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Distribution and Mobility of Vanadium in Cultivated Calcareous
Soils and Some Food Chain Crops
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ECENTLY, vanadium levels have been increased in soil crust particularly in industrial
reas. Vanadium content in food directly depends upon total initial content in soil. The
distribution and mobility of vanadium in some calcareous soils along northwestern coastal
region of Egypt were studied. The relationship between soil physical and chemical properties
and vanadium fractions was studied. The results indicate that the less dominant chemical
speciation of vanadium in calcareous soils was soluble and exchangeable vanadium followed
by vanadium bound to carbonate < vanadium bound to organic matter < vanadium bound to Fe-
Mn oxyhydroxides < vanadium bound to soil matrix (residual). The major species of vanadium
was the residual form that accounted for 81.6 % to 90.1% of total vanadium. The mobility
index of vanadium was found to be in the following sequence according to the studied cities
Burg El Arab > Al Alameen > Marsa Matrouh > El Hammam > Ras Alhekma > Al Dabaa > Sidi
Abdl Rahman. The mobility index ranged among 0.8 % and 4.2 %. The high concentrations of
vanadium in the studied plants were found in those around industrial areas of Burg El Arab City.
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Introduction

Vanadium content in food is directly affected by
the total concentrations presented in soil. The
concentration of vanadium in soils and sediments
also depends on parent material, and vanadium
containing ore minerals in subsoil and may be
influencedby anthropogenicactivities. Theaverage
content of vanadium in soil over the world is 90
mg kg!, and the average value in earth’s crust is 97
mg kg!. Vanadium is an essential element when
exists in low concentration because it is useful for
cell growth at pg I'. It plays an important role in
physiological systems including normalization of
sugar levels and participation in various enzyme
systems as an inhibitor and cofactor of oxidation
of amines. Apparently, vanadium is essential for
chlorophyll and porphyrin biosynthesis during
plant growth of some plants. Vanadium acts as
a growth promoting factor and participates in
fixation and accumulation of nitrogen in plants,
however high concentrations of vanadium reduces
plants productivity (Kabata-Pendias & Pendias,
1993, Edwards et al., 1995, Reimann & Caritat,
1998, Rudnick & Gao , 2005 and Chowdary &
Basha, 2015)._

Vanadium exists in different oxidation forms
2%, 3%, 4% and 5*. The oxidation state of vanadium is
primarily controlled by redox potential (Eh) and pH
of the media. Under oxidizing and more alkaline
conditions vanadium is found in anionic form, as
vanadate (HVO,* or H,VO,, oxidation state 5%),
whereas vanadyl (VO*, oxidation state V*") has
cationic properties and occurs under more acid
conditions. V3" is more mobile and more toxic for
both plants and animals compared to V**. Vanadium
is transported mainly as V** or V3" and precipitate
in V¥ form. Vanadium is mainly associated with
Fe hydroxides, clay minerals, and organic matter
and it can also found as discrete mineral phases
such as carnotite (K(UO),(VO,),.3H,0) and
vanadinite (Pb,(VO,),Cl). Adding fertilizers such
as ((NH,),PO,, Na,PO,) increases the solubility,
mobility, and uptake of vanadium by plants
(Edwards et al.,1995, Meunier,1994, Panichev et
al., 2006 and Cappuyns & Slabbinck, 2012)].

Although the total content of vanadium is
still useful in many areas, but the knowledge of
speciation is important because toxicity, mobility,
bioavailability, and bioaccumulation highly
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depend on chemical species (Teng et al., 2011).
The aim of this study is to evaluate vanadium
levels in calcareous soils and food chain crops
along northwestern coastal region of Egypt. As
a rare element, there are few studies in literature
focused on vanadium pollution and content in
plant. These areas contain new industrials cities
that may increase the emission of vanadium in
soils and consequently plants. Vanadium fractions
and mobility index were investigated in soil and
plant samples.

Materials and Methods

Soil sampling

Soil samples were collected from different
locations between latitude 27° 2" E - 29° 55" E and
30°40° N - 31° 22" N. Those areas include Burg
El Arab, El Hammam, Al Alameen, Sidi Abdl
Rahman, Al Dabaa, Ras Alhekma, and Marsa
Matrouh cities. Forty three surface and subsurface
soil samples were collected from 22 sites to
represent calcareous soils zone along northwestern
coastal plain as depicted in Fig. 1. Twenty two
olive samples of plant representing Olea europea
sativa and Ficus carica were randomly collected
from 14 locations in the studied area to represent
the tendency of vanadium uptake in plant.
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Fig. 1. A map showing the distribution of the studied
.areas along northwestern coastal of Egypt

Mechanical analysis of soil texture was
carried out by using international pipette method,
for coarse textured samples. The dry sieving
method was followed. Organic matter content was
determined according to Walkley and Black. Soil
pH was determined in the soil extract 1:2.5. Total
soluble salts were determined in soil extracted
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(1:2.5). Total carbonate content was determined
using Collin’s calcimeter.

Vanadium content was determined using
Inductivity Coupled Argon Plasma (ICAP), in
which 1g dry soil well grounded, moistened with
distilled water and heated in 100 ml Teflon beaker
with 10 ml concentrated HNO, and evaporated to
small volume. Then, 5 ml concentrated HNO,, 5 ml
70% HCIO,, and 10 ml concentrated were added.
HF is added and heated until elevating perchlorate
fumes. After 30 min of fuming, 10 ml of HCI
(1/1, v/v) was added and the mixture was boiled
for 10 min. Finally, mixture cooled and diluted
to 100 ml with distilled water. V** contents were
determined by T 60 UV-VIS Spectrophotometer.
Vanadium fractionates of soil were carried out
using sequential extraction (Kilmer and Alexander,
1949, Piper, 1950, Jackson, 1973, Tessier et al.,
1979), Ahmed & Banoo, 1999, Ure, 1995, Yang et
al., 2012), and Jena et al., 2013).

Plant analysis

Plant samples (aerial parts and roots) were
thoroughly washed and dried at 70° C. Afterwards,
plant samples were digested using H O, and H SO,
according to Nicholson (1984). Vanadium content
was determined using Inductivity Coupled Argon
Plasma (ICAP).

Results and Discussion

The present study dealt with distribution and
mobility of vanadium in some Egyptian calcareous
soils in different cities including Burg El Arab, El
Hammam, Al Alameen, Sidi Abdl Rahman, Al
Dabaa, Ras Alhekma, and Marsa Matrouh. The
main physical and chemical properties of the
investigated soils are summarized in Table 1. Soil
texture varies from sandy to sandy clay loam. Soil
pH ranged from 7.0 to 8.92 indicating neutral to
alkaline soil reaction. Soil salinity varied from
non-saline to saline except for location (1) in Burg
El-Arab City that was extremely saline. Organic
matter content was less than 1% except for few
samples. CaCO, content ranged from 13.08 % to
41.79%.

Vanadium levels in soil

Chemical fractions are very important to
distinguish between vanadium derived from
lithogenic origins and those anthropogenic
origins. Vanadium released from anthropogenic
sources is mainly contained in earlier extractions,
while those derived from lithogenic sources exist
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TABLE 1. Soil physical and chemical properties of the studied areas
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in residual fraction (Rubio et al., 2000). Vanadium
concentrations in individual fractions depend
relatively on locations and total concentration
of vanadium. Total vanadium content ranged
between 8 mg kg-1 and 178 mg kg' (Table 2).
The highest values of vanadium were detected in
soil samples located in Burg El Arab City. This is
because of the widespread of industrial emissions
in this area. Generally, the accumulation of heavy
metals in the coastal beach has considerably
increased in recent times owing to anthropogenic
activities (Yang et al., 2012).

Vanadium contents were determined in all
fractions using sequential extraction procedure
as listed in Table 2. Vanadium distribution in the
studied soils compared to Chinese and Canadian
standard in shown in Fig. 2. In general, the total
contents of vanadium in soil were lower than
reference levels of vanadium in Chinese standard
of 86 mg kg!' (China National Environmental
Monitoring Center, 1990), and maximum
permissible value (MPV) of 130 mg kg-1
according to Canadian standard (Canadian soil
quality for V ,1999). As clearly seen from Fig. 2,
soil samples number 3 and 4 collected from Burg
El Arab City showed the higher levels of vanadium
due to anthropogenic activities in this area. The
more soluble vanadium compounds are more
mobile and toxic. As reported by Jayawardana et
al. (2015), the high concentrations of vanadium
> 200 mg kg-1 in non-agricultural soils cause
chronic kidney disease (Jayawardana et al., 2015).

The exchangeable and bond to carbonates
species are generally called bio-available. The
mobility index (MF) of vanadium was calculated
according to Kabala and Singh (2001) as follows:

MF= (F1+F2) / (F1+F2+F3+F4+F5) x100

Vanadium in bio-available forms ranged
between 1.40% and 7.59%. The average
percentage of vanadium is arranged in the
following order Burg El Arab > Sidi Abdl Rahman
> Al Dabaa > Ras Alhekma > El Hammam > Al
Alameen > Marsa Matrouh. This may be due
to the difference of active calcium carbonates
content in these areas.

Vanadium bound to Fe-Mn oxides ranged
between 7% and 10.3% of total vanadium content.
Low amounts of vanadium bound to organic
matter and ranged between 1% and 5% of total
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vanadium content. This is owing to organic matter
content in studied profiles was generally less than
1%. The average percentage of vanadium fractions
took the following sequence F -exchangeable
(Ex-) <F,- bound to carbonate (Car-) < F -bound
to organic matter (OM) < F_-bound to Fe-Mn
oxyhydroxides (Fe-Mn) and < F -residual (Res-).
The major species of vanadium were found in the
residual form that account for 81.6 % to 90.1% of
total vanadium content. The obtained results were
not in harmony with other data reported by Teng et
al. (2006). The chemical speciation of vanadium
was in the following order: insoluble residue >
organically bound > Fe (amorphous) oxide-bound
> Mn oxide-bound > soluble component. The
results reported by Teng et al. (2011) showed that
the mobile fractions of vanadium in natural soils
were as low as 14 % from total vanadium content
in soil compared to the residual fraction that was
as high as 86%.

The relationship between total vanadium
content and some soil variables was evaluated using
SPSS and listed in Table 3. The statistical analysis
revealed that total vanadium content in soils is
correlated positively with pH, organic matter and
CEC. On the other hand, it is being correlated
negatively with sand content (%). Other relations
between total vanadium content and rest of soil
variables were insignificant. Vanadium content
in Fl-exchangeable fraction and F2-carbonate
fraction are correlated positively with organic
matter. Vanadium content in F2-carbonate fraction
correlated positively with EC. Vanadium content in
F1 and F2 are negatively correlated with sand (%).
Exchangeable fraction (F1) is correlated positively
with texture and CEC. According to vanadium
content in F3-bound to Fe-Mn oxyhydroxides
(Fe-Mn-), F4-bound to organic matter (OM-),
and F5-residual (Res-) it is clear seen that they
are significant positively correlated with organic
matter while being correlated negatively with sand
(%). Vanadium contents in F3-bound to Fe-Mn
oxyhydroxides (Fe-Mn-), and F5-residual (Res-)
they are correlated positively with pH.

Vanadium levels in plants

Vanadium concentrations in plants were
as high as around the industry area of Burg El
Arab compared to other areas as it shown in
Figure 3. In General, vanadium in plants is one-
tenth the concentration of vanadium in soil, thus
plants in general have a soil bioaccumulation
factor (BCF) of 0.1 (WHO, 1988). Kaplan et
al. (1990)] reported that if vanadium reaches
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TABLE. 2 Total content and fractions of vanadium and fractions mg kg™ in the studied soils
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Fig. 3. Vanadium content in Olea europea sativa and Ficus carica in different locations

TABLE 3. Pearson correlation coefficients of the total and different fractions of vanadium compared to some physical

and chemical properties of the investigated soils

pH 5°3t30 l542 0 567* 0317 8.5‘19 0.347% 11\./§F .
OC 435 14§ 4? 54** 00324001* 0 318530* 0032493* OO' 14%*
G | e 4 4§8 EL S
Sty | 0:018 007 005 0o% 0038 0ot
Texture 0.229 0.358* 0.246 0.231 0.229 0.221 -0.158

CEC

0.303* 0.378* 0.265 0.325% 0.278 0.299 0.317*

*Significant at a = 0.05 (two- tailed)

** Significant at a =0.01 (two-tailed)
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concentrations higher than 80 mg kg-1, it may
cause significant reduction in Brassica biomass
in sandy soil. However, as reported by WHO
(2001) if the concentrations of vanadium up to
100 mg kg-1 represented no effect in loamy sand
[(WHO, 2001)]. Hopkins et al. (1977)] found that
the concentrations of vanadium may cause toxic
effects in plants if it varies between 10 mg kg-1
and 1300 mg kg-1 depending on plant species, and
vanadium forms. [Poledniok and Buhl (2003)]
found that low concentrations of vanadium
lower than 2 mg kg-1 will positively influence
chlorophyll synthesis, potassium consumption,
and nitrogen assimilation.

Conclusions

Vanadium fractions in calcareous soils as
associated with existing plants were studied. It was
found that total vanadium content ranged between
8 mg kg-1 to 178 mg kg-1. High vanadium values
were detected in soil samples that collected from
Burg El Arab city because of industrial emissions
in this area.

The major species of vanadium were in
residual forms that accounted for 81.6% to 90.1%
of total vanadium content. The mobility index of
vanadium in the studied soils was arranged with
the following order Burg El Arab > Al Alameen >
Marsa Matrouh > El Hammam > Ras Alhekma >
Al Dabaa > Sidi Abdl Rahman, respectively.

The high concentrations of vanadium in
plant samples were found in Burg El Arab. pH
Soil reaction and organic matter were the most
significant variables that may affected vanadium
mobility.

Acknowledgments
This work was funded by the Desert Research
Center (DRC), Egypt. Research No. 1712.

References

Ahmed, M. J. and Banoo, S. (1999) Spectrophotometric
method for determination of vanadium and its
application to industrial, environmental, biological
and soil samples. Talanta, 48, 1085-1094.

CCME (Canadian Council of Ministers of the
Environment) (1999) Canadian Soil Quality
Guidelines for the Protection of Environmental and
Human Health: vanadium [S ].

Cappuyns, V. and Slabbinck, E. (2012) Research Article
Occurrence of vanadium in Belgian and European
Alluvial Soils. Applied and Environmental Soil

Science, volume 2012, Articale ID 979501, 12
pages.

CNEMC (China National Environmental Monitoring
Center) (1990) The Background Values of Soil
Elements in China [M]. Beijing: China Science
Press, 364-389.

Edwards, R., Lepp, N.W. and Jones, K. C. (1995) Other
less abundant elements of potential significance
In: Heavy Metals in Soils, Alloway, B. J., Blacke
Academic and Professional, an imprint of Chapman
& Hall, Wester cleddens Road, Bishopbriggs,
Glasgow G64 2NZ,UK., 307-352.

Govinda  Chowdary, P. and Saleem Basha, V.
(2015) Determination of vanadium in different
environmental, Leafy vegetable and biological
samples using 2- hydroxyl-1-naphthaldehyde-
p-hydroxy benzoichydrazone (HNHBH)
spectrophotometrically. Der Pharma Chemica, 7T
(12), 338-345.

Hopkins, L.L., Cannon, H. L. and Miesch, A. T. (1977)
Vanadium. In: Geochemistry and the Environment
(11) [M], pp. 93-107. National Academy of Science,
Washington D C.

Jackson, M. L. (1973) Soil Chemical Analysis, Prentice
Hall, England, U.K.

Jayawardana, D.T., Pitawala, H. M. T. G. A. and
Ishiga, H. (2015) Geochemical evidence for the
accumulation of vanadium in soils of chronic
kidney disease areas in Sri Lanka. Environ. Earth
Sci., 73, 5415- 5424,

Jena, V., Gupta, S., Dhundhel, R. S., Matic, N., Bilinski,
F. S. and Devic, N. (2013) Determination of total
heavy metal by sequential extraction fro soil. /nter.
J. Res. Environ. Sci. Tech., 3 (1), 35-38.

Kabala, C. and singh, B.R. (2001) Fractionation and
mobility of copper, lead and zinc in soil profiles
in the vicinity of a copper smelter. J. Environ. Qual.
30, 485-492.

Kabata-Pendias, A. and Pendias, H.P. (1993)
Biogeochemistry of Trace Elements [M]. PWN,
Warsaw.

Kaplan, D., Sajwan, K. and Adriano, D. (1990)
Phytoavailability and toxicity of  Dberyllium
and vanadium [J]. Water, Air and Soil Pollution, 53,
203-212.

Kilmer, V.J. and Alexander, L.T. (1949) Methods of
Making Mechanical Analysis of Soils, Soil Sci. 68,
15.

Meunier, J.D. (1994) The composition and origin of
Egypt. J. Soil Sci. 57, No. 4 (2017)



392

DOAA EISSA et al.

vanadium-rich clay minerals in Colorado plateau
Jurassic sandstones. Clays and Clay Minerals, 42,
4,391-401.

Nicholson, G. (1984) Methods of Soil, Plant and Water
Analysis. N.Z. Forest Service. F. R. I. Bulletin, 70.

Panichev, M.N., Mandiwana, K., Moema, D.,
Molatlehegi, R. and Ngobeni, P. (2006) Distribution
of vanadium (V) species between soil and plants
in the vicinity of vanadium mine. J. Hazardous
Materials, 137, 649-653.

Piper, C. S. (1950) Soil and Plant Analysis, Waite
Agric. Res. Inst., Adelaide, S.A., Australia.

Poledniok, J. and Buhl, F. (2003) Speciation of
vanadium in soil [J]. Talanta, 59, 1-8.

Pyzynska, K. (2005) Recent developments in
spectrophotometric methods for determination of
vanadium. Microchim. Acta, 149,159.

Reimann, C. and Caritat, P. (1998) Chemical Elements
in the Environment [M]. Berlin: Springer-Verlag.

Rubio, B., Nombela, M.N. and Dordevic, D. (2000)
Distribution and fractionation of heavy metals in
the Tisa (Tisza) River sediments. Environ. Sci. Poll.
Res. Inter. 14, 229-236.

Rudnick, R. L. and Gao, S. (2005) Composition of the
continental crust. In: Rudnick R. L. Holland H.D.
and Turekian, K.K. (Ed.) The Crust Treatise on
Geochemistry, vol. 3. Elsevier- Pergamon, Oxford,
pp 17-18.

Teng, Yanguo., Shijun, NI., Zhang, Wang, J., Lin, X. and
Huang, Y. (2006) Environmental geochemistry and

Egypt. J. Soil Sci. 57, No. 4 (2017)

ecological risk of vanadium pollution in Panzhihua
mining and smelting area, Sichuan. China. Chinese
J. Geochemistry, 25, (4), 379-385.

Teng, Yanguo., Yang, Jie., Sun, Zong-jian., Wang,
jin-sheng., Zuorui and Zheng, jie-qiong. (2011)
Environmental vanadium distribution, mobility
and bioaccumulation in different land-use districts
in Panzhihua region, SW China. Environ. and
Assessment, 176 , 605-620.

Tessier, P.G., Campbell, C. and Bisson, M. (1979)
Sequential extraction procedure for speciation of
particulate trace metals. Analyt. Chem., 51, 844-
851.

Ure, A. M. (1995) Methods of analysis for heavy metals
in soils. In: Heavy Metals in Soils, Alloway, B. J.,
Blacke Academic and Professional, an imprint
of Chapman & Hall, Wester cleddens Road,
Bishopbriggs, Glasgow G64 2NZ,UK., 58-102.

WHO (World Health Organization) (1988) Vanadium.
Environmental Health Criteria 81. Geneva.

WHO (World Health Organization) (2001) Vanadium
Pentoxide and Other Inorganic Vanadium
Compounds (Concise International Chemical
Assessment Document 29) [R]. Geneva; World
Health Organization, 1-53, (ISBN9241530294).

Yang, Y., Chen, F., Zhang, L., Liu, J., Wu, S. and
Kang, M. (2012) Comprehensive assessment of
heavy metal contamination in sediment of the Pearl
River Estuary and adjacent shelf. Mar Pollut Bull,
64,1947-1955.

(Received:11/1/2017;

acecpted:16/3/2017)



