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Abstract

Background: Nowadays, uncontrolled use of chemical fertilizers in agriculture is one of the reasons for
the entry of heavy metals into the environment. In this study, the heavy metals contamination of the soils
enriched with compost and chemical fertilizers in the North of Iran and its ecological risk assessment
were evaluated.

Methods: In this study, 108 soil samples were collected from agricultural soils of some places of Babol in
Mazandaran province. An atomic absorption spectrophotometer (PG-990) was used to determine the
concentrations of lead, cadmium, and zinc in the soil samples. The assessment of soil contamination was
performed by the contamination factor, degree of contamination indices, and the potential ecological
risk of the heavy metals. Data were analyzed using SPSS version 22. Descriptive and chi-square tests
were used to compare the mean with existing standards. Significant level was considered at P<0.05.
Results: The highestlead concentration (35.7 + 9.5 mg/kg) was observed at 5-cm depth, and the maximum
cadmium (1.1 + 0.2 mg/kg) and zinc (88 + 22.6 mg/kg) concentrations were observed at 15-cm depth.
The results showed that lead, cadmium, and zinc concentrations in the agricultural soils enriched with
compost fertilizers were acceptable, but agricultural soils enriched with chemical fertilizers indicated
higher content than those enriched with compost fertilizers and higher than the maximum allowable
concentration. The maximum contamination degree, pollution index, and potential ecological risk in
the agricultural soils enriched with the chemical fertilizers were 15.77, 1.97, and 293.48, respectively, and
these soils had low potential pollution and moderate ecological risks.

Conclusion: According to the results, it is necessary to use compost fertilizers for the agricultural soils
enrichment.
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Introduction

Soil is an important element of nature that is exposed to
various pollutions such as heavy metals (1,2). In general,
heavy metal contamination of soil comes from natural
and human sources. In natural source, which refers to the
natural nature of the earth, heavy metals of the rocks enter
the soil through erosion of water, wind, weathering, and
atmospheric precipitation (3).

Soil contamination with heavy metals caused by human

activities include the discharge of industrial plating
and melting effluent (4,5), urban sewage sludge and
agricultural drainage containing heavy metals (6), as
well as the high consumption of chemical fertilizers and
pesticides, increase the soil pollution of the world (7,8).
The main concern about heavy metals is that they are not
metabolized in the body and accumulate in the fat tissues,
muscles, bones, and joints, resulting in numerous diseases
and complications (9,10). The effects of heavy metals on
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human beings are different, the most important of which is
the development of neurological disorders, carcinogenesis,
genetic disorders, and complications of bearing abnormal
child (11). Cadmium is one of the most widely distributed
metals in the environment. The main source of this metal
is chemical compounds derived from plating and melting
industry in addition to phosphate fertilizers consumed
in agriculture (12). This metal is easily absorbed by the
plants and has high toxicity. This toxic metal accumulates
in tissues like liver and kidneys, causing lung and prostate
cancers, arthritis and bone pains, anemia, and increased
blood pressure in humans (6,13). Lead (Pb) can cause
side effects, such as abnormal hemoglobin synthesis and
anemia, hypertension, kidney damage, abortion, nervous
system disorders, brain damage, child’s decreased ability
of learning and behavioral disorders in children, such as
aggression and hyperactivity (14).

Azimzadeh and Khademi investigated the background
concentration of some heavy metals in agricultural soils
in different parts of Mazandaran province. In this study,
the natural and manmade background concentrations of
Pb, cadmium (Cd), zinc (Zn), copper (Cu), and nickel
were 0.23, 34.2, 40.2, 28.3, and 45.7; and 0.23, 54.1, 49.5,
31.6, and 45.8, respectively (15). Parente et al studied
heavy metals (Pb, Cd, Cr, Zn, Cu, Mn) concentrations in
the soils enriched with poultry fertilizers in Rio de Janeiro
upland region and evaluated the potential ecological risks
in these soils (16). In another research, Srinivasa Gowd et
al evaluated the contamination of heavy metals (Pb, Cr,
Zn, Sr) in the soils of Ganga plain, Uttar Pradesh, India.
They assessed heavy metals contamination in the soils
based on the geoaccumulation index, enrichment and
contamination factors, and degree of contamination (17).
Mazandaran province and Babol are among the important
agricultural poles in Iran. Agricultural products, especially
fruits and vegetables, are exported from the city to other
parts of the country. The amount of urea and phosphate
fertilizers used in the agricultural areas of this city is
13000 and 4000 tons per year, respectively (15,18).
Since agricultural soils can be a way to transport heavy
metals into the human body, it is necessary to assess the
heavy metals contamination level of agricultural soil. This
study was conducted to investigate the concentration
of heavy metals in the soils enriched with compost and
chemical fertilizers in Babol (Mazandaran province)
and to assess their contamination factors and potential
ecological risks.

Materials and Methods

Babol, a city located in the Northern Iran with a population
more than 1000000, is the most populous city in
Mazandaran province. The height of the city is 2 m below
the open seas. Babol is located at latitude and longitude
of 20’44’52 and 15’24’36, respectively. The mean annual
rainfall and temperature of the city are 799 mm and 17.1°C,
respectively. The city has many rivers, especially the Babel

River, which flow into the Caspian Sea (17). Samples were
collected from agricultural soils of the Eastern, Western,
and Southern regions of Babol, Mazandaran province, in
the Northern Iran (Figure 1) in the winter and summer
of 2017. Totally, 108 soil samples were randomly collected
from the studied regions. Any soil sample (approximately
1 kg) was taken from a surface area of 20 cm x 20 cm at
5-cm and 15-cm depths, and transferred to the laboratory
using polyethylene bags. The soil samples were first air-
dried at room temperature for 1 week, and then, passed
through a 2-mm and 0.15-mm sieve, respectively, for a
two-stage chemical analysis (18,19).

Analysis of heavy metals in soil samples

The concentration of Pb, Cd, and Zn in each soil sample
was measured at specific wavelengths (Pb =2383.5 nm, Cd
= 288.8 nm, and Zn = 13.29 nm) (16,19). To control the
quality of the analyses, three blank samples were prepared
along with other samples. Stock standard solutions of
Cd, Zn, and Pb were provided at a concentration of 1000
mg/L in a solution containing 0.5 M HNO, (ultrapure)
supplied by Merck (Germany). Only deionized water was
used to prepare solutions for analysis. The final dilution
of standard solutions was done by 0.5 M HNO, (HNO,
65%). This dilution of nitric acid (HNO,) was also used as
the zero-setting solution for calibration. This process was
done to match the acid matrix of standards with samples.
The calibration curve was established using the standard
solutions (19,20).

Instruments

Inthisstudy,aPG990atomicabsorptionspectrophotometer
equipped with deuterium background correction, and
Cd, Zn, and Pb hollow-cathode lamps as the radiation
source, was used. The operating parameters were set as
recommended by the manufacture. Atomic absorption
measurement was carried out in an air-acetylene flame.
The acetylene flow rate and burner height were adjusted
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Figure 1. The location of Babol in the world and the location of sampling
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in order to obtain the maximum absorption signals while
aspirating the analyte solution containing 0.5 M HNO,.

Analytical characteristics

For instrumental conditions used, the analytical detection
limit was 0.0028, 0.012, and 0.003 mg/L for Cd, Pb, and
Zn, respectively. The sensitivity, standard deviation (SD),
and precision of analytical condition were evaluated. Five-
to-eight-point calibration curves were prepared for each
element with aspiration of the standard solutions (1-1.5
mL). Analysis of each sample was carried out three times
with integration time of 3 seconds to obtain a relatively
standard deviation of 5% or less within the calibration
range. Zn, Cd, and Pb concentrations were determined
using a deuterium background correction. In this study,
6 working standard solutions were obtained for Zn (0.00,
0.5,1,2, 4, and 6 mg/L), 7 standard solutions for Pb (0.00,
0.312, 0.625, 1.25, 2.5, 5, and 10 mg/L), and 8 standard
solutions for Cd (0.00, 0.018, 0.039, 0.078, 0156, 0.312,
0.625, and 1.25 mg/L), which were prepared from the
standard stock solution (1000 mg/L) purchased from
Merck (Germany). Serial dilutions were carried out and
acidified using nitric acid 2%. Analytical characteristics
of elements are shown in Table 1. Data were analyzed
using SPSS version 22. Descriptive and chi-square tests
were used to compare the mean with existing standards.
Statistical significant level was considered at P<0.05.

Determination of contamination factor (C) and degree of
contamination (C deg)
The assessment of soil contamination is performed by the
contamination factor (C,) and degree of contamination
(C deg) indices. The C/! of a metal is determined by the
following equation:

D Ch
Cf1 - C_rlz (1)
Where C ' is mean concentration of metals (mg/kg) and
C ' is the natural concentration of individual element
(background level) (mg/kg).
The C/ is the single element index and the sum of
contamination factors for all metals is indicated by the C,
of the location. The degree of contamination is classified
into four classes (20,21):
1. C, <8=>Low degree of contamination
2. 8<C,, <16 =>Moderate degree of contamination
3. 16<C,, <32=>Considerabledegree of contamination
4. C,,>32=> Very high degree of contamination

Evaluation of pollution index (PI)

The pollution level of a metal is determined by the single
pollution index (PL). PL is calculated using the following
equation:

Pli= 5_1 (2)

Where C, is a metal concentration in a soil sample (mg/kg)
and S, is the reference value (mg/kg).

The total potential pollution of the soils by the heavy
metals was evaluated by the Nemerow integrated pollution
index (NIPI).

P[azlve +PIZ
imax (3)

2

Where PI and PI_ are the average and maximum of
the pollution indices for individual metals, respectively.
The NIPI is categorized: 1) NIPI<0.7 => non-pollution;
2) 0.7<NIPI<1 => warning line of pollution; 3) 1<NIPI<2
=> low level of pollution; 4) 2<NIPI< 3 => moderate level
of pollution; and 5) NIPI>3 => high level pollution (22).

Estimation of the potential ecological risk

The potential ecological risk of heavy metal in the soils
was evaluated using the ecological risk index (RI) (15,22).
The RI index was determined by the sum of risk factors of
the metals:

RI=Y", Er (4)

Where Er' is the risk factor of any metal, and is determined
using Eq. (5):

Er'=Tr' x C{-Tr' G (5)
Bj
Where Ti is the toxic-response factor for any metal. The
Toxic-response values of Pb, Cd, and Zn were 5, 30, and
1, respectively. And C! is the metal contamination factor
calculated from the measured concentration (C) and the
background concentration (B.) of the metal (mg/kg).

Results

Analysis of the collected data displayed that the mean
and highest concentrations of Cd (0.7 and 0.9 mg/
kg) were found in the Western Babol (S3) and the soils
enriched with chemical fertilizers (Figure 2). The lowest

Table 1. Hollow-cathode lamps conditions and flame conditions in flame atomic absorption spectrometry

Flow Rate of Flame Gases (I/min)

Element Wavelengths (nm) Lamp current (mA) Relativity of SD Detection Limit (mg/L)
Air Acetylene
Cd 228.8 7 0.997 0.0028 0.6 1.1
Pb 217.0 4 0.995 0.012 0.7 1.8
Zn 213.9 5 0.995 0.003 0.7 1.5
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Table 2. The characteristics of the agricultural soil samples in the studied places

. Soil texture Soil texture(%) Organic caco Soil humidity
Sample Horizon Depth (cm) EC(ds/m) pH class = ] Clay carbon %) 8 (%)
1 Ap 0-20 0.92 7.6 S.L 20 61 19 0.83 5.5 42
2 B1 20-60 0.50 7.7 L 33 43 24 0.27 6.7 55
3 B2 60-150 0.52 7.6 L 37 37 26 0.27 12.2 72

concentration of Cd (0.1 mg/kg) was found in S1 location
and the soil enriched with compost fertilizer (Figure 2).
Table 2 shows the properties of the agricultural soil
samples in the studied areas. According to this table, 61%
of the soil texture in the surface area (1-20 c¢cm) is sand
and soil texture class is sand- loam. Also the soil pH is
slightly alkaline and moisture content is more than 40%.
The mean and highest concentrations of Pb (35.5 and 63.8
mg/kg) were found in the Western region (S3) and soil
enriched with chemical fertilizer (Figure 3). Moreover, the
minimum concentration of Pb (13.2 mg/kg) was observed
in S1 location and the soils enriched with compost organic
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fertilizer. The mean and highest concentrations of Zn
(70.5 and 95.8 mg/kg) were found in S3 location and the
soils enriched with chemical fertilizer (Figure 4). The
minimum concentration of Zn (23.5 mg/kg) was found
in the Eastern region (S2) and the soils enriched with
compost organic fertilizer (Figure 4).

The results obtained from the mean concentration of
heavy metals in the studied areas and their comparison
with the allowable concentrations of these metals in Iran
and other countries showed that the Pb and Zn contents
are less than the maximum allowable concentration of
contaminant. However, the mean concentration of Cd in
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Figure 2. The minimum, maximum, average, and maximum allowable concentrations of cadmium in the agricultural soil samples of various areas with
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Figure 4. The minimum, maximum, average, and maximum allowable concentrations of zinc in the agricultural soil samples of various areas with different

fertilizers at a 5-cm depth.

the soils enriched with chemical fertilizers is near to the
national and global standards (Table 3).

Evaluation of the heavy metals concentration illustrated
that the highest concentration of Cd, Pb, and Zn (0.9,
62.5, and 95.8 mg/kg) in the enriched soils with chemical
fertilizers at a 5-cm depth was found in S3 location.
Statistical tests represented that there was a difference
between the mean concentrations of Cd, Pb, and Zn in the
agricultural soils of the studied regions, but this difference
was not significant (P value= 0.08, 0.07 and 0.06) (Table 4).
The mean concentrations of Pb, Zn, and Cd at different
depths of agricultural soils in different regions illustrated
that the highest concentrations of Pb were related to all
locations ata 5-cm depth and the maximum concentration
of Cd and Zn in different locations was associated to 15-

cm depth (Table 5).

As shown in Table 5, there was no significant difference
between mean Pb concentration in the agricultural soils
and soil depth. However, there was a significant difference
between mean concentrations of Zn and Cd at depths of
5 and 15 cm (P=0.02) (Table 5). The mean and highest
amounts of the NIPI of the soils enriched with compost
and chemical fertilizers were 1.20 and 1.44; 1.64 and 1.97,
respectively, and belonged to S3 location (Table 6).
Table 7 shows the contamination level and ecological risk
factors of the selected metals in the soil samples enriched
with compost and chemical fertilizers. Maximum C, of
Cd, Pb, and Zn in the soils enriched with compost were
determined to be 5.67, 1.44, and 3.22, respectively, and in
the soils enriched with chemical fertilizer were obtained

Table 3. Comparison of heavy metals contents in the agricultural soil samples with global standards

Heavy Metals Concentrations (mg/kg)

Maximum Level Concentration (mg/kg) (23-24)

Metal
Minimum Maximum Mean & SD Iran China American Australia
Pb 13 62.30 35.2+10.50 75 80 200 300
Zn 22.5 95.80 70.50£25 500 200-300 1100 200
Cd 0.10 0.90 0.70£0.20 1 0.30- 0.60 0.48 3
Table 4. Mean concentration of heavy metals in the soil samples (n=108) in different regions at a 5-cm depth
Metal Different Region Mean & SD (mg/kg) P value
S1 25.90+19
S2 29+18
Pb 0.074
S3 34.80+21
Mean 29.90£19.30
S1 66.50£31
S2 62.7+26
Zn 0.06
S3 70.50+34
Mean 66.57+30
S1 0. 4040.20
S2 0.60+0.10
Cd 0.08
S3 0.70£0.20
Mean 0.57+0.30

Environmental Health Engineering and Management Journal 2020, 7(1), 7-14 | 1
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Table 5. Concentration of heavy metals in different locations at depths of 5 and 15 cm

Mean + SD (mg/kg)

Location
Metal S1 S2 S3 P value
5cm 15cm 5cm 15cm 5cm 15cm
Pb 25.90£19 2015 29+18 23.80+20 34.80+21 26.5014+ P=0.45
Zn 66.50£31 81.50+21 62.70£26 76.50£19 70.50+34 9223+ P=0.02
Cd 0.40£0.20 0.60£0.30 0.60£0.10 0.80+0.40 0.70+0.20 0.900.30% P=0.02
Table 6. The pollution index of heavy metals in the soils enriched with compost and chemical fertilizers

LOCatiOn Pl Pb compost Pl Cd compost Pl Zn compost NIPI compost Pl Pb chemical P Cd chemical Pl Zn chemical NIPI chemical
S1 0.6 0.66 1.15 0.98 0.68 1.33 1.26 1.21
S2 0.67 1 1.21 1.19 0.79 2 1.40 1.73
S3 0.73 1.65 1.20 1.44 0.96 2.33 1.34 1.97
Mean 0.67 1.10 1.19 1.20 0.81 1.89 1.33 1.64
Standard Deviation 0.15 0.70 0.12 0.87 0.20 0.65 0.46 0.71

Table 7. Estimation of the contamination factor and the potential ecological risk in the soil samples (n= 72) enriched with compost and chemical fertilizers

Contamination & Risk Assessment Indexes

Soil Type Location C, Er,
cd Pb Zn C., Contamination Degree cd Pb Zn RI Risk Degree

S1 2.66 0.62 2.59 5.87 Low 80 3.08 2.60 85.68 Low
S2 3.66 0.67 2.63 6.96 Low 100 3.37 2.63 106 Low
S3 4 0.75 2.78 7.53 Low 120 3.77 2.78 126.55 Low

Compost Max

fertilizer 5.67 1.41 3.22  10.30 Moderate 170 7.05 3.22 180.27 Moderate
Min 1.33 0.36 2.21 3.90 Low 40 1.78 2.21 43.99 Low
Mean 344 068 266 679 Low 100 341 267  106.08 Low
S1 6.33 1.07 2.88 10.28 Moderate 190 5.33 2.88 198.21 Moderate
S2 5 1.16 2.95 9.11 Moderate 150 5.81 2.95 158.76 Moderate

Chemical S3 5.67 1.25 3.47 10.39 Moderate 170 6.23 3.47 179.70 Moderate

fertilizer Max 9.33 1.85 459  15.77 Moderate 280 9.25 4.59 293.84 Moderate
Min 3.67 0.81 2.53 7.01 Low 110 4.04 2.53 116.57 Low
Mean 5.67 1.16 3.10 9.93 Moderate 170 5.79 3.10 178.89 Moderate

to be 9.33, 1.85, and 4.59, respectively. The degree of
contamination (C deg) of different locations (S1, S2, S3)
in the soils enriched with compost fertilizer were 5.87,
6.96,7.53, and 6.79, respectively, and in the soils fertilized
with chemical fertilizer, were 10.28, 9.11, 10.39, and 9.93,
respectively. The maximum C,_in the soils enriched with
compost and chemical fertilizers were 10.30 and 15.77,
respectively.

Discussion

The results of measurement of the concentration of heavy
metals in the soil of the studied regions indicated that
among the three studied metals (Pb, Zn, and Cd), the
mean concentration of Cd in both seasons was higher

than the standard value of Iran, China, and the United
States (1 mg/kg) (16,22). Cd, which is easily absorbed
through the root and creates toxicity in the food chain, is
undoubtedly the most important pollutant in agricultural
soils and plant products (16). Nevertheless, since the
concentration of Cd is not high in the natural soils of the
studied regions, Cd contamination in the region cannot be
attributed to natural factors, such as the soil and geology
of the area or the water used to irrigate agricultural soils.
Therefore, as mentioned in studies by Williams and David
(23), Schipper et al (24), and Salmanzadeh et al (25), the
use of chemical fertilizers can lead to Cd contamination
in some soil samples, so that the mean concentration of
Cd is higher in soils enriched with chemical fertilizers
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than those enriched with compost fertilizers. In a study
by Parizanganeh et al, the concentrations of Pb, Cd, Zn,
Cu, cobalt, and nickel in the agricultural topsoil of Bonab
region in Zanjan province were determined 58.18, 1.4,
299.31, 67.68, 18.53, and 28.11 mg/kg, respectively (26).
Ghorbani et al reported the concentrations of Cd, Pb,
Zn, Cr, and Cu in the agricultural soils of some places in
Golestan province as 0.18, 13.05, 70.06, 60.68, and 22.99
mg/kg, respectively (27). The most important reason
for this difference between the metals is due to reduced
dissolution and low mobility of Pb compounds in the soil
so that the Pb released in the soil is fixed in the layers of
the soil and does not penetrate into the underlying layers
of the soil (28). In contrast, Zn and Cd compounds have
high solubility and mobility in the soil, so that these
metals gradually transfer from the surface layers to the
deep layers of the soil (29,30).

Ecological risk factors are the most important parameters
for the assessment of heavy metals effects in soils on
human beings and environment (31,32). In this study,
the maximum and mean ecological risk factors of Cd,
Pb, and Zn in the soils enriched with chemical fertilizers
was higher than those in the soils fertilized with compost
fertilizers. The average value of the potential ecological risk
of the heavy metals (Cd, Pb, and Zn) in soils enriched with
compost and chemical fertilizers were determined 106.08
and 178.89, respectively, indicating low and moderate
ecological risk, respectively. The maximum ecological risk
of the heavy metals was found in the soils fertilized with
chemical fertilizer, which shows a considerable ecological
risk. Ecological risk order of the heavy metals in the soils
enriched with compost and chemical fertilizers was Cd
> Pb > Zn, indicating that Cd is the most important risk
factor. In the study of Liu et al, the potential ecological
risk of the vegetables soils in the order of Cd > Pb > Cu
> Cr > Zn were determined (33). Sayadi et al assessed the
potential ecological risk of Pb, Cd, Cu, Zn, and chrome
in the agricultural topsoil of Amirabad district in Birjand.
This study showed that the ecological risk of the heavy
metals in the residential areas soils was high, but in the
agricultural and livestock soils, it was low (34).

Conclusion

The levels of Pb and Zn in the soil were less than the
standard value due to the lack of industrial factories in
the region. Nevertheless, the use of chemical fertilizers
led to the gradual accumulation of heavy metals in the
soil. The results of the present study represented that the
concentration of the studied metals was according to the
national standards, but the concentration of heavy metals
in the agricultural soils enriched with chemical fertilizers
was high. In addition, the contamination factors and
potential ecological risksin the soils enriched with chemical
fertilizers were higher than those in the soils enriched
with compost fertilizers. Thus, it is recommended to use
compost organic fertilizers for enriching agricultural soils.

In addition, the results suggested that the concentration of
Pb was higher in the surface layers than deep layers while
the concentrations of Cd and Zn were higher in deep
layers than surface layers of the soil.
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