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The particle diameter in the studied soils is 12-28% sand, 31-40% silt and
32-48% clay and there is no significant difference in the grain size
composition of agricultural and non-agricultural soils. The study of the
concentration of potentially toxic elements (Cd, Co, Cr, Cu, Ni, Pb and
Zn) in soils contaminated and uncontaminated with agricultural fertilizers
in greenhouses in Ashkzar County shows that agricultural activities have
increased the concentration of these elements in soils, so that the
permissible level of most elements is higher than the optimal level and the
country's environmental organization, and its increase in contaminated
soils has increased pollution measurement criteria such as the land
accumulation index. The bioavailability of potentially toxic elements by
the DTPA method for all elements in contaminated soils is significantly
higher than in uncontaminated soils (samples ASH-2 and ASH-10). The
changes in the increase in the bioavailability of these elements in different
samples are also different. The highest bioavailability of Cd, Co and Zn
elements is observed in sample ASH-1, while sample ASH-8 has the
highest bioavailability of heavy metals Cr, Cu, Ni and Pb. TOC and pH of
the environment are considered to be one of the basic factors in speciation,
mobility, reactivity and bioavailability of heavy metals. All soils in the
region have a pH above seven (7.15 to 8.74, slightly alkaline) and the pH
in contaminated (agricultural) soils gradually decreases until it reaches the
lowest value (7.15) in sample ASH-8. The range of TOC changes is
limited and the trend of pH and TOC changes in the studied samples is
almost opposite to each other, so that with increasing TOC, pH decreases
relatively; and there is a significant relationship between pH and heavy
metal concentration.
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Extended Abstract

Introduction

The dependence of human life and survival on
agricultural products for food supply is
undeniable. Due to its absorption properties, soil
can be the first recipient or consumer of
chemical pollutants, and if the concentration and
accumulation of pollutants in the soil exceeds
the self-purification capacity of the soil, these
pollutants are transferred to other parts of the
environment (water, plants, air and humans).
The most reliable method for reducing the
environmental effects of chemical fertilizers is
to accurately determine the need for chemical
fertilizers in the soil and plants, which is done
by sampling and testing the constituent elements
of the soil and plants. After determining the
deficiencies of the soil and plants and the
climatic conditions of the region, chemical
fertilizers can be added to the soil or water along
with  organic  fertilizers. = Unfortunately,
greenhouse producers in the country have
increased the use of chemical fertilizers per unit
area instead of taking advantage of modern
agricultural knowledge for greater production.
The continuation of this has created serious risks
in terms of soil and water pollution, in addition
to financial losses and aggravating the
imbalance of nutrients in the soil. After
sampling the soil of greenhouses in Ashkezar
County and examining the amount of elements
in the greenhouse soil, the present study will
inform the greenhouse owners of the region
about the negative effects and consequences of
the improper use of chemical fertilizers.

Materials and Methods

Given the need to investigate the environmental
effects of chemical fertilizers and their
unscientific and arbitrary use, this project was
implemented in September 2010. In the first
stage, all information related to chemical
fertilizers and the correct way to use them, the
way and time of their use in the conditions of
greenhouses in Ashkezar city were investigated.
In the second stage, soil sampling was carried
out randomly from 23 greenhouses. The
greenhouses were selected regardless of the
length of time they had been cultivated as
greenhouses and the type of crop they had been
cultivated. One sample was selected in each
greenhouse regardless of its size. In order for a
sample to be representative of the entire
greenhouse, four points were randomly selected
for every thousand meters and after removing 5
centimeters of surface soil from a depth of 0-40
centimeters, four samples were taken and after

mixing them completely, a one-kilogram
subsample was taken and poured into a nylon
bag and the characteristics of that soil were also
written on it and transferred to the laboratory to
examine the state of its elements. In the third
stage, after performing chemical analysis of the
samples, data processing was carried out with
SPSS software.

Discussion and Results

After initial preparation of the samples, to
determine the physicochemical characteristics,
first a saturated soil extract was prepared and the
pH was measured. The pH of the samples was
measured using a UB-5 pH meter. The amount
of heavy metals in the samples was measured
using an atomic absorption spectrometer (Varian
AA240 model) at Sabzevar University of
Medical Sciences. The DTPA (diethylene
tetramine pent acetic acid) method was used to
obtain the bioavailability of potentially toxic
elements (Cd, Co, Cr, Cu, Ni, Pb and Zn).
Among the 10 analyzed samples, ASH-2 and
ASH-10 are uncontaminated soils, and the rest
of the samples are soils contaminated with
chemical fertilizers. The amount of cadmium in
uncontaminated samples is less than 0.5 mg kg-
1. While in contaminated soils this amount
increases to more than 3 mg kg-1. Compared to
the permissible limit determined according to
the national standard, the amount of cadmium in
all samples is less than the critical limit (mg kg-
1 5). The amount of zinc in uncontaminated soils
is less than 50 mg kg-1, while the concentration
of Zn in contaminated soils varies from 193 mg
kg-1 to 1453 mg kg-1. Compared to the
permissible limit for agricultural soils, the
amount of zinc in all studied samples is less than
the permissible limit.

The cobalt content in uncontaminated soils of
the study area is about 13 mg kg-1. In
uncontaminated soil samples, the Co
concentration varies between 15.57 mg kg-1
(sample ASH-6) and 31.46 mg kg-1 (sample
ASH-4). However, the cobalt concentration in
the soils of the region is lower than the national
permissible limit for agricultural soils (mg kg-
1,). The chromium concentration in the soil
samples of the region behaves differently
compared to other elements. While the
concentration of other potentially toxic elements
in contaminated soils is significantly higher than
in uncontaminated samples. The chromium
content of uncontaminated soils (mg kg-1 53-
87) is in the same range as that of
uncontaminated soils (mg kg-1 62-85).
Although the uncontaminated samples have a
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total concentration almost equal to Cr, their
bioavailability is much lower than that of
uncontaminated samples. The chromium
content in all the studied samples is lower than
the permissible level set in the national soil
standard. The copper content in uncontaminated
soils (43-73 mg kg-1) is relatively lower than
that in soils contaminated with agricultural
fertilizers (62-181 mg kg-1) (Table-1). In the
contaminated samples, sample ASH-8 has the
highest Cu concentration, followed by samples
ASH-1, ASH-3, and ASH-4, respectively
(Figure-6). The permissible limit for copper in
Iranian agricultural soils is set at 200 mg kg-1,
and therefore the Cu concentration in all the
studied soils is lower than this standard. The
nickel content in the two uncontaminated soil
samples studied is 23.61 and 23.62 mg kg-1,
while the contaminated soils have between
15.35 mg kg-1 and 4.97 mg kg-1 of nickel
(Table-1 and Figure-7). The relatively high
concentration of nickel in the uncontaminated
soil (sample ASH-2) could be due to its terrane
origin and the presence of ferromagnesian
minerals in its composition. By carefully
examining the composition of this sample, it can
be seen that the chromium content in this sample
is also higher than in other samples. The effect
of chemical fertilizers on the lead content in the
studied soils is quite evident. The Pb content in
uncontaminated soils is less than 10 mg kg-1,
but in contaminated soils it increases to about
180 mg kg-1 (Table-1). Sample ASH-8 has the
highest lead content in contaminated soils,
followed by ASH-3 and ASH-9 (Figure-8). The
lead content in sample ASH-8 has reached above
the permissible limit set by the Environmental
Organization for agricultural soils (75 mg kg-1).
The acidity and pH of the environment are
considered to be one of the essential factors in
the speciation, mobility, reactivity and
bioavailability of heavy metals. All soils in the
region have a pH above seven (somewhat
alkaline) and the range of acidity changes is
limited. The trend of pH and TOC changes in the
studied samples is almost opposite to each other,
so that with increasing TOC, pH decreases
relatively. The DTPA (diethylene tetramine pent
acetic acid) method was used to investigate the
amount of heavy metals in the surface soils of
Ashkzar. The bioavailability of heavy metals
(the amount extracted by the DTPA method) for
all elements measured in this study is
significantly higher in contaminated soils than in
uncontaminated soils (samples ASH-2 and
ASH-10). The highest bioavailability of Cd, Co

and Zn elements is observed in sample ASH-1,
while sample ASH-8 has the highest
bioavailability of heavy metals Cr, Cu, Ni and
Pb.

Conclusion

Pesticides and chemical fertilizers are the most
important pollutants, and their use causes soil
and water pollution, harms the environment, and
endangers human health. The negative impact of
insecticides, fungicides, and herbicides on the
environment has been fully proven, and the
effects of pesticide residues in the food chain
have jeopardized sustainable living systems in
many regions of the world. For these reasons,
the increasing trend of pesticide use in
developed countries has stopped in recent years,
but in most developing countries, including our
country, there is still interest in using these
substances more. Measurement of the
concentration of heavy metals (Cd, Co, Cr, Cu,
Ni, Pb, and Zn) in soils contaminated and
uncontaminated with agricultural fertilizers in
the study area shows that agricultural activities
have increased the concentration of these
elements in soils.

However, the distribution of all potentially toxic
elements in soil samples is not uniform, so that
the concentration of some metals such as nickel
and chromium in uncontaminated soils is almost
the same as in contaminated samples. Of course,
the results of the availability and bioavailability
of elements using the DTPA method show that,
given the significant increase in these values in
contaminated samples, the use of chemical
fertilizers has increased the absorption of all
elements in contaminated soils, but given the
earth-born origin of some elements such as
nickel and chromium, this difference in the
overall concentration of soils is not well
reflected. Agricultural activities and soil
fertilization have also caused an increase in
organic matter and a decrease in pH in
contaminated samples. Environmental
assessment of heavy metal data in the studied
soils shows that, except for lead in sample ASH-
8, the concentration of heavy metals is lower
than the permissible limits of national standards.
However, the significant increase in the
concentration of potentially toxic elements in
contaminated soils has led to an increase in
pollution measurement criteria such as the land
accumulation index.
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Fig. 2. Sampling steps from Ashkezar greenhouses)
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Table 1. Potentially toxic elements concentrations are in mg kg! and TOC is reported in percentage.

Sample | ASH-1 | ASH-2 | ASH-3 | ASH4 | ASH-5 | ASH-6 | ASH-7 | ASH-8 | ASH-9 | ASH-10
Cd 1.75 0.47 1.59 0.94 0.83 0.81 1.15 3.27 0.66 0.36
Co 31.68 13.29 27.19 46.31 15.62 15.57 25.7 37.3 13.25 12.92
Cr 69.57 87.26 71.36 72.58 75.5 77.31 85.03 82.15 62.55 53.16
Cu 139.11 43.1 116.7 | 103.07 | 86.13 81.92 96.42 | 180.65 61.5 72.61
Ni 59.36 62.23 62.57 38.15 35.16 37.43 43.08 97.4 27.35 23.61
Pb 35.27 4.33 43.13 25.9 22.17 22.23 35.05 78.16 27.48 9.75
Zn 332.16 26.18 | 351.77 | 236.84 | 19332 | 217.15 | 255.6 | 453.34 | 285.16 47.04
pH 741 8.74 1.76 8.37 8.27 8.28 8.12 7.15 8.32 8.57

TOC 1.92 0.52 1.85 1.53 1.6 1.64 1.76 2.63 1.65 0.56

oboile) Mg kg-1 cous y 9519) cows 03l polic g1y PH > 7) S FaigUT 8 ylaibiw] o dsolovs yyolis ¥ Jou

(\yaa ‘Ql).g.l S ) M bl

Table 2. Calculated soil pollution standard values (pH > 7) for Potentially toxic elements (unit in mg kg-1)
(Iranian Environmental Protection Organization, 2016)
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Fig. 3. Cadmium content in soil samples in the region
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Fig. 9. Relationship between pH and potentially toxic elements concentrations (in mg kg'!) and TOC (in percent) in the
studied soils

Al 5590 GLSS aigni 35 (uwmj Gy sDTPA fig) & o gl 5ol (coww 0gilly polis (yfymo ¥ Jour
Table 3. Amount of Potentially toxic elements extracted by DTPA method and bioavailability in the studied soil samples
Sample ASH-1 | ASH-2 | ASH-3 | ASH4 | ASH-5 | ASH-6 | ASH-7 | ASH-8 | ASH-9 | ASH-10

Cdprea 1.03 0.11 0.85 0.41 0.35 0.35 0.59 1.57 0.29 0.10
Coprpa 15.54 2.67 11.66 19.15 7.15 6.28 10.60 16.87 5.13 2.62
Crprea 17.05 7.62 19.80 16.03 15.29 14.60 19.95 25.71 12.06 5.13
Cuprpa 64.23 12.53 56.75 47.63 38.20 37.55 49.12 95.74 27.98 23.82
Niprea 24.80 9.32 29.35 16.30 11.14 13.41 17.96 49.80 9.37 3.64
Pbprra 18.64 1.10 23.90 13.73 11.70 11.63 17.25 50.59 13.17 2.66

Znprpa 195.31 9.17 203.92 135.18 101.25 114.02 129.87 251.84 148.17 16.52
Cdprea% 58.86 23.40 53.46 43.62 42.17 43.21 51.30 48.01 43.94 27.78
Coprpa% 49.05 20.09 42.88 41.35 45.77 40.33 41.25 45.23 38.72 20.28
Crprea% 24.51 8.73 27.75 22.09 20.25 18.89 23.46 31.30 19.28 9.65
Cuprpa% 46.17 29.07 48.63 46.21 44.35 45.84 50.94 53.00 45.50 32.81
Niprpas 41.78 14.98 46.91 42.73 31.68 35.83 41.69 51.13 34.26 15.42
Pborras 52.85 25.40 55.41 53.01 52.77 52.32 49.22 64.73 47.93 27.28
Znprra% 58.80 35.03 57.97 57.08 52.37 5251 50.81 55.55 51.96 35.12
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Fig. 10. Binary diagrams showing the relationship between TOC (in percent) and potentially toxic elements concentrations (in

mg kg) in the studied soils.
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Table 4. Calculating the earth accumulation index for the studied soil samples
Sample | ASH-1 | ASH-2 | ASH-3 | ASH-4 | ASH-5 | ASH-6 | ASH-7 | ASH-8 | ASH-9 | ASH-10
IeeoCd 2.54 0.65 2.41 1.65 1.47 1.43 1.94 3.45 1.14 0.26
LeeoCo -0.24 -1.50 -0.46 0.30 -1.26 -1.27 -0.55 -0.01 -1.50 -1.54
LeeoCr -1.11 -0.78 -1.07 -1.05 -0.99 -0.96 -0.82 -0.87 -1.26 -1.50
IgeoCu 0.75 -0.94 0.50 0.32 0.06 -0.01 0.22 1.13 -0.42 -0.18
LoeoNi -0.92 -0.85 -0.85 -1.56 -1.68 -1.59 -1.38 -0.21 -2.04 -2.25
IeeoPb 0.91 -2.11 1.20 0.47 0.24 0.25 0.90 2.06 0.55 -0.94
IgeoZn 1.66 -2.00 1.74 1.17 0.88 1.05 1.28 2.11 1.44 -1.16
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