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Abstract

The Agh-Dareh and Zarshouran mines are two known active gold deposits in Takab, NW Iran. In the present
study, the potentials of two species of Astragalus (A. microcephalus from Agh-Dareh and A. effusus from
Zarshouran mines), as the dominant plants grown in these areas, were assessed for the bio-accumulation of
the major, trace, and rare earth elements (REEs). The plant and soil samples were collected from the mining
areas and analyzed by inductively coupled plasma-mass spectroscopy (ICP-MS). According to the results
obtained, 4. effusus in the Zarshouran mine passed a high ability in the accumulation of some major elements
such as S, P, K, Ca, and Zn. Although the amounts of the examined trace elements in the soil samples were
more than those in the shoots of both examined plants, the potential of A. microcephalus in the absorbance
and translocation of Cd, U, Tl, and Pb was more than that for A. effusus. It became clear that the performance
of A. microcephalus from the Agh-Dareh mine in the uptake and transportation of REEs was more than that
for A. effusus from the Zarshouran mine; also both plant species absorbed and transported much more light
REEs than heavy REEs did. According to the results obtained, the present study provides some geochemical
findings about the substrate and leads to the increasing information about the plants as a useful indicator of
metal mineralization.
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1. Introduction

Different activities such as mining and smelting of
metal ores can lead to an increase in the
concentration of metals in the environment; in
fact, metal pollution has become one of the main
concerns in many parts of the world [1]. Polluted
environment can be remediated by different
physical, chemical, and biological techniques [2].
Meanwhile, the use of green plants serving as
some kind of bio-remediator can remove
pollutants from the environment; it also seems to
be cost-effective and environmentally friendly [1,
3-5]. One of the main strategies of
phytoremediation is phytoextraction, which
consists of plants taking up the contaminants such
as heavy metals and accumulating these to
extremely elevated levels in the shoots; in fact,

plants can uptake various elements from their
substrate mainly through their roots. Although
some of these elements are essential nutrients for
them, in most cases, the high concentration of
elements can be toxic for the plants [6, 7]. They
can use two different strategies in response to
such elevated concentrations: exclusion and
accumulation [8, 9]. In fact, the plants can restrict
the transportation of the elements to their shoots
(excluder plants) or accumulate a high level of
elements in their above-ground parts (accumulator
plants). If the element concentration in the plant
reflects its bio-available concentration in the soil,
the plant is an "indicator" [8, 10, 11]. Therefore,
the plants not only can be used for the
bio-remediation of the polluted environments but
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also some of them can be identified as a useful
indicator of metal mineralization, thereby,
contributing to mineral exploration [5, 12, 13]. A
bio-geochemical survey may provide geochemical
information about the substrate. For instance, the
composition of the vegetation reflects the
availability of an element for the plants and their
ability to absorb, transport, and accumulate the
element.

The Agh-Dareh and Zarshouran gold deposits,
two main gold deposits in the Takab region in
NW Iran, are hosted by carbonate-rich
sedimentary rocks of Miocene and Upper
Proterozoic—Lower Cambrian age, respectively
[14]. They have been compared with the
Carlin-type deposits [15, 16], and are referred to
as sedimentary rock-hosted disseminated gold
(SRHDG) deposits [14]. The mining activities in
the two present areas date back to some hundreds
of years ago [17, 18]. Long years of mining in
these areas have produced and accumulated a
large volume of pollutants, and there is few
information about the environmental impacts of
mining activities in these areas.

There are about 8000 plant species belonging to
150 families in Iran, with around 2000 numbers of
them being native [12, 19]. 4stragalus L., which
is the largest genus of Fabaceae, is one of the
largest genera among flowering plants (2500
annual and perennial species) [20]. It has been
reported that in the moderately cold sub-mountain
regions of the northern hemisphere and south
America, many species of Astragalus are one of
the main components of plant communities [21].
In the Takab mining area, Astragalus sp. is also
one of the dominant plant genera, and the ancient
name of the area, Tikan Tapa, refers to the
predominant existence of Astragalus species in
this region. Although there are numerous natural
metal-contaminated soils in different mining
areas, there is little information about the
concentration of different elements in the native
plants of Iran; also not much is known about the
relationship between the element concentrations
in the plants and different soils [12, 22]. In
addition, there is almost no information regarding
the environmental bio-geochemical behaviors of
rare earth elements (REEs) in the soil-plant
system in different areas of Iran. Thus the present
study was carried out for the first time to address
the environmental bio-geochemical behaviors of
the major, trace, and rare earth elements in two
main gold deposits of Iran.

The objectives of the present study were to
investigate the bio-accumulation of different
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major, trace, and rare earth elements from the
soils of Zarshouran and Agh-Dareh mines by two
Astragalus species grown natively on these
mining areas and to calculate biological
absorption coefficient (BAC) as an indicator for
element absorptions by plants. Moreover, the
potentials of A. microcephalus and A. effusus for
the remediation of polluted soils were compared.
Eventually, evaluation of these plants for the
treatment of the soils was carried out in the
present study.

2. Material and method

2.1. Studied area

The Agh-Dareh (36 40' and 47 1' E) and
Zarshouran (36 43' N and 47 8' E) gold deposits
are located in the Takab mining area, NW Iran
(Figure 1) at the intersection of Urumieh—Dokhtar
volcanic belt [23]. The Takab area with moderate
summers and very cold winters has a semi-arid
climate with the annual precipitation of the area
being about 400 mm [17, 24].

2.2. Soil and plant sampling and preparation
The soil and plant samples were gathered from the
areas about 2 Km® in and around the Agh-Dareh
and Zarshouran mines (in five and three studied
sites, respectively) during the spring, 2016. The
aerial parts (shoot) of Astragalus microcephalus
(Figure 2a) and Astragalus effusus (Figure 2b)
were collected as two dominant Astragalus
species in the Agh-Dareh and Zarshouran mines,
respectively. In fact, five soil samples and five
samples from the shoots of A. microcephalus in
addition to three soil samples and three samples
from shoots of A. effusus were collected in and
around the Agh-Dareh and Zarshouran mines,
respectively.

The soil samples were collected from the 20-40
cm depth around the root of the sampled plants.
After drying in an oven at 100 °C for 3 h and
sieving through a 2-mm grid, the samples were
digested by a HCI-HNO;-H,O mixture at 95 °C
for 1 h. The digests were analyzed using HP
Agilent 4500 ICP/MS (USA) at Zarazma Co.,
Iran.

All the plant shoot samples were first washed with
tap water, and later with distilled water; then they
were dried at room temperature at 70 °C for 24 h.
The dried plant samples were ashed by heating at
200 °C; the temperature was gradually increased
to 500 °C over 2 h. The ashed samples were
digested in HNO; for 1 h; then they were kept in a
HCI-HNOs-H,0O mixture for 1 h at 95 °C. Finally,
all the ashed plant samples were analyzed by ICP-
MS.



Torbati et al./ Journal of Mining & Environment, Vol.9, No.2, 2018

45°

6"

st

39°

A=
Agh Darreh mine

To Shahindezh

~36.50

L
Alochalo Olya

Hassan Abad

A’rpﬁhﬂ _ Agh Otag

1 1

Il )
@Arabshah .,/
A

-1 \ Zarshuran mine
.

Zarshuran

Shir Abad

Alochalo Sofla

Ahmad Abad

@73

@ Z2
Z-1

'To Dandi

Garaghayah

Takab

® Sample location

- City
Mine
@ Village
— First class road
Second class road
= = ~ Third class road

L SKm ,

Figure 2. a) A. microcei)alu

fom Agh-Dareh mine b) A. effusus from Zarshouran mine.

419

25"



Torbati et al./ Journal of Mining & Environment, Vol.9, No.2, 2018

2.3. Biological absorption coefficient

In order to determine the absorption intensity of
the plants from their substrates, the biological
absorption coefficient (BAC) was calculated using

Eq. (1) [25]:
BAC=C,/C, (1)

where C, is the concentration of an element in the
plant ashes and C; is the concentration of the same
element in the soil samples.

3. Results and discussion

3.1. Accumulation of major elements

According to Figure 3, among the 11 elements
studied as the major elements here (P, S, K, Ca,
Al, Mg, Na, Fe, Zn, Ti, and Mn), only P was
accumulated in the shoot of A. microcephalus was
around 1.6 times more than that of the soil
samples in the Agh-Dareh mine (Figure 3a). In
contrast, A. effusus in the Zarshouran mine
showed a high ability in the accumulation of some
major elements such as phosphorus, sulfur,
potassium, calcium, and zinc (near 9.6, 5.8, 3.7,
3.1, and 1.1-times more than those to the soil
samples) (Figure 3b). Therefore, among the 6
main macronutrients (N, S, P, K, Ca, and Mg)
essential for the plant normal growth, 4. effusus
could accumulate P, S, Ca, and K in its shoot
more than the amounts of the soil. It could be
concluded that between the two species of
Astragalus, A. effusus had a good ability for

macronutrient absorbance and translocation to
shoot, as compared to 4. microcephalus.

P and S are two important macronutrients, without
a sufficient amount of which, plants cannot
normally grow. P forms about 0.2% of a plant’s
dry weight and S is found in the structure of the
amino acids Cys and Met [26, 27]. In addition to
these elements, Ca is one of the main plant
nutrients required for different structural functions
in the plant cell wall and membranes, and its
cytosolic concentration is a main intracellular
secondary messenger for organizing responses to
numerous developmental signals and
environmental challenges [28]. Moreover, plants
require potassium ions for many indispensable
roles such as a certain ionic environment for
metabolic processes in cytosol, protein synthesis,
movement of cells and organs, and activation of
some enzymes [29]. According to the above-
mentioned roles of these macronutrients in the
normal growth of plants, the plants tendency to
absorb high amounts of these elements is quite
obvious. According to the results obtained, by
comparing the accumulation manner of the plants
with amounts of elements in the two groups of
soils (Figure 4), A. effusus was also found to have
a good potential for the absorbance and
translocation of Fe and Mg from the soil of the
Zarshouran mine, as compared to the absorption
ability of A. microcephalus from the soil of the
Agh-Dareh mine (Figure 4).
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Figure 3. The amounts of major elements in the soils and shoot ashes of a) A. microcephalus from Agh-Dareh
mine and b) A. effusus from Zarshouran mine (Mean + SE).
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Figure 4. The trend of major element concentrations in the soils and shoot ashes of A. microcephalus from Agh-
Dareh mine and A. effusus from Zarshouran mine.

3.2. Accumulation of trace elements

In order to determine the amount of trace elements
in the soils of the two studied areas and in their
plant samples, the contents of Cu, Mo, Cr, Co, Cd,
Ni, U, Tl, Sr, V, and Pb were determined by the
ICP-MS analysis. According to the results
obtained, the amounts of the examined elements
in the soil samples were more than those in the
shoots of both plants (Figure 5). Figure 6 also
compares the plants accumulation of the trace

elements with the contents of the elements in the
two soil groups.

Accordingly, A. microcephalus was absorbed,
transferring about 16.6, 24.5, 23.5, and 16.1
percent of the Cd, U, T1, and Pb content of the soil
of the Agh-Dareh mine, respectively. In fact, the
potential of A. microcephalus in the absorbance
and translocation of Cd, U, TI, and Pb from the
soil of Agh-Dareh was 3.2, 2.1, 4.6, and 6.2 times
more than that of A. effusus regarding the
mentioned elements, respectively (Figure 5).
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Figure 5. The amounts of trace elements in the soils and shoot ashes of a) A. microcephalus from Agh-Dareh mine
and b) A. effusus from Zarshouran mine (Mean * SE).
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The abundance of Cd in the Earth's crust averages
0.1 mg kg"'. Meanwhile, the overall mean value of
Cd in the world soils has been estimated to be
0.41 pg g’ [30]. Soil contamination of Cd is
believed to be the most serious health risk, and
under the man-induced conditions, Cd is high in
surface soils. For instance, the Cd concentration
of surface soils in mining areas has been found to
be in the range of 2-400 pg g' in different
countries [30], and in the present study, its amount
was 7.7 and 222 pg g for the soils of the
Zarshouran and Agh-Dareh mines, respectively
(Figure 5). Therefore, the amount of Cd in the
soils of the Zarshouran and Agh-Dareh mines was
approximately 70 and 200 times more than that of
Earth's crust, respectively. According to the

results of the previous studies, the Cd levels in
legumes range from 0.08 to 0.46 pg g' in
different countries, and this value is near 4.9
ng g for the legumes that have been grown in the
mining areas [31]. The amount of Cd in the shoots
of A. effusus and A. microcephalus was 0.4 and
3.7 ng g, respectively (Figure 6). As a result, the
ability of 4. microcephalus in the absorbance and
translocation of Cd was about 3.2 times more than
that of 4. effusus (16.7% versus 5.2%) (Figure 6).
According to the literature, the soil pH is the
major soil factor controlling the uptake of Cd
[30]. Therefore, the information about pH of the
soil samples could be useful in explaining the high
ability of A. microcephalus in the absorbance of
Cd compared to 4. effusus.
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Figure 6. The trend of trace element concentrations in the soils and shoot ashes of A. microcephalus from Agh-
Dareh mine and A. effusus from Zarshouran mine.

The average U content in the Earth's crust was
estimated to be 2 pg g, and it has been reported
that its content in uncontaminated soils varies in
the order of 1.9-4.4 pg g'; it is while the U
content in the terrestrial plants was reported to be
in the range of 0.005-0.06 pg g' [30]. The U
concentration in the soils of the Zarshouran and
Agh-Dareh mines ranges between 2.4-4.7 and
1.4-2.1 pg g, respectively. These amounts were
in the range of average U content in the Earth's
crust. On the other hand, its amount in the plants
shoots was 0.1-0.3 and 0.5-1.3 for 4. effusus and
A. microcephalus, rtespectively. It could be
concluded that according to the reported
worldwide ranges for the amount of U in the
plants, the performance of these two species of
Astragalus, especially A. microcephalus, in
absorbance of U was considerable.

The average amounts of Tl have been reported to
be about 0.5 and 0.05 pg g in different soils and
plants, respectively [30, 32]. These amounts for
the soil of the Zarshouran mine and the shoots of
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A. effusus grown in that mine were 7.9 and 0.4 ng
g, respectively. Moreover, in the Agh-Dareh
mine, the mean content of T1 in the soil and shoot
of A. microcephalus was determined to be 32.8
and 7.7 pg g', respectively (Figure 5). By
considering the average TI content in the Earth's
crust (0.5 pug g"), the content of the element in the
soils of the Zarshouran and Agh-Dareh mines was
high. Moreover, the Tl content in the plant ashes
(especially in the case of A. microcephalus) was
more than the worldwide reported averages of Tl
in the plant samples.

Lead is one of the major chemical pollutants of
the environment [33]. As the Pb concentration in
the soils and vegetation has increased in the recent
decades due to anthropogenic activities, being
aware of its content in the soils and plants is very
important in environmental sciences. The world
average amount of the total Pb in Earth's crust and
in different soils have been estimated to be 15 and
27 nug g, respectively [30]. In contaminated sites
such as mining areas, the Pb content is high. For
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instance, its amount in non-ferric metal mining
areas may range from 15 to 13000 pg g’,
according to the literature [34, 35]. In the case of
the Pb content in the plants, it has been reported
that its amount in the legumes of different
countries varies from 1 to 4 pg g at the plant
immature growth, while other high amounts such
as the range of 63-232 ug g have been reported
for the plants grown in the contaminated sites
(such as mining and mineralized areas) [36]. In
the present study, the Pb mean amounts in the
soils of the Zarshouran and Agh-Dareh mines
were 282 and 1158 pg g, respectively. These
amounts were approximately 19 and 80 times
more than those of the Earth's crust, respectively.
On the other hands, the Pb amounts in the shoots
of A. effusus and A. microcephalus were 7.3 and
187 ng g, respectively (Figure 6). In fact, A.
microcephalus absorbed about 16.1% of the soil's
Pb content of the Agh-Dareh mine. The
mentioned amount was 6.2 times more than that
of A. effusus in lead absorbance and translocation
from the soil of the Zarshouran mine (Figure 6).
The Pb uptake by plants depends on some soil
parameters such as the soil organic matter and pH.
Moreover, some plant factors like genetic factors,
root surface area, and root exudates are very
important [30]. It has been reported that Pb is
absorbed mainly by plant root hairs, and root
surface area is a significant factor in Pb uptake by
plants. Therefore, high potential of A.
microcephalus, as a perennial plant, in Pb
absorbance could be related to its advanced root
system compared to A. effusus. However, the Pb
content of plants grown in mineralized areas is
highly correlated with Pb concentration in soils of
such areas. Nevertheless, according to the
literature, Pb is a very useful element for
geochemical prospecting [37].

A. effusus in the Zarshouran mine exhibited a
desirable performance in the absorbance and
translocation of Cu, Mo, and Cr from the soil of
the present area (Figures 5b and 6). The plant was
absorbed, transfering about 45.6, 40.0, and 26.8
percent of the Cu, Mo, and Cr contents of the soil
of the Zarshouran mine, respectively. In contrast,
the absorbance and translocation ability of A.
microcephalus for these elements was 25.9, 20.5,
and 21 percent of the soil of the Agh-Dareh mine,
respectively.

The abundance of Cu in the Earth's crust averages
55 ng ¢! and its average content in different soil
groups in the world ranges from 14 to 109 pg g’
[30]. The Cu content in the soil samples of the
Zarshouran and Agh-Dareh mines was in the
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range of 11-45 and 41-66 pg g, respectively. In
agreement with the obtained mean amount of Cu
in the shoots of the two examined Astragalus
species (14 and 13.8 pug g for A. effusus and A.
microcephalus, respectively), it has previously
been reported that the Cu content of the whole
plants shoots do not often exceed 20 pg g [30].
For instance, the mean level of Cu in the clovers
(Trifollium sp., another member of the Fabaceae
family) of different countries has been in the
range of 6.5-16.2 ug g [30]. It is while some
plant species can accumulate a high amount of
this metal in their tissue and 24 Cu
hyperaccumulating species have been recorded in
various plant families [38] up to now. Cu is one of
the essential metals in the plants, serving
important roles in physiological processes such as
photosynthesis and respiration, carbohydrate and
nitrate metabolisms, disease resistance, and water
permeability [39].

The Mo average content of the Earth's crust has
been reported to be 1.5 pg g'; meanwhile, the
world average amount of Mo in the soils has been
established to be 0.9-1.8 pg g'. The element is
one of the essential micronutrients in the plants
and plays an important role in the nitrogen
metabolism and protein synthesis of the plants
[40]. Various factors such as drought, soil pH and
texture, and also plant species affect Mo
phytoavailability [41]. According to the results of
some previous studies, the mean Mo content in
the legumes (Fabaceae family) ranges from 0.7 to
2.3 pg g in different countries, where the Mo
toxicity in grazing animals has not been observed
[30]. Therefore, the amount of Mo in the shoots of
A. effusus (0.6 pg g') and A. microcephalus
(1.6 ug g') was in the reported ranges for the
Fabaceae family.

The average content of Cr in the Earth's crust and
the world soils has been established to be 100 and
60 pg g, respectively. Due to the Cr importance
as an essential micronutrient for the humans and
its carcinogenic effects in high concentrations, the
Cr content in the plants has recently received
much attention [30]. Most soils contain high
amounts of Cr but it is slightly available to plants
and not easily translocate within them. It has been
reported that the Cr concentration in the shoots of
the Indian mustard and fodder radish growing in
Cr-polluted soils (247 ug g") does not exceed 10
ng g' [42]. Moreover, the amounts of Cr in
legumes and clover (both from Fabaceae) have
been reported to be up to 0.5 and 4.2 pg g,
respectively. The average obtained amount of Cr
in the shoot ashes of A. microcephalus and A.
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effusus was 24.2 and 15 pg g', respectively.
Therefore, the potential of 4. effusus in the
absorbance and translocation of Cr was
approximately more than that of A.
microcephalus. In addition, the amount of Cr in
the shoots of both examined plants was more than
that for legumes and clover. It has been reported
that the capability of the root of the plants in
converting Cr’" (slightly mobile) to CrO,”
(soluble) is the key process in Cr absorbance [30].
Therefore, good potential of the root of 4. effusus
in converting Cr’" to CrO,? and production of
more soluble Cr content could be one of the main
reasons of the high amount of Cr in that plant.

The average content of Cr in the soil samples of
the Agh-dareh and Zarshouran mines was 114.4
and 56 ug g, respectively. Therefore, the content
of Cr in the soil of the Agh-Dareh mine was more
than that of the Earth's crust; it is while the
element content in the soil samples of the

Zarshouran mine was lower than that of the
Earth's crust.

3.3. Accumulation of rare elements

The rare earth elements (REEs) are usually related
to the lanthanides (LAs) comprising a group of 15
elements, of which only promethium (Pm) does
not exist naturally in the Earth's crust [30]. Due to
the REEs economic importance and their high
usage in different industries ranging from glass
production to electronics industry, their different
characteristics have been extensively studied.
However, most of those studies have been focused
on the geochemical characters of REEs on parent
rocks and soils [43, 44], and there are few studies
on their bio-geochemical and environmental
behaviors in soil-plant systems. The REEs mean
contents in the soil samples of the two studied
mines and in the shoot ashes of A. effusus and A.
microcephulaus are presented in Figure 7.

A. microcephalus from Agh-Dareh mine

O Soil
H Plant|

La Ce Pr Nd Sm Eu Gd Th Dy Er Tm Yb Lu

A. effusus from Zarshouran mine

100
o a
'-'ED
o
2 10
[ =
S
<
T
s “1
Q
[ =4
[=]
o
0.1+
100
b
F‘m
2 10
c
o
5
T 1]
@
Q
[~
=]
0
0.1+
La Ce

Osoil
H Plant

H Aln

Pr- Nd Sm Eu Gd Tb Dy Er Tm Yb Lu

Figure 7. The amounts of rare earth elements in the soils and shoot ashes of a) A. microcephalus from Agh-Dareh
mine and b) A. effusus from Zarshouran mine (Mean + SE).

REEs distribution shows a general peculiarity;
their content is decreased with increase in the
atomic weight; according to the Oddon-Harkins
rule, an element with an even atomic number is
more frequent than the next element with an odd
atomic number [45]. Regarding the soils of the
Zarshouran and Agh-Dareh mines, the amount of
13 analyzed REEs (La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Er, Tm Yb, and Lu) and their distribution
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pattern approximately followed the mentioned
rule (Figure 8). Moreover, the REE contents in the
plants ashes (for La to Dy) were also in agreement
with those estimated by the Oddon-Harkins rule
(Figure 8); however, due to the very low amounts
of Er, Tm, Yb, and Lu in the plant ash samples,
and also due to the limitations associated with the
analytical technique employed, their amounts
were not determined (Figures 7 and 8).
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According to the results obtained, the abundance
of La, Ce, and Nd in the soils of the Zarshouran
and Agh-Dareh mines was remarkable, and the
content of light rare earth elements (LREEs, the
elements from La to Gd) was higher than that of
heavy rare earth elements (HREEs, the elements
from Tb to Lu). During weathering processes, the
REEs enrichment in the weathered material is
relatively high, especially for LREEs [46]. The
High amount of LREEs, in comparison to HREEs,
has also been previously reported for the soil of
the Hetaei gold field in China [47]. The ratios of
the sum concentration of LREEs to HREEs
(3 LREE/HREE) for the soils of the Zarshouran
and Agh-Dareh mines were 21.4 and 13.2,
respectively. HREEs are more likely to move than
LREEs. Thus during the migration process of
REEs, LREEs could be enriched in parent rocks,
while HREEs might be gradually depleted.
Therefore, the ) LREE/HREE ratio could reflect
the hot and humid weathering conditions and the
low-pH  leaching  environment in  the
mineralization area [47]. The total concentration
of REEs except Ho (3 REEs, the sum of the
concentration of REEs except Ho) in the soils of
the Zarshouran and Agh-Dreh mines was 160.8
and 111.6, respectively.

The process of REEs absorbance, accumulation,
and transportation in a plant system is influenced
by the soil chemical properties and
bio-availability of REEs, and plant survival
mechanisms in the mining area [48]. Laul et al.
have determined the REEs relative abundance,
finding that the concentration of these elements in
plants followed their occurrence in the soil [49].
The existence of a significant similarity or
correlation between the REEs contents of the soils
of the two studied mines and the plants of each
mine was in agreement with the findings of the

425

previous research works. In fact, the amount of
each REE was increased in the plant by its
enhancement in the soil of the related mine
(Figure 8). According to the results obtained, both
plant species absorbed and transported much more
LREEs than HREEs. The high ability of some
plant species such as Dicranopteris dichotoma in
the absorbance of more LREEs than HREEs has
been reported previously [47]. Plants by their root
exudates such as organic acids can solubilize
LREEs in the soil; moreover, there are many
carboxylate groups in plant tissues, which can
bind to LREEs more easily and more effectively
than HREEs. The > LREEs contents in the plants
shoot ashes were 10.3 and 16.6 pg g of A. effusus
and A. microcephalus, respectively. Meanwhile,
due to the very low amounts of 4 numbers of
HREEs (Er, Tm, Yb, and Lu), their contents and
also YHREEs could not be determined. The
performance of A. microcephalus in the
Agh-Dareh mine regarding the uptake and
transportation of REEs was more than that of A.
effusus in the Zarshouran mine. Some REEs such
as Nd, Eu, and Gd were absorbed up to more than
20% of their soil contents by A. microcephalus;
thus it could be concluded that A. microcephalus
was more capable than A. effusus in the uptake of
REEs.

3.4. Biological absorption potential

The chemical analysis of plants can be a
promising tool to determine the properties of the
biosphere. The biological absorption coefficient
(BAC) reflects the relationship between the
concentration of chemical elements in the soil and
in the plant; moreover, it could be used for
comparing different plants abilities in the
absorption of the elements [50]. The
bio-accumulation amount of each element by
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plants was classified into five groups according to
the quantity of BAC: BAC > 10, very strong
accumulation; from 1 to10, strong accumulation;
from 0.1 to 1.0, moderate absorption; from 0.01 to
0.1, weak absorption; and from 0.001 to 0.01,
very weak absorption [51].

As it can be seen in Figure 9a, the average amount
of BAC for P, S, K, Ca, and Zn (in the major
element group) was more than 1, and in some
cases (P and S for A4. effusus), it was more than 10
for the two examined plant species. In fact, these
elements could be strongly accumulated in the
studied plants. The potential of A. effusus in the
biological absorption of the mentioned elements
was 5.7, 10.1, 2.4, 2.1, and 3 times more than that
of A. microcephalus, respectively. Moreover,
according to the amounts of BAC, the
performance of 4. effusus in the absorption of Mg,
Fe, and Mn was remarkably more than that of A.
microcephalus (Figure 9a). In contrast, BACs of
Al and Ti for A. microcephalus were 0.31 and
0.42, respectively, and these amounts were
significantly more than their BAC values for 4.
effusus (0.04 and 0.01, respectively).

All BAC values for the 11 elements that were
studied as trace elements in the soils of the
Zarshouran and Agh-Dareh mines were in the
range of 0.1-1 (Figure 9b). However, BAC values
of Cu and Cr for A. effusus from that of

Zarshouran mine were much higher than those for
A. microcephalus. In addition, the potential of A.
microcephalus in the absorbance of Cd, U, and Tl
was more than that of A. effusus according to the
BAC values of these elements in the two plant
species (Figure 9b).

According to the amounts obtained, as found for
BAC values of REEs, the potential of A.
microcephalus in the absorption and translocation
of REEs was considerable in comparison with that
of A. effusus. BAC values of REEs, especially
LREEs, for A. microcephalus were noticeably
higher than those of A. effusus (Figure 9c). For
instance, the BAC values of 4. microcephalus for
Ce, Pr, Nd, and Gd were 0.74, 5.2, 2.4, and 1.4
respectively. Meanwhile, these amounts for A.
effusus were 0.05, 0.07, 0.09, and 0.13,
respectively. Therefore, contrary to the results
obtained, while a good performance of 4. effusus
in the absorbance of major elements was found,
its potential in the absorbance of REEs was very
low.

Different potentials of the plants in the absorbance
of the elements could be due to different reasons
such as the abundance of the elements in the soil,
pH and soil organic matter, bio-availability of the
elements, plant age, and depth of root system [7,
52].
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4. Conclusions

In the present study, the environmental
bio-geochemical characteristics of some major,
trace, and rare earth elements were investigated in
two main gold deposits of Iran, and the
bio-accumulation potentials of two Astragalus
species for their uptake were probed. According to
the results obtained, regarding the accumulation
of the elements in the soil samples and the shoot
ashes of the plants, among the 11 elements studied
as the major elements (P, S, K, Ca, Al, Mg, Na,
Fe, Zn, Ti, and Mn), A. effusus in the Zarshouran
mine passed a high ability in the accumulation of
the some major elements such as S, P, K, Ca, and
Zn. In contrast, only P was accumulated in the
shoot of A. microcephalus more than the soil
samples in the Agh-Dareh mine. In the case of the
trace elements, although the amounts of the
examined trace elements in the soil samples were
more than those in the shoots of both examined
plants, the potential of A. microcephalus in the
absorbance and translocation of Cd, U, TI, and Pb
from the soil of Agh-Dareh was more than that of
A. effusus. A. effusus also showed a good
performance in the absorbance of Cu and Cr in
comparison with A. microcephaus; also BAC
values of Cu and Cr for 4. effusus from the
Zarshouran mine were much higher than those for
A. microcephalus. In addition, the performance of
A. microcephalus in the Agh-Dareh mine
regarding the uptake and transportation of REEs
was more than that of 4. effusus in the Zarshouran
mine. BAC values of REESs, especially LREEs, for
A. microcephalus were noticeably higher than
those of A. effusus. Both plant species absorbed
and transported much more light REEs rather than
heavy ones. It could be concluded that the
performance of A. effusus in the absorbance of
major elements was considerable. In contrast, A.
microcephalus showed a good performance in the
uptake of the trace and rear earth elements from
the soil of Agh-Dareh mine.
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