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4. Phytoremediation
5. Excluder

6. Indicator

7. Accumulator

8. White and Pongrac
9. Phytoextraction
10. Phytostabilization
11. Cristaldi
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1. Ewubare
2. Peco
3. Wan
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7. Zygophyllum atriplicoides (Fisch. & C.A.Mey )
8. Azizah

9. Avicennia marina (Forssk. Vierh)
10. Tamarix (L.)

11. Aguado

12. Tamarix canariensis (Willd)

13. Paulowniu fortunei (Seem. Hemsl.)
14. Abreu

15. Olea europaea (L. spp. europaea)
16. Quercus ilex (L.)

17. Prunus domestica (L.)
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1. Yan

2. Sharma

3. Murtaza

4. Seidlitzia rosmarinus (Bunge ex Boiss)
5. Haloxylon aphyllum ((C.A.Mey.) Bunge)
6. Artemisia sieberi (Besser)
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3. Translocation Factor
4. Bio Concentration Factor
5. Zacchini
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1. Field Emission Scanning Electron Microscope
2. Energy Dispersive X-ray spectroscopy
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Figure (4): Preparation of samples to determine the target metals (December 2022)
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Figure (7): Cobalt concentration in root & shoot organs of

L. depressum
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Figure (5): Concentration of target metals in L. depressum
samples
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Figure (11): Transfer factor of target metals in L. depressum
samples
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Figure (12): Accumulation factor of target metalsin L.

depressum samples
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Figure (8): Chrome concentration in root & shoot organs of
L. depressum
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Figure (10): Vanadium concentration in root & shoot
organs of L. depressum
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Figure (15): EDX output of W; L. depressum stem
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Table (1): EDX output of W; L. depressum stem
(Map Sum Spectrum) el § yore L

robs e TRV LS 533 o 5l a3
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) 5 (K series) IS (5 e 59.05 0.39 66.00
(O) 35S (K series) S (g o 40.22 0.39 33.74
(K) =l (K series) IS (g ,w 0.38 0.04 0.13
(Ca) oS (K series) S (g, 0.18 0.04 0.06
@Cn s (K series) S (g ,w 0.17 0.03 0.07
(Total) ¢ yores 100.00 100.00
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Figure (18): EDX output of W; L. depressum root Figure (17): FESEM output of W; L. depressum root
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Figure (20): EDX output of W, L. depressum root Figure (19): EDX output of W, L. depressum root
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Table (2): EDX output of W, L. depressum root
(Map Sum Spectrum) el § yooms L

rols bt g 5 EITESE LS 53 o2 ol Ao

(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) &5 (Kseries) s g s 57.85 0.49 65.64
(0) Ujps) (K series) S (s o 38.94 0.48 33.17
(Ca) V.,,JS (K series) S’ (g 1.44 0.07 0.49
Cn s (K series) S (g 0.64 0.05 0.25
(K) el (K series) S (s o 0.42 0.05 0.15
(P) ,oud (K series) S (s o 0.30 0.06 0.13
(OFFEEY (K series) ' s 0.29 0.06 0.12
(Si) dows (K series) S (g 0.12 0.03 0.06

(Total) ¢ sores 100.00 100.00
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Figure (22): EDX output of W, L. depressum stem
Q Kal gl

Ca ke
CK12
0o S B

JB 53 W, Bl ;3 EDX 2 5 (YY) JS.JE
Figure (23): EDX output of W, L. depressum stem
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Figure (24): EDX output of W, L. depressum stem
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Figure (21): FESEM output of W, L. depressum stem
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Table (3): EDX output of W, L. depressum stem

(Map Sum Spectrum) el § yorme PR

robe Lt g5 SRR LS 55 A3 ol de s
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) 5 (K series) S (s 57.31 0.41 64.24
(0) Ujps) (K series) ' (s s 42.38 0.41 35.66
(Ca) VMJS (K series) S (g s 0.17 0.03 0.06
(K) el (K series) S (g s 0.14 0.03 0.05
(Total) § yoma 100.00 100.00
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Figure (26): EDX output of W, L. depressum root
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Figure (28): EDX output of W, L. depressum root
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Figure (25): FESEM output of W, L. depressum root
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Figure (27): EDX output of W, L. depressum root
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Table (4): EDX output of W, L. depressum root

(Map Sum Spectrum) el § o L

robs e TRV LS S35 o ol Ao
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
(0) 5! (K series) S s 56.59 0.69 64.11
©) =5 (K series) ' (5 41.36 0.68 35.17
(Ca) pds (K series) IS (g 1.02 0.10 0.34
(K) =l (K series) S (s ,w 0.63 0.08 0.22
©n s (K series) S (5 0.40 0.07 0.16
(Total) ¢ yers 100.00 100.00
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Figure (30): EDX output of W3 L. depressum stem
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Figure (32): EDX output of W3 L. depressum stem
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Figure (29): FESEM output of W; L. depressum stem

CXal 2

S Xat X Kt

Ca Xal

,l&,pr alw BL EDX ‘ﬁgﬁ (Y’\) J&&
Figure (31): EDX output of Wj; L. depressum stem
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Table (5): EDX output of W; L. depressum stem

(Map Sum Spectrum) el § yooms L

robs Lx g PITRWIE LS S35 o ol Ao
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) s (K series) S (s, 58.24 0.39 65.17
©O) U305 (Kseries) 8 (s 41.22 0.38 34.63
(Ca) pods (K series) S g 0.36 0.04 0.12
(K) ool (K series) S (g 0.10 0.03 0.04
i) o (K series) S’ s 0.08 0.02 0.04
(Total) € 100.00 100.00
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Figure (34): EDX output of Wjs L. depressum root
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Figure (36): EDX output of W5 L. depressum root
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Figure (33): FESEM output of W5 L. depressum root
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Figure (35): EDX output of W5 L. depressum root
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Table (6): EDX output of W; L. depressum root

(Map Sum Spectrum) el § o PR

ol Lo g S oy L& 555 Aoys PSR
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
(0) y5s] (K series) S (g 45.70 0.57 42.40

©) s (K series) 8 (g 43.31 0.58 53.17
(Ca) ool (K series) 8 (g 10.53 0.19 3.90
(K) ol (K series) S (g 0.26 0.06 0.10

Cn Js (K series) S (g 0.20 0.05 0.08

(Total) ¢ sazre 100.00 100.00
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Figure (38): EDX output of W, L. depressum stem
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Figure (40): EDX output of W, L. depressum stem
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Figure (37): FESEM output of W, L. depressum stem
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Figure (39): RDX output of W, L. depressum stem
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Table (7): EDX output of W, L. depressum stem

(Map Sum Spectrum) el § o PR

rols e PITESE LS S35 o ol e
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) S (K series) S (5 57.12 0.30 64.07

0) y5s! (K 'series) S (s 42.50 0.30 35.79
(K) ool (K series) S (g 0.13 0.02 0.05
@n s (K series) S (5 0.10 0.02 0.04
(Ca) VMJS (K 'series) S (s 0.09 0.02 0.03
(Si) dows (K 'series) S (s 0.05 0.02 0.03

(Total) € 100.00 100.00
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Figure (42): EDX output of W, L. depressum root Figure (41): FESEM output of W, L. depressum root
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Figure (44): EDX output of W, L. depressum root Figure (43): EDX output of W, L. depressum root
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Table (8): EDX output of W, L. depressum root
(Map Sum Spectrum) —al § yoree L

ol L g s SR LS 553 b2 5l a5
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) S (K series) 8 (g 52.09 0.60 61.36
(0) O3S (K series) S (g 40.74 0.58 36.03
(Ca) oS (K series) 8 (g 4,66 0.13 1.64
(K) ol (K series) 8 (g 0.69 0.07 0.25
(Fe) cal (K series) S (5 0.54 0.13 0.14

Cn s (K series) S (s 0.53 0.06 0.21
(Si) _ydkwr (K series) S (g 0.37 0.05 0.18
(P) i (K series) S (g 0.22 0.07 0.10
(A o yoe ST (K series) S (s 0.17 0.04 0.09
(Total) ¢ yans 100.00 100.00
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Figure 46. EDX output of W5 L. depressum stem.
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Figure (48): EDX output of Ws L. depressum stem
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Figure (45): FESEM output of W5 L. depressum stem
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Figure (47): EDX output of W5 L. depressum stem
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Table (9): EDX output of W5 L. depressum stem

(Map Sum Spectrum) el § o R

ol L g s TR LS 35 Aoy ST
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) 5 (K'serigs) S (s 58.09 0.67 65.42
©O) U305 (K'serigs) S (5 40.16 0.67 33.95
(K) ool (Kseries) S (5 0.99 0.09 0.34
€N s (K series) S (g 0.76 0.07 0.29
(Total) ¢ yazes 100.00 100.00




W ety LS bl &g BB IS 83g9ume ool 8351 S YL oLS )y

EDS Layered Image 9

= ' PV csom e ifi e
Ju'ﬁéW5 :L:A_J ) EDX g&'?’f; :(O~) JS& )‘?’ﬁAW5 u'-;) BL) FESEM ‘;’,'JJ’.' (*ﬂ) JSA:'
Figure (50): EDX output of Ws L. depressum root Figure (49): FESEM output of W5 L. depressum root
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Figure (52): EDX output of Ws L. depressum root Figure (51): EDX output of Ws L. depressum root
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Table (10): EDX output of W5 L. depressum root
(Map Sum Spectrum) el § o PR

ol L g s SR LS 553 Ao 5l a5
(Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) ns (K series) S (g 57.51 0.38 64.70
0) 5051 (K series) S (g 41.31 0.38 34.88
(Ca) V,M.ls (K 'series) S (g 0.73 0.04 0.25
(K) (....,,Ld (K 'series) S (s 0.25 0.03 0.09
Si) ko (K series) S (g 0.10 0.02 0.05

Ch ks (K series) S (g 0.09 0.02 0.03

(Total) o 100.00 100.00
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Table (11): Comparison of EDX output of W, to Ws L. depressum samples aerial

(Map Sum Spectrum) el § o L

€ o0 ols e PITEWEE LS S35 Ao 5l s 5o
(Sample) (Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) cp 5 (K series) ' (s ,w 59.05 0.39 66.00
(0) V35! (K series) ' (s ,w 40.22 0.39 33.74
W, (K) ol (K series) S g 0.38 0.04 0.13
(Ca) s (K series) ' (s s 0.18 0.04 0.06
QN ks (K series) ' (s s 0.17 0.03 0.07
©) s (K series) S' (s e 57.31 041 64.24
©) 0381 (Kseries) S (g 42.38 041 35.66
" Ca) pods (Kiseries) IS g s 0.17 0.03 0.06
(K) oy (K series) S (s 0.14 0.03 0.05
©) s (Kseries) IS (s 58.24 0.39 65.17
©0) O35mS! (K series) IS (s s 41.22 0.38 34.63
" Ca) peds (Kseries) S (g 0.36 0.04 0.12
(K) ool (K series) IS (s 0.10 0.03 0.04
D) ks (Kiseries) IS s o 0.08 0.02 0.04
©)r s (K series) S (g 57.12 0.30 64.07
©) O5ust - (Kseries) 18 5 4250 0.30 35.79
W, (K) ol (K series) S (5 0.13 0.02 0.05
Ch s (K series) ' (g 5 0.10 0.02 0.04
Ca) pds (Kseries) S (g 0.09 0.02 0.03
G Gk (Kseries) IS s 0.05 0.02 0.03
©) s (K series) S (s 58.09 0.67 65.42
Ws ©) 05t (Kseries) S (5 40.16 0.67 33.95
(K) oy (K series) S (s 0.99 0.09 0.34
€D s (K series) S' (s 0.76 0.07 0.29

W5 UWl 2 )Bx: 33_,@50 :L:d‘J BL rﬂbﬁ ‘ﬁj} L.:B.a :(\Y)JJJ’.
Table (12): Comparison of EDX output of W, to W5 L. depressum samples root

(Map Sum Spectrum) il § o PR

4 gai Fols Loy TRV [ PR W ol ey
(Sample) (Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
©) 5 (K series) IS (g 57.85 0.49 65.64
(0) §3es] (K'serigs) S (s 38.94 0.48 33.17
(Ca) V,...ls (K'serigs) S (s 1.44 0.07 0.49
@Cn ks (K series) S (g 0.64 0.05 0.25
Wi (K) el (K series) S (s s 0.42 0.05 0.15
(P) yid (K series) S (s y 0.30 0.06 0.13
S5 5 (K series) (s’ (s s 0.29 0.06 0.12

SD) e (Kseries) 5 s 012 0.03 0.06
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(Map Sum Spectrum) il §yores i

& gl robs L g5 EITRSE LS 335 Ao NN
(Sample) (Element) (Line Type) (Weight%) (Weight%Sigma) (Atomic%)
(IN Ry (K series) S s e 56.59 0.69 64.11
©€) p s (K series) S (g 41.36 0.68 35.17
W, (Ca) s (K series) S (g 1.02 0.10 0.34
(K) ol (K series) S g 0.63 0.08 0.22
©n s (K series) S s e 0.40 0.07 0.16
(0) 35S (K series) S s e 45.70 0.57 42.40
©) s (K series) S s 5 43.31 0.58 53.17
Ws (Ca) s (K series) S (5 10.53 0.19 3.90
(K) il (K series) S (g 0.26 0.06 0.10
cn Js (K series) S (g 0.20 0.05 0.08
©) S (K series) S s 52.09 0.60 61.36
(IR (K series) S s s 40.74 0.58 36.03
(Ca) pols (K series) 8 (s, 4.66 0.13 1.64
(K) ol (K series) S g s 0.69 0.07 0.25
W, (Fe) ol (K series) S (g 0.54 0.13 0.14
cn Js (K series) S g s 0.53 0.06 0.21
(S1) s (K series) S s s 0.37 0.05 0.18
(P) jiud (K series) S s 0.22 0.07 0.10
A ool (Kseries) S (s 0.17 0.04 0.09
©) s (K'series) S (g 58.09 0.67 65.42
W (0) 3.5 (K series) S g s 40.16 0.67 33.95
(K) ol (K series) S g s 0.99 0.09 0.34
©n s (K series) S s 0.76 0.07 0.29

(SIS 2 p S o) ok (5,1 p gos SOS S )s Ska Sl ke :(VF) Jgur

Table (13): Concentration metals in sampled soils (mg/kg)

 god JG s Sl e S sty
(Sample) (Ni) (Co) (As) (r) ~)
W1 697.4 268.3 12.1 34.1 63.2
W2 689.1 263.8 11.9 334 62.1
W3 681.2 262.7 11.9 333 62.9
W4 629.9 241.4 111 31.2 59.6
W5 961.3 346.5 14.9 44.1 69.9
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4. Ling Pang

5. Franco

6. Baccharis latifolia (Ruiz & Pav. Pers)

7. Acantholimon brachystachyum (Boiss. ex Bunge)
8. Astragalus gossypinus (Fisch. Podlech)

9. Stipa barbata (Desf.)
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Extended Abstract

Introduction: Operating factoriws are among the main sources of pollution especially in arid and semi-arid areas
due to soil erosion and accumulation of plants, bringing about adverse consequences for the environment.
Therefore, this study sought to investigate the phytoremediation potential of the Lycium depressum Stocks and
determine the shape, size, and the composition of the synthesized particles in terms of the intensity of As, Ni, Cr,
Co, and V metals accumulated on the plant’s aerial organs due to the activity of iodine factory in Golestan province
using FESEM and EDX microscope. It should be noted that the reason for choosing the aforementioned tree species
is that the plant is native to and dominant in the region, thus providing high chances of establishment in the study
area.

Materials and methods: Characterized by Lycium genus and Sloanaceae family origin, Lycium depressum L. is
the only native perennial tree-like species in the region, being known as a salt and drought tolerant plant.
Recently, the species has been planted in Iran by Golestan Province’s Natural Resources and Watershed
Management Department to promote vegetation. For research purposes of this study, the required samples of
L.depressum species were randomly collected from the iodine factory at five distances of 12.52, 12.75, 15.14,
and 13.97 kilometers, respectively (W, W,, W3, W,, W5s) using cross-sections extracted from the stem and roots
of the plant. Moreover, the shape, size, and composition of the synthesized particles were checked using FESEM
and EDX microscopes. Then, the concentration of the intended metals accumulated on the aerial orgnas and
roots of the collected samples was calculated through an atomic absorption device.

Results: According to the results of the study, the average concentration of Ni, Co, V, Cr, and AS in L.
depressum samples was found to be 11.35, 675.78, 30.83, 246.72, and 55.34 mg/kg, respectively. Moreover, the
highest and lowest concentration of the metals belonged to Ni and AS, respectively, followed by Co, V, and Cr.
On the other hand, the highest concentration of the metals at Ws, W, and W, distances were reported in aerial
organs, while at the other two distances (W; and W5), the concentration was found out to be higher at the plant’s
stems than in its roots.

The results of the metal Transfer Factor revealed that the average rate of Transfer Factor for Ni, Co, As, Cr
and, V was greater than one in Wy and W3 being reported to be 1.42, 1.38, 1.19, 1.38 mg/kg, and 1.10 in W, and
1.13,1.12, 1.06, 1.12, and 1.15 mg/kg in W3 respectively). However, the average rate of the factor was near one
at W, and less than one W5, W, for Ni, Co, As, Cr, and V, being reported to be 0.96, 0.96, 0.98, 0.96, and 0.96
mg/kg at W,, respectively. 0.85, 0.87, 0.93, 0.87, and 0.92 mg/kg at W, respectively and 0.47, 0.50, 0.66, 0.50,
and 0.82 mg/kg at Ws respectively). Moreover, the average rate of the Transfer Factor was less than one Ni, Co,
As, Cr, and V at all distances (W,: 0.41, 0.39, 0.43, 0.39, and 0.42 mg/kg, respectively; W,: 0.42, 0.41, 0.44,
0.40, and 0.43 mg/kg, respectively; W3: 0.41, 0.39, 0.43, 0.39, and 0.40 mg/kg, respectively; W,: 0.49, 0.47,
0.49, 0.46, and 0.46 mg/kg, respectively; Ws: 0.67, 0.65, 0.55, 0.64, and 0.49 mg/kg, respectively). Furthermore,
the results of the combination of chemical elements in L. depressum samples showed that C and O were the
dominant elements in all five samples, and some elements such as K, CI, and Ca were observed in many of the
stems and roots of the collected samples. However, some elements were found to have lower percentages (P, S,
Si, Fe and Al) in the roots of the samples.

Conclusion: Considering the increading exploitation of the the industries worldwide, it is necessary to control
the pollution made by them. Therefore, using different plants in industrial areas can help reduce the pollution
made by industries, proving the grounds for effective biological management of the lands. Therefore, according
to the results of this study, L. depressum plants are suitable for cleaning the soil of the industrial and other
similar areas polluted by high concentraion of Ni.

Keywords: Accumulation Factor, FESEM and EDX Microscopes, Ni, Transfer Factor.
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