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Environmental pollution due to vanadium has become a serious problem.
Vanadium in air originates mainly from combustion of fuel oils , especially
residual oils, which are known to be rich in this element, while the
contribution of heavy vehicular traffic seems to be of minor importance, in
agreement with experimental measurements and the known low vanadium
levels in distillate petroleum used in land transport. It has been shown that
the burning of fossil fuels results in 12000 - 24000 tons of vanadium per
year, of which roughly 10 - 15 % is deposited in the ocean as atmospheric
fallout ( Bertine et al. 1971). The toxic action of vanadium is largely confined
to respiratory tract. Irritant activity with respect to the skin and eyes has also
been described to industrial exposure ( Browning 1969 ). Although there is
no direct evidence on toxicity levels for continuous year round exposure,
British sources ( Stocks 1960 ) report a statistical relation between vanadium
concentration in rural and urban air pollution and the incidence of lung cancer,
bronchitis and pneumonia. Athanassiadis ( 1969 ) has reported at length on
the toxicity of vanadium compounds and on the major sources of emissions.
Several studies ( Cantley et al. 1977, 1978, Higashino et al 1983) have
demonstrated that vanadium is a potent inhibitor of the ubiquitous enzyme
(Na,K )-ATP ase in erythrocytes and renal tubular cells of various species.

Tobacco plants tend to absorb metals from the soil and to accumulate in the
leaves. Therefore, the heavy metal content of cigarettes has been a subject
of study since the early 1950s ( Carl et al. 1985, Carl et a1.1986, Watanabe
et al, 1987, Rickert et al. 1994 ). Since few detailed reports have been made
as to the assay of vanadium in cigarette, we investigated this.

MATERIALS AND METHODS

Forty five different brands of cigarettes were used. Cigarette samples were dried
on a hot plate at 120°C for 2h and ashed at 250°C for 2h and at 550°C for
6 h in a muffle furnace. The residue was dissolved in 5% HCl 1ml and the
resulting solution was made up to 10 ml with distilled water. The solution
was subjected to atomic absorption spectrophotometry. The recoveries of added
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vanadium in various kinds of cigarettes were 95.3 and 108.0 %, with a maximum
coefficient variation of 7.9 %. The smoking machine consisted of vacuum pump
and flowmeter ( Figure 1 ). This machine was used for the determination of
vanadium in ash, filter and cigarette smoke. The actual flow was regulated
by needle valve. The ash was collected in a plate.

Figure 1. Setup of the smoking machine

RESULTS AND DISCUSSION

Table 1 shows the assayed values of vanadium and nickel in cigarettes before
smoking. These elements are generated from some crude oil. Emissions
from the combustion of oil are the major contributor of environmental
pollution. Therefore, nickel was assayed too. In cigarettes, vanadium
concentrations range from 0.49 to 5.33 µg/g. Those of nickel were
between 2.22 and 6.70 µg/g. The average concentration of vanadium
and nickel were 1.83 and 4.47 µg/g , respectively, and the ratio of the latter
to the former was 2.4 % ( Table 2 ). There was a highly significant correlation
between the concentration of tar and nicotine in cigarettes, as shown in
Table 3 (r = 0.766 ). On the other hand, no significant correlation was found
between the other items. Table 4 shows the vanadium content of whole
unsmoked cigarettes, ash, filter and smoke. Six different brands were used
on this purpose. The amount of the element contained in the cigarette smoke
was estimated by subtracting the values for ash plus filters from the
mean content of the whole cigarette. The vanadium and nickel contents of
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Table 1. Assayed values of vanadium and nickel in cigarettes

Table 2. Concentration of vanadium and nickel in cigarettes

the smoke are relatively constant, and represent 31.3 and 31.9 % of the
unsmoked cigarettes content, respectively. Nandi et al ( 1969 ) reported that
about 60 % of the cadmium in a cigarette is estimated to pass ‘into the smoke.
Landsberger et al. ( 1993 ) described that 80 % of the cadmium in cigarette
went to the cigarette smoke. The flux amount of elements into the smoking
fractions during the smoking process may depend on its boiling point. Both
vanadium and nickel boil at about 3000°C. On the other hand, the boiling
point of cadmium is 767 °C. This is compatible with the observation that the
temperature at the ignited end of a cigarette can exceed 800 °C. The filters after
smoking contained 8.3 % of vanadium. Landsberger et al ( 1993 ) reported that
the cadmium content of filter from one piece was 3.7 %. Because the filter
retains mainly particles, the differences depend on the metal. About 60 % of the
vanadium in cigarette remained in ash. Barry et al. ( 1986 ) reported that plants
vanadium levels increased in the relation to the rate of its supply in the soils.
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Table 3. Correlation coefficients among each component in cigarette

*:There was a significant correlation among each component, p<0.01.

Table 4. Concentration of vanadium in cigarette, ash, filter and
cigarette smoke

Its accumulation and transfer from sea water to terrestrial organisms through
a mollusca food chain was investigated by Unsal ( 1982 ). Vanadium content
in shrimp and oyster was higher in specimens taken from industrialized areas
compared to nonindustrialized sections around Galveston island, Texas ( Blotcky
et al 1979 ). Its concentrations in foods appear to be sensitive to environmental
pollution of vanadium. Tobacco plants absorb metals from the soil and to
accumulate in the leaves. Therefore, the assayed values of vanadium in cigarette
can be used as one of indicator for air pollution by fuel oils.
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