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CORRELATION AND REGRESSION ANALYSES

Abstract: 
The aim of this study was to identify and characterize the individual sources 
of benzene in an urban area of Belgrade based on bivariate polar plot con-
centration, correlation, and regression analyses. The presented benzene 
behavior modeling relied on a weighted Pearson correlation coefficient, 
linear regression slope, and Gaussian kernel locally weighted by wind speed 
direction surface. The data, including the concentrations of volatile organic 
compounds (VOCs), inorganic gaseous pollutants and meteorological 
parameters, were obtained from a measurement campaign conducted at the 
Singidunum University (Belgrade, Serbia) during and after the heating season 
2016. The results indicate the dominance of benzene, toluene, and NO local 
emission sources, as well as the significant impact of remote NO2 sources 
located in the SW and SE. The strong interrelations between VOCs indicate 
the common origin of these compounds. High toluene to benzene ratio (>2) 
was almost independent of wind speed and direction, indicating that the 
entire area was severely exposed to fresh vehicular emissions. The absence 
of relationships between benzene and fossil fuel combustion gaseous pollut-
ants including NOx and O3 suggests that evaporations from small chemical 
industrial complex situated in the S direction from the study site might be the 
main benzene and toluene emission source in the area. As regards inorganic 
gaseous pollutants, the relationship between benzene and NO in the N and 
NE might be related to the intensive anthropogenic activities in the central 
urban area of Belgrade and petrochemical industry in Pančevo. As presented 
herein, a combination of bivariate polar plot concentration, correlation, and 
regression analyses offers unique insight into the individual sources of air 
pollutants and their concentration dynamics.
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1. INTRODUCTION

In the recent years, volatile organic compounds (VOCs) became an 
important environmental issue because of their harmful impacts on human 
health and the environment. They originate from numerous natural and 
anthropogenic sources and are involved in a wide range of chemi-
cal reactions in the atmosphere including the formation of secondary 
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organic aerosols and tropospheric ozone. The most 
abundant VOCs in the atmosphere are hydrocarbons, 
organic alcohols, halogenated organic compounds, and 
sulfur compounds [1]. Four aromatic hydrocarbons - 
benzene, toluene, ethylbenzene, and xylene, commonly 
known as a BTEX group, are found to be abundant in 
the urban atmosphere and are considered the repre-
sentatives of volatile organics [2, 3]. Natural sources 
of BTEX include crude oil evaporations and emissions 
from volcanoes and forest fires, while the primary an-
thropogenic emissions of BTEX compounds are related 
to motor vehicles, cigarette smoke, petroleum products, 
and the production and use of paints, lacquers, thinners, 
rubber, cosmetics, and pharmaceutical products [4].

Among the BTEX, benzene draws special attention 
because it is considered to be the most toxic and det-
rimental compound [5]. The International Agency for 
Research on Cancer (IARC), classified benzene as car-
cinogenic compound to humans (Group 1), while eth-
ylbenzene has assigned as probably carcinogenic (Group 
2). There is no evidence of the toluene and xylenes car-
cinogenicity in humans (Group 3), but toluene is more 
soluble in lipids than benzene, and therefore toluene 
exposure can lead to adverse neurological effects [6].

The research aimed at the investigation of VOC emis-
sion sources has been intensified over the last two dec-
ades, and many of these studies have been focused on the 
identification of sources by estimating the ratios of BTEX 
concentrations in the ambient air and calculating their 
correlations [7, 8]. Toluene to benzene ratio is commonly 
used to distinguish the impact of traffic and non-traffic 
emission sources, while ethylbenzene to benzene ratio, as 
well as xylenes to benzene ratio are often applied as indi-
cators of photochemical reaction intensity [9].

This study considered the relationships and ratios 
between benzene, and toluene and inorganic pollutants, 
in the context of simultaneously measured meteoro-
logical parameters, wind speed and wind direction. The 
bivariate polar plot method in a combination with pair-
wise statistics was used to indicate the most significant 
emission sources of benzene and investigate their char-
acteristics in an urban area.

2. MATERIAL AND METHODS

For the purpose of this study, the measurements 
were conducted over the three-months period, at the 
Singidunum University building in the urban area of 
Belgrade (Serbia) during and after the heating season of 
2016. The dataset comprised the concentrations of air 
pollutants and meteorological parameters [10].

University building is surrounded by large residential 
areas from W, SW, and NE side, some of which encom-
pass households with individual fireboxes, while small 
scale industry referring to Road Institute of Belgrade, a 
building company and beverage factory stockroom are 
located in the nearest vicinity. In addition, confectionery 
factory, footwear factory, and several small-scale chemi-
cal plants are located 600 m in the NW and S direction, 
respectively. Approximately 800 m to the W and SW 
from the measurement site a large district heating plant 
and fuel oil heating plant of urban forestry organiza-
tion used for the purposes of planting material produc-
tion are situated. A boulevard with public transport and 
moderate vehicle flow passes by approximately 250 m 
in the SW direction, while a road with intense traffic is 
about 500 m away in the W–NW direction. The old city 
center and river confluence are located at the distance 
exceeding 2 km in the NW direction.

During the campaign, besides the other pollutants 
including polycyclic aromatic hydrocarbons, gases and 
metals, the concentrations of benzene, toluene, nitrogen 
oxides (NO, NO2, and NOx), ozone (O3), and meteoro-
logical parameters, including wind characteristics, were 
collected. The VOCs concentrations were measured in 
real time using a proton transfer reaction mass spec-
trometer (Standard PTR-MS, Ionicon Analytik, GmbH, 
Austria). A detailed description of the PTR-MS method 
is given elsewhere [11], while calibration procedure was 
done according to Taipale et al. [12]. Inorganic gaseous 
pollutant measurements were conducted by using Horiba 
370 series devices which enabled continual pollutant 
concentration monitoring with a 2 minute-resolution 
data. The APNA-370 device was used for NOx concen-
tration measurements by a combination of dual cross-
flow modulation type chemiluminescence principle and 
the referential calculation method according to SRPS 
ЕN 14211:2013 standard. Continuous monitoring of 
ozone concentrations was performed by the cross-flow 
modulated ultraviolet absorption method using APOA-
370 device according to standard SRPS EN 14625:2013. 
Meteorological data were obtained by using Vaisala 
weather station (Weather Transmitter WXT530 Series).

The statistical data analyses included bivariate polar 
plots, and improved analytical method which combines 
bivariate polar plots with pair-wise statistics that pro-
vide information on how two pollutants are related to 
one another. The pair-wise statistics implemented in-
clude the weighted Pearson correlation and slope from 
two linear regression methods. More details about this 
method can be found in Grange et al. [13, 14]. 
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The analyses were performed with the statistical 
software environment R [15], by the use of the Openair 
package [16].

3. RESULTS AND DISCUSSION

As indicated by the elevated pollutant concentra-
tions at low wind speeds (< 1 m s-1), there is a domi-
nance of local traffic emissions of benzene, toluene, and 
NO in the nearest vicinity of the sampling site (Fig. 1). 

Fig. 1. Bivariate polar plot of benzene, toluene, NO, NO2, 
NOx, and O3.

The highest concentrations (> 3 µg m-3) of NO2 were 
recorded during S and SW wind episodes which caused 
the air pollution transport from distant sources includ-
ing the powerplants “Nikola Tesla” and “Kolubara” situ-
ated in Obrenovac and Veliki Crljeni [17]. In addition, 
several sources of O3 were observed, and the dominant 
ones contributing to the concentrations higher than 40 
µg m-3 were identified in N, E, and SE direction of the 
measurement site. 

Photochemical formation of O3 in the troposphere is 
facilitated by the presence of sunlight and elevated levels 
of precursor pollutants including NOx and VOCs.

The correlation matrix shows that the two organic 
compounds, benzene and toluene, were well correlated 
(r=0.96) (Fig. 2), which might suggest their common origin 
[18]. However, this type of analysis does not provide an 
indication of which type of source and to what extent 
contributes to total benzene concentrations. No signifi-
cant relationships between benzene and NO, NO2, O3, 
and wind parameters were registered although very low 
values of Pearson’s correlation coefficient (r=0.29) 
between benzene and NO could be an indication of 
common pollutant emission sources, probably one of 
them being fossil fuel combustion.

When the benzene and other pollutant concentra-
tions were plotted with a correlation statistic and slope 
binned by wind speed and direction (Fig. 3), the results 
were revealing more than the mean concentration polar 
plots and the correlation matrix together. 

The strong relationship between benzene and toluene 
indicates the same dominant source of these compounds. 
The polar plot of the slope shows that the high toluene to 
benzene ratio (>2) was almost independent of wind speed 
and direction, indicating that the whole area was severely 
exposed to fresh vehicular emission sources [19]. Further-
more, during the N winds (NE and NW, more precisely), 
benzene and NO were highly correlated.

The zones of high correlation and the relationship 
between benzene and NO (slope > 6) in the N and NE 
indicate the impact of intensive anthropogenic activities 
in the central urban area of Belgrade and petrochemical 
sources near Pančevo [20].

The absence of a relationship between benzene and 
fossil fuel combustion gaseous pollutants including 
nitrogen oxides and O3 indicated that benzene and tol-
uene evaporations from small chemical industry com-
plexes situated in the S direction from the study site can 
be considered the main pollution source in the area.
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Fig. 2. Correlation matrix of pollutant concentrations and wind parameters.

 

Fig. 3 Polar plot of the correlation (above) and slope (down) between benzene and toluene, NO, NO2, NOx, and O3
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4. CONCLUSION

In the field of atmospheric and environmental science, 
research on the relationship between chemical pollut-
ants in the air and meteorological parameters is tremen-
dously common, and there are diverse techniques of 
determination of the relationship and comparison. An 
analysis that also takes into account the correlation of 
the two pollutants can often be useful because it can lead 
to the identification of emission source characteristics. 

Statistical analysis that includes wind characteristics 
– bivariate polar plot, applied to the concentrations of 
benzene, toluene, nitrogen oxides, and ozone, suggests 
that local sources of air pollution dominate in the study 
area. With pollutants mainly originating from local 
emissions, the elevated concentrations occur due to the 
lack of dispersion, in cases where wind speeds are low 
(< 1 m s-1). Polar correlations and slopes indicate that 
there were several types of sources that affected benzene 
concentrations in the investigated area, and the most 
important include exhaust from motor vehicles and 
emissions from industrial processes. 

In addition to the statistical receptor modeling, 
analysis related to spatio-temporal variations and the 
contribution of other species and sources is required 
for reliable identification of benzene sources in complex 
atmospheric environments. The accompanying study 
should focus on factors such as the pattern of the week-
end/weekday activities, regional and long-range trans-
port, planetary boundary layer dynamics, and others 
meteorological parameters that significantly affect the 
observed VOC concentrations.
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