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ABSTRACT

Many authors have studied cadmium concentrations in tobacco leaves. However, crops such as tobacco store Cd mainly
in their leaves and these are for human consumption. The objective of this study is to establish the cadmium levels pre-
sent in each of the soils fractions throughout the growing period of tobacco plants, and to examine the influence of these
fractions on the total content cadmium in dried leaves. The field select is situated near of Granada city (soils from Vega
de Granada) loamy calcareous thermic typic Xerorthent. The plant (Nicotiana tabacum, cvs. RJ36 variety), and the soil
dedicated to the tobacco crop were contaminated with a fixed amount of Cd (100 mg/kg of CdCl,) in the proximity of the
root influence area. The contents of Cd are analysed in channel waters, in different soil fractions and dried tobacco
leaves (mg/kg) with the different treatments. In conclusion, the water for irrigation is not a contamination risk for the soil
even when user over lengthy periods of time. The fraction presenting higher average values is the one of Cd bound to
CaCO; with 0.161 ppm, and the Cd bioavailable fractions is second in importance, and propose a Cd content sequence in
fractions, higher to lower: Cd-Carbonates > Cd-Bioavailable > Cd-Organically bound > Cd-Exchangeable > Cd-Soluble.
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1. Introduction 0.35 mg/kg. [7] find a cadmium concentration in the soil
which ranges from 0.06 - 1.11 mg/kg, with a world av-
erage of 0.35 mg/kg.

In soil samples taken from arable layers (0 - 30 cm) in
Granada (Spain), [8] find amounts of cadmium of be-
tween 0.48 - 1.88 mg/kg. According to [9], the factors
which control the solubility of trace metals and their
availability for plants include Ph content in organic mat-
ter, cation exchanging capability, texture, calcic carbon-
ate equivalent, as well as the presence and types of micro
organisms [10].

Analysis of the total Cadmium content in the soil does
not yield sufficient information about its mobility, avail-
ability and biological effects [11]. In order to predict its
availability and degree of toxicity it is necessary to know
its chemical form [12].

Cadmium can be found in low concentrations in nature
and is usually associated with Zn, Pb or Cu [1]. It has
increased rapidly in the last decades due to its vast utili-
sation in industry [2].

[3] quantify the amount of cadmium and other heavy
metals such as lead, mercury and arsenic existing in
England as a consequence of human activity. These same
authors stress the relevance of the industrial manufacture
of phosphate fertilisers with regard to the distribution and
levels of cadmium found in water. In the case of the irri-
gation water used in Granada (Spain) [4] estimate a Cd
concentration of 2.11 pg/L. Cadmium contaminated riv-
ers can also contaminate adjacent soils through the use of
their waters in agriculture [5].

[6] estimates an average Cd concentration in the soil of
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Many sequential extractions are based on the scheme
devised by [13] or on modifications of it. Other strategies
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2 Cadmium Distribution in Tobacco Growing Soil Fractions: Its Influence on Dried Leaf Contents

use simple extractions with or without progressive acidi-
fication [12]. The extraction techniques most frequently
used in soil utilise only one extractant, the content of
which in one element, present in this phase, is correlated
to the availability for the plant and can be used to predict
its absorption by the soil [2].

Simple extraction methods can be classified according
their common characteristics [7]: acids (HC1, HNO3),
agents (EDTAA, DTPA (+TEA))!, tampon solutions
(ammonic acetate, 1M/acetic acid buffer), non-tampon
saline solutions (CaCl,, MgCl, NaNO3, NH;NO3).

Plants absorb cadmium and can translocate it and ac-
cumulate it. Fortunately their absorption is limited [14,
15]. [16] establishes cadmium values below 1 mg/kg in
plant remains, whilst [6] considers that the concentration
value of cadmium in plants fluctuates between 0.1 and
2.4 mg/kg.

Many authors have studied cadmium concentrations in
tobacco leaves, thus Davies [17] found amounts close to
20 mg/kg (dry matter) when tobacco was grown on sub-
strata containing high quantities of this element. Concen-
trations of up to 37 mg/kg have been found in experi-
ments carried out with pot-grown tobacco [18].

[19] proved that high concentrations of cadmium ac-
cumulated in the roots, rather than in other parts of the
plant, in tomato, corn, alfalfa, soya crops, but these roots
are not for human consumption. However, crops such as
lettuce, tobacco, carrots and potatoes, store Cd mainly in
their leaves and these are for human consumption.

The objective of this study is to establish the cadmium
levels present in each of the soil fractions throughout the
growing period of tobacco plants, and to examine the
influence of these fractions on the total content of cad-
mium in dried leaves.

2. Materials and Methods

The experimental field selected is situated in the 1009
topographic page of Granada (Figure 1), 1:50.000 scale
of [20], located in the Cortijo Nuevo de Vifiuela with the
initial coordinates 30S 0441157-4117396, at a height of
618 m and NO-SE orientation.

The soil was classified according [21] as loamy cal-
careous thermic typic Xerorthent or calcaric Fluvisol,
according to [22].

The plants used are of the Nicotiana tabacum, cvs.
RJ36 variety.

Once they were planted in a permanent site, the ex-
perimentation area was established. The system chosen
for the design of the experimental plot was the rectangu-
lar zigzag proposed by Sabbe and [23], albeit with sev-
eral modifications [24].

The soils dedicated to the tobacco crop were contami-
nated with a fixed amount of Cd (100 mg/kg of CdCl,) in
the proximity of the root influence area and always in
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three repetitions. This contamination was carried out in
three different stages of the tobacco crop cycle, that is to
say, in June, July and August. Likewise, three soil wit-
nesses have been maintained as well as non-contami-
nated plants in order to establish references with regard
to the contaminated samples.

In June the three soil witness samples were collected
(Figure 2), and the contamination of the first three plants
was carried out. Thus, after a month the collection of soil
samples from both the contaminated and the non-con-
taminated ones took place, and subsequently another
three plants were contaminated. The sampling was re-
peated in this way throughout the tobacco crop cycle,
which in the Granada Plain lasts between 90 and 100
days.

Later on, at the beginning of September, the tobacco
plants were cut in order to initiate the drying stage. This
process took place in the artisan drying sheds up to the
beginning of November.

Soil and leaf samples were collected in the following
way:

Soil: A 1000 g soil sample was obtained from the first

SPAIN

Study area

Figure 1. Location of study area.
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Figure 2. Samples contamination along the time.
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25 cm layer (averaging the mixture within this depth). In
the studies carried out by [25] to evaluate the mobility of
heavy metals, their availability in plants and their immo-
bilisation by means of chemical agents in the slimy soil
of the Pas de Calais (France) area, the soils were sampled
between the surface and 20 cm.

Leaves: The 5" leaf starting from the stem basis was
collected. The preparation of the tobacco leaves was car-
ried out in the following processes: drying in forced air
stoves (60°C, K-Tarma®) for 72 hours, fine grinding by
hand in agate mortars and preservation in plastic con-
tainers pending analysis.

Water: Samples of the irrigation water were also ta-
ken to check its Cd contribution. Irrigation took place
after the soil and tobacco leaf sampling. These water sam-
ples were taken from the water exit of the channel at the
entrance of the experimental plot and on the ridges where
the tobacco plants examined in this study grow. The wa-
ter samples were filtered using Whatman No. 42 paper
and kept in a cold store pending analysis.

2.1. Treatments

2.1.1. Plants. Trace Elements: Totals

Acid mineralisation proposed by [26]. In those samples
where dilution has been necessary it has been carried out
with 4% (vol.) purified water in HNO3 (placed in poly-
ethylene tubes for storage pending analysis), the Cd in
the resulting dissolution can be determined by GF-AAS.

2.1.2. Soils. Trace Elements: Fractions

The extraction of trace elements in the exchangeable
fraction was carried out by shaking with extracting solu-
tion Calcic Chloride 0.001 M [27]. Extraction of trace
elements joined to organic matter and oxides with EDTA
0.05 M [28]. Extraction of trace elements joined to car-
bonates was carried out with Acetic Acid 0.43 M [29].
Extraction of trace elements in the soluble fraction with
purified water and subsequent filtering, these were acidi-
fied with nitric acid for their preservation pending analy-
sis [30]. Extraction of bioavailable trace elements with
DTPA 0.005 M, CaCl,-2H,0 0.01 M, TEA 0.1 M ex-

tracting solution, followed by filtering with Whatman No.

42 paper [31].

In the present study cadmium has been determined
with an atomic absorption Perkin-Elmer spectropho-
tometer AS-Analyst 300 model, provided with an HGA-
800 graphite oven, connected to a personal computer
with AAWINLAB software with a PRINTER HPDJ-870
printer and a mass spectrophotometer with a Perkin-
Elmer Sciex-Elan 5000 ionising fountain by a plasma
torch and quadruple ion filter. Rh was used as an internal
standard, with an accuracy of £2% and +5% for an ana-
Iytic concentration of between 50 and 5 ppm respec-
tively.
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3. Results and Discussion

The contents of Cd in the analysed channel waters (Ta-
ble 1), plot and ridges have decreasing values as we ap-
proach the tobacco growing area. The amounts of Cd
fluctuate between a maximum of 0.638 pg/L, in May, in
the channel that takes the waters to the plantations, and a
minimum value, in the planting ridges, with 0.277 pg/L
of Cd in the same month, which coincide with the levels
proposed by [32] as normal values for shallow waters.

The Cadmium concentration within the different soil
fractions are shown in Table 2.

The Cd**ions found in the soil solution Table 2(1) are
easily available for absorption by the plant [33], although
the pH in the soil regulates its availability (Robards and
Worstold, 1991), since, whilst for pH acids (4 - 6) Cd has
a high mobility, this decreases as pH levels (6 - 8) in-
crease. The soluble fraction of cadmium presents values
between 0.0005 mg/kg and 0.0191 mg/kg and, if we bear
in mind that the average pH in water is 7.7 and its aver-
age content in CaCOj is 25.5% [24], the cadmium con-
tent in the soluble fraction does not exceed 1.94% of the
total of this metal in the soil.

In the exchangeable fraction Table 2(11) Cd contents
fluctuate between 0.107 and 0.012 ppm, and represent
11.09% of the total cadmium content in the soil, which is
lower than that found in the soils of Korean mining areas
by [34], and reflects a Cd percentage in the exchangeable
fraction with regard to the total.

When cadmium is precipitated as a carbonate or ab-
sorbed in the limestone surface, it is only soluble if there
is chemical alteration, which can occur because of the
“ripplesphere” effect. Due to the soil characteristics and
its average content of CaCOj; (25.5%; [24]), this fraction
is the one more widely absorbed by Cd, as has been
highlighted by numerous authors ([2,35,36]). The values
determined in the carbonated fraction Table 2(111) fluc-
tuate between 0.090 and 0.271 mg/kg, with an average
percentage of 34.32% of the total Cd in the soil.

The Cd fraction in the soil joined to organic matter is
scarcely available and can emigrate in depth, especially
when organometalic complexes are formed between Cd
and humus substances, as well as with other high mo-
lecular weight compounds. The values of Cd joined with
this fraction Table 2(1V) fluctuate between 0.0608 and

Table 1. Cd content in the irrigation water throughout the
experiment.

Cd in irrigation water (ng/L)

May June July August
Conduit 0.638 0.636 0.515 0.433
Plot 0.304 0.476 0.359 0.421
Ridges 0.277 0.438 0.346 0.300
JEP



4 Cadmium Distribution in Tobacco Growing Soil Fractions: Its Influence on Dried Leaf Contents

Table 2. Cd concentration (mg/kg) in different soil fractions.

. I . I I Orgalr:i/cally . V .
Sample Soil Solution Exchangeable Carbonate Cd Bound Bioavailability
Cd (mg/kg) Cd (mg/kg) (ma/kg) cd (mg/kg) Cd (mg/kg)
Month Sample Test

S1 0.0031 0.071 0.189 0.0911 0.0379
June S2 0.0027 0.062 0.160 0.0804 0.0405
S3 0.0029 0.058 0.156 0.0773 0.0387
S4 0.0024 0.058 0.153 0.0750 0.0402
July S5 0.0050 0.054 0.153 0.0781 0.0441
S6 0.0035 0.057 0.154 0.0768 0.0417
S10 0.0028 0.072 0.189 0.0914 0.1706
August S11 0.0007 0.061 0.158 0.0746 0.1510
S12 0.0015 0.058 0.151 0.0738 0.1744
S19 0.0167 0.042 0.164 0.0916 0.0388
S20 0.0191 0.042 0.172 0.0954 0.0369
September S21 0.0188 M 0.029 0.138 0.0810 0.0384
S.mean average 0.0066 0.055 0.161 0.0822 0.0711

1% Contamination
S7 0.0041 0.058 0.156 0.1568 0.6251
July S8 0.0020 0.054 0.144 0.1474 0.6104

S9 0.0015 0.072 0.185 0.1608 M 0.6876 M

S13 0.0018 0.069 0.180 0.1155 0.0994
August S14 0.0005 m 0.099 0.249 0.1363 0.1425
S15 0.0010 0.107M 0.271 M 0.1475 0.1159
S22 0.0181 0.030 0.140 0.0806 0.0434
September S23 0.0155 0.025 0.117 0.0705 0.0455
S24 0.0169 0.012m 0.090 m 0.0608 m 0.0439
S.mean average 0.0068 0.058 0.170 0.1196 0.2682

2" Contamination
S16 0.0168 0.058 0.203 0.1503 0.3040
August S17 0.0151 0.038 0.147 0.1289 0.3243
S18 0.0152 0.038 0.147 0.1277 0.3118
S25 0.0181 0.031 0.142 0.0830 0.0372

S26 0.0160 0.041 0.157 0.0862 0.0353m

September S27 0.0170 0.028 0.130 0.0769 0.0362
S.mean average 0.0164 0.039 0.154 0.1088 0.1748

3" Contamination
S28 0.0124 0.041 0.147 0.0830 0.0367
S29 0.0109 0.042 0.143 0.0809 0.0406
September S30 0.0110 0.041 0.141 0.0800 0.0375
S.mean average 0.0114 0.410 0.144 0.0813 0.0383
Sitotal mean 0.0091 0.052 0.161 0.099 0.148

average

% Cd relationship to the total 1.94 11.09 34.32 21.10 31.55

Open Access JEP



Cadmium Distribution in Tobacco Growing Soil Fractions: Its Influence on Dried Leaf Contents 5

0.1608 ppm. The average percentage with regard to the
total Cd in the soil is 21.10%, which represents approxi-
mately one fourth of the total Cd. According to [37] these
heavy metals are more soluble than the inorganic pre-
cipitates, which is of great relevance for the cadmium
dynamics in the soil.

If we understand by bioavailability the tendency of
metals, and of Cd to be precise, to penetrate biological
systems, the concentration of this fraction is indicative of
the degree of transference to plants [38]. The samples
analysed within the fraction of bioavailable Cd in the soil
Table 2(V) fluctuate between 0.0353 and 0.6876 ppm,
with 31.55% of cadmium content with regard to the total
existing in the soil.

As to dried tobacco leaves grown in a typic Xero-
fluvent [21] of the Granada Plain, using RJ-36 tobacco
variety, the amounts of Cd obtained are between 0.747
and 1.673 ppm (Table 3).

Analysing the evolution of the Cd content in the dif-
ferent soil fractions during the experimental period (Ta-
ble 2), we can indicate that in the first contamination
increases in Cd percentages can be detected in the dif-
ferent fractions, which are specially significant in the
case of the bioavailable fraction with 277.2% and of the
one bound to organic compounds (45.5%).

In the second contamination the Cd content in the soil
solution and the bioavailable one is increased (148.5%)
(145.8%), whilst the Cd in the exchangeable fraction and
that bound to carbonates decreases considerably.

In the third contamination there are generalised de-
creases in Cd in every soil fraction, except in the soil
solution, where the Cd content remains as 75.3% of the
initial value, but with a decrease of 73.2% with regard to
the amounts detected within the same fraction in the
second contamination.

The evolution of the Cd content in the dried leaves of
the tobacco plants (N Tabacum, cvs RJ-36), can be seen
in Table 3, where a great increase in the accumulation of
Cd can be observed in the first and second contamina-
tions, whilst in the third there is a significant decrease
(18.7%) of the Cd content in the dried leaves after the

Table 3. Cd content (mg/kg) of dried tobacco leaves in the
different treatments.

Dry Leaf
Sample Cd Sample cd Sample c Sample Cd
(mg/kg) (mg/kg) (mg/kg) (mglkg)

H1 0.771 H4 0.881 H7 1673M H10 1.160
H2 0.747m H5 1.050 H8 1361 H11  1.089

H3 0.763 H6 1.391 H9 1309 H12  1.283

M = Maximun value; m = Minimum value; H1-2-3 = Test; H4-5-6 = 1%
Contamination; H7-8-9 = 2™ Contamination; H10-11-12 = 3™ Contamina-
tion.
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third contamination. This evolution has a parallelism
with the one detected for the Cd content in the different
soil fractions.

4. Conclusions

As conclusions we can state that the average content of
Cd (pg/L) in the irrigation waters reaching the tobacco
crops (ridges) is of 0.340 (pg/L, and the recommended
concentrations are of 0.01 mg/L, for frequent irrigation
waters in this type of crops [39], and in soil with pH be-
tween 6.0 and 8.5. When they are used for extended pe-
riods of time, it is advisable that the Cd concentration in
that water should not exceed 0.05 mg/L. Therefore, the
water used for irrigation is not a contamination risk for
the soil even when used over lengthy periods of time.

When cadmium bound to exchangeable soluble frac-
tions is extracted, carbonates, organic matter and oxides,
as well as bioavailable fraction we can observe that:

The fraction presenting higher average values is the
one of cadmium bound to CaCO; with 0.161 ppm, and
we shall show that cadmium tends to be fixed to this
fraction.

The Cd-bioavailable fraction is second in importance
after the carbonated one and we propose a Cd content
sequence in fractions from higher to lower, which is as
follows:

Cd-Carbonates > Cd-Bioavailable > Cd-M.O. > Cd-
Exchangeable > Cd-Soluble.

The novelty of this work is due to the prediction of
cadmium content in different soil fractions after a standar
contmination and the consequence in tobacco leaves after
being dried and ready for processing.
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