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ABSTRACT 

A trial was made to study the use of different plant species to extract heavy 
metals out of contaminated soils. Four Kg of each air-dried surface soil sample 
(0-20cm) were packed in plastic containers in three replicates. Five plant 
species tested in this study namely, Panikum (Panicum antidotal) and napier 
grass (Bennisetum purpureum), squash (Cucurbita pepo), cotton (Gossypium 
hirsutum), sunflower (Helianthus annuus); were grown on two different polluted 
soil types (Mostorud Clayey soil, irrigated with contaminated water for more 
than 30 years and El-Gabal EL-Asfar sandyloam soil, subjected to sewage 
effluent irrigation for more than 50 years) in a complete randomized block 
experimental design to study the mobility and fate of selected heavy metals and 
evaluate the efficiency of the tested plant species to extract Cadmium and Zinc 
out of polluted soils. Data indicated that  sunflower and cotton shoots 
accumulated the highest Cd content among the five tested plant species, Shoot 
concentrations of Cd were as high as 9.6 mg/kg dry matter of sunflower, 
followed by panikum and napier grass, cotton then squash with a range of Cd 
between 9.6 to 1.6 mg/kg dry matter in case of the alluvium soil.  However in 
the sandy soil, sunflower Cd -shoots were > penakium> napier grass > cotton> 
Squash with a lower order of magnitude which could be explained by the lower 
Cd -content in sandy soil compared to the alluvial soil . 
Calculation of recovery percentage based on Cd and Zn removed from the soil 
after cultivation ranged between 5.9 to 27.4 % and 16.1 to 49.1% of total initial 
Cd and Zn, Respectively. However, The percentage of Cd and Zn -removed by 
plant shoots from the initial total varied between 27.6 to 37.5% and 25.3 and 
36.8 % of the removed Cd and Zn, Respectively, whereas the lowest values 
were observed in case of squash for Cd and Zn.  
As expected plant roots exhibited higher Cd and Zn accumulation than in shoots 
by 2-3 folds. Sunflower roots showed the highest Cd accumulation followed by 
panikum and Napier grass then cotton and at least squash roots. It is worth to 
mention, that roots tend to accumulate from 63.5 to 72.4 % and 63.2 to 74.7%  
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of  Cd  and Zn accumulated in plant biomass Respectively. This could be 
explained by the well-known fact that trace elements are less mobile from roots 
to the shoots, in addition tissue concentration alone, however, should not by 
used to evaluate the ability of a species to extract metals from the growth media 
because it does not take plant biomass into consideration . 
Keywords, bioremediation, heavymetals Phytoextraction, soil pollution. 

 
INTRODUCTION 

Heavy metal pollution of soil is a global problem; it will transport to the 
soil around the repository and posed a great threat to the ecosystem, agro-
system and people s health (frostick et al 2008). In addition, diffuse 
contamination of large areas causes particular difficulties, since most classical 
engineering technology directed at soil decontamination is traditionally involve  
excavation of soil, and thus are expensive, invasive,  and pose a threat to the 
nutritional  and microbial balance of soil (Begonia et al., 1998; Shen  et al., 
2002).   

Cd soil contamination is very high in industrial areas exceeding the Cd 
soil concentration of agricultural soils on average 7-fold (Alloway and Ayrea, 
1997). Moreover, dredged material of western European rivers is also often 
polluted with Cd and other heavy metals, making it unsuitable for soil 
improvement in agriculture (Mertens et al., 2001). Also soil Cd contamination 
is a great threat to human health since Cd is easily extracted by plants from  the 
environment compared with other non-essential elements, and transferred to 
human food chain from the  soils (Xiao et al. 2008). Cadmium is a ubiquitous 
non-essential element that possesses high toxicity and is easily accumulated 
from the environment by organisms  (Rahimi and Nejatkhan 2010). 
Restoration of soils  contaminated with potentially toxic metals and metalloids 
is of major global concern (Shelmerdine  et al.  2009). 

Cd-hyperaccumulating plant species, are almost the only one that can 
grow in soil solutions containing  Cd concentrations as high as 35 μmol/L (3.9 
mg/L) (Brown et al., 1994; Xiao et al., 2008).  A possible explanation could be 
the exchangeable form Cd in planted soil was the predominant species for Cd 
uptake by plant (Zhang et al. 2009). Zhang et al. (2009) expressed: as the 
phytoextraction of Cd by  maize, the percentage of exchangeable form Cd 
decreased in the planted soil. Besides, plant root exudates  and rhizosphere 
microorganisms accelerated the stability process of added Cd in soils, which 
might make the  exchangeable form transform to other relatively stable forms 
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such as organic form and residual form and  might help reduce the harm of Cd 
to soil and water environment (Mojiri 2011). 

Soluble forms of Zn are readily available to plants and the uptake of Zn 
has been reported to be linear with concentration in the nutrient solution and in 
soils. Zinc content ranged from 1.2 to 73 mgkg-1 dry weight in apple and lettuce 
leaves, respectively. Content of Zn in grass and clover throughout the world is 
relatively stable, and its mean levels in grasses ranged from 12 to 47 mgkg-1 dry 
weight, and in clovers ranged from 24 to 45 mgkg-1 dry weight (Kabata-
Pendias and Pendias, 1992). Jones 1972 reported that plants with Zn contents 
below 20 mgkg-1 in dry tissue can be suspected of Zn deficiency. Normal values 
in most plants range from 25 to 150 mgkg-1. Erika  et al. (2009) reported that 
sunflowers showed enhanced metal extraction: Cd 3-4- fold, Zn 5-7-fold, Pb 6-
8-fold . either higher metal accumulation in shoots or enhanced metal 
accumulation in roots, suggesting to improved phytoextraction or rhizofiltration 
efficiency, respectively. The objectives of this work were two folds. First, to 
study the mobility and fate of Cd and Zn in two polluted sites (Mostorud soil, 
irrigated with contaminated water for more than 30 years and El-Gabal EL-
Asfar soil, subjected to sewage effluent irrigation for more than 50 years). 
Second, to evaluate the efficiency of some plant species (sunflower, cotton, 
penakium, Napier grass, and Squash) to extract heavy metals out of polluted 
soils.  

MATERIALS AND METHODS 

Soil sampling: 

Two soil samples were chosen from different contaminated locations at 
north greater Cairo, Egypt - to represent two different soil types (alluvial and 
sandy) as well as two different sources of contaminated wastewater (sewage and 
industrial effluent) as follows: A: a Polluted soil from  El-Gabal El-Asfar farm. 
(subjected to sewage effluent irrigation for more than 75 years),B: a  Polluted 
soil from Mostorud area (irrigated with contaminated water for more than 30 
years due to direct discharge of industrial wastewater to irrigation water canals). 
Surface soil samples were collected    (i-e. 0-20cm). The samples were air-dried, 
crushed to pass a 2.0 mm sieve then analyzed for main physical and chemical 
properties using methods outlined by  Jackson (1973); Available Cd and Zn 
was determined by DTPA method according to Lindsay and Norvell (1978); 
Total Cd and Zn were determined according to the standard methods (Jackson, 
1973) using inductively coupled plasma (ICP). Table (1) show some physical 
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and chemical properties of the tested soil samples. Table (2) shows some heavy 
metals total content and extractable DTPA of heavy metals mg kg-1 in studied 
soil. 

A pot experiment was carriedant  to investigate the potential use of 
plants to soils ponuted with heavy metals. Five Kg of each air-dried surface soil 
sample (0-20 cm) were packed in plastic containers (20 cm internal diameter 
and 20 cm in height) with three replicates. Five plant species were tested in this 
study namely, Panikum (Panicum antidotal), Napier grass (Pennisetum 
purpureum) Squash (Cucurbita pepo), Cotton (Gossy pium sp), and Sunflower 
(Helianthus annuus); were grown on each tested soil and arranged in a complete 
randomized block experimental design. Nitrogen and phosphorus fertilizer dose 
was applied to each soil before the cultivation of the plants at the recommended 
rates. Ten seeds per pot were planted. After 7 days, the seedlings were thinned 
to 5 plants/pot. The soils were irrigated to maintain soil moisture at about 80 % 
of the soil field capacity during the 2 month  (8 weeks) growth period of the 
experiment. 

Plant shoots were harvested after 60 days (8 weeks) by cutting the 
stems approximately 2 cm above the soil surface. The roots were collected and 
another soil samples were taken for Cd and Zn analyses. Plant samples (shoots 
and roots) were dried, weighed, ground and dry ashed according to Chapman 
and Pratt, (1961) 

Total heavy metals in soils and Plant samples were analyzed for Cd and 
Zn concentration using  inductively coupled plasma (ICP) technique. 

Statistical analysis: 

Data were statistically analyzed to test the anova (two way and three way) and 
least significant different LSD using MSTAT software according to the standard 
statistical methods (Power, 1985). 
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Table (1): Some physical and chemical  Properties   of the investigated soils 

Soil prosperities Mostorud El-Gabal  
Soil separates,% 
Sand 
Silt 
Clay 
pH*  
EC,**   dS/m 
CaCO3  (%) 
O.M  (%) 
CEC, mmol/100g-1 soil 

31.49 
24.31 
44.20 
6.74 
8.43 
1.60 
7.99 
37.44 

79.83 
0.84 
19.33 
6.91 
1.23 
0.70 
6.17 
13.26 

Soluble ions, mmolc /L-1  
Ca++ 
Mg++ 
Na+ 
K+ 
SO4

- 
HCO3

- 
Cl- 

34.7 
24.1 
22.9 
2.6 

62.4 
4.4 

17.5 

3.5 
2.4 
5.2 
1.2 
2.0 
6.3 
4.0 

* In the soil water suspension(1: 2.5). 
** In the extract of saturated soil paste 

Table (2): Initial total content and extractable DTPA of heavy  metals, mg kg-1, in 
investigated soils. 

Samples location heavy  metals 
Mostorud El-Gabal  

Total content (mg kg-1) 
Cd 
Zn 

39 
1207 

27 
835 

extractable content (mg kg-1) 

Cd 
Zn 

1.2 
11.8 

2.8 
23.6 

RESULTS AND DISCUSSION 

Certain plants can concentrate essential and non-essential heavy metals 
in their roots and shoots to levels far exceeding those present in the soil. Metal-
accumulating in different plant species are invariably restricted to metalliferous 
soils found in different regions around the world. The mechanisms of metal 
accumulation, which involve extracellular and intracellular metal chelation, 
precipitation, compartmentalization and translocation in the vascular system, are 
poorly understood. Interest in these mechanisms has led to the development of 
phytoremediation a new technology to use plants to clean up soil and water 



Lotfy  S. M. et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 495 

contaminated with heavy metals (Evangelou et al., 2006). 

Dry matter accumulation  

The mean dry matter (DM) yields for all tested plants grown on tested 
soils (Mostorud and El-gabal El-asfar) are shown in Table 3. The dry matter 
yield was significantly affected by soil type factor, plant species and their 
interactions. After 60 days the obtained dry matter shoots yield could be 
arranged in the following descending order: Cotton > Napier grass > Panikum> 
sunflower> squash. 

However, in case of roots the order was as follow: Napier grass> 
Panikum > Cotton > Sunflower > Squash for both tested soils. However, the 
cumulative biomass showed that Napier grass showed the highest cumulative 
biomass. Moreover, plants grown on fine texture soil gave the highest dry 
matter yield compared to those grown on coarse texture soil as shown in Table 
(3). 

 

The cumulative biomass showed that Napier grass and pinikaum 
exhibited the highest cumulative biomass as shown in Table (3). Sunflower 
shoot/root ratio showed highest value among tested plant species in both soils. 
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Fig (1): BIOMASS YIELD OF TESTED PLANT SPECIES AS AFFECTED BY SOIL TYPE 

Cadmium uptake and phytoextraction: 

Data in table 4 showed that the sunflower and cotton shoots 
accumulated the highest Cd content among the five tested plant species gron in 
the polluted soils, Cd concentrations of shoot were as high as 9.6 mg/kg dry 
matter of sunflower, followed by panikum and napier grass, cotton then squash 
with a range of Cd between 9.6 and 1.6 mg/kg dry matter in case of the 
Mostorud soil.  However in the sandy soil, sunflower Cd shoots were > 
penakium > napier grass > cotton > Squash with a lower order of magnitude 
which could be explained by the lower Cd content in sandy soil compared to the 
Mostorud soil. These results agree with those obtained by Erika et al., (2009). 
The rate of Cd uptake differs greatly among both plant species and growth 
media. They added that the background content of Cd in grass and clover 
(grown on non-contaminated soils) throughout the world ranged from 5 to 30 
mg/kg dry weight (Kabata-Pendias and Pendias 1992).  
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Plant roots showed higher Cd accumulation than in shoots by 4-5 folds. 
Sunflower roots showed the highest Cd accumulation followed by panikum and 
Napier grass then cotton and the least value was with squash roots. It is worth to 
mention that roots tend to accumulate from 63.5 and 72.4 % of Cd accumulated 
in plant biomass. The highest values were noticed in case of squash and 
Sunflower, which accompanied by less accumulation in shoots. On the contrary, 
the lowest recovery percentage in case of sunflower and cotton roots was 
accompanied by higher accumulation in shoots. Tissue concentration alone, 
however, should not by used to evaluate the ability of a species to extract metals 
from the growth media because it does not take plant biomass into 
consideration.  

Again these data indicate the superiority of sunflower and pankium plan 
to uptake Cd from soils. Total soils Cd before and after cultivation are shown in 
Table (4). Calculation of recovery percentage based on Cd removed from the 
soil after cultivation ranged between 7.4 and 24.6 % of total initial Cd in case of 
Mostorud soil and ranged from 5.9 to 27.4 % in case of El-gabal El-asfar soil. 
However, the percentage of Cd removed by plant shoots from the initial total Cd 
varied between 27.6 to 37.5 % of the removed Cd, whereas the lowest values 
were observed in case of squash. The highest values were noticed in case of 
Sunflower, pinikaum, napier grass, cotton and squash plant in case of soil 
(Mostorud and El-gabal El-asfar). Sunflower (Helianthus annuus L.) and Indian 
mustard (Brassica juncea Czern.) are the most promising terrestrial candidates 
for metal removal in water. The roots of Indian mustard are effective in the 
removal of Cd (Dushenkov et al. 1995), from hydroponic solutions. 
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Fig . (2): Cadmium removal percentage (of total soil-Cd) by different plant species. 
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The recovery percentage of Cd by root varied between 63.5 to 72.4 % 
of of the removed Cd from soil. This could be explained by the well-known fact 
that trace elements are less mobile from roots to shoots. Mostorud soils contain 
significant amounts of Cd, but its availability to plants is highly limited, and the 
rate of Cd uptake by plants is dependent on several soil and plant factors. 
Usually a higher Cd content is observed in roots than shoots.  

Similar results were obtained by Neugschwandtner et al., (2008). They found 
that roots often contain much more Cd than do shoots, particularly if the plants 
are grown on Cd -rich soils. They added that with luxury levels of soil Cd, 
Cadmium may be translocated from roots and accumulate in shoots. They added 
that Cd contents of plants grown on contaminated soils are a real health risk. 
For photo-remediation, the emphasis is better placed on the total amount of 
contamination removed from the growth media and trans-located to the plant 
shoots. Again these data indicate the superiority of sunflower and pankium plan 
to uptake Cd from soils.  

Zinc uptake and phytoextraction 

As shown in Table 5 sunflower and pinikaum shoots accumulated the 
highest Zn content among the five tested plant species regardless of soil type. 
Content of Zn in Shoot were as high as 592.1 mg/kg dry matter sunflower, 
followed by panikum and cotton, napier grass then squash with a range of Zn 
between 592.1 to 202.8 mg/kg dry matter in case of the alluvium soil. However, 
in the El-gabal El-asfar soil, Zn content of  sunflower greater shoots were > 
penakium> cotton> napier grass > Squash with a lower order of magnitude 
which could be explained by the lower Zn-content in sandy soil compared to the 
alluvial soil. These results agree with those obtained by Kabata-Pendias and 
Pendias (1992). They found that Zn uptake has been reported to be linear with 
Zn concentration in the nutrient solution and in soils. The rate of Zn comtent 
differs greatly among both plant species of grass and clover and growth media. 
They added that the background content of Zn in plant grown on non-
contaminated soils throughout the world ranged from 12 to 47 mg/kg dry 
weight. Jones (1972) reported that plants with Zn contents below 20 mgkg-1 in 
dry tissue can be suspected of Zn deficiency. Normal values in most plants 
range from 25 to 150 mgkg-1. Zinc uptaken by tested plant sp. In our study 
exhibited higher values by several orders of magnitude in both contaminated 
soils. 

As shown in Table 5, the highest Zn uptake was significantly observed 
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in case of Sunflower compared with other plant  species grown in the tested 
soil. Panikum showed higher Zn accumulation affinity compared to Napier 
grass or cotton especially in Mostorud soil. Squash shoots showed the lowest Zn 
uptake in both tested soils. Statistical analysis showed a significant effect of 
both soil and plant Species on Zn uptake (Table 5). 

As expected plant roots exhibited higher Zn accumulation than in 
shoots by 2-3 folds. Sunflower roots showed the highest Zn accumulation 
followed by panikum and cotton then Napier grass and at least squash roots. It 
is worth to mention that roots tend to accumulate from 63.2 to 74.7 % of 
accumulated Zn in plant biomass. Erika et al., (2009) reported that sunflowers 
showed enhanced metal extraction: (Cd 3-4- fold, Zn 5-7-fold, Pb 6-8-fold). 
Either higher metal accumulation in shoots or enhanced metal accumulation in 
roots, suggesting to improv phytoextraction or rhizofiltration efficiency, 
respectively. 

As shown in Table (5) the highest rates of Zn removal by roots were 
noticed in case of squash which accompanied with  less accumulation in shoots. 
On the contrary, the lowest recovery percentage of Zn was fownd in roots of 
sunflower and cotton accompanied with higher accumulation in shoots. Tissue 
concentration alone, however, should not be used to evaluate the ability of 
species to extract metals from the growth media because it does not take plant 
biomass into consideration. 

These data indicate the superiority of sunflower and Pankium plan to 
uptake Zn from soils. Total Zn in soil before and after cultivation is shown in 
Table (5). Calculation of recovery percentage based on Zn removed from the 
soil after cultivation ranged between 16.1 and 49.1% of total initial Zn in case 
of  soil (Mostorud) and ranged 15 to 47.8% in case of sandy soil. However, The 
percentage of Zn-removed by plant shoots from the initial total varied between 
25.3 and 36.8% of the removed Zn. The lowest values were observed in case of 
squash. The highest Zn removal by whole plant values were noticed in case of 
sunflower plant in both soil (Mostorud and El-gabal El-asfar) as shown in Fig. 
(3).  

The recovery percentage of Zn by root varied between 63.2 to 74.7 % of 
removed Zn from soil. This could be explained by the well-known fact that 
trace elements are less mobile from roots to the shoots. Most soils contain 
significant amounts of Zn, but its availability to plants is highly limited, and the 
rate of Zn uptake by plants is dependent on several soil and plant factors. 
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Usually a higher Zn content is observed in roots than shoots. Similar results 
were obtained by Kabata-Pendias and Pendias (1992). 

It was reported that sunflower (Helianthus annuus L.) and Indian 
mustard (Brassica juncea Czern.) are the most promising terrestrial candidates 
for metal removal in water. The roots of Indian mustard are effective in the 
removal of Pb, and Zn (Dushenkov et al. 1995). They found that roots often 
contain much more Zn than do shoots, particularly if the plants are grown on 
Zn-rich soils. They added that with luxury levels of soil-Zn, Zinc may be 
translocated from roots and accumulate in shoots.  
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Fig . (3): Total zinc removal percentage as affected by plant species In the two 

polluted soils. 

They added that Zn content of plants grown on contaminated soils are a 
real health risk. For photo-remediation, the emphasis is better placed on the total 
amount of contamination removed from the growth media and translocated to 
the plant shoots if the roots could not be removed from the soil.                              
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
  . من األراضى الملوثة والزنكاألستخألص الحیوى للكادمیوم

  ف .  عبد الصبور م-ز. مصطفى ع-م. لطفى س

  
ة استخدام االنواع المختلفة من النباتات وذلك  في االستخالص الحیوي صممت تجربة لدراس

 كیلوجرام من كل عینة ٤ تم وضع أصصفي تجربة . لعنصري الكادمیوم و الزنك من االراضي الملوثة
  حیث تم زراعة خمس أنواع من النباتات . فى ثالث مكررات)  سم٢٠-٠(تربة سطحیة مجففة ھوائیا 

تربة مسطرد (  فى نوعین مختلفین من االراضي  ) والكوسة والقطن و دوار الشمسلعلف الفیبا نیكم و(
 عاما بمیاه ٥٠ عاما بمیاه ملوثة وتربة الجبل األصفر والتي تروى ألكثر من ٣٠والتي تروى ألكثر من 

في تصمیم التوزیع العشوائي المتكامل وذلك لدراسة وتقییم كفاءة النباتات المختارة في ) مجارى
  .لملوثةاستخالص ھذه العناصر من االراضي ا

 النتائج ان نسبة االستخالص لكل من الكادمیوم والزنك المزال من التربة بعد الزراعة أوضحت
من الكادمیوم والزنك الكلي االبتدائي  % ٤٩٫١الى % ١٦٫١و  % ٢٧٫٤الى  % ٥٫٩یتراوح ما بین 

ق النباتات من النسبة في حین كانت النسبة المئویة من الكادمیوم والزنك المزالة بواسطة سو. علي التوالي
  . من الكادمیوم والزنك المزال٣٦٫٨ الى٢٥٫٣و ٣٧٫٥ الى  ٢٧٫٦الكلیة االصلیة تختلف ما بین  

وكما ھو متوقع فان جذور  النباتات  استخلصت تركیزات  كادمیوم وزنك اعلي  من سوق 
زال یلیھا جذور واظھرت جذور دوار الشمس اعلى تركیزات للكادمیوم الم.  مرات٣-٢النباتات   ب 

  . جذورالكوسةوأخیرا ثم القطن علف الفیلنبات البانیكم ثم 

  


