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HEAVY METAL CONTENT IN FLUE CURED AND AIR CURED
TOBACCOS FROM MAIN PRODUCTION AREAS IN SERBIA

Vesna Radoji¢i¢' and Olga Cvetkovié?

Abstract: The aim of this work was to examine the influence of growing
conditions on heavy metal content in virginia (flue cured) and burley (air cured)
tobacco type. Moreover, some of these metals could appear in the tobacco
cigarette smoke. This fact may cause negative consequences for cigarette
consumers.

Examinations were carried out in five various production areas, for each
tobacco type, during two years, 1998 and 1999; those were extreme years for
production. Considering the results, it can be concluded:

The most important factor for heavy metal content in tobacco leaves are
weather conditions, especially the amount of rainfall, since there is a direct
correlation between the rainfall and size of roots, a dominant vegetation organ.

It is inevitable that the metals content in flue cured and air cured tobaccos,
grown at different experimental lots, is still below the legally prescribed values.

Tobacco leaves from Sabac production area have a little higher metal content
than tobacco grown in other production areas, because a larger amount of copper
was found.

The metal content in plants can increase because of its absorption from soil,
atmosphere, or mineral fertilizers and pesticides, and, what is very important, the
content of metals can be high due to the vicinity of large industrial centers.
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Introduction

It is known that metals are normally present in cultivated plants in quantities
which vary depending of plant variety, climate, and other factors.

Metals play an important role in tobacco metabolism during its growth (8):

-they build up materials in plant tissues;

-increase plant immunity to diseases and unfavorable environmental
conditions, such as drought, high and low temperature;

-contribute to enzyme reactions which provide for plant metabolism;

-and burning process (they effect temperature and combustion conditions and
ash characteristics).

Because of high pollution of human environment and its destruction, there are
more and more the so-called “acid rains” containing heavy metals which are
dissolved in soil solutions.

Metals are also found in tobacco in varying amounts, depending on many
factors. Because of the importance of these problems, various investigations have
been carried out all over the world on metal influence on plants but only a few
were related to tobacco (4, 9, 11). The number of scientific works on this topic is
especially small in our country (6). Some of the heavy metals could appear in
tobacco smoke. For example, during the burning process about 5-20% of the
original cadmium from tobacco, appears in the mainstream smoke (13).
Therefore, the aim of our investigations was to show the presence of metals in
flue cured and air cured tobaccos, because those tobaccos account for over 80% of
the total tobacco production in our country, grown in five different areas. Also,
the aim was to find out if the collected values are within the prescribed limits.

Materials and Methods

Virginia tobacco type, variety Heveshy-9, and Burley tobacco type, variety B-
92, from different production areas (Senta, Coka, Sremska Mitrovica, Sabac,
Bajina Basta and Vranje) were used for investigations. Investigations were carried
out during two years, 1998 and 1999, which were extreme years for the
production especially because of the amount of precipitation. The year 1998 was
extremely dry and 1999 was extremely rainy.

10 samples were taken for each year, which means 20 samples during the two
years. Each sample was obtained as an average sample from a 10 ha production
area. The NPK fertiliser in the ratio adapted to tobacco type was used at the
experimental lots of all production areas. In tobacco seedlings, transplanting at a-
80cm row distance and a-50cm stalk distance as the most suitable way for inter-
row cultivation was applied to achieve a good yield and quality material.

The samples of cured tobacco and tobacco leaf after redrying were milled into
a fine tobacco powder. Only the middle stalk position leaves were used as the
leaves of the best quality. The whole leaf with the main stem was milled.
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The metal content in the tobacco samples was determined by atomic
absorption spectroscopy (AAS). The solutions for the metal content determination
were prepared by a modified method applied for plant material destruction.

Tobacco powder was dissolved in nitric acid and heated at 80°C. Heating
was stopped after the separation of yelow dark steam was finished. Then, we
added perchloric acid and heating was done up to 200°C. The process was
finished after the color of the sample disappeared.

A blind test was prepared in the same way.

The content of Fe, Cu, Cd, Zn, Pb, Hg has been determined in the prepared
solutions.

Results and Discussion
References of primary climate conditions, which are necessary for tobacco
production, were obtained in RMIS (Republic Meteorological Institute of Serbia).

To make the results clear, we will present the references only for the
vegetation period.

T ab. 1. - Temperature variability for 1998

Bajina Basta Vranje
air temperature extreme air temperature extreme

month max min middle max day min day max min middle max day min day

6 - 13.1  20.1 - - 9 16 274 133 205 34 30 84 20
7 - 145 215 - - 1.5 9 29.6 141 223 376 2 6 10
8 - 13.9 207 - - 8 27 30.6 152 228 377 4 7.6 31
Senta Sremska Mitrovica
air temperature extreme air temperature extreme

month max min middle max day min day max min middle max day min day

6 29 163 226 353 6 105 14 283 148 21.6 34 8§ 85 14
7 292 164 228 36.1 24 9 9 293 149 21.7 356 24 8 9
8 289 162 223 381 4 9 26 288 15 213 373 3 73 31

Sabac
air temperature extreme
month max min middle max day min day
6 291 156 225 355 28 83 15
7 307 159 228 39 2 9 9
8§ 30.1 157 222 385 3 82 31
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T ab. 2. - Temperature variability for 1999

Bajina Basta Vranje
air temperature extreme air temperature extreme

month max min middle max day min day max min middle max day min day

6 - - 19.2 - - - - 259 13.1 193 31.6 11 83 27
7 - - 20.1 - - - - 28.1 148 21.3 337 7 11 19
8 - - 20.8 - - - - 306 15.1 229 384 10 88 27
Senta Sremska Mitrovica
air temperature extreme air temperature extreme

month max min middle max day min day max min middle max day min day
6 264 149 208 318 28 95 23 265 144 203 319 7 78 26
7 286 173 228 35 6 14 24 272 161 214 341 6 126 17
8 28 16 216 36 10 105 27 283 152 213 363 10 8.1 25

Sabac

air temperature extreme

month max min middle max day min day
6 273 152 207 327 4 96 26
7 283 167 219 36 6 135 18
8 299 162 222 39 10 95 26

The temperature conditions during the two years were within optimal range,
except for a slight decrease (1°C-table 2) in 1999.

Optimal conditions for virginia and burley tobaccos production was in the
Sabac production area with the average temperature of 21.6-22.8°C during the
vegetation period. The Vranje production area, where the variation in temperature
values was very large (13.3°C-VII 1998; 30.6°C-VIII 1998).

Likewise relations were in 1999.

The difference in relative air humidity and quantity of rainfall differ from
year to year, depending on study year.

Even extreme amount of rainfall, which was characteristic of 1999, did not
provide sufficient amount of available water.

The amount of relative air humidity was minimum in the production area of
Vranje in both study years and mostly in Senta (84-85%) in 1998 and the Sabac
production area (79-82%) in 1999.
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T ab. 3. - Relative air humidity and quantity of rainfall during 1998

Bajina Basta Vranje Senta
omiddle rainfall (mm) omiddle rainfall (mm) omiddle rainfall (mm)
month (%) z max day (%) P max day (%) P max  day

6 74 622 212 18 64 100 364 12 84 284 73 18
7 69 29.7 112 30 57 435 242 16 85 729 294 8
8 71 100.8 32 22 56 385 185 29 84 69.6 256 23

Sremska Mitrovica Sabac

rainfall (mm) rainfall (mm)

¢middle omiddle

month (%) ) max day (%) ¥  max day

6 74 819 229 12 73 504 18 13
73 90.9 40.8 29 73 492 125 29
73 415 158 23 73 419 125 29

T ab. 4. - Relative air humidity and quantity of rainfall during 1999

Bajina Basta Vranje Senta

emiddle rainfall (mm) @middle rainfall (mm) @middle rainfall (mm)

month (%) Y  max day (%) ¥ max day (%) > max day

6 79 1192 36 22 70 82.6 43.6 17 77 123 24.7 9

76 1222 484 30 67 20 11 11 77 156.1 624 26
75 23 112 14 57 86 6.6 31 76 634 169 8

Sremska Mitrovica Sabac
omiddle  rainfall (mm)  ¢@middle  rainfall (mm)

month (%) ¥  max day (%) ¥ max day
6 73 967 36.8 29 79 577 20 18
7 77 1542 67 30 82 173.8 485 30
8 70 263 115 8 79 19.5 165 31

The results of investigation on heavy metals content in flue cured and air
cured tobaccos are presented in tables 5. and 6.
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Contents of heavy metals in tobacco samples (table 5. and 6.) are very
discriminating according to the production areas and study years.

- Concentrations of iron (Fe) in virginia samples are 170.72-995.87ppm and
in burley tobacco 217.81-698.48ppm. It’s very interesting that the extreme
difference in iron (Fe) content was found in the same production areas: minimum
in samples of virginia from 1999 (170.72ppm) and maximum from 1998
(995.87ppm), from Coka production area. Remarkable concentration of iron was
measured in virginia leaf from Senta, (662.83ppm) by 1999 and Sabac, (519.01-
788.02ppm) in both years, and in burley leaf from Coka (698.48ppm) in 1999.

- Copper (Cu) was present in tobacco samples in the amounts of 16.42-
31.45ppm in virginia tobacco and 13.31-22.72ppm in burley tobacco.

T ab. 5. - Heavy metals content in virginia tobacco type, Heveshy-9 variety (ppm)

Senta Coka Sabac Bajina Basta Sr. Mitrovica

1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
Fe 182.11 672.83 995.87 170.72 788.02 519.01 18592 173.06 457.28 264.43

Cu 20.44 16.69 16.60 2445 29.08 3145 1781 2069 1642 21.02
Zn 27.13 2991 3274 4270 57.22 7337 4422 6298 3523 34.52
Pb 1.11 0.82 0.81 0.80 1.26 1.94 0.79 0.90 0.65 1.51
Cd 0.13 0.26 0.35 0.56 0.48 0.60 0.35 0.27 0.44 0.44

Hg 0.03 0.21 0.37 0.05 0.5 0.2 0.11 0.06 0.03 0.06

T ab. 6. - Heavy metals content in burley tobacco type, B-92 variety (ppm)

Coka Senta Sabac Bajina Basta Vranje

1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
Fe 392.12 698.48 463.26 217.81 36033 377.93 412.82 377.48 410.74 457.52

Cu 1817 2051 1331 1622 2146 2272 17.21 20.18 1931 19.22
Zn 4412 4524 38.17 4081 41.78 5095 4922 61.12 5021 56.19
Pb 1.98 1.39 1.91 1.99 2.02 231 0.91 0.99 1.12 1.82
Cd 0.2 0.33 0.14 0.39 0.38 0.61 0.31 0.22 0.17 0.38
Hg 0.08 0.19 0.48 0.32 0.51 0.59 0.18 0.07 0.08 0.11
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The content of copper (Cu) above 20ppm, as the highest allowed limit value,
appears only in the area of Sabac in both years and both types of tobacco.

- Zinc (Zn) is in all samples within the prescribed values (20-100ppm). It
could be noticed that the content of this element in tobacco samples, produced in
1999, increased by about 30%.

Maximal concentrations of zinc (Zn) were measured in virginia from the
Sabac production area (57.22-73.37ppm), in both years and Bajina Basta
(62.98ppm) in 1999, while the maximal concentrations of this metal have burley
samples from the Vranje production area (50.21-56.19ppm) in both years, and
also Bajina Basta (61.12ppm) in 1999.

- The content of lead (Pb) is also within the prescribed limits. The highest
concentrations of this element were found in both tobacco types from the Sabac
production area: 1.26-1.94ppm in virginia samples and 2.02-2.31ppm in burley
samples.

- The content of cadmium (Cd), found in both tobacco types, (0.13-0.61ppm),
were substantially below than legally prescribed values (1.25-7.02ppm). The
cadmium (Cd) content for 1999 was increased at all examined lots, except for the
lot of Bajina Basta. High concentrations in both tobacco types were also
measured at the lot of Sabac.

- The mercury (Hg) content was found to be within the prescribed values. The
content of this element in virginia samples, from the Coka production area, was
decreased by seven times compared to 1998. In contrast, the content of mercury in
the same tobacco, from the neighboring Senta production area, was increased by
6.14 times in 1999.

Conclusion

Concerning the results, it can be concluded as follows:

The use of NPK as a fertilizing agent has no influence on the content of
heavy metals in tobacco leaves.

The most important factor for heavy metal content in tobacco leaves are
weather conditions, especially precipitation.

Tobacco leaves from the Sabac production area have slightly higher heavy
metal content than tobacco grown in the other production areas, because a higher
amount of copper was found. This could be a consequence of the vicinity of large
industrial centers.

In order to obtain final good quality products and thereby protect the health
of consumers, it is necessary to carry out constant control of heavy metal content
in tobacco plants.



166

N —

10.

11.

12.

13.

REFERENCES

Akehurst, B.C. (1968): Tobacco. O.B.E., London.

Al1lan, JE. (1971): The preparation of agricultural samples for analysis by atomic
absorption spectroscopy. Varian Techtron.

Bel,LPF,Adamu, CA,Mulchi,CL,McIntosh,M,,Chaney,R.L. (1988):
Residual Effects of Land Applied Municipal Sludge on Tobacco Effects on Heavy
Metal Concentrations in Soils and Plants. Tobacco Science, Volume 32.

Bell, PFMulchi DI (1990): Heavy Metal Concentrations in Cigarette blends.
Coresta, No 2.

Dawes,E. Brian, John Wil ey & Sons( 1980): Applied Soil Trace Elements.
vrste zemljiSta. III jugoslovenski simpozijum prehrambene tehnologije, Zbornik radova
Univerziteta u Beogradu.

Jaredié, M, Vucetid J (1977): Mikroelementi u bioloSkom materijalu. DP
"Studentski trg", Beograd.

Kastori R (1990): Neophodni mikroelementi, Fizioloska uloga i znacaj u biljnoj
proizvodnji. Nau¢na knjiga, Beograd.

Kin g, L.D. (1989): Effect of selected Soil properties on Cadmium Content of Tobacco.
Tobacco Science, Volume 33, No 3.

MNawvunuxkos BJA, IIasao s, AH. (1982): MunepansHoe mUTaHUE PAacTeHUIl U
yposxaiinoct.3Hanue, Mockaa.

Schmidt,JA . Fischbach ED,Burkart,F. (1986): Study of Influences of
Environment, Soil and Varities on Cadmium Contens in Tobacco and of Cadmium
Transfer into cigarette Smoke.Tobacco Science,Volume 30, No 1.

W arman, P.R (1987): The Response of Flue-cured Tobacco and Fertility Status of a
Sandy — Loam soil to Mg, P and Zn fertilization. Tobacco science, Volume 31.

Wynder, E.and Ho ffm ann, D. (1967): Tobacco and tobacco smoke. Studies in
Experimental Carcinogenesis, Academic press, New York.

Received July 6, 2004
Accepted September 16, 2004



Heavy metal content in tobaccos 167

SADRZAJ TESKIH METALA U KRUPNOLISNIM DUVANIMA GAJENIM
U GLAVNIM PROIZVODNIM PODRUCJIMA SRBIJE

Vesna Radoji¢i¢' i Olga Cvetkovi¢?
Rezime

Poznato je da su metali prisutni u biljkama u koli¢inama koje zavise od
vrste biljke, klime i drugih faktora. Cilj ovog rada je ispitivanje direktnih uslova
gajenja na sadrkaj teskih metala u duvanima tipa virdxinija, sorta Heves$i-9 i tipa
berlej, sorta B-92. Neki od ovih metala mogu da predu u duvanski dim cigarete,
Sto moxe imati nexeljene posledice za pusaca.

Ispitivanja su vr$ena u po 5 razli¢itih proizvodnih podruéja Srbije, za svaki
tip duvana, tokom dve godine, 1998. i 1999., koje su bile ekstremne za
proizvodnju duvana.

Sumirajuci rezultate dvogodi$njih istraxivanja mosxemo zakljuciti sledece:

Upotreba NPK dubriva nije imala uticaja na sadrkaj teskih metala u
duvanima.

Od klimatskih faktora, na sadrxaj teskih metala u duvanu najveéi znacaj
imaju padavine. Usled razlicite koli¢ine padavina, dolazi do razlike u ekspanziji
korena biljaka, pa su posledica toga razliCite koli¢ine mikroelemenata, koje se
preko korena asimiluju.

Duvani iz proizvodnog podru¢ja Sapca, sadrxe bakar u koncentracijama
nesto ve¢im od dozvoljenih za duvan, kao i nesto vise vrednosti sadrxkaja ostalih
teskih metala u odnosu na duvan gajen na drugim lokalitetima. Na ovu pojavu bi
mogla da utice blizina industrijske zone, kao i sastav zemljiSta i primena zastitnih
sredstava.

Primljeno 6. jula 2004.
Odobreno 16. septembra 2004.
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