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Abstract. Environmental pollution with heavy metals is a global disaster that is related to 

human activities. This study was conducted to determine the extent of heavy metals 

accumulation by plant species in Lia industrial city (Qazvin, Iran) and to investigate the 

remediative capacity of native plant species grown in the contaminated soils. Soil and 

industrial wastewater sampling was done radially along transects with 300 m intervals 

from exit point of wastewater at three sites. In each sampling point, along 100 m transects 

within 5×2 m plots, the plant samples and soil samples were collected in depth of 0-20 cm 

and 20-40 cm from rhizosphere zone. Concentration of copper, zinc and chromium in root 

and shoot of 11 plant species, soil and wastewater were analyzed in three sits for 

mentioned metals. Bio Concentration factors and translocation factor were determined to 

ensure phytoremediation availability. Results showed that the concentrations of metals in 

the soil and wastewater greatly exceeded the threshold limit values. The contents of metals 

in soils ranged in the order of Cr>Zn>Cu and in wastewater were in the order of 

Zn>Cr>Cu, respectively. Results showed that Scirpus maritimus L. and Phragmites 

australis (Cav.) Trin. ex Steudel presented the highest accumulation of Zn, Cu and Cr in 

their root tissues which were suitable for phytostabilization (with a high BCF couple with 

low TF). The lowest extractable Zn (7.24 and 3.29 mgkg
-1 

for shoot and root respectively, 

BCF=0.07) and extractable Cu (2.56 and 2.80 mgkg
-1

 for shoot and root respectively, 

BCF=0.14) were related to Hordeum glaucum L. Moreover, the relatively lowest values of 

Cr were measured for Taraxacum officinale L. Results indicated that the species, which 

had low metal bioaccumulation in their roots and high TF, could play important roles for 

removal of heavy metals through phytoextraction. 
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Introduction 
Contamination of soils with toxic heavy 

metals is a major environmental problem 

that can affect both plant productivity and 

safety as food and feed crops (Alloway, 

1990; Kabata-Pendias, 2001). In fact, 

heavy metals have a significant toxicity 

for humans, animals, microorganisms and 

plants (Hernandez-Ochoa et al., 2005; 

Bodar et al., 2006; Fotakis and Timbrell, 

2006; Ok et al., 2011). Many methods, 

including removal, incineration and 

removal followed by thermal desorption, 

have been used for the cleanup of 

contaminated soils (Joner and Leyval, 

2001). In this way, phytoremediation, 

using plant species to restore the 

deteriorated soils, is a promising 

technology in cleanup of polluted sites 

due to less destructive, low cost and 

environmentally friendly nature (Wang et 

al., 2012) and it can be categorized into 

two different approaches: (i)  

phytoextraction, metal accumulating 

species are planted on a contaminated soil 

and later harvested in order to remove 

metals from the soil (Salt et al., 1995 

;Yoon et al. 2006; Usman and Mohamed, 

2009), and ii) phytostabilization, metal-

tolerant species are used to reduce the 

mobility of metals, thus, the metals are 

stabilized in the substrate (Salt et al., 

1995; Abdel-Ghani et al., 2007; 

Antosiewicz et al., 2008). 

     Some metallophytes are called 

hyperaccumulators, as these plant species 

can accumulate very high metal 

concentrations in their aerial tissues, 

besides normal levels found in most 

species (Baker and Brooks, 1989). There 

are also some plant species called 

excluders that can restrict the uptake and 

transport of elements between roots and 

shoots, maintaining low metal levels 

inside plant body over a wide range of 

external concentrations (Baker, 1981).  

Depending on the ability of plant species 

used as a phytoremediation to accumulate 

and tolerate heavy metals, plants are 

classified into three categories of 

hyperaccumulators, indicators and 

excluders (Ghosh and Singh, 2005). 

     Hyperaccumulators can accumulate 

very high metal concentrations in their 

aerial tissues, besides normal levels found 

in most species (Baker and Brooks, 

1989). Indicators can uptake and 

transport heavy metals to aerial tissues 

regularly, so that tissue concentrations are 

proportional to environmental  

concentrations (Greger, 1999; Ghosh and 

Singh, 2005). Excluders can restrict 

uptake and transport of elements between 

roots and shoots, maintaining low metal 

levels inside plant body over a wide 

range of external concentrations (Baker, 

1981). The ability of selecting species of 

plants, which are either resistant to heavy 

metals, or can accumulate great amounts 

of them, would certainly facilitate 

reclamation of contaminated areas 

(Chehregani et al., 2009; Lasat, 2002). 

Since native plant species can survive 

better under toxic metal stress compared 

to invasive plant species, it is possible to 

identify hyperaccumulators among native 

species in contaminated areas (Yoon et 

al., 2006; Nouri et al., 2011). This study 

was conducted to determine the 

concentrations of Zn, Cu and Cr in 

species growing in contaminated soils of 

Lia industrial city and to identify the 

remediation ability of native plant species 

for phytoremediation purpose. 
 

Materials and Methods 

Study area 
The study area was located at Lia 

industrial city, Qazvin Province, Iran. 

This area was designed for agriculture 

and industrial purposes. The coldest and 

hottest months are February and July 

whose mean temperatures are, 7.2°C and 

21.7°C, respectively, with an annual 

mean temperature of 13.9°C. The annual 

mean rainfall is 321.5 mm and the soil is 

classified as aridisols. Industrialization in 

this area has exposed the soil to various 

effluent inputs including heavy metals. 

This has resulted in contamination of the 

soils which need to be improved.  
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Sampling method 
Sampling was carried out from May 

(2009) to February (2010). Sampling was 

done along transects with 300 m intervals 

in three locations due to the widespread 

of wastewater in the area. Samples were 

taken from plant, industrial wastewater 

and sediment. In each sampling point, 

based on the vegetative state and cover 

area, a total of 11 plant species were 

collected from three locations (along 100 

m transects within 5×2m plots (according 

to dominant plant species, Bonanno et al., 

2010) (Table 1) with their corresponding 

soils. The collected plant samples were 

washed with tap water to remove 

sediments and quickly transported in 

plastic bags to the laboratory for analysis. 

     Industrial wastewater and sediment 

samples were collected at each sampling 

point. Industrial wastewater samples were 

collected in 0.5L clean polyethylene 

bottles and kept at 3°C until analysis 

(Bonanno et al., 2010). Sediment samples 

were collected using a stainless steel 

collector at about 0–20cm and 20–40cm 

depths of soils from each sampling point. 
 

Metal content analysis 
The washed plant samples were divided 

into roots and shoots to recognize the 

different bioaccumulation capability. As 

the second step, samples were oven dried 

at 70 °C to a constant weight for 

approximately 48h and ground into fine 

powder (Yang et al., 2009). Copper (Cu), 

Zinc (Zn) and Chromium (Cr) were 

analyzed after mineralization of 400 mg 

dry shoot material in a microwave oven 

with 5 ml of nitric acid (69% v/v), 5 ml 

deionized water and 2 ml H2O2 (30% 

v/v). The digest was made to 25ml final 

volume with deionized water, filtered 

(0.45 mm, Millipore) and then analyzed 

for Zn, Cu and Cr using ICP/OES (Du 

Laing et al., 2003). Prior to analysis, 

industrial wastewater samples were 

passed through Whatman filters. Dried 

sediment samples were passed through a 

2mm diameter sieve. About 100 mg dry 

sediment was digested with HNO3 and 

HCl (3:1) in a microwave oven. (Du 

Laing et al., 2003). After mineralization, 

the samples were diluted, filtered and 

analyzed. Metal concentrations (Zn, Cu, 

Cr) of sediment samples (Table 2) and 

wastewater (Table 3) were measured as 

described for the plant samples. All the 

analyses were performed in five 

replicates. 
 

Phytoextraction efficiency 
The Bio Concentration Factor (BCF) and 

Translocation Factor (TF) were 

calculated to determine the heavy metals 

phytoextraction efficiency (Wilkins, 

1978; Zayed et al., 1998; Mattina et al., 

2003; Yoon et al., 2006). The BCF 

expresses the ability of a plant to 

accumulate metal from soils (Metal in 

root DW (Dry Weight)/Metal in soil DW 

(Dry Weight)) (Yoon et al., 2006) and TF 

is the capacity of a plant to transfer metal 

from its roots to shoots (Metal in shoot 

DW/Metal in root DW) (Santillan et al., 

2010). 
 

Statistical analysis 
All data were checked for their normality 

and homogeneity of variance, and where 

necessary, data were log-transformed 

before statistical analysis. Statistical 

significance was computed by analysis of 

variance (ANOVA) at p<0.05. Regarding 

plants data, the statistical model was 

based on two groups (root and shoot), 

and aimed to show whether plant organs 

triggered a different accumulation pattern 

of a given trace element. Duncan test post 

hoc analysis was performed to define 

which specific mean pairs were 

significantly different. The ANOVA for 

industrial wastewater and sediment 

considered three groups (Zn, Cu, Cr) in 

order to detect significant different levels 

of concentration within the same kind of 

sample. The difference of metals 

concentration between soil sampling 

depths was analyzed by Student’s t-test.   

All statistical calculations were 

performed using SPSS 16.0 software.  
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Table 1. Native plant species in surrounding area of Lia region 

 

Results 

Soil and wastewater Characteristic  
Chemical analysis of soil including cation 

exchange capacity (Bower and Hatcher 

method; Bower and Hatcher, 1966), total 

N (Kjeldahl method; Black, 1965), 

organic carbon content (Walkley-Black 

method; Walkley and Black,1934), EC 

(solid: deionized water = 1:2 w/v; 

Rowell, 1993), pH (1:1 soil/ water ratio; 

Thomas, 1996) and CaCO3 equivalent 

(Drouineau and Galet method; Loeppert 

and Suarez, 1996) are listed in Table 2. 

     Acidity (pH) and Electrical 

Conductivity (EC) showed that the soils 

are categorized in salin sodic soils and 

are poor in terms of organic matter (less 

than one percent). The texture of the soils 

was clay to clay loam and due to low 

organic materials, clay particles had a 

special role in the soils. The metals 

content in soil of the studied area greatly 

exceeded the threshold limit value 

(2758.50-74.36 mgkg
-1

 Zn, 436.76-85.38 

mgkg
-1

 Cu and 1549.6-215 mgkg
-1

 Cr 

(Table 3). The concentration of metals 

decreased in industrial wastewater and 

was in order of Zn > Cu >Cr (Table 4) 

the level of Zn was higher than the levels 

of Cu and followed by Cr.  Although 

analyzed metal contents in soils and 

wastewater were highly variable, no 

significant variation concentration levels 

were observed for the metals during the 

experimental period among locations 

(sites 1, 2 and 3). Metal concentrations in 

the 0–20 cm depth showed higher 

concentrations of metals than that for the 

top soil (Table 3).  

 

Table 2. Chemical and physical characteristics of soil 
CaCO3  

(%) 

pH EC 

(dSm-1) 

OC 

(%) 

N 

(%) 

CEC 

(meq) 

Depth 

(cm) 

Texture Site 

12.28 8.41 2.24 0.12 0.10 36.00 0-20 Clay loam 1 

14.04 8.30 3.46 0.15 0.06 45.04 20-40 Clay  

         

13.95 8.37 2.37 0.13 0.15 26.08 0-20 Clay loam 2 

16.46 8.85 3.33 0.15 0.13 47.39 20-40 Clay  

         

         

13.27 8.42 2.78 0.13 0.08 48.69 0-20 Clay 3 

15.33 8.89 3.05 0.16 0.06 29.34 20-40 Clay loam  

 
Table 3. Mean concentrations of Zn, Cu and Cr (mg kg

-1
) in soil sediments 

Zn (mg kg-1) Cu (mg kg-1) Cr (mg kg-1) Depth (cm) Site 

725.04 ±7.50 a (b) 436.76 ± 4.50 a (c) 1549.60 ± 9.50 a (a) 0-20 1 

375.70 ±6.00 b (a) 209.16 ± 6.20 b (b) 369.36 ± 7.50 b (a) 20-40  

     

265.20 ± 6.00 a (b) 269.68 ± 60.0 a (b) 674.44 ± 7.50 a (a) 0-20 2 

74.36 ± 0.10 b (b) 85.38 ± 3.20 b (b) 215.00 ± 6.20 b (a) 20-40  

     

2758.50 ± 9.20 a (a) 280.16 ± 6.00 a (c) 725.08 ± 7.50 a (b) 0-20 3 

181.94 ± 6.00 b (a) 106.04 ± 3.20 b (b) 229.49 ± 6.00 b (a) 20-40  

Note: Mean values are reported with SD (Standard Deviation) 

Means with the same letter for soil sampling depth (column) are not significantly different (p< 0.05) 

Means in parenthesis with the same letter for element concentration (row) are not significantly different (p< 0.05) 

 

Plant Species Family  

Scirpus maritimus Cyperaceae 

Phragmites australis, Hordeum glaucum, Bromus tectorum, Poa bulbosa Poaceae 

Polygonum lapathifolium Polygonaceae 

Alisma plantago-aquatica Alismataceae 

Cardaria draba Brassicaceae 

Lactuca orientalis, Taraxacum officinale Asteraceae 

Euphorbia helioscopia Euphorbiaceae 
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Table 4. Mean concentrations of metals (mg L
-1

) in industrial wastewater 

Zn (mg L
-1

) Cu (mg L
-1

) Cr (mg L
-1

) Site 

31.61 ± 0.02 a (a) 11.77 ± 0.02 a (c) 20.07 ± 0.05 a (b) 1 

34.35 ± 0.01 a (a) 14.99 ± 0.01 a (c) 24.35 ± 0.05 a (b) 2 

40.94 ± 0.40 a (a) 13.53 ± 0.06 a (c) 21.83 ± 0.01 a (b) 3 
Note: Mean values are reported with SD (Standard Deviation) 

Means with the same letter for soil sampling site (column) are not significantly different (p< 0.05) 

Means in parenthesis with the same letter for element concentration (row) are not significantly different (p< 0.05) 

 

Metal concentration in plant tissues 

and BCF and TF coefficients 
Eleven plant species were identified in 

the study area (Table 1) that belong to 

different plant families. The data showed 

that the metal contents in the plant tissues 

differed among species at the polluted 

sites indicating their different capacities 

for metal uptake (Tables 5, 6, 7). The 

species with the highest Zn, Cu and Cr 

concentration for shoots and roots were S. 

maritimus and P. australis, respectively 

and metal concentrations were above the 

phytotoxic range in both species 

Zinc concentration in roots of the 

plants varied from 3.29–238.50 mg kg
-1 

and the level of Zn in shoots was from 

7.24–93.16 mg kg
-1 

that the highest BCF 

of Zn was obtained for S. maritimus and 

P. australis with average values of 5.4 

and 4.7 and the lowest values of TF were 

0.41 and 0.39 respectively. The lowest 

extractable Zinc with average values of 

7.24 mgkg
-1

 and 3.29 mgkg
-1 

was 

obtained for shoot and root in H. 

glaucum, respectively. 

With regard to copper concentrations, 

in shoots of the plants, Cu varied from 

2.56–43.40 mg kg
-1 

and in root tissues, 

whereas the level of Cu ranged from 

2.80-73.06 mg kg
-1

 in the root tissues. 

The highest BCF values of Cu with 

average values of 3.85 and 3.05 were 

obtained for S. maritimus and P. 

australis, respectively. P. australis with 

average values of 0.74 had the lowest TF 

coefficient. The lowest extractable Cu 

with average values of 2.56 and 2.80 

mgkg
-1 

were obtained for shoot and root 

in H. glaucum, respectively (BCF=0.14). 

The Chromium concentrations in shoot 

and root ranged from 2.90–8.50 mgkg
-1

 

and 3.44 to 296 mgkg
-1

, respectively 

coupled with the highest BCF values of 

19.70 and 4.26 for S. maritimus and P. 

australis, respectively. The lowest Bio 

Concentration Factor (BCF) of chromium 

with average values of 0.22 was obtained 

in T. officinale. 
 

Table 5. Zinc concentration (mgkg
-1

) and coefficient in plant samples 

BCF TF Root  Shoot  Species 

4.70 a 0.41 c 210.35 86.59 Phragmites australis 
5.40 a 0.39 c 238.50 93.16 Scirpus maritimus 

0.70 b 1.66 b 31.21 51.80 Polygonum lapathifolium 
0.93 b 2.80 b 41.16 14.45 Cardaria draba 

0.31c 4.80a 13.64 66.40 Alisma plantago-aquatica 

0.07e 2.20 b 3.29 7.24 Hordeum glaucum 
0.95 b 1.24 b 42.07 52.60 Bromus tectorum 
0.73 b 1.24 b 41.09 51.20 Lactuca orientalis 
0.45 bc 1.74 b 19.86 34.60 Poa bulbosa 

0.82 b 1.42 b 41.70 59.30 Taraxacum officinale 
0.63 b 1.44 b 45.78 66.24 Euphorbia spp 

Means with the same letter in each column are not significantly different (p< 0.05) 
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Table 6. Copper concentrations (mgkg
-1

) and coefficient in plant samples 

BCF TF Root   Shoot   Species 

3.05 a 0.74 c 58.00 43.40 Phragmites australis 

3.84 a 0.44 c 73.06 32.55 Scirpus maritimus 

0.22 c 1.43 b 4.47 6.40 Polygonum lapathifolium 
0.48 c 2.83 b 9.30 26.40 Cardaria draba 
0.20 c 4.90 a 3.40 16.71 Alisma plantago-aquatica 

0.14 c 0.90 cb 2.80 2.56 Hordeum glaucum 
0.87b 1.96 b 17.50 34.40 Bromus tectorum 
0.37 c 2.13 b 7.55 16.14 Lactuca orientalis 
0.23 c 0.70 b 4.70 3.30 Poa bulbosa 
0.86 b 1.14 b 22.60 25.80 Taraxacum officinale 
0.91b 1.39 b 18.60 25.95 Euphorbia spp 

Means with the same letter in each column are not significantly different (p< 0.05) 

 

Table 7. Chromium concentrations (mgkg
-1

) and coefficient in plant samples 

BCF TF Root   Shoot   Species 

4.26 a 0.78 c 63.90 50.40 Phragmites australis 

19.70 b 0.28 d
 

296.0 85.00 Scirpus maritimus 

0.56 c 2.47 b 8.50 21.03 Polygonum lapathifolium 
0.66 c 1.23 b  10.03 12.39 Cardaria draba 
0.44 c 2.80 b 6.60 18.50 Alisma plantago-aquatica 

0.30 c 4.60 a 4.58 21.30 Hordeum glaucum 
0.55 c 1.41 b 8.27 11.70 Bromus tectorum 
0.38 c 0.50 c 5.80 2.90 Lactuca orientalis 
0.82 c 0.38 d 12.30 4.70 Poa bulbosa 
0.22 c 2.23 b 3.44 7.70 Taraxacum officinale 
0.65 c 1.27 b 9.81 12.50 Euphorbia spp 

Means with the same letter in each column are not significantly different (p< 0.05) 

 

Discussion and Conclusion 
Contaminated soil with toxic heavy 

metals is a serious environmental 

problem, which may be solved with 

phytoaccumulation. In this study, 

analyzed metal contents in soils (100–400 

mgkg
-1

 Zn, Cu 60–125 mgkg
-1

 and 75–

100mgkg
-1

 Cr, Alloway, 1990) and 

wastewater (Zn>10 mgLi
-1

, Cr > 0.5 

mgLi
-1

 and Cu>1 mgLi
-1

, U.S. EPA, 

1993) were found to be high (Table 3).  

     ANOVA results of soil and 

wastewater samples showed that there 

were no significant differences among 

samples at three sites (p>0.05); it might 

be due to the monotonous distribution of 

heavy metals at the profile of soil and 

relatively high availability in the 

sediments and wastewater. The results 

demonstrated that some plants could 

tolerate a wide range of metal 

concentrations in the soils. According to 

Alloway (1990), Zn, Cu and Cr at high 

threshold limits would be considered 

toxic to plants based on total fractions in 

soil. The metals contents in the study area 

of Lia greatly exceeded these ranges 

(Tables 5, 6, 7); therefore, the 11 plant 

species grown in these contaminated sites 

exhibited high metals tolerance. The 

species with the highest heavy metals 

concentration for shoots and roots were S. 

maritimus and P. australis, respectively 

and metal concentrations were above the 

phytotoxic range (100-400 mgkg
-1

 Zn, 

20-100 mgkg
-1

 Cu and 5-30 mgkg
-1

 Cr) in 

both species (Kabata-Pendias, 2001). 

     Metal concentrations in plants vary 

with plant species (Alloway et al., 1990). 

BCFs were calculated to assess 

concentrations in roots to environmental 

loading. In this study, metals in S. 

maritimus and P. australis were 

accumulated in roots with concentrations 

greater than was found in adjacent 

sediments with BCF of >1. The dominant 

uptake pathway of metals from the 

sediment was via the rhizosphere system. 

It is generally known that most metals 

tend to accumulate in the roots rather 
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than in shoots (Fitzgerald et al., 2003), 

which suggests that the plants adopt 

either external or internal exclusion 

mechanisms to hinder translocation of 

metals to the aerial tissues (Hansel et al., 

2001). Khan et al., (2009) in their 

study for the purification of industrial 

wastewater by macrophyte species 

reported the highest bioconcentrations 

factor of chromium (3.5) for the P. 

australis. These researchers introduced 

species with BCF of >1 suitable for the 

purification of contaminated soils. TFs 

were calculated to enable the assessment 

of transport of accumulated metals from 

root to shoot and the ability of 

phytoremediation has commonly been 

characterized by TF (Yoon et al., 2006; 

Usman and Mohamed 2009), in this study 

metals in shoots of S. maritimus and P. 

australis were lower than half that of root 

comparing with other plants. The 

relatively low accumulation of heavy 

metals in shoot tissues was probably due 

to the need of plants to prevent toxicity to 

the photosynthetic apparatus as suggested 

by other authors (Stoltz and Greger, 

2002; Bragato et al., 2006). The root of 

plant species are mainly responsible for 

heavy metal phytoextraction and plants 

species with TF<1 have the potential for 

phytostabilization (Yoon et al., 2006; 

Usman et al., 2012), because in this 

process the metal tolerant plant species 

immobilize heavy metals through 

absorption and accumulation by roots, 

adsorption onto roots or precipitation 

within the rhizosphere (Wong, 2003).  

This process also decreases metal 

mobility and reduce the likelihood of 

metals entering into the food chain. 

Therefore, the use of metal tolerant native 

flora represents an inexpensive long-term 

solution (Ashraf et al., 2011). 

     Nouri et al. (2011) in their study 

showed plant species with TF<1 are 

useful for phytoremediation of 

contaminated soil with magnesium, iron, 

copper and zinc. P. australis and S. 

maritimus among the 11 plant species 

investigated showed BCF values >1 and 

TF values <1, indicating strong potential 

for use in phytostabilization. P. australis 

and S. maritimus having the highest BCF 

and the lowest TF were the most 

promising plants species for Zn, Cu and 

Cr phytostabilization. Conversely, plants 

which have low metal bioaccumulation in 

their roots and high TF, might be useful 

for phytoextraction because it would 

likely increase metal bioaccumulation in 

its shoots. Overall, we found that P. 

australis and S. maritimus were the best 

for phytostabilization of Zn, Cu and Cr 

and 9 other plant species could be useful 

for phytoextraction of metals. 

     Results of this research work indicated 

that among the 11 sampled plant species, 

metal translocation into shoots appears to 

be very restricted in S. maritimus and P. 

australis so that these plant species could 

be used in order to stabilize the metals 

and reduce the metal dispersion through 

wind erosion and grazing animals. 

Further studies would be needed on 

investigating deeply the possible 

translocation of metals to tissues of plants 

and investigate the phytoremediation 

efficacy of identified plant species 

against various concentrations of Zn, Cu 

and Cr. 
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مطالعٍ َای آلًدٌ )ارسیاتی تجمع فلشات عىگیه در گیاَان رؽذ یافتٍ در خاک

 مًردی: قشيیه، ایزان(
 

 ٍفشًبًذٍ هبدسٗذ، ىػلٖ عَٗلٖ، دآرسًًَ٘ذحؼ٘ي ، جغلاهشضب ثَالجٖ، ةهحوذ خؼفشٕ ،الفهْذِٗ اثشاّ٘وٖ

 

الف
 maebrahimi2007@uoz.ac.ir، پؼت الىتشًٍ٘ه: هؼئَل( ذُگبسً)ً گشٍُ هشتغ ٍ آثخ٘ضداسٕ، داًـگبُ صاثل،بدٗبس، اػت 

 داًـگبُ تْشاى ،هٌبعك خـه ٍ وَّؼتبًٖ ءاػتبد، گشٍُ اح٘ب ة
 ، داًـگبُ تْشاىداًـ٘بس، داًـىذُ وـبٍسصٕ ج
 ، داًـگبُ تْشاىهٌبعك خـه ٍ وَّؼتبًٖ ءداًـ٘بس، گشٍُ اح٘ب د
 داًـگبُ تْشاى ،هٌبعك خـه ٍ وَّؼتبًٖ ءداًـ٘بس، گشٍُ اح٘ب ى
 اػپبً٘ب IRNAS-CSICفَق تخلق آلَدگٖ، هَػؼِ  ٍ

 

ّب اًؼبًٖ اػت. وِ هشثَط ثِ فؼبل٘تصٗؼت ثِ فلضات ػٌگ٘ي ًگشاًٖ خذٕ اػت آلَدگٖ هح٘ظ .چکیذٌ

ّبٕ گ٘بّٖ دس هٌغمِ كٌؼتٖ ل٘ب )لضٍٗي، هٌظَس تؼ٘٘ي ه٘ضاى تدوغ فلضات دس گًَِ هغبلؼِ حبضش ثِ

ثشداسٕ ت. ًوًَِاًدبم گشفّبٕ آلَدُ ٗبفتِ دس خبن ثَهٖ سؿذّبٕ اٗشاى( ٍ اسصٗبثٖ لبثل٘ت پبلاٌٗذگٖ گًَِ

هتش اص ًمغِ خشٍخٖ پؼبة اًدبم ؿذ. دس  300 فَاكلت ؿؼبػٖ ثِ كَس دس ػِ ػبٗت ثِ خبن ٍ پؼبةاص 

ّبٕ ّبٕ گ٘بُ ٍ ًوًَِ، ًوًَِهتش2دس  5ّبٕ ثِ اثؼبد هتشٕ دس پلات 100ّبٕ ّش ًمغِ دس عَل تشاًؼه

هتشٕ اص هٌغمِ سٗضٍػفشٕ سٗـِ ثشداؿت ؿذ. غلظت هغ، سٍٕ ٍ ػبًتٖ 20-40ٍ  0-20خبن اص ػوك 

گ٘شٕ ؿذ. فبوتَس تدوغ ٍ ػِ ػبٗت اًذاصُ دسگًَِ گ٘بّٖ، خبن ٍ پؼبة  11َّاٖٗ  وشٍم دس سٗـِ ٍ اًذام

ت فلضات دس خبن گ٘شٕ ؿذ. ًتبٗح ًـبى داد وِ غلظپبلاٖٗ اًذاصُفبوتَس اًتمبل خْت تؼ٘٘ي پتبًؼ٘ل گ٘بُ

ٍ دس  Cr>Zn>Cuتشت٘ت ّبٕ خبن ثِ. غلظت فلضات دس ًوًٍَِ پؼبة ث٘ـتش اص آػتبًِ تؼ٘٘ي ؿذُ اػت

 Scirpus maritimus L.  ٍPhragmites australis (Cav.) Trin. ex Steudelثَد. Zn>Cr>Cuتشت٘ت  پؼبة ثِ
ٍ  BCFش هٌبػت ثشإ گ٘بُ تثج٘تٖ )ثب حذاوثحذاوثش همذاس سٍٕ، هغ ٍ وشٍم سا دس سٗـِ داؿتٌذ وِ 

تشت٘ت ثشإ اًذام َّاٖٗ ٍ ثِ گشم دس و٘لَگشمه٘لٖ 29/3ٍ  24/7( ثَدًذ. حذالل همذاس سٍٕ )TFحذالل 

تشت٘ت ثشإ اًذام َّاٖٗ ٍ گشم دس و٘لَگشم ثِه٘لٖ  80/2ٍ  56/2ٍ هغ لبثل اػتخشاج ) (BCF;07/0سٗـِ، 

 Taraxacumثَد. ّوچٌ٘ي، حذالل همذاس وشٍم دس  L. glaucum Hordeumهشثَط ثِ  (BCF;14/0 سٗـِ،

officinale L. ًٖش وِ حذالل فبوتَس تدوغ دس سٗـِ ٍ حذاوث تؼ٘٘ي ؿذ. ًتبٗح ًـبى داد وِ گ٘بّبTF  سا

 ٌٗذ گ٘بُ اػتخشاخٖ داسًذ.آداسًذ ًمؾ هْوٖ دس ثشداؿت فلضات دس فش

 

 ، هٌغمِ كٌؼتٖ ل٘بBCF ،TFپبلاٖٗ، فلضات ػٌگ٘ي، گ٘بُ کلمات کلیذی:
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