
 

 

 

Abstract—Phytoremediation of soil contaminated by heavy 

metals has got popularity worldwide, because of its advantages over 

other traditional remediation methods such as low costs, lesser effects 

on soil properties and microorganisms. This study was conducted 

under lath house conditions in Faculty of Agriculture and Forestry, 

University of Duhok, Iraq, using sunflower plants. Seeds of 

sunflower ( Helianthus annuus vr. Sirena) were planted in plastic 

pots contained soil artificially polluted with concentrations of lead 

(0.0, 50, 100, 200, 400, 800, and 1200 mg. kg-1 soil) and treated 

with four levels of EDTA (0.0, 0.5, 1.0, and 2.0 g. kg-1 soil), two 

weeks before uprooting plants, lead concentration in plant tissues was 

determined by atomic absorption spectrophotometer. 

The results indicated that the biomass of roots, stems, and leaves 

of sunflower was reduced by lead toxicity especially after application 

of EDTA; the inhibition of total biomass was 4.0, 20.0, 32.0 and 60.0 

% when treated with ( lead alone, 0.5, 1.0, and 2.0 g of EDTA. kg-1 

soil) respectively compared with the control. 

Accumulation of lead by plant increased by the increase of lead 

concentrations in the soil . Lead accumulation in the root of the plant 

was generally more than that in the stem and leaves. Lead 

accumulation was (37.54, 66.14, 75.40, and106.20 μg. g-1d. wt) in 

intact plant treated with (0.0, 0.5, 1.0, and 2.0 g. kg-1 soil) of EDTA 

respectively. 

Generally the application of EDTA increased bioaccumulation and 

translocation factors and removed lead in tissues of sunflower; 

bioaccumulation and translocation factors were less than (1), 

removed lead by plants treated with (0.5 and 1.0 g of EDTA. kg-1 

soil) was more than that removed by plants treated with (2.0 g of 

EDTA. kg-1 soil) 

 

Keywords— phytoextraction, phytoremediation, toxicity, 

bioaccumulation, translocation, sunflower, EDTA 

I. INTRODUCTION 

URING the last decades a dramatic industrial 

development occurred in the world, this led to addition of 

huge quantities of different pollutants to the environment 

which significantly exceed those from natural sources [1] 

Heavy metals have a great concern and high risk to human 

health and the environment, due to the tendency to 

bioaccumulation and magnification in trophic levels [2]. Lead 

is considered as one of the most dangerous heavy metal in the 

environment [3]. Phytoremediation is a process of using plants 

to improve the degraded environments; by absorbing the 

metals and translocation them to above ground tissues, then to 

 
Ramadhan Omer H. Sulaivani Faculty of Agriculture and Forestry, Depart. 

of forestry 

Hassan A. M. Mezori Scientific Research Center, faculty of Science, 

University of Duhok / Duhok/ Iraq. Email: hasanmezori@uod.a). 

remove the harvested biomass from the site [4]. It is a cleanup 

technology for removing HM from the contaminated soils [5] 

Phytoremediation of heavy metals can be done by two 

strategies, either by hyperaccumulator plant [6] , [7]  or by 

non-accumulator plants [4]. The success of phytoextraction of 

metals by plants depends on: (i) the bioavailability of heavy 

metals in the rooting zone (ii) the plant biomass, and (iii) 

heavy metals content in aerial parts [8]. Sunflower was one of 

the plants that have been proposed for phytoextraction of 

heavy metals [9], it showed high resistance to heavy metals 

toxicity [10]. And has the ability to extract high concentrations 

of toxic metals [11]. Lead has low solubility in the soil and 

high retention on soil particles, therefore the application of 

chalets such as Ethylene Diamine Tetra Acetic Acid (EDTA) 

has been proposed to increase the metal solubility and 

absorption by plant roots and translocation from roots to 

shoots.  [12]. Using EDTA to enhance phytoextraction of 

heavy metals is an emerging technological approach for 

remediation of contaminated soils [8]. Bioaccumulation factor 

refers to the ability of plant to absorb heavy metals from the 

soil and accumulating them into its tissues [13].     

Translocation factor (TF) is plants efficiency in translocation 

the accumulated heavy metals from roots to above-ground 

tissues. Several authors reported that EDTA enhanced the 

translocation of metals from roots to shoots. [14]. There are 

different sources of lead pollution in Duhok city [15], [16], 

and [17]. Large amounts of lead founded in soil and plants 

adjacent to roadway of Duhok city (Iraq) [18]. The present 

study aimed to evaluate the ability of sunflower plants to be 

used as phytoremedaitor of lead, and to study the role of 

EDTA for improving the phytoremediation of soil artificially 

polluted by lead.  

II.  MATERIALS AND METHODS 

The present study was conducted at the Faculty of 

Agriculture and Forestry, University of Duhok, Iraq, under lath 

house conditions. The soil was collected from the top 20 cm of 

soil profile from fields in February, 2011, soil and loam were 

air dried and sieved through a 2-mm sieve, mixed at ratio of 

(3soil:1loam).The soil was distributed in pot (6 kg/ pot), and 

artificially polluted with eight concentration of lead; (0.0, 50, 

100, 200, 400, 800, and 1200 mg. kg-1 soil). Lead was 

prepared by dissolving analytical grade Pb (NO3)2 in (1250 

ml) deionized distilled water. NH4NO3 was added to the pots 

to compensate the N from Pb (NO3)2, at rates of 463.56, 

309.05, 154.52, 77.26, 38.63, 19.31 and 0 mg. kg-1soil, to the 

concentration of lead in pots   (0, 50, 100, 200, 400, 800, and 
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1,200 mg. kg-1soil) respectively. The treated pots were 

watered by deionized distilled water and incubated for four 

weeks at room temperature to enable the added salt to reach a 

steady state before planting Ten seeds of sunflower 

(Helianthus annuus  vr. Sirena) were planted in each pot On 

May 01, 2012, after germination seedlings were thinned to 

three /pot. EDTA was added on June 14, 2011. After two 

weeks of application of EDTA, sunflower plants were 

uprooted washed carefully, separated to roots, stems, and 

leaves, dried in an oven at (70 0C ± 2) for 72 hours, dry 

weight was recorded, and then grounded into fine powder by 

stainless grinder. The plant powder was digested by adding 10 

ml of acid mixture (4/2 (V/V) (HNO3 / HClO4) to (0.5 g ) of 

plant power  in a 100 ml conical flask,  according to the 

procedure of digestion used by [19], the contents were 

evaporated until the volume was reduced to about 3 to 5 ml, 

Finally the digested samples were diluted with deionized 

distilled water , completed to (50 ml) in a volumetric flask. 

Lead concentration was determined by (GBC) atomic 

absorption spectrophotometer. Biological accumulation factor 

(BAF) calculated according to the formula,BAF=(Pb 

plant)/(Pb soil), Pb plant is lead concentration (mg. kg−1 d. 

wt) in plant tissues. Pb soil is lead content (mg. kg−1) in soil. 

Translocation factor (TF), is defined as the ratio between the 

total element concentrations in the shoots and roots. TF=(Pb 

shoots)/(Pb roots), Pb shoots is lead concentration (μg. g−1 d. 

wt) in above ground tissues (stems or leaves), Pb roots is lead 

concentration (μg. g−1 d. wt) in roots. Removed lead 

calculated according to [20]. The factorial experimental in 

completely randomized block design (RCBD) was used for 

statistical analyses by using the Micro soft   (SAS 2002). 

Analysis of variance (ANOVA), the differences between 

various treatments means were tested with Duncan Multiple 

Range test at 5% level.  

III. THE RESULTS 

Biomass of root, stem, and leaves of sunflower was 

decreased as lead content in the soil increased (tables, 1, 2, 3). 

No significant differences of root biomass was noticed 

between all concentrations of lead used and the control (Table 

1), while when EDTA was added, significant differences were 

obtained when 2.0 g.kg-1 of EDTA was added.  

TABLE I 

EFFECT OF LEAD AND EDTA ON ROOTS BIOMASS (MG. PLANT-1) OF SUNFLOWER PLANT 

 
Means, with same letters, are not significantly different at 5% level based on Duncan‟s multiple range Test

 

Results of tables (2 and 3) indicated that the dry weight of 

stem and leaves reduced, and more reduction obtained when 

EDTA was added. The addition of EDTA significantly inhibits 

stems biomass when all concentrations of lead +EDTA were 

used. The leaves biomass was decreased but no significant 

differences were observed when all concentrations of lead 

alone and lead+0.5EDTA were used, while when (2.0 g. kg-1) 

of EDTA was used all the concentration differ significantly 

from the control. 

Generally the reduction was in two directions, one with the 

lead increments in the soil, and the other with the increasing of 

EDTA concentrations added to the soil. All treatments of lead 

alone didn‟t differ significantly, while all the treatments of 

EDTA differ significantly when lead alone was used. EDTA 

reduced significantly the dry weight of sunflower when 2.0g of 

EDTA.kg-1was used. 
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TABLE II 

EFFECT OF LEAD AND EDTA ON STEMS BIOMASS (MG. PLANT-1) OF SUNFLOWER PLANT 

 
Means, with same letters, are not significantly different at 5% level based on Duncan‟s multiple range Test

  

TABLE III 

EFFECT OF LEAD AND EDTA ON LEAVES BIOMASS (MG.PLANT-1) OF SUNFLOWER PLANT 

 
Means, with same letters, are not significantly different at 5% level based on Duncan‟s multiple range Test 

 

 

Bioaccumulation of lead in the roots of sunflower plants 

was increased when lead concentration increased in the soil, 

and all the concentrations of lead differed significantly from 

the control except when 50 ppm of lead was used (table 4), 

addition of EDTA to lead concentrations, increased 

significantly bioaccumulation of lead in roots tissues; the 

EDTA levels enhanced lead extraction by roots. 

Lead concentration in stems showed the same variation 

pattern as for lead concentration in roots (Table 5). The 

differences between control and all other treatments of lead 

alone and lead plus different concentrations of EDTA were 

significant, except when 50 ppm of lead was used. Addition of 

different concentrations of EDTA to with lead increased 

significantly bioaccumulation of lead. 

Results of lead concentration in leaves of sunflower plant 

are presented in table (6). Lead accumulation in leaves of 

sunflower plants increased, the increasing was significant 

compared to the control when all concentrations of lead alone 

were used, except when 50 ppm of lead was used. Addition of 

different concentrations of EDTA enhanced significantly 

bioaccumulation of lead in the leaves, Total mean of all 

treatments differed significantly from the control and total 

means of EDTA differed significantly from each other. 
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TABLE IV 

EFFECT OF LEAD AND EDTA ON LEAD BIOACCUMULATION (ΜG. G- 

1D.WT) IN ROOTS OF SUNFLOWER 

 
Means, with same letters, are not significantly different at 5% level based 

on Duncan‟s multiple ranges Test 
 

TABLE V 

EFFECT OF LEAD AND EDTA ON LEAD BIOACCUMULATION (ΜG. G-1 D. 

WT) IN STEM OF SUNFLOWER 

 
Means, with same letters, are not significantly different at 5% level based 

on Duncan‟s multiple range Test. 

 

Lead accumulation by intact plant biomass of sunflower 

plants in table (7) indicated that bioaccumulation of lead in 

sunflower tissues increased when both lead and EDTA 

concentrations increased, all treatments differed significantly 

from the control except when 50 ppm of lead were used. 

Significantly increasing of lead accumulation in intact plants 

obtained when all concentration of EDTA added. 

 

 

 

 

 

 

 

 

TABLE VI 
EFFECT OF LEAD AND EDTA ON LEAD BIOACCUMULATION (ΜG.G-1D WT) 

IN LEAVES OF SUNFLOWER PLANT 

 
Means, with same letters, are not significantly different at 5% level based 

onDuncan‟s multiple range Test 

 

TABLE VII 

EFFECT OF LEAD AND EDTA ON LEAD BIOACCUMULATION (ΜG. G-1D. 

WT) ININTACT SUNFLOWER PLANTS 

 
Means, with same letters, are not significantly different at 5% level based 

on Duncan‟s multiple range Test. 

 

Bioaccumulation factor (Table 8).of lead in roots, stems and 

leaves of sunflower plants increased with the increments in 

EDTA levels added to the soil. All concentrations of EDTA 

increased BAF of leaves over stems, compared with plants 

received only lead. Higher BAF was in the plants treated with 

lead+2.0EDTA. Bioaccumulation factor of roots was higher 

than both stems and leaves. 

Translocation factor of lead from roots to stems increased 

with addition of 0.5 and 1.0 g of EDTA. Kg-1 soil, then 

decreased with 2g of EDTA (table 8). TF of lead in the leaves 

was greater than the stems. 
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TABLE VIII 

EFFECT OF LEAD AND EDTA ON BIOACCUMULATION FACTOR, 

TRANSLOCATION FACTOR, AND REMOVED LEAD BY SUNFLOWER PLANTS 

 

 

 

The amount of lead removed by sunflower parts ranged 

from (17 μg. plant-1) in roots of plants treated with 

lead+2.0EDTA to (84 μg. plant-1) in leaves of plants treated 

with (lead+1.0EDTA). Addition of (0.5 and 1.0 g of EDTA) 

increased removed lead by roots, stems, and whole plant, while 

the removed lead decreased when 2.0 g of EDTA was added. 

Removed lead by roots in treatment (0.5+EDTA) was more 

than (1.0+EDTA and 2.0 +EDTA), while in leaves the 

removed lead decreased with treatments (2.0+EDTA). Leaves 

removed more lead than stems and roots. 

IV. DISCUSSION 

Lead is one of the widely distributed heavy metals that 

polluted soils and plants. It remains very long period in the 

soil, because it is not biodegradable [21]. Heavy metals such 

as lead have get much environmental concern because they 

tend to bioaccumulate in the food chain and are toxic to 

humans, animals, and plants [22].  

The dry biomass of sunflower decreased as lead, or EDTA 

in the soil increased, (tables 1- 3). It was clear that the higher 

reduction in biomass was obtained when (2 g EDTA. Kg-

1soil) was used. This reduction can be attributed to the toxic 

effects of EDTA [23] and lead in the soil. The biomass 

reduction was in accordance with results obtained by other 

researchers [24] and [25]. The reduction of biomass can be 

explained either by the interference with physiological and 

biochemical processes [26], or by reducing the absorption and 

translocation of nutrients in plants [25].”  

Phytoremediation is an attractive remediation technology 

for removing heavy metals from the soil. Some plants species 

have the ability to uptake, tolerate and even hyperaccumulate 

HM from soil. The accumulation of lead in roots, stems, 

leaves, and intact plant of sunflower plants  was dose 

dependent and accumulated more lead in their root compared 

to stems and leaves (tables 4 -  7), these findings were 

supported by results of different authors [14] , [ 27]. 

The effect of EDTA on enhancing lead accumulation by 

roots, stems, leaves, and intact plant of sunflower was very 

clear, 0.5 g of EDTA increased lead accumulation in sunflower 

plants about (2.3 folds) compared with the same treatments of 

lead without EDTA. This can be explained by damaging the 

plasma membranes of plant cells, which disrupted the 

mechanism of heavy metals transportation to the roots and 

consequently increased the amounts of chelated-metal complex 

absorbed by the plant [28]. EDTA increases the availability of 

lead in soil. The concentration of lead in roots, stems, leaves, 

and intact plant of sunflower were confirmed with the results 

of [29]. 

Extraction of lead by sunflower plant increased as lead 

added to the soil increased. This state was enhanced with 

addition of EDTA. The concentration of lead in all plant parts 

increased with the concentration of chelator applied to the soil. 

Dramatic differences in lead concentrations noticed between 

treatments having no EDTA and those with 2.0 g. kg-1 EDTA, 

especially in the leaves. These results are supported by 

findings of [30]. 

Bioaccumulation factor (BAF) in roots, stem, and leave of 

sunflower (Table 8) were increased when lead concentration 

alone or lead plus EDTA was applied. Generally BAF of roots 

was more than both stems and leaves. Bioaccumulation factor 

of sunflower plants increased by about 2.2, 2.5, and 4 folds in 

plants treated by 0.5, 1.0, and 2.0 g EDTA kg-1 soil 

respectively . BAF in stems of sunflower was more or equal to 

leaves plant treated with lead alone, but EDTA increased BAF 

in leaves of the same plant compared with stems. This is due to 

the EDTA increased the dissolved lead in the soil solution 

[31]. 

Translocation factor provides an indication of metal 

transportation in the plants. The ability of plants to absorbed 
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and transport heavy metals to the shoots are very important in 

phytoremediation. The TF of lead in stems and leaves of 

sunflower (Table 8), was less than one, which indicated that 

the amount of retained lead by roots was more than that 

transported to the shoots. Translocation factor of sunflower 

plants increased by about 1.5, 1.8, and 1.7 folds in plants 

treated with 0.5, 1.0, and 2.0 g EDTA. Kg-1 soil respectively, 

this may be due to the enhancement of the translocation of lead 

from roots to shoots [32]. 

Lead remove by sunflower plants increased by about 1.8, 

1.8 and 1.5 folds in plants treated by 0.5, 1.0, and 2.0 g 

EDTA. Kg-1 soil respectively (Table 8) . However 2.0 g of 

EDTA enhanced lead accumulation by sunflower plants, but 

on the other hand it reduced dry weight of sunflower plants 

therefore the plants treated with 0.5 and 1.0 g of EDTA 

removed more lead as their biomass did not reduce so much 

compared with those treated with 2.0 g EDTA .kg-1 soil. From 

these results it could be concluded that sunflower plant (i) can 

be considered as a moderate accumulator plant for lead. (ii) 

cannot be used for animal feeding as lead exceeded European 

standards [33]. (iii) EDTA had positive effect on 

phytoextraction and translocation of leads. 
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