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Introduction: As a result of human development and population growth, there is a corresponding need for
essential resources for humans. Industrial and agricultural activities have greatly polluted most agricultural
lands. Petroleum compounds and heavy metals, both are common pollutants of soils that have been irrigated
by untreated wastewater, which pose a potential threat to the environment. Soil pollution of the agricultural
lands will lead to a decline in cultivation and finally decrease food production. Agricultural lands in the
southern part of Tehran are being irrigated with untreated wastewater for more than 30 years to produce a
variety of vegetables, legumes, and cereals.

Material and methods: In this study, the concentration of heavy metals and petroleum compounds were
determined in 83 sampling points at two depths (0 to 30 and 30 to 60 cm). The study area was divided into two
separate zones, in which 44 points were located in zone 2 and 39 points were located in zone 1. Petroleum
hydrocarbons and heavy metals, As, Cd, Co, Cr, Cu, Ni, Pb, V, and Zn, were measured at the top and subsoil
by MOOPAM and ICP-AES methods, respectively. ArcGIS and R software were applied to create distribution
maps of the pollutants and some statistical analyses.

Results and discussion: The results showed that the soil of agricultural land in the area is highly polluted, as
the concentration of Cr, Ph, Co, and Ni has exceeded the standard level e.g. 0.22 mg/kg for Cd and 620 mg/kg
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for Pb. The concentration of petroleum compounds in wastewater irrigated lands in both top and subsoil was
higher than that of groundwater irrigated lands. High levels of As, Cr, Cu, Pb, and Zn were observed in
groundwater irrigated lands compared with wastewater irrigated lands. Cr and Pb were almost 89 and 8 times
higher than the standard limit of agricultural lands in Iran, respectively. The spatial distribution map of
petroleum compounds showed that only the southeast of the area falls into the heavily contaminated class. The
distribution map of heavy metals also revealed that most parts of the studied area fall into the heavily
contaminated class. Soil organic matter has more concentration in the topsoil.

Conclusion: Overall, the south of the studied area has been more affected by wastewater irrigation,
agrochemicals and groundwater pollution in terms of heavy metals and petroleum compounds. Our study
revealed various anthropogenic pollution sources, which are mostly from wastewater irrigation and the
application of agrochemicals. Therefore, a management plan should be applied to the agricultural lands of this
region to control and reduce the level of contamination.

Keywords: Agricultural lands, Pollution, Heavy metals, Petroleum hydrocarbons, Wastewater irrigation.

Introduction

Nowadays, development and population growth soil, as some fertilizers and pesticides contain
have led to increasing demand for supplying heavy metals such as Cd, Hg, Pb, and Zn. In
human vital resources. Consequently, industrial addition, the placement of the Tehran oil
and agricultural activities have greatly polluted refinery and storage tanks close to the
most agricultural lands (Telysheva et al., 2001). agricultural land has caused oil pollution in the
As a result of soil pollution, the environment groundwater. The existence of some heavy
will deteriorate. Using wastewater for irrigation metals such as lead and cadmium in the soil can
causes deterioration and accumulation of cause biological magnification and enter into the
contaminants like petroleum hydrocarbons and food chain (Wong et al., 2002; Ma et al., 2005).
heavy metals in groundwater, which raises The uptake of carcinogenic hydrocarbons and
concern about public exposure to contaminants heavy metals through the soil-to-root system and
in the environment (Chen et al., 2005; Toth et their accumulation in plant tissues has attracted
al., 2016). Due to the soil pollution of these much attention, particularly for food crops
productive lands, the decline in cultivation, and cultivated on wastewater irrigated soils (Zhang
food production is undeniable. Agricultural et al., 2017). Such compounds are considered
lands in the southern part of Tehran have been persistent organic pollutants (POPs) and are of
irrigated with untreated wastewater for more high environmental and human health concerns.
than 30 years to produce a variety of vegetables, Excessive accumulation of such nondegradable
legumes, and cereals (Bayat et al., 2015). On the pollutants in soils and plants may pose risks to
other hand, the excessive use of agrochemicals humans and ecosystems through direct ingestion
and manure by the farmers has risen the or contact with contaminated soils, food chains,
possibility of high levels of heavy metals in the and drinking of contaminated groundwater.
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Several previous studies related to petroleum
compounds have reported sites polluted by oil
refinery activities as well as land irrigation with
untreated urban wastewater (Bayat et al., 2015;
Bayatet al., 2016). Ravankhah et al. (2018) studied
the concentration and health risks of heavy metals in
surface soil of Kashan city and reported that the soil
is polluted by heavy metals due to industrial
activities. Wu et al. (2018) reported serious risks for
Cd, Hg, Pb, and moderate risk for As in agricultural
lands in Southwest China. Determining the
distribution of hazardous compounds is the key
factor in managing such pollutants in the
environment. It helps scientists in defining the areas
where risks are high and then helps decision-makers
in identifying locations where remediation efforts
should be focused.

The main objective of this study is to find the area

with a high degree of pollution and also monitor

N

¥

TERRAN

M

ey |\

_— — meter
) us &M

the heavy metals and petroleum compounds in
agricultural lands in the southern part of
Tehran, in terms of accumulation and migration
of these hazardous materials in the soil. The
research may also be useful in the formulation
of strategic sustainable agriculture in the
region. The study does not cover aspects like
the bioavailability of elements by various plant

species.

Material and methods

The study area

The study area is located in Ray city, southeast
of the Tehran Oil Refinery, Tehran, Iran. Fig.
1 shows the location of the study area, as well
as the sample points. The area is about 2,000
ha (latitude: 35° 49’ to 35° 57'N, longitude:
51°43"to 51° 46' E).

WASTE WATER TREATMENT
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Fig. 1- Study area and sampling points
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Soil sample collection and preparation

A total of 166 soil samples were collected in
September 2012 at depths of 0-30 cm (depth 1;
topsoil) and 30-60 cm (depth 2; subsoil) using
systematic random sampling. The study area
was divided into two separate zones; zone 1 and
2. Then the region was gridded using ArcGIS 9.3
using the same number of pixels (317x317m).
The center of each square was chosen as the
sampling point (39 sampling points from zone 1
and 44 from zone 2). Sampling was performed
at each point at both depths 1 and 2. Each
sampling point represents an average of 10 ha.
The weather was almost sunny and no rain
occurred during the sampling period. After
determining the point positions, the soil samples
were collected (roughly 1 kg) and were pooled
in an aluminum sheet, and packed in a
These

immediately transferred to the laboratory and

polyethylene  bag. samples  were
air-dried at 25 °C for organic matter and heavy
metals analysis and freeze-dried for total
petroleum hydrocarbons (TPHs) analysis. They
were then ground and sieved through no. 30
mesh to test for organic matter (Ryan et al.,
2007), and no. 230 mesh to test for TPHs and
heavy metals (MOOPAM, 1999).

Analysis of samples

An Agilent 7890A GC-FID and a splitless
injector were used to determine the TPHSs
concentrations. Separation was done in a fused
silica capillary column (HP-5,30 m, 0.32 mm ID,
0.25um film thickness). High-purity (99.999%)
nitrogen was used as the carrier gas at a flow rate
of 1 mlminy. Calibration graphs were
constructed by plotting the peak area against the

injected concentration every 3 d; in all cases, a

linear relationship at r>>0.99 was obtained.

To analyze heavy metals, the soil samples were
ground down to 75 micrometers. All analyzed
elements (As, Cd, Co, Cr, Cu, Ni, Pb, V, and Zn)
were determined by ICP-AES (Varian, 715-ES)
applying ultrasonic nebulizer CETAC (ICP/U-
5000AT) for better sensitivity (Jusufi et al.,
2016).

Soil and Plant Analysis Laboratory Manual
(Ryan et al., 2001) as well as the Standard and
Walkley-Black method were used to analyze the
organic materials of the soil.

Preparation of spatial distribution maps
To create spatial distribution maps of hazardous
materials, the Inverse Distance Weighting
method in the ArcGIS 10.4 environment was
used. To create these maps, heavy metals and
aromatic compounds concentrations were used.
Statistical analysis

Statistical analyses were performed using R
software (R Development Core Team, 2014).
Statistical tests such as median, range, Spearman
correlation, and Mann-Whitney test were
employed to find the differences between

variables and treatments.

Results and discussion

The soil heavy metal and TPHs assessment
showed a quite diverse pattern both for top and
subsoil distribution. Table 1 presents the median
and range of parameters at two depths. The
highest value of organic material (OM) on the
surface layer was 3.86% and with regards to the
soil type of this area, the amount of OM in the
studied area substantially high. This is mostly
because of using manure in the area. The amount

of OM was higher in the topsoil in both zones
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compared to the subsoil. Our results were in
agreement with Huang et al. (2007), who found
that long-term fertilization acts to enhance the
OM content of agricultural land. There seems to
be no special correlation between soil organic
material and TPHSs in the soil. Percentages of
organic material also reveal that zone 2 has less
organic matter and there is a significant
difference between the two zones, in terms of
organic material.

TPHs concentration

Data related to TPHs showed that the
concentration of these variables has been
detected up to 72 mg/kg and 54.8 mg/kg for top
and subsoil, respectively. Also, the amount of
TPHs in the topsoil more than that of the subsoil.
None of the samples (both top and subsoil) were
below the limit of detection, and this shows that
agricultural lands are polluted. Groundwater is
being polluted with petroleum compounds due
to the leakage of storage tanks of the Tehran oil
refinery in the region (Anonymous, 2008). On
the other hand, agricultural lands are irrigated
with urban untreated wastewater (Hani et al.,
2010). So, irrigation with untreated wastewater
and polluted groundwater is more likely to be the
reason for the high concentration of TPHs in the
soil of the area. Our findings were similar to
some previous studies that more TPHs in surface
soils are attributed to frequent human activities
(Zhang et al., 2017). Statistical analysis showed
a significant and very clear difference between
the TPHs concentration in the lands irrigated
with untreated wastewater and irrigated with
TPHs

irrigated  with

groundwater. A comparison  of

concentration in the lands

untreated wastewater and groundwater indicates

that the wastewater irrigated lands have a higher
concentration of TPHs. Tao et al. (2004) and
Zhang et al. (2012) in China, by studying
aromatic and aliphatic hydrocarbons in
agricultural lands, reported the same results.
Also, there was no significant difference
between the top and subsoil in lands that were
irrigated with wastewater in terms of TPHSs, and
it seems both soil layers was polluted as TPHs
have migrated to the lower depth. Since oil
compounds including aromatic and aliphatic
compounds are inherently different, they can
cause health problems for the people in the
region. Some aromatic compounds are known as
human carcinogens and have been classified by
the Environmental Protection Agency (Magi et
al., 2002; Yan et al., 2004; Qiao et al., 2006;
Hao et al., 2007; Hung et al., 2011; Gonul and
2012). Mann-Whitney
showed that there is no significant difference for

the TPHSs at both top and subsoil in the whole

Kucuksezgin, test

area, whereas a significant difference between
the two zones is obvious in terms of TPHs. The
interpolation map of TPHs showed that the
southern parts of the region are more polluted.
Farmlands in the south of the region have been
more irrigated with urban untreated
wastewater. Moreover, polluted groundwater
due to leakage of the oil refinery caused the
agricultural land to be more polluted. The
correlation results (Table 2) indicated that there
is no correlation between TPHs and soil OM
and this is broadly consistent with Chen et al.
(2005) and Ma et al. (2005), who reported
similar results with a lack of correlation
between petroleum compounds and organic

materials. There is a significant and positive
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correlation between TPHs and nickel, one of
the
environment (Klemt et al., 2020), at the top

indices used in tracking oil in the
and subsoil (r=0.33 and 0.22, respectively),
which indicates the role of the refinery in

polluting the lands. TPHs are found to be

negatively correlated with chromium (Cr),
copper (Cu), lead (Pb), and zinc (Zn) in topsoil
as well as in second depth with arsenic (As)
There
relationship between this variable and other

and zinc (Zn). is no significant

metals.
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Table 1. Descriptive statistics of the studied variables at two sampling depths
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Table 2. The Spearman correlation among HMs, TPHs, and OM at the two depths
Parameters  As Cd Co Cr Cu Ni Pb \Y Zn TPHs oM
As 1 0.26"2 0.22"2 -0.19ma  -0.21%2 0.40™ -0.19nsa 0.37™a -0.23"2 -0.12m2  -0.26"2
Cd 0.29™®b 1 0.0672  0.1572  0.30™&  0.07ma 0.24*a 0.01m2  0.21*a  -0.1772  0.01"s2
Co -0.05"P  -0.03nsb 1 -0.06M2  -0.210a Q.71 -0.2772 0.84™a -0.16™2 (0.19m2  -0.21ns2
Cr -0.027b  0.20mb  -0.09 b 1 0.722  -0.13m2 0.82™2 -0.13m2  0.79™2  -0.40™a  0.29™=
Cu -0.16"5 0.20™b  -0.05™b  0.627P 1 -0.19ns2 0.92™2 -0.23"a  0.94™2  -0.44™2a  0.48™2
Ni 0.36™P 0.05™b  0.14mb  0.02mb  -0.36™P 1 -0.31™a 0.8272 -0.14ma  0.22%2 -0.08nsa
Pb -0.08"b  -0.04"b  0.98b  -0,08"b  -0.01"b  0.06Mb 1 -0.32™a 0.92™a -0.51™2  0.40™2
* - ns - ns - ns
\Y 0'4bl 0.11nsb 0'23 0'%3 03770 055"b  -0.13mb 1 OEO 0.19ma  -0.23"a
- . ns - ns
Zn 0.04"  0.297P 0'26 0.78b 0.84b 0'%9 -0.03 st -0.26™P 1 -0.43™a  0.48™2
b
- * - ns - ns N o
TPHs 0'52 -0.19%b  0.10Mb 0'%1 0'%8 0.33"b  0.08"b  0.11mP O'fz 1 0.21nsa
- | ns _ ns
oM 0.13»  0.06m° O'Zbl 0.35™P 0.11nsb 0.22 -0.15nsb -0.25"®  0.22">  0.07nsb 1

b

*Significant at 0.05 percent, ** Significant at 0.01 percent, ns Not significant, a =0-30 cm, b = 30-60 cm
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324™

Cd
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*

604
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*k

563

1054

*k

373

803™

*k

324

2704

Co
(mg/kg)

905™

1234™

OO:m
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*k

565

1016

100™

1586™

3578™

Cr
(mg/kg)
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1006
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3593™

Cu
(mg/kg)

7277

814™
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ke

339

2996 ™

Ni
(mg/kg)

1120"

1196™

826™

1085™
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3802™
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688"

*
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ke
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*k
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*k

573

*k

262

2418™
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(mg/kg)

1218™

1285

845™
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1518™
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3964™
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(mg/kg)

Sk

369

ke
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722"

1006™
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nre

>k
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*k

267

3508™

TPHs
(mg/kg)

673"™

1038™

976™

1519

1226

1248™

828™

1163

4942

OM (%)

"s Not Significant
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Heavy metals

The results of the analyses of all heavy metals
(HMs) were summarized in Table 1. The
observed average concentration of Cr in all
samples and both depths; Pb, Ni, and Co at top
soil exceeded the standard limits of Iran values
which are presented in Table 1. On the other
hand, As, Cd, Cu, V and Zn were below the
standard limits of Iran. Zn, Ni, Cu, and Cd were
higher in topsoil whereas others were higher in
the Cd had the
concentration (0.22 mg/kg) in both the top and

subsoil. lowest value
subsoil,

recorded for Pb (620 mg/kg) in the subsoil. Cr

while the highest contents were

and Pb were almost 89 and 8 times higher than
the standard limits of the agricultural lands of
Iran, respectively. Pb is one of the most
dangerous HMs and a high concentration of that
can accumulate in agricultural plants, because
plants have the ability to capture and store it
(Bigdeli and Seilsepour, 2008). Although Cd
had the lowest concentration in all HMs, its
concentration can be accumulated overtimes
because of using various agrochemicals,
fertilizers, and pesticides that contain heavy
metals such as Cd. For example, Cd is found
predominantly in phosphatic fertilizers because
Cd is commonly present as an impurity in
phosphatic rocks (Huang et al., 2007). High
levels of HMs in agricultural lands of the region
imply the accumulation of HMs in soil due to
sources such as using untreated wastewater and
oil refinery activities. Bigdeli and Seilsepour
(2008) reported a high accumulation of heavy
metals (Pb, Zn, and Cd) in agricultural products
in an area of land irrigated with sewage. The

median of metals showed some HMs in the

groundwater irrigated lands have accumulated
more in the soil in comparison with wastewater
irrigated lands, which reflects the presence of
contaminants in the groundwater of the region.
The results also showed that the concentration of
metals in zone 1 is higher than those in zone 2.
As, Co, Pb,

concentration in the subsoil and probably have a

and V have much more

higher risk in terms of groundwater and drinking
water pollution.

Co, As and V indicate significant differences
between the two depths (pr<0.01), while other
metals do not show significant differences.
Between the two zones, there are significant
differences among heavy metal compounds at
both depths (except Cd at topsoil, and Cd, Cr,
and Co at subsoil). In zone 1 As, Cd, and Ni and
in zone 2 all metals except As and Cr did not
show a significant difference between the two
depths.

groundwater irrigated lands As, Co, V, and Zn

In terms of irrigation water, in
and in wastewater irrigated lands, As and V
illustrated a significant difference between top
and subsoil. From Table 3, most metals in the
surface layer in the areas irrigated with
groundwater showed significant differences
with the lands irrigated with untreated
wastewater. Besides, there was no significant
difference between top and subsoil for most of
the metals in the lands irrigated with wastewater
which reflects the impact of land plowing in the
migration of HMs to the deep soil.

Spatial distribution of hazardous
materials

The spatial distribution (Fig. 2) of hazardous
HMs and TPHs was established in three classes

according to the standard threshold of the
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agricultural land of Iran. The maps were created
only for the topsoil. The interpolation map of
petroleum compounds (Fig. 2a) showed that
most parts of the area fell into the safe class.
According to Fig 2, zone 2, compared to zone 1,
contains highly polluted areas. Carcinogenic
petroleum compounds are highest in the
southeast of the studied region. Moreover, the
statistical analysis also indicated that the
concentration of TPHs in zone 2 was much more
than in zone 1 at both sampled depths. The
spatial distribution map (Fig. 2b) showed that
HMs in both zones fell into the heavily
contaminated class which is remarkably risky
and dangerous. The enrichment of these metals
in the area is probably caused by human activity
in association with the oil refinery. Our results
are in accordance with other research in Iran and
other countries (e.g., Huang et al., 2007;
Parizanganeh et al., 2010; Nekoeinia et al., 2016;
Wu et al., 2018; Ravankhah et al., 2018).
Agricultural lands in this area are the main
source of vegetables’ supply in Tehran city

(Hani et al., 2010); hence, HMs can pose a risk

h
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Logend
Thenry Metuls Wucnrd Map

Safe
Medhuwulnds ¢

I creav ity come

to people, who consume vegetables and other
cultivated products. Irrigation with untreated
wastewater and polluted groundwater over thirty
years has led to the accumulation of HMs and
TPH in agricultural soils. Li et al. (2007) also
reported the same results regarding the
accumulation of hazardous materials due to
irrigation with untreated wastewater in
agricultural lands. Previous studies in the region
(Anonymous, 2008; Hani et al., 2010) have
shown that besides the contamination of soil and
plants, animal milk has also been contaminated
with HMs. Since HMs and some petroleum
hydrocarbons such as aromatics are persistent in
the environment, they can be accumulated in
animals' and plants’ tissue, passing from one to
the next through the food chain. As a result of
the risk of cancer or genetic mutations in animals
and humans will increase (Chandra et al., 2013).
Although other studies have shown that the
contamination levels of TPHs are higher in the
northern part of the studied area, in this study it
was found that the southern parts of the area

have the highest TPHSs pollution.
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Fig. 2- Spatial distribution of TPHs (a) and HMs (b) in the studied area
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Conclusion

The present study examined the distribution of
HMs and TPHSs contents in topsoils and subsoils
of the agricultural lands in the south of Tehran
city,
variables indicated that the immense majority of

Iran. The concentration of measured

agricultural lands in the studied area can be

considered as heavily polluted, so the

implementation of a special management
program is necessary to control and reduce
pollution in the area. While TPHs have more
concentration in the topsoil, HMs polluted both
the top and subsoil. Hydrocarbons accumulation
in the topsoil can be absorbed by cultivated
bioconcentration and

plants, resulting in

biomagnification. Besides, a higher

concentration of HMs can lead to underground
water pollution in terms of HMs in the long run.
Spatial distribution maps of the variables
showed that almost all parts of the area fell into
the heavily contaminated class and may pose a
risk to wildlife and human populations as well in
the area. Irrigation with untreated wastewater
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