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Abstract: The presence of non-biodegradable and high level of toxic heavy metals in the 

sewage sludge frequently hinders agricultural land application. Composting is considered to 

be the cheapest and most reliable technique for stabilization of heavy metals in sewage sludge 

and resemble soil conditioner in agricultural applications. A field study was performed to 

evaluate the different composting media proficiency in decline heavy metals transfer to the 

edible parts of three cultivated plants (Jatropha curcas L. , Castor Bean and Sunflower).The 

results cleared  that there are significant differences in heavy metal concentrations in  root 

and shoot in the different  plant types. The amounts of accumulated lead ions in roots were 

higher than the translocate amount into shoots for Jtropha curcas L., Castor Bean and 

Sunflower seedlings. 

Keywords : Bio Concentration Factor (BCF), Castor Bean, Compost, Heavy metals, 

Jatropha curcas L. ,Sunflower,  Translocation Ratio (TR) and Transfer Factor (TF). 
 

1. Introduction 

Sewage sludge disposal in non harmful manners and minimizes their health risks are of a great 

environmental concerns. Landspreading considered to be one of the most beneficial and economical routs for 

sewage sludge disposal, where it increases soil fertility, plant yield and improving soil physical and chemical 

properties1-6. On the country, the presences of pathogenic microorganisms and heavy metals pollutants are of a 

great dangerous as it may poses risk to human health7-10. Therefore, sewage sludge in order to be used as 

fertilizer it must be fulfilled with national and international legislation limits. Plants take heavy metals from 

soils through different reactions, such as, absorption, ionic exchange, redox reactions, precipitation and 

dissolution. The solubility of metals depends on several factors like existing minerals (carbonates, oxide, 

hydroxide), soil organic matter (humic acids, fulvic acids, polysaccharides and organic acids), soil pH, redox 

potential, clay content, organic matter content, cationic exchange capacity, soil temperature and humidity11. 

Composting technique is one of possible and efficient route for stabilization of heavy metals in sewage sludge, 

reduces sewage sludge volume by 40-50% and destroy microbial pathogens12. Composted sewage sludge can 

improves structure, porosity, density, water holding capacity and cation exchange capacity of soil and provides 
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soil with array of nutrients, suitable organic matter and beneficial microorganisms13. For studying the role of 

composting technique in stabilizing and fixing several heavy metals in contaminated sewage sludge, three 

multipurpose plants (Sunflower, Castor Bean and Jatropha curcas L.), that contains high amount of oil in its 

seeds which can be converted to biodiesel and also their ability to grow successfully in different soil types, were 

examined. Furthermore, the responses of plants root and shoot for heavy metal uptake from the soil were also 

studied. 

2. Materials and Methods  

Plantation experiments are performed using uniform amounts of six mature compost mixtures. It was 

proceed using six triangular composting windrow piles with.1: 1 ratio of sewage sludge : bulking agents (dry 

weight sewage sludge: dry weight bulking agents). The six mixtures for different composting piles were mixed 

using sewage sludge: rice straw (SS:RS), sewage sludge: faba bean straw (SS:FS), sewage sludge: wheat straw  

(SS:WS), sewage sludge: faba bean straw: wheat straw (SS:FS:WS), sewage sludge: rice straw: wheat straw  

(SS:RS:WS) and sewage sludge: rice straw: faba bean straw (SS:RS:FS). 

A pot experiment was conducted to determine the stability of metals in the six mature composted 

sewage sludge mixtures using three oily plants Jatropha curcas L., Castor Bean and Sunflower. The three 

plants seeds were supplied from the Agriculture Research Centre (ARC), Giza, Egypt.   

2.1. Soil Preparation for Plantation   

A composted sandy soil was prepared for a plantation experiment, where, the collected sand, from 

distinct land, was treated by washing for several times with deionized water then air-dried in order to be sure 

that there is no contamination with heavy metals. A uniform 600 g of sand is combined and mixed with 300 g of 

each composted mixture to perform six composted sandy soils. For each performed soil about 300 g of 

combined mixture was taken and put in each pot to perform three similar pots as shown in Table (1). Finally, 

the eighteen pots are well equipped and then divided into three groups as represented in Table (2) for 

germination process. Triplicates of each group were planted as flowing; the first pots group (GP1) was planted 

with two Jatropha curcas L.seeds for each pot. The second pots group (GP2) was planted with two Castor Bean 

seeds for each pot. The third pots group (GP3) was planted with two Sunflower seeds for each pot. The pots 

were then watered lightly to submerge the mixtures in the pots then seeds were planted in each pot at a depth of 

3cm. Pots were placed on a sun place at an average temperature of 38°C in sunlight (April  to May, 2014). 

Furthermore, pots locations were rotated periodically to ensure uniform light intensity to all the pots. Pots were 

watered three times per week with tap water to keep the water level above the soil surface. After 60 days of 

growth, all plants were harvested and collected then placed in plastic bags, labeled carefully and brought to the 

laboratory for analysis.  

Table (1) Three Groups of Soil Mixtures with Six Mature Compost Mixtures 

(300:600 g)(Compost : Sand) Composted Sandy Soil Mixtures 

SS:RS/Sand A1 B1 C1 

SS:FS/Sand A2 B2 C2 

SS:WS/Sand A3 B3 C3 

SS:FS:WS/Sand A4 B4 C4 

SS:RS:WS/Sand A5 B5 C5 

SS:RS:FS/Sand A6 B6 C6 

 

Table (2) Three Planted Groups in Six different Composted Soil Mixtures 

Planted Groups Group no. Groups Names 

Jatropha curcas L. GP1 A1 A2 A3 A4 A5 A6 

Castor Bean GP2 B1 B2 B3 B4 B5 B6 

Sunflower GP3 C1 C2 C3 C4 C5 C6 
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2.2. Analysis of Soil and Plant 

All plant parts were collected from each pot, washed with running tap water and rinsed with deionized 

water to remove any soil or sediment particles attached to the plant surfaces, then dried in oven at 70 ºC till the 

plant tissue be completely dried. Prepared composted sandy mixtures samples and dried plant parts (shoot and 

roots) were grounded, digested, and then physical properties, metals, cations, anions and bacterial count were 

determined according to APHA [14]. 

 

2.3. Translocation Ratio (TR), Transfer Factor (TF) and Bio Concentration Factor (BCF)  

Calculations of both (TR & TF) parameters are necessary for predicting agricultural crops pollutant 

which indirectly estimating dose intake by person15. TR is calculated by the relation between  the ratio of 

concentration of metal in the shoot to the concentration of metal in the roots (Equation, 1) 16-18.   

TR ={Concentration of metals}shoot /{Concentration of metals}root         Eq. (1) 

The transfer factor (TF) is used to evaluate the impact of routine or accidental releases of pollutant into 

the environment. TF is given by the relation between the ratio of the concentration of metal in the shoots to the 

concentration of metals in the soil (Equation, 2) 17-22. If the TF ratios >1 the plants have high ability to 

accumulate metals, the ratios around 1 indicate that the plants are not influenced by the metals and 

 ratios < 1 show that plants exclude the metals from the uptake23  

TF ={Concentration of metals}shoot /{Concentration of metals }soil       Eq.  (2) 

The Bio Concentration Factor (BCF) is used to evaluate the plant's ability to accumulate metals from 

soils and it is defined as the ratio of metals concentration in plant roots to the soil metals concentration 

(Equation, 3) 24-27  

BCF = { Concentration of metals}root /{Concentration of metals }soil   Eq.  (3) 

3. Results and Discussion 

Characteristics of the Mature Compost Mixtures that use for Germination Study 

Several indicators for the six mature compost mixtures are measured to certify the maturation of 

compost as shown in Table (3), where the pH was neutral and ranged from 7.2 to 7.5 for all composted 

mixtures. There is an  indicative for an acceptable composting maturity from  changes in total organic carbon : 

total nitrogen ratio (TOC:TN) which are 14.64, 15.31, 12.69, 12.46, 13.9 and 14.30 for SS:RS, SS:FS, SS:WS, 

SS:FS:WS, SS:RS:WS and SS:RS:FS, respectively. The pathogenic communities in the six mixtures are within 

the limited values presented in (Table 5), where the Salmonella spp are not detected and both of total coliform 

and fecal coliform are less than 10 MPN/100g DS for all mature compost mixtures.  

Total Heavy Metals Concentrations in the Prepared Composted Sandy Soil Mixtures 

The total heavy metals concentrations were detected for the six composted sandy soil mixtures 

(SS:RS:Sand, SS:FS:Sand, SS:WS:Sand, SS:FS:WS:Sand, SS:RS:WS:Sand and SS:RS:FS:Sand). This results 

in Table (4) indicating that, all heavy metals concentration of the six composted sandy soil mixtures are within 

the permitted Egyptian limits for sewage sludge agriculture use (Decree No. 214/1997) (Table (5)) 28, except 

lead ions (Pb) which have higher concentrations for all prepared composted sandy soil mixtures which reached 

to 2540, 2385, 2560, 2500, 2750, 3000 mg/Kg for SS:RS: Sand, SS:FS: Sand, SS:WS: Sand, SS:FS:WS: Sand, 

SS:RS:WS: Sand and SS:RS:FS: Sand respectively. Therefore, our current study focused on studying the 

mobility of lead ions to shoot and root of three different plant (Jatropha curcas L., Castor Bean and Sunflower) 

as plant species are vary in their capacity to uptake and accumulate heavy metals29-,30.  
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Plant uptake of heavy metals from soil occurs either passively with the mass flow of water into the 

roots, or through active transport crosses the plasma membrane of root epidermal cells25. Friedland (1989) [31] 

said that heavy metals accumulation and distribution in plant tissues are important to evaluate the effect of 

contaminated soil with heavy metals on plant.  In our study the distribution of lead ions concentration in 

different plants parts (roots and shoots) after two months from the plantation are represented in Table (6).  

 

3.1. Lead ions Accumulation in different Plant Parts of Jatropha curcas L. (GP1). 

Lead ions concentration in the Jatropha curcas L. parts were significantly variable among prepared 

composted sandy mixtures, where the roots exhibited higher absorption compared with the above ground part 

(shoot), the Pb ions root accumulation from sandy mixture A4 (SS:FS:WS/Sand) was significantly higher with 

compared to other composted sandy mixtures which reached to (84.14 mg/Kg). On the contrary, the sandy 

mixture A1 ( SS:RS/Sand) has the lowest root lead ions accumulation ( 36.9 mg/Kg ). It was also noted that 

lead ions concentration does not reached to the shoots from sandy mixtures (A1, A2, A5 and A6) with respect 

to A3 sandy mixture (3.0 mg/Kg) and A4 (6.12 mg/Kg). From these results it is obtained that type (A1) sandy 

mixture represents the most stabilized composted sandy soil mixture. 

Table (3) Basic Characteristics of the Six Mature Compost Mixtures 

Parameters Unit 
Compost Mixtures 

SS:RS SS:FS SS:WS SS:FS:WS SS:RS:WS SS:RS:FS 

pH ----- 7.48 7.61 7.35 7.38 7.2 7.5 

Electrical 

conductivity 
ds/m 11.9 10.64 9.05 10.72 11 9.84 

Moisture content % 42.77 38 41.51 42.2 43.24 46.81 

Dry matter % 57.23 62 58.49 57.8 56.76 53.19 

Total organic 

carbon 
% 21.37 19.29 20.3 20.93 19.74 19.59 

Total nitrogen % 1.46 1.26 1.6 1.68 1.42 1.37 

TOC:TN ----- 14.64 15.31 12.69 12.46 13.9 14.30 

Organic matter % 36.84 33.26 35 36.08 34.04 33.78 

Ammonia (NH4) mg NH4
+-N/Kg 212 204 185 110 195 185 

Nitrates (𝐍𝐎𝟑
−) mg NO3

− -N/Kg 1644 1847 1315 1458 1602 1381 

Total Phosphorous % 1.22 1.57 1.53 1.6 2.24 1.07 

Salmonella spp MPN/100g DS N.D N.D N.D N.D N.D N.D 

Total coliform MPN/100g DS < 10 < 10 < 10 < 10 < 10 < 10 

Fecal coliform MPN/100g DS < 10 < 10 < 10 < 10 < 10 < 10 

Nickel 

mg/Kg 

34.2 29.4 30.75 27.7 27.2 32.75 

Copper 280 235 245 244 241.54 265 

Chromium 79.3 70 78.6 61.5 65 81 

Lead 10500 9980 10600 9640 9370 10740 

Cadmium 2 1.2 1.5 1.2 1.3 2 

Zinc 365 355 360 358 345 365 

     N.D : Not Detected.     DS: dry solid                       MPN: Most probable number.  

      

Table (4): Total Heavy Metals Concentrations in the different Composted Sandy Soil Mixtures 

Parameters 

mg/Kg 

Zn Cd Pb Cr Cu Ni 

Sand 5 0.1 13 1 2 1.5 

SS:RS: Sand 153 0.25 2540 20 46.5 5.75 

SS:FS: Sand 210 0.45 2385 31 57 6.5 

SS:WS: Sand 286 0.9 2560 42 101 9 

SS:FS:WS: Sand 170 0.5 2500 24 62.5 7.5 

SS:RS:WS: Sand 194 0.5 2750 26.3 65 7.5 

SS:RS:FS: Sand 250 0.6 3000 34 83.5 8.5 
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Table (5): The permitted heavy metals concentrations in the sludge  

for agriculture application in Egypt (Decree No. 214/1997) 

Pollutant 
Concentration Limit(Safe Sludge) 

(mg/Kg (dry solids basis) 

Zinc (Zn) 2800 

Copper (Cu) 1500 

Nickel (Ni) 420 

Cadmium (Cd) 39 

Lead (Pb) 300 

Mercury (Hg) 17 

Chromium (Cr) 1200 

Molybdenum (Mo) 18 

Selenium (Se) 36 

Arsenic (As) 41 

Microbial pathogens  Concentration limits  

Salmonella spp 

 

Less than 3 cells per 100 ml at a sludge 

concentration of 4% dry solids.  

Fecal coliform Less than 1000 cells per 1g dry 

solids.  
 

 

               Table (6) Lead ions concentration in roots and shoots of Jatropha curcas L. ,  

                                 Castor Bean and Sunflower Plants after two months of plantation 

Groups Mixtures 
Pb ions in Mixtures 

mg/Kg 

Lead ions conc. in plant  

mg/Kg 

Root Shoot TR TF BCF 

GP (1) 

A1 2540 36.9 0.0 0.0 0.0 0.015 

A2 2385 40 0.0 0.0 0.0 0.017 

A3 2560 50.4 3.0 0.06 0.001 0.02 

A4 2500 84.14 6.12 0.073 0.002 0.03 

A5 2750 45.3 0.0 0.0 0.0 0.016 

A6 3000 46.15 0.0 0.0 0.0 0.015 

GP (2) 

B1 2540 46.7 15 0.32 0.006 0.018 

B2 2385 86.7 15.4 0.18 0.006 0.036 

B3 2560 117 21.7 0.19 0.008 0.046 

B4 2500 192.5 26.6 0.14 0.01 0.08 

B5 2750 105 15.9 0.15 0.006 0.038 

B6 3000 108.3 17.8 0.16 0.006 0.036 

GP (3) 

C1 2540 101.6 19.3 0.2 0.008 0.04 

C2 2385 105 21.7 0.21 0.009 0.044 

C3 2560 192.3 27 0.14 0.011 0.075 

C4 2500 198.5 31 0.16 0.012 0.08 

C5 2750 141 23 0.163 0.008 0.051 

C6 3000 159.6 24.6 0.15 0.008 0.053 
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3.2. Lead ions Accumulation in different Plant Parts of Castor Bean (GP2) 

The fates of lead ions accumulation in Castor Bean roots and shoots were significantly variable among 

prepared composted sandy mixtures. Where the roots exhibited higher absorption compared with the above 

ground part from shoot. The root accumulation of Pb ions in mixture B4 (SS:FS:WS/Sand ) was significantly 

higher with compared to other composted sandy mixtures which reached to (192.5 mg/Kg) . On the contrary, 

the mixture B1( SS:RS/Sand) has the lowest lead ions accumulation in root (46.7 mg/Kg). It was also noted that 

sandy mixture B1 represent the lowest shoot lead ions accumulation (15 mg/Kg) compared with other 

composted sandy mixtures. The recorded results indicated that the sandy soil (B1) has least ability to transfer 

lead ions from soil to other plant parts. 

 

 3.3. Lead ions Accumulation in different Plant Parts of Sunflower (GP3) 

There are significant differences in Pb ions transportation from prepared composted sandy mixtures to 

plant parts. The accumulation of lead ions in Sunflower roots are 101.6, 105, 192.3 , 198.5, 141 and  

159.6 mg/Kg and lead ions translocation in the shoot will be reduced to 19.3, 21.7, 27, 31, 23 and 24.6 mg/Kg 

for composted sandy mixtures C1, C2, C3, C4, C5 and C6 respectively. These displays results indicated that 

there are several differences exist between plants in their abilities for lead ions accumulation in the root and 

translocation to the shoot. The maximum accumulation of lead ions were found in the root and shoot of sandy 

mixture (C4) and the minimum accumulation of lead ions were represented in sandy mixture (C1). These 

showed results prove that, the prepared composted sandy mixture (SS:RS/Sand) (A1,B1,C1) has the lowest 

shoot and root lead ions translocation and accumulation in the three trial plants ( Jatropha curcas L., Castor 

Bean and Sunflower). 

The composted sandy mixtures which immobilized transportation of lead ions to the plants were 

increases in the following order: 

GP1: A4 < A3 < A6 < A5< A2< A1 

GP2:  B4 < B3 < B6 < B5 < B2 < B1 

GP3: C4 < C3 < C6 < C5 < C2 < C1 

The plants shoot and root lead ions accumulation were increase in the following order: 

Jatropha curcas L. < Castor Bean < Sunflower 

 

3.4. Translocation Ratio (TR), Transfer Factor (TF) and Bio concentration Factor (BCF) of Heavy Metals 

As (TR) and (TF) are predicting the extent of  accumulated pollutants in agriculture crops, therefore it is 

important to calculate the variations of TR and TF values in the three planted groups.  

3.4.1. Translocation Ratio (TR) 

The results for plantation of (Jatropha curcas L., Castor Bean and Sunflower) in different composted 

sandy soil mixtures show that, the translocation ratios of composted sandy mixture (SS:RS/Sand) are zero in 

(A1), B1(0.32) and C1(0.2). As observed the TR levels for all of them are less than 1 which indicating that the 

three  plant species were not able to translocate lead ions from the roots to the shoots. This mainly attributed to 

the form of lead ions which are poorly mobile that cannot translocate from root to shoot32. By comparing the TR 

values of the three plant groups (Jatropha curcas L., Castor Bean and Sunflower) we noted that, all plants TR 

values are less than 1 which indicating that the three plant groups can be labeling as trace metal excluder.  
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3.4.2. Transfer Factor (TF)   

The variations in Pb ions transfer factor (TF) for the three groups (GP1, GP2 and GP3) are presented in 

Table (6). Where the TF values for GP2 (Castor Bean) are 0.006 for mixtures B1, B2, B5 and B6, 0.008 for B3 

and 0.01 for B4. As observed the TF values for all GP2 mixtures are less than 1 as well as both GP1 and GP3 

mixtures. The obtained results indicate that the uptake and transport of lead ions were regulated in a way that 

the ratio of the concentration of lead ions in the plant shoots to that in the soil < 1, therefore, these plants are 

labeling as excluder plants [23].            

3.4.3. Bio Concentration Factor (BCF)  

The variations in BCF for plant species under different formed composted sandy soil mixtures are 

shown in Table (6). Where the lowest BCF values observe at composted sandy mixture (SS:RS/Sand) which are 

(0.015, 0.018 and 0.04) for A1, B1 and C1 respectively.  These represented data indicated that BCF values less 

than 1 for all prepared composted sandy soil mixtures, which refers to the restriction of even high  

Pb ions concentration to transfer from soil to root. 

3.5. Relation between Translocation Ratio (TR) and Bio Concentration Factor (BCF).   

By comparing BCF and TR, we can compare the ability of different plants in taking up metals from 

soils and translocating them to the shoots. The plants with both bio concentration factor and translocation ratio 

greater than one (TR and BCF > 1) have the potentiality to accumulate metal. While, plants with bio 

concentration factor greater than one and translocation ratio less than one (BCF > 1 and TR < 1) indicating that, 

these plants have the potentiality for phytostabilization of metals. In contrast plants with bio concentration 

factor less than one and translocation ratio less than one (BCF < 1 and TR < 1) are  metal excluder plants (non 

accumulating) 33. By comparing BCF and TR in Table (6), it was observed that the ability of different plants in 

taking up Pb ions from soils and translocating them to the shoots are varied. These growing plants are capable 

of translocating Pb ions to roots, but all of them had low TR and BCF values, which means limited ability of  

Pb ions accumulation and translocation by the plants. Therefore, it is expected that the Pb ions translocation 

from shoot to leaves be decline to extent less than that observed in shoots which is agrees with Raphael, et al. 

(2010) 34 who found that  most of  metals are concentrate in the roots of the food crops more than in the stems 

and leaves.     

All these represented results indicating that the three plant species growing on the contaminated 

composted mixtures were tolerant to lead ions, especially Jatropha curcas L. which has high ability for 

excluding lead ions from accumulation in different plant part with compared to other two plant types. Verkleij 

and Schat (1989) 35 mentioned that, the restriction of upward movement from roots into shoots can be 

considered as one of the tolerance mechanism. From our results we recommended that Jatropha curcas L. is 

one of more suitable plants that can be planted in heavy metal contaminated compost especially when it is 

remediated with rice straw. 

4. Conclusion 

The study are focused on the proficiency of different mature composted mixtures in stabilizing the 

heavy metals and preventing it's transportation to three oily plants (Jatropha curcas L., Castor Bean and 

Sunflower). In order to investigate the mobility and translocation of lead ions from soil to different plant parts 

different factors were investigated (TR, TF and BCF), the values of the three calculated factors are less than 1, 

which indicating that, there are restriction of lead ions to transfer from composted sandy soil mixtures to the 

plants root and shoot. By comparing the different composted sandy mixtures, we can concluded that the 

composted sandy mixtures with rice straw having the lowest ability for transportation of lead ions to the plant 

parts compared to the other composted sandy mixtures. Jatropha curcas L. considered to be the most lead ions 

excluder plant than the other germinated plants.  

 

 



Farida S. E. El-Dars et al., /Int. J. ChemTech Res. 2015, 8(12), pp 178-186.  

 

 

185 

5. References 

1. Aggelides, S.M., and Londra, P.A., (2000). Effect of compost produced from town wastes and sewage 

sludge on the physical properties of a loamy and a clay soil. Bioresource Technology. 71: 253-259. 

2. Brofas, G., Michopoulas, P.,  and Alifragis, D., (2000). Sewage sludge as an amendment for calcareous 

bauxite mine spoils reclamation. J. Environ.Qual. 29: 811-816. 

3. Benitez, E., Romero, M., Gomez, M.,  Gallardolaro, F.,  and Nogales, R.,(2001). Biosolid and biosolid 

ash as sources of heavy metals in plant-soil system. Water, Air and Soil Pollution. 132: 75-87. 

4. Cogger, C.G., Bary, A.I., Fransen, S.C.,  and Sullivan, D.M., (2001). Seven years of biosolids versus 

inorganic nitrogen applications to tall fescue. J. Environ.Qual. 30: 2188-2194. 

5. Martinez, F., Cuevas, C., Teresa, W., and Iglesias I., (2002). Urban organic wastes effects on soil 

chemical properties in degraded semiarid ecosystem. In: Seventeenth WCSS, Symposium No. 20, 

Thailand.  1–9 

6. Selivanovskaya, S.Y., Latypova, V.Z.,  Kiyamova, S.N.,  and Alimova, F.K., (2001). Use of microbial 

parameters to access treatment methods of municipal sewage sludge applied to grey forest soils of 

Tatarstan. Agriculture, Ecosystem and Environment, 86: 145- 153. 

7. Hua, L., Wu, W.X., Liu, Y.X., Tientchen, C.M., Chen, Y.X., (2008). Heavy metals and PAHs in 

sewage sludge from twelve wastewater treatment plants in Zhejiang province. Biomed Environ Sci 

21:345–352. 

8. Oleszczuk, P., (2008). Phytotoxicity of municipal sewage sludge composts related to physico-chemical 

properties, PAHs and heavy metals. Ecotoxicol Environ Saf 69:496–505. 

9. Jordao, C.P., Nascentes, C.C., Cecon, P.R., Fontes, R.L.F., and Pereira, J.L., (2006). Heavy metal 

availability in soil amended with composted urban solid wastes. Environmental Monitoring and 

Assessment, 112, 309–326.  

10. Singh A., Sharma R.K., Agrawal M., and Marshall F.M., (2010). Risk assessment of heavy metal 

toxicity through contamination of vegetables from waste water irrigated area of Varanasi, India. 

Tropical Ecol. 51: 375–387. 

11. Tarradellas, J., Bitton, G., and Russel, D., (1996) (Eds),. Soil Ecotoxicology, CRC Lewis Publisher, 

New York. 1996. 

12. Zorpas A.A., Vassilis, I., Loizidou, M., and Grigoropoulou, H., (2002). Particle size effects on uptake 

of heavy metals from sewage sludge compost using natural zeolite clinoptilolite. Journal of Colloid and 

Interface Science, 250, 1– 4.               

13. Li, X.D., Poon, C.S., Sun, H., Lo, I.M.C. and Kirk, D.W., (2001). Heavy metals speciation and leaching 

behaviors in cement based solidified/stabilized waste materials. J Hazard Mater; 82:215–30. 

14. Standard Methods for the Examination of Water & Wastewater, 22nd EditionAmerican Public Health 

Association (APHA), American Water Works Associa-tion (AWWA) & Water Environment Federation 

(WEF) (2012). 

15. Lotfy, S.M, and Mostafa, A.Z., (2014). Phytoremediation of contaminated soil with cobalt and 

chromium. Journal of Geochemical Exploration. 144, Part B, 367–373. 

16. Marchiol, L., Assolari, S., Sacco, P., and Zerbi, G., (2004). Phytoextraction of heavy metals by canola 

(Brasssica napus) and radish (Rapanus sativus) grown on multicontaminated soil. Environ. Pollut., 

132: 21 – 27. 

17. Zu, Y.Q., Li., Y., Chen., J.J., Chen., H.Y., Qin, L.,  and Schvartz, C., (2005). Hyper -accumulation of 

Pb, Zn and Cd in herbaceous grown on lead-zinc mining area in Yunnan, China. Environ. Int., 31: 755-

762. 

18. Li, M.S., Luo, Y.P., and Su, Z.Y.,  (2007). Heavy metal concentrations in soils and plant accumulation 

in a restored manganese mineland in Guangxi, South China. Environmental Pollution, 147:168-175. 

19. Chen, Y., Shen, Z., and  Li, X., (2004). The use of vetiver grass (Vetiveria zizanioides) in the 

phytoremediation of soils contaminated with heavy metals. Applied Geochemistry 19, 1553–1565. 

20. Cui, S., Zhou, Q., and Chao, L., (2007). Potential hyperaccumulation of Pb, Zn, Cu and Cd in endurant 

plants distributed in an old smeltery. Environmental Geology 51 (6), 1043–1048. 

21. Evangelou, M.W.H., Kutschinski – Kloss, S., Ebel, M., and Schaeffer, A., (2007).  Potential of Borago 

officinalis, Sinapsis alba L. and Phacelia boratus for phytoremediation of Cd and Pb from soil. Water 

Air Soil Pollut., 18:407 – 416. 



Farida S. E. El-Dars et al., /Int. J. ChemTech Res. 2015, 8(12), pp 178-186.  

 

 

186 

22. Khan, S., Rehman, S., Khan, A.Z., Khan, A.M., Shah, M.T., (2010). Soil and vegetables enrichment 

with heavy metals from geological sources in Gilgit, northern Pakistan. Ecotoxicology and 

Environmental Safety 73: 1820-1827. 

23. Olowoyo, J.O., van Heerden, E., Fischer, J.L., and Baker, C., (2010). Trace metals in soil and leaves of 

Jacaranda mimosifolia in Tshwane area, South Africa. Atmospheric Environment 44: 1826-1830. 

24. Chojnacka, K., Chojnacki, A., Gorecka, H., and Gorecki, H., (2005). Bioavailability of heavy metals 

from polluted soils to plants. Sci. Total Environ. 337: 175-182. 

25. Yoon, J., Cao, X., Zhou, Q., and  Ma, L.Q., (2006). Accumulation of Pb, Cu, and Zn in native plants 

growing on a contaminated Florida site.  Science of the Total Environment 368:456–464 

26. Prabu P.C., (2009). Impact of heavy metal contamination of Akaki River of Ethiopia on soil and metal 

toxicity on cultivated vegetable crops. Electr. J. Environ. Agric. Food Chem. 8: 818–827. 

27. Malik, R.N., Husain, S.Z., and Nazir, I.,(2010). Heavy metal contamination and accumulation in soil 

and wild plant species from industrial area of Islamabad, Pakistan. Pakistan Journal of Botany. 42. 291-

301. 2010.  

28. Water Research Centre (WRC) (1999). Cairo Sludge Disposal Study - Final Report. WRC Ref.: 

CSDRO14/1. 

29. Alloway, B.J., Jackson, A.P., and Morgan, H., (1990). The accumulation of cadmium by vegetables 

grown on soils contaminated from a variety of sources. Sci Total Environ;91:223–36. 

30. Zurayk, R., Sukkariyah, B., Baalbaki, R., (2001). Common hydrophytes as bioindicators of nickel, 

chromium and cadmium pollution. Water, Air and Soil Pollution 127:373-288. 

31. Friedland, A.J., (1989). The movements of metals though soils and ecosystem. In: Heavy metal 

tolerance in plants: Evolutionary aspects. AJ Shaw (Ed.), Boca Raton: CRC Press 1989. 

32. Sêkara A., Poniedziałek, M., Ciura, J., Jêdrszczyk E. (2005). Cadmium and lead accumulation and 

distribution in the organs of nine crops: implications for phytoremediation. Polish Journal of 

Environmental Studies, 14, 4, 509-516. 

33. Fitz, W.J., Wenzel,W.W., (2002). Arsenic transformation in the soil–rhizosphere– plant system, 

fundamentals and potential application to phytoremediation. J Biotechnol 99:259–78. 

34. Raphael, E.C., Eunice, O.E., and Frank, E.O., (2010). Trace metals distribution in some common tuber 

crops and leafy vegetables grown in the Niger Delta Region of Nigeria. Pakistan Journal of Nutrition 

9(10): 957- 961. 

35. Verkleij, J.A.C., and Schat, H.,( 1989). Mechanisms of metal tolerance in higher plants. In Heavy metal 

tolerance in plants: Evolutionary aspects. (A.J.Shaw,ed.). pp. 179–93. CRC press Inc., Boca Raton, 

Florida.  

***** 


