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1-Introduction

Agquatic macrophytes are widespread plant species that play an essential role in wetland biogeochemistry
because they are the principal living accumulators of heavy metals through the active and passive circulation of
elements (Bonanno et al., 2017). Due to the hyper absorption potential of heavy metals from the environment
and accumulating in plant organs and their defense mechanism against metal pollution, some of the
macrophytes can be used for the biomonitoring of aquatic pollution (Esmaeilzadeh et al., 2017; Zhou et al.,
2008). Heavy metals may adversely affect the precarious stability of wetlands whose ecological importance for
nutrient cycling and pollution control is widely recognized (Mitsch and Gosselink, 2007). In wetlands all over
the world, many researchers have measured the metal accumulation in tissues of different plant species (Phillips
et al., 2015; Ramachandra et al., 2018; Weis and Weis, 2004). The objectives of this study were to (i) determine
the concentration of heavy metals in plants collected from Shadegan Wetland; and (ii) assess the phase
partitioning behavior of selected metals and the ability of macrophytes to accumulate metals from sediments.
Metal concentrations in plant tissues were then compared between species and against sediment concentrations
to assess the ability of these plants to act as bio-indicators. As also expected, the levels of heavy metals would
vary between the different plant parts, with higher concentrations in the root than above-ground organs.

2-Materials and methods

Shadegan Wetland is the largest wetland in southwestern Iran with an area of 537,700 ha and lies at the
downstream of the Jarrahi river basin in Khuzestan Province, south-west Iran (Davodi et al., 2011). Kaffashi et
al. (2011) reported 17 major plant communities comprised of 110 plant species within the wetland boundary.

In November 2016, twenty plant samples were collected from abundant macrophyte species (Typha latifolia,
Halocnemum strobilaceum, Aeluropus lagopoides, Phragmites australis, and Scripus maritimus). Sediment
samples were collected at the same time as the plants. In the laboratory, all samples were dried and ground into
a fine powder using an agate mortar (El Azhari et al., 2017).

Total concentrations of metals in the plant samples including (Mo, Cu, Pb, Zn, As, Se, Hg, Ni, Co, Cd, Cr, V,
Mn, Al, and Fe) were measured using inductively coupled plasma mass spectrometry (ICP-MS) at Acme
Analytical Laboratory, Canada. The modified BCR sequential extraction scheme was used for metal
fractionation analysis. Trace element concentration in each fraction was determined by inductively coupled
plasma-optical emission spectrometry (ICP-OES) at Zarazma Mineral Studies Company (lIran).

Following analyses, values were determined for bioaccumulation factor (BAF) and translocation factor (TF) to
assess element mobility in the study species (Chandra et al., 2017). Plants with both factors > 1 are suitable for
phytoextraction while, plants with both factors < 1 are ideal for phytostabilization (Buscaroli, 2017). A modified
BCR sequential chemical extraction was carried out to identify the distribution of elements (Pb, Zn, Ni, As, Co,
Cr, Cu, V, Al, Mo, Mn, and Fe) in different geochemical sediment fractions for four samples. Mobility factor
(MF) is commonly used to determine element mobility, which is calculated using the sum of the proportions of
acid-extractable, reducible, and oxidizable fractions equation (Li et al., 2013).

3-Results and discussion
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The mean concentration of heavy metals in the root and shoot of the selected five macrophyte species and
sediments were determined separately (Table 1). The high mean level of Pb, Zn, As, and Al; Mo and Co; Se, V,
Cr, and Fe; Cd and Ni; and Mn were found in Aeluropus lagopoides, Typha latifolia, Scirpus maritimus,
Halocnemum strobilaceum, and Phragmites australis, respectively. Mean element concentrations showed the
highest values in sediments except for Mo (in the shoot of Halocnemum strobilaceum and root of Typha
latifolia, Scirpus maritimus, and Phragmites australis), Se (in shoot of Scirpus maritimus and Halocnemum
strobilaceum and root of all plant species), and Mn (in root of Phragmites australis). Regarding organs, the
highest concentrations were generally found to be in the roots, except for Typha latifolia for Mn. Therefore,
these data suggest that the five plants have different capacities for metal uptake.

The results for the uptake of heavy metals from sediments to plants (BAF) and translocation within plants (TF)
indicated significant differences in levels between different species and for different elements. The mean values
of BAFshoots ranged from 0.01 (Fe) to 3.33 (Se). The BAF shoots values for were <1 for all elements except
for Mo and Se (Halocnemum strobilaceum and Typha latifolia), As (Aeluropus lagopoides and Phragmites
australis), and Se (Scirpus maritimus), indicating that these plants are an accumulator for Mo, Se, and As. Also,
BAFroot values in all plants were below 1 (except for Mo, Se, and Hg), suggesting a low efficacy in the
phytostabilization of metals in contaminated sediments. Generally, the higher bioaccumulation factors (BAF
shoot and BAF root) were found in Scribus maritimus. Values for heavy metal translocation factor (TF) varied
appreciably for the different elements and between species. Plants with TF values >1 are classified as high-
efficiency plants for metal translocation from roots to shoots (Ma et al., 2001). The values of TF for the
different species were highest for Typha latifolia (Se= 3.27) and lowest for Phragmites australis (Co=0.04). The
results revealed that heavy metals taken up by Phragmites australis were primarily retained in the roots, as
shown by the TFs for shoot/root, which was lower than 1 (Fig. 1).

Sequential extraction data showed that for Mo, As, Fe, Zn, Al, Mn, and V, the reducible fraction was the most
critical metal phase, but the detailed fraction ranking was element dependent (Table 2). The mean mobility
factor for Pb, Ni, Zn, Co, Cu, Cr, V, Mn, Al, Fe, As, and Mo in sediment samples were 90.54, 76.76, 73.91,
66.46, 66.18, 63.20, 62.46, 59.71, 59.30, 56.30, 55.58, and 34.16 %, respectively. This result indicates that Pb,
Ni, and Zn are the most likely to be taken up by plants. Arsenic and Mo can be regarded as the most stable
elements due to their low mobility factors. However, the accumulations of heavy metals from sediment to any
potential plants depend on the metal availability, chemical nature of other co-pollutants, pH of media, and
rhizospheric bacterial community (Rosselli et al., 2003).

Table 1. Mean concentration of heavy metals (mg kg™?) in shoots and roots of five abundant plant species
(Typha latifolia, Halocnemum strobilaceum, Aeluropus lagopoides, Phragmites australis and Scripus
maritimus) and sediments.

Mo Cu Pb Zn As Se Hg N Co cd Cr Vv Mn Al e

Plant species (%) %)

Shoot

H 1.85 5.03 0.34 12.60 0.08 1.07 0.02 6.27 037 0.13 3.00 2.00 27.67 0.02 0.03

A 0.82 5.04 0.80 19.00 0.29 0.93 0.02 390 0.59 0.04 647 133 38.67 0.02 0.03

S 1.02 1.61 0.20 1343 0.12 1.67 0.02 243 022 0.01 5.20 2.67 131.67 0.02 0.01

T 127 4.14 0.13 15.05 0.25 0.85 0.02 1.20 0.18 0.04 240 1.50 126.50 0.02 0.01

P 088 4.70 0.18 14.60 0.15 078 0.01 408 021 0.02 8.04 4.00 153.60 0.02 0.01

Root

A 1.15 6.19 1.01 19.7 1.4 15 0.07 10.8 2.19 0.11 94 7 138 0.13 0.20

P 1 88 6.72 3.62 19.8 0.8 53 0.07 16.7 5.65 0.16 10.9 11 1013 0.24 0.39
Scripus maritimus S 282 434 1.33 17.7 09 20 0.09 13.6 195 0.07 195 13 243 0.12 0.31
Typha latifolia T 373 633 1.72 234 0.5 1.1 007 7.2 5.18 0.11 6.5 6 89 0.07  0.16
Sediment 1.82 18.41 32.70 62.20 3.21 1.05 0.07 04.64 928 0.21 46.99 3520 364.60 1.16 1.50
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Table 2. Concentration of heavy metals extracted in each step of the sequential extraction procedure (%).

Element Al As Co Cr Cu Fe Mn Mo Ni Pb V Zn
F1 (%) 13.91 2447 2010 16.49 13.65 16.92 26.25 21.04 3057 4.71 2055 2147
F2 (%) 37.77 18.60 36.07 36.94 4163 2861 17.26 10.85 36.49 9.03 25.99 27.71
F3 (%) 762 1251 10.29 9.77 1090 10.77 16.20 2.26 9.70 76.80 15.92 9.69
F4 (%) 40.70 44.42 3354 36.80 33.82 43.70 40.29 65.84 23.24 9.46 37.54 41.14
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Fig. 1. Translocation factors in various macrophyte species (Aeluropus lagopoides (A), Typha latifolia (T), Scripus
maritimus (S), and Phragmites australis (P).

4-Conclusion

Accumulation and distribution of heavy metals in the five macrophyte species (Typha latifolia, Halochemum
strobilaceum, Aeluropus lagopoides, Phragmites australis, and Scripus maritimus) of Shadegan wetland were
investigated. All five species exhibited significantly higher concentrations of metals in roots than in aboveground
organs. In the present study, the bioaccumulation factor (BAF) and translocation factor (TF) values were <1 for
most of the heavy metals, suggesting that most of the investigated species are no strong accumulators of heavy
metals and that translocation from roots to shoots is low. The aquatic plant Scripus maritimus revealed a high
capacity to accumulate heavy metals in its tissues, and this plant may be used as an indicator of the presence and
level of heavy metal contaminants in wetlands. The metal mobility sequence was Pb > Ni >Zn>Co > Cu>Cr>V
> Mn > Al > Fe > As > Mo. The high mobility factor of Pb indicates this element concentration was mostly under
the influence of anthropogenic sources.
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Fig. 1. Location of plant samples for heavy metals in the Shadegan wetland.
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Table 1. Geograhical location, sampling stations and characteristices of plant species in Shadegan Wetland.

Sample X Y Station name Specie
PS1 290515 3423715  North - east part of the wetland Halocnemum strobilaceum
PS2 270274 3409343  Abuarabid village Aeluropus lagopoides
PS3 270274 3409343  Abuarabid village Scripus maritimus
PS4 270274 3409343  Abuarabid village Halocnemum strobilaceum
PS5 271314 3403260  Downstream of Jaffal agriculture drainage Aeluropus lagopoides
PS6 276706 3422916  Bahreh stream Typha latifolia
PS7 263817 3396136  Sarakhiyeh village Phragmites Australis
PS8 263817 3396136  Sarakhiyeh village Scripus maritimus
PS9 263817 3396136  Sarakhiyeh village Typha latifolia
PS10 281892 3383333  South part of the wetland Phragmites Australis
PS11 291573 3380762  Khore Doragh port Halocnemum strobilaceum
PS12 245953 3373374  Ends of cultivation and industry Phragmites Australis
PS13 248727 3385703  Salmaneh village Phragmites Australis
PS14 259529 3399550  Darkhouin-Shadegan road Phragmites Australis
PS15 259529 3399550  Darkhouin-Shadegan road Phragmites Australis
PS16 259529 3399550  Darkhouin-Shadegan road Scripus maritimus
PS17 271314 3403260  Downstream of Jaffal agriculture drainage Aeluropus lagopoides
PS18 263817 3396136  Sarakhiyeh village Phragmites Australis
PS19 263817 3396136  Sarakhiyeh village Scripus maritimus
PS20 263817 3396136  Sarakhiyeh village Typha latifolia
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Table 2. Summary statistics for heavy metal concentrations (mg kg™) in plants.

Element Minimum Maximum Mean Std. Deviation Skewness Kurtosis
Plant

Mo 0.41 3.73 1.38 0.93 1.51 1.57
Cu 1.17 9.22 452 2.34 0.26 -0.84
Pb 0.05 3.62 0.64 0.86 2.49 7.00
Zn 7.50 25.60 15.94 4.74 0.17 -0.35
As <0.1 1.40 0.31 0.36 1.86 3.46
Se 0.50 5.30 1.33 1.18 2.56 6.87
Hg (ugkg?)  9.00 94.00 29.25  25.07 1.66 1.43
Ni 0.80 16.70 5.45 412 1.52 2.07
Co 0.08 5.65 1.00 1.62 2.33 4.66
Cd <0.01 0.30 0.06 0.07 2.30 6.26
Cr 2.00 19.50 6.77 4.35 1.48 2.70
\Y/ <2 13.00 4.20 3.20 1.66 2.38
Mn 24.00 1013.00 157.90 220.03 3.38 13.02
Al (%) <0.01 0.24 0.04 0.06 2.45 6.38
Fe (%) 0.01 0.39 0.08 0.11 2.11 3.73
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Table 4. Bioaccumulation factor (BAF) values for heavy metals in plant species. A, H, P, S and T represents Aeluropus lagopoides, Halocnemum
strobilaceum, Phragmites australis, Scripus maritimus and Typha latifolia, respectively.

Mo Cu Pb Zn As Se Hg Ni Co Cd Cr \Y Mn Al Fe
Sample

BAFShoot
H1 336 040 004 043 004 150 052 010 003 036 005 005 011 002 0.02
H2 171 028 003 037 002 200 018 011 003 065 0.05 004 006 0.02 002
H3 055 086 015 070 004 133 032 035 016 100 026 018 013 010 0.13
Mean 187 051 007 050 003 161 034 018 008 067 012 009 010 0.05 0.06
Al 042 050 004 042 002 111 027 005 011 004 012 009 023 002 0.04
A2 131 023 006 056 011 120 035 005 004 033 011 009 012 0.03 0.03
A3 005 013 023 052 533 011 013 006 004 005 020 013 017 001 0.02
Mean 059 029 011 050 18 081 025 006 006 014 014 010 017 002 0.03
S1 049 012 001 019 002 089 021 004 002 002 012 009 015 0.02 0.02
S2 182 005 002 019 001 900 095 003 002 003 008 006 061 001 001
S3 014 013 004 075 267 011 013 003 001 005 012 009 024 001 001
Mean 082 010 002 038 09 333 043 003 002 003 011 008 033 001 001
T1 072 036 003 053 013 160 030 003 002 024 006 004 030 0.02 0.02
T2 333 011 001 023 002 225 076 001 001 008 003 003 021 000 001
Mean 203 024 002 038 008 193 053 002 002 016 004 004 026 0.01 0.01
P1 214 027 001 029 001 350 043 006 001 003 018 013 047 0.00 0.01
p2 060 029 001 049 013 120 029 014 004 022 043 022 139 001 0.03
P3 057 012 000 005 002 175 017 003 001 007 008 004 036 0.00 0.01
P4 050 023 003 020 002 100 038 004 004 023 005 005 006 002 0.03
P5 013 015 004 066 133 013 009 007 002 005 023 017 019 001 001
Mean 079 021 002 034 030 152 027 007 002 012 020 012 049 0.01 0.02

BAFRroot
A 124 028 014 043 038 150 103 011 016 037 015 016 032 0.09 0.10
S 553 017 013 030 016 500 448 013 014 029 026 025 052 0.06 0.14
T 731 025 016 040 009 275 324 007 036 046 009 011 019 004 0.07
p 369 027 034 034 014 1325 338 016 040 067 015 021 219 0.13 0.18
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Fig. 2. Mean bioaccumulation factor (BAFshoot) for heavy metals in different species. A, H, P, S and T represents Aeluropus lagopoides,
Halocnemum strobilaceum, Phragmites australis, Scripus maritimus and Typha latifolia, respectively.
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Fig. 3. Mean bioaccumulation factor (BAFrot) for heavy metals in different species. A, P, S and T represents Aeluropus lagopoides, Phragmites

australis, Scripus maritimus and Typha latifolia, respectively.
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Table 5. Translocation factor (TF) values for heavy metals in plant species. A, P, S and T represents Aeluropus lagopoides, Phragmites australis,

Scripus maritimus and Typha latifolia, respectively.

Sample Mo Cu Pb Zn As
A 1.06 0.84 0.48 1.30 0.29
S 0.39 1.57 0.11 0.95 0.08
T 0.25 0.18 0.13 0.49 0.15
P 0.45 0.81 0.05 0.84 0.50
Se Hg Ni Co Cd
A 0.80 0.34 0.48 0.23 0.91
S 0.70 0.10 0.46 0.11 0.11
T 3.27 0.29 0.40 0.07 0.07
P 0.15 0.37 0.10 0.04 0.31
Cr \Y% Mn Al Fe
A 0.76 0.57 0.37 0.31 0.32
S 0.70 0.54 0.89 0.06 0.06
T 0.88 0.50 3.17 0.14 0.16
P 0.25 0.14 0.15 0.08 0.09
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Table 6. Concentration of heavy metals in different geochemical fractions (%).
Element Al As Co Cr Cu Fe Mn Mo Ni Pb V Zn
F1 (%) 13.91 2447 20.10 16.49 13.65 16.92 26.25 21.04 30.57 4.71 20.55 21.47
F2 (%) 37.77 18.60 36.07 36.94 41.63 28.61 17.26 10.85 36.49 9.03 25.99 27.71
F3 (%) 7.62 1251 10.29 9.77 10.90 10.77 16.20 2.26 9.70 76.8015.92 9.69
Mobility phase (%) 59.30 55.58 66.46 63.20 66.18 56.30 59.71 34.16 76.76 90.5462.46 73.91
F4 (%) 40.70 44.42 33.54 36.80 33.82 43.70 40.29 65.84 23.24 9.46 37.54 41.14
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Fig. 4. Diagram of heavy metals concentration in mobility phase (%) in sediment samples.
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