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� Levels of OCPs in the Iranian plains were relatively low in a global perspective.
� Levels trend of OCPs in studied areas was as follows: DDT > CHL >HCH.
� Chlordane pesticide residue in the Shabankare area was related to its past uses.
� Source identification showed recent use of HCH and DDT in the studied plains.
� OCPs in Iranian agricultural soils will not pose any health risks to the residents.
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a b s t r a c t

There is limited information about pesticide contamination in Iran’s agricultural land, particularly in
plains producing exportable fruits. The aim of this investigation was to evaluate the concentration of
organochlorine pesticides (OCPs) including hexachlorocyclohexane (HCH), heptachlor, dichloro-
diphenyl-trichloroethane (DDT), chlordane (CHL), and their isomers compounds in agricultural soils of
southern Iran. A total of 28 topsoil samples were collected from agricultural lands of Dalaki and Sha-
bankare areas, Bushehr, Iran. In Dalaki area, the mean value of SHCH (a, b, g, d), SDDT (o,p-DDE, o,p-DDD,
o,p-DDT, p,p-DDE, p,p-DDD, p,p-DDT, and DDT), and SCHL (Trans-chlordane, Cis-chlordane, Heptachlor-
exo-epoxide, and Heptachlor) was found to be 0.411 ng/g (dry weight, dw), 4.37 ng/g dw, and 2.04 ng/g
dw, respectively. In Shabankare area the mean value of SHCH, SDDT, and SCHL was measured to be
1.38 ng/g dw, 11.99 ng/g dw, and 1.62 ng/g dw, respectively. The concentration trend of pesticides in both
areas was as follows: DDT > CHL >HCH. Source identification indicated recent usage of HCH and DDT in
the studied areas. Obtaining a cis-chlordane/trans-chlordane ratio greater than one in Shabankare
farmlands showed that chlordane was not used recently. The health risk assessment showed that chil-
dren and adults groups in both areas are exposed to negligible cancer risk. More serious attempts are
necessary to reduce usage of OCPs during the agricultural process and the protection of soil and human
health in the studied areas.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

The use of pesticides is increasing in agricultural processes in
order to control pests and produce more and better quality crop
yields (Sharafi et al., 2015; Liu et al., 2016). However, pesticides can
remain in the water, soil, and food sources and cause serious health
problems. After much pesticide use during 1940e1980, consider-
ations were then made for less usage. Organochlorine pesticides
(OCPs) have been used historically due to their high efficiency and
cost-effectiveness. The OCPs compounds pose hazards such as
toxicity, long-range transport, environmental resistance, and bio-
accumulation in the food web, and thus considered as a threat to
both humans and the environment (Lee et al., 2003; Zhu et al.,
2005). Accordingly, in the Stockholm Convention, OCPs were
considered as one of the original 12 persistent organic pollutants
(POPs) and their use was prohibited (Liu and Meng, 2011).

Dichloro-diphenyl-trichloroethane (DDT), chlordane, hexa-
chlorocyclohexane (HCH), and heptachlor are some of the most
common OCPs, which their residues are detected in agricultural
soils around the world (Bidleman and Leone, 2004; Mu~noz-Arnanz
and Jim�enez, 2011; Zhou et al., 2013). OCPs are found in a variety of
environments such as water (Zhi et al., 2015), sediment (Yuan et al.,
2013), air (Yadav et al., 2017; Pokhrel et al., 2018), and soil (Li et al.,
2018b), but since they are partially used for agricultural purposes,
the most likely environment is soil. On the other hand, due to the
high resistance of OCPs to degradation in soil, they are absorbed by
plants and then enter the food chain, which poses a greater danger
(Li et al., 2018a). Considering the hydrophobicity nature of OCPs,
they can be extensively absorbed by organic matter particles and
accumulate in soils. Thus, soils can acts as a sink for long-term OCPs
accumulation and a secondary source of these pollutants through
releasing OCPs from the soil into the atmosphere, or transferring to
surface and ground water (Qu et al., 2016; Pokhrel et al., 2018).
Accordingly, the presence of pesticides in the soil affects the soil
ecosystem and their biotic and abiotic activities (Giannouli and
Antonopoulos, 2015).

Studies in developing countries also show that the need for
more food, with rapid population growth, resulted in uncontrolled
use of OCPs and soil contamination (Bajwa et al., 2016; Haddaoui
et al., 2016; Gopalan and Chenicherry, 2018). Iran is also among
these countries, according to the 2011 statistical yearbook,
accounted for 0.2% of global pesticide use and evidence suggests
the use of OCPs in the agricultural process. Studies in various re-
gions of Iran have indicated that some types of OCPs are found in
the hair of pregnant women (Behrooz et al., 2012) and in breast
milk (Behrooz et al., 2009) which have been linked to their use in
agriculture. Furthermore, studies on the distribution of OCPs in
crops and environmental ecosystems indicated the usage of these
pesticides during agriculture (Kafilzadeh et al., 2012; Razzaghi
et al., 2018). Moreover, lack of adequate training of farmers and
their lack of knowledge on the environmental hazards of the pes-
ticides is a factor in the uncontrolled use of these pollutants in
Iran’s agricultural land (Sharafi et al., 2018). On the other hand,
although Iran has ratified the Stockholm Convention in May 2005,
the status of soil pollution to OCPs in the fertile regions of southern
Iran is still unclear. Shabankare and Dalaki are two major plains at
the Bushehr province, which play an important role in the pro-
duction of agricultural products in southern Iran. Agricultural
products of these two fertile plains are also exported to other
countries.

Accordingly, the overall aim of this investigation was to assess
the OCPs pollution level in the two major plains in southern Iran.
The health risk and spatial distribution of the pesticides were also
studied. The results will provide scientific support for
environmental protection and OCPs-pollution control.

2. Materials and methods

2.1. Materials

The decachlorobiphenyl (PCB-209), 2,4,6-Trichlorobiphenyl
(PCB 30), 2,3,30,4,40,5,50,6-Octachlorobiphenyl (PCB 205), 2,4,5,6-
tetrachloro-m-xylene (TCmX), dichloromethane, hexane solvent,
activated alumina, and isooctane were purchased from Sigma
Aldrich Company with the highest purity for OCPs measurement.
The quartz sand was provided fromMerck Company. The reference
standard mixtures (RSMs) of all OCPs were also provided from
National Research Center for Certified Reference Materials, China.

2.2. Description of the study areas

The sampled areas included the plains of Shabankare and Dalaki.
These two major plains are located in Bushehr Province, south of
Iran. Shabankare is located 95 km northeast of Bushehr city and in
the watershed of the Hilla River. Dalaki is located 90 km north of
Bushehr city and next to the Dalaki River. Agriculture is the most
important economic activity in these two areas. Each of these two
plains contains about 8500 ha of agricultural land. In these two
areas, the main crops are dates, wheat, barley, tomato, and varieties
of citrus (such as sour lemon). Theweather in both areas is warm. In
Shabankare, a canal (separated by a dam) and groundwater are
used for irrigation. In the Dalaki area, farmers use a river water and
wells for irrigation. Wheat and barley are grown in rainfed mode in
many parts of the two areas. The average annual temperature in
Dalaki and Shabankare areas is about 24.7 �C. The soil of both study
areas had a loamy texture. The position of sampling stations in the
two studied plains is depicted in Fig. S1 in the Supplementary data.

2.3. Soil samples collection

About 50 g soil samples were taken from each station at the
described plains. The soil samples (as 0e10 cm topsoil) were
collected in MarcheApril 2016 through the use of a grid of
z2.5� 2.5 km. In each plain, 14 stations were considered for
sampling. Soil samples did not contain vegetation. In each sampling
station, the final sample was produced by compositing five sub-
samples collected within a radius of 5e15m. The samples were
wrapped in clean aluminum foil, placed inside a zipper plastic bag,
and stored at �20 �C. Before extraction, the freeze-dried soil sam-
ples were passed through a 1emm mesh sieve to remove unnec-
essary particles and debris. The moisture content of soil samples
was calculated by comparing the fresh and dry weight (dw) of the
samples after oven drying 2 g of sample at 105 �C for 15min (Wang
et al., 2016). Themoisture contents of soil samples from Shabankare
and Dalaki plains were obtained as 12%± 4.5% and 13%± 2.7%,
respectively. The pH of soil samples for Shebankare and Dalaki
areas was calculated to be 7.8e8.1 and 7.7e8.4, respectively. The
organic carbon content of soil in the Shebankare and Dalaki areas
ranged from 2.7% to 14.5% and 3.5%e21.3%, respectively. The mea-
surement method for pH and organic carbon content of soil was
reported elsewhere (Safari et al., 2018).

2.4. Pesticides measurement

All soil sampleswere analyzed for 14 OCPs, including DDTs (p,p0-
DDE, p,p0-DDD, o,p0-DDT, o,p0- DDE, o,p0-DDD, and p,p0-DDT), HCHs
(a, b, g, and dHCH), CHLs (cis-chlordane, trans-chlordane, hepta-
chlor, and heptachlor-exo-epoxide). This list was selected based on
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local agricultural land use information, data found in the literature
regarding local pesticide use, and sales information from 2015 to
2016 from the important pest control companies in the studied
areas.

The amount of 40 g of soil samples was mixed with PCB-209 and
TCmX as a surrogate marker and then Soxhlet-extracted with
dichloromethane over a period of one day. The interference of
elemental sulfur was removed during extraction by adding 2 g of
active copper wires to each sample. The extracted organic products
were concentrated by using a rotary evaporation, exchanged with
hexane solvent (20mL), and the final collected volume wasz1mL.
The extracted compounds were then cleaned by passing through a
glass column with an internal diameter of 1 cm containing silica
(12 cm high from the bottom of the column, activated at 180 �C for
8 h, and with 60e200 mesh in accordance with Sigma Aldrich
Company) and activated alumina (6 cm high in the column, acti-
vated at 250 �C for 8 h, and with a mesh of about 150). Extraction
was done by using 1mL hexane and then divided into two parts.
The first part (FP) was mixed with 15mL hexane to remove non-
polar intermediates such as polychlorinated biphenyls. The sec-
ond part (SP) was contained pesticides with 40mL dichloro-
methane/hexane (30/70, v/v). The SP was condensed by a rotary
evaporator to 1mL. Then the solvent was exchanged with hexane
and blown down with N2 gas stream. Before analysis by gas chro-
matography (GC), the achieved volumes were adjusted to 1mL by
adding isooctane (2,2,4-Trimethylpentane) and then 40 mL internal
standards (PCB-30 and PCB-205) with concentration of 1 mg/mL
was added.

HCH isomers (a-, b-, g-, and d-HCH), DDT (o,p-DDE, o,p-DDD,
o,p-DDT, p,p-DDE, p,p-DDD, and p,p-DDT), chlordane compounds
(CC and TC), HEPT, and HEPX were separated by using a capillary
gas chromatography (GC) equipped with an electron capture
detection (ECD) on an HP 6890 Plus gas chromatograph with a DB-
XLB column (Agilent Technologies, Avondale, PA, USA, 60m
length� 32 mm internal diameter, 0.25 mm film thickness). The
carrier environment was the helium gas with a flow rate of 1.1mL/
min. The injection section was set at 280 �C and the temperature
program was done as follows: Increase the temperature to 80 �C
during 1min, then increase the temperature to 150 �C by the rate of
15 �C/min, up to 250 �C with 5 �C/min, and eventually up to 300 �C
during 5min. The temperature of detector was set to 305 �C. Pes-
ticides weremeasuredwithin a relative retention time of 0.005min
(which was compatible with the relative retention time of the
standard pesticide). The enantiomer-specific analysis was done
according to the literature (Ulrich et al., 2003; S�anchez-Osorio et al.,
2017). A typical GC-ECD chromatogram of the studied pesticides at
a concentration of 100 ng/mL is given in Fig. S2.
2.5. Quality assurance and quality control (QA/QC)

All data were strictly monitored by using quality assurance and
control measures. For each 10 soil samples, a control sample (quartz
sand) was used to check for cross-contamination and interference
during whole procedure. Since none of the pesticide contaminants
was found in the control sample, the instrumental detection limit
(IDL) was obtained by injecting a small amount (40 mL with con-
centration of 100mg/L) of target contaminants to achieve a small
peak (signal-to-noise of 3:1). The value of IDLs parameter for the
pesticides examined was in the range of 0.001e0.013 ng/g. The
standards were added to several samples to evaluate the perfor-
mance of the method and the effect of the matrixes. The recovery
rate of TCmX and PCB-209 was attained 63.5± 9.2 and 78.4± 8.6,
respectively. The recovery rate of OCPs pesticide added to quartz
sand was 68e81% for chlordane, 63e91% for HCHs, and 85e127%
for DDT. The RSMs was used during measurement step with the
concentration of 100mg/L. All experiments were done in dupli-
cates. Results are presented based on the dry weight (dw) of the
soils.

The issue of quality control in the measurement of pesticides is
closely related to the elimination of interferences and precision. A
racemic standard was injected for every 10 samples to check the
ability to reproduce the enantiomer fraction (EF) measurements.
Deciding whether a sample containing the racemic or non-racemic
residue was made based on the EF parameter for a given compound
that fell within and/or outside the confidence interval (95%) for
racemic pesticide standard. The average amount of EF for standards
(n¼ 14) was as follows: 0.511 for aeHCH, 0.489 for TC, 0.499 for CC,
and 0.511 for o,p’eDDT. To ensure the purity of the peaks, an
analysis was done to determine if the ion ratio of different com-
pounds fell within the 95% confidence interval of ion ratios for the
racemic standard (Kurt-Karakus et al., 2005; S�anchez-Osorio et al.,
2017).
2.6. Spatial distribution

To evaluate the spatial distribution of organochlorine pesticides
in agricultural soil in southern Iran, ArcGIS 10.5 software developed
by ESRI Company was applied. The inverse distance weighted
(IDW) interpolation method was used to build an independent
raster layer for the mean concentration of organochlorine pesti-
cides and determine their distribution. Then calculator raster
function was used to overlay each layer and produce maps of pes-
ticides concentration. In several types of research, the IDWmethod
has been used for mapping the distribution of environmental pol-
lutants such as heavy metals (Arfaeinia et al., 2019a), phthalate acid
esters (Arfaeinia et al., 2019b), and polycyclic aromatic hydrocar-
bons (Aghadadashi et al., 2019). In fact, IDW is a non-statistical
method used in environmental studies to predict the concentra-
tion of pollutants in unmeasured points through optimal spatial
predictionmethods. This techniquewould bemore useful when the
distribution of estimated parameters is abnormal. The IDW model
assumes that predictions are a linear function of the available data.
Eq. (1) shows the IDW model.

ƛi ¼
Di � a

Pn
i¼1Di � a

(1)

In this formula, ƛi stands the weight of each sampling point, Di
represents the distance between the sampling point i and an un-
known point, a is the weighting power, and n denotes the number
of certain points for interpolation. In this model, higher weighting
powers are allocated to closer interpolated points, and for farther
points, the weighting power diminishes.
2.7. Cancer risk assessment

Cancer risk from ingestion, dermal, and inhalation routes was
calculated using the following equations (Qu et al., 2017):

CRing ¼
Cs � IRing � F � ED � CF

BW � AT
� SF (2)

CRder ¼
Cs � A � AF � F � ED� CF

BW � AT
� SF (3)

CRinh¼
Cs � IRinh � F � ED

PEF � BW � AT
� SF (4)
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CRtotal ¼CRing þ CRder þ CRinh (5)

where, CRing, CRder, and CRinh are calculated carcinogenic risk from
ingestion, dermal, and inhalation routes, respectively. Cs is the
concentration of measured pesticides in soil (mg/kg), F is the fre-
quency of exposure (365 days/year), ED is the exposure duration
(10 years-children, 30 years-adults), BW is the body weight (30 kg-
children, 70 kg-adults), AT is the averaging lifetime (70� 365 days/
year), CF is the conversion factor (10�6 kg/mg), IRing is the intake
rate of contaminated soil (200mg/day-children, 100mg/d adults),
A is the total soil adhered (390mg-children, 326mg-adults), AF is
the bioavailability factor (dimensionless), IRinh is the inhalation rate
(10m3/d-children, 13.25m3/d-adults), PEF is the factor of particle
emission (1.36� 109m3/kg), and SF is carcinogenic slope factor. All
of the above-mentioned factors were obtained from USEPA (2017).
Total cancer risk (CR) for adults and children separately was
calculated using the sum of the CR associated with each pesticide in
3 routes.

2.8. Statistical analysis

Statistical analyses were performed using SPSS software version
20. In order to extract descriptive information, the mean and
standard deviations were calculated. Since all variables did not
have a normal distribution, the non-parametric Spearman’s corre-
lation coefficient was used to test the bivariate correlations be-
tween different isomers of studied pesticides in Shabankare and
Dalaki plains. The significance level of statistical tests was consid-
ered to be 5%. All measurements for the studied pesticides were
detected above the detection limit (i.e., the detection frequency was
100%).

3. Results and discussion

3.1. The concentration of OCPs in Dalaki and Shabankare plains

The results (Table S1) represent the detection of the OCPs res-
idue in Dalaki and Shabankare plains that reflected the use of these
pollutants in the agricultural process. In both plains the mean
concentration of OCPswasmeasured in the order of ‘SDDT> SCHL>
SHCH’. All analytes were detected in all samples.

Fig. 1 demonstrates the spatial distribution of SDDT, SHCH, and
SHCL in the studied area across two plains. As can be observed, in
the Dalaki plain, for 3 types of OCPs, the hot spot points were
located in the center of the studied area, beside Station 1 (S 1) in the
north-east of the area. The heavier agricultural activities can be
attributed to higher OCPs load in these points. In the Shabankare
plain, the distribution pattern was different for each type of OCPs.
This indicated non-simultaneous usage of different groups of OCPs
in this area. Station 6 (S 6) was the safest point that unlike Dalaki,
showed a lighter agricultural process in central areas in the Sha-
bankare plain (G�omez-Ramírez et al., 2019).

Box plots are used to display the concentration of OCPs. As
shown in Fig. 2a, p, p’-DDE has the highest mean concentration
among the DDT metabolites as well as among all OCPs measured in
the Dalaki plain. Contrary to the Stockholm Convention for not
using DDT, the median concentration of p, p’-DDE was found
1.23 ng/g dw. The concentration of p, p’-DDE in the upper quarter of
the box has high dispersion and is very different from other pes-
ticides. The highest mean concentrationwas also observed for p, p’-
DDE, followed by TC, indicating high use of DDT pesticide in
Dalaki’s farmlands. The median concentration of o, p’-DDE pesti-
cide was also found 0.17 ng/g dw. As depicted in Fig. 2a, HCH iso-
mers had the least amount of usage among themeasured pesticides
in the Dalaki plain. The dHCH isomer concentration was the same
for most stations in the Dalaki area. Therefore, the concentration of
this pollutant has the same values of the median and the quarter.
For the HCH isomers, the upper and lower quartile of the box has a
high density and low dispersion and it can be concluded that in
both quartiles, the measured data are slightly spaced apart. In
dHCH, the data are very close to each other, whichmake the top and
bottom of the box not visible.

The statistical data of the pesticidesmeasured in the agricultural
land of the Shabankare plain are observed in Fig. 2b. Among all
pesticides, the highest mean concentration was observed for p, p’-
DDE¼ 6.15 ng/g dw, p,p’-DDT¼ 2.47 ng/g dw, and o,p’-
DDT¼ 0.83 ng/g dw, respectively. According to Fig. 2b, it can be
concluded that the concentration of p, p’-DDE and p, p’-DDT is close
to each other. For both p,p’-DDT and o,p’-DDT metabolites, the
upper trail of the box has high dispersion and lower density, indi-
cating a large gap between the data obtained for these metabolites.
In contrast, the upper sequence in p,p’-DDE is shorter than the
lower sequence, which is due to the low distance between the
measured data in the upper quadrant. The concentration of
different compounds of CHL is almost the same, as is the case of
HCH pesticide and its isomers. Comparing these two groups (CHL
and HCH) of organochlorine pesticides together, it can be
concluded that their use was almost the same. For both HCH and
CHL pesticides, the upper trail is slightly longer than the lower trail.
Contrary to the prohibition for use the DDT and HCH groups by the
Stockholm Convention, the remaining two pesticides were detected
in the farmlands of Shabankare plain.

From Table 1, with the exception of bHCH, p,p-DDD, and TC, the
average concentration of other measured pesticides in Shabankare
plain was found greater than Dalaki. Many factors regulate the fate
of OCPs in the environment including soil properties (texture, pH,
and organic matter content), physicochemical properties of OCPs,
agricultural process, and also land-use types (Becerra-Castro et al.,
2013; Alamdar et al., 2014; Qu et al., 2016). The mean concentra-
tions of OCPs in some parts of the world are close to the values of
this study (see Table 1).

3.2. Correlation between OCPs compounds

The ratio of the individual/total concentration of pesticides for
soil samples of Dalaki and Shabankare plains are presented in
Fig. 3aec. The frequency of compounds is expressed as HCHi/SHCH,
DDTi/SDDT, and CHLi/SCHL in which HCHi, DDTi, and CHLi repre-
sent individual concentrations of pesticide isomers. Correlation
between different isomers in each group of studied OCPs is
described in Tables S2e4 in the Supplementary data. According to
Fig. 3a, in the Shabankare soil samples, the dominant composition
was gHCH/SHCH with a mean concentration of 0.306 ng/g dw
followed by aHCH/SHCH with a mean concentration of 0.305 ng/g
dw. There was a significant correlation between aHCH and gHCH
isomer in different HCHs (p-value <0.05). In Dalaki, the mean
concentration of different isomeric HCHs was as follows: bHCH>
aHCH> gHCH> dHCH. This order was similar to those reported in
other studies (Li et al., 2006; Zhu et al., 2017). Among HCH isomers,
there was a significant correlation between bHCH with aHCH and
gHCH. The a- and g-isomers of HCH are more degraded under
aerobic and anaerobic conditions while bHCH and dHCH are more
resistant at these conditions (Lodha et al., 2007). This fact is close to
our results in Dalaki but differs from our observations for Sha-
bankare farmlands. It is notable that the distribution of HCH iso-
mers in the matrix depended on the physicochemical properties of
each isomer, which finally influenced the degradation and trans-
formation of a given isomer in various environments (Concha-
Grana et al., 2006). In both plains, the concentration of dHCH



Fig. 1. Spatial distribution of SDDT, SHCH, and SHCL in soils of the studied areas using IDW technique (ArcGIS 10.5).
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does not show any significant correlation with other isomers. Ac-
cording to Table S5 in Supplementary data, among studied OCPs,
there is only a significant correlation between SDDT and SCHL.

According to Fig. 3b, in the Shabankare plain, p,p’-DDE/SDDT
had the highest mean concentration (0.461 ng/g dw) among
different DDT metabolites followed by p,p’-DDT/SDDT (0.238 ng/g
dw). According to data analysis, there was a significant correlation
between p,p’-DDT and p,p-DDE (p< 0.05). In Dalaki, among
different DDT metabolites, the highest mean values were related to
p,p’-DDE/SDDT. Also, a significant correlation was detected be-
tween p,p’-DDE and o,p’-DDE as well as p,p’-DDT and p,p’-DDE.
Similar to our results, p,p’-DDE was dominant isomer among the
DDT group in the catchment of the Indus River in Pakistan (Bajwa
et al., 2016). DDT in the soil is decomposed biologically into DDE
and DDD, which aremore toxic and stable compounds. Factors such
as temperature, soil texture, pH, organic matter content, and
amount of fertilizer affect the rate of bio-decomposition of DDT
isomers in soils (S�anchez-Osorio et al., 2017).

Among the different compounds of CHL (see Fig. 3c), in the soil
samples of Shabankare farms, the dominant compositionwas HEPT
with a mean value of 0.327 ng/g dw and HEPT/SCHL ratio of
0.326 ng/g dw. Also, there was a significant correlation between
HEPT with CC and TC. In Dalaki, TC with a mean concentration of
TC/SCHL¼ 0.503 ng/g dw was dominant among different



Fig. 2. Box plots for Dalaki and Shabankare area [the upper part of the box represents the percentile 75 and the lower parts of the box represent the percentile of 25. The horizontal
line in the box represents the median].

Table 1
Comparison of mean concentration of OCPs in Dalaki and Shabankare plains with values reported in agricultural soils around the world (ng/g dw).

Study area aHCH bHCH gHCH dHCH o,p-DDE o,p-DDD o,p-DDT p,p-DDE p,p-DDD p,p-DDT HEPT HEPX CC TC Ref.

Dalaki 0.057 0.247 0.092 0.013 0.725 0.224 0.350 1.733 0.635 0.705 0.230 0.159 0.429 1.229 This study
Shabankare 0.363 0.206 0.524 0.291 1.018 0.656 1.494 5.278 0.514 3.035 0.327 0.259 0.530 0.508
Mexico (Mexicali Valley) 0.32 0.12 1.30 0.25 3.30 1.20 2.6 30 0.33 9.4 0.57 0.23 0.53 0.44 S�anchez-Osorio et al.

(2017)Mexico (Yaqui Valley) 0.051 0.35 0.079 0.009 2.10 1.80 5.40 13 1.70 7.40 0.24 0.053 0.62 1.40
China (Wuhan) 2.64 3.01 1.20 5.14 2.62 2.94 10.64 73.38 9.26 52.74 5.55 0.20 0.28 0.20 Zhou et al. (2013)
United States (southern

farms)
0.17 e 0.13 e 1.90 e 13 143 2.0 60 e e 0.29 0.30 Bidleman and Leone

(2004)
India (Palakkad) 1.23 7.86 5.86 e e e e e e e 2.40 6.10 e e Gopalan and

Chenicherry (2018)

Note that.
The detection frequency was 100%.
Other statistical analysis was presented in Table S1.
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compounds of CHL. TC had a significant correlation with HEPT and
CC. Among various isomers, HEPX/SCHL has the lowest proportion
in both areas, although it has been reported to bemore stable in the
soil in comparison with HEPT (Sugiyama et al., 2013).

3.3. Potential sources of OCPs

The composition and amount of HCH and DDT isomers can be
used to illustrate the sources of organochlorine pesticides. To
monitor the environment, the aHCH/gHCH ratio can be used. If the
value of this ratio falls within the range of 4e7, that is, most recent
HCH use is technically HCH and if it is close to zero, the amount of
fresh lindane utilize (gHCH) is high. In this investigation, in the
Dalaki plain, results suggest that 14.3% of the technical HCH was
utilized and 85.7% of the HCHwas applied in the form of lindane. In
the Shabankare plain, HCH was dominant in the form of lindane
(78.6%) and 14.3% of HCH was technically consumed. Likewise,
Torres et al. (2015)Torres et al. (2015) reported aHCH/gHCH ratios
lower than 0.37 showing the high degradation of aHCH in the
assessed soil samples.

The ‘p, p’-DDT/(p, p’-DDEþ p, p’-DDD)’ ratio can also serve as an
indication of the degradation degree of p, p’-DDT in the soil or
current soil contamination to this isomer. If the ratio is less than 1,
the old usage of DDT can be concluded. If this ratio is greater than 1,
it indicates that the environment has recently been affected by DDT.
Based on the results, the value of this ratio in Dalaki for 64.3% of the
samples was less than 1 and for 35.7% of the samples was greater
than 1. Therefore, a large part of Dalaki’s agricultural soil had pre-
viously been contaminated with DDT pesticides, although a small
fraction of the soil in this area was newly polluted. The lack of DDT
degrading-bacteria in those particular soils might have caused the
old pesticides to have remained. In Shabankare area, 14.3% of the
soil samples showed new contamination and 85.7% of the assessed
samples showed old contamination. Different values for this index
have been reported by Zhou et al. (2013) (0e46.7; for 70.5% of
samples less than 1) and Sultana et al. (2014) (0.08e0.83).



Fig. 3. The ratio of individual/total concentration of (a) HCH, (b) DDT, and (c) CHL
pesticides for soil samples of Dalaki and Shabankare area.

Fig. 4. Estimated cancer risk through various route for children and adults.
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By calculating the ratio of ‘o,p’-DDT/p,p’-DDT’, it can be
concluded that DDT contamination involves the use of technical
DDT or Dicofol. If the ratio is between 0.2 and 0.3, it indicates the
technical usage of DDT and if the ratio is 1.3e9.3 or higher, it can be
concluded that DDT was used as Dicofol. In both Dalaki and Sha-
bankare plains, 7.1% of the soil samples showed the technical use of
DDT and 57.1% of the evaluated samples indicated that DDT was
used as Dicofol. Dicofol is commonly used as an acaricide and im-
purity of DDT (about 10%) is a consequence during production
processes of Dicofol. Thus, the utilization of this acaricide could
indicate the recent input of DDT to the soil.

The ratio of ‘p, p’-DDE/p, p’-DDD’ can be applied to determine
the relative aerobic or anaerobic conditions governing the soil
environment. If this ratio is greater than 1 or less than 1, it will
indicate aerobic and anaerobic conditions, respectively. In Dalaki
samples, 78.6% and 21.4% of the soil samples had aerobic and
anaerobic conditions, respectively. In Shabankare, in all soil sam-
ples, the aerobic conditions were dominant. Mahmood et al. (2014)
in Pakistan achieved a ratio higher than unity.

Studies have shown that trans-chlordane (TC) decomposes
faster than cis-chlordane (CC) in the environment. Therefore, if the
CC/TC ratio is greater than 1, it represents aged chlordane (Niu et al.,
2016). In the Shabankare and Dalaki plain, the amount of samples
with CC/TC> 1 was 64.3% and 21.4%, respectively. It indicated the
old usage of chlordane in the agricultural process of these areas,
especially in the Shabankare plain.

3.4. Cancer risk assessment

Cancer risk for children and adults in both studied areas was
evaluated considering ingestion, inhalation, and dermal routes.
Values below 1� 10�6 (one case per million exposed people) is
considered as negligible risk of cancer. As shown in Fig. 4, the total
cancer risk for children and adults in Dalaki and Shabankare areas
was calculated below the threshold value, which indicates that
cancer is not a serious threat for population exposed to contami-
nated soil. Our observation is similar to results of other studies (Ge
et al., 2013; Qu et al., 2017) that reported negligible cancer risk from
different routes of exposure due to measurement of low level of
pesticides in soil. For both children and adults, the cancer risk in
Shabankare calculated about 2-fold higher than Dalaki area. For all
routes of exposure, this proportion was observed. Among various
routes, the ingestion exposure showed the highest risk for both
children and adults. The dermal exposure in Shabankare plain
posed a more serious threat than in Dalaki. For inhalation route,
although both areas fell within in the range of negligible risk, the
risk of cancer for Shabankare plain was calculated greater than
Dalaki. The trend of increasing risk was ‘inges-
tion> dermal> inhalation’ which also reported for OCPs polluted
soils of Xiangfen County, China (Ma et al., 2016).

Pesticides polluted-soils pose a greater cancer risk to children
than adults. In both areas, the total risk of cancer in children was
about 30% higher than in adults. Most of this difference is due to
ingestion route because it is more common in children due to their
playing with soil (Qu et al., 2017). Because digestion was the major
route of exposure in our study, children are more vulnerable in the
study areas.
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4. Conclusion

The current study documented the distribution of major groups
of OCPs (hexachlorocyclohexane, heptachlor, dichloro-diphenyl-
trichloroethane, and chlordane) in the topsoil of two important
agricultural plains in southern Iran. The mean value of SHCH in
Shabankarewasmuch higher than the Dalaki area. Themean values
of SDDT and SCHL in Shabankare area were measured as 4.37 ng/g
dw and 2.04 ng/g dw, respectively, while those in Dalaki area were
11.99 ng/g dw and 1.62 ng/g dw, respectively. Source identification
indicated the recent use of the assessed pesticides in both the
studied plains. However, cancer risk assessment estimated the risk
lower threshold, but this negligible threat was higher in children
compared to adults. Complete implementation of the Stockholm
Convention for zero usage of OCPs in the Shabankare and Dalaki
farmlands is strongly recommended.
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