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Fig. 2. Location of the soil sampling sites
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Table 1. Equations for health risk assessment
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Table 2. Description of parameters of health risk assessment
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Table 3. Physico-chemical parameters of the studied soil samples
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Fig. 3. soil samples texture on the USDA classification triangle
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Table 4. Mineralogy of four selected soil samples
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Fig. 4. The variations of heavy metal concentrations in sampling sites in comparision with the World Soil Average composition
(Kabata-Pendias, 2011). Values in mg/kg.
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Table 5. Descriptive statistics of elements concentrations (mg/kg) in the studied soils
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Fig. 5. The average values of enrichment factor (a) and geoaccumulation index in the soil samples
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Table 6. The mean values of Average Daily Dose (ADD), Hazard Quetient (HQ), and Hazard Index (HI) of the studied

elements (for children and adults)

RLETY
yaic  ADDingy  ADDisn ADDgerm  RfDing RfDin RfDierm HQing HQinn HQuerm HI
Cd  YAE--#  YAE-\\  VAE--9 oo [+ [++++\  YAB--¥ VYABE--A  VAE--f  YpE-.v
Cr sVE--¢  VAE--A  \AE--# [ooX  efeeenY [oeees  YNE--\  fE--f YNE--Y  YE-©
Cu  AVE--¥  YIfE--A  YI¥E--5 I-¥ %Y /\Y  YNE--y $.E-.v  Y.B--f  YYE-.v
Ni  faE--f  \YE--A  \NE--# /¥ [+Y -5 /-+0f Y/E--Y  #sE--v  YE--¥  Y¥E--Y
Pb \A\E--¥  YNE--a ¥NE--v [++Y0  +[-YOY +/---0V0 YNE--¥ 4/E--v  #.E--f  ¥YE--v
Zn A\NE--¥  YNE--A YNE--5 - - I+# $-B--¥ \NE--y  o/fB--0  f-E-.v
UL )3
yac  ADDipg  ADDinh ADDderm  RfDing RMDiun  RfDderm HQin, HQinn HQgerm HI
Cd  yE--v  ffE-WY WYE--a /e [+ + JoeesN  Y-BE--¥  ¥/fE--A  \YE--¥  §/YE--¥
Cr  vyyE--o V-E--A  YAE--v Jo ¥ [ovneY Jo+++5  Y¥E--Y  ONE--f  ¥AE--¥  YAE-.Y
Cu  axE--60 VWE--A  YNE--v I-¥ %Y J\Y YNE--¥  ¥¥BE--v  Y:E-.0  YYE-.v
Ni ~ o¥E--6  VIVE--a  v/-E--9 I-Y [-¥ -5 [--0f  YSE--¥  ¥NE--Y  YAE--6  YSSE--¥
Pb \YE--a  VAE--a  FAE-cA efeeYd ofeeYOY  efeee0¥d YIOE--¥ oNE--v ayE--a \WE-ev
Zn  \fE--f  \RE--A  ONE--v s - |- fYE-f SYE--A ABE--5  ¥/fE--f
15y polis (512 (CR) 25l jow sz (10Sloo pr3lio ¥ Jgor
Table 7. The average values of Carcinogenic Risk (CR) for the carcinogenic elements
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Abstract

The present study aims to evaluate the concentration, level of pollution, source, and health risk induced
by heavy metals and microplastic particles in the agricultural soils of the Gorgan city suburb. For this
purpose, 21 topsoil samples (0-30 cm) were collected. Soil’s physicochemical parameters, concentration
of heavy metals, and the quantity and general characteristic of microplastic particles (were investigated
using standard methods. The obtained results show that the texture of the samples is clay-sand loam and
sandy loam. PH of the samples is slightly alkaline to moderately alkaline, the average contents of
carbonate and organic matter are 19.8 % and 1.2 %, respectively, and the average cation exchange
capacity of the samples is 18.7 meq/100g. While the average concentration of Cu, Zn, Cr, Mn, Co, Fe,
Ni, and Sb are higher than the world soil average composition, the average contents of As, Pb, and Cd
are comparable or lower than the standard values. Human health risk assessment shows that among the
studied elements, Cr has the highest carcinogenic and non-carcinogenic risks through ingestion,
inhalation, and dermal contact routes, for both children and adults. Microplastics are present in all soil
samples in the form of fibrous, pellet, fragmental and spherical, and and most particles are bigger than
1000 pm. FT-IR analysis indicates that micrometers are polymers that are mainly composed of
polyethylene, pointing to the agricultural source of microplastics particles. The results of this study show
that agricultural activity is the most important source of soil pollution in the suburbs of Gorgan city and
can induce health risks to the residents of the study area.

Keywords: Heavy metals, Microplastic, Soil pollution, Gorgan

Introduction and therefore, their concentration will

During the last decades, the rapid development
of technology and enhancement in population
has resulted in the pollution of different
compartments of the environment. Although
soil, as a major part of the whole ecosystem,
has a vital role in the food production, it is also
the most important sink of various pollutants.
In recent years, the contamination of soil with
various pollutants (especially heavy metals and
microplastic particles) has been considered a
major environmental threat. Heavy metals are
amongst the priority pollutants listed by the US
Environmental Protection Agency. Although
heavy metals are the natural constituents of
soils, anthropogenic activities (including
agricultural practice) may enhance the level of
heavy metals in soil which eventually may lead
to some changes in the geochemical cycle of
elements. Unlike organic pollutants, heavy
metals are highly stable and may not be
degraded by microbial and chemical processes,

gradually increase in the food chains.
Microplastic are small particles (< 5 mm) and
are also considered one of the most important
emerging environmental pollutants.
Microplastic ~ particles  include  organic
polymers derived from petroleum compounds,
and are composed of small (less than 5 mm)
fibrous and granular pieces. Due to the small
size, large specific surface area and strong
hydrophobic properties, microplastics may
also contain heavy metals; therefore, their
input into the soil can greatly reduce the quality
and productivity of the soil. The most
significant sources of microplastic particles in
agricultural soils include soil amendment with
sewage sludge. irrigation with sewages.
application of compost and organic fertilizers.
and application of mulch in agriculture.
Humans may uptake microplastic particles
through ingestion, inhalation and dermal
contact which may eventually result in adverse
health impacts.
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Agricultural activity is extensive in Gorgan
suburb. Because of the vast application of
organic and inorganic fertilizers and biosolids,
irrigation of lands with urban sewages, use of
pesticides, and mulching, the pollution of
agricultural soils with heavy metals and
microplastic particles is likely. The present
study aims to investigate the concentration of
heavy metals and microplastics in soils of
Gorgan city suburb, to assess the level of soil
pollution, and to study the probable health risks
which may be induced by heavy metals
through ingestion, inhalation, and dermal
contact routes.

Materials and Methods

Sampling and sample preparation

21 soil samples were collected from
agricultural lands around the Gorgan city. In
each sampling site, two top soil samples (0-30
cm) were collected: one sample for analyzing
heavy metal concentration (by a pre-cleaned
PTFE shovel), and the other sample to
investigate the microplastic particles (using a
pre-cleaned stainless steel shovel).
Polyethylene and aluminum foils were applied
as containers for heavy metal and microplastic
analyzes, respectively. The samples were dried
for 3 days at room temperature. To measure the
concentration of heavy metals, each sample
was passed through a 10 mesh sieve. The
sieved sample was then grounded using hand
ceramic mortar and pestle, and then passed
through a 230 mesh sieve. To examine
microplastic particles, the dried samples were
passed through a 5 mm stainless steel sieve.

Sample analysis

Physico-chemical properties of soils including
pH, organic matter and carbonate content,
cation exchange capacity (CEC), and soil
mineralogy are important factors in
accumulation of pollutants. The soil texture,
pH, cation exchange capacity (CEC) and soil’s
carbonate and organic matter contents were
determined using standard methods. The
mineralogy of selected soil samples was
studied by XRD analysis.

The total concentration of heavy metals in the

samples was measured by an ICP-OES device
(Model Perkin Elmer ELAN 9000) after soil
digestion by HF+HCI+HClO4+HNO3 mixture
on a sand bath. The accuracy and precision of
the data were checked by triple analyses of

each element in each sample, and analyzing the
internal standard samples.

A separation method by a highly dense fluid
(1.6 g/Cm’ ZnCl,) was applied to extract
microplastic particles from soil samples. The
morphology, size, and color of the extracted
microplastic particles were investigated using
microscopic studies. The composition of
microplastics was determined using an FT-IR
device (Model WQF-510A).

Results and discussion

PH values of the soil samples range between
7.8 to 8.5 The alkaline nature of the samples is
due to the geology as well as soil amendment
with carbonates. On the basis of the USDA
classification, the studied soil samples are
sandy clay-loam and sandy-loam. Carbonate
calcium value in the studied samples changes
between 10 and 37.5 %, which is in accordance
with the alkaline nature of the samples.
Organic matter can form strong chemical
complexes with heavy metals. The organic
matter of the soil samples ranges from 0.4 to 2
percent. Cation exchange capacity (CEC) is a
significant soil property that influences the
absorption and release of nutrients. CEC value
of soils depends on the amount of organic
matter, clays, sodium-potassium salts, and Fe-
Mn oxy-hydroxides. Moreover, higher soil
CEC, greater elements bioavailability. The
cation exchange capacity of the studied soil
samples varies between 4.2 and 32.7 7
meq/100g, which is in medium class of the
CEC classification. XRD spectra showed the
presence of silicates (quartz, feldspars,
clinochlore) and carbonates (calcite and
dolomite), which is controlled by the lithology
of the study area (the outcrops of loess deposits
and regional metamorphic rocks).

The concentration of Cu, Zn, Cr. Mn, Co, and
Sb in all samples and the content of As, Ni, and
Fe in most samples are higher than their
respected values in world soil average
composition. On the basis of statistical
analyses (i.e. correlation coefficients, cluster
analysis, and principle component analysis),
As and Cu probably originate from the
application of pesticides, Cd and Sb are likely
from amendment of soils by chemical
fertilizers and manure, Pb, Zn, and Mn are
from traffic (in agricultural lands located near
the crowded roads around the city), and Ni, Cr,
Co, and Fe are from both natural (lithological
unites) and anthropogenic sources. Human
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health risk assessment shows that among the
studied elements, Cr and As induce the highest
non-carcinogenic risks through ingestion,
inhalation, and dermal contact routes,
especially for children. Ingestion is the most
significant exposure route for all studied
elements. Considering the adverse non-
carcinogenic impacts of Cr and As on the
human health, the pollution of the studied
samples with these elements must be
considered by local authorities. Ni has the
highest carcinogenic risks for both children and
adult age groups. Microplastics are detected in
all soil samples in the form of gray-black
fibrous particles mostly bigger than 1000 pum.
FT-IR analysis indicates that microplastic
particles are polymers mainly composed of

polyethylene, pointing to the agricultural
source of these pollutants.

Conclusion

The results of this study show that agricultural
activity is the most important source of soil
pollution in the suburbs of Gorgan city and can
induce health risks to the residents of the study
area. Since pollutants may transfer from soil to
crops, and polluted agricultural soil particles
can be ingested by local population who are
living in Gorgan suburb, the pollution of the
soils in the study area must be seriously
considered. Microplastics and heavy metals are
major threats to human health, and therefore, it
and is of highly importance to remove the soils
pollutants and/ or mange the entry of these
hazardous contaminants into the soils.



