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Figure 2. Box diagram of heavy metal concentration in the lands under the Alborz Dam basin (Siyahrud-Babolrud)
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Figure 3. Distribution of heavy metals (cadmium, lead, nickel and zinc) in the lands under the Alborz Dam basin
(Siyahrud-Babolrud)
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Figure 4. Distribution of phosphorus and heavy metals (copper, manganese and iron) in the under the Alborz Dam
basin (Siyharoud-Babolrud)
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Table 3. Statistical description of the data related to the amount of organic carbon, lime, clay, silt and sand in the
lands under the Alborz dam basin (Siyahrud-Babolrud)
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Table 4. Correlation coefficient of heavy metals and phosphorus
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Table 5. Correlation coefficient between heavy metals and soil properties in the studied region
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Figure 5. Dendrogram resulting from the cluster
analysis of the studied heavy metals
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Table 6. Evaluation results of kriging method of the studied heavy metals
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Abstract

Soil pollution and heavy metal accumulation is
one of the most important environmental problems
to plants, animals and human health. Because the
lack of heavy metal distribution map in
Mazandaran, the objective of this research is to
provide map of heavy metal (Cd, Pb, Ni, Zn, Fe,
Mn and Cu) distribution and evaluate pollution
pattern in arable land of the Alborz Dam
downstream basin. Composite soil samples with
systematic sampling scheme in 2-Km regular grid
were provided. Carbonate Cd, Pb and Ni content
by 0.05M Na2EDTA and exchangeable Zn, Fe, Mn
and Cu content with DTPA extractant by means of
AAS. The data normality were assessed, and then
standardized if necessary. Spatial distribution maps
were drawn using the ordinary kriging method.
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The best interpolator were monitored with respect
to some statistics such as mean error, mean square
error and root mean square standardized. Results
show that carbonates Cd, Ni and Pb don’t have
high content in soil. Soil contamination of Cd, Ni
and Pb was mainly derived from anthropic
activities like agricultural practices, irrigate with
contaminated water. Cu and Fe with high
correlation coefficient have high content around
Babol, Kiakola and Babolsar. Zn content is normal
in the area and in some places is less than normal
content but rather is suitable for plants. Evaluating
kriging method showed that, ordinary kriging is the
best way of estimating not sampled areas, but not
for Fe. In maps, the most contaminated area was
near Siahrod river in east, especially between
Joibar and Kiakola and near Ghaemshahr.
Extended Abstract

Background and objectives

In order to prevent the entry of heavy elements into
the food chain and the spread of contamination, it
is necessary to identify the places contaminated
with these elements. One of the main problems in
the evaluation of the pollution situation is the
impossibility of sampling from all the points. For
this purpose, a suitable solution should be used to
generalize the results obtained from the measured
points to the entire sampling surface. One of the
solutions is to use new techniques, such as
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geostatistics, to study the spatial distribution
pattern of data and prepare the desired maps.
Kriging methods, which are one of the
geostatistical methods, are used to determine the
spatial distribution of heavy metals in the soil, as a
suitable method for interpolation and preparation
of pollutant maps. In order to prevent the entry of
these metals into the food chain and the spread of
contamination, it is necessary to identify the
contaminated places (zonation of these elements in
the soil). Considering the many plans for economic
and social development and optimal use of water
and soil resources in the agricultural lands below
the Alborz Dam (the area between the Babolrud
and Siahroud rivers. This research was carried out
in order to monitor soil quality from the point of
view of pollution and zoning of cadmium, lead,
nickel, zinc, copper, manganese and iron
concentrations using the most suitable model and
kriging estimator method and to determine the
effective factors in the distribution of this element.

Methodology

This research was carried out in the water and soil
area of Alborz, in agricultural lands in the area of
Siahroud and Babolrud rivers, including the cities
of Babol, Ghaemshahr, Kiakola, Behnemir and
Joibar, with an area of 95056 hectares. The surface
composite soil sample was collected in grid form
with two kilometers intervals (2 kilometers x 2
kilometers) from a depth of 0-30 cm and the
geographical characteristics of the sampling site
were recorded with a GPS device. 0.05 M
Na2EDTA extractant (carbonate form of cadmium,
lead and nickel) was used to measure the
potentially available form of cadmium, lead and
nickel. DTPA extractant was used to measure the
concentration of heavy elements zinc, iron, copper
and manganese in soil. The data normality test was
used at the 95% confidence level of the
Kolmogorov-Smirnov statistic, and the elements
that did not follow the normal distribution were
normalized by removing outliers from all samples
and taking the logarithm. The results were
statistically analyzed using SPSS software. The
data was entered into the geographic information
system environment (GIS) and then processed and
organized, and the database of the studied area was
formed in the GIS environment for georeferencing.
Finally, the required information layers were
digitized.

Results and discussion

The distribution of cadmium in the agricultural
lands of Alborz Dam basin shows that the highest
distribution of cadmium is from the center to the
north of the region and in the area of Kiakola,
Behnemir and near Joibar. Considering the point
that the critical limit of cadmium toxicity in soil is
1.5 to 2.5 mg/kg and its maximum limit is 1
mg/kg, therefore the concentration of cadmium in
the region has not reached the critical limit of
toxicity. However, the distribution of cadmium
concentration in the region is different and in some
regions its concentration has reached to critical
level. The highest concentration of lead is 21.10
mg/kg. The highest concentration of lead can be
seen in the region, near Kiakola and Joibar, on the
banks of the Siahroud River, and in areas in the
south. The distribution map of nickel shows that
the central areas and along the Siahroud River in
the area near Kiakola, Joibar and near Qarmshahr
contain the highest concentration of nickel. The
concentration of nickel has not reached above the
critical level of toxicity in the mentioned areas.
Regarding the heavy metals that have a nutritional
aspect for the plant, we can mention zinc, copper,
manganese and iron. According to the critical limit
of zinc toxicity, the average concentration of this
element in the region is not high and there is no
pollution, and in some areas, especially the central
areas, as well as in the agricultural lands between
Joibar and Kiakola cities, the deficiency of this
element was also observed. The results of this
research show that the concentration of copper in
the region has not reached the threshold of toxicity
for plants, but in some regions, a high
concentration of copper can be caused by intensive
agriculture in the region and improper use of
fertilizers, poisons, and sewage. As other elements,
the highest concentration of manganese observed
in the eastern part of the region and on the edge of
Siahroud, between Kiakola and Joibar. Regarding
the critical limit of manganese toxicity, the results
of this research show that the concentration of this
element in the region is relatively high, but
pollution does not follow, and in some areas, the
concentration of manganese is at the critical limit
of deficiency. The highest concentration of iron in
the region can be seen in the central areas, around
the cities of Kiakola, Babolsar and Bahnemir. The
results of this research show that the average
concentration of this element in the region is much
higher than the critical level of iron deficiency in
the soil, so it seems that we should not face the
nutritional problem of iron for various agricultural
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and horticultural products but the absorption of this
element by the plant may be limited
physiologically. The correlation between heavy
elements and some soil characteristics showed that
soil clay has a positive correlation with manganese,
lead, iron and copper. There is a significant
negative relationship between the amount of lime
and the concentration of lead, nickel and zinc in
the soil. With the increase of lime, the
concentration of these elements decreases and
causes the precipitation of heavy metals in the soil.

Conclusion

The concentration of heavy metal elements
cadmium, lead and nickel in the region has not
reached the critical level of toxicity, but in some
areas, the concentration of cadmium has reached
the critical level of toxicity. On the banks of the
Babolrud river, less pollution is seen, while on the
banks of the Siahroud river and in the central areas,
the highest concentration of these elements is seen,
so that the highest distribution of the heavy metal
elements cadmium, lead and nickel is from the
center to the north of the region and in the limits of
Kiakola, Bahnemir and near Joibar. The increase
of cadmium in some parts of the region may be

related to the high level of soil phosphorus caused
by the use of phosphate fertilizers containing
heavy metals, especially cadmium. Regarding the
elements of heavy metals which have a nutritional
aspect on the plant, the concentration of elements
zinc, copper, manganese and iron in the region has
not only not reached the threshold of toxicity for
the plant, but also in some areas, especially in the
central areas, as well as in the agricultural lands
between the cities of Joibar. And Kiakola,
deficiency of zinc and manganese was also
observed. The relatively high concentration of
copper in some agricultural lands of these regions
can be attributed to some extent to intensive
agriculture in the region, improper use of fertilizers
and poisons, and also to the use of water polluted
by the sewage of the Siahroud River. Although the
concentration of iron in the region is relatively
high and apparently we should not face a
nutritional problem for the plant in terms of the
amount of iron in the soil, but the absorption of
this element may be associated with problems for
the plant from a physiological point of view.

Keywords: pollution, soil quality, interpolation,
kriging
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