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Abstract Although the tobacco production and consumption
rate in Bangladesh is very high and a substantial portion of
premature deaths is caused by tobacco smoking, the status of
heavy metals in tobacco plants has not yet determined. This
study, therefore, investigated the concentrations of Cu, Ni, Cd,
Pb, Cr, and Zn in tobacco plants and their surrounding agri-
cultural soils in Kushtia District, Bangladesh. The geochemi-
cal maps showed a similar spatial distribution pattern of the
analyzed metals and identified Shempur, Kharara, Taragunia,
and Shantidanga as metal hot spots. Geoanalytical indexes
were applied to assess the extent of soil contamination, and
the results depicted that the soils of Shempur, Kharara,
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Taragunia, and Shantidanga were moderately contaminated
where Cd contributed the most to contamination degree (Cy)
in spite of'its relative low content. However, other five areas in
Kushtia District were suggested as uncontaminated according
to both Cy4 and pollution load index (PLI). The hazard quotient
(HQ) and hazard index (HI) showed no possible indication of
human health risks via ingestion of agricultural soils. This
study also determined that human activities such as excess
application of commercial fertilizers, animal manures, and
metal-based pesticides were the sources of Cu, Ni, Cd, and
Cr enrichment in soils and that the metals into tobacco plants
were transported from the soils. The present study conclusive-
ly suggested that regulation of improper use of agrochemicals
and continuous monitoring of heavy metals in tobacco plants
are needed to reduce the tobacco-related detrimental health
problems in Bangladesh.

Keywords Soil and tobacco plant metals - Contamination -
Geoanalytical indexes - Transfer factors - Fertilizers

Introduction

Terrestrial accumulation of heavy metals and their migration
into human body is a matter of present world concern
(Rahman et al. 2014a, 2014b; Abuduwailil et al. 2015; Chai
et al. 2015). Tobacco plants can accumulate metals from dif-
ferent sources including soils through roots, dry and wet at-
mospheric deposition on exposed part of the plants in polluted
environment, and agricultural treatment during tobacco grow-
ing, curing, and processing. It is important to note that biogeo-
chemical cycles of heavy metals in agricultural soils are influ-
enced by anthropogenic activities such as industrial effluents,
agricultural practices, municipal wastes, vehicular emissions,
and atmospheric deposition of dust and aerosol particulates
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(Mamat et al. 2014; Cai et al. 2015; Chai et al. 2015).
However, accumulated heavy metals in tobacco plants can
enter into human body through inhalation and consumption
(Saha and Zaman 2013; Mamat et al. 2014; Abuduwaili et al.
2015). A pathway of heavy metal transportation from soil to
tobacco plant and ultimately to human body has been depicted
in Fig. 1. After entering into human body, they react with body
enzymes to slow or to stop the essential physiological reac-
tions. Eventually, they can cause different types of serious
problems, e.g., anemia, kidney dysfunction, and brain dam-
age. Exposure to high levels of heavy metals may also destroy
testicular tissue and can cause cancer, tumor, and paralysis
(Pappas et al. 2006). For instance, Cd is considered as one
of the “strong carcinogens” in tobacco smoke that partition
preferentially into the smoke phase on combustion. Ni is clas-
sified as group | “carcinogenic to humans” by the
International Agency for Research on Cancer (IARC) (Arain
etal. 2008). Due to persistent and non-biodegradable nature of
heavy metals, even low dose intake over a long period can
lead chronic toxicity (Abuduwaili et al. 2015; Li et al. 2015).
High exposure levels of virtually all metals, including
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essential metals, can pose detrimental effect to human health
(Rahman and Islam 2009).

Tobacco is one of the basic agricultural products in
Bangladesh since the middle of last century. After the libera-
tion war of Bangladesh in 1971, the tobacco cultivation was
enhanced by the direct involvement of British American
Tobacco Company (BATC) in three specific areas in
Bangladesh, i.e., Kushtia, Rangpur, and Chittagong Hill.
Subsequently, tobacco industries created job opportunities in
Bangladesh and increased local and foreign income sources.
Conversely, tobacco cultivation damages our environment
and public health. However, it has been advised that the
long-term harmful impacts substantially outweigh the short-
term economic benefits (Geist 1999).

Recently, it has been estimated that cigarette smoking is
responsible for about 25.0 % of deaths in men and 7.6 % in
women in Bangladesh (Wu et al. 2013). Despite the public
health problems, a little effort has been taken concerning in-
vestigation of heavy metals in tobacco plants grown in
Bangladesh. To the best of our knowledge, heavy metal con-
tamination status in tobacco cultivating soils and in the
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tobacco plants grown in Kushtia District (main tobacco pro-
duction area in Bangladesh) has not yet determined. Thus, the
aims of this study are (1) to investigate the spatial distribution
pattern and extent of contamination of six metals (Cu, Ni, Cd,
Pb, Cr, and Zn) in soils used for tobacco cultivation, (2) to
determine the transfer of metals from soils to plants, and (3) to
identify the possible sources of metals.

Materials and methods
Study area

The present study area, Kushtia District (23° 50" 00” N and
88° 55" 00" E), belongs to the Khulna administrative division
and is situated on the western part of Bangladesh (Fig. 2).
Kushtia District has an area of 1621.15 km®. It is bounded in
the north by Natore and Pabna districts, in the south by
Chuadanga and Jhenaidah districts, in the east by Rajbari
District, and in the west by West Bengal, India. The main
rivers of the study area include Ganges, Gorai,
Mathabhanga, Kaligonga, and Kumar. Tobacco cultivation
represents one of the most important economic activities of
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Fig. 2 Locations of the study zone (Kushtia District, Bangladesh). The
red stars indicate nine sampling locations in Kushtia District
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the Kushtia region, covering major portion (~9000 ha) of the
total available land surface (Hossain and Rahman 2013).
Many companies (e.g., British American Tobacco Company,
Akij Tobacco, Abul Khair, Dhaka Tobacco, and Nasir
Tobacco) are directly involved in the production of interna-
tional standard of tobacco and in the preparation of different
brands of cigarette. This research work was conducted in four
Kushtia sub-districts (called Upazila) including Bheramara,
Mirpur, Daulatpur, and Kushtia Sadar. Samples were collected
from Bhabanipur and Baromile under Bheramara sub-district;
Kharara and Shempur under Mirpur sub-district; Taragunia,
Kollanpur, and Chabana in Daulatpur sub-district; and
Shantidanga and Modhupur in Kushtia Sadar sub-district.
The locations of sampling sites are shown in Fig. 2.

Sample collection, processing, and preservation
Tobacco cultivating agricultural soils

A total of 27 (three samples from each sampling site) surface
soils (0 to 15 cm of depth) were collected with a stainless steel
spatula from nine sampling stations of Kushtia District and
were kept in polyethylene bags. Several studies have investi-
gated the vertical profile of metals in agricultural soils and
reported that metal content in surface soil (i.e., 0 to 15-cm
depth) is higher (Maldonado et al. 2008; Li et al. 2015). This
was attributed to human-induced pollution on agricultural
land and higher organic matter content of surface soil.
Therefore, the studies worldwide (e.g., Wong et al. 2002;
Bhuiyan et al. 2010; Kelepertzis 2014) are using the top soils
for monitoring anthropogenic heavy metal contamination and
used in this study. However, after air-drying at room temper-
ature, the collected samples were oven-dried at 105 °C in
analytical chemistry laboratory, NRCD, Institute of Nuclear
Science and Technology, Bangladesh. The dried soil samples
were then ground and passed through a 0.2-mm sieve to ob-
tain a homogenous powder. After that, the powder samples
were stored in airtight plastic vials inside a desiccator for
further analysis.

Accurately weighed amount of 0.25 g of each dried soil
sample was digested with a solution of 3:1 concentrated
HNOs;: 70 % HCIO4 (v/v) at 150 °C in an oil bath (Sun et al.
2010). The digested solutions were then diluted to 50 mL with
deionized water and passed through Whatman No. 541 filter
papers for analyzing heavy metals by atomic absorption spec-
trophotometer (AAS) (Ahmed et al. 2010).

Tobacco leaves and roots

A total of 27 tobacco leaf samples and 27 tobacco root sam-
ples (three samples per site) were collected from the mature
tobacco plants at the same nine sampling sites, where the soils
were sampled and transported to the analytical chemistry
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laboratory. Since the tobacco products are manufactured from
mature tobacco leaves due to their higher nicotine content, we
have chosen only the mature leaves randomly from each plant.
In terms of root samples, we have used whole root of each
selected tobacco plant. At first, all the leaves and the roots
were cleaned under tap water to remove any adhering soil
particles and then several times by deionized water. The sam-
ples were then cut into small pieces by sharp stainless steel
knife. After that, the small pieces of leaves and roots were
dried at 75 °C in an electric oven until a constant weight
was obtained. The dried samples were ground into fine pow-
dered substances using a mortar and pestle and passed through
a 0.2-mm sieve. The resulting powdered samples were pre-
served in plastic containers and then kept into laboratory des-
iccator until digestion.

One gram of each sample (both leaf and root) was ashed at
450 °C in a Muffle furnace (Thermolyne™, Thermo Scientific,
USA). Dry ash was treated with 10 mL of concentrated HCI acid
and 3 mL of concentrated HNOs acid and then wet-digested via
heating the mixture on hot plate at about 100 to 120 °C. After
reaching to near dryness, 2.5 mL of concentrated HCl acid was
added and evaporated to dryness. Then, 5 mL of HNO; (1:1)
was used to dissolve the dry ash. The solution was diluted to
50 mL with 10 % HNOs in a 50-mL volumetric flux and then
filtered through Whatman No. 42 filter paper for AAS analysis
(He and Singh 1994; Golia et al. 2009).

Heavy metal analysis

The digested solutions of soil, leaf, and root were analyzed for
six heavy metals (i.e., Cu, Ni, Cd, Pb, Cr, and Zn) by atomic
absorption spectrophotometer (AA-6800, Shimadzu
Corporation, Japan) using air-acetylene flame with digital read
out system. A detailed description of analytical conditions of
AAS for the heavy metal measurement is provided in Online
Resource (Table S1). Wako Pure Chemical Industry Ltd., Japan,
supplied standard stock solutions of 1000 mg/L for all the ana-
lyzed metals. These standard solutions were diluted to desired
concentrations for the calibration of AAS. The results were
expressed in milligrams per kilogram as dry weight basis.
Deionized water was used throughout the study. Prior to analy-
ses, all glassware and containers were thoroughly cleaned and
rinsed several times with deionized water and air-dried following
standard method (APHA-AWWA-WEF 2005).

Quality control

The correctness of the methodology was confirmed by ana-
lyzing blanks and certified reference materials, CRM-277
(trace elements in estuarine sediment) and CTA-VTL-2 (a
reference material of Virginia tobacco leaves) by the same
procedure used for the soil and tobacco samples respectively.
The results of the reference material analysis are provided in

Online Resource (Table S2). A good agreement (94 to 105 %)
between the certified and measured values was observed. All
the samples were analyzed triplicate, and the relative standard
deviations (%RSDs) of the sub-samples were less than 9 %,
meaning an excellent reproducibility of the analytical proce-
dures and the instrument.

Statistical analysis and mapping of soil metal
concentrations

The ANOVA tests were conducted to evaluate the variation
of heavy metals in nine sampling locations and also in
three sample categories (soil, root, and leaf). When signif-
icant differences were found by ANOVA test, Tukey post
hoc tests for multiple comparisons were also performed.
The relationship of the metal concentrations among soil,
root, and leaf was identified by the Pearson’s correlation
coefficient analysis. Principal component analysis (PCA)
was employed to determine the sources of heavy metals in
tobacco plants. In all cases, the level of significant was set
at a 95 % confidence level (=0.05). All these statistical
analysis were performed using IBM-SPSS Statistics
(Version 21) for Windows (IBM, USA). Moreover, the
geochemical maps for showing the spatial distribution pat-
tern of the heavy metals in the soil samples were generated
using Surfer 11 (Golden Software, Inc., USA).

Transfer factor

In order to quantitative characterization of elemental transfer
from soil to plant, the soil-plant partition coefficient or transfer
factor (TF) or concentration ratio or biological accumulation
coefficient (BAC) is used that expresses a ratio between the
elemental concentration in plant parts and in soil (Hope 1995;
Dinelli and Lombini 1996; Blanco Rodriguez et al. 2002). In this
study, we assessed the TF values as follows (Khan et al. 2008):

Croot

TF for root =
soil

TF forleaf = — leal!

soil

where Ci o1 Creap, and Cyoj represent the heavy metal concen-
tration in tobacco root, leaf, and soil samples on dry weight
basis, respectively.

Metal contamination assessment
Enrichment factors
To determine the relative degree of metal contamination,

heavy metal enrichment factors were calculated by comparing
the metal concentration in analyzed soil to geochemical
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background metal concentration in natural soil following the
equation below (Manta et al. 2002):

_ Metal concentration in analyzed soil

Metal concentration in natural soil

The background concentrations (in mg/kg, dry wt.) of
metals in natural soils were considered as 27 for Cu, 22 for
Ni, 0.098 for Cd, 20 for Pb, 35 for Cr, and 68 for Zn (Domingo
and Kyuma 1983; Taylor and McLennan 1995).

Contamination factor (( Cf’) and degree (Cy)

The contamination factor (C}) and degree of contamination
(Cy4) were proposed by Hakanson (1980) to measure the metal
pollution in sediment. Many authors, however, have used Ck
and Cy4 for the metal contamination in soil (Loska et al.
2004; Hashmi et al. 2013). The C is a single-metal index
and was calculated by the following equation:

The Cy is a measure of the degree of overall contamination
in a particular sampling site and was defined as the sum of all
Ct. Thus,

Ca=)» C;
i=1

where Ci_; is the measured concentration of metal and C', is
the standard preindustrial concentration of individual metal
determined from various European and American lake sedi-
ments by Hakanson (1980). In this study, the background
levels of metals in upper Earth’s crust suggested by Taylor
and McLennan (1995) were used as C, since we utilized
Hakanson’s formula for soil contamination assessment instead
of sediment contamination. The values of Ci, (in mg/kg) are 25
for Cu, 20 for Ni, 0.098 for Cd, 20 for Pb, 35 for Cr, and 71 for
Zn. Four classes of Ct were recognized by Hakanson (1980):
(i) low contamination factor (if Ci<1), (ii) moderate contam-
ination factor (if 1<C}<3), (iii) considerable contamination
factor (if 3<C}<6), and (iv) very high contamination factor
(if C>6). Likewise, Hakanson (1980) classified C, into four
groups to define the quality of the environment in the follow-
ing way: (i) low degree of contamination (Cy<8), (ii) moder-
ate degree of contamination (§<Cy4<16), (iii) considerable
degree of contamination (16<Cy<32), and (iv) very high de-
gree of contamination (Cy>32).

Pollution load index

The extent of heavy metal pollution in individual sam-
pling site was also calculated by applying PLI

@ Springer

proposed by Tomlinson et al. (1980). The expression
of PLI:

PLI = (Cg, x Cg, X Cg, X oo x Cp)m

where 7 is the number of metals (in this study #=6) and C; is
the contamination factor for individual pollutant. The value of
PLI presents a simple and comparative means for assessing the
quality of a sampling site and was classified into four groups in
the following ways (Wang et al. 2010): (i) no pollution (if PLI<
1), (if) moderate pollution (if 1<PLI<2), (iii) heavy pollution
(2<PLI<3), and (iv) extreme pollution (PLI>3).

Potential human health risk assessment

Earlier research has demonstrated that human health risks are
mainly caused by direct oral ingestion of contaminated soils
(i.e., entry of soil contaminants through the mouth). Exposure
to contaminants via dermal contact and inhalation is negligible
(Olawoyin et al. 2012; Chabukdhara and Nema 2013; Li et al.
2015). Therefore, potential non-carcinogenic risks to adult
workers were determined by comparing the average daily
dose (ADD) (mg/kg/day) of a contaminant via only soil inges-
tion over a specified time with the respective reference dose
(RfD) for a similar exposure period. This ratio is called a
hazard quotient (HQ). To evaluate the overall potential for
non-carcinogenic risks resulted from more than one contami-
nant, a hazard index (HI) approach has been developed. The
HI is equal to the sum of all HQs. The ADD, HQ, and HI were
calculated using the equations below (USEPA 1989; Man
etal. 2010; Li et al. 2015):

Csoit X IngR X EF x ED

ADD; =
BW x AT

x CF

_ ADD;
~ RfD;

HI =" HQ
=1

where Cy,; is the concentration of heavy metal in soil (mg/kg),
IngR represents the ingestion rate of soil (mg/day) and is sug-
gested to be 100 mg/day for adults (Man et al. 2010), EF and ED
represent exposure frequency and exposure duration and their
values were suggested to be 6 years and 350 days/year, respec-
tively (Man et al. 2010). The average body weight (BW) of an
adult is assumed to be 60 kg (Saha and Zaman 2013). The
average time (AT) for non-carcinogenic effects was suggested
to be 2190 days (Man et al. 2010; Li et al. 2015). CF is the
conversion factor (1x107° kg/mg). The variable i represents
the ith heavy metal. The values of RfD for Cu, Ni, Cd, Pb, Cr,
and Zn are 0.04, 0.02, 0.001, 0.0035, 0.003, 0.3 mg/kg/day,
respectively (USEPA 2014; Li et al. 2015). Any adverse human
health effect is unlikely when the value of HQ or HI is lower

HQ;
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than one, whereas the value of HQ or HI greater than one may
cause adverse human health effects (USEPA 1989).

Results and discussion
Heavy metal concentrations in soils, roots, and leaves

The concentrations of analyzed heavy metals in tobacco cul-
tivating soils are summarized in Table 1 and decreased in the
order of Cr > Zn > Cu > Ni > Pb > Cd. ANOVA showed that
the concentrations of each metal in nine sampling locations
were significantly different (Online Resource Table S3). The
observed significant variations might be due to different types
of soils, weathering of rocks in various degrees, and different
agricultural activities such as application of manures, chemi-
cal fertilizers, and pesticides. The results of post hoc Tukey
test for multiple comparisons of metal concentrations are
shown in Table 1. For example, concentrations of Cu between
Bhabanipur and Baromile were not significantly different
(shares similar lowercase letter), whereas between Bhabanipur
and Shempur were significantly different (shares different
lowercase letters) and so on. Likewise, all the metals were
significantly different (each metal shares a different uppercase
letter) in Bhabanipur.

The metal concentrations in tobacco roots and leaves are
listed in Table 1 and decreased, respectively, in similar fashion
of Zn (40.62) > Cu (20.21) > Cr (15.76) > Ni (5.20) > Pb (2.65)
> Cd (0.22) and Zn (30.66) > Cu (20.14) > Cr (19.12) > Ni
(4.14) > Pb (2.56) > Cd (0.62). The variations in metal concen-
trations in roots collected from nine sampling locations were
statistically significant (at p<0.05) (Online Resource
Table S3). ANOVA also indicated statistically significant differ-
ences for metals in leaves (Online Resource Table S3). Multiple
comparisons of metal concentrations in roots and leaves based
on post hoc Tukey test are also presented in Table 1. Roots and
leaves collected from Baromile accumulated lower amount of
metals. Whereas higher amount of metals were estimated in
roots and leaves from Shempur and Taragunia might be due to
the observed higher soil metal concentrations in these areas
(Table 1). The mean metal concentrations, except Cd, in roots
and leaves were lower than that estimated in soils. The Cd was
ranked as leaves (0.62 mg/kg) > roots (0.22 mg/kg) > soils
(0.16 mg/kg), which indicates that tobacco plants can readily
accumulate high level of Cd (Nnorom et al. 2005). The higher
Cd accumulation in tobacco leaves compared to roots was also
reported by Clarke and Brennan (1989). Thus, there is an in-
creased possibility of human health hazard from Cd associated
with tobacco smoking. However, the tobacco leaves produced in
Bangladesh mainly used for the production of different brands of
cigarettes by several major companies including British
American Tobacco Company, Akij Tobacco, Abul Khair,
Dhaka Tobacco, and Nasir Tobacco. Therefore, the metal

contents found in our tobacco leaf samples were compared with
the cigarette tobacco from Canada (Hammond and O’Connor
2008), USA (Swami et al. 2009), UK (Stephens et al. 2005),
India (Verma et al. 2010), Pakistan (Kazi et al. 2009), and China
(O’Connor et al. 2010). The measured Cu and Cr concentrations
were higher than all other countries. Concentrations of two car-
cinogenic metals, Ni and Pb, found in our leaf samples were
higher than the reported values in Canada, USA, UK, and
Pakistan, whereas similar to the values found in India and
China. The values of Cd, group 1 carcinogen, in Bangladeshi
tobacco leaves were in line with the other countries. Zn concen-
trations were quite similar to UK and Indian tobacco, while
pretty higher than the USA.

Spatial distribution of metals in soils

Spatial distribution is a useful tool for determining hot spot area
with high metal concentration. Spatial distribution pattern of Cu,
Ni, Cd, Pb, Cr, and Zn in the tobacco farming soils of Kushtia
District are presented using contour maps in Fig. 3a—f. Contour
maps were generated using Surfer 11 (Golden Software, Inc.,
USA), where kriging method was used to grid the experimental
data (Wei et al. 2009). As Fig. 3a shows, the soils from Shempur
and Taragunia contained higher concentrations of Cu, followed
by Kharara and Shantidanga. Mid-level Cu concentrations were
observed in Modhupur and Kollanpur, while lower concentra-
tions were recorded in soils of Chabana, Bhabanipur, and
Baromile. The distribution pattern of Ni (Fig. 3b) was similar
to that of Cu, and a significantly strong positive correlation (r=
0.948, p<0.01) between Cu and Ni were also observed (Online
Resource Table S4). The higher concentrations of Cd appeared
in Kharara and Shempur under Mirpur sub-district and
Taragunia under Daulatpur sub-district, followed by
Shantidanga. However, the soil Cd concentrations were reduced
by 7 to 12 times compared to hot spot Kharara in the rest of the
areas of Kushtia District (Fig. 3¢). The contour map of Pb again
identified Shempur as a hot spot area, and a similar range of Pb
variability was observed in Taragunia and Kharara. Decrease in
Pb concentration was marked in other sampling spots (Fig. 3d).
As shown in Fig. 3e, f, the distribution pattern of Cr and Zn was
similar with higher metal concentrations in Taragunia and
Shempur and lower in Baromile and Chabana. Overall, this
study identified Shempur and Kharara under Mirpur sub-district,
Taragunia under Daulatpur sub-district, and Shantidanga under
Kushtia Sadar as hot spot areas for the analyzed metals. The
geochemical maps presented in Fig. 3 showed similar spatial
distribution patterns of the assessed heavy metals in soils, which
means that the same types of input sources controlled the metals’
variability in all the sampling points. Moreover, the Pearson’s
correlation analysis (Online Resource Table S4) showed signif-
icantly (p<0.01) strong positive correlations among all the
metals, which also suggest that the metals may have been de-
rived from the same source. Possible sources of heavy metals in
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Table 1  Concentrations (mean+SD, in mg/kg, dry weight basis, n=27) of heavy metals in soils, tobacco roots, and leaves in Kushtia District,

Bangladesh

Sample Sample Cu Ni Cd Pb Cr Zn

categories locations

Soils Bhabanipur 13.87+1.47* 18.05+0.86"® 0.04£0.01°¢ 7.67+1.46™P 4231+0.67°F 29.18+0.37°F
Baromile 12.93+£1.93** 20.15£0.75"8 0.03+0.00°¢ 6.26+1.62°° 51.02+1.42°F 25.82+0.45°F
Shempur 39.07+1.11%4 37.46+1.13% 0.27+0.03%8 24.62+1.83°¢ 72.78+2.01°P 54.99+0.41°F
Kharara 37.13+0.55%A 35.12+0.28°98 0.38+0.13°¢ 11.91:+0.55%P 66.27+0.769F 53.31+0.199F
Kollanpur 34.18+0.44% 29.27+0.68°3 0.05+0.01%¢ 8.74+0.25"°P 59.01+0.03°" 46.48+0.15"
Taragunia 38.17+0.78%A 37.23+0.14%A 0.33+0.06°® 13.32+0.319¢ 75.14+2.46°P 60.99+0.18™
Chabana 19.07+0.40%* 24.13+0.92™® 0.04£0.01°¢ 7.67+0.20°°° 51.75+1.07°F 34.28+0.48%"
Modhupur 36.09+0.11%44 29.51+0.81°8 0.09£0.00™C  9.08+0.45%P 61.91+0.75°" 51.63+0.33"F
Shantidanga 36.78+0.99°44 33.95+0.95% 0.22+£0.10°C  10.49+0.53°*P  66.27+0.76°F 52.57+0.26%F
Mean (min-max) 29.70 (12.93-39.07) 29.43 (18.05-37.46) 0.16 (0.03-0.38) 11.08 (6.26-24.62) 60.72 (42.31-75.14) 45.47 (25.82-60.99)
SD 10.62 7.01 0.15 5.39 10.43 12.06

Roots Bhabanipur 14.21£0.29* 2.84+0.20%8 0.07+0.01%¢ 0.61+0.43*8 8.19+0.97°0 28.37+1.25%F
Baromile 16.30+£0.29°* 2.74+0.23 0.06+0.01°¢ 0.60+0.45*¢ 8.19+0.68° 26.24+1.23%E
Shempur 15.60£0.30°* 8.93+0.38"8 0.38£0.04°C  7.67+1.46°® 32.15+0.60°° 55.26+2.30°F
Kharara 26.37+£0.42°4 7.29+0.62°B 0.27+0.08°C  3.43+0.45P 18.35+0.68°F 47.59+221%F
Kollanpur 20.12+0.519 3.55+0.29°2 0.20£0.01%°8  0.61+0.43°2 10.28+0.72°¢ 33.48+3.09°P
Taragunia 27.58+0.64°* 7.99+0.74>B 0.45+0.18°¢ 3.4340.45°C 28.52+2.88°A 63.24+1.257
Chabana 19.07+0.10™ 3.35+0.23°® 0.08+0.01°¢ 0.61+0.27°¢ 8.19+0.97° 29.15+2.31%F
Modhupur 20.81+0.10%* 3.55+0.29°® 0.2240.09°®  343+0.65® 12.55+1.309 39.15+3.40%P
Shantidanga 21.85+0.30%4 6.59+0.16"% 0.27+0.13%°C  3.43+0.79°° 15.45+0.42°® 43.12+2.22%F
Mean (min-max) 20.21 (14.21-27.58) 5.20 (2.74-8.93) 0.22 (0.06-0.45) 2.65 (0.6-7.67) 15.76 (8.19-32.15)  40.62 (26.24-63.24)
SD 4.43 239 0.19 233 8.72 12.50

Leaves  Bhabanipur 13.17+£0.85* 1.91+0.23*® 0.06+0.01°¢ 0.61+0.08*5¢ 6.74+0.84°° 12.23+0.07**
Baromile 13.78+1.13* 1.67+1.39%5¢ 0.04+0.01%2 0.61+0.04°5¢ 2.38+0.45C 9.15+0.01°P
Shempur 28.10£4.53%A 7.76+0.73"8 1.36+0.07°¢ 4.84+0.57°5C 32.87+0.92°4 50.47+1.13°P
Kharara 24.28+1.264A 5.18+0.15® 1.14£0.03°C  4.84+0.43"" 27.79+0.579P 41.11+0.56%F
Kollanpur 18.03£0.60%* 2.61£0.90*® 0.16+0.04°C 2.02+0.19°BP 11.82+1.77°° 18.98+0.15%*
Taragunia 27.41+0.43%44 5.65+0.78°2 1.36+0.37°C 4.84+0.43B 35.78+0.32P 49.05+0.07°F
Chabana 14.91+£3.72%4 2.14:£0.04*® 0.12+0.05"® 1.23+0.59*8 9.28+1.73%C 18.72+0.70°*
Modhupur 20.64+1.43A 5.18+0.29® 0.49+0.14*€  2,0240.19°C 19.81+0.72% 35.54+0.41™
Shantidanga 20.98+2.25%4A 5.18+0.15°® 0.82+0.32°8¢  2.03+0.17°¢ 25.61+2.74%° 40.69+0.04%F
Mean (min-max) 20.14 (13.17-28.1)  4.14 (1.67-7.76) 0.62 (0.04-1.36) 2.56 (0.61-4.84)  19.12 (2.38-35.78)  30.66 (9.15-50.47)
SD 5.74 2.11 0.57 1.75 11.66 1537

Different lowercase letters (superscripts) represent significant differences among sampling locations (p<0.05, post hoc Tukey test). Different uppercase
letters (superscripts) indicate significant differences within the same sample location (»p<0.05, post hoc Tukey test). Mean metal concentrations that share
similar lowercase or uppercase letters are not significantly different at p<0.05

n number of samples

soils are discussed in “Contamination assessment” section
below.

Contamination assessment

The results of EFs of all analyzed metals in all sampling points
are shown in Table 2. The average order of metal EFs was as
follows: Cr (1.73) > Cd (1.64) > Ni (1.34) > Cu (1.10) > Zn
(0.67) > Pb (0.55). Based on the EF analysis, there is no accepted
pollution ranking system or categorization of degree of pollu-
tion. However, EFs can only indicate the natural or

@ Springer

anthropogenic origin of metals. The values of EFs<1.0 indicate
a possible mobilization or depletion of metals, and the values
close to unity suggest the Earth crust origin, whereas EFs>1.0
indicate the anthropogenic origin of metals (Bhuiyan et al.
2010). In this study, the EFs for Pb and Zn were less than 1.0,
indicating a natural source of these metals in the studied soils.
On the other hand, Cr, Cd, Ni, and Cu showed EF values greater
than 1.0, indicating anthropogenic origin of them. Higher EF
values for Cd along with Cu, Ni, and Cr were observed in
Shempur, Kharara, Taragunia, and Shantidanga. The geochem-
ical maps (Fig. 3) also identified these areas as hot spots in terms
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Fig. 3 Spatial distribution of Cu
(a), Ni (b), Cd (¢), Pb (d), Cr (e),

and Zn (f) concentrations (mg/kg) 2405
in tobacco cultivating surface 24
soils of Kushtia District,

Bangladesh 23.95
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of analyzed metals. Since the present study areas were not in-
dustrially developed, the use of waste irrigation water would not
be a relevant cause for Cu, Ni, Cd, and Cr enrichment in the
soils. An alternative cause of metal enrichment could be various
agricultural activities. Cu is considered as a marker element of
agricultural activities, and several authors have reached similar
conclusion that increased accumulation of Cu in soil is related to
high use of fertilizers, manures, and Cu-based pesticides
(Facchinelli et al. 2001; Sanghi and Sasi 2001). It has also been
reported that the use of organic materials such as animal ma-
nures, biosolids, or composts acts as sources of heavy metals
including Ni and Cr in the agricultural field (Chander and
Brookes 1993; Valsecchi et al. 1995; McBride and Cherney
2004). Cd is found predominantly in phosphate fertilizers due
to its presence as impurities in all phosphate rocks (Nziguheba
and Smolders 2008). Several authors documented that increased
amount of Cd accumulates in agricultural soils due to the appli-
cation of high doses of phosphate fertilizers with high Cd

88.85 88.9 88.95 89 89.05 89.1

concentration over a long period (Peris et al. 2008; Atafar et al.
2010; Cai et al. 2012). Zn may derive in agricultural soils from
both natural and anthropogenic sources (Mic6 et al. 2006; Sun
et al. 2013). In this study, Zn and Pb variability was controlled
by the natural sources (EFs<1). Overall, the long agricultural
history coupled with excess use of fertilizers, manures, and pes-
ticides in tobacco cultivating land of Kushtia District (especially
Shempur, Kharara, Taragunia, and Shantidanga) was assumed to
result in higher accumulation of Cu, Ni, Cd, and Cr compared to
background concentrations.

The contamination factor (C}) and the degree of contami-
nation (C4q) were also used to estimate the extent of metal
pollution in the examined agricultural soils, and the results
are presented in Table 2. The C} values of metals analyzed
ranged from 0.52 to 1.56 for Cu, 0.90 to 1.87 for Ni, 0.31 to
3.88 for Cd, 0.31 to 1.23 for Pb, 1.21 to 2.15 for Cr, and 0.36
to 0.86 for Zn. Analysis of the data depicted an order of mean
Ciin soils: Cr (1.73) > Cd (1.64) > Ni (1.47) > Cu (1.19) > Zn
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Table 2  Enrichment factors (EFs), contamination factor (C}) and degree (Cy), and pollution load index (PLI) of heavy metals in soils

Sample Cu ) Ni v Cd - Pb ) Cr _ Zn ) Cq PLI
locations EFs Cy EFs Cy EFs Ci EFs Cy EFs Cy EFs Cp
Bhabanipur 0.51 0.55 0.82 0.90 0.41 041 0.38 0.38 1.21 121 0.43 0.41 3.87 0.58
Baromile 0.48 0.52 0.92 1.01 0.31 0.31 031 031 1.46 1.46 0.38 0.36 397 0.55
Shempur 1.45 1.56 1.70 1.87 2.76 2.76 123 123 2.08 2.08 0.81 0.77 10.28 1.59
Kharara 1.38 1.49 1.60 1.76 3.88 3.88 0.60 0.60 1.89 1.89 0.78 0.75 10.36 143
Kollanpur 1.27 1.37 1.33 1.46 0.51 0.51 0.44 0.44 1.69 1.69 0.68 0.65 6.12 0.89
Taragunia 1.41 1.53 1.69 1.86 3.37 3.37 0.67 0.67 2.15 2.15 0.90 0.86 10.43 1.51
Chabana 0.71 0.76 1.10 1.21 0.41 0.41 0.38 0.38 1.48 1.48 0.50 0.48 472 0.68
Modhupur 1.34 1.44 134 1.48 0.92 0.92 045 045 1.77 1.77 0.76 0.73 6.79 1.02
Shantidanga 1.36 147 1.54 1.70 224 224 0.52 0.52 1.89 1.89 0.77 0.74 8.57 125
Mean 1.10 1.19 1.34 147 1.64 1.64 0.55 0.55 1.73 1.73 0.67 0.64 7.23 1.06
(minimum (0.41 (0.52 (0.78 (0.90 (0.31 (0.31 0.23 (0.31 (1.19 (1.21 (0.37 (0.36 (3.87 (0.55
to to to to to to to to to to to to to to to
maximum) 1.49) 1.56) 1.75) 1.87) 5.20) 3.88) 1.32) 1.23) 2.22) 2.15) 0.90) 0.86) 10.43) 1.59)

(0.64) > Pb (0.55). On the basis of mean C}, the soil was
classified as moderately contaminated (1<Ci<3) with Cu,
Ni, Cd, and Cr, while slightly contaminated (Cif< 1) with Pb
and Zn. Kharara (3.88) and Taragunia (3.37) showed consid-
erable (3<Ci<6) Cd contamination.

The values of Cy ranged from 3.87 (Bhabanipur) to 10.43
(Taragunia) with an average of 7.23. Shempur (10.28),
Kharara (10.36), Taragunia (10.43), and Shantidanga (8.57)
exhibited moderate degree of contamination (8<Cy<16),
while low contamination levels (C4<8) were observed in

Fig. 4 Relationship of heavy
metal concentrations (in mg/kg,
dry weight basis) between soils
and tobacco plants. Graphs a to f
show the relationship for Cu, Ni,
Cd, Pb, Cr, and Zn, respectively.
Gray lines represent regression
bands with 95 % confidence level.
Metal concentration in tobacco
plant is the average of tobacco
root and leaf metal concentration
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other five areas. It was found that Cd contributed the most to
Cq4 of the soils collected from Shempur (27 %), Kharara
(38 %), Taragunia (32 %), and Shantidanga (26 %). The sec-
ond contributor in these four areas was Cr, followed by Ni,
Cu, Zn, and Pb.

PLI values of studied nine sampling stations were varied
from 0.55 to 1.59, with a mean value of 1.06 (Table 2). Again,
Shempur, Kharara, Taragunia, and Shantidanga were deter-
mined as moderately polluted (1<PLI<2) areas with the
highest PLI (1.59) in Shempur. The results of Cy also identi-
fied these four areas as moderately contaminated (Table 2).
However, other sites with PLI between 0.54 and 0.89 were
classified as unpolluted (PLI<1).

Human health risks from soil heavy metals

The mean values of HQs for Cu, Ni, Cd, Pb, Cr, and Zn were
1.19%107* (ranged from 5.17x107* to 1.56x107?), 2.35x%
1072 (1.44x1072 to 2.99x107%), 2.57x10 % (479107 to
6.07x107%), 5.06x10> (2.86x107 to 1.12x10 %), 3.23x
1072 (2.25%10 2 to 4.0x107%), and 2.42x10 * (1.38x107*

to 3.24x10°*), respectively. Thus, the HQ values for all ex-
amined metals were less than 1, indicating no probable health
risks due to workers’ exposure to soil heavy metals in Kushtia
District. The combined effects of all contaminants (average
HQ value was 0.0414 with minimum and maximum of
0.0275 and 0.0568, respectively) were also lower than the
threshold value of 1, again representing no appreciable risk
of deleterious effects over a lifetime.

Transfer factors and plant metal source identification

The transfer factor, which is a function of both soil and plant
properties, is used to determine the relative abundance of
heavy metals in soil and plant samples. Plant is an important
component of our ecosystems as it transfers elements from
abiotic to biotic environment. Transfer of metals from soils
to plants is one of the key components of human exposure
to toxic metals via food chain. For human health risk assess-
ment, it is necessary to establish mathematical model to pre-
dict soil-to-plant metal transfer and a large dataset on soil-to-
plant TF is required for better prediction of the model. For

Table3  Soil-to-plant transfer factors (mean+SD) in different sampling locations in this study and the results of principal component analysis (PCA) of
heavy metals in tobacco plants
Sampling locations Symbol Cu Ni Cd Pb Cr Zn
Bhabanipur R/S 1.02+0.09 0.16+0.00 1.75+0.03 0.08+0.04 0.19+0.02 0.97+0.03

L/S 0.95+0.04 0.11+0.01 1.50+0.06 0.08+0.00 0.16+0.02 0.42£0.00
Baromile R/S 1.26+0.17 0.14+0.01 2.00+0.17 0.10+0.05 0.16+0.01 1.02+0.03

L/S 1.07+0.07 0.08+0.07 1.33+0.17 0.10+0.02 0.05+0.01 0.35+0.01
Shempur R/S 0.40+0.00 0.24+0.00 1.41+0.01 0.31+0.04 0.44+0.00 1.00+0.03

L/S 0.72+0.10 0.21+0.01 5.04+0.32 0.20+0.01 0.45+0.00 0.92+0.01
Kharara R/S 0.71+0.00 0.21+0.02 0.71+0.04 0.29+0.02 0.28+0.01 0.89+0.04

L/S 0.65+0.02 0.15+0.00 3.00+1.09 0.41+0.02 0.42+0.00 0.77+0.01
Kollanpur R/S 0.59+0.01 0.12+0.01 4.00+0.63 0.07+0.05 0.17+0.01 0.72+0.06

L/S 0.53+0.01 0.09+0.03 3.20+0.17 0.23+0.02 0.20+0.03 0.41+0.00
Taragunia R/S 0.72+0.00 0.21+0.02 1.36+0.31 0.26+0.03 0.38+0.03 1.04+0.02

L/S 0.72+0.00 0.15+0.02 4.12+0.39 0.36+0.02 0.48+0.01 0.80+0.00
Chabana R/S 1.00+0.02 0.14+0.00 2.00+0.00 0.08+0.03 0.16+0.02 0.85+0.06

L/S 0.78+0.18 0.09+0.00 3.00+0.89 0.16+0.07 0.18+0.03 0.55+0.01
Modhupur R/S 0.58+0.00 0.12+0.01 2.44+0.92 0.38+0.05 0.20+0.02 0.76+0.06

L/S 0.57+0.04 0.18+0.01 5.44+1.38 0.22+0.01 0.32+0.01 0.69+0.00
Shantidanga R/S 0.59+0.01 0.19+0.00 1.23+0.04 0.33+0.06 0.23£0.00 0.82+0.04

L/S 0.57+0.05 0.15+£0.00 3.73+0.31 0.19+0.01 0.39+0.04 0.77+0.00
Mean (min—max)  R/S 0.76 (0.40-1.26) 0.17 (0.12-0.24) 1.88 (0.71-4.00) 0.21 (0.07-0.38) 0.25 (0.16-0.44) 0.90 (0.72—-1.04)

L/S 0.73 (0.53-1.07) 0.13 (0.08-0.21) 3.37(1.33-5.44) 0.22 (0.08-0.41) 0.29 (0.05-0.48) 0.63 (0.35-0.92)

PCA for tobacco plant metals

PC 1 loadings 0.832 0913

0.806 0.865 0.963 0.927

One principal component (PC 1) extracted. Eigenvalue=4.71. % Variance explained by PC 1=78.508. % Cumulative variance=78.508. Extraction

method: principal component analysis

S soils, R roots, L leaves

@ Springer



3424

Environ Sci Pollut Res (2016) 23:3414-3426

soil-to-plant transfer concept, the presence of linear relation-
ship between soil and plant metal concentrations is considered
as an essential prerequisite (Sheppard and Evenden 1988;
Bunzl et al. 2000). Positive linear relationships were obtained
for Cu (slope=0.36, *=0.73), Ni (slope 0.29, *=0.85), Cd
(slope=2.18, *=0.82), Pb (slope=0.32, *=0.82), Cr (slope=
0.89, #=0.87), and Zn (slope=1.06, *=0.87) (Fig. 4). This
study, therefore, confirmed the linearity assumption for every
analyzed metal and reflected the dominant control of soils on
the metals in tobacco plants. The values of TF for the analyzed
heavy metals at each sampling location are presented in
Table 3. Higher values of TF mean relatively poor metal re-
tention in soils or greater efficiency of plants to absorb metals,
whereas lower TF values reflect strong metal sorption capac-
ity of soil colloids (Alloway and Ayres 1997). Kloke et al.
(1984) reported that usually Pb and Cr fixed tightly in soils,
while Cd, Zn, and Cu absorbed readily by plant. This study
also showed similar results where TF o501 Values were in the
order of Cd > Zn > Cu > Cr > Pb > Ni and TF ... values
were in the following order: Cd > Cu > Zn > Cr > Pb > Ni
(Table 3). The TF value of Cd was the highest at every sam-
pling location, which indicates that Cd is more mobile than
other metals.

PCA coupled with Pearson’s inter-element correlation co-
efficients provide information on heavy metals sources
(Mamat et al. 2014; Cai et al. 2015; Chai et al. 2015; Molla
et al. 2015). According to the values of Pearson’s correlation
coefficients (Online Resource Table S4), all the plant metals
were highly positively correlated (p<0.01, p<0.05), indicat-
ing same origin or controlling factor of heavy metals in ana-
lyzed tobacco plants. In addition, the results of PCA identified
one principal component with eigenvalue higher than 1 that
explained 78.51 % of the total variance (Table 3). Since both
the Pearson’s correlation analysis and PCA identified one con-
tributing source of metals in tobacco and positive linear rela-
tionships (Fig. 4) were also observed between soil and plant
metals, we therefore assumed soil as the main source of accu-
mulated heavy metals in studied tobacco plants.

Conclusions and recommendations

The spatial distribution of heavy metals in soils revealed that
Shempur, Kharara, Taragunia, and Shantidanga were the areas
with higher metal concentrations. EF analysis highlighted the
anthropogenic origin of Cr, Cd, Ni, and Cu and pointed out
natural source of Pb and Zn. Contamination assessment using
various indexes such as Cy, Cg4, and PLI showed that tobacco
cultivating soils in Kushtia District were moderately contam-
inated with the analyzed metals and Cd was identified as the
main contributor. However, from human health point of view,
both HQ values (for individual metals) and HI (for combined
heavy metals) values were lower than unity, indicating no
possible health risks for the workers via ingestion pathway

@ Springer

of the analyzed soils. The TF).g501 values decreased in the
order of Cd > Cu > Zn > Cr > Pb > Nj, indicating higher Cd
accumulation capability of tobacco plants and also the possi-
bility of Cd-induced human health hazards through tobacco
consumption. The utilization of higher amount of commercial
fertilizers, animal manures, and metal-based pesticides to ac-
celerate the production of tobacco plants might be the cause of
metals’ load in agricultural soils and eventually in the tobacco
leaves. Therefore, to reduce the human health risk from tobac-
co consumption, it is advisable to impose regulation on the
improper use of agrochemicals in tobacco farmlands, as well
as to implement continuous monitoring of heavy metals both
in soils and tobacco plants. Health officials and regulators in
Bangladesh should establish safe level of heavy metals in
tobacco to mitigate the metal contamination.
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