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Abstract
It is evident from the past studies that dust fallout is a severe concern due to its impact to urban air quality and public health. This
study mainly examines the spatial and seasonal variation of dustfall at ambient levels and chemical characterization of its
insoluble fraction for Kharagpur Town, India. Dustfall samples were collected monthly for 1 year (July 2014 to June 2015) from
four sampling sites. The results showed that the maximum dustfall deposition is found during summer (March to June) and in the
range of 2.01 ± 0.36 to 15.74 ± 3.83 ton km−2 month−1, and minimum deposition is during monsoon season (July to October) in
the range of 0.42 ± 0.72 to 7.38 ± 5.8 ton km−2 month−1. Selected metals like Sc, V, Cr, Co, Ni, Zn, Y, Zr, Ce, Hf, and Pb were
analyzed using the high-resolution inductively coupled mass spectrometer (HR-ICP-MS) technique, and the contamination level
of heavy metals was assessed using the geoaccumulation index (Igeo) and enrichment factor (EF). To estimate the sources for the
metallic contaminants, principal component analysis (PCA) was conducted. The US EPA health risk assessment model was
applied to determine the hazard index and hazard quotient values. The results show the significant level of enrichment for Pb
(EF = 41.79) and Cr (EF = 4.39). The Igeo values point out moderate contamination by Pb (Igeo = 2.01) and Cr (Igeo = 1.6) in
Kharagpur Town. This study suggests that in the context of noncancer risk of heavy metals as determined by the hazard index
(HI) and hazard quotient (HQ) values, ingestion is the main source of exposure to dust in adults and children followed by dermal
contact. Considering the inhalation route, carcinogenic risk level of Cr, Co, and Ni for adults and children is lower than the EPA’s
safe limit (10−6 to 10−4), indicating that cancer risk of these metals due to exposure to dustfall in Kharagpur is negligible.
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Introduction

It is evident from the past studies that environmental degrada-
tion is the consequence of accelerated and unmethodical
growth of several industries evolved for the development of
a city or town (Kumar 2013; Holnicki et al. 2017). Soil

erosion causes the generation of natural dust particles, where-
as human activities such as traffic, industrial emissions, and
construction or demolition of buildings contribute a large por-
tion of the anthropogenic dust in to the environment (Adachi
and Tainosho 2005). Besides the components of natural earth
crust, dust generated from the human-made activities is highly
responsible to add contaminants with significant level of metal
concentrations from atmosphere to topsoil by the process of
interception, sedimentation, and impaction (Li et al. 2001).
Due to the occurrence of significant level of contamination
and its regular exchange with atmosphere as well as other
mediums through resuspension and deposition, urban road
dust is considered as a Bsink and source^ of pollutants
(Moreno et al. 2013). Thus, the main reason of metal contam-
ination is atmospheric pollution, and furthermore, the topsoil
and roadside dust adjacent to industrial and urban area is the
true representative of metal pollution. Road dust is an indica-
tor of heavymetal contamination from atmospheric deposition
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due to its significant contribution to environmental pollution.
Heavy metals are cytotoxic due to their impacts on cellular
level of plants, animals, and human beings. They are persis-
tent with tendency to accumulate within living organism and,
therefore, known as priority environmental pollutants (Zhang
et al. 2017). The toxicity of the metal-loaded dust spread to the
aquatic system by urban discharge (Zhao et al. 2010; Kong
et al. 2012) and the atmosphere as a resuspension (Ferreira-
Baptista and DeMiguel 2005). Thus, heavy metal pollution in
any form can lead to the permanent harm to the environment
and increase the rate of mortality in human beings (Adamiec
et al. 2016; Khorshid and Thiele-Bruhn 2016). Therefore, it is
imperative to know clearly about metal contamination such as
their sources and associated degree of toxicity (Trujillo-
González et al. 2016; Li et al. 2017). Additionally, the human
body may expose to dust using the three main pathways, e.g.,
inhalation of dust particles by mouth and nose, through direct
ingestion of dust, and dermal absorption. Metal-laden dust can
be easily deposited in the adipose tissue or can circulate
throughout the body, causing serious damage to the nervous
system and internal organs (Soltani et al. 2015; Gope et al.
2017) due to its toxic property and nonbiodegradability (Tang
et al. 2013). The past studies revealed that the ingestion rate of
dust in adults is up to 100 mg dust day−1 in dusty environ-
ments (Leung et al. 2008). It is also noted in the previous
studies that dust exposure rate in children is high as compared
with adults because of tendency of touching and mouthing of
dust-contaminated objects (Kurt-Karakus 2012). The carcino-
genic effect of metals causes deadly health hazards like lung
cancer and other respiratory diseases (Green and Armstrong
2003; Qian et al. 2007). Therefore, many studies have been
conducted around the world to investigate extensively the
components of urban road dust and its adverse health hazards
to protect the ecological environment and public health (Li
et al. 2001; Banerjee 2003; Yongming et al. 2006; Al-
Khashman 2007; Han et al. 2008; Faiz et al. 2009; Lu et al.
2009a, b, 2010; Atiemo et al. 2011). The US EPA health risk
assessment model is proved as a widely used model to deter-
mine the quantitative risks of heavy metal exposure (US EPA
1989). Several studies about heavy metal concentration level,
distribution pattern, pollution indices, and health risk assess-
ment have been conducted in the past and reported very well
in literature (Apeagyei et al. 2011), but majority of them were
carried out in developed countries or the big cities of devel-
oping countries (Banerjee 2003; Yongming et al. 2006; Shi
et al. 2011; Nazzal et al. 2014; Tang et al. 2013). There are
many fast growing medium and small cities or towns, un-
touched or with less information about heavy metal contami-
nation, and need to pay serious attention (Lu et al. 2014). The
population density and industrial activities are different in
small cities or developing countries as compared with devel-
oped countries or the megacities. Therefore, they may have a
great influence on the findings of individual studies. The

medium and small industrial cities might have more serious
environmental issues as compared with megacities, owing to
poor environmental protection strategies and inadequate pol-
lution treatment techniques (Lu et al. 2014).

Atmospheric dustfall is considered as one of the important
measures of urban environmental monitoring to indicate the
impact of environmental particulate pollution (Guo et al.
2006; Wang et al. 2015). The dustfall measurement as per
American Society for Testing and Materials (ASTM D 1739-
98 2004) is a widely used technique to assess the concentration
of settled dust in the units of ton km−2 month−1. Some studies
that have been conducted in India discussed the severe disper-
sion and fallout of fugitive dust and its significant association
with health disorders particularly bronchial ailments.
According to those studies, large-sized particles of dust fallout
are the major cause of asthma, whereas small-sized particles
cause inner respiratory disorders (Balakrishna and Pervez
2009). Earlier studies on dust fallout has described greatly about
the regional and continental transportation of atmospheric dust
fallout and the influence of local sources of emissions, meteo-
rology, topography, and other physiographic factors on degree
of spatiotemporal variations in coarser particulates compared
with fine ones (Freiman et al. 2006; Balakrishna and Pervez
2009; Gurugubelli et al. 2013). Thus, it is essential to study the
spatial and temporal deposition of dust fallout pattern in urban
centers and identification of airborne dust-carried elements.
Furthermore, chemical characterization and source identifica-
tion of dustfall (for local and remote sources) can produce valu-
able information to conduct atmospheric pollution assessment.

Geoaccumulation index (Igeo) introduced byMuller (1969) is
an assessment method to determine the contamination of heavy
metals in urban road dusts, urban soils, and agriculture soils and
extensively employed in European trace metal studies since the
late 1960s (Wei and Yang 2010). Enrichment factor (EF) is
widely studied to apportion the local sources by identifying an-
thropogenic activities in global element cycles (Khuzestani and
Souri 2013; Wang et al. 2015; Luo et al. 2016). The EF value of
an element in a certain material signifies the level of enrichment
of that investigated element in that material. The limitation of EF
in identifying the sources (Reimann and Caritat 2000) can be
reduced by conducting simultaneously a multivariate numerical
technique like principal component analysis (PCA).

Kharagpur, a mid-sized town in west Bengal, is undergoing
fast population growth and industrial development in the last
decades. The town is experiencing higher level particulate pollu-
tion, due to heavy traffic congestion, small-scale industrial devel-
opment, railway yard and workshops, and large-scale construc-
tion projects. Even though, there is no knownwork conducted on
air quality of Kharagpur Town and so no such defined origin has
been reported earlier in any literature, therefore, traffic generated
dust is assumed to be one of the reasons for particulate pollution
in Kharagpur. In this study, the seasonal and spatial variation of
dustfall deposition rate and its insoluble fraction was studied for
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Kharagpur Town with the help of dustfall jars placed for 1 year.
Additionally, a soil sampling was also conducted from an unpol-
luted area near the study site to know the background informa-
tion about the geochemistry of the surrounding soil. The dustfall
samples were grouped into a total of 12 samples and then inves-
tigated for elemental concentration using the HR-ICP-MS tech-
nique. The results were analyzed using the techniques of con-
tamination assessment methods (Igeo and EF), PCA, and health
risk indices like hazard quotient (HQ) and hazard index (HI).

Details of the study area

Sampling area description

Kharagpur (22°30′ N, 87°20′ E) is a mid-sized town in
Gangetic West Bengal with a population of 207,604 and an-
nual rainfall of about 1400 mm. At present, small-scale indus-
tries such as sponge iron plants (Sponge Iron Plant), thermal
power plants (Bengal Energy Ltd.), cement rehandling, vehic-
ular traffic, and semiurban roads are the main sources contrib-
uting to dust on the sampling site. Out of the four locations,
two of the sampling sites are on the academic campus of IIT
Kharagpur (Loc. 1 and Loc. 2), and two within the town of
Kharagpur (Loc. 3 and Loc. 4) (Fig. 1). The abovementioned
locations are selected in according to local meteorology, type
of human activities, and proper installation of sampling jars.

Loc. 1 (Kaju Bagan) is mainly a residential area situated
inside the campus and consists of faculty quarters. The area is
completely a residential area surrounded with residential build-
ings and green vegetation cover. Loc. 2 is a traffic area situated
near to the main gate of campus and is exposed to the local and
moderate traffic of the campus. Loc. 3 is an area outside the
campus and near to a petrol station, affected by the dust gener-
ated by busy traffic and vehicular movement. Loc. 4 is a resi-
dential area outside the campus but situated roadside, affected by
vehicular traffic. The geology of the study area is characterized
by the presence of lateritic soil associated with Tertiary sedimen-
taries, which confirms the presence of sodium, iron, and alumi-
num oxide in the subsurface strata (Ghosh and Guchhait 2015).
Geological succession indicates that during the Pre-Cambrian
age, the region contains phyllites, micaschists, quartzite, horn-
blende schists, dolerite, etc. During the Quaternary age in
Pleistocene formation, the area covered with laterites, brown
sandy clay, brown to reddish brown sand, and molted and var-
iegated clays coarse to gritty ferruginous sand (GSI 1983).

Meteorology

It is marked from the previous studies that the wind direction
and mean wind speed play a significant role to study the trans-
port and dispersion of pollutants (Ziomas et al. 1995). The
Kharagpur Town has a monthly wind speed ranged from 0.65

to 15.4 m s−1with average of 2.24 m s−1. During winter season,
27% was the maximum calm condition (< 1 m/s) (Hao et al.
2000; Tiwari et al. 2018). The calm percentages of wind during
monsoon and summer were 20.5% and 12.2%, respectively.
The rainfall (precipitation) of approximately 1308 mm was re-
ported in the year of June 2014 to June 2015 (study time) for the
Kharagpur Town with 24% (314.4 mm) of the total rainfall
occurred in July. Rainy season covered 66% of the total rainfall
with relative humidity ranged from 80 to 95%. During winter
and summer seasons, relative humidity of Kharagpur Town
recorded from 65 to 71% and 58 to 92%, respectively. The
average temperature ranged from 27.7 to 35.6 °C in summer.
Figure 2 demonstrates wind rose plot for Kharagpur Town with
the help of data collected from Indian Meteorological
Department (IMD), Pune. Seasonal and annual wind rose dia-
grams were generated by using Bopenair^ package in R (ver-
sion 3.4.0) and presented in Fig. 2a–d to examine the surface
wind conditions (direction and speed) from measurement data
at Kharagpur during different seasons. Southwesterly winds
were predominant during summer followed by rainy season,
also the most prevailing wind throughout the year. After south-
westerly winds, the most common were north and northeasterly
winds, which were experienced more often from November to
February. The average calm percentage recorded to be 19.6%.

Materials and methods

Sample collection

Dustfall samples were collected at the end of each month for a
period of 1 year from June 2014 to July 2015 from the four
locations. According to standard test method for collection and
measurement of dustfall ASTM (D 1739-98 2004), borosili-
cate jars of diameter 6 in. and height 12 in. were mounted at the
height of 5 ft from the ground for dust collection. The jar was
guarded with a wind shield and a wire mess to avoid birds. One
liter of double-distilled water was poured into the jar to retain
the dust falling in the jar. A small amount of copper sulfate
(0.02 N) solution was added to the jar to avoid algal growth.
The jar was inspected each week either to replenish evaporated
water or to remove excess water resulting from rains. The dust
was captured on the Whatman 42 ash less filter paper by the
method of vacuum filtration of the water in the jar to examine
the composition of the insoluble matter. After filtration, the
dust-loaded filter paper was left for drying in a hot air oven
at 108 °C for 2.5 h for moisture removal. After 2.5 h of drying,
the filter paper was taken out from the oven and placed in a
desiccator till it achieved normal ambient temperature. The
insoluble portion of the sample was estimated by a well-
known method used by Norela et al. (2009), by different pa-
rameters like the area of the dustfall jar opening mouth and
number of days (in 1month) weight differences of filter papers.
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The final dried dust sample was collected in a small air tight
plastic container and stored at room temperature for the analy-
sis. The sampling has been continued for 1 year, and a total of
48 samples from 4 sites have been collected. The rate of depo-
sition was determined using the following equation (Katz
1969) and expressed in ton km−2 month−1.

Dustfall rate ton km−2month−1
� � ¼ W

a
� 30

t
ð1Þ

whereW is the weight analyzed (g), a is the open area of
sampling container at top (cm2), and t is the time of
exposure (days).

Fig. 1 Study area and sampling locations of Kharagpur Town
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Soil sample collection

A soil sample was collected from an unpolluted area near the
town in order to get information about the background geo-
chemistry of the soil. A sample to a depth of 15–20 cm was
collected using a stainless steel shovel and dried at 37–40 °C
for 48 h followed by sieving to 2-mm sieve prior to analysis.

Sample preparation

After determining mass, all the dustfall samples were processed
for elemental analysis using the HR-ICP-MS technique. As the
mass of dust collected for each month was small for HR-ICP-

MS, samples of four consecutive months were combined. A
total of twelve samples were thus obtained from the four loca-
tions, each location providing three samples over the year.
Before experimenting, all glassware was drenched in 10% (v/
v) nitric acid for overnight andwashed thoroughlywith ultrapure
water to protect them from contamination of metals. The extrac-
tion of heavy metals in dustfall samples was conducted by dis-
solving the 0.05 g of each homogenized sample in regent grade
HF: HNO3 acid mixture poured in 25 ml of Savillex® screwtop
vessels. An acid mixture of HF and HNO3 in the proportion of
7:3 was added to each Savillex containing sample. Then, 5ml of
1 ng ml−1 103Rh solution of an internal standard was added to
each Savillex® vessel. After thorough spinning, the vessels

Fig. 2 Wind rose plots of Kharagpur Town developed from June 2014 to July 2015. a Summer. b Winter. c Monsoon. d Annual
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were closed tightly with the help of lid and placed on a hot plate
at ~ 140 °C for 48 h for digestion. Subsequently, the content of
the vessels was undergone evaporation at 200 °C to near dryness
followed by adding few drops of HClO4 to remove HF
completely from the mixture. After evaporation, the dried resi-
due left was dissolved with the help of 10 ml of 1:1 HNO3 and
made the final volume up to 250 ml by adding Milli-Q® deion-
ized water (18MΩ). The final solution was kept ready in sample
bottles in the refrigerator for further analysis.

Analytical aspects

The elements selected in the present study are based on their
abundance in soil (Al, Sc, Ni, Y, Ce, Zr, etc.) and those assumed
to be mainly resulting from anthropogenic activities (Zn, Co, Cr,
Pb, etc.) such as traffic and biomass burning (Church and
Scudlark 1998). Therefore, this study reports the concentration
of Sc, V, Cr, Co, Ni, Zn, Y, Zr, Ce, Hf, and Pb determined by
usingHR-ICP-MS (Nu Instruments Attom,UK) at CSIR-NGRI,
Hyderabad, India. The operation was done in jump–wiggle
mode at moderate resolution to achieve maximum accuracy for
all the desired elements. To minimize operational and handling
errors, reference samples of NIST 1648 (National Institute of
Standards and Technology, USA) along with couple of proce-
dural blanks were also prepared by using same protocol men-
tioned above. Internal standards (Rh, Ge, Sc, Tb, Lu) were also
used to check the sensitivity and stability of the instrument used.
A 5-point calibration was performed for all the tested elements,
and the regression coefficients better than 0.9996 were achieved.
The relative standard deviation (RSD) counts per second (CPS)
and mean values of these elements were also calculated, and
RSD was ranging from 0.69 to 1.56% with a mean value of
1.04%. The operating condition of the instrument and the con-
centration of heavy metals obtained in certified reference mate-
rial are given in Table S1 and S2 in Supplementary data.

Contamination assessment methods

The techniques of Igeo and EF were used to determine the
intensity of heavy metal pollution of the examined environ-
ment. The techniques require a comparison of the observed
heavy metal concentration with the background concentration
(Loska et al. 2004). Taylor and McLennan (1985) suggested
the use of upper continental crust (UCC) values as a back-
ground value for the estimation of Igeo. The Igeo was computed
by using the following equation.

Igeo ¼ log2
Cn

1:5Bn
ð2Þ

where Cn denotes the measured concentration of the examined
element (n) in the sample (atmospheric dustfall), and Bn is the
background value (UCC) of the element (n). There is a factor of

constant value (1.5) called background matrix correction factor
used in the above equation to reduce the effect of lithogenic
variability (Loska et al. 2004). According to Muller 1981, Igeo
has seven levels of contamination starting from 0
(uncontaminated) to 6 (extremely contaminated) as follows:
Igeo ≤ 0 practically uncontaminated; 0 < Igeo ≤ 1 uncontaminat-
ed to moderately contaminated; 1 < Igeo < 2 moderately con-
taminated; 2 < Igeo < 3 moderately to heavily contaminated; 3
< Igeo < 4 heavily contaminated; 4 < Igeo < 5 heavily to extreme-
ly contaminated; and 5 < Igeo extremely contaminated.

EF of an element in the studied samples was based on
standardization of a tested element against a reference element
(e.g., Al, Fe, Ti, Sc, and Mn) which is generated by anthropo-
genic sources (Reimann and Caritat 2000). The EF value was
calculated using the formula modified by Loska et al. (2004)
which in turn was based on the equation suggested by Buat-
Menard and Chesselet (1979).

EF ¼ Cn sampleð Þ=Cref sampleð Þ½ �
Bn backgroundð Þ=Bref backgroundð Þ½ � ð3Þ

where Cn (sample) is the content of the element of interest in
the examined environment (dust), Cref (sample) is the content
of the reference element in the examined environment, and Bn

(background) and Bref (background) represent the concentra-
tions of the element of interest and the reference element in the
UCC. The enrichment factor is a tool, mostly used to recog-
nize the sources of elements in terms of natural or anthropo-
genic origin and extension of human contribution (Mun’im
Mohd Han et al. 2014; Norouzi et al. 2017). In this study, Sc
is selected as the reference element. There are five contami-
nation categories of EF suggested by Sutherland (2000) which
as follows: EF < 2 deficiency to minimal enrichment; EF = 2–
5 moderate enrichment; EF = 5–20 significant enrichment;
EF = 20–40 very high enrichment; and EF > 40 extremely
high enrichment.

Statistical analysis

Table 3 represents the basic statistics of metals studied in
dustfall samples. The acquired data set was subjected to prin-
cipal component analysis (PCA) to determine the possible
factors contributing towards the metal concentrations and to
identify metals having common origin. PCA is widely used in
metal pollution studies to find the associations and sources of
trace elements and air pollutants (Manno et al. 2006; Shah and
Shaheen 2007; Ragosta et al. 2008). It can interpret variance
in a given data set regarding a minimum number of significant
components by extracting the eigenvectors and eigenvalues
from the correlation matrix. The SPSS 20.0 software package
was applied to perform the statistical analyses of the data. In
this study, correlation was checked for the dustfall data, and
exponential regression analysis was applied between dustfall
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locations and rainfall data. A two-way analysis of variance
(ANOVA) was also carried out in Microsoft-Excel.

Risk assessment model

The risk of heavymetals from the dustfall samples was assessed
by using the US EPA health risk assessment model. The chem-
ical daily intake (CDI) through three major pathways, namely,
ingestion (CDIing), inhalation through nose andmouth (CDIinh),
and dermal contact (CDIdermal), were examined to evaluate the
noncarcinogenic risk and carcinogenic risk to population in
Kharagpur Town. The CDI through each of the three pathways
was calculated (US EPA 1989, 1996; Ferreira-Baptista and De
Miguel 2005; Li et al. 2017) separately for children and adults
by using the formulas listed below.

CDIing ¼ C � Ring � EF� ED

BW� AT
� 10−6 ð4Þ

CDIinh ¼ C � Rinh � EF� ED

PEF� BW� AT
ð5Þ

CDIdermal ¼ C � SL� SA� ABS� EF� ED

BW� AT
� 10−6 ð6Þ

In the above expressions, CDI is expressed in mg kg−1 day−1.
Ring is the ingestion rate at 100 mg dust day−1 for adults and
200 mg dust day−1 for children (1–6 years) (US EPA 2011).
Rinh is the inhalation rate at 20 m3 day−1 for adults and
7.6 m3 day−1 for children (Van den Berg 1994). EF is the expo-
sure frequency (365 days in a year). ED is the exposure duration
taken 24 years for adults and 6 years for children (USEPA 2001).
SA is the skin area considered as 5700 cm2 for adults and
2800 cm2 for children (US EPA 2001). SL is the skin adherence
factor at 0.7 mg cm−2 h−1 for adults and 0.2 mg cm−2 h−1 for
children (US EPA 2002b). ABS is the dermal exposure factor
(unit less) taken as 0.001 for all elements, while PEF is the par-
ticle emission factor taken at 1.36 × 109 m3 kg−1 (US EPA 2001).
BW is the average body weight taken as 70 kg for adults and
15 kg for children (US EPA 1989). AT (averaging time) is taken
as the exposure duration in days (ED× 365 days) for noncarci-
nogenic risk and carcinogens. AT is taken as 70 × 365 =
25,550 days (Kurt-Karakus 2012).

C is the upper limit of the 95% confidence interval of the
mean for the metals expressed in mg kg−1. It is considered to
yield an estimate of the Breasonable maximum exposure^ (US
EPA 1989; Zheng et al. 2010; Hu et al. 2011). For small
sample sizes, as in the present case, the suggested procedure
of determining the 95% upper confidence limit is given by the
US EPA (2002a) and Kurt-Karakus (2012). As per this, C is
calculated as follows:

C ¼ X þ Zα þ β

6
ffiffiffi
n

p 1þ 2Zα
2

� �� �
STDffiffiffi

n
p ð7Þ

In the above equation, STD is the standard deviation, Χ is
the arithmetic mean, β is the skewness, n is the number of
samples, and Zα for standard normal distribution at 95% con-
fidence level is 1.645.

The CDI values were used to determine the quantified
noncancer risk for each exposure pathway. The procedure
adopted was based on estimating hazard quotient (HQ) for
each metal considered. The hazard index (HI) for a given
pathway is the sum of the HQ values. If the value of HI is less
than one, there is no significant risk of noncarcinogenic effect.
The probability of the noncarcinogenic risk increases as the HI
values exceed one (US EPA 2001). Carcinogenic risk is de-
fined as the probability of an individual developing any cancer
from a lifetime exposure to carcinogenic hazards. The poten-
tial human carcinogenic risk associated with chemical expo-
sure is expressed regarding an increased probability of devel-
oping cancer during a person’s lifetime, and acceptable or
tolerable risk for regulatory purpose is given in the range of
1 × 10−6 to 1 × 10−4 (Ferreira-Baptista and De Miguel 2005).
These values indicate an increased cancer risk of one in
1,000,000 to one in 10,000 people developing cancer (Lu
et al. 2014). The potential carcinogenic and noncarcinogenic
risks of the individual metals were calculated by using the
following equations. (US EPA 2007; Kurt-Karakus 2012):

Carcinogenic Risk ¼ CDIing=inh=dermal � BAF� SLF ð8Þ

Hazard quotient HQð Þ ¼ CDIing=inh=dermal � BAF
� �

Bf D
ð9Þ

In the above equations, RfD refers to the reference dose for all
the pathways adopted from the US EPA (2010). BAF is the ratio
of themetal contents that is bioavailable to the total content in the
dust. For carcinogens, the cancer slope factor (SLF) for inhala-
tion was used to produce a level of cancer risk for Co, Cr, and Ni
(Lu et al. 2014). The BAF values for the street dust reported by
Hu et al. (2011) were considered in the present study.

Results

Seasonal variation in dustfall

The average monthly variation in the dustfall deposition rate
from July 2014 to June 2015 is represented in Fig. 3. The highest
level of dustfall is obtained during summer season and reached
from 2.01 ± 0.36 to 15.74 ± 3.83 ton km−2 month−1 due to high
wind and low humidity as compared with winter and monsoon.
Summer season is characterized by high temperature and low
humidity with dusty winds attribute to surface erosion, and con-
sequently, resuspension of dust increases the rate of dust depo-
sition. The lowest values were observed during monsoon and
ranged from 0.42 ± 0.72 to 7.38 ± 5.8 ton km−2 month−1. During
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rainy season, heavy rain causes the washout of dust from the
atmosphere and gives rise to the lowest level of deposition.
Chate and Pranesha (2004) stated in their study about the remov-
al of aerosol particles by falling raindrops with the help of some
processes like Brownian and turbulent shear diffusion,
thermophoresis, inertial impaction, electric charge effects, and
diffusiophoresis. The moderate values were observed during
winter months with a range of 1.60 ± 0.28 to 14.98 ±
2.19 ton km−2 month−1. These findings could be attributed to
the low surface temperature, wind speed, and high frequency of
calm condition of wind (specially found during winter season)
which lead to thermal inversions (Lyons and Scott 1990).
ANOVAwas conducted to compare the means of dustfall depo-
sition rates between sites and seasons. The results obtained from
two-way ANOVA are presented in Table 1. The mean dustfall
concentration at different seasons and locations is found signif-
icantly different at p < 0.05.

Spatial variation in dustfall

From one-way ANOVA test, it is cleared that spatial variations
are significant at p < 0.05. Figure 3 shows the amount of dust
received among the four locations, and it was the highest (55.51
± 12 ton km−2 month−1) inMarch at Loc. 3 situated near a petrol
station and influenced by busy traffic and movement of heavy
and light vehicles. It is observed during summer that predomi-
nant wind direction, i.e., southwest (Fig. 2), raised the dust bur-
den at Loc. 3 and Loc. 4. Loc. 4 with a moderately higher value

of dust (21.34 ± 5.50 ton km−2 month−1) is a lawn of a residence
(outside the IIT Kharagpur campus) situated near a main road
connecting to national highways. The dust load at Loc. 3(traffic
area outside the campus) and Loc. 4 (roadside residential area
outside the campus) is mostly comprised of suspended road dust
generated due to the continuous movement of heavy vehicles.
Loc. 1 and Loc. 2 are situatedwithin the campus area and exhibit
relatively lower values of dustfall (2.44 ± 0.83 and 6.69 ±
1.73 ton km−2 month−1) in March. The dust deposit measured
for Loc. 1, a residential area covered with faculty quarters, is
found lowest as compared with other three locations in
Kharagpur Town. A two-way ANOVA confirmed a significant
variation (at p < 0.05) between sites and month interactions.

Effect of precipitation on dustfall and its comparison
with other studies

Figure 4 shows the effect of rainfall on deposition at different
study sites. An exponential regression exhibited a moderate (for
Loc. 1 and Loc. 2) to strong (Loc. 3 and Loc. 4) inverse corre-
lation between dust deposition and rainfall (y = 2.4885E−0.011X,
R2 = − 0.69 at Loc. 1; y = 3.337E−0.004X, R2 = − 0.52 at Loc. 2;
y = 48.20E−0.003X, R2 = − 0.88 at Loc. 3; and y = 19.18E−0.05X,
R2 = − 0.78 at Loc. 4). However, there was no relation found
between temperature and dustfall. Table 2 represents a compar-
ison of the dustfall concentration of the present study with other
studies conducted in urban areas of some cities. The highest
dustfall of 96.2 ton km−2 month−1 was reported in a study

Fig. 3 Monthly variation (from
July 2014 to June 2015) in
dustfall deposition in Kharagpur
Town, India

Table 1 Two-way ANOVA
results for mean dustfall
deposition rate at different
seasons and locations (*p < 0.05)

Source Sum of squares Degrees of freedom Mean square F Sig.

Location 2.952 3 0.984 63.593 0.000*

Season 0.445 2 0.223 14.393 0.000*

Location* and season 0.392 6 0.065 4.225 0.003*

Error 0.495 32 0.015

Total 6.472 44
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conducted by Pandey et al. (2008) in opencast coalmine area,
Bina of India, whereas the lowest average dustfall of
0.83 ton km−2 month−1 was obtained by Reheis and Kihl
(1995) in Southern Nevada (USA). The dustfall study

conducted in Shuwaikh City (Kuwait) showed second highest
level of deposition of 53.7 ton km−2 month−1 (Al-Harbi 2015).
In a study conducted in Gansu Province (China), the dustfall
rate in the desert and Gobi area and loess area was assessed and

Fig. 4 Regression plot of dust
deposition rate of four study
locations with precipitation
showing exponential trend

Table 2 Comparison of dustfall concentration of Kharagpur Town with other cities in the world

Study area Characteristics and sources Sampling condition Dustfall deposition
rate (ton km− 2 month− 1)

Reference

Bina, India Residential and industrial,
opencast coalmines

Monthly sampling for
2 years
(June 2002–May 2004)

96.2 Pandey et al. 2008

Shuwaikh City, Kuwait Partly industrial and partly
rural area

Monthly sampling for
1 year (2009)

53.7 Al-Harbi 2015

N-NWof India Sampling locations were
situated between Thar
Desert in west and Ganga
alluvial plains in eastern
part. Hot arid to semiarid
climate

Sampling during summer
(April–June) and winter
(October–February) seasons

21 Yadav and Rajamani 2006

Lanzhou, China Western loess plateau
influenced by dust storm
and haze events

2-h interval successive
dustfall measurements
during typical dust storm
and haze events in March
and April 1999, together
with monthly dust deposition
data that extended over a
2-year period, from May
1998 through April 2000

11.08 Liu et al. 2004

Southern Nevada, USA Covered by southern Great
Basin and Mojave Desert

Annual sampling for 5 years
from 1984 to 1989 from
55 sites

0.83 Reheis and Kihl 1995

Nagev, Israel Desert A decade 1988–1997 study
based on 24-h measuring
interval

17 Offer and Goossen 2001

Yazd, Iran Industrial area influenced
by sandstorm

Four months sampling from
August 2005 to March 2006

6.48 Naddafi et al. 2006

Texas, USA Sampling done quarterly 8.5 Crabtree 2005
California, USA 1.605

Arizona, USA 4

Kharagpur, India Urban area One year sampling
(June 2014 to June 2015)

13.09 Present study

Environ Sci Pollut Res (2019) 26:23173–23191 23181



found in the range of 18.23–69.4 ton km−2 month−1 and 9.7–
34.84 ton km−2 month−1, respectively (Ta et al. 2004). The
dustfall of Kharagpur Town was found to be lowest
(13.09 ton km−2 month−1) among Indian cities. An intermediate
value of 21 ton km−2 month−1 of dustfall was estimated in
North and Northwest India by Yadav and Rajamani (2006).
There are results of dustfall reported by other studies that are
also shown in Table 2 and a significant difference found in
dustfall levels among different studies, and this variation could
be due to difference in their geographical locations, traffic com-
positions, and type of industries running over the area.

Trace element concentration in dustfall samples

The descriptive statistics for the twelve samples analyzed for
each metal are presented in Table 3. The heterogeneous nature
of the dustfall samples gives large SD values shown in the
table. The mean values are observed to be higher than upper
continental crust (UCC) values except for Sc and Hf. Zr ex-
hibits the highest mean concentration of 209.94 μg/g. The
mean values of all trace elements (except Yand Hf) are found
greater than background soil values. The high values of skew-
ness, kurtosis, SD, and strong coefficients of variations in the
data specify the occurrence of geochemical abnormalities and
human activities (Lu et al. 2012).

The coefficients of variance (CVs) of Cr and Pb are higher
than 50% as compared with other metals. Skewness of Cr, Ni,
and Pb exceeds unity which denotes asymmetry and positive-
ly skewed towards lower concentration. Therefore, the data
are log-transformed to fulfill the normality assumptions for
further statistical analysis. The concentration of trace elements
present in dustfall and their comparison with other cities are
shown in Table 4. It is observed that there is a considerable
variation among the concentrations of trace metals studied in
different cities in the world. This variation could be due to

different human activities, land use pattern, and the discrep-
ancy in sampling procedures and digestion methods used for
extraction of metals (Joshi et al. 2009).

Metal pollution assessment in dustfall:
geoaccumulation index and enrichment factor

The spatial variation of metal pollution (Igeo and EF) is observed
among the four different locations of Kharagpur Town showing
the influence of different land use patterns and anthropogenic
activities. The box plot of site-specific Igeo and EF for trace
elements is shown in Figs. 5 and 6. With respect to Sc, Zr, and
Hf, the dustfall samples show practically uncontaminated status
with mean Igeo < 0, while Vand Co also exhibit uncontaminated
status for Loc. 1 (residential area inside the college campus). The
Igeo values of elements Cr and Pb from all locations reveal their
moderately to heavily contaminated condition, showing an ex-
tension of metal pollution in Kharagpur Town. The mean Igeo
values for Cr show moderately contaminated status for Loc. 1,
Loc. 2, and Loc. 3while Zn shows the same status for Loc. 3 and
Loc. 4 also. With respect to Loc. 1 (residential area), most of the
elements like Sc, V, Co, Ni, Y, Zr, Ce, and Hf show deficiency to
minimal enrichment (EF < 2), while Pb exhibits moderate en-
richment with a mean value of 4.50. The dustfall samples
collected from Loc. 2 (main gate of IIT Kharagpur campus,
traffic site) and Loc. 3 (traffic site near to petrol station)
display moderate to significant enrichment for Cr, Co, Ni,
Zn, and Pb. The highest mean EFs of 6.70 and 7.18 are
observed for Cr and Pb in the dustfall samples of Loc. 4
(residential area near to main road), showing the presence of
a significant level of enrichment for these metals. The EF >
15 obtained for Pb derived from dustfall sample of Loc. 2
indicates the contribution of anthropogenic sources.

The average values of Igeo of heavy metals in dustfall samples
of Kharagpur Town are presented in Fig. 7a. The mean Igeo

Table 3 Descriptive statistics of trace element concentration (μg g−1) in dustfall samples collected from Kharagpur Town

Element Min Max Range Mean SD Skewness Kurtosis CV
(%)

Background
soil value

UCCa

Sc 5.649 15.808 10.159 11.734 3.180 − 0.701 − 0.473 27.1 10.43 11

V 51.530 161.371 109.841 115.078 30.435 − 0.767 0.640 26.4 50.20 60

Cr 119.769 427.136 307.367 200.454 105.386 1.920 2.328 52.6 3.92 35

Co 8.835 29.119 20.283 22.422 5.873 − 1.142 1.278 26.2 0.26 10

Ni 28.210 111.101 82.891 55.966 21.980 1.689 3.139 39.3 3.23 20

Zn 120.232 322.973 202.741 219.968 50.936 0.038 1.263 23.2 26.08 71

Y 10.215 48.238 38.023 31.558 13.288 − 0.085 − 1.481 42.1 38.90 22

Zr 94.474 325.597 231.123 209.941 63.134 − 0.107 0.420 30.1 83.80 190

Ce 38.683 142.310 103.627 99.695 36.287 − 0.834 − 0.752 36.4 86.50 64

Hf 2.301 6.806 4.505 4.778 1.338 − 0.508 − 0.427 28.0 4.70 5.8

Pb 64.735 891.522 826.786 194.876 226.524 3.109 10.110 116.0 0.98 20

aUCC upper continental crust proposed by Taylor and McLennan (1985)
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values for Zn and Cr are 1.08 and 1.6, respectively. These values
belong to class 2 of the descriptive classification of Muller 1981
indicating moderate concentration. The mean Igeo values of Sc,
V, Co, Ni, Y, Zn, Ce, and Hf exhibit uncontaminated to moder-
ately uncontaminated status. The average Igeo value of lead at
2.01 indicates moderately to heavily contaminated category.
Around 42% Igeo value of Pb belongs to the class between 3
and 4 and 17% of Igeo value of lead range between 4 and 5.
Therefore, 59% of Igeo value for Pb suggests heavily contaminat-
ed status.

The values of EFs for the metals in the dustfall samples are
presented in Fig. 7b. The average EF values of Sc, V, Y, Zr,
Ce, and Hf are below 2 indicatingminimal enrichment, where-
as the average EF values of Zn, Co, Ni, and Cr are 2.98, 2.21,
2.28, and 4.39, respectively. The latter groups of metals are
therefore moderately enriched. As in the case of Igeo values,
lead exhibits wide variability in the enrichment factors. The
range of EF value for Pb is from 3.03 to 41.79 with a mean of
5.68. Around 58% of Pb samples belong to the class of sig-
nificant enrichment, and 8.33% of Pb samples belong to very
high to extremely high enrichment class.

The values of Igeo andEFs for trace elements in the soil sample
are also calculated and presented in Fig. (S1) and Fig. (S2). The
Igeo values of all elements of background soil sample are below
unity, showing uncontaminated status. Similarly, the EF values of
all elements are also below 2, indicating minimal enrichment of
trace elements in the background soil. Therefore, the heavy
metals in dustfall samples are found significantly enriched in
comparison with the background soil indicating the substantial
contribution of anthropogenic sources in Kharagpur Town.

Correlation analysis

Table 5 presents the Pearson rank correlation statistics among
the twelve metals examined. A very significant correlation is
found between certain metal pairs at 0.01 level of significance.
This includes Ni–Cr (0.923), Hf–Sc (0.937), Pb–Ni (0.90),
and V–Sc (0.85). The correlation matrix exhibits poor to neg-
ative correlation between the other metal sets mainly of Cr,
Zn, and Ni individually with Y, V, Ce, Zr, and Hf. The latter
group is seen to exhibit minimal enrichment (EF < 2) and
belong to practically uncontaminated category (Igeo ≤ 0). The
anthropogenic activities at Kharagpur Town, therefore, have
no contribution towards the creation of these metals, whereas
Zn, Cr, Ni, and Pb come from automobile parts and accumu-
lated in the road dust by vehicular and fugitive emissions.
Additionally, some other activities like domestic operations
and natural sources are also considered as secondary sources
to generate those metals. This is supported by the fact that two
of the sampling locations, Loc. 3 (petrol station) and Loc. 4
(roadside residential area), are in the influence of heavy traffic
movement and the vicinity of road side of automobile repair
and service outlets.Ta
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Principal component analysis

PCA is applied to determine the possible contributing factors
towards metal concentration and to identify their common origin
in the dustfall samples. Table 6 presents the results of percentage
of variance and factor loadings based on varimax rotation. For
varimax rotation, the number of significant principal components
with eigenvalue more than or equal to one is selected. All the
metals are well represented by the four factors, and the factor
loadings greater than 0.5 (italicized in Table 6) are regarded as
significant for interpretation of the data. Table 6 presents the four
principal components contributing 95%of the total variance. Out
of these, 26.6% is controlled by factor 1 having initial eigen-
values 4.98 showing higher loading for Cr, Ni, and Pb, while
the loadings of Co are more than 0.5 but less as compared with
loadings of the othermetals in this group. From the total variance
calculated, 26% is explained by factor 2 (shown in Table 6).
High factor loadings are noted for Sc (0.861), Hf (0.805), Y
(0.772), Co (0.707), and V (0.623) (Table 6). The dominant
metals of factor 1 category (Cr, Ni, Co, and Pb) are seen to have
negative correlation as per Table 5 when compared with the
dominant metals of factor 2 category (Sc, Y, V, Co, and Hf).
These findings reinforce the distinct nature of sources of origin

between these two groups of metals. Although the loading of V
(0.734) is lower than other metals in the group, the rotated com-
ponentmatrix shows that V shows a joint relationshipwith factor
2 and factor 3 suggesting that it has a combined origin. Table 6
shows that Vexhibits strong correlation with Ce, Hf, and Co but
low to negative correlation with Zn, Cr, and Ni. The factor load-
ings from Table 6 point out that V (0.623), Co (0.582, 0.707),
and Y (0.772, 0.578) have multiple sources of origin. This factor
explains mixed sources with contribution from industrial pro-
cesses like metal processing as well as vehicular and domestic
activity (Mathur et al. 2016). The presence of small-scale indus-
tries likemetal processing or sponge iron plant (TATAMetaliks),
thermal power plant (Bengal Energy Ltd.), and vehicular traffic
and domestic activity might be the possible mixed sources for
generation of heavy metals in Kharagpur Town.

Factor 4 is dominated by Zn and Yexplaining 17.6% of total
variance. In the present study, Zn exhibits positive correlation
with Y (0.56) and absolutely no correlation with any other
elements. Additionally, Zn exhibits high mean level concentra-
tion in comparison with their corresponding crustal abundances
(Table 6), indicating its specific origin. Zn is used in the
manufacturing of automobile parts like tire, brake, and the
brake lining systems and emitted to the surface dust due to

Fig. 5 Box plot of Igeo of heavy metals in dustfall samples from four locations of Kharagpur Town
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nonexhaust emissions by mechanical abrasion of automobile
parts (Mathur et al. 2016) and abrasion of tire trend against road
surface. Therefore, tire dust is reported as one of the sources of
Zn in the urban environment (Adachi and Tainosho 2004).

Health risk assessment of heavy metal exposure
from dustfall in Kharagpur

Table 7 illustrates the results of health risk assessment of
metals including hazard quotient for the three pathways (in-
gestion, inhalation, and dermal) and the hazard index for each of
the metals in the dustfall of Kharagpur Town. The reference
doses for noncarcinogenic effects due to oral and dermal path-
ways are available for five of the metals examined. These are Cr,
Co, Zn, Pb, and Ni. The inhalation risk is determined for Cr and
Co because reference doses for inhalation pathway are available
for only those two metals (Lu et al. 2014).

The ingestion pathway has a higher noncarcinogenic risk in
comparison with the dermal pathway for all the metals studied.
The inhalation risk is determined for Cr and Co only. In the case
of Co, the inhalation HQinh is in between HQing and HQdermal,
while in the case of Cr, HQinh is a least out of the three pathways.
HQinh is calculated for the Cr and Co due to the availability of
RfD (inhalation). In the calculation of HI for the other metals,
HQinh values are taken as zero. It can be seen that as such the

HQinh values are lower to HQing by order of two. Therefore, the
omission becomes justifiable. HI is essentially dominated by
HQing and out of the HI values computed; Pb emerges as ametal
of the highest noncarcinogenic risk for adults which are also true
for children. The noncarcinogenic risk as determined by HI
decreases in the order of Pb > Cr > Co > Ni > Zn both for adults
and children. When we examine the relative risk of children on
adults for the different metals, Co has the highest ratio at 9.36
while Cr has the lowest ratio at 3.53. Carcinogenic risk assess-
ment for adults as well as children is carried out for Cr, Co, and
Ni only, and the inhalation exposure mode is considered in the
model. Calculated risk values are shown in Table 7. The results
show that the cancer risk of Cr, Co, and Ni estimated for adults
and children is lower than the acceptable range (10−6 to 10−4).

Discussion

The contamination assessment was carried out using the
geoaccumulation index and enrichment factor procedures. By
Igeo, Zn (1.08) and Cr (1.6) are seen to represent moderate con-
tamination. Lead exhibited slightly higher Igeo (2.01) suggesting
higher level of contamination when compared with the other
three metals. Sc, V, Co, Ni, Y, Zr, Ce, and Hf have Igeo values
less than one, suggesting practically uncontaminated status. The

Fig. 6 Box plot of EFs of heavy metals in dustfall samples from four locations of Kharagpur Town
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enrichment factor values point out that Sc, V, Y, Zr, Ce, and Hf
are minimally enriched while Zn, Co, Ni, and Cr are moderately
enriched. Cr presented the highest enrichment factor at 4.39
followed by Zn, Ni, and Co. The order of decrease for the en-
richment factors is Cr (4.39) > Zn (2.99) >Ni (2.28) > Co (2.21).
The Co with minimum enrichment factor as compared with
other elements ensures its sources from resuspended soil dust
and fossil fuel combustion (Al-Momani 2003; Schleicher et al.
2011). Some anthropogenic sources such as diesel and fossil fuel
combustion and automotive emissions are also reported as a
source of Ni pollution in the atmosphere (Manoli et al. 2002;
Wang et al. 2003; Duong and Lee 2011; Al-Khashman 2013).

Table 5 Pearson’s correlation matrix of heavy metals in the dustfall samples of Kharagpur Town

Sc V Cr Co Ni Zn Y Zr Ce Hf Pb

Sc 1

V 0.852b 1

Cr − 0.448 − 0.109 1

Co 0.510 0.577 0.299 1

Ni − 0.235 − 0.032 0.923b 0.544 1

Zn − 0.100 − 0.022 − 0.026 − 0.116 − 0.115 1

Y 0.608a 0.514 − 0.299 0.499 − 0.133 0.569 1

Zr 0.475 0.800b 0.215 0.411 0.157 0.114 0.299 1

Ce 0.589a 0.768b − 0.142 0.401 − 0.115 − 0.331 0.195 0.696a 1

Hf 0.937b 0.793b − 0.439 0.458 − 0.242 − 0.004 0.619a 0.582a 0.566 1

Pb − 0.369 − 0.344 0.788b 0.386 0.900b − 0.192 − 0.248 − 0.232 − 0.391 − 0.393 1

a Correlation is significant at the 0.05 level (two-tailed)
b Correlation is significant at the 0.01 level (two-tailed)

Fig. 7 Box plot of a Igeo and b EF for heavy metals in dustfall samples of
Kharagpur

Table 6 Rotated component matrix of trace elements studied for
Kharagpur Town

Metal Component

1 2 3 4

Sc − 0.244 0.861 0.379 − 0.094
V − 0.045 0.623 0.734 0.069

Cr 0.913 − 0.334 0.145 0.098

Co 0.582 0.707 0.247 − 0.001
Ni 0.991 − 0.023 0.036 − 0.005
Zn − 0.111 0.018 − 0.170 0.964

Y − 0.110 0.772 0.006 0.578

Zr 0.126 0.215 0.896 0.277

Ce − 0.131 0.304 0.851 − 0.206
Hf − 0.260 0.805 0.419 0.015

Pb 0.915 − 0.054 − 0.334 − 0.158
Eigenvalue 4.984 3.099 1.983 1.218

% of variance 26.625 26.077 23.720 17.617

Cumulative % 26.625 52.702 76.422 94.038

Factor loadings > 0.5 are shown as italicized characters
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The high enriched Cr, compared with other mentioned elements
(Zn, Ni, and Co), seems to originate from man-made activities
like biomass burning and vehicle emissions (Salvador et al.
2004; Norouzi et al. 2017). These are metals belong to the mod-
erately enriched category based on the Sutherland (2000) classi-
fication. The Pearson correlation statistics revealed the existence
of significant correlation between certainmetal pairs at 0.01 level
of significance. These include Ni–Cr (r = 0.923), Hf–Sc (r =
0.937), Pb–Ni (r = 0.9), and V–Sc (r = 0.85). Multivariate factor
analysis (PCA) was applied to the sample data to identify the
common origin in the dustfall samples. The results show that
four principal components contribute to 95% of the total vari-
ance. The factor 1 group with Cr, Ni, and Pb shows higher
loading. The dominantmetals in the factor 2 group having higher
loadings are Sc, Hf, Y, Co, and V. The negative correlation
between dominant metals of factor 1 and the dominant metals
of factor 2 indicates the distinct nature of the sources of origin of
these two groups of metals. The high factor loadings observed
for V (0.623), Co (0.582, 0.707), and Y (0.772, 0.578) point out
the multiple sources of origin of these metals. The dominated
metals of the factor 3 group are V, Zr, and Ce while the corre-
sponding metals for the factor 4 groups are Zn and Y. The result
of PCA in combination with enrichment factor values indicated
that Sc, V, Co, Y, Zr, Ce, and Hf have natural sources of origin,
whereas Cr, Ni, Zn, and Pb have anthropogenic sources of ori-
gin, attributed to tailpipe emission, tyre wear and corrosion of
automobile parts, emission from metal working, sponge iron
plant, and manufacturing unit located in Kharagpur Town.

In the present study, soil sample analysis shows significant-
ly low concentration of almost all trace elements compared
with dustfall samples except for Y. Additionally, Cr, Co, Ni,
Zn, and Pb were found negligible in background soil as com-
pared with dustfall. However, the content of Y, V, Sc, Ce, and
Hf were found minimal enrichment in the dustfall, but these
elements (Y, V, Sc, Ce, and Hf) were detected in background
soil with considerable concentration. These findings confirm
that the metals (Cr, Co, Ni, Zn, and Pb) with significant con-
centration in dustfall would have originated from traffic-
related sources, and the presence of other groups of elements
(Y, V, Sc, Ce, and Hf) could be attributed to crustal origin.

The hazard quotient and hazard index parameters were de-
termined for five of the heavy metals (for which RfD values
are available in the literature) using the risk assessment model
developed by US EPA (1996). The noncancer risk on health
represented by hazard index is seen to decrease in the order of
Pb > Cr > Co > Ni > Zn both for children and adults. The HI
values are less than unity for the Kharagpur Town, for the five
metals suggesting that there is no significant noncancer risk
from these metals. Pb exhibits the highest HI for children at a
value of 0.528. The study did not identify any metal with HI
greater than one for the Kharagpur Town. Only HI for Pb
comes closer to one for children who may be naturally exhib-
ited higher risk in comparison with adults such that the ratio
between HI for children and HI for adults varies from 3.53 to
9.26 for the metals investigated. The carcinogenic risk esti-
mated for adults and children shows values lower than

Table 7 Hazard quotient, hazard indices, and cancer risk of different exposure pathways for metals

Cr (noncanc.) Cr (canc) Co (noncanc.) Co (canc) Zn Pb Ni (noncanc.) Ni (canc)

C (95% UCL) 268.63 24.61 244.37 365.53 69.74

Oral RfD 3.00E−03 3.00–04 3.00E−01 3.50E−03 2.00E−02
Dermal RfD 6.00E−05 1.60E−02 6.00E−02 5.25E−04 5.00E−03
Inhal. RfD 2.86E−05 5.71E−06 NA NA NA

BAF 0.058 0.045 0.532 0.372 0.324

Inhal. SF 4.20E+01 9.80E+00 8.40E+01

Adults

HQing 7.46E−03 5.27E−03 6.19E−04 5.55E−02 1.61E−03
HQinh 1.15E−04 4.08E−05 AN AN AN

HQdermal 1.49E−02 3.95E−06 1.24E−04 1.48E−02 2.39E−04
HI =∑HQi 2.25E−02 5.32E−03 7.43E−04 7.03E−02 1.85E−03
Risk 4.74E−08 7.82E−10 1.37E−09

Children

HQing 6.96E−02 4.92E−02 5.78E−03 5.18E−01 1.51E−02
HQinh 2.04E−04 7.23E−05 AN AN AN

HQdermal 9.74E−03 2.58E−06 8.09E−05 9.67E−03 1.56E−04
HI =∑HQi 7.96E-02 4.93E-02 5.86E−03 5.28E−01 1.52E−02
HIchildren/HIadults 3.53 9.26 7.89 7.51 8.2

Risk 2.1E−08 3.47E−10 6.06E−10

NA not available, AN assumed negligible (Kurt-Karakus 2012)
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acceptable range. Although the results of risk assessment pre-
sented in this work are valid, but several uncertainty factors
are also involved. One important source of uncertainty is due
to the lack of bioaccessibility data (Turner 2011). Apart from
that, a significant uncertainty arises for using the default
values assigned to the several exposure variables such as der-
mal absorption factors (ABS) (Barrio-Parra et al. 2018).

Conclusions

In this study, the seasonal variation in dustfall concentration, as
well as its chemical constituents, has been thoroughly investi-
gated for 1 year in four study locations of Kharagpur Town,
India, for the first time. Among the four representative sam-
pling locations, two are residential and traffic area inside the
IIT Kharagpur campus, whereas the other two are residential
and traffic area situated outside the campus. The representative
dustfall samples were collected and studied in the laboratory. It
is concluded from the findings that ambient level dustfall de-
position is higher during summer months over the whole area.
The high deposition might be due to high temperature and low
humidity, and calm conditions occur during this season.
ANOVA results also agreed that there is a significant seasonal
variation in the concentration of dustfall over the months (p <
0.05). Out of four study locations, the highest dustfall deposi-
tion is recorded in the outside campus traffic area where a
petrol filling station is located, whereas the lowest value oc-
curred in the residential area inside the campus. Occurrence of
higher degree of spatial variability across all study locations is
probably due to variation in the source characteristics with
potential effect of local sources on dustfall generation.
Overall, the pollution load at the IIT Kharagpur campus is less
compared with the area outside the campus, due to less traffic
density and extensive vegetation cover. This study further an-
alyzes the elemental composition and finds that dustfall from
Kharagpur Town is enriched with some metals like Zn, Cr, Ni,
and Co and is contributed by vehicle activities like vehicle
exhaust emissions, mechanical abrasion, and corrosions of me-
tallic automobile body parts. Dust-bound trace elements are
found with high level of contamination of Pb and moderate
contamination for Zn and Cr. The calculated results of EF
reveal the significant enrichment of Pb and moderate enrich-
ment of Zn, Co, Ni, and Cr. Heavy metals considered in this
study are unlikely to pose carcinogenic risk for adults and
children based on inhalation exposure pathway. The presence
of these metals also indicates that there must be some contri-
bution by small-scale industries named TATA Metaliks and
Bengal Energy present in Kharagpur Town. The present study
concludes that the human health risk associated with heavy
metals is within the permissible limit at the town. However,
Kharagpur is a growing town with several small and large-
scale industries, dense traffic, and population, which might

contribute to the pollution load in the future. Hence, a regular
assessment of air quality and human health risk is very much
required, and our study could be considered as a baseline study.
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