC 2017 October 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The monthly spatial maps indicate that the spatial distributions of GLO concentration do not 

have uniform patterns in most of the cases. However, the patterns were found to be uniform 

in few cases due to seasonal factors. The vulnerable zone or area of highest concentrations 

was generally found in the north-east and south-west parts of the study area. Conversely, the 

central region had the lowest concentrations and was considered to be the safe zone. The 

results of OZAQI maps indicate that OZAQI during the daytime are of moderate category in 

most of the places in each month except in September and October. The moderate category 

of OZAQI leads to breathing discomfort for people with lung and heart disease.

The major limitation of the study is related to the non-availability of station-wise 

meteorological data and vertical temperature profile. These data may help in detailed 

dispersion analysis of the GLO.
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Fig. 1. 
Study Area Map.
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Fig. 2. 
Diurnal variation of daily average ozone concentration.

Gorai et al. Page 15

Aerosol Air Qual Res. Author manuscript; available in PMC 2017 October 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Spatial variations of ozone concentration for each month (September 2014–August 2015) 

during morning, day and evening time.
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Fig. 4. 
Wind-rose diagram for the hourly wind speed and wind direction data monitored during the 

sampling period in each month (September 2014–August 2015).
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Fig. 5. 
1. Spatial distributions of GLO concentration during morning-time for 12 months.

2. Spatial distributions of GLO concentration during day-time for 12 months.

3. Spatial distributions of GLO concentration during evening-time for 12 month.
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Fig. 6. 
OZAQI maps in each month during daytime.
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Table 3

Breakpoint concentration of air pollutants defined in IND-AQI system (Sharma et al., 2003).

Breakpoints OZAQI Category Health Impacts

O3 (μg m−3) 8-hour

50 0–50 Good No health problems

100 51–100 Satisfactory May cause breathing problem to sensitive people

168 101–200 Moderate May cause asthma and other breathing problem to children and older adults

208 201–300 Poor May cause breathing problem with heart disease to normal healthy people

748** 301–400 Very Poor May cause lung and heart disease and respiratory illness to healthy people

748+** > 400 Severe May cause serious health problem even during light physical activity to the healthy people 
and increase the rate of mortality

**
1-hr monitoring values.
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