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bstract

Tobacco leaves (Nicotiana tabacum L.), agricultural soil and pollute irrigated lake water samples were collected during 2005–2006 and analyzed
or Cd and Ni by electrothermal atomic absorption spectrometry (ETAAS). A simple and efficient procedure was investigated for the complete
ecomposition of tobacco leaves using ultrasonic assisted acid pseudo-digestion method (UPDM). A Plackett–Burman experimental design was
sed as a multivariate strategy for the evaluation of seven factors/variables at once, while central composite were used to found optimum values
f significant variables. The accuracy of the proposed methods was assessed by analyzing certified reference (CRM); Virginia tobacco leaves
CTA-VTL-2). The results being compared with those obtained by conventional wet acid digestion method. The result obtained by optimized

ethod showed good agreement with the certified values and sufficiently high recovery 97.8 and 98.7% for Cd and Ni, respectively. Under optimal

onditions, the detection limits (3σ) were evaluated to be 0.019 �g g−1 for Cd and 0.37 �g g−1 for Ni. The proposed method was successfully
pplied to the determination of Cd and Ni in raw, processed tobacco and different branded cigarettes samples.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Tobacco-related diseases originate from the biological con-
equences of repeated inhalation exposure to numerous toxic
onstituents in cigarette smoke, which are produced by pyrosyn-
hesis or liberated during combustion. Tobacco smoke has toxic,
enotoxic, mutagenic and carcinogenic properties [1,2]. Metal

nalysis of tobacco plants is an essential feature of environ-
ental, biological and chemical research. Robinson et al. and
omkens et al. reported that tobacco is fast growing, deep-
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ooted, easily propagated, has a high biomass production and
yper-accumulators, ability to extract, accumulate and tolerate
igh levels of heavy metals from soils [3,4]. In Canada, the con-
ents of such metals in cigarette tobacco have been determined
s an indicator of environmental change [5].

Thus, levels of heavy metals in tobacco are higher when
rown in soil contaminated with heavy metal. Other environ-
ental factors may influence heavy metal uptake by tobacco

lants including soil pH and heavy metal-containing sludge or
ertilizers applied to crops. Toxic metals found in these soils
ause deleterious effects due to inhalation of contaminated soil,
r from the ingestion of fruits and vegetables grown in contami-
ated soils. It was intensively investigated that uptake of metals
y plants depends on the physico-chemical makeup of the plant

pecies and soil [6,7]. It has been known for a few decades
hat tobacco combustion has the potential to deliver dangerous
uantities of heavy metals to the lungs if the tobacco being
ombusted has high initial concentrations [8]. Indeed smok-
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grades (Merck). Certified standard reference material Virginia
tobacco leaves (ICHTJ-cta-VTL-2) was purchased from Interna-
M.B. Arain et al. / Journal of Haz

ng has long been considered a major source of several heavy
etals in blood and various organs [9], and cadmium in

articular is regarded as one of the “strong carcinogens” in
obacco smoke [10]. Cadmium is a non-essential, potentially
oxic, largely pollutant ion, which is accumulated by tobacco
lants and is transferred in tobacco smoke to humans [11].
ickel is currently classified as Group 1 “carcinogenic to
umans” by the International Agency for Research on Cancer
IARC) [12].

Determination of Cd and Ni in plant samples requires the
se of sensitive and selective techniques such as ETAAS, using
ample preparation strategies addressed to shortening and sim-
lifying the stages previous to analysis. There are various
issolution possibilities, but in most cases these turn out to be
low, tedious and subject to contamination problems or loss
f volatilization [13]. Although microwave ovens of different
esigns are widely used in the analytical laboratories throughout
he world, some problems were arisen, the high cost, short life-
ime of the digestion vessels operated at high pressures (>60 bar)
nd temperatures (>260 ◦C), long time required for cooling the
igestion vessel, sample throughput is not very high and con-
tant supervision required of the digestion procedure [14,15].
ne of the techniques that have shown promise for speeding
p and simplifying sample treatment, with minimal contami-
ation, low reagent consumption, and generation of minimal
esidue or waste is ultrasonic assisted treatment of samples [16].
ltrasound (US) can be considered an alternative for solid sam-
le pre-treatment because this energy facilitates and accelerates
ome steps, such as dissolution, fusion and leaching, among
thers [17].

Concerning mechanical and chemical effects, US is known to
ncrease the reactivity of some chemicals. The high temperature
nd pressure within a collapsing cavitations bubble produced
y US irradiation causes the formation of free radicals and var-
ous other species. The primary chemical effects are therefore
he promotion and acceleration of reactions involved in sample
igestion. These localized high-energy environments formed by
he application of ultrasound to solutions can be employed for
he purpose of extracting elemental analytes from solid matrices,
o that elemental species may then be measured by instrumental
echniques such as atomic spectrometry [18,19]. US energy has
een also used for extraction metals in different biological sam-
les [20,21]. Good recoveries were obtained with diluted acids
or pure organic samples. However, for samples containing inor-
anic part, the reported recoveries were not always quantitative.

Procedures involving optimization by multivariate tech-
iques have been increasingly used as they are faster, more
conomical and effective, and allow more than one variable to be
ptimized simultaneously [22,23]. Among the different groups
f designs, Plackett–Burman designs (PBDs), introduced in
946 by Plackett and Burman, allow us to discover the most sig-
ificant variables for a certain system with only few experiments
24]. The interest on the use of such optimization method and

BDs has been applied to optimize some sample pre-treatments
25].

The aim of present study was to develop UPDM method for
he extraction of toxic metals from tobacco leaves. For this pur-
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ose, PBD was used as a multivariate strategy for the evaluation
f the effects of varying several variables at once. Parameters
nfluencing UPDM such as pre-sonication time [PSt], sonica-
ion time [St], temperature of ultrasonic bath [Bt], particle size
Ø], sample mass [SM], volume of HNO3 [A1], and volume of a
ixture of HNO3:H2O2 [A2] were regarded as factors. Further

ptimization was done by a 23 + star central composite design
CCD), which involved 16 experiments. Optimum values of the
ariables were selected for the extraction of Cd and Ni from
aw and processed tobacco leaves. An acid digestion induced
y electric hot plate was used also for comparative purposes.
he uptake of Cd and Ni in tobacco leaves grown in agricul-

ural land irrigated with polluted lake water was evaluated. The
btained values were compared with those obtained from dif-
erent branded cigarette. The water and soil samples were also
nalyzed.

. Experimental

.1. Apparatus

Agate ball mixer mill (MM-2000 Haan, Germany), was
sed for grinding the dried raw processed and branded tobacco
eave samples, to reduce the particle size. Sieve made of nylon
ith mesh size of <30 and <65 �m. The UPDM was carried
ut with an ultrasonic bath (Sonicor, Model No. SC-121TH,
rogrammable for temperature ranging from 0 to 90 ◦C with
ntensification frequency of 35 kHz). Centrifugation was carried
ut using a WIROWKA Laboratoryjna type WE-1, nr-6933 cen-
rifuge (speed range 0–6000 rpm, timer 0–60 min, 220/50 HZ,

echanika Phecyzyjna, Poland). A PerkinElmer Model 700
Norwalk, CT, USA) atomic absorption spectrometer, equipped
ith a graphite furnace HGA-400, pyrocoated graphite tube
ith integrated platform, an autosampler AS-800, were used

or the analysis. The instrumental parameters are shown in
able 1.

.2. Reagents and glassware

Ultrapure water obtained form ELGA labwater system
Bucks, UK) was used throughout the work. 1000 ppm standard
olutions of Cd and Ni were prepared by dilution of certi-
ed standard solutions, Fluka kamika (GmbH CH-9471, Buchs,
witzerland. Mg(NO3)2 stock standard solution, 5.00 g L−1,
sed as a chemical modifier, was prepared from Mg(NO3)2
erck (Darmstadt, Germany). Pd stock standard solution,

.00 g L−1, used as a chemical modifier, was prepared from
d 99.999% Sigma Aldrich (Milwaukee, WI, USA). Con-
entrated 65% HNO3 and 30% H2O2 were spectroscopic
ional Atomic Energy Agency, Vienna (Austria). All glassware
as used previously treated for a 24 h in 5 M HNO3 and

insed with double distilled water and then with ultra pure
ater.
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Table 1
Measurement conditions for electrothermal atomization AAS 700

Parameters Cd Ni

Lamp current (mA) 4 30
Wave length (nm) 228.8 232.0
Dry temperature (◦C)/dry time (ramp/hold) (s) 140/15/5 140/15/5
Ashing temperature (◦C)/ashing time ramp/hold (s) 850/10/20 1400/10/20
Atomization temperature (◦C)/atomization time/ramp/hold (s) 1650/0/5.0 2500/0/5.0
Cleaning temperature (◦C)/cleaning (ramp/hold) (s) 2000/1/3 2600/1/3
Chemical modifier 10 (�L) Mg(NO3)2 + Pd(NO3)2 (0.01 + 0.015 mg) Mg(NO3)2 (0.05 mg)

Common parameters
Slit width = 0.7 L
Sample volume = 10 (�L)
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Cuvette = Pyrocoated graphite tube
Back ground correction = D2 lamp
Carrier gas (argon) = 200 mL min−1

.3. Sample collection and pre-treatment

.3.1. Water
Two-year survey (2005–2006) was conducted to collect five

o ten water samples each month from Manchar lake (Sehwen
indh, Pakistan) (26◦3′N:67◦6′E), and analyzed for different
hysico-chemical parameters. The analytical data quality was
nsured through careful standardization, procedural blank mea-
urements, and duplicate samples. For Cd and Ni analysis the
ample solutions were concentrated five times by evaporating
he water at 60 ◦C on an electric hot plate, filtered and kept at
◦C till further analysis.

.3.2. Soil
Soil samples were collected from an agricultural land irri-

ated with contaminated lake water in two growing seasons,
here tobacco is cultivated. Composite soil samples consisting
f ten subsamples were collected from the upper layer (0–30 cm)
f each year with two replicates. The treatment and physico-
hemical analysis were reported in our previous work [26].
otal Cd and Ni were determined by digestion of 0.2 g sam-
les using HNO3–HCl (aqua regia) by conventional wet acid
igestion method, while leaching Din test based on the German
tandard Method was used for water extractable metals (DIN
8414-S4) [27].

.3.3. Tobacco leaves
Tobacco leave samples were collected from the agricultural

ands irrigated with polluted lake during 2005–2006, fifty sam-
les per year (n = 100). The processed tobacco leaves were
ollected from local industry (n = 50), where the same raw
obacco leaves are processed for preparing local unbranded
igarette. The samples once in the laboratory were washed with
ltra pure water and dried for 48 h in an oven at 65 ◦C. Twelve
ifferent branded cigarettes (n = 10) were purchased from local
arket for comparison purpose. The raw, processed and differ-
nt branded cigarettes tobacco were ground in vibrational agate
all mill for 5 min using a power of 60%. The powdered sam-
les were sieved through nylon sieve to obtain particle size [ø]
0–65 �m and were stored in closed polyethylene bottles and
ept in a refrigerator at 4 ◦C until analysis.

a
S
c
l
5

.4. Digestion procedures

.4.1. Ultrasound-assisted pseudo-digestion method
UPDM)

For UPDM optimization, HNO3 [A1], mixture of
NO3:H2O2 [A2] (1:1, v/v), pre-intensification time

2–10 min) intensification or sonication times (1–5 min),
article size (30–65 �m), sample mass (25–100 mg) and the
emperature of ultrasonic bath was ranged between 40 and 80 ◦C
ere tested. To evaluate the efficiency of the process, the results
btained with the UPDM were compared with those obtained
rom CDM, using electric hot plate on same certified and real
amples. To optimized the different analytical variables, six
eplicate of certified tobacco leaves, at (−) and (+) level for SM
ere taken in polytetrafluoroethylene (PTFE) flasks (25 mL

apacity), concentrated acids A1 and A2 were added at two
evel, minimum (−) and maximum (+) separately, and kept at
oom temperature, marked as PSt (without ultrasonic stirring),
fter different time intervals (2–10 min), the flasks were placed
nside the ultrasonic water bath and were subjected to ultrasonic
nergy at 35 kHz for different time intervals (1–5 min). The
emperature range of ultrasonic water bath was 40–80 ◦C. After
onication for different time intervals, the content of flasks were
iluted with 5 mL deionized water and subjecting to ultrasound
nergy for 2 min and centrifuge at 3000 rpm. Final solution
as made up to 10 mL with ultrapure water, and collected in
olyethylene flask and kept at −4 ◦C. Blanks were also treated
n the same way. After studying the effect of the different
ariables involving in UPDM method, the remaining collected
aw, processed and different branded tobacco samples were
repared according to optimized conditions prior to determine
he analytes understudy.

.4.2. Conventional digestion method (CDM)
An acid digestion method induced by electric hot plate

as used in order to discover the total content of toxic met-
ls and also for comparative purposes. Triplicate samples of

tandard reference Material Virginia Tobacco Leaves (ICHTJ-
ta-VTL-2) and duplicate 100 mg subsamples of dried tobacco
eaves (n = 10) were weighed in 50 mL Pyrex flasks. Added
mL volume of a freshly prepared mixture of concentrated
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Table 2
Variable and levels used for the Plackett–Burman and central composite designs
in the factorial design

Variables Symbol Low level (−) High level (+)

Pre-sonication time (min) PSt 2 10
Sonication time (min) St 1 5
Temperature of ultrasonic bath (◦C) Bt 40 80
HNO3 (mL) A1 1 2
HNO :H O (mL) A2 1 2
S
P

H
o
e
i
b
o
1
w
o
b

2

2

e
m
t
o
t
o
m
f
(
t
v
i
T
m
C
o
t
t
t
a
t
C

2

n
o
6
f
N

b
P
a

3

o
C
f
d
t
r
w
e
U
H
p
o
s
3
p
o
o

%

t
s
s
F
a
f
t
variance (ANOVA) and using P-value shown in Table 4. These
values express how much the probability of a factor is due to
random errors.

Table 3
Plackett–Burman design for the significant variable determination (n = 6)

Run PSt St Bt SM Ø A1 A2 % Recovery (mean ± S.D.)

Cd Ni

1 + − + − − − + 67.5 ± 4.6 58.8 ± 4.1
2 + + − + − − − 55.8 ± 3.9 50.6 ± 2.6
3 − + + − + − − 71.1 ± 5.2 66.2 ± 5.3
4 + − + + − + − 54.4 ± 4.0 51.7 ± 3.5
5 + + − + + − + 70.3 ± 4.7 60.4 ± 5.4
6 + + + − + + − 86.5 ± 5.8 74.6 ± 8.2
7 − + + + − + + 98.6 ± 7.6 97.3 ± 6.0
8 − − + + + − + 65.3 ± 4.8 61.2 ± 3.8
3 2 2

ample mass (mg) SM 25 100
article size (�m) Ø 30 65

NO3–H2O2 (1:1, v/v), to each flask and solutions were heated
n electric hot plate at 80 ◦C, for 2–3 h, till the clear transpar-
nt digests were obtained. The final solutions were collected
n polyethylene flask, for the determinations of Cd and Ni,
y ETAAS. The resulting digests obtained from both meth-
ds were analyzed by ETAAS by delivering 10 �L aliquots and
0 �L appropriate modifiers to the atomizer. The concentrations
ere obtained directly from calibration graphs after correction
f the absorbance for the signal from an appropriate reagent
lank.

.5. Experimental design

.5.1. Plackett–Burman design
The PBD was used as a screening approach with the aim of

stablishing the significant factors that influence the proposed
ethod and selecting suitable digestion conditions. The applica-

ion of this experimental design reduced the development time
f the methods and provided less ambiguous digestion condi-
ions, hence facilitating data interpretation. For the evaluation
f seven factors at two levels PBDs with only twelve experi-
ents is described instead of the 27 = 128 required for a full

actorial design. This work was carried out using the Minitab
Release 13 of MINITAB) Version 5.1 [28,29]. This optimiza-
ion method permits estimation of the principal effects of the
ariables studied as well as the values for each (+) represent-
ng the maximum and (−) the minimum are shown in Table 2.
welve experiments were carried out for completing the design
atrix, the resulting values (1–12) are being the % recovery of
d and Ni average value of six replicates. Sometimes, the effect
f some factors (less significant) can lead to wrong results on
he importance of the (most significant) variables. In addition,
he evaluations of interactions between factors are also impor-
ant. Such interactions are not allowed by a design of this type,
nd to evaluate them, the effects of some variables were omit-
ed, and the effects of the significant factors were again studied
CD.

.5.2. Central 23 + star orthogonal composite design
Having screened out the variables that did not have a sig-

ificant effect on the response, the remaining three factors were

ptimized to provide the maximum metal recovery. A CCD with
degrees of freedom and involving 16 experiments was per-

ormed to optimize the variables, A2, Bt and St for the Cd and
i determination in tobacco. The factors that were shown to

1
1
1
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e insignificant by the PBDs were fixed at convenient values as
St = 6 min, SM = 100 mg, and particle size [ø] were <35 �m for
ll runs.

. Results and discussion

We adopted ultrasound energy to enhance the action of acid
n decomposition of plant material, for the determination of
d and Ni by ETAAS. By this proposed method to avoid inter-

erence problems which most frequently occur in slurry and
irect introduction of biological samples to graphite furnace due
o high organic matter, as for from the reliable approaches for
outine analysis. The all blanks, standards and sample solution
ere made in 0.1 M HNO3, to minimize the matrix interfer-

nces. Seven factors were selected to be examined by proposed
PDM. Two factors are related to the acids, which are volume of
NO3 [A1] and HNO3–H2O2 [A2], pre-sonication time [PSt]
rior to subjecting US energy, sonication time [St], temperature
f ultrasonic bath [Bt], sample mass [SM] and particle size of
amples [ø]. The ultrasound energy was fixed at a frequency of
5 kHz for all experiments. Extraction efficiency, expressed as
ercentage, was calculated as the ratio between element content
btained by US treatment and those obtained with CDM, based
n the equation:

Recovery = [Metals obtained by USD]

[Metals obtained by CDM]
× 100

A recovery close to 100% would show quantitative extrac-
ion of both metals. The results of the design (% recovery) are
hown in Table 3 and visualized by using a Pareto chart of the
tandardized effect, Figs. 1 and 2 for Cd and Ni, respectively.
rom inference tests, the results produced a minimum t-value
t the 95.0% confidence interval of 2.8, and we consider that a
actor is significant when the t-value for a certain factor is higher
han 2.8. Significance effects were checked by analysis of the
9 − − − + + + − 43.8 ± 2.2 28.7 ± 3.3
0 + − − − + + + 46.2 ± 3.0 38.5 ± 3.5
1 − + − − − + + 61.8 ± 4.3 54.5 ± 4.8
2 − − − − − − − 38.2 ± 2.7 34.2 ± 3.0
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Fig. 1. Pareto chart of the standardized effects.

.1. Estimated effects of variables

For both elements, the most significant effect was found for
ariable Bt, in the order of Ni > Cd, while reverse the case for
t. The maximum recoveries of both elements were observed at
0 ◦C. It can be seen in experiment 5 of Table 3 that at (−) level
f Bt with optimum values of other variables, the % recovery
f Cd and Ni were 70.3 and 60.4, respectively. The influence of
re-sonication time (kept the concentrated acid treated samples
t room temperature for different time interval) was not signif-
cant, it was observed that at low level of PSt, both elements
ere quantitatively extracted (experiment 7) when other param-

ters were at optimum level. Sonication time is in the range of
–5 min; however, it can be seen in Table 3, that the maximum
ecoveries of both elements were achieved after 5 min at tem-
erature 80 ◦C of US bath, as compared to those obtained by

DM. In previous studies developed by El-Azouzi et al. the St
as about 180 min [30]. From the results of the PBDs (Table 3),

t is clearly observed that high amounts (+) of HNO3:H2O2 mix-
ure (A2) provided a significantly high recovery for Cd and Ni

r
a
w

ig. 2. Three-dimensional (3D) surface plot of % recovery (a) for Cd and (b)
or Ni.

s compared to alone acid (A1). The concentrated HNO3 alone
t (+) level, gave 86.5 and 74.6% recovery of Cd and Ni, respec-
ively, although the other variables were at optimum levels. The
article size attempted for metal pseudo-digestion in this work
ith the use of ultrasonic bath ranged from upto 30 to 65 �m. It
as reported in literature that smaller particles size of samples

equired smaller acid concentration and volume and the sonica-
ion time [31]. It was also reported in literature that particle size
an be considered as insignificant due to high energy supplied by
S energy (frequency 35 kHz) [32]. It was observed in experi-
ent 7 the optimum recoveries of Cd and Ni were obtained when
have (−) level, i.e. <35 �m. There was significant difference

etween 25 and 100 mg sample mass for both metals at 0.05
robabilities. It can be seen in experiment 6 and 7 (Table 3), SM
t (−) level produced 86.5 and 74.6% recovery of Cd and Ni,

espectively, i.e. 12.1 and 22.7% less than those values obtained
t SM (+) level. The results indicated that 100 mg sample mass
as sufficient for optimum recovery of both metals.
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Table 4
Estimated effects of main variables for % Cd, and Ni

Cd Ni

aDF bSS cMS F-ratio dP-vlaue bSS cMS F-ratio dP-vlaue

PSt 1 0.300 0.300 0.005 0.948 4.70 4.70 0.084 0.787
St 1 1380 1380 21.7 0.010 1420 1420 25.3 0.007
Bt 1 1350 1350 21.3 0.010 1701 1701 30.3 0.005
SM 1 23.8 23.8 0.375 0.573 44.5 44.5 0.793 0.423
Ø 1 4.00 4.00 0.063 0.815 25.5 25.5 0.455 0.537
A1 1 44.5 44.5 0.701 0.450 16.1 16.1 0.287 0.620
A2 1 299 299 4.71 0.096 348 348 6.22 0.067
St × A2 1 53.3 53.3 0.263 0.322 44.5 44.5 0.180 0.682
ST × Bt 1 113 113 0.093 0.168 124 124 0.065 0.145
Error 2 88.1 44.05 55.7 27.85
Total 11 3356 3784.
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% recovery of Ni obtained 67.6 (run 4), to increase the volume
of A2, enhance 30.2% recovery of Ni (run 8) at optimum values
of other two variable (St and Bt).

Table 5
Central 23 orthogonal composite design for the sonication time/ultrasonic water-
bath temperature/HNO3:H2O2 (n = 6)

Run St Bt A2 % Recovery (mean ± S.D.)

Cd NI

1 − − − 48.8 ± 1.4 30.5 + 2.2
2 + − − 53.4 ± 1.5 46.3 + 2.1
3 − + − 55.6 + 2.9 49.6 + 3.8
4 + + − 90.0 + 6.4 67.6 + 2.5
5 − − + 36.8 + 1.5 30.6 + 1.8
6 + − + 56.3 + 3.4 48.6 + 3.9
7 − + + 69.2 + 3.3 57.6 + 3.0
8 + + + 98.7 + 7.4 97.8 + 4.3
9 −a1 af0 bf0 51.6 + 3.3 45.3 + 2.7

10 +a2 af0 bf0 69.4 + 5.4 55.3 + 2.3
11 cf0 −b1 bf0 38.6 + 3.7 32.4 + 2.7
12 cf0 +b2 bf0 82.8 + 5.1 76.6 + 6.4
13 cf0 af0 −c1 53.7 + 3.1 48.9 + 3.5
14 cf0 af0 +c2 83.0 + 4.6 73.6 + 5.3
15 cf0 af0 bf0 81.5 + 4.0 71.8 + 4.5
16 cf0 af0 bf0 79.8 + 2.9 71.3 + 4.8
a DF = degrees of freedom.
b SS = sum of squares.
c MS = mean squares.
d P-value = probability level.

.2. Optimization by central composite design

Taking into account that temperature of ultrasonic bath [Bt]
s efficient for the recovery of metals under study and has a
trong interaction with sonication time [St] and acid mixture
A2], as demonstrated by results of the PBDs. So these three
actors were optimized to provide the maximum recovery of Cd
nd Ni. A central 23 + star orthogonal composite design with 6
egrees of freedom, involving 16 experiments were performed
o optimize these variables. The factors that were shown to be
nsignificant by the PBDs were fixed at convenient values; there-
ore, the mass of tobacco leaves were 100 mg, ø < 35 �m and PSt
t 6 min, while A1 was omitted in this experiment, for all runs.
he experimental field definition for this design is given Table 2,
hile Table 5 shows the central composite design together with

he % response obtained for Cd and Ni. The study of estimated
esponse surfaces for variables, [Bt]/[St] for Cd and Ni, showed
he optimum values of these variables for both elements Fig. 2(a
nd b). The comments for each element are the following.

.3. Cadmium

Ultrasound energy has significant effect on % recovery of
d from plant matrixes. It was observed that at low level (−)
f St, the recovery of Cd is 69.2%, which was 29.5% lower
s compared to the value obtain at high level of St (run 7 and
). It can be seen, from Fig. 2(a), that the UPDM efficiency is
ncreased when the temperature was higher, at low level (−)
he percentage recovery of Cd was 56.3% (Table 5 run 6). The
ecovery of Cd was 90.0% at (−) level of A2, which is higher
s compared to Ni at same condition (run 4). The percentage
ecovery of Cd was peaked when St and Bt at the maximum
evels.
.4. Nickel

From center composite design (Table 5), it was observed that
he % recovery of Ni was increased when the temperature was

a
c

t high level, while at low level (−) the recovery of Ni is 48.6%
run 6 in Table 5), although the other two variables A2 and
t were at (+) levels. In this case, the extraction efficiency is
irectly proportional to the temperature (Bt). The other effec-
ive variable is St, at (+) level as shown in Table 5 (run 8), the
ecovery of Ni was enhanced 40.2% as compared to the run 7 at
ow level (2 min). It is also indicated in the estimated response
urface (Fig. 2(b)). The other effective variable is HNO3:H2O2
ixture volume [A2]. It was noted that at (−) level of A2, the
1 = −0.7272 min, a2 = 12.727 min; b1 = 26.3641 ◦C, b2 = 93.6359 ◦C;
1 = 0.6591 mL, c2 = 2.409 mL.
a f0 = 60 ◦C.
b f0 = 1.5 mL.
c f0 = 6 min.
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Table 6
Determination of Cd and Ni in standard reference Materials Virginia Tobacco Leaves (ICHTJ-cta-VTL-2) (�g g−1dried basis)

CRM/metals Certified values CDM x̄ ± ts⁄√n
a % Recovery % relative error USD x̄ ± ts⁄√n

a % Recovery % Relative error t critical = 2.57

ICHTJ-cta-VTL-2
Cd 1.520 ± 0.17 1.530 ± 0.10 100.6 0.65 1.501 ± 0.078 98.7 −1.3 0.12a

Ni 1.980 ± 0.21 1.984 ± 0.21 100.2 0.20 1.937 ± 0.16 97.8 −2.2 0.57
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ratio of water extractable concentration to the total concentra-
tion for each metal (Cwater extractable/Caqua regia × 100). The water
extractable contents of Cd and Ni in soil were observed in the

Table 7
Analytical results obtained for Cd, and Ni in Tobacco (�g g−1 dried basis)

Samples Cd x̄ ± ts⁄√n Ni x̄ ± ts⁄√n �g 10 g−1

Cd Ni

Raw tobacco leavesa 6.85 ± 1.1* 2.82 ± 0.61 68.5 28.2
Unbranded cigaretteb 7.12 ± 1.2 2.94 ± 0.54 71.2 29.4
Diplomatc 3.71 ± 0.15 1.21 ± 0.11 37.1 12.1
Morven goldc 5.18 ± 0.14 1.38 ± 0.12 5.18 13.8
Red & whitec 3.84 ± 0.18 1.57 ± 0.15 38.4 15.7
Gold flakec 3.89 ± 0.13 1.36 ± 0.092 38.9 13.6
Gold leafc 4.55 ± 0.21 1.77 ± 0.081 45.5 17.7
Bossc 4.52 ± 0.18 1.75 ± 0.076 45.2 17.5
Channelc 2.78 ± 0.16 1.28 ± 0.098 27.8 12.8
Capstanc 3.32 ± 0.21 1.36 ± 0.087 33.2 13.6
Camelc 4.09 ± 0.25 2.11 ± 0.14 40.9 21.1
Benson and heggenc 3.36 ± 0.41 1.27 ± 0.12 33.6 12.7
Dunhillc 2.11 ± 0.14 1.28 ± 0.095 21.1 12.8
Marlboroc 2.12 ± 0.3 1.01 ± 0.11 21.2 10.1

a (n = 100).
b (n = 50).
c (n = 10).
* Average value ± confidence interval (P = 0.05).

Table 8
Physico-chemical parameters of agricultural soil and lake water
a Average value ± confidence interval (P = 0.05), (n = 6).

.5. Analytical figure of merit

The equations for the linear range of the Cd and Ni calibration
urves were the following:

= (2.88 × 10−2 ± 2.4 × 10−4)(Cd)

+(1.8 × 10−3 ± 1.0 × 10−4) (R2 = 0.9999)

= (1.1 × 10−3 ± 1.9 × 10−5)(Ni)

+(4.0 × 10−4 ± 2.9 × 10−5) (R2 = 0.9993)

here y is integrated absorbance and the concentration in each
ase expressed as �g L−1. The linear range of the calibration
urve reached from the detection limit up to 10, and 100 �g L−1,
or Cd and Ni, respectively. Characteristic masses were 1.0 and
2 pg for Cd and Ni.

The detection and quantification limits, given by

OD = 3 × s

m

nd

OQ = 10 × s

m

espectively, where s is the standard deviation of ten measure-
ents of a reagent blank and m is the slope of the calibration

raph. The LOD of 0.05 and 0.15 ng mL−1 and LOQ of 0.17 and
.5 ng mL−1 calculated for Cd and Ni, respectively.

In order to confirm the applicability of the UPDM process to
he determination of Cd and Ni in CRM Virginia tobacco leaves
amples result shown in Table 6, the analytical characteristics,
recision of the methods, expressed as the relative standard
eviation (R.S.D.) of a minimum of 6 independent analyses of
he same sample, provided values ranging from 5.2 to 8.26%
s a function of the element considered and its concentration
evel.
.6. Application for real samples

The proposed methodology was applied to the duplicate of
ach raw, processed and branded tobacco samples, to extract the
d and Ni. The mean metals concentration expressed as x̄ ±

s⁄√n, for n = 100 (raw tobacco leaves samples), n = 50 (processed
obacco leaves samples) and n = 10 (branded cigarette samples),
re shown in Table 7.

P

p
C
N

.7. Evaluation of Cd and Ni in water, soil and tobacco
amples

The results of physico-chemical analysis of lake water and
gricultural soil are shown in Table 8. The pH of agricultural soil
nd lake water was found in the range of 6.4–6.8 and 7.4–8.0,
espectively. The level of Cd and Ni in lake water used for irriga-
ion an agricultural land where tobacco is cultivated, were found
n the range of 4.22–7.4 and 10.5–40.9 �g L−1, respectively
uring 2-year study 2005–2006. The agricultural soil contains
otal Cd (3.9–9.7) and Ni (13.1–28.6) mg kg−1, on dried weight
asis (DW). The availability of metals was calculated as the
arameters content Soil Water

H 6.40–6.80 7.40–8.01
admium 18.5 ± 2.8a (0.880 ± 0.12)b 5.01 ± 1.5c

ickel 20.1 ± 3.4a (0.48 ± 0.07)b 31.5 ± 9.4c

a (mg kg−1).
b Water extractable metals.
c (�g L−1).
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Table 9
Correlation coefficient (r) of Cd and Ni in water, soil (total and water extractable)
with tobacco leaves (n = 100)

Cd Ni

Metals in water 0.971 0.902
Water extractable metals in soil 0.816 0.878
T
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ange of 3.92–4.64 and 1.55–2.39%, respectively. Therefore, the
lement of primary concern regarding soil pollution, Cd, had the
ighest availability. This result agrees with other investigations
33].

Smoking of tobacco leaves is one of the principal routes of
xposure to heavy metals. Metals contained in tobacco leaves
riginate from root uptake and transfer to the shoots and also
rom deposition of aerosol particles on the leaves. Our results
re consistent with other studies that tobacco grown in soils with
igher available Cd and Pb levels has correspondingly higher
evels in the tobacco leaves [34,35].

It is likely that cigarettes made from tobacco grown in various
eographical regions or under different agricultural conditions
ill have different levels of the heavy metals in the tobacco
ller and thus, generate different levels in the smoke. Cd oxide
enerated during the burning of cigarettes is highly bioavail-
ble. Approximately, 10% of the inhaled Cd oxide is deposited
n lung tissues, and another 30–40% is absorbed into systemic
lood circulation of smokers. Smokers have 4–5 times higher
d levels in blood and 2–3 times greater amounts of Cd in their
idneys than in non-smokers [36]. The average concentration
f Cd in raw tobacco and cigarette made from it, was observed
s 6.85 ± 0.8 and 7.12 ± 1.2 �g g−1 DW, respectively. The con-
entration of Cd was 3.94% higher in processed tobacco used as
ller for local unbranded cigarette as compared to raw tobacco,
ay be due to different processing steps and using additives for
avoring. In present work, for comparative purpose we analyzed
2 branded cigarettes. It was observed that the level of Cd in our
tudy samples, are 3–4 times higher than those obtained from
ifferent branded cigarette tobacco. These results are 5–6 times
igher than cigarette produced in United Kingdom (0.90 �g g−1)
nd Korea (1.02 �g g−1), respectively [37].

As in the case with Cd, tobacco plants absorb Ni from the
oil and concentrate it in the leaves [9]. The concentrations of
i in raw tobacco ranged from 2.42 to 3.22 �g g−1 (DW), with

n average of 2.82 �g g−1, are 1.5–2 times higher than other
randed cigarette understudy. Nickel reacts with carbon monox-
de in tobacco smoke to form a highly toxic carbonyl compound,
hich is believed to be a potential carcinogen. Nickel has been

ong known to produce nasal and lung cancers. Ni dermati-
is is one of the common forms of allergic contact dermatitis.
hus, Ni in tobacco smoke may be responsible for some of the

rritant properties of smoke in the lungs [38]. Elevated expo-
ure to heavy metals (Cd and Ni) from smoking contributes
o increased risk for lung disease, and other systemic mal-
dies such as peripheral artery disease and complications of
regnancy [39–41]. In epidemiological studies of the associa-
ion between Ni and cancer risk, Ni has been examined either
lone or in combination with Cd. Jarup et al. reported a statisti-
ally significant increased risk of prostate cancer mortality with
elatively high occupational Ni exposure [42]. Ni as a trace ele-
ent that is ‘probably’ essential, given its role in Ni-containing

nzymes found in plants and microorganisms. However, evi-

ence that Ni has similar functions in humans is not currently
vailable. In contrast, Ni compounds can display tumor promot-
ng capability via a number of mechanisms including inhibition
f intercellular communication, the induction of DNA deletions

o
t
s
t

otal metals in soil 0.809 0.683

nd aberrations, production of DNA-protein cross-links, oxida-
ive damage, inhibition of nucleotide excision repair and an
ncrease in DNA methylation leading to inactivation of gene
xpression [43].

Correlation coefficient (r) of Cd and Ni in water, soil (total
nd water extractable) with tobacco leaves (Table 9) shows that
here is a strong relationship among the concentrations of both

etals in raw tobacco samples with lake water concentration.
trong correlation was also recorded among the available con-
entrations of metals from agricultural soil and their respective
oncentrations in raw tobacco leaves. This suggests that the con-
entrations of Cd and Ni in irrigated water and water extractable
etals in the agricultural soil can be used as a predictor of metal

oncentration in tobacco leaves.
The local unbranded cigarette formed from tobacco grown

n agricultural land irrigated continuously with contaminated
ake water, have low price as compared to the different branded
igarette. So the high consumption of local unbranded cigarette
ue to poverty, create health effects of toxic metal, transfer from
obacco via smoke to the lungs indicates that habitual smok-
rs may be risking additional harm from high levels of Cd and
i possibly other toxic contents. In this area a survey study
y us confirmed that the mortality rate is high due to lung
iseases.

. Conclusions

The proposed ultrasound-assisted pseudo-digestion method
an be used for the determination of toxic metals in plant
amples with minimum time and reagents, using inexpensive
evice ultrasonic bath. The advantage of multivariate experi-
ental design and optimization techniques becomes important

n establishing a valid methodology with relatively small number
f experiments. In the present study, the application of factorial
esign as factor screening showed that HNO3:H2O2 mixture
A2), temperature of ultrasonic bath (Bt) and the exposure to
ltrasonic energy (St) was the most significant variable for max-
mum recovery of Cd and Ni from CRM and real samples of
obacco leaves. For comparative purpose 12 branded cigarettes
ere analyzed. It was observed that the level of Cd in our study

amples is 3–4 times higher than those obtained from different
randed cigarettes. A significant flux of heavy metals, among
ther toxins, reaches the lungs through smoking tobacco con-

ained high level of Cd and Ni. Consequently, contaminated
oil and irrigation with contaminated water usually avoided for
obacco cultivation.
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