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ABSTRACT

Tobacco is a known metals accumulator plant whose leaves are the main commercial products to produce cigarettes.
Cadmium (Cd) can be regarded as hyperactive metal that is accumulated by tobacco plants from the soil and
is associated with several health hazards posed to tobacco consumers, as well as affect environmental quality
specifically soil heath. The present review emphasizes mechanisms of uptake and accumulation of cadmium from the
soil by the tobacco plant, its sources, toxicity, and health hazards caused by it. As an overall outcome, the present
study provides a significant idea of a soil-metal-tobacco relationship, which is a useful tool to provide information
that leads to limited accumulation and consumption of Cd within the ecosystem. Besides, absorption of Cd from
soil solution and its translocation from roots to upper shoots involved moving cadmium from the soil to tobacco
plants. The absorption is driven by soil, environmental, and plant factors, while the translocation is enhanced by
tobacco physiological function. Thereafter, researchers should focus on the efficiency of the tobacco plant in the
phytoremediation of Cd polluted soil.
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Introduction

The economic development of humankind has brought various innovative ideas like industrialization that have been
accelerated in the nineteenth century and intensified agriculture that aimed to increase production by using advanced
techniques such as the application of sewage sludge, pesticides, lime, irrigation waters and fertilizers. Those practices
together with other anthropogenic activities like mining and transportation means have been recognized as the primary
source of environmental contaminants [1]. Among contaminants, cadmium and other toxic metals can directly enter
the human body through consumption of contaminated water or indirectly through their bioaccumulation in the food
chain [2]. Besides, cadmium absorbed through dermal absorption, may be harmful to human body. Cadmium is of
great concern in this study as it is quickly transferred and accumulated by plants, and can travel long distances from
the source of emission by atmospheric transport [3,4]. Cadmium is not an essential element and its uptake increases
with the increase in its concentration in soil [5]. Moreover, various organizations have mentioned cadmium as a
potentially toxic metal in the ecosystem [6].

Cadmium can be very toxic even in low concentrations; as a result, high Cd concentration can have toxic effects
on soil organisms and is considered a primary soil pollutant [7]. It can be released in soil, water, and atmosphere
then spread into organisms either through consumption of contaminated plants or water and smokes. This metal can
be a threat to soil microbial activity by poisoning the earthworms and other soil organisms, which implies that a high
concentration of cadmium in soil may affect soil structure particularly and whole soil ecosystem [8]. In addition, cadmium
can quickly transfer into vegetative cover and ultimately enter the food chain as a higher potential carcinogenic metal [7].
Its bioaccumulation is highly associated with human health effects, which implies vulnerability to various forms of diseases,
including lung cancer [9]. Its biological half-life in humans of 10-35 years may lead to renal tubular dysfunction; High intake
of cadmium can lead to disturbances in calcium metabolism, the formation of kidney stones and effects on bone [10].
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On the other hand, Tobacco is a popular plant known to accumulate a considerable quantity of toxic metals including
Cd, which can be concentrated at a level of 0.5 to 5 mg/Kg Cd in tobacco leaves [11]. Moreover, various literatures
have mentioned the accumulation of cadmium in tobacco and uptake of metals from the soil by tobacco plant [12,13].
Cadmium can particularly be accumulated in leaves. In different regions of the world, bioaccumulation of metals
with cadmium has serious concerns as the accumulation of Cd in tobacco affect smokers and non-smokers as it has
been proven that there are various health effects faced by cigarettes’ smokers in different regions of the world [14]. It
was observed in Pakistan that the most used cigarette types were reported to have a massive concentration of heavy
metals that may be increased by tobacco growth and production conditions [15]. In Nigeria, a higher level of metal
concentration was reported in tobacco leaves, which are the most usable part of tobacco; generally, the level of metals
is attributed to the physicochemical properties of soil [16]. According to the available literature, the future projections
0f 2002 to 2030 predict that the annual mortality rate resulting from tobacco-caused diseases will increase in middle
and low-income countries. Various studies revealed those harmful effects of tobacco to not only Nicotine but also to
different toxic metals contamination in tobacco leaves [11,14].

However, there are much fewer studies carried out specifically for soil-cadmium-tobacco relation. Furthermore, some
ways and mechanisms of cadmium accumulation have been discussed but detailed discussions are needed to provide
significant facts about its bioaccumulation from the soil by tobacco [17,18]. Although an increase in Cd contamination
and its presence in tobacco has been recorded over the past years, still there is a need of understanding how Cd transfer
in shoots of tobacco and accumulates in its leaves from soil. There is still a need to upsurge the understanding of the
mechanism within soil-cadmium-tobacco relation. Therefore, to fill this gap, the present study emphasizes on Cd
contamination on soil, its sources, and toxicity as well as its effects on the environment and discussed the potentials
of tobacco in phytoaccumulation of soil cadmium.

Cadmium Sources to Invade Soil

There has been a worldwide trend in Cd production since the 1920s, which fluctuated around 20,000 tons since
1987, and it was 24,900 metric tons in the last year of 2019 [19,20]. This increase may be attributed to different
sources, either geologic or anthropogenic like agricultural activities, mining, transportation and industries. Soil Cd
may appear in the field as a result of soil parent material; however, its concentration can be increased by the disposal of
substances in the soil environment like sewage sludge and fertilizers and other human activities [21]. Mean values of
cadmium in igneous, metamorphic and sedimentary rocks range from 0.02 to 25 mg/kg™!, although it can reach higher
in phosphorite marine sedimental rocks [22]. The report on chemical contaminants on the United States Department of
Energy (DOE) showed the range of cadmium in soils to varying from 0.01mg/kg to 345mg/kg [23]. At the same time,
literature reports the highest total Cd concentrations in Histosols (organic soils) and the lowest in highly weathered
soils (Ultisols and Alfisols) [22]. In China, 450 ton of Cd was released into the atmosphere from the zinc smelting
activities from 1989 to 2001, which increased up to 743 metric tons in 2009, and in 2015, a large part of agricultural
soils in china was Cd polluted [24,25]. Soil chemical properties are the key determinants of tobacco contents [26]. At
the same time, some external factors like fertilization and irrigation may enhance its growth; however, they may be a
source of some unnecessary elements.

The potential of agricultural activities in a release on cadmium and other metals in the soil is mainly observed through
the use of fertilizers, and pesticides. It can also be through the use of contaminated water in an irrigation system. In
the recent research, the use of both organic and inorganic fertilizers (mainly calcium and phosphate fertilizers) was
said to be accompanied by some additional quantities of metals in the field [27]. A study conducted in Hebei province,
China showed that the accumulation of Cd in the soil as a result of agricultural activities like irrigation water and
fertilizers that were applied in the field [6]. Phosphate fertilizers are the most mentioned fertilizer in many research to
be a potential source of cadmium in soil [7,28,29]. However, Bozhinova reported a less significant effect of long-term
phosphorus fertilizer application on cadmium status in soil and tobacco [30]. Generally, phosphates can accumulate
heavy metals, and while making phosphate fertilizers, phosphate rocks are used as raw materials, so that the contained
metals will be exposed to the users of these products. Besides, sewage sludge is usually used in irrigation is also a
source of heavy metal, including cadmium, which is the most burning question at present time. Metals in sludge may
be in various forms like exchangeable, adsorbed, precipitated or combined with carbonates or sulfates, which support
the concentration of Cd and other metals reported having increased in plants part due to the addition of sludge on soil
[31].

Furthermore, during hot furnace processing (greater than its boiling point of 7650C), Cd can also be volatilized to
become airborne as long as forming oxides in the environment [32]. The use of Cd in Nickel/Cadmium batteries of
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good quality and high tolerance to physical and electrical stress [32]. This type of raw material in industrial processing
can ensure the direct release of Cd particles in the soil environment through industrial solid and liquid wastes disposal.
Besides, after investigation of the distribution of heavy metals in soils around industrial sites of Dongguan in China,
the level of Cd and other heavy metals were elevated in the vicinity of industrial sites of that region [33].

Besides, Various literature presents mining and industrial activities as an alternative source of Cd toxicity [22,34].
Especially, abandoned mines and tailings are the pronounced source of heavy metals in mining areas [35]. In a
gold mining region in east Africa, a higher level of cadmium was observed in soil, which is more significant than
the standard one of 0.01-2.5 mg/kg' Cd in unpolluted soil and there was a significant concentration of this metal in
the rivers and ponds surrounding the region [36,37]. In West Africa, several findings report influence on increasing
heavy metal concentration in near mining areas; in southwestern Nigeria, Cd concentration increased by 54% in a
period of ten years starting from 2003 [38]. In Ghana, the values observed for Cd concentration in boreholes that
were nearly closer to WHO limit values that could affect small-scale gold mining in that region [39]. Briefly, many
different anthropogenic activities are major sources of contaminants as they release strange materials in the natural
environment. Heavy metals can also come from motor vehicle and vehicle exhaust emissions [27]. Where, Figure 1
summarizes all the described sources of Cd and its corresponding effects on soil and human health [40-44].

Absorption of Cadmium by Tobacco

The transfer of Cd from soil to plants depends on soil, plant and metal properties [45]. The past study consistently
reported the water-soluble and the exchangeable fractions as the most mobile and bioavailable forms of heavy metals
[46]. The availability of Cd along with its absorption by tobacco largely depends on its types of binding forms, that
heavy metals in uncontaminated soils and sediments are mainly immobile as they are bound to silicates and primary
minerals [47]. However, the mobility of Cd occurs mainly when the metals are in the aqueous phase, in a dissolved
form or associated with colloidal particles [48]. Additionally, various soil factors such as soil solution pH, redox
potential, clay content, soil texture, iron and manganese oxide, organic matter content, and the presence of other
positive cations in the soils affect Cd and other metals mobility and availability to plant [49]. Those soil parameters
are significant to determine the availability of metal in soil solution.

Availability of Cd is likely to increase as the soil pH decreases [50]. It also has a positive correlation with organic
matter known to use its organic acids and compounds to chelate metals to increase their availability, and in the
presence of organic matter, there is an increase in Cation Exchange Capacity (CEC) usually indicated by higher
sorption site due to raised number of negative charges in the soil as organic matter and Cation Exchange Capacity act
as an indicator of metal availability in soil [51]. A particular conclusion was drawn that iron (Fe) fraction increased
cadmium availability in paddy field and that Fe plaque can act as cadmium sequester, which significantly supports
the importance of reduction-oxidation activity in paddy soil as a result of waterlogging and drying cycle in wetlands
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Figure 1: Cd in soil-tobacco-human system. 1- Cd from igneous, metamorphic and sedimentary rocks, 2- Ca and P fertilizers application, 3-
Cd deposition from mining activities and industrial activities, 4- phytoextraction of Cd by tobacco, 5- effects of Cd on soil microbes, 6- Cd
translocation from roots to shoots and accumulation in leaves, 7- airborne Cd due to hot furnace processing, 8- health risks in human system
[18,22,27,31,32,35,40-44].
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[51]. Cadmium availability is higher in reducing (flooded) and lowers in the oxidizing field [52]. Therefore, Soil
pH and actual Cd concentration in the field is recognized as significant main soil conditions that influence cadmium
availability and its absorption by tobacco plants. On the other hand CEC, the content of oxides of Fe and Mn, and
interactive effects with other elements (Zn, Cu, Ni, Mn, Se, P), and soil temperature are the minor factors on cadmium
activity in soil [51].

Cadmium and other metal’s bioavailability and absorption can also be increased by the plants themselves [53]. Like
hytosiderophores, nicotianamine and organic acids are a few examples of chelating compounds that are released
by roots and might influence metal uptake [42]. In addition, some soil amendments are known to have a significant
influence on cadmium availability. Silicon addition to soil results to increased residual Cd but decreased available
Cd, and it enhances the increase of soil pH, which is realized to have a negative correlation with Cd and other metals
availability [54]. Organic amendments do not influence total Cd content but decrease Cd availability by increasing
adsorption or complexation and precipitation of metal. Biochar affects Cd availability by increasing the sorption
site while liming make precipitation together with changing pH towards alkalinity [19]. The addition of humic acid
resulted in the decreased level of metals available to tobacco plants [55]. In the other study, zeolite was applied in Cd
contaminated soil and it was concluded that this amendment can reduce Cd availability in tobacco, as the amount of
Cd in tobacco parts decreased as the level of zeolite was increased [57].

Potentials of Tobacco in Phytoaccumulation of Cadmium

Tobacco is an industrial cash crop in many countries, where it has a significant quantity of exported harvest [57]. Its
production and commercialization started in recent years, in which its production increased to over six million tons
produced worldwide in the year 2019 as provided by FAO (Food and Agriculture Organization) data. Its regional
production in 2019 is presented in Figure 2.

Although the main chemical components of tobacco leaves such as nicotine, protein or sugars play a significant role in
tobacco quality tobacco can also have a larger quantity of heavy metals when it is cultivated in a polluted environment
[58]. It can accumulate many different heavy metals, and it accumulates Cd with energy and transpiration as the driving
force of its accumulation [17]. Through xylem, dissolved nutrients are translocated in all parts of the plant, where this
movement is coupled with Cd translocation in Nicotiana tabacum known to promote Cd uptake and mobility as well as
accumulation in leaves [59]. To emphasize that tobacco is a hyperaccumulator of Cd, implies its ability to accumulate
a large amount of Cd from the soil [60]. This was observed in the pot experiment with moderately contaminated
soil, where tobacco plants accumulated high concentrations of Cd in the shoots [61]. The discussion about tobacco
and its metal content is very significant, as the metal toxicity continues even in tobacco products like cigarettes. For
instance, investigation of toxic metals in the tobacco of different Iranian cigarettes, the study showed the presence of
a higher level of heavy metals in cigarettes [11]. The consideration of the higher consumption of tobacco products
and the negative effects of Cd, previous studies were interested in the determination of Cd concentration in tobacco.
In the evaluation of Cd accumulation and distribution in Nicotiana species, a significantly higher level of Cd (above
80%) was accumulated in leaves of Nicotiana tabacum [62]. In the Phytoremediation potential of Atriplex canescens
(Pursh) Nutt and Nicotiana tabacum has grown in heavy metal contaminated soil, tobacco plants have higher metal
concentrations, transfer factor, uptake and metal phytoextraction efficiency; however, the author did not specify the
accumulation potential of different parts of the plant [63]. Another study about the comparison of heavy metals
accumulation and cadmium phytoextraction rate among tobacco cultivars, the quantity of accumulated Cd was higher
in tobacco grown on soil with higher cadmium content [64]. In addition, Cd content was the highest in leaves which

Regional Tobacco production in 2019
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Figure 2: Tobacco production in all world regions in 2019, source of data is FAOSTAT.
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is highly attributed to higher Cd transportation from stem to leaves as it was indicated by a greater secondary transfer
factor obtained in all tobacco plants in the experiment [64]. The emphasis on the accumulation of Cd in tobacco is
presented in Table 1. It shows the concentration of Cd in different parts of tobacco and their corresponding soil Cd
concentration that has been determined in the past studies where the findings show that the values of Cd concentration
in tobacco parts were higher than the values of soil Cd in those studies [65-67].

On the other hand, some technologies were tried to identify the way that can alleviate Cd toxicity in soil. The study
was conducted to investigate how Cd contamination of soil and crops is affected by intercropping and rotation systems
in the lower reaches of the Minjiang River in south-western China, which is a significantly valuable study as some
plants can highly accumulate cadmium to minimize its level in the soil [66]. Other findings from another study
suggest that tobacco after being cut twice still appears to accumulate high Cd in leaves in moderately contaminated
acidic soils, which is evidence of how this plant can accumulate Cd from contaminated soil [67]. Moreover, the high
concentration of Cd in the leaves and the high translocation factor indicate the possibility of enhanced tobacco to be
used in phytoextraction [68].

Tobacco is a potential plant that promotes cadmium phytoaccumulation due to its physiology. Primary transport in
the xylem, translocation in the phloem, and transport from xylem to phloem are the most important processes in the
distribution of Cd in plants [69]. The tobacco plant takes advantage of the presence of appropriate genes to translocate
Cd from roots to shoots and accumulate it in different parts of the plant [18]. In addition, the translocated Cd is more
accumulated in tobacco leaves, and past findings confirm the presence of a higher level of Cd and other metals in
tobacco and cigarettes from different countries [11]. Therefore, the movement of Cd from soil to the upper shoot
follows two steps. The first step is to uptake Cd from soil to roots, which is driven by this readily available metal

Table 1: Summary of concentrations of cadmium in different soils and tobacco parts from previous studies.

Mean value of Soil Cd Mean Cd concentration

concentration (mg/kg) Soil pH Plant Name Tobacco parts (mg/kg) Reference
Nicoti b L/ Leaves 1.51
icotiana tabacum L. .
0.21 7.05 K326 cultivar Stem 0.90 (Haiwei L, et al.) [17]
Roots 0.89
" dtob NBC Leaves 1254 (Angel d
enhanced tobacco u ngelova an
314 76 10-8F3 Stem 201 University-Plovdiv) [67]
Roots 50.5
Upper Leaves 0.24
0.2 6.9 tobacco Upper stem 0.12
Roots 0.17
62 Upper leaves 9.68
2.94 ’ tobacco Upper stem 421
Roots 2.4 (Proshad R, et al.) [79]
Upper leaves 2.66
0.99 53
tobacco Upper stem 1.19
Roots 0.71
Upper leaves 0.61
0.3 7.2
tobacco Upper stem 0.35
Roots 0.33
0.95 4.5 Burley tobacco Leaves 2.7
0.72 4.7 Virginia tobacco Leaves 2.5 (Golia EE, et al.) [13]
0.1 53 Oriental tobacco Leaves 1.6
0.21 7.1 Nicotiana tabacum/ Leaves 3.35
cultivar K326 L
. (Haiwei L, et al.) [64]
0.21 71 Nicotiana tabacum/ L 257
’ cultivar NC89 caves '
Nicoti 5 / Leaves 6.8
icotiana tabacum
04 33 cultivar PHD6 Etem ii
oots .
Michel M, et al.) [62
o eatoulti Leaves 4.6 (Miche ctal) [62]
0.4 53 Nicotiana rus.tz.ca cultivar Stem 1.4
Brasilia
Roots 1.8
U 1 15.35
0.35 6.01 Cultivar yunyan 87 ppet feaves (Qiulong H, et al.) [56]
Stem 8.01
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concentration in soil solution and other soil physicochemical factors. The second step is the translocation of up-taken
metal, which is more dependent on the physiological performance of tobacco [17]. The uptake from the medium to
the xylem, to be energy-dependent and the transfer from the xylem to the leaves, to be driven mainly by transpiration.

For the first uptake of cadmium, the root tip is the most important tissue for absorbing that metal from the soil [45].
Then, the movement of Cd from roots to shoots is a cellular process and generally occurs via the xylem [69]. Once
Cd enters the cells, plants use various strategies to cope with its toxicity, where one is the transportation of Cd out
of the cell or sequestering it into the vacuole, thereby removing it from the cytosol [42]. It was proved before that
both Cd and Cd-binding peptides are localized in the vacuole of tobacco leaves, although it was unclear if both are
transported into vacuoles independent of each other [70]. Zhang et al., emphasized the presence of transporters for
various divalent heavy metals in plants [71]. Where, Zinc transporters are known to transport Cd when concentration
is at least 100 times higher than Zinc [45]. Tang et al. presented that the tobacco plant may have a plasma membrane-
localized transporter possessing transport activities for both Mn and Cd [61].

Cadmium Toxicity in Tobacco Soil and Health Risks

Cadmium (Cd) naturally found in the environment in a low concentration is known to be a soil pollutant that affects
mainly soil health. Generally, soil microorganisms are particularly susceptible to the presence of heavy metals in
the soil as they affect their ecological function via adsorption, fixation, complexation, dissolution, oxidation or
reduction [72]. Cd exhibits a toxicological effect on soil microbes, which may lead to a decrease in their numbers and
activities [41]. Even though, there is no specific demonstration of the antagonist interaction between a higher level
of cadmium and soil microbes. The recent works showed that the high sensitivity of the metal effect is observed in
soil bacteria than in other soil microorganisms (actinomycetes, fungi, algae and protozoa), while bacteria facilitate
nutrients transformation and circulation, promote energy flow together with organic matter decomposition as well as
other biochemical processes in the environment [73]. For instance, Potassium-solubilizing bacteria convert insoluble
potassium in the soil into a form that plants can access [74]. Therefore, disturbance in soil microbial community
may affect the nutrient status of the field soil. This nonessential element has also been reported to have an antagonist
relationship with zinc, which is usually an essential element for tobacco and other plants [75].

Besides, to talk about soil microbes’ exposure to cadmium is bonded together with soil structure. In the study on
bacterial community response to Cd contamination of agriculture paddy soil, it has been found that long-term cadmium
results in changes in bacterial population abundance and structure with significant losses in bacterial diversity, which
is supposed to affect the whole soil ecosystem [72]. As long as these microorganisms are affected by the concentration
of Cd in soil, it implies that there is a change in microbe’s community that may decrease and alter decomposition of
organic matter, reduced soil respiration, decreased diversity and declined activity of several soil enzymes, which may
result to the change of soil structure [76]. In addition to the inactivation of enzymes, Cd and other heavy metals alter
the conformational structures of nucleic acids, protein, and consequently form complexes with protein molecules
that render them inactive, with an overall effect of reduction in microbial biomass because of reduced biodiversity or
disturbed community structure [28,29].

Moreover, when released in the environment, Cd is easily oxidized into cadmium dioxide; its vapor can react with
other atmospheric gases to form water-soluble compounds [20]. Once accumulated by plants, it enters the food chain
without any known biological functions in plants [77]. According to previous studies, the combination of Cd and Zn
added on growing medium resulted in DNA damage in tobacco leaves [75]. The negative effects of Cd expand to even
the level of human health. Cadmium has significant adverse effects on the human body, particularly on kidneys, which
accumulate about 30% of body Cd [78]. It may impair Vitamin D metabolism in the kidney, affects the cardiovascular
system in several ways that result in different diseases including anemia and may result in cancer [79]. It has been
reviewed and presented that Cd can affect the urinary system, reproductive system, cardiovascular system, respiratory
organs and other remaining parts of the human body, which shows the significant effect of cadmium exposure observed
in various systems within the human body [44]. This also agreed with Tchounwou et al. who showed that Cd affects
with pulmonary and gastrointestinal irritant within the human body [9].

Conclusion
Cadmium toxicity, uptake and accumulation by the tobacco plant have becoming an interesting topic because it is

readily available and highly accumulated in tobacco leaves. This is happening while recent records show an increase
in annual tobacco products worldwide. However, soil Cd is likely to be high in areas dominated by industries, mining,
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irrigation and fertilization as well as other anthropogenic activities that involve the use of products containing metals.
Some soil physicochemical properties together with plant physiological properties are key determinants of the metal
availability and absorption by tobacco plants. The soil pH is a primary factor that influences Cd availability and
absorption by plants. Even though Cd can be up taken by various plant species; it is highly accumulated in tobacco
plants. The above accumulation has been observed in many leaves of Nicotiana tabacum due to the presence of
appropriate genes that promote this metal translocation from roots to shoots. Therefore, the tobacco plant is a potential
accumulator of Cd originated from soil ecosystem and has the potentiality to pollute soil and create several health
hazards due to the consumption of Cd contaminated tobacco leaves as tobacco products. Therefore, this current study
suggests that the estimation of the efficiency of the tobacco plants in phytoremediation of Cd polluted soil may be the
focus of future studies. Again, there is a need to enhance policies that promote the minimization of Cd release in the
environment.
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