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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. 4. Some of specifics studied plants  
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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 40 140.1 11.73 302 2105.9 0.83 75.1 

 CHPR-4 0.26 11.54 1.02 72.3 45.2 3.9 121 605.7 0.29 29.1 

 CHP-4R 0.4 14.06 4.52 35.9 143.5 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 17.4 0.78 43.9 15.2 1.67 162 573.2 34.58 11.9 

 CHP-13 0.52 8.28 1.13 23.8 8.7 1.17 70 86.7 0.61 8.3 

 CHPR-21 11.89 12.2 1.48 76.6 8.5 1.06 58 66.8 6.54 20 

 CHP-21 6.17 6.84 1.14 32.7 11.2 1.49 63 75.3 9.16 18.2 

 CHPR-N 0.41 12.32 1.4 42.5 17.2 2.03 64 27.5 0.53 16.8 

 CHP-N 1.4 8.48 0.92 41.4 7.2 0.74 42 11.1 0.23 11.5 

 CHPR-18 0.3 9.21 0.64 142.4 24.5 2.28 87 363.3 0.77 17.8 

 CHP-18 0.4 18.33 4.07 51.2 87.7 10.81 345 943.6 5.48 47.7 

 CHPR-15 0.41 40.11 3.79 44.5 86 12.1 441 1182.8 7.25 46 

 CHP-15 0.61 35.39 2.61 56 58.7 9.01 263 851.4 5.33 43.1 

 CHP-17 2.8 6.31 0.77 20.6 5.3 0.29 64 15.5 0.6 4.1 

 chs-15 0.33 101.73 7.37 48 163.3 22.5 734 2800.6 15.96 58.6 

 chs-4 0.13 17.66 2.6 26.2 468.4 35.5 783 7312.9 5.86 99.8 

Soil chs-17 0.29 30.29 8.24 47.2 188.4 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 26.1 983 205.3 0.41 80.8 

 chs-12 0.53 94.4 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 
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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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�; V�<� ��J= 0- ��(� 0nn�$	
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 IE�10��&� .����� ��  (K�C�� =41V �!WX� � Y�T ������� ����6�) �)C�'� ���� �&'��  ����, Z1�X� �� IE� ���+� ��3 ( 

Fig. 10. Comparison of molybdenum concentration in soil samples and different parts of studied plants (legend as Fig. 3) 

 

  
 IE�11 _�� =41V �!��&� .����� ��WX� � Y�T ������� ����6�) �)C�'� ���� �&'��  ����, Z1�X� ��  IE� ���+� ��3 (  

Fig. 11. Comparison of lead concentration in soil samples and different parts of studied plants (legend as Fig. 3) 

 

  
 IE�12����� �� �� =41V �!��&� .WX� � Y�T ������� ����6�) �)C�'� ���� �&'��  ����, Z1�X� ��  IE� ���+� ��3 ( 

Fig. 12. Comparison of zinc concentration in soil samples and different parts of studied plants (legend as Fig. 3) 

 
 .�([2a��(�B�"����)  ����, �� �]��5 .�&��6 b��c .� 2011 ( 

Table 2. Translocation factor in plants (Kabatapandias, 2011) 

).�&��6 b��cTf(  ������ /d�e" =C�O  �&Kf �� ��[�� �C���O6 �]��5 (�� 

001/0<   /jJ1 ��(J
 S�	��� ���+�� Se>Fe>Ga>Bi>Zr>Sc>Ti>Ba  
  01 /0-001/0  �$,L ���+�� /jJ1 Mn>Ni>Li>F>V>I>Cr>Be>Sb  

0/1-01 /0  8��+� ���+�� /jJ1 Zn>Mo>Cu>Pb>Sr>Ag>Te>Ge>As>Co  

0/10-0 /1  ��$� ���+�� /jJ1 Cd>B>Br>Cs>Rb  
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 .�([ 3 Y�T �� �+�� .�&��6 b��c �!��&� .)R  �() �+�� �� ��6�� L6(�6 .�&��6 b��cS � () =��K�6 =!�	 ������BF  ( �&'��  ����, �� 

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 

CHP-4 

R 0.29 0.14 0.30 0.33 0.33 3.54 3.59 1.53 0.39 0.81 

S 3.48 2.86 3.10 3.01 3.01 1.24 9.15 0.55 2.50 1.24 

BF 0.08 0.05 0.10 0.11 0.11 2.00 0.39 2.76 0.15 0.65 

CHP-5L 

R 0.25 1.03 0.28 0.28 0.28 3.85 1.12 0.94 0.27 0.91 

S - - - - - - - - - - 

BF - - - - - - - - - - 

CHP-L 

R 0.06 0.07 0.07 0.07 0.07 2.40 0.31 1.57 0.24 0.40 

S - - - - - - - - - - 

BF - - - - - - - - - - 

CHP-13 

R 1.88 2.10 0.07 0.05 0.05 0.98 0.12 0.33 0.09 0.09 

S - - - - - - - - - - 

BF - - - - - - - - - - 

CHP-21 

R 10.04 35.23 0.06 0.06 0.06 26.83 0.15 0.49 0.07 0.19 

S 1.13 1.40 1.32 1.41 1.41 0.56 0.77 0.43 1.09 0.56 

BF 8.91 25.15 0.05 0.04 0.04 51.70 0.19 1.15 0.07 1.78 

CHP-N 

R 0.05 0.56 0.03 0.03 0.03 4.00 0.11 0.71 0.04 0.29 

S 0.40 0.43 0.42 0.36 0.36 0.69 0.66 0.97 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 

CHP-18 

R 0.44 0.75 0.47 0.55 0.55 1.38 0.49 1.08 0.50 0.61 

S 2.60 7.12 3.58 4.74 4.74 1.99 6.36 0.36 3.97 1.99 

BF 0.17 0.10 0.13 0.12 0.12 1.03 0.08 3.02 0.13 0.50 

CHP-15 

R 0.30 0.33 0.36 0.40 0.40 1.85 0.35 1.17 0.36 0.35 

S 0.72 0.74 0.68 0.74 0.74 0.88 0.69 1.26 0.60 0.88 

BF 0.42 0.45 0.53 0.54 0.54 1.24 0.51 0.93 0.60 1.13 

CHP-17 

R 0.01 0.08 0.03 0.01 0.01 9.66 0.09 0.44 0.09 0.21 

S - - - - - - - - - - 

BF - - - - - - - - - - 

 

�&$�  	�+
�;  Y$�+�0���  	�  K�@+��  b$�G  �  ���(��  
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 �� 	�J� 0- 0@6�� �$� O�H � .�����  ��� #�$�J� ��$!
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��  .��
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 ��	��� 	� .��� �^�/
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  	��&- ���� ������$� S���� �a< ���� ��$� 	��&- #! 0�$	

��E �  �$��= S����  �� �1  ����!  ���-  Y$�+�  Z���  �- .��
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���  #!  �[�-  4�71  ��  �
��  .  ���qJ=  K�@+��  b$��G

	�  S��
Asperula glomerata subsp   [�-   ��� Y$�+�  �

�J� ��$� K��L 	� ���(�� �&$� �	�� 	� �:��1 V-�E  ���

 K��L)3 .(  	� V_�� K�@+�� b$�GAsperula glomerata 

subsp. turcomanic�  $��= S���� PX- 	��    0�$	 0-  0��J�)

CHP-4( �� [�-  K��L) ���-3  .(��  ��<�� ���- �	 #! #��1

.��
 �;�)� 0@6�� 	� V_�� `e�L��; ���� #���/ 0- 	�-  
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[�- ��+(&�  �$� �+&$� P@�  �T= �- �<�(
 � d� ��U��/ �

  �(o� �$��J����- 06-�	 � ���� �as� ���� #���/ 0- �U��/

�� 	��E ��$�1 �	�� �	 �U��/ �$�  S��
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- 	��;� K��L) ��� 0L�1 V-�E ���� ��=5 .(  
 

 .�([4����� �]��5 �*�!K�� b�6�c . �012 �&'�� Y�T �� 

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 -.482 -.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 
 

 .�([5����� �]��5 �*�!K�� b�6�c . �012 �&'�� ���, �� 

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 **.813 -.172 **.982 **.899 **.769 1 
  

Sb .148 .213 -.177 -.088 -.156 -.111 .090 -.030 1 
 

Cr -.311 .401 **.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. 
 

Keywords: Geobotany, Biogeochemsitry, Indicator plants, Superabsorbent, Kashmar 
 

Introduction 

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 

effect of the region on important 

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 was 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 (Gupta et al., 2008; 

Eid et al., 2020), 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 (Gupta et al., 2008; 

Eid et al., 2020). 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 (Tabasi et al., 2009), 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 
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of lead in aerial parts compared to soil and 

roots.  

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. 
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