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Abstract
Contaminations of soil and water resources with various organic and inorganic compounds are of great importance on account of
the close relationship between the living organisms and their feeding. That is due to direct impact in supplying food for living
organisms in terms of environmental and human health aspects. In this regard, the present study aimed to investigate the
phytoremediation potential of H. strobilaceum and S. herbacea in contaminated soils. For this purpose, soil and plant samples
were collected from around the sewage channel in Eshtehard industrial region of Iran. Sampling started at the edge of the channel
and ended in a distance of 500 m from the channel. The distance of 1000 m from channel was considered as the control point.
ICP-OESwas used for the measurement of heavy metals. The obtained results showed that the highest and lowest amounts of soil
lead (Pb) were 17.6 and 2.33 mg kg−1, respectively. For Cadmium (Cd), the values ranged from 0.341 to 0.11 mg kg −1 at 21–
50 cm depth for the control point. For the plants, the highest and lowest amount of Pb belonged to H. strobilaceum shoot
(10.38mg kg −1) and S. herbacea root (7.54 mg kg −1), respectively. Themaximum (1.64 mg kg−1) and minimum (0.36 mg kg−1)
Cd concentration was observed in the root and shoot ofH. strobilaceum, respectively. In both species, Translocation Factor (TF)
for Pb and Cdwas greater than 1 and less than 1, respectively. Cd Bio Concentration Factor (BCF) in the roots of both species was
estimated to be greater than 1 while for Pb, this indexwas smaller. Bio Accumulation Factor (BAF) in the shoots of Pb and Cd for
both plants were lower and greater than 1, respectively. In general, the results revealed that the highest concentrations of Cd and
Pb are absorbed and stored by the underground organs of H. strobilaceum and S. herbacea and these plants have the ability to
remove Pb and Cd from contaminated soils.
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Introduction

Heavy metals are the main contamination sources for soil and
plants of rangelands near the industrialized areas. Heavy
metals are basically not biodegradable and therefore

accumulate in the ecosystem [32]. The accumulation of these
metals reduces soil quality, contaminates water, soil, and
plant, and results in destruction of the entire ecosystem [10,
17]. Using municipal and industrial wastewater has become
common in several parts of the world [31, 35], in which lead
(Pb) and cadmium (Cd) concentrations are too high and has
contaminated the soil. Cd is often found in soils, which neces-
sitates the determination of the bioabsorption and accumula-
tion to reduce its concentration [29].

A variety of methods have been applied to clean contami-
nated soils. The majority of the reported methods are bacterial
[33, 39] and fungal [9] bioremediation; meanwhile, several
studies have also described the plant bioremediation, alterna-
tively called phytoremediation [26]. Phytoremediation is a
multipurpose method using green plants to clean up contam-
inated soils, which is in fact a combination of plant physiolo-
gy, soil chemistry, and soil microbiology ( [30]). The use of
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vegetation for contaminated soils is an attractive and
cost-effective alternative [18]. Phytoremediation method and
using plants as contamination indicator have become a com-
mon practice in the polluted areas [15]. This method has a
high potential in soil remediation owing to its multiple advan-
tages, such as maintaining the biological activity and physical
structure of the soil, being potentially visually unobtrusive,
and providing the possibility of biorecovery of metals [31].
This method does not require specialized equipment and spe-
cialist personnel. It is also easily applicable and capable of
absorbing various pollutants in very large areas. Moreover,
compared to the existing methods, it is much less expensive
and safe [36].

Research has indicated that the cost of treating
soil-contaminating heavy metals with an upper tolerance plant
is less than other refining methods [7, 28, 31]. The best strat-
egy of phytoremediation is the absorption and transfer of pol-
lutants from soil to plant without damaging the soil structure
or changing its fertility [31, 40]. Phytoremediation is a
multi-purpose method for the treatment of contaminated soils,
which is a combination of plant physiology, soil chemistry,
and soil microbiology, as well as the use of green plants to
remove contaminants from groundwater, surface water and
contaminated soils. Certain researchers have suggested that
plants with a TF value of more than one are suitable for
phytoextraction and generally require the transfer of heavy
metals to harvestable parts of plants, such as stems [41]. The
ability of plants to accumulate metals is a basic parameter [11,
22]. Over the recent decades, it has become very critical to
identify plants that effectively remove heavy metals from the
soil [11, 38]. Chen et al. [11] reported that phytoextraction is
mainly applied to soils with high levels of V contamination.
Generally, for phytoextraction, on a large scale, the use of
plant growth stimulants is necessary for successful remedia-
tion of metal-contaminated soil.

According to the increase in environmental pollution
around the world, there is a vast need of various plants, par-
ticularly the native ones, to clean up the environment in the
polluted areas. Utilizing native plants for phytoremediation is
of considerable importance since these plants are often better
in terms of survival, growth, and reproduction under environ-
mental stress compared to exotic species as naturally selected
[37].

The wastewater of Eshtehard industrial town in Alborz
province of Iran passes through the rangelands around this
town. Following field investigation, it was found that two
species ofH. strobilaceum and S. herbaceawere the dominant
plants around the wastewater channel and have distributed
with different densities beside the channel and rangeland. It
has been previously suggested that these species are resistant
against contamination and are able to act as remediator.
Therefore, the present research was conducted in order to
investigate the phytoremediation potential of two native

species, namely H. strobilaceum and S. herbacea, in the
rangelands around the Eshtehard industrial town in Alborz
province, Iran. Although there have been studies on the eval-
uation of phytoremediation potentials in some members of the
Salicornioideae sub-family [15], no information has been re-
ported on the phytoremediation potential of H. strobilaceum
and S. herbacea prior to the current research.

Material and methods

The study area is located in Eshtehard Industrial Estate, in
Alborz province, Iran (Fig. 1), which is located in the geo-
graphical position of 08 72 35 North 50 37 22 East. The
region’s climate, on the basis of Dumarten’s climate classifi-
cation, is semi-arid with relatively hot summers and cold
winters.

A channel starts from the Industrial Estate and transports
industrial sewage through the rangeland. Regarding the kind
of productions in the industrial area, Pb and Cd are released to
the channel.

According to the presence of H. strobilaceum Pall. and
S. herbacea L. species around the sewage channel and range-
land (Fig. 2), we decided to test the capability of these species
for phytoremediation. To this end, plant and soil sampling was
performed to find Pb and Cd amount in soil and plant. In
addition, phytoremediation indices of Translocation Factor
(TF) and Bio Concentration Factor (BCF) were evaluated
for each plant species.

S. herbacea is an annual plant in the Chenopodiaceae fam-
ily that appears as a herbaceous plant with succulent and
fleshy stems and grows naturally on beaches and saline wet-
lands. H. strobilaceum is a perennial plant, woody shrub, or
short-leaved shrub belonging to the Chenopodiaceae family.

Soil sampling started at the edge of the channel and ended
in a distance of 500 m away from the channel. In order to find
whether the soil around the channel is contaminated by Pb and
Cd, the distance of 1000 m from the channel was considered
as the control point. At each of the points of edge to the
channel, 500 and 1000 m from the channel, five soil samples
were taken from depths of 0–20 and 21–50 cm (a total number
of 30 soil samples were collected from depths of 0–20 and 21–
50 cm). After preparation of the soil samples in laboratory,
concentration of available Pb and Cd was extracted by DTPA
[21] and measured using ICP device.

To determine the amount of heavy metals in plants, 0.5 g of
the plant samples (aerial or underground organs) was primar-
ily powdered. Subsequently, 10 cc of concentrated sulfuric
acid was added. In the next step, the obtained solution was
put in the oven at 95 °C (before boiling) for 15 min. After
cooling slightly, 5 cc of 30% oxygenated water was added and
heated for 1 min to colorize the samples. Finally, after cooling,
the samples were flushed with Whatman paper to a volume of
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Wastewater 
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Fig. 1 Location of the study area in Iran (a), Alborz province (b), and Eshtehard (c)

a   Halocnemum strobilaceum                                                             b  Salicornia herbacea

Fig. 2 S. herbacea (a) and
H. strobilaceum (b) beside the
wastewater channel
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100 cc [13]. Afterwards, the samples were passed through
cellulose acetate filter paper and the concentration of the de-
sired metals was measured using the GBC Avanta model
made in Australia. Primarily, 2 g of the dried and sifted soil
was weighed, 15 cc of 4 N nitric acid was then added, and the
mixture was placed at 60 °C for 20 h. It was then distilled
twice in a 50-cc balloon with water and double distilled
water [5]. In the next step, the samples were passed
through 0.23 cellulose acetate paper to be prepared for
reading with ICP.

For plant sampling, the average number of the species per
hectare was initially estimated using 15 one m2 quadrates.
Five quadrates were used around each of 0, 500, and
1000 m points. Afterwards, in points of 0 and 500 m from
the channel, five individuals of each of H. strobilaceum and
S. herbacea species were randomly harvested (totally 20 plant
samples for both species). Aerial and underground parts of the
plants were cut in order to analyze their Pb and Cd content
separately. To measure Pb and Cd content in different parts of
the plants, Acid Digestion method was applied. Firstly, 1 g of
each plant sample was weighed and then the samples were
placed in an oven at 500 °C. Before boiling the samples, the
first steam of the samples was removed from the oven.
Ultimately, after cooling, the samples were passed through
filter paper and reached a volume of 50 cc. To evaluate the
phytoremediation potential in H. strobilaceum and
S. herbacea, TF and BCF were assessed. In order to evaluate
the phytoext rac t ion potent ia l of the plants , the
bioconcentration factor (BCF) and the translocation factor
(TF) were calculated as follows [12]:

BCF ¼ CrootsCsoil
−1

TF ¼ CshootsCroots
−1

where Croots is the metal mass fraction in the root (mg kg−1),
Csoil is the available metal level in the rhizosphere (mg kg−1),
and Cshoots is the metal level in the above-ground parts of the
plants (plant shoots) (mg kg−1). In addition, another good
indicator is the Bioaccumulation Factor (BAF) which is the
metal content in the plant shoots compared to metal concen-
tration in the substrate [16].

Data analysis

Data analysis was performed on 20 plant and 30 soil sam-
ples. The Kolmogorov-Smirnov test was first used to check
the normality of the data. Once significant differences were
found with Anova, a Duncan’s Test was used to determine
significant treatments among experimental groups.
Statistical analyses were performed employing SPSS20
and Excel.

Results

Soil properties of the study area

Some soil properties of the study area (between the channel
and control point) are represented in Table 1. With the in-
crease in the distance from the channel, pH increased whereas
EC and organic matter decreased.

Metal evaluation in the soil

The results of Pb and Cd concentration near the channel
(which is shown with 0 m), in 500 m and 1000 m (control
point) from the channel, are depicted in Figs. 3 and 4.
According to the figures, there were significant differ-
ences among the control point and 0 and 500 m distances
from the channel concerning soil Pb and Cd concentration
at both depths of 0–20 cm (d1) and 21–50 cm (d2).
According to these figures, in all the cases, except for soil
Cd of d2, the highest amounts of Pb and Cd belonged to
the nearest distance to the channel while the least amount
was obtained in the control point. At depths of 0–20 and
21–50 cm, Pb concentrations near the channel were about
seven times bigger than those in the control point (15.8
against 2.33 and 17.6 against 2.47, respectively). In other
words, Pb concentration decreased significantly with the
increase in the distance from the channel. This was also
true for Cd.

Metal evaluation in the plants

The average numbers of individuals per hectare for
H. strobilaceum and S. herbacea were obtained 8000 and
9000, respectively.

Figures 5 and 6 demonstrate the amounts of Pb and Cd in
the plants tissues, based on their distance from the channel.
Based on Fig. 5, Pb amount significantly decreased with the
increase in the distance from the channel in both under-
ground and aboveground biomasses. This was true for both
species of H. strobi laceum and S. herbacea . In
H. strobilaceum, Pb concentration in the aerial parts was
higher compared to that in the root (13.48 against
11.18 mg kg−1 beside channel and 7.28 against 4.26 mg kg
−1 with 500 m of distance from the channel). There were
insignificant differences between S. herbacea root and shoot
Pb in similar distances.

The comparison of Pb content in different tissues of
H. strobilaceum and S. herbacea demonstrated that
H. strobilaceum included greater amounts compared to
S. herbacea.

In terms of Cd content in aerial and underground tissues
(Fig. 6), the behavior of the plants, compared to Pb content,
was completely different. In both species, the root contained
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significantly higher amount of Cd. Adjacent to the channel,
H. strobilaceum root Cd content was 2.7 times bigger than
that of its shoot (1.7 against 0.64 mg kg−1) and this ratio was
1.8. for S. herbacea.

Translocation factor, bioconcentration factor, and
bioaccumulation factor

The results of TF, BCF in roots, and BAF in shoots of
H. strobilaceum and S. herbacea are presented in Table 2.
As could be seen, TF for Pb was bigger than 1 while for Cd,
TF was obtained less than 1. The values of BCF in roots and
BAF in shoots showed that the concentration of Cd in the root
and shoot of H. strobilaceum and S. herbacea were bigger
than that in the soil (BCF and BAF > 1). Meanwhile, for
Pb, the BCF in roots and BAF in shoots showed values small-
er than 1.

According to the number of plants per hectare of the stud-
ied plants, the amount of heavy metal uptake in different or-
gans per hectare was mentioned. For pb, In relation to species
S.herbacea, this species is able to absorb 67,860 and
68,130 mg kg−1 in shoots and roots, respectively.
H. s t rob i laceum i s ab l e to abso rb 83 ,040 and
62,960 mg kg−1 in shoots and roots, respectively. Also, for
S.herbacea, the amount of Cd uptake in the roots and shoots is
8010 and 4410 mg kg−1 respectively. H. strobilaceum is able
to absorb Cd 2880 and 13,120 mg kg−1 in shoots and roots,
respectively.

Discussion

The amount of heavy metals mainly followed a decreasing
trend with the increase in the distance from the wastewater
channel of the studied industrial estate. Regarding the two
investigated depths, there was no significant difference be-
tween the amount of Pb and Cd in the soil, but there was
almost the highest amount of Pb and Cd in the sampling points
near the sewer. In this regard, one reason can be interpreted
due to changes in terms of soil acidity.

In this regard, Shen et al. [34] reported that the availability
of heavy metals could depend on the soil properties, which
was strongly affected by the soil acidity, such that acidity was
recognized as the main factor affecting the availability of
metals in the soil for the plant to absorb the heavy metals.
Here, it is worthwhile to mention that in the soil environment,
the solution concentration of the metal contaminants increases
by reducing the amount of the acidity, as their displacements
mainly occur from exchange points to solid surfaces by in-
creasing the activity of hydrogen ions, represented as the soil
acidity reducer.

Although this issue may increase the availability of con-
taminants for abortion by plants, it may also increase the con-
centrations of metal available to plants and cause toxicity in
them [17]. In this research, the soil acidity is lower at closer
distances to the channel. Accordingly, this issue can be a rea-
son for the greater number of heavy elements in the soil
around the channel over longer distances.

Table 1 Some soil properties of
the study area between the
channel and control point

Distance from the channel (m) pH EC (dS/m) Organic matter (%)

0 7.03 1.35 0.8

500 7.74 1.1 0.74

1000 (control) 8.9 1 0.55

Average amount of the study area 7.89 1.15 0.69

Fig. 3 Changes in the Pb
concentration based on the
distance from the channel for
different depths of soil
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Findings revealed that industrial wastewater has affected
heavy metals accumulation in soil near the channel. A relative
difference of 7 for Pb between soil sample adjacent to the
channel and control point (1000 m from channel) confirms
this claim. For Cd this ratio obtained about 2.5. Alloway [2]
announced that the natural range of Cd in soil fluctuates be-
tween 0.1 and 2 ppm. According to this, Cd amount was more
than critical content in soil. Concentration of soil Cd beside
channel was more than control point. Also the first depth of
soil contained higher level of Cd compared to the second
depth. No regular trend was observed for Pb. According to
the previous works, this may be due to changes in the envi-
ronment, such as changes in soil acidity [23] which explained
that the amount of Cd with pH has a photographic relation-
ship. Similarly, in the study soil pH was more than 7.8 which
may Pb to more Cd accumulation. Pb significant difference at
two depths can be related to the very slow movement of Pb in
the soil due to some processes such as ion exchange, trap and
complex with organic matter.

Based on different studies, the amount of TF is more than
one for both investigated plant species for Pb, indicating that
these two species have the necessary ability to absorb Pb from
soil to root, and then transferring the Pb from the root to the
leave. In other words, these plants absorb the Pb metal from

the soil and then transfer it to the leaves through the
phytoremediation process. Note that the normal range of the
Pb concentrations was reported 2–6 ppm for the plant species
[19]. This paper revealed that S. herbacea species can absorb
7.57 mg kg−1of the Pb in the root in the study area, whereas it
is 7.54 mg kg−1in its leaves.

Meanwhi l e , t he H. s t rob i laceum can abso rb
7.87 mg kg−1of Pb in the root while it is 10.38 mg kg−1in its
leaves. In this way, Kabata Pendias [19] described that al-
though Pbmight exist naturally in all plants, it had no essential
role in plant metabolism. As such, plants that could grow in
the presence of high concentrations of this element in the soil
and did not react negatively were resistant to this metal. In the
phytoremediation process and contaminated soil treatment,
some factors such as a strong root system as well as the trans-
ferring element factor from the roots to the leaves are very
important. Considering these factors, H. strobilaceum is a
plant via high power for the remedia t ion of Pb
-contaminated soils.

Moreover, Addy et al. [1] proposed that the normal range
of Cd in soil was 0.1–2 ppm. Meanwhile, they mentioned that
those soils via more Cd levels from this range were contami-
nated with cadmium. Cadmium can be toxic to the plant even
in very small amounts of 0.003 ppm. Therefore, those plants

Fig. 4 Changes in the Cd
concentration based on the
distance from the channel for
different depths of soil

Fig. 5 Changes in Pb
concentration in the shoot and
root based on the distance from
the channel for the two studied
plants
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that could continue their metabolism at this concentration
without any problems can be resistant and suitable for the
cadmium remediation from the soil [3].

The obtained results from the plant species indicated that
the amount of Cd in the root of S. herbaceawas 0.89 mg kg−1,
while it was 0.49 mg kg−1in its leave. Moreover, it was
1.64 mg kg−1in the root of H. strobilaceum, while it was
0.36 mg kg−1in its leaves, indicating that the amount of this
metal in the soil of the study area was higher than its normal
level. It should also be mentioned that in the case of Cd in
H. strobilaceum, the accumulation of this element in the roots
of the plant was higher than their leaves (i.e. TF was less than
1). Furthermore, in the case of S. herbacea, although the ac-
cumulation of Cd in the leave was higher than in the root, the
difference between this element in the leave and root was very
small, so that TF was calculated less than one.

In general, H. strobilaceum had a higher potential for soil
remediation and absorb more Pb and Cd than S. herbacea. Of
course, in a number of previous studies, the ability of
Salicornia plants species to absorb material from the reported
environment which is more salt-related [15, 20].

The TF value of Pb for H. strobilaceum and S. herbacea
was greater than 1. This indicating that these two species have
the ability to absorb and transfer Pb from soil to their vegeta-
tion parts. Other studies have reported similar results for heavy

metal uptake capacity for this plant. Bobtana et al. [6] reported
that H. strobilaceum is a moderate extractor which incline to
phytoextraction process in case of Pb and Cd. They also,
disclosed that H. strobilaceum might be promising
phytoextraction or phytostabilization species due to superior
in terms of growth and survival, reproduction and accumulate
metals in their tissues in contaminated soils. In previous stud-
ied, Anum et al. [4] stated that C. ambigua and C. officinalis
L. o rnamen ta l p l an t s c an sa f e ly be g rown fo r
phytoremediation aims to decrease soil pollution in term of
heavy metal accumulation.

In the present study, each individual of S. herbacea was
able to accumulate 6.65 and 7. 54 ppm of Pb in its root and
shoot, respectively. Also, each individual of H. strobilaceum
was able to accumulate 7.85 and 9.14mg kg−1of Pb in the root
and shoot. This means that they have accumulated excessive
amounts of Pb. The natural range of Pb concentration for
plants is reported to be 2–6 ppm [19].

Also, TF value of Cd for H. strobilaceum and S. herbacea
was lesser than 1. This factor was about half amount for the Pb
(0.55) and shows the lower ability of both species to transfer
the metal and therefore H. strobilaceum has the lowest TF
(0.22). Migaszewski and Paslawski [24] reported that plants
with TF more than 1 are suitable for heavy metal remediation.
In others studies in phytoremediation, Burd et al. [8] and
Muddarisna et al. [25] disclosed that in the plants that they
have studies, the BCF was smaller than one, while the TF was
more than one, indicating that the plants were suitable for
phytoremediation.

Moreover, other factors such as BCF and BAF of
H. strobilaceum and S. herbacea was noticeable. BCF is the
ratio of heavy metal accumulated by plants to that dissolved in
the environment and is important assets to evaluate the feasi-
bility of any plant species for the phytoremediation [27]. BCF
of Pb was more than Cd in roots was in the range of but in
previous study showed low-moderate and high accumulation
for Pb and Cd, respectively. This factor varies depending on

Fig. 6 Changes in Cd
concentration in the shoot and
root based on the distance from
the channel for the tow studied
plants

Table 2 Values of TF, BCF, and BAF of Pb and Cd in the studied
plants

Metal Species TF BCF in roots BAF in shoots

Pb S.herbacea 1.01 0.50 0.51

H. strobilaceum 1.38 0.52 0.70

Cd S.herbacea 0.55 3.02 1.6

H. strobilaceum 0.22 5.52 1.22

TF Translocation Factor, BCF Bioconcentration Factor, BAF Bio
Accumulation Factor.
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the type of plant and the area has been reported. For example,
a BCF = 23.51 was reported for Cd in Anthemis stiparum
which shows a high potential of phytoremediation near the
phosphate treatment industry, Tunisia [14]. Also
Retamal-Salgado et al. (2019) reported a high potential for
other studied plant to absorb Cd in aerials parts (TF > 2 and
BAF > 1). In this research the species showed BCF less than
1 for Pb, which means that these plants store the metal in their
underground tissues. It should be noted that the absorption
and transfer of metals and their distribution in plant organs
are different, which may be due to different growth conditions
of plants which in turn is affected by the interaction between
root-soil, root-bacteria and root-microcephaly.

In this research, two investigated plant species can be uti-
lized for the remediation of the soils contaminated by indus-
trial wastewater in the area of Eshtehard industrial estate.
Actually, the current research was conducted to investigate
the potential of these two species. According to the obtained
results, it is suggested that the proposed species that were
recognized as the resistant ones, can be exploited for
phytoremediation, which is a relatively simple and low-cost
method.

Overall, according to the obtained results, the species of
H. strobilaceum and S. herbacea can be capable to perform
the proper phytoremediation of Pb from the soil, as both spe-
cies can absorb, transport, and accumulate Pb in their organs.
However, this issue was not true in the case of Cd. On the
other hand, H. strobilaceum has a higher phytoremediation
capacity for Pb metal than S. herbacea, based on both TF
and BCF factors, but the opposite is true for Cd.

Conclusion

The present research shed light on a high, but different ability
of H. strobilaceum and S. herbacea species for absorption,
transport, and accumulation of heavy metals (Pb and Cd) in
their organs. In general, the highest concentrations of these
twometals are absorbed and stored by the underground organs
of H. strobilaceum and S. herbacea. Both species were found
to have a high potential to absorb, transfer, and accumulate Pb
and Cd. H. strobilaceum had further potential than
S. herbacea for Cd absorption. Given the presence of native
H. strobilaceum and S. herbacea plants in this area and con-
sidering ecological principles, they could be suggested for
planting for phytoremediation around the industrial towns that
are polluted with Pb.
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