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ABSTRACT
In this study, 376 free-fall atmospheric dust samples were collected at 47 sampling locations in the industrial city of Kota, India, to examine 
variation in average concentrations of heavy metals in the summer and winter months. For anthropogenic heavy metals (Cu, Cd, Zn, and Pb), 
average concentrations were higher in the winter and lower in the summer. The opposite pattern was seen for crustal metals (Fe and Ca). In 
both seasons, the average concentrations of heavy metals were in the order Zn > Pb > Cu > Cd. Variations in temperature, relative humidity, 
wind direction, wind strength, and human activity at sampling locations were the causes of seasonal variations in metal concentrations. Coal 
combustion at thermal power plants is the common source of anthropogenic metal species as indicated by the enrichment factor and positive 
correlation between Cu and Cd, Cu and Zn, Cu and Pb, Cd and Zn, Cd and Pb, in both seasons. 
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INTRODUCTION
Free fall atmospheric dust is a complex heterogeneous mixture of 
solid and liquid components such as those from power plants and 
industries, gas flaring, motor vehicles and natural source elements 
such as dust.[1-3] Dust can be defined as matter or particulate in the 
form of fine powder lying on the ground or on the surface of objects 
or blown about by the wind. Pollutants found in dust include heavy 
metals, biological material, and polycyclic aromatic compounds.[4].  
They are kept suspended in air or transported from sources by 
wind and can travel long distances across regions and continents, 
transferring contaminants to ecosystems.[5]

Through a variety of human activities, these heavy metals 
enter the environment, impact the quality of the air, and then get 
incorporated with dust particles to deposit themselves on the earth’s 
surface and in vegetation during rainfall.[6] 

Consequently, due to the wind speed or the precipitation of the 
heavens, they will remain in the human being’s life cycle.[7] Metals 
like Pb, Cd, Cu, and Zn are dangerous pollutants that can be gathered 
in the human body with a relatively long half-life, leading to skin 
diseases and types of cancer in different forms.[8-10] 

The Kota thermal power plant (KTPP) in Kota City produces tons 
of fly ash, a uniform mixture of various metallic oxides. Considering 
the fact that the smallest particles of fly ash are enriched with heavy 
metals, making it a potential source of pollution for the atmosphere, 
the situation of heavy metal pollution in Kota city is alarming.[11-14] 

The concentration of heavy metals is further increased by several 
Kota stone manufacturers as well as other small and major businesses.

Therefore, the present study was conducted, with the main 
objectives being: (1) to determine the composition of free fall 
atmospheric dust in terms of crustal (Fe, Ca) and anthropogenic 
(Cu, Cd, Zn and Pb) metals at various sampling sites located in 
various sampling sites; (2) to identify possible sources of heavy metals 
associated with free fall atmospheric dust using enrichment factor and 
Pearson correlation coefficient; (3) to study the effect of climate on 
the concentration levels of heavy metals as a function of sampling sites, 
distance from KTPP, seasons and meteorological parameters such 
as temperature, relative humidity, wind speed and wind direction.

MATERIALS AND METHODS

Study Area
Located on the eastern bank of the Chambal River at 25°11 N and 
75°51 E, Kota is a large industrial city in south Rajasthan with 
a temperature range of 4.4 to 46.6°C. Additionally, the Kota 
thermal power plant is one of the primary hubs for the production 
of electricity.

Since more than 200 stone units get mined, cut, and polished 
to produce the well-known Kota stone, the region also generates 
a generous amount of slurry, primarily made up of Ca, Mg, and Si 
oxides.[15]
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Free Fall Atmospheric Dust Collection and 
Analysis
A total of 47 sampling locations were selected using the Global 
Positioning System in accordance with certain standards.[16] 
The locations of all the Kota City sampling sites selected for this 
investigation are displayed in Fig. 1.

Using the global positioning system, 47 sampling sites 
were chosen based on standard criteria. Fig. 1 shows the 
locations of sampling sites in Kota City chosen for this study.  
The 47 locations selected from Kota City were sampled in the summer 
(March, April, May, and October 2022) and winter (November 2022 
to February 2023) months. A total of 376 free-fall atmospheric dust 
samples were collected (47 samples times 8 sampling months). 

In all sampling sites, dust samples falling freely due to gravity 
were gathered on 1-m2 plastic trays at a height of 6 meters above the 
ground. Since there was no rain during the sampling period, all of the 
free-fall atmospheric dust samples gathered here only represent dry 
fallout. Dry depositions were scraped off the trays following sampling, 
and the trays were then cleaned with milli-Q water to remove any 
remaining particles. The scraped samples were combined with the 
residue following gradual evaporation of water at 50°C.[17] Samples 
were then digested in preparation for analysis.

Total Heavy Metal Digestion
The samples were digested for subsequent procedures after passing 
through 300 BSS (< 53 µm) sieves. Since metal levels in dust 
vary according to the nature of their existence, the nitric acid 
digestive procedure was used to extract out only the HNO3 soluble 
fraction was extracted.[17,18] The Shimadzu Atomic Absorption 
Spectrophotometer AA-6300 was then used to measure iron, 
zinc, copper, cadmium, and lead, and a flame photometer made by 
Systronics-128 was used to measure calcium. The use of internal 
standards monitored the precision and accuracy of the analysis, 
verified reference material, and quality control blanks.

Monitoring of Meteorological Parameters
The weather data shown in Table 1 and Fig. 2 were provided by the 
Automated Meteorological Centre (DCPAWS02) throughout the 
measurement period (summer and winter season). Hourly data was 
captured and averaged across the samplers’ 24-hour operation period.

Fig. 1: Kota City sampling locations in the study area.

(a)

(b)
Fig. 2: Wind rose in the study area all through the sample collection in (a) 

summer and (b) winter months

Table 1: Meteorological conditions all through the study period

Meteorological conditions Summer Winter

Temperature (°C) 31.64 ± 12.85 19.4 ± 14.00

Relative humidity (RH) (%) 38.31 ± 15.26 59.28 ± 9.165

Wind speed (km/h) 1.7 ± 1.2 0.75 ± 0.36

Rainfall (mm) 1.61 0.258

Statistical Analysis
MS-Excel 2021 was used to calculate the metal concentration 
statistics in free-fall atmospheric dust. Using SPSS 22.0, the data were 
subjected to principal component analysis with varimax rotation, 
enrichment factor analysis, and Pearson correlation analysis.

RESULT AND DISCUSSION

Heavy Metals Concentration During Summer 
and Winter Months
The average concentrations of all the analyzed metals (Cu, Pb, Cd, 
Zn, Ca and Fe)of environmental concern in free fall atmospheric dust 
collected at 47 sampling sites in the summer and winter months are 
given in Figs 3-6. We see changes in the elemental concentration as 
a function of wind velocity (speed and direction), sampling locations 
and their distance from emission sources.
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Fig. 3: The average concentrations of Cu, Pd, Cd and Zn in summer months

Fig. 4: The average concentrations of Ca and Fe in summer months

Fig. 5: The average concentrations of Cu, Pd, Cd and Zn in winter months

Fig. 6: The average concentrations of Ca and Fe in winter months

Due to the presence of a coal-based thermal power plant, S1 had 
the highest average concentrations of anthropogenic metal species 
(Cu, Pb, Cd and Zn) among all sampling sites in both seasons, 
while S43, having the fewest anthropogenic sources, had the lowest 
concentrations of all the metal species measured in both seasons. 

North direction (21.20 and 26.97% in summer and winter 
seasons) of wind blow from KTPP encourages the worrying level of 
heavy metals in the study region present in fly ash. In all sampling 

sites, the relative abundances of these heavy metals in free-fall 
atmospheric dust samples are in the following order: Zn > Pb > 
Cu > Cd. Pb particles in roadway dust, accumulated from previous 
vehicle exhaust for a long time due to their high residence time in 
the environment may be the cause of their high concentration even 
when lead-free gasoline is used.[19] The average concentrations of 
all the analyzed metals showed seasonal fluctuation that varied by 
metal species but were generally constant across sites. 

Concentrations of anthropogenic metal species Cu, Pb, Cd and 
Zn were greater in the winter and lower in the summer at all sampling 
sites, whereas those of crustal metals, such as Ca and Fe, were lower 
in the winter and higher in the summer. The two seasons, summer and 
winter, have different concentration levels, which can be attributed 
to variations in the weather. 

Anthropogenic metal species were found in higher concentrations 
in ambient air in Kota city during the winter, when average 
temperatures were low (19.4°C) with high relative humidity 
(59.28%), and low wind speed (0.75 km/h). In contrast, high 
temperature (31.64°C), low relative humidity (38.31%), and high 
average wind speed (1.7 km/h) during summer resulted in lower 
concentrations of anthropogenic metal species (Table 1).[20]

Since coarse particles are affected by gravity, the high wind 
strength in the summer causes deflation or entrainment and the 
movement of crustal metals [21], while the wind strength, which may 
move these metals, decreases considerably in the winter. Additionally, 
winter’s steady and cold weather prolongs the life of ambient particles 
in the atmosphere and raises the concentrations of heavy metals 
in free-falling atmospheric dust. The current study’s findings are 
consistent with those of past research conducted in India[22, 23] and 
other nations.[24, 25] 

Pearson Correlation Coefficient
To predict the possibility of a common source, the concentration of 
the element was used to calculate the Pearson correlation coefficient 
(r) in the summer and winter (Table 2). Calcium and iron were 
shown to have significant positive relationships, suggesting a common 
source, which may be natural soil. Likewise, a strong positive 
association between Cu and Zn, Cu and Pb, and Cu and Zn in both 
seasons indicates a common source or point source KTPP, primarily 
in addition to other industrial operations.

Enrichment Factor
Finding out if an element has an additional or man-made source in 
addition to its primary or natural source is made easier by calculating 
the enrichment factor (EF). Assuming that the contribution of its 
anthropogenic sources to the atmosphere is minimal, calcium (Ca) 
has been chosen as a reference element for an EF evaluation.[26] The 
EF calculation formula employed in this work is as follows:

EF=  
X indoor dust
C
X earth crust
C

 
 
 
 
 
 

  ---------------- (I)

Where x is the concentration of the ion of interest and c is the 
concentration of the reference ion. An EF > 5 suggests that a 
significant portion of the element can be ascribed to non-crustal 
or human sources, whereas an EF value close to unity shows that 
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Table 2: Correlation coefficients between concentrations values of analyzed 

metals in free fall atmospheric dust in Kota city (significant at 5% level)

Summer winter

Metal Cu Pb Cd Zn Ca Fe

Cu 1.000 0.735 0.444 0.795 -0.452 -0.373

Pb 0.831 1.000 0.734 0.883 -0.357 -0.293

Cd 0.835 0.815 1.000 0.626 -0.251 -0.343

Zn 0.790 0.859 0.792 1.000 -0.454 -0.338

Ca -0.418 -0.555 -0.530 -0.610 1.000 0.784

Fe -0.535 -0.522 -0.718 -0.481 0.494 1.000

Fig. 7: Enrichment factor of Cu, Pd, Cd, Zn and Fe in summer months

Fig. 8: Enrichment factor of Cu, Pd, Cd, Zn and Fe in winter months.

crustal sources predominate.[27] Based on the average seasonal 
metal concentration of heavy metals found in free fall atmospheric 
dust gathered from the 47 sampling sites, Figs 7 and 8 display the 
seasonal mean enrichment factors (EFs) during summer and winter, 
respectively. 

Pb had the greatest EF values, followed by Cd, Cu and Zn, all 
of which had EFs significantly more than 5. This suggests that there 
was significant anthropogenic contamination in the collected dust 
samples. The transport of fly ash from coal combustion activity from 
point source KTPP and steady, cold weather conditions may be the 
cause of the higher EF values of metals (Cu, Cd, Zn, and Pb) in the 
winter as compared to summer.

CONCLUSION
It is concluded that the concentrations of all anthropogenic metal 
species (Cu, Cd, Zn and Pb)were highest in S1, which is located within 
2 Km radii from point source KTPP, while lowest in S43, mainly a 
residential area, located far away from thermal power plant and having 

comparatively low traffic load in both summer and winter seasons. 
Concentrations of anthropogenic metal species are found higher in 
winter and lower in summer, while a reverse trend is observed for 
crustal metal species. The high enrichment coefficients and positive 
correlations showed that heavy metals viz. Cu, Cd, Zn and Pb have 
similar origin sources in the city and particularly can be related to 
point source coal-based thermal power plants besides other industrial 
activities and traffic load. In view of the warning level of heavy metals 
in the city environment, there is an urgent need to maintain the 
receptive capacity of the atmosphere by adopting proper abatement 
procedures by the industrial and mining sectors to maintain a healthy 
environment to breathe.

Anthropogenic metal species concentrations are higher in 
the winter and lower in the summer, while crustal metal species 
concentrations show the opposite trend. High enrichment coefficients 
and positive correlations demonstrated that heavy metals Cu, Cd, Pb 
and Zn have similar point sources, predominantly coal-based thermal 
power plants, besides other industrial activities and traffic loads. The 
industrial and mining sectors must immediately adopt appropriate 
abatement measures to maintain the atmosphere’s receptive capacity 
in order to maintain a healthy breathing environment, given the 
alarming levels of heavy metals in the urban area.
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