Research Article

Iranian Journal of Range and Desert Research DOL: 10.22092/ijrdr.2024.132035
\Vol. 31, No. 3, Page 266— 283(2024)

Investigating soil contamination with heavy metals and the phytoremediation potential
of several halophyte species in the lands around the Miduk copper mine
in Shahr Babak

A. Sharafil, S. A. Javadi?, E. Zandi Esfahan®', M. Jaffari* and M. Souri®

1-PhD Student in Rangeland Science, College of Natural Resource and Environment, Science and Research Branch, Islamic Azad
University, Tehran, Iran

2- Associate Professor, College of Natural Resource and Environment, Science and Research Branch, Islamic Azad University,
Tehran, Iran

3*-Corresponding author, Associate Professor, Rangeland Research Division, Research Institute of Forests and Rangelands,
Agricultural Research, Education and Extension Organization (AREEO), Tehran, Iran, Email: zandiesfahan@gmail.com

4- Professor, Faculty of Natural Resources, Campus of Agriculture and Natural Resources, University of Tehran, Karaj, Iran

5- Assistant Professor, Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural Research, Education
and Extension Organization (AREEO), Tehran, Iran

Received: 02/10/2024 Accepted: 09/16/2024

Extended Abstract
Background and objectives
Halophyte plants grow and produce in very saline water and soil conditions; however, they do
not compete with agricultural products for quality soil and water as the main sources of
production. Halophytes can tolerate high salinity for various reasons such as morphological
characteristics, vegetative form, physiology and mechanisms of salinity tolerance. Although
there have been good studies on the growth and salinity tolerance of halophyte species, there is
little information about the absorption of heavy elements and the phytoremediation ability of
different halophyte species. Heavy metal pollution is a serious problem in the lands adjacent to
mines, which can be remedied by methods such as phytoremediation, while more studies are
needed in this field. The present study aimed to evaluate the potential of several species of
saltwort in the phytoremediation of mineral-contaminated soils.
Methodology
For this purpose, the ability of five halophyte species, Haloxylon persicum, Tamarix
ramossisima, and Halocnemum strobilaceum, in phytoremediation of heavy metals arsenic (As),
copper (Cu), lead (Pb), and nickel (Ni) was investigated at the Miduk mining site. Miduk copper
mine is located 42 km northeast of Babak city in Kerman Province.
The vegetation of this area includes short bushes and scattered forest trees such as Buxus
hyrcana, Prunus antarctica, Pistacia atlantica, Calligonum comosum, Tamarix spp., and
Astragalus spp. and bush plants such as Artemisia sieberi, Salsola richteri, Rheum ribes,
Cirsium vulgare, Ferula communis and Ziziphora clinopodioides. Sampling was done from the
five halophyte species at distances of 1000, 1500, 2000, and 5000 m from the Miduk copper
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mine, which included 4 repetitions and each repetition included 20 bases. The total number of
plant and soil samples was 400 and 120, respectively. Sampling was done by harvesting the
plant and then separating the shoot (aerial organs) and root (underground organ) at the flowering
stage. As, Cu, Ni, and Pb elements were measured using the inductively coupled plasma ICP-
OES device.

Results

The results showed significant differences between H. strobilaceum, H. persicum, and T.
ramossisima species regarding the amounts of arsenic, copper, and lead in different components
of plants and soil. Ha. persicum has the highest amounts of arsenic and copper in the shoot,
roots, and soil. At a distance of 1000 m, the highest concentration of arsenic is observed in the
shoot, roots, and soil, as well as copper values in the shoot and soil. At a distance of 5000 m, a
lower concentration of copper in the soil and a higher concentration of arsenic can be seen in the
soil. In the case of Ta. ramossisima species, the highest concentration of arsenic is observed in
the root and the highest amount of lead is also observed in the shoot. The results confirmed the
phytoremediation potential of all five halophyte species for the remediation of contaminated
soils at a distance of 1000 m from the copper mine, while the species H. strobilaceum had a
higher potential for phytoremediation of contaminated soils. Furthermore, environmental
pollution was not observed in the area without pollution to moderate pollution; which probably
indicated the lack of transfer of heavy metals to agricultural products in lands further away from
the mine.

Conclusion

Significant differences in the distribution and concentration of elements have been observed
between these species and at different distances, and these results can contribute to a better
understanding of the environmental effects on the concentration and distribution of elements in
plants. The results of this research showed the phytoremediation potential of plant species H.
persicum, H. salicornica, S. rosmarinus, T. ramossisima, and H. strobilaceum, which indicated
the acceptable ability of saline species to improve mineral-contaminated soils. The
phytoremediation potential of H. strobilaceum species was higher than other species. Also,
based on the indicators of the accumulation of elements and the low amount of contamination of
the examined species in the points with a greater distance from the mine (more than 1500 m), it
showed that agriculture in the area around the mine is observed with caution and periodic
examination of the area in terms of concentration heavy metals are possible.

Keywords: Arsenic, heavy metals, halophyte, mineral pollution, phytoremediation, soil
reclamation.
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Figure 2-Geoaccumulation index of four heavy elements in three investigated halophyte species at four distances
from the mine. The standard contamination threshold is indicated by the dotted line. Columns with the same
overlap are not significantly different based on standard error (+SE)
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Table 3- Mean comparison of indicators related to arsenic in Midok copper mine in the interaction effect of
different distances and species

Shoot (mg Root Soil

Species Distance _ i i TF BCF BAC EF
P kg) (mgkg?)  (mgkg?)
1000m 1821 a 1849 b 2318 a 098 a 079 a 078 a 325 ab
_ 1500 m 544 ¢ 622 d 1177 bc 088 ab 052 b 046 b 270 de
H. persicum
2000 m 373 d 496 e 1099 bc 076 bc 045 cd 034 ¢ 280 de
5000 m 393 d 442 e 914 e 089 ab 048 bc 044 b 306 cd
1000m 1129 b 1288 ¢ 2358 a 087 ab 054 b 047 b 341 a
H. 1500 m 291 e 437 e 1213 b 066 cd 036 de 024 d 287 de
strobilaceum 2000 m 154 fg 151 f 1132 bc 102 a 0.13 g 013 e 297 «cd

5000 m 1.06 g 2.29 f 9.41 de 046 e 0.24 f 0.11 e 325 ab

1000 m 10.66 b 22 a 22.66 a 0.48  de 0.47 b 307 cd
1500 m 2.12 f 4.60 e 1130 bc 0.46 e 0.40 de 018 de 251 e
2000 m 131 g 2.47 f 1055 cd 053 de 0.23 f 0.12 e 2.49 e
5000 m 1.04 g 2.18 f 9.63 de  0.46 e 0.22 f 0.10 e 313  bc

T. ramossisima
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Table 4- Mean comparison of the indicators related to Midok mine copper in the studied species at different

distances
Species Shoot (mg Root Soil TF BCF BAC lgeo EF CF
kg™) (mgkg?)  (mgkg?)
Haloxylon persicum 487.08 a 50892 a 49772 a 093 a 111 a 104 a 001 a 319 a 167 a
Halocnemum strobilaceum 37985 b 42023 b 42369 b 087 a 094 b 083 b -021 b 292 b 133 b
Tamarix ramossisima 22981 ¢ 29850 ¢ 40977 b 061 b 069 ¢ 050 c¢ -021 b 276 b 132
Distances
1000 m 71997 a 72719 a 67165 a 103 a 124 a 123 a 046 a 287 ab 219 a
1500 m 46239 b 45520 b 42427 b 102 a 106 a 108 a -012 b 296 ab 137 b
2000 m 15035 ¢ 23481 ¢ 3699 ¢ 066 b 064 b 041 b 032 ¢ 28 b 119 ¢
5000 m 12962 ¢ 21966 ¢ 30903 d 051 b 071 b 043 b 058 d 316 a 100 d

A0 e bl pae Sl MJQ;QJL&L»\CL&JQ OSJ\:;)}»)'T T OV e o . ij\gé\.ﬁ&&\.ﬁ

CF (Contamination factor)

H. persicum

Nick| ~ M—m C—  Lead

Copper
Pollution treshold limit

Arsenic
————  Critical pollution limit

1000 1500 2000 5000|1000 1500 2000 5000 | 1000 1500 2000 5000
m m m m m

m m m m m m m

H. strobilaceum T. ramossisima

Odre ) ahols Slgz 53 g 3550 b b S aw o o s gz g?bﬂufu—‘“ S
ESE) 3wl s> 5551 polal oSl Sl et b sl s ol st (abniio cppabils L3 alons s & 3 Ikl (S5 wlin] us

.-\JJ‘-\J J‘éd‘.&» qu:

Figure 3- Contamination factor of four heavy elements in three investigated halophyte species at four distances
from the mine. The standard pollution threshold limit and the critical pollution limit are indicated by dotted line
and dashed line, respectively. Columns with the same overlap are not significantly different based on standard
error (£SE)
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Table 5- Mean comparison of the average indices related to Midok mine copper in the interaction of distances
and different species

Species Distance Shoot Root Soil TF BCF BAC EF
(mg kg™) (mg kg™) (mg kg™)

H. persicum 1000 m 83768 a 8537 a 9295 a 098 bc 111 bc 111 bc 401 a
1500 m 58541 ¢ 4578 cd 40795 cd 126 ab 112 bc 142 ab 288  hbc

2000 m 25559 d 38815 cd 35573 de 066 de 109 bc 072 cd 278 b

5000 m 26066 d 33605 d 29772 e 080 cd 112 bc 091 cd 307 b

H. 1000 m 68426 b 81249 a 55906 b 084 c 158 a 131 ab 238 «cd
strobilaceum 1500 m 65626 bc 56471 b 43651 ¢ 139 a 128 ab 150 a 306 b
2000 m 10573 ef 1242 e 38063 de 08 ¢ 032 e 027 e 29 b

5000 m 7314 ef 17953 e 31856 de 040 e 056 de 022 e 327 b

T. 1000 m 63796 bc 51540 bc 52641 b 126 ab 101 bc 127 ab 221 d
ramossisima 1500 m 1455 e 34310 d 42835 ¢ 042 e 079 cd 033 e 2958 b
2000 m 8072 ef 19210 e 37351 de 046 de 051 de 023 e 274 hc

5000 m 4607 f 14340 e 31080 de 032 e 046 de 014 e 314 b
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Table 6- Mean comparison of the indices related to Midok mine lead in the studied species at different distances

distances
Species Shoot Root Soail TF BCF BAC Igeo EF CF
(mgkg?)  (mgkg!)  (mgkg?)
Haloxylon persicum 24993 a 7952 c 38858 a 152 a 041 a 063 019 b 279 b 133 b
Halocnemum strobilaceum 104.00 b 16087 a 27667 c¢ 132 b 029 b 040 0.43 a 468 a 217
Tamarix ramossisima 8197 ¢ 8748 b 36868 b 08 ¢ 023 c¢ 022 019 b 282 b 133 B
Distance
1000 m 26039 a 17338 a 41391 a 144 a 041 a 061 0.33 a 259 d 195 a
1500 m 80.88 ¢ 6894 ¢ 40992 b 102 c¢ 016 d 0.19 0.32 a 424 a 195 a
2000 m 14814 b 12335 b 32299 ¢ 116 b 038 b 045 006 b 370 b 155 b
5000 m 9180 ¢ 7148 ¢ 23174 d 134 a 030 c 041 -058 ¢ 318 ¢ 100 ¢
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Table 7- Mean comparison of the indicators related to Midok mine lead in the mutual effect of distances and
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Species Distance Shoot (mg Root Soil TF BCF BAC EF
kg™ (mgkg?!)  (mgkg™)

H. persicum 1000 m 444.0 a - - - - 169 ab - - - - 203 g
1500 m 166.8 c 10780 cd - - 155 ab 023 e 0.37 c 325 de
2000m 23083 b 15152 a 35028 b 153 ab 043 a - - 280 ef
5000m 15810 ¢ 12072 ¢ 29175 d 133 bc 041 a 054 a 300 ef

H. 1000m 18177 ¢ 11893 cd 34328 b 152 ab 034 bc 052 ab 368 ¢

strobilaceum 1500 m 4524 f 5587 e 35028 b 080 de 015 f 012 fg 616 a
2000m 12360 cd 10645 d 28592 d 116 cd 037 b 043 bc 557 b
5000 m 654 ef 3685 f 12720 f 178 a 029 cd 051 ab 330 cd

T 1000 m 1554 cd 13777 b 43721 a 112 o 031 cd 035 cod 207 g
ramossisima 1500 m 306 f 4317 f 42847 a 070 e 010 g 007 g 332 cd
2000 m 900 e 11209 cd 33277 c 080 de 033 bc 027 de 274 f

5000 m 519 f 5689 e 27627 e 091 de 020 e 018 ef 315 ef
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Table 8- Mean comparison of indices related to Midok mine nickel in the studied species at different distances

. Shoot Root Soil
Species B " N TF BCF BAC Igeo EF CF
(mgkg™)  (mgkg")  (mgkg™)
Haloxylon persicum 148 a 1375 a 2652 b 010 a 049 a 005 a 007 ab 332 b 163 b

Halocnemum strobilaceum 0.94 b 1030 b 2727 b 008 b 032 b 002 b 0.04 b 363 a 163 b

Tamarix ramossisima 053 ¢ 845 b 2991 a 005 ¢ 025 ¢ 001 ¢ 015 a 35 ab 174 a
Distance
1000 m 2.17 a 2116 a 3910 a 009 a 054 a 005 a 065 a 315 b 234 a
1500 m 0.94 b 1183 b 3164 b 007 b 037 b 003 b 034 b 417 a 189 b
2000 m 0.49 c 599 ¢ 2422 ¢ 009 a 024 c¢ 002 c -005 c¢c 348 b 145 ¢
5000 m 0.33 c 436 c 1665 d 006 c 026 c¢c 002 c¢ -058 d 320 b 099 d
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Table 9- Mean comparison indices related to Midok mine nickel in the interaction effect of different distances

and types
Species Distance Shoot Root Soil TF BCF BAC EF
(mgkg?)  (mgkg?) (mg kg?)

H. persicum 1000 m 308 a 2571 a 3723 bc 012 a 068 a 0.08 a 298 d
1500m 133 ¢ 1302 bc 3019 de 010 bc 043 b 004 ¢ 395 ab
2000m 081 de 9343 cd 2244 f 009 cd 041 b 003 cd 326 cd
5000 m 070 ef 694 de 1623 g 010 ab 042 b 0.04 ¢ 310

- H 1000m 231 b 2301 a 3835 ab 010 bc 060 a 006 b 327 «cd

strobilaceum 150m 095 de 1219 bc 3090 de 007 de 039 b 003 cd 430 a

2000m 031 fg 25 e 2311 f 012 a 011 d 001 ef 357 bc

5000m 018 g 339 e 1671 g 005 fg 020 cd 001 f 339 «cd

T. 1000m 112 cd 1476 b 4170 a 007 e 035 b 0026 de 321 cd
ramossisima 1500m 055 fg 1027 cd 3382 cd 005 fg 030 bc 001 ef 425 a
2000 m 035 fg 603 de 2712 de 006 fg 021 <cd 001 ef 361 bc

5000m 012 g 275 e 1700 g 004 g 016 cd 001 f 310 «cd
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