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Abstract

Metal concentrations in soils are locally quite high in Kuwait due to many reasons such as massive oil spills
during the gulf war in 1991 as well as direct dump for untreated sewage and hydrocarbon. Phytoremediation may
offer a possible solution to this problem because it treats the soils through the use of plants even without the demand
of removing the contaminated material and disposing it elsewhere. This research project focused on the best
contribution of phytoremediating the area between six types of plant tree species collected (Conocarpus, Tamarix,
Phoenix, Rhamnus, Vitex agnus-castus and Salix) from Wafra 14 Km area and another six reference trees from the
same plant species collected for correlation from South Khitan and Rigee areas. The samples divided into three
sample categories (leaves, stem, and soil). From the chemical analysis, it was found that phytoremediation is a
unique process in reducing the level of soil contamination of hydrocarbons and trace metals. The most and effective
part of the plant in accumulating hydrocarbons and heavy metals were the leaves while the appropriate plant was
Vitex agnus-castus. As a recommendation, there is need for phytoextraction of heavy metals by intercropping maize

plants with local agro forestry shrubs to reduce amount of heavy metals in the soil.

Keywords: Bioremediation; Phytoremediation; Hydrocarbons;
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Introduction

The State of Kuwait is located on the Arabian Plate between
Precambrian shield to the west and Zagros fold belt towards northeast,
having an area of about 17,818 Km? and it lies between latitudes 28°30
and 30°05’ N, and longitude 47°30” and 48°36’ E. Kuwait considered one
of the arid regions that are primarily described by her very long period
of summer season that is dry and very hot. Summer season starts from
the end of March to the end of October. Between 30°C to 45°C is the
range of temperature that exceeds sometimes 54°C during daytime in
August. Kuwait’s winter season is short, cold and relatively wet. Winter
starts from early December to mid-February [1,2].

Vegetation of Kuwait shows a great geographical variation in spite
of the short distance from east to west. Variation in microclimate, relief,
geomorphology, soil and land use made Kuwait vegetation cover shows
a great geographical diversity. Furthermore, sedimentation of wind-
transported sand affected by vegetation, which plays an important
role. Hence, it acts as a barrier that faces wind driven sand and changes
surface morphology or roughness over large areas.

The study area is located along Wafra/Mina Abdullah road at 14
Km south of Kuwait (Figure 1). The area is about 1 Km? and it is used
to receive over than 4500 m’ daily of untreated sewage and industrial
hazardous liquid waste in one of the largest unlined evaporation ponds
in the state of Kuwait. The study area now is completely rehabilitated
and planted by several types of plants in four main sectors comprises
45000 trees.

Recently published research has indicated that vegetation may play
an important role in the bioremediation of toxic organic chemicals.

Establishing a vegetation cover on relatively polluted hazardous
waste sites might be an efficient way and low maintenance method
to waste remediation. Plants Usage for remediation may be especially
appropriate for soil polluted by organic chemicals especially of a
depth less than 2 m?. Interaction between plant roots and rhizosphere
microflora significantly enhances degradation of hazardous organic
compounds in contaminated soil.

Objectives
The main Objectives of this study:

* To understand the behavior of the six tree plants in absorbing
pollutants.

+ To study the rate of fate and flux of pollutants.

* To evaluate the leaves, stems and soils of the different six plants
in cleaning the contaminated soil.

* To make a reccommendation for the best out of six six tree plants
selected in the study area in absorbing hydrocarbons and trace
metals from contaminated soil.

Materials and Methodology
This will be achieved through:
* Determining the level of total petroleum hydrocarbon (TPH).

*  Measuring Trace Metals accumulation (TM) in plant’s (leaves,
stem and soil).

*  Chemical comparisons between the plant samples.
Field approach

In this study six types of plant tree species were collected
(Conocarpus, Tamarix, Phoenix, Rhamnus, Vitex agnus-castus and
Salix) from Wafra 14 Km area and another six reference trees from the
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Figure 1: (A) Panoramic view of planted contaminated study area Wafra 14 Km; (B) Shredded plants from the study area; (C and D) Mixed soil sample

from the study area.

same plant species were collected for correlation from South Khitan and
Rigee areas (Figure 1). The samples divided into three sample categories
(leaves, stems, and soil) of each plant in the study. Therefore, the total
numbers of samples collected were 44 samples including mixed treated
soil and sludge one (Figures 1). Total Petroleum Hydrocarbons (TPH)
and Trace Metals analysis was performed.

The fieldwork was conducted on the contaminated soil in the
Wafra/Mina Abdulla road 14 Km (Figure 2). The area includes 26
samples of (leaves, stems, and soil) in addition to 18 reference samples
were collected outside the contaminated area from the same species in
South Khitan and Rigee areas (Figure 3).

The sediment samples were taken by shovel and packed carefully in
special bags in addition to leaves and stems. Next, leaves were removed
from stems to launch each analysis for each plant species and its parts
separately (Figure 4). After that, Trace Metals analysis were conducted
at Kuwait University while the Total Petroleum Hydrocarbons (TPH)
were at Kharafi chemical laboratory.

Drying process

After classifying and dividing the 44 samples into three categories
(Leaves, Stem, and Soil), the samples were separated into five boxes.
Thus, four boxes include the 26 samples of four parts of study area and
the fifth box contains the 18 control or reference samples of same six
plant trees chosen in the study area (Figure 5).

Analysis and discussion

The use of plants for remediation may be especially well suited for
soils contaminated by organic chemicals to depths of less than 2 m [3].
Thus, the interaction between plant roots and rhizosphere microflora
significantly enhances degradation of hazardous organic compounds
in contaminated soil. Through degradation or accumulation plants
can interact with hazardous organic compounds. Uptake of pollutants
in plants roots is a direct function of the contaminant amount and

concentration in the solution of soil and generally contains chemical
separating attached to the root surfaces took after by movement over the
cortex to vascular system of plants [4]. The pollutant might be bound
or digested anytime among transference. Pollutants in plants may be
found as uninhibitedly extractable deposits, extractable conjugate
bound to plant material, and unextractable buildups consolidated in
plant tissue [3,5].

Plants may indirectly contribute to the dissipation of contaminants
in vegetated soil. The utilization of plants to concentrate toxic mixes
from soils (phytoextraction) is being created as a system for remediation
of metal sullied soils [6,7]. Based on evidence from greenhouse and
field studies, phytoremediation is a viable remediation method for
petroleum-contaminated soil. The use of vegetation for remediation of
contaminated sites is attractive because it is inexpensive and passive.
Plants can collect trace elements; particularly trace metals, in or on their
issues because of their incredible capacity to adjust to variable chemical
properties of the environment: in this manner, plants are halfway
supplies through which trace elements from soils, and somewhat from
waters and air, move to man and creatures [8].

The main sources of trace metals to plants are the air or soil media
from which trace elements are taken up by the root foliage [9]. Metals
usually absorbed by plant through root uptake and are concentrated
most often in the root. Although metal uptake by plant is a function of
the contents of the soil, it is also affected by a plant’s inherent affinity
for a given metal, which is highly controlled by plant variety and type
of cultivar.

Total petroleum hydrocarbons analysis

TPH is well-defined as the quantifiable amount of petroleum-based
hydrocarbon in an ecological media. It is, thus, reliant on analysis of
the medium in which it is found [10]. This section explains the TPH
analysis results that were conducted in the study area on different
six plants species compared to similar ones from different areas as
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Figure 2: Study area Wafra 14 Km A. Collecting a soil sample from Vitex agnus-castus plant species; B. Cutting stem and leaves samples of Conocarpus
species; C. Phoenix species soil sample; D. Tamarix leaves and stem sampling.

Figure 3: A. Cutting stem and leaves of reference samples of Salix plant species in Rigee area; B. Reference samples of Tamarix species in Rigee area;
C. Rhamnus species sample.
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Figure 4: Separating leaves from stems for drying process in addition to
TPH and trace metals analysis.

Figure 5: Study area samples inside the five boxes that sent to powdering,
Trace Metals and Total Petroleum Hydrocarbons analysis.
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Figure 6: Conocarpus TPH concentration results comparison between the
study area sample and the reference of same species collected from Khitan
area measured in mg/kg.

references samples. In this section we would explain the total petroleum
hydrocarbons analysis of the six plants samples collected from the study
area in Wafra 14 Km (Conocarpus, Tamarix, Phoenix, Rhamnus, Vitex
agnus-castus and Salix).

Conocarpus

Conocarpus or Button mangrove is exceptionally adjustable as an
decorative because it tolerates compressed soil, air contamination, lowly
drainage, and drought [11,12]. Hence, Total Petroleum Hydrocarbons
analysis (TPH) of Conocarpus samples collected from the contaminated
study area and its reference from same species collected from a clean area in
Khitan depicted that the leaves possessed the highest TPH value compared
to stem and soil. It ranges from 4349-1754 mg/kg as shown in Figure 6.

Tamarix

Tamarix can tolerate an extreme range of environmental conditions.
Genotype in saltcedar that gives it the capability to exploit a wide
spectrum of habitats [13]. Total Petroleum Hydrocarbons (TPH) values
of Tamarix leaves were the highest 1930-939 mg/kg whereas the stem
comprises 566-563 mg/kg. Soil sample collected from the contaminated
study area showed less TPH amount than the one collected as a reference
from the similar species in Rigee area (Figure 7). That could be due to
the stored amount of contaminants absorbed by Tamarix and stored in
Leaves and stem.

Phoenix

Phoenix samples collected from the study area and Khitan as
a reference of same species showed that the leaves were storing the
highest amount of Total Petroleum Hydrocarbons (TPH) 939-1471
mg/kg compared to stem which ranges from 887-966 mg/kg (Figure
8). However, the Phoenix reference sample collected from Khitan area
were having higher amount of TPH compared to the sample collected
from Wafra 14 Km and that might be due to age of plant and the fact
that the sample from the contaminated area was dead.

Rhamnus

Rhamnus Leaves of collected sample from study area stored the
contaminants highly 7928-1224 mg/kg and that is proven by the low
amount stored in stem and soil (Figure 9).

Vitex agnus-castus

Total Petroleum Hydrocarbons (TPH) results of study area and
reference samples of the same species from Khitan showed that Vitex
agnus-castus leaves stored the highest amount of TPH 8750-8056 mg/
kg compared to stem 1491-2179 mg/kg (Figure 10). But, a study of Vitex
agnus-castus chemical composition states that leaves oil contained an
abundance of 1,8-cineole (22.0%) [14]. Thus, that might be a cause for
the high amount of TPH in leaves, further investigation needed to be
study in future regarding that issue.

Salix

Planting Salix, as flora filters will ease excess nutrient uptake,
decrease soil erosion, deliver habitat for many organisms above and
below the water level, and improve a site’s visual features [15]. Moreover,
Salix TPH analysis reveals that the leaves and stem stored efficiently the
soil contaminants in the study area and reference area at Rigee. Leaves
TPH ranges from 2263-2462 mg/kg whereas stem TPH ranges from
1106-1861 mg/kg (Figure 11). The reference sample showed higher
amount of TPH and that could be due to its nearness of a sewage area
and/or the age of plant.
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Figure 7: Tamarix TPH concentration results comparison between the study
area sample and the reference of same species collected from Rigee area
measured in mg/kg.

Figure 8: Phoenix TPH concentration results comparison between the study
area sample and the reference of same species collected from Rigee area
measured in mg/kg.

Figure 9: Rhamnus TPH concentration results comparison between the study
area sample and the reference of same species collected from Rigee area
measured in mg/kg.

Total Petroleum Hydrocarbons (TPH) Results Comparison
Between Main Plant’s Structures and Soil

Leaves

This section explains TPH concentration results of the six plants
species collected from the study area in Wafra 14 Km in addition to

Figure 10: Vitex agnus-castus TPH concentration results comparison between
the study area sample and the reference of same species collected from Khitan
area measured in mg/kg.

Figure 11: Salix TPH concentration results comparison between the study
area sample and the reference of same species collected from Rigee area
measured in mg/kg.

reference samples of the same species in cleaner areas. The comparison
is based on leaves TPH concentration results of all the plants species.
Additionally, TPH results of leaves showed that the highest value goes
for Vitex angus-castus 8056-8750 mg/kg in both reference and study
area samples (Figure 12).

Stem

TPH results of six plant’s stems from study area showed that the
highest stored contaminants was in Rhamnus 1802 mg/kg whereas the
highest one from reference samples was in Vitex angus-castus 2179 mg/
kg (Figure 13).

Soil

Soil TPH concentration results depicted that the introduced planted
Conocarpus soil was having the highest amount of contaminants in the
study area 878 mg/kg. Sludge sample was having a very high value of
TPH 5355 mg/kg whereas the mixed or treated soil sample was 660 mg/
kg (Figures 14 and 15).

TPH results and comparison of reference plants

The TPH results comparison of six reference plant species collected
from Rigee and Khitan areas indicate that Vitex angus-castus Leaves
8056 mg/kg and stem stored the highest amount of TPH 2179 mg/kg
(Figure 16).
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TPH results and comparison of contaminated area plants

In the contaminated study area Wafra 14 Km we found from
TPH analysis conducted that the best plant could absorb and store in
their leaves and stems the petroleum hydrocarbons was Vitex angus-
castus (Figure 17) and that coincides too with TPH results of reference
samples (Figure 16).

Trace metals analysis in plants and soil

Hyper accumulators are a small of group of plants that can take
up, translocate, and stand levels of certain heavy metals that would be
poisonous to any other organism [16]. Plants that can accumulate and
tolerate unusually high concentrations of heavy metals in their tissue
were responsible for drawing attention to the possibility of using plants
in this manner. Accumulators of zinc (Zn) and nickel (Ni) for example,
have been stated to include as much as 5% of these metals on a dry-
weight basis [17,18]. Floras collecting metals at a 5% (50,000 mg/kg)
dry-weight intensity from a soil with an aggregate metal convergence

Leaves TPH Concentration
in mg/kg
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M Conocarpus

M Salix

M Vitex Angus-Castus
B Rhamnus

M Phoenix

W Tamarix

8750

Sample
7928

0 2250 4500 6750 5000

Figure 12: Leaves TPH results comparison of six plant species collected from
the study area and their reference from the same plant species.

Stem TPH Concentration

in mg/kg
671
1861
2179
Reference
531
966
563 W Conocarpus
B Salix
Vitex Angus-Castus
B Rhamnus
Il Phoenix
B Tamarix
Sample
? 1802
0 550 1100 1650 2200

Figure 13: Stem TPH results comparison of six plant species collected from
the study area and their reference from the same plant species.
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Figure 14: Soil TPH results comparison of six plant species collected from the
study area and their reference from the same plant species.

Figure 15: Sludge and mixed samples TPH results.

of 5000 mg/kg brings about a 10-fold bio-accumulation issue. On
the off chance that the plant makes a lot of biomass while gathering
high fixations, an essential measure of metal can be dispensed with
from the dirt by plant accumulation. Using established agricultural
practices; the metal-rich plant material can be collected and removed
from the site without the damage or loss of topsoil associated with
old-style remediation methods. The biomass can then be reused
to regain the metals that may have an economic importance. The
metal bioaccumulation and focus in the plant shoots over that of
the soil fixation coupled coupled with following biomass abatement
methodologies can extraordinarily lessen the measure of contaminated
material obliging transfer contrasted with soil dig or excavation. Plants
are willing to absorb a quantity of elements from soil, some of which
have no recognized biological purpose and some are known to be lethal
at low concentrations. Plants growing in a contaminate environment
can collect trace elements at high concentrations causing a serious
danger to individual health. The uptake of metal concentration root by
roots depends on speciation of metal and soil types and kind of plant
species [9].

In this section we would explain the chemical analysis for each
element in the six plants samples collected from the study area in Wafra
14 Km (Conocarpus, Tamarix, Phoenix, Rhamnus, Vitex agnus-castus
and Salix):

Chromium (Cr): A remarkable metal for being profoundly
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impervious to oxidation is Chromium, even at high temperatures.
Its abundance rank is the sixth element in the earth's crust, where it
is consolidated with iron and oxygen as chromite mineral. It is used
in businesses, for example, (metallurgical, chemical, and refractory).
Hence, they are considered to be the most significant industrial sources
of chromium in the atmosphere [19]. Chromium (Cr) concentrations
in study area soil samples are ranging from 5.0845-15.3497 mg/kg, stem
samples 0.3497-16.0315 mg/kg and leaves samples 7.3567-16.7991 mg/
kg. The highest level of Cr recorded storage in leaves goes for Salix

TPH Concentration of Reference Plant Samples in mg/kg

16.7991 mg/kg whereas the lowest is Conocarpus 7.3567 mg/kg. The
highest Cr recorded in stems of study area samples was Salix 16.0315
mg/kg and the lowest is Tamarix 0.3497 mg/kg. The lowest Cr soil level
of study area sample detected is of Tamarix and the highest one is of
Rhamnus 15.3497 mg/kg (Figure 18). The estimated permissible limit
for Cr in plants is 1.5 ppm (mg/g).

Manganese (Mn): Manganese is pure in its nature and form. Also it
is a naturally occurring metal that is distinguished often by its silver color
with no taste or smell. Manganese is usually found in the environment

9000 -
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3000 - Stem
il
2000 - so
1000 -
0
Conocarpus Tamarix Phoenix Rhamnus Vitex Agnus- Salix
Reference Reference Reference Reference Castus Reference
Reference
Leaf 1754 989 1471 1224 8056 2462
Stem 671 563 966 531 2179 1861
Soil 126 383 116 182 176 258

Figure 16: TPH Concentration results and correlation of six reference plant samples collected from Rigee and Khitan.

TPH Concentration of Study Area Plant Samples in
mg/kg
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Figure 17: TPH Concentration results and correlation of six plant samples collected from the contaminated area Wafra 14 Km.
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as a compound with elements such as sulfur, oxygen, or chlorine.
Manganese is a vital supplement, required in trace amounts for human
wellbeing. While adverse developmental effects due to insufficient (too
low) levels of manganese in the diet have been evaluated. Exposure or
having high dosage and concentrations of manganese can be harmful
to health.

Manganese has two forms in the environment. Inorganic
manganese compounds are used in the manufacture of steel, batteries,
ceramics, and nutritional supplements. Manganese (Mn) concentration
in study area soil sample ranges between 54.7705-92.589 mg/kg while
the reference soil sample collected from Khitan and Rigee ranges from
49.149-136.279 mg/kg. Manganese concentration of stem sample
collected from study area ranges from 7.982-63.938 mg/kg whereas
the reference stem sample is ranging from 6.427-16.306 mg/kg. Leaves
sample from study area indicates that the Mn concentration ranges
from 17.6809-129.0496 mg/kg compared to reference leaves sample that
gave us a range between 7.008-56.773 mg/kg. Thus, the lowest level of
Mn concentration recorded in leaves sample of study area is of Phoenix
compared to the highest level recorded for Conocarpus 129.049 mg/
kg. Stem sample collected from study area showed that the lowest Mn
concentration recorded is of Phoenix 7.982 mg/kg whereas the highest
one is of Conocarpus 63.938 mg/kg. Additionally, the lowest level
detected of Mn concentration in leaves sample collected from Wafra 14
Km is of Phoenix 17.6809 mg/kg but, the highest one is of Conocarpus
129.0496 mg/kg (Figure 19). According to WHO, the concentration of
Mn in terrestrial plants tend to range from 20 to 500 mg/kg.

Arsenic (As): Arsenic has been recognized in no less than 1,149
of the 1,684 perilous waste destinations that have been proposed for
incorporation on the EPA National Priorities List (NPL) in the United
States [20]. Moreover, Arsenic is widely distributed in the Earth's crust,
which contains about 3.4 ppm arsenic [21]. Arsenic found in soil either
regularly happening or from anthropogenic discharges structures
insoluble buildings with iron, aluminum, and magnesium oxides

found in soil surfaces, and in this structure, arsenic is moderately fixed.
Nonetheless, under lessening conditions, arsenic can be discharged
from the solid phase, bringing about soluble mobile types of arsenic,
which might conceivably filter into groundwater or result in overflow
of arsenic into surface waters. The maximum acceptable limit for
agricultural soil is of 20.0 mg/kg G1 as recommended by the European
Community and WHO [22].

Arsenic (As) concentration in study area soil samples was higher
the permissible limit in Conocarpus soil 21.212 mg/kg where as in
reference sample was above the permissible limit of 20 mg/kg in Vitex
agnus-castus soil of about 29.739 mg/kg. The reference samples showed
higher As concentration compared to study area samples. Hence,
leaves samples of reference plant species ranges from 2.657-27.299 mg/
kg whereas the stem reference sample is ranging from 6.448-35.735
mg/kg. Thus, the increase of As concentration of reference samples
might be due to the nearness of reference plants from a sewage pipe.
The lowest As concentration recorded in study area leaves samples is
of Conocarpus 3.7308 mg/kg and the highest is of Vitex agnus-castus
leaves sample with a value of 9.9457 mg/kg (Figure 20).

Lead (Pb): Lead occurs naturally in the Earth's crust and is a heavy
with high density, low melting, bluish to gray or bluish-gray metal. Yet,
it is hardly discovered naturally as a metal. It is usually found mutual
with two or more other elements to produce and form lead compounds.
Lead today is mostly “secondary” and obtained from lead-acid
batteries. It is reported that 97% of these batteries are recycled. The Pb
concentration in plant samples is below detection limit except the soil
samples of reference that has 34.489 mg/kg of Salix species and study
area sample that has 2.57 mg/kg in Rhamnus soil sample. The increase
of Reference sample Pb concentration might be due to its nearness from
a sewage pipe (Figure 21).

Cadmium (Cd): Cadmium is associated with zinc, lead, and
copper ores. It is a metal, which is found in the earth’s crust. The pure

Figure 18: Cr concentration in plant samples mg/kg.
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Figure 19: Mn concentration in plant samples mg/kg.

Figure 20: As concentration in plant samples mg/kg.

one is soft, silver-white metal. The soluble form of Cadmium in water
is Cadmium chloride and cadmium sulfate. Cadmium is used for the
following: batteries (83%), pigments (8%), coatings and plating (7%),
stabilizers for plastics (1.2%), nonferrous alloys, photovoltaic devices,
and other uses (0.8%). It is released to soil, water, and air by non-ferrous
metal mining and refining, manufacture and application of phosphate
enrichers, fossil fuel burning, and waste incineration and disposal.
Cadmium can assemble in aquatic organisms and farming harvests. Its
compounds may go through soil, yet its versatility relies upon various
factors, for example, measure of organic matter and pH, which will

shift relying upon the local environment. Ordinarily, it ties strongly to
organic matter where it will be relentless in soil and be taken up by
vegetation, in the end, entering the nourishment supply.

The concentration of Cadmium in study area soil samples ranges
from 8.28-12.6834 mg/kg whereas the stem ranges from 0.3497-1.78
mg/kg. Moreover, leaves plant samples Cd concentration ranges from
1.6-22.16 mg/kg. The maximum level recommended by World Health
Organization (WHO) in medicinal plants is 10 mg/kg. However, the
leaves samples indicate that three plants species (Salix 10.5458 mg/
kg, Tamarix 14.7553 mg/kg and Vitex agnus-castus 22.16 mg/kg) had
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Figure 21: Lead (Pb) concentration in plant samples mg/kg.

Figure 22: Cadmium (Cd) concentration in plant samples mg/kg.

higher Cd concentration more than the permissible level mentioned
earlier (Figure 22). The highest Cd concentration found stored in leaves
samples is of Vitex agnus-castus 22.16 mg/kg whereas the lowest one is
for Phoenix 1.623 mg/kg.

Copper (Cu): The concentration of Copper (Cu) in stem plant
samples of study area was ranging from 8.28-17.329 mg/kg whereas
leaves samples of study area ranges from 1.62-13.308 mg/kg (Figure 23).

The maximum permissible limit for Cu in vegetables is 50 mg/kg [9,23].
In the earth's crust the average concentration is about 50 parts copper
per million parts soil (ppm) or 50 grams of copper per 1,000,000 grams
of soil (1.8 ounces or 0.11 pounds of copper per 2,200 pounds of soil).
Copper found in all plants and animals. It is a crucial component for
all perceived living creatures including people and different creatures
at low ranks of consumption. At much more higher amounts, harmful
impacts can happen.
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Figure 23: Copper (Cu) concentration in plant samples mg/kg.

Figure 24: Iron (Fe) concentration in plant samples mg/kg.

The present study finds that the lowest Copper concentration is of
stem sample collected from study area is of Phoenix 1.1271 mg/kg and
the highest one is of Tamarix 10.7343 mg/kg. Also, it indicates that the
lowest Cu concentration of leaves plant parts collected from study area
goes for Phoenix 1.6238 pg/kg yet, the highest one is Tamarix 13.3086
mg/kg. The soil concentration of Cu ranged between 8.2863-17.329 mg/
kg that is below the permissible limit is 36 mg/kg according to Dutch
Standards (Figure 23).

Iron (Fe): Iron is containing 4.6% of igneous rocks and 4.4% of
sedimentary rocks and is frequently or regularly occurring metal [24].
Iron classic concentrations in soils is between 0.2%-55% (20,000 to
550,000 mg/kg), [25] and that can differ considerably, even in localized

areas because of soil diversity and availability of other sources. However,
there is no limit for Fe concentration in soil as a study indicated [26].
Iron (Fe) concentration in soil samples collected from study area ranged
between 1702.9-5217.7 mg/kg. Fe concentration in stem of study area
collected samples is ranging from 59.23-144.259 mg/kg where as the
leaves samples ranged between 193.5-1181.559 mg/kg. According
to Jones et al,, the concentration of Fe in dry plant tissue was 20000-
250000 mg/kg.

The least level of Fe concentration in stem plants samples collected
from study area is of Phoenix 59.23 mg/kg whereas the highest one goes
to Vitex angus-castus 144.259 mg/kg. This present study indicate that
the best plant stored Fe in Its leaves is Tamarix 1181.559 mg/kg and the
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least level detected is of Phoenix 193.31 mg/kg. Finally, the control or
reference sample taken might be affected by its nearness from sewage
pipe. Thus, we can notice the high percentage of Iron metal more than
the study area soil (Figure 24).

Nickel (Ni): Nickel appears naturally in soils as due to weathering
of the parent rock [27]. Pure nickel is a hard, shiny white metal,
which has properties that make it extremely attractive for alloyed with
different metals to structure mixtures called alloys. A portion of the
metals that nickel can be alloyed with are iron, copper, chromium, and
zinc. These combinations are utilized as a part of making metal coins
and adornments and in industry for making things, for example, valves
and warmth exchangers. Most nickel is utilized to make stainless steel.
There are additionally mixes comprising of nickel joined with numerous
different components, including chlorine, sulfur, and oxygen. Soil
nickel concentrations vary widely, ranging from 0.7 to 259 mg Ni/kg
soil on a global basis according to World Health Organization. In our
study area the Ni in leaves samples is ranging from 1.397-3.611 mg/kg
(Figure 25). This study shows that the best plant could absorb and store
Ni in its leaves is Rhamnus 3.611 mg/kg.

Vanadium (V): Vanadium occurs naturally and is widely distributed
in the earth’s crust at an average concentration of about 100 mg/kg.
Vanadium Pollution of soil may occur whenever coal bi-products are
unintentionally discharged [8]. Vanadium can be a gray-white metal or
light gray or white shiny powder. Pure vanadium is a bright white, soft,
and ductile metal depending on its form.

Surprisingly, the soil samples from control or reference area showed
higher Vanadium amount ranged between 5.117-50.616 mg/kg whereas
the soil samples collected from study area ranged between 7.25-15.389
mg/kg. Stem samples analysis of reference area showed that the range of
Vanadium is between 0.593-7.118 mg/kg whereas the study area sample
ranged between 7.54-15.389 mg/kg. The leaves samples of Vanadium

concentration contributed the best in storing the highly contaminants
in both reference and study area samples as it is shown in Figure 26. The
range of leaves samples in reference area is 4.795-47.66 mg/kg whereas
the study area samples showed a range of Vanadium concentration
between 1.6028-4.999 mg/kg. The least level recorded is of Salix 1.6028
mg/kg in study area leaves samples yet; the highest one is of Tamarix
4.999 mg/kg. Moreover, the leaves samples in reference area had the
least level in Phoenix 4.795 mg/kg and the highest V recorded value is
of Conocarpus 47.66 mg/kg (Figure 26).

Zinc (Zn): One of the most common elements in the Earth's crust
is Zinc. It can be found in different places such as air, water, and soil in
addition to food. Zinc characteristics is elemental (or metallic) form,
its color is a bluish-white, glittery metal. Zinc may burst into flame
and it is powder is if stored in damp places. Metallic zinc has many
uses in industry. Most well known uses of it is to coat steel and iron
as well as other metals to avoid rust and corrosion and that named as
galvanization process. To form alloys, metallic zinc is also mixed with
other metals such as brass and bronze. It is also used to produce dry
cell batteries.

Chlorine, oxygen, and sulfur, can be merged with Zinc and other
elements, to create zinc compounds. It might found at dangerous waste
spots. Zinc compounds are zinc chloride, zinc oxide, zinc sulfate, and
zinc sulfide. They are considered to be metal placed naturally in the
environment as zinc sulfide. It is usually utilized in manufacturing.
White paints, ceramics, and other products are made from Zinc sulfide
and zinc oxide.

The concentration of Zinc in soil samples collected from study area
ranged between 4.788-73.307 mg/kg whereas the permissible limit of
Zinc 10-50 of human consumption [1]. Zinc Concentration in leaves
samples collected from study area ranged between 12.44-44.93 mg/kg
(Figure 27). The least level of Zn concentration stored in stem is of Salix

Figure 25: Nickel (Ni) concentration in plant samples mg/kg.
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Figure 26: Vanadium (V) concentration in plant samples mg/kg.

Figure 27: Zinc (Zn) concentration in plant samples mg/kg.

4.45 mg/kg and the highest one is of Tamarix 12.85 mg/kg. This present
study shows that the least zinc concentration in leaves samples is of
Phoenix 12.44 mg/kg whereas the highest one is of Conocarpus plant
species 44.93 mg/kg.

Sludge and mixed soil samples trace metals chemical analysis

Sludge soil sample showed very high amount of trace metals
contamination compared to the mixed soil (treated) that is used in
Wafra 14 Km for initial treatment. For instance, the values of (Cr 17.327
mg/kg, V 16.026 mg/kg, Zn 378.55 mg/kg) in the sludge is more than
the mixed sample (treated) that showed (Cr 4.8 mg/kg, V 10.831 mg/kg,
Zn 32.422 mg/kg) (Figures 28 and 29).

This study shows that the soil samples collected from each
plant species in the study area were phytoremediated and had fewer
amounts of trace metals significantly in Cr of Rhamnus soil 15.3497
mg/kg whereas the sludge is 17.327 mg/kg. Zinc (Zn) soil sample too
was showing a decrease from the sample taken in most plant species
significantly in Conocarpus species 73.307 mg/kg whereas the sludge
was 378 mg/kg. Refer to Table 1.

Conclusion

Total Petroleum Hydrocarbons and Trace Metal’s chemical analysis
of this research study for the six types of plant tree species collected
(Conocarpus, Tamarix, Phoenix, Rhamnus, Vitex agnus-castus and
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Trace Metals concentration Sludge Mixed

in Mixed sample mg/kg Fe 7808.491 Fe 4831.581
As <0.001 As 33.804

Mn 97.585 Mn 73.724

9 Zn 378.755 Zn 32.422
0 Y 16.026 \Y 10.831
' 4.8 Cd <0.0005 Cd <0.0005
Cu 92.582 Cu <0.0005

? Cr 17.327 Cr 48

Ni <0.002 Ni <0.002

Pb <0.0005 Pb <0.0005

4831.581
0 1250 2500 3750 5000

Figure 28: Trace Metals concentration in sludge sample mg/kg.

Trace Metals concentration
in Mixed sample mg/kg

| 4831.581
0 1250 2500 3750 5000

Figure 29: Trace Metals concentration in mixed sample mg/kg.

Salix) shows that the concentration of Total Petroleum of Hydrocarbons
is very high. Therefore, it exceeds the standard levels assigned by the
environmental and authorized institution. Moreover, the concentration
of conducted trace metals analysis in plant and soil depicted sometimes
high variation than the permissible limits of many trace metal elements.

Total Petroleum Hydrocarbons analysis (TPH) in this research
study shows that the best part absorbed and stored the contaminants
is the leaves. Vitex agnus-castus species leaves got the highest storage
of TPH in the study area samples, which shows 8750 mg/kg and even
in the reference one about 8056 mg/kg yet, the lowest is Phoenix leaves
with TPH value 939 mg/kg. Stems samples TPH analysis revealed that
the highest TPH storage is of Rhamnus and the least one is Tamarix

Table 1: Sludge and mixed soil samples Trace Metals analysis in mg/kg.

566 mg/kg in the study area 1802 mg/kg. However, TPH analysis of soil
samples collected from the study area showed that the least plant could
absorb the contaminants from soil got the highest value of TPH, which
is Conocarpus species which shows 878 mg/kg.

It is found in this research study of trace metals (Cr, Fe, As, Mn, V,
Zn, Cu, Cd, Pb and Ni) analysis results and interpretation that the best
plant parts absorbed and stored the Trace Metals mostly is the leaves.

Recommendations

From the research study the following recommendations should be
followed:

*  Leaves show the most important part of plants in the process of
phytoremediation accordingly. It should be collected quarterly
and send it to an incinerator to avoid using the contaminated
plant as food for animals.

« Vitex agnus-castus is one of the most suitable plants for
phytoremediation.

Research on phytoremediation should be encouraged to increase
the knowledge and understanding of the fate of flux of pollutants.
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