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Fig. 1. Geological map of the study area (Akbari Moghadam, 2014)
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Fig. 2. Photos from sample collection and preparation process
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Fig. 3. Alteration and mineralization zone of realgar and orpiment in the study area
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Fig. 5. Comparison of arsenic concentration in soil samples and different parts of studied plants
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Table 1. The chemical analysis results of soils and plants (mg/ton)

Sample Mo Cu Pb Zn Ni Co Mn As Sb Cr
CHP-4 0.46 14.36 9.33 40 140.111.73302 21059 0.83 75.1
CHPR-4 0.26 11.54 1.02 723 452 3.9 121 605.7 0.29 29.1
CHP-4R 04 14.06 4.52 359 1435 12 294 2101.2 0.8 74.6
CHP-5L 0.5 16.06 2.91 24.6 132.1 9.86 214 1864.6 6.04 69.2
Plant CHP-L 1.63 174 0.78 439 152 1.67 162 5732 3458 11.9
CHP-13 0.52 8.28 1.13 23.8 87 1.17 70 86.7 0.61 8.3
CHPR-21 11.89 122 1.48 76.6 85 1.06 58 66.8 654 20
CHP-21 6.17 6.84 1.14 327 11.2 1.49 63 753 9.16 18.2
CHPR-N 0.41 12.32 1.4 425 17.2 2.03 64 275 0.53 16.8
CHP-N 14 848 092 414 7.2 074 42 11.1 0.23 11.5
CHPR-18 0.3 921 0.64 1424 245 2.28 87 3633 0.77 17.8
CHP-18 0.4 18.33 4.07 51.2 87.7 10.81 345 943.6 548 47.7
CHPR-15 0.41 40.11 3.79 445 86 12.1 441 11828 7.25 46
CHP-15 0.61 35.39 2.61 56 58.7 9.01 263 8514 533 43.1
CHP-17 2.8 6.31 0.77 206 53 0.29 64 155 06 4.1
chs-15 0.33 101.737.37 48 163.3 22.5 734 2800.6 1596 58.6
chs-4  0.13 17.66 2.6 262 468.4 35.5 783 73129 5.86 99.8
Soil chs-17 0.29 30.29 8.24 47.2 1884 19.7 690 2163.3 7.35 55.4
chs-21  0.23 36.21 7.64 66.8 180.5 27 859 7.5 0.26 76.2
chs-N  0.35 29.48 8.27 58.4 219.4 26.1 983 2053 0.41 80.8
chs-12  0.53 944 9.22 72.6 116.7 21.8 800 46.1 0.29 50.5
chs-L  0.68 43.58 2.51 28 233.6 25.5 677 >10000.0 477.86 124.3

pS ke V jl Atwg o yate ol lade wiyls lgen]
51 5 oy Dligesy )3 cnlpl 5 09d g0 0 Gl
Ol dials om0 o plis Sad g8 oS g 00
UO G /Y 5 calises sloygiS o S (lgens]
OLes 5 3s2) Sl oad BIS (5 50 p S e
G /Y8 5l gl dilaie S o lgeuns] cdale (V44
039 0 O 50 pS ke o108 e plalS o ) el
u‘)m 9 doLf"‘ (\ ava ‘Uﬁy) Sl 00l U“’)‘)f Sz
G /oY S lals o 1) olsesl clale (VAYY)
ohlen g alSLy s S i 158 5 s 6,59 S FIV
sy gloazis o g Lo o) leensl laie (VAVA)
03900 5 5 S skee 00 BV (Gane bl o azsly
ailaie LS o loes] cdale ais,S o)l5 Sas
ISy sl o o5 10 0,8 Lo YEIVA L /YY 5l gl
ﬁ‘&)‘ 3 U‘W] u‘).uﬁ OJ.A" Cewdo c.:Lu JoL.o‘ » (?
3 CHP-18 (CHP-5L (CHP-4 o Lo sladiges )lalS

(F JSS) cal ooy a5l iy CHP-21

O L /o) 5l Joomo jola lalS o Sl clale
5 OY9)) Sel ke (SAS 0j9) 5,0 pS ke
Sl o Caw albn] s aldl (Y440 ) Sen
HblS wges ;o Syl e (Yoo v (wbanbLY)
£S5 e YV O B VYO (o gl dilaio jloas cuils
plod jo g&.\w)];)m O JK8) cenl uxie o5 5o
Cobge do axgi b oS alols o Sl clale ol s
5 dx o oblS slane [, Kl o)l paiges
SoelinST s 5h cos s 4 S s S
S0 Syl 55 005 e danlie .l paie oyl
ol a3l (O JSK2) Hloges o bl olgn slail g ay,
ﬁ‘&)‘ L u&.uw)" u‘)..uﬁ o.).n" Cewdy CJL.) doL.o‘ » ol
CHP-21 4 CHP-18 CHP-4 o o sladiges )lalS

(0 J.i..)) Sl 0542 LQA..W.)) )l preve)
O eSSk Vol G & (o) Slise, sl



v VF¥ lawal g 5l FO o ylods A 090 (60 1,15 (owlls(pn ) 90 o8 (sldaSl

LS iy 4 S 51 Slol 4y IS5 el S pH L5
L degud) Alyssum aigS  Jie O3l>18 ol o5 @
IS jlade Slyss Yoeme 090 0 gl Sl (Ut
Voo b Ve 5l oalS slodisl iy 10 cowo b Sl
Gl Bl (K83 059 o 0 S ke
oo 3 50k e sl (LS il slaaisS
Lruciferae Baraginaceae laoslgls [ S
s Caryophyllaceae § Leguminosae Myrtaceae
O () 5 L lasl 29 ()], Ken 9 5.5 ,5)
ol o S cbale a0 SILS caiS Ui oS
ol it 5 50 0,8 Lo VE NV BVIY 5l gl adlais
uLbLf ‘nl.).)l BN J.i.u u‘).ua odal Cawdo C’L"’ U“’L“"| >
3l yiis CHP-21 4 CHP-18 (CHP-4 o,lois sladigos

(Y USE) canl ooy aiy

BVEe ) Sl S o IS5l 1S
Cl)S 50 g el Hlade o i (5 0 S e Vo0
@iy S o0 5 3 p S e 1O LD &
iy A4S i IS5 5 50 0,5 e A0 B O o
Gl Lo Sosdslo 5o 1 (9 1S 5 oy Sl yo
iz 50 gaad ollg JTolge (Ve ( wbosbLL)
US Sl laz ol s B STE ats o Lt IS
Lo oy 5o p,8 oo ¥O U+ /Y 5l (glos oS 0game o
B VSVl el dibate S o Ko cdile witen
oyt @l Y JSE) Gl i o5 4 o5 olee FPAIE
G 55 e el aty, e 5l end culs,y S
alsg oy g Slol e IS ams e L) UGS
o2 b (Fute pob 4 9 058 0 > LS Sl lals
S i el o i pasedes 1o 3Ll S IS

1000
(sb)
100 A
10 4
1 o
0.1 -
<« o o
a n a
5 £ &
© =]

CHP-13

CHP-21

H Shoot " Root M Sail
I 3 9 5
3 a a a
S I I I

&) o o

(¥ U5 ailio aaigos slosdly) anllian 590 dllaie (LS ciliho slojicks 3 SB ladiges 10 ylgantd] Clalé duulio 5 JSUb
Fig. 6. Comparison of antimony concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 7. Comparison of nickel concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 8. Comparison of cobalt concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 9. Comparison of chromium concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 10. Comparison of molybdenum concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 11. Comparison of lead concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Fig. 12. Comparison of zinc concentration in soil samples and different parts of studied plants (legend as Fig. 3)
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Table 2. Translocation factor in plants (Kabatapandias, 2011)
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Table 3. Comparison of translocation factor of root to soil (R), shoot to root (S) and bioaccumulation factor (BF) in

studied plants
Sample As Sb Ni Co Cr Mo Pb Zn Mn Cu
R 029 0.14 030 033 0.33 3.54 359 1.53 039 0.81
CHP-4 S 3.48 2.86 3.10 3.01 3.01 1.24 9.15 0.55 250 1.24
BF 0.08 0.05 0.10 0.11 0.11 2.00 039 276 0.15 0.65
R 025 1.03 0.28 028 0.28 3.85 .12 094 027 091
CHP-5L S - - - - - - - - - -
BF - - - - - - - - - -
R 006 007 007 007 007 240 031 1.57 024 0.40
CHP-L S - - - - - - - - - -
BF - - - - - - - - - -
R 1.88 2.10 0.07 0.05 0.05 0.98 0.12 033 0.09 0.09
CHP-13 s - - - - - - - - - -
BF - - - - - - - - - -
R 10.04 3523 0.06 006 0.06 2683 0.15 049 0.07 0.19
CHP-21 S 1.13 1.40 1.32 1.41 1.41 0.56 0.77 0.43 1.09  0.56
BF 891 25.15 0.05 0.04 0.04 51.70  0.19 1.15 0.07 1.78
R 0.05 056 0.03 0.03 0.03 4.00 0.11 0.71 0.04 0.29
CHP-N S 040 0.43 042 036 0.36 0.69 066 097 0.66 0.69
BF 0.13 1.29 0.08 0.08 0.08 1.17 0.17 0.73 0.07 1.45
R 044 0.75 047 055 0.55 1.38 049 1.08 050 0.61
CHP-18 S  2.60 7.12 3.58 474 474 1.99 636 036 397 1.99
BF 0.17 0.10 0.13 0.12 0.12 1.03 0.08 3.02 0.13 0.50
R 030 0.33 036 040 040 1.85 035 1.17 036 0.35
CHP-15 S 072 074 0.68 074 0.74 0.88 069 126 0.60 0.838
BF 0.42 0.45 0.53 054 0.54 1.24 0.51 093 0.60 1.13
R 0.01 0.08 0.03 0.01 0.01 9.66 0.09 044 0.09 0.21
CHP-17 S - - - - - - - - - -
BF - - - - - - - - - -
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Table 4. Correlation coefficients of soil samples from Chelpo area

Mo Cu Pb Zn Ni Co Mn As Sb Cr
Mo 1
Cu .395 1
Pb -075 .412 1
Zn .014 407 .899™ 1
Ni -48 -631 -.762° -.734 1
Co -.459 -543 -.684 -487  .897" 1
Mn -295 -.207 .394 .529 -.011 262 1
As 278 -267 -951™ -.928" .600 438  -.595 1
Sb 749 -.078 -.643 -.546 037 -.001 -.484 .767" 1
Cr 252 -525 -.890™ -720 .589 616 -.111 .822" .761" 1

gl adlaio olS (sladiges polie (Shumod ulps .0 Jgux
Table 5. Correlation coefficients of elements in plant samples from Chelpo area

Mo Cu Pb Zn Ni Co Mn As Sb Cr
Mo 1
Cu -.246 1
Pb -245 .306 1
Zn 078 -.017 -.206 1
Ni -406 .373 826 -.185 1
Co -424 639" 802" -.146 .933" 1
Mn -408 .774™ 710" -131 .786™ .938™ 1
As -.401 378 8137 -172 982" .899™" 769" 1
Sb  .148 213 -.177 -088 -.156 -.111 .090 -.030 1
Cr -.311 1401 832" -150 987 931" 768 966 -.161 1
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Abstract

Geobotany, as a useful tool in the exploration of minerals, has found a lot of use in environmental studies
and the cleaning of contaminated environments. Chalpo is located 45 km north of Kashmer city
(Khorasan Razavi). Due to the occurrence of antimony-gold deposit and geological and geochemical
characteristics along with the specific vegetation of the region, the geobotanical study of the plants of
the area was carried out to identify mineral indicator plants, introduce endemic plants and the
geochemical effect of the region on important metallophytes. Sampling was done in precise and specific
steps from the plant organs and the soil where the roots of the plants are located. The amount of elements
in the soil, root and shoot samples of the plant was compared. Based on the results of chemical analyses,
the arsenic content of all plant species is higher than the normal level in plants. Ih has measured above
2000 ppm arsenic in Asperula glomerata subsp. turcomanica. Most plants concentrated one or more
elements higher than normal, which is very important both from the point of view of the exploration of
metal minerals and from the environmental studies. Despite the proximity location of the collected
samples, the plants showed very different absorption rates in each element. The endemic plant
Astragalus hekmat-safaviae with a very high accumulation coefficient of arsenic (9), antimony (25) and
molybdenum (51) can be introduced as an absorbent or superabsorbent for these metals and as an
accumulator for copper and zinc elements. The Asperula glomerata subsp. turcomanica, one of the
typical plants of the region, shows an accumulation coefficient of about 2 for zinc and molybdenum.
The Jurinea sp. which was observed in this study for the first time, shows the accumulation coefficient
and the transfer coefficient factor higher than one for zinc and molybdenum.
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Introduction effect of the region on important

Geobotany, as a useful tool in the exploration
of minerals, has found a lot of use in
environmental studies and the cleaning of
contaminated environments. Studies about the
role of geochemistry on the plants have led to
the introduction of different types of
metallophyte plants. These plants are able to
absorb one or more polluting metals and
accumulate them in their tissues.

Chelpo is located 45 km north of Kashmer city
(Khorasan Razavi). Due to the occurrence of
antimony-gold deposit and geological and
geochemical characteristics along with the
specific vegetation of the region, the
geobotanical study of the plants of the area was
carried out to identify mineral indicator plants,
introduce endemic plants and the geochemical

metallophytes.

Materials & Methods

Sampling was done in precise and specific
steps from the plant organs and the soil where
the roots of the plants are located. 30 samples
of local plants were taken in June, according to
the flowering time of plants. The location of
the collected samples is presented in Figure 1.
A 30 cm deep pit was dug to take the plant
completely, with roots. The genus and species
of all plant samples were determined at
Ferdowsi University of Mashhad. The plants

were left for 4 days to dry completely. The
roots were separated from the other parts and
were dried in an oven at a temperature between
70 to 80°C, with a time of one to five hours.
After drying, the plant samples were
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completely ground and passed through a 100 to
200 mesh sieve. 12 soil samples around of
plants was taken from a depth of about 30 cm.
Each soil sample was spread separately on
clean paper and dried in a place away from dust
without using a dryer for 4 days. Then the
samples were powdered and passed through a
200 mesh sieve. Finally, 15 plant samples were
sent to the Canadian ACME laboratory for 72-
element analysis and 7 soil samples for 50-
element analysis by ICP-MS method.

from the translocation factor (TF) (the ratio of
metal concentration in the plant organ to the
metal concentration in the root or the soil
around the root) and accumulation factor (the
ratio of metal concentration in the root to the
concentration of metal in the soil around the
root) were used to investigate the translocation
and bioaccumulation behavior of heavy metals
in plants (Kabata-Pendias, 2011). Plants with a
root accumulation factor higher than one and a
TF lower than one are suitable for the plant
stabilization of elements while plants with a TF
greater than one and an root accumulation
factor smaller than one are suitable for the
extraction of elements from the soil
Spearman's correlation matrix was used to
investigate the correlation of different elements
in soil and plants.

Discussion and Results

The results of plant and soil chemical analysis
are presented in Table 1. Arsenic varies from
7.5 to more than 10000 mg/ton in the soil
samples. The soil collected from the roots of
plants shows higher values than previous
research, which can indicate the concentration
of arsenic by plants in the study area. Arsenic
changes from 11.5 to 2105 mg/ton in the plant
samples. Based on the results of chemical
analyses, the arsenic content of all plant species
is higher than the normal level in plants. It has
measured above 2000 ppm arsenic in Asperula
glomerata subsp. turcomanica.

The concentration of antimony varies from
0.26 to 477 mg/ton in the soil samples and from
0.23 to 34.28 mg/ton in the plants. According
to the results, the amount of antimony in the
plant organs of CHP-4, CHP-5L, CHP-18 and
CHP-21 samples was higher than the roots
Molybdenum concentration in the soil samples
of Chelpo varies from 0.13 to 0.68 mg/ton. Mo
varies from 0.3 to 11.89 mg/ton in the plants of
study area The antimony in the plant organs
was higher than the roots in all samples except

for CHP-21 Lead (Pb) varies from 2.51 to 9.22
mg/ton in the soil samples and 0.64 to 9.33
mg/ton in plants. Based on the results, Pb
concentration in the organs of CHP-4 was
higher than in the roots.

The results of BF and TF of Astragalus
hekmat-safaviae species (sample CHP-21),
which is considered an endemic and special
plant of this region, are notable. Due to the high
accumulation of arsenic, this plant can be
introduced as a super absorbent. Arsenic is a
mobile element and its TF from the root to the
plant's organs is high. But it should be noted
that the TF and BF of arsenic in the plant as
well as its transfer from the soil to the root is
strictly controlled by the amount and
concentration of the element. In cases where
the concentration of arsenic in the soil is low,
the TF from the soil to the roots is higher. The
TF in Asperula glomerata subsp. turcomanica
(sample CHP-4) is higher than other plants,
while almost all plants have a good TF due to
the high mobility of arsenic. The habitat of this
plant is usually on shale and marl units. It has
very long roots of about 2 meters and its root
penetration is very high, so the underground
part of the plant is much stronger than the aerial
part. Based on the obtained results, Asperula
glomerata subsp. turcomanica can be
introduced for the first time as an arsenic super
absorbent plant.

The BF and TF of antimony is remarkable in
Astragalus hekmat-safaviae and this plant can
be introduced as antimony accumulator and
absorber. The TF is high in Asperula glomerata
subsp (sample CHP-18). The high TF of
antimony also indicates its high mobility. Also,
the TF of chromium in Asperula glomerata
subsp. is high. The TF of nickel in Asperula
glomerata subsp. turcomanica, in the root
(sample CHP-4) is high. So, it can be
introduced for the first time as a nickel super
absorbent plant in the region.

In the case of cobalt, the BF does not show a
high value; but the TF in the stem to root is high
in Asperula glomerata subsp. turcomanica and
it should be noted this factor is higher than one
in Astragalus hekmat safavia and Asperula
glomerata subsp. Turcomanica.

The BF and TF of molybdenum are very high
in Astragalus hekmat-safaviae plant. Asperula
glomerata subsp. turcomanica shows a high TF
of lead in aerial parts compared to soil and
roots.
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The correlation of elemental relationships in
soil shows a positive and high correlation
between arsenic with antimony, which is
caused by sulfide mineralization of arsenic and
antimony in the study area. The high
correlation of nickel and cobalt, as well as the
high correlation of lead and zinc in the soil
samples demonstrated clear and strong
relationships with the lithological
characteristics.

The correlation of elemental in plants and the
obvious difference of elemental relationships
in plant compared to soil samples, determines
the role of biological processes in the
distribution of elements. The relatively high
correlation of copper and cobalt together,
confirms the biological role of these elements
as plant nutrients and the positive biochemical
relationship of these elements.

Conclusions

Most of the studied plants in this area show
significant concentration for some elements
such as As, Sb, Ni, Co and Cr, which is very
important both for mineral deposit and
environmental studies. Despite the proximity
location of the collected samples, the plants

showed very different absorption rates in each
element. The endemic plant Astragalus
hekmat-safaviae with a very high accumulation
coefficient of arsenic (9), antimony (25) and
molybdenum (51) can be introduced as an
absorbent or superabsorbent for these metals
and as an accumulator for copper and zinc
elements. The Asperula glomerata subsp.
turcomanica, one of the typical plants of the
region, shows an accumulation coefficient of
about 2 for zinc and molybdenum. The Jurinea
sp. which was observed in this study for the
first time, shows the BF and TF higher than one
for zinc and molybdenum.

The positive and high correlation of arsenic
and antimony in soil samples is due to sulphide
mineralization (such as realgar, orpiment, and
stibnite). The obvious difference of elemental
relationships in plant compared to soil samples
shows the role of biological processes in the
distribution of elements. Considering that most
of the plants in this mineralization area have
concentrated one or more elements in
themselves, it is very important to pay attention
to geobotanical studies in areas with special
vegetation both in terms of mineral exploration
and environmental studies.



