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Abstract: A pot experiment was conducted to compare the growth and metal accumulation of Zea mays,

Sorghum bicolor, Helianthus annuus, Conyza discoridies and Cynodon dactylon were grown in four

different soils containing moderate to high amounts of heavy metals. Shoot and root biomass of plant

species was significantly smaller in the metal rich soil than in the low metal soils. Mostly metal

concentrations in plant tissues were positively related to their total and/ or water extractable metal in soils.

Total uptake of Cr in the shoot of C. dactylon was about 39, 8, 6 and 4 times higher than Cr

concentrations in the shoots of H. annuus, S. bicolor, Z. mays and C. discoridies, respectively when grown

on Cr- rich soil. Most of metal accumulated in Z. mays and S. bicolor found in roots, which are difficult

to harvest. Translocation of metal in these plants from root to shoot was restricted. Therefore, Z. mays

and S. bicolor were more suitable for phytostabilization of metal contaminated soils. Conyza discoridies,

alternatively, accumulated higher amounts of metals in their shoots. This suggest that C. discoridies was

the best species for phytoremediation of Zn, Cu and Pb. 
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INTRODUCTION 

The continued industrialization of countries has led

to extensive environmental problems. A wide variety of

chemicals  have been detected in soil, water, and

air . Heavy metals pose a critical concern to human[1 ,2]

health and the environment due to their common

occurrence as an contaminant, low solubility in biota,

and the classification of several heavy metals as

carcinogenic and mutagenic . Remediation of soils[3]

contaminated with toxic metals is particularly

challenging. Unlike organic  compounds, metals cannot

be degraded, and the cleanup usually requires physical

or chemical removal . [4]

A promising, relatively new technology for heavy

metal contaminated sites is phytoremediation.

Phytoremediation is the use of plants to remove organic

and /  o r  ino rgan ic  co n ta m in a n ts  f ro m  so i l

(phytoextraction), uptake and conversion into non-toxic

forms (phytovolatilization), or stabilization of an

inorganic into a less soluble form (phytostabilization).

These technologies have attracted attention in recent

years for the low cost of implementation and

environmental benefits. Moreover, the technology is

likely to be more acceptable to the public than other

traditional methods . [5 ,6 ,7]

A few plant species are able to survive and

reproduce on soils heavily contaminated with Zn, Cu,

Pb, Cd, Ni, Cr, and As . Such species are divided into[8]

two main groups: the so-called pseudometallophytes

that grow on both contaminated and non-contaminated

soils, and the absolute metallophytes that grow only on

metal-contaminated and naturally metal-rich soil .[8]

Depending on plant species, metal tolerance may result

from two basic strategies: metal exclusion and metal

accumulation . The exclusion strategy, comprising[9 ,10]

avoidance of metal uptake and restriction of metal

transport to the shoots , is usually used by[11]

pseudometallophytes. The accumulation strategy caused

high uptake of metal and storage in vacuoles to prevent

metal toxicity. The extreme level of metal tolerance in

vascular plants is called  hyperaccumulation.

Hyperaccumulators are defined as higher plant species

whose shoots contain > 100 mg Cd kg , > 1000 mg-1

Ni, Pb, and Cu kg or > 10 000 mg Zn an Mn kg-1 -1

(dry wt.) when grown in metal-rich soils . The[12 ,13]

capacity to specifically accumulate high amounts of

metals in shoots makes hyperaccumulators suitable for
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phytoremediation purposes. However, various practical

d rawb acks  can  red uce  the  app licab ility o f

phytoremediation . Crops with both a high metal[14]

uptake capacity and a high biomass production are

needed to extract metals from soils within a reasonable

time frame . [15]

Therefore, the objectives of this study were to

compare the uptakes of heavy metals by crop and

indigenous plants grown on four different soils

containing moderate to high amounts of heavy metals.

The potential use of these species in the

phytoremediation of metal polluted soils was assessed.

MATERIALS AND METHODS

Soil Sources Characterization and Preparation: Soil

samples were collected from sites chosen for their

industrial activities and/or historical backgrounds in

Egypt. Sampling was conducted at four locations: an

industrial and municipal waste site at Makhar El Saeel

(Helwan), a site exposed to Cu and Pb smelter

emissions (Tounsey), a tannery effluent polluted soil

(Max), and a low metal agriculture farm soil. Soil were

mixed in large containers and air-dried at room

temperature, then crushed and sieved to remove rocks

and undecomposed organic materials. Soil mechanical

analysis was carried out by the pipette method

according to . The percentage water-holding capacity[16]

was determined according to . Soil pH was[17]

determined after mixing 1 g of soil in 2.5 ml water for

about 5 min, allowed ionic exchange to reach

equilibrium prior to measuring pH . Organic carbon[16]

content was measured by the rapid titration method .[18]

Cation exchange capacity (CEC) was determined by the

method of . Total metals in soil were determined by[19]

digesting 500mg of soil in a mixture of concentrated

3HCl / HNO  (4:1, v / v) . Water extractable metals[20]

were measured by shaking 10g (dry wt) moist field soil

for 2-h in 20 ml deionized water . Sample were[21]

3  filtered and acidified with HNO before analysis. Metal

concentrations in acid digest and extracts solutions

were  ana lysed  by flam e a tomic  absorp tion

spectrophotometry (AAS). 

Pot Experiment: To initiate the experiments, air-dried

soils  were mixed with the same volume of perlite

(1:1, v/v)  and  about  2 kg placed into plastic pots

(18 cm in diameter and 13 cm in length). Seeds of H.

annuus, Z. mays, S. bicolor, C. discoridies and C.

dactylon rhizomes were sown in plastic pots with four

replicas for each treatment. The experiment was carried

out in a greenhouse illuminated with natural light. The

moisture content of each pot was maintained at 70%

water holding capacity by weighing the pots two times

per week. After germination, the seedlings were

thinned to two plants per pot and grown for eight

3weeks. Tap water and nutrient solutions of KNO ,

4 2 4 2 4 2 4(NH ) SO  and K HPO / KH PO  were added as

needed. 

Plant Harvest and Analysis: After eight weeks, plants

were gently removed from the pots. Shoot and roots

were separated and the lengths of both were measured.

Plant shoots and roots were washed with deionized

water, rinsed, and dried at 70 C, and the dry matter0

(DM) measured. Plant materials were ground and two

grams or less of milled plant matter was digested with

3a mixture of HCl/HNO  (4:1, v / v) , and the heavy[20]

metals in the digests were determined using AAS. 

RESULTS AND DISCUSSIONS 

Physico-chemical Properties of Soil: The four soils

had different physicochemical properties and patterns of

pollution (Table 1). Soil pH is one of the most

influential parameters controlling the conversion of

metals from immobile solid-phase forms to more

mobile and/or bioavailable solution-phase forms. Soil

pH in tannery effluent polluted soils and farm soils

were slightly acidic (6.7 – 6.8, respectively), and pH of

soils collected from Tounsey smelter site and Helwan

industrial sites were in alkaline range (7.2 – 8.2,

respectively). Sanders, 1983 reported that the solubility

of heavy metals is generally greater as pH decreases

within the pH range of normal agricultural soils

(approximately pH 5.0 to 7.0). The high pH values of

soils could have accounted for a low transfer of metals

from soil to plant. Low metal farm soils had a larger

content of organic matter and a higher CEC than the

other three soils.  reported that soils with high CECs[23]

could adsorb larger amounts of heavy metals than soils

with low CEC. All soils were found to be sandy clay

loam to sandy loam in texture.

Total metal content is important because it

determines the size of the metal pool in the soil and

thus the potential for metal uptake . Therefore, soil[24]

samples were analyzed for total and water extractable

Cr, Cu, Pb and Zn. Each soil sample exhibited a high

concentration in one or more of the metals. Tounsey

soil was the most contaminated, containing high metal

concentrations (Table 1). Total concentrations of Zn,

Cu, and Pb were 32.5, 22.8, and 1.9 g kg , while-1

water extractable concentrations were much lower with

0.16, 0.05, and 0.06 g kg , respectively. Soils were-1

collected from Helwan were highly contaminated with

Zn (13.1 g kg ) compared with soils collected from-1

Max and the agriculture farm soil (0.21 and 0.14 g Zn

kg , respectively). Contamination was a result of-1

municipal waste and industrial effluent disposal.

Chromium  concentrations in soils were also elevated
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Table 1: Physical and chemical characteristics of soils

Farm Helwan M ax Tounsey

Soil texture S . C . L . S.L. S.L. L. S.* * *

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CEC  (meq 100g ) 43.5 26.0 34.8 17.4** -1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2pH (H O) 6.8 8.2 6.7 7.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic matter (% ) 4.4 0.13 2.6 2.2

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source of Fertilizer and Iron industry electroplating Tannery effluent Cu and Zn

contamination pesticides and municipal waste sm elters

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Cr (mg kg ) 176 180 16865 307-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M obile Cr (mg kg ) 2.6 1.7 75.4 13.9*** -1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Cu (mg kg ) 58.8 28.2 44.9 22800-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M obile Cu (mg kg ) 0.5 0.48 1.1 53-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Pb (mg kg ) 49 122.5 124.5 1900-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M obile Pb (mg kg ) 5.2 12.5 22.2 63.2-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Zn (mg kg ) 144 13100 208 32500-1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M obile Zn (mg kg ) 4.5 46.6 6.9 162.2-1

S= Sandy; C= Clay; L= Loam

CEC= Cation Exchange Capacity

M obile= W ater extractable metal

Fig. 1: Shoot length and dry weight of Zea mays, Sorghum bicolor, Helianthus annuus, Conyza discoridies and

Cynodon dactylon grown in a greenhouse using four different metal contaminated soils. Mean values
marked with the same letter are not significantly different at P<0.05

and varied from 0.17 to 16.86 g kg . The highest-1

chromium concentrations (16.86 g kg ) were recorded-1

in the Max soils as a result of untreated tannery

effluent wastes. 

Metal variation was also recorded in the

extractable metal content, this can be attributed to the

behavior of trace metals in soil that depends not only

on the level of contamination, as expressed by the total

content, but also on the form and origin of the metal

and the properties of the soils themselves . Metals[25 ,26]

are present in soil as a natural component or as a

result of human activities, such as smelting of

metalliferous ores, electroplating, fuel production,

fertilizer and pesticides application, and generation of

municipal waste . The extractable concentrations of [27 ,28]

Cr, Cu, Pb and Zn in the study sites were high

compared to the values (70 – 400 mg Zn kg , 100 –-1

400 mg Pb kg , 60 – 125 mg Cu kg  and 75 – 100-1 -1

mg Cr kg ), generally observed in agricultural soils-1

and considered to be toxic according to .[29 ,30 ,28]
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Fig. 2: Root length and dry weight of Z. mays, S. bicolor, H. annuus, C. discoridies and C. dactylon grown in

a greenhouse using four different metal contaminated soils. Mean values marked with the same letter are

not significantly different at P<0.05

Fig. 3: The concentrations of Pb and Zn in roots and shoots of Z. mays, S. bicolor, H. annuus,   C. discoridies

and C. dactylon grown in different metal contaminated soils.
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Fig. 4: The concentrations of Cr and Cu in roots and shoots of Z. mays, S. bicolor, H. annuus, C. discoridies

and C. dactylon grown in different metal contaminated soils.

Plant Growth: Crop plants (H. annuus, Z. mays, and

S. bicolor) and wild plants (C. dactylon and C.

discoridies) were chosen for this study based on their

high biomass, fast growth rates, and ability to remove

heavy metals from contaminated sites . [31 , 32, 33, 34]

All five-plant species appeared healthy in the low

and moderate metal contaminated soils (Farm and

Helwan, respectively), whereas plant grown on the

most Zn, Cu, and Pb contaminated Tounsey soils and

Cr-Max contaminated soils showed yellowing to

purpling of the leaves. In this experiment, there were

significantly  higher  differences  between the five

plant species in shoot, root lengths and dry weights

(Figure 1 and 2). The shoot and root length and dry

weights were reduced in all plants grown on metal rich

soils compared with the same plants grown on low and

moderate metal contaminated soils. The root lengths in

Z. mays, S. bicolor, C. dactylon and C. discoridies

grown in Zn, Cu, and Pb rich Tounsey soils, were

reduced by 13, 11, 9 and 4- fold lower than the root

length of the same plants grown on the farm (control)

soil, respectively. The shoot dry weights of S. bicolor,

Z. mays, C. discoridies and C. dactylon grown on the

Tounsey soils were also reduced by 39, 13, 4 and 3-

fold, respectively, compared to the same plants grown

in the control. Our results show that H. annuus is very

sensitive to the highest Zn, Cu, and Pb contaminated

soils. Shoot and root biomass of plant were depressed
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by growing on the Tounsey soil and died after 7 days.

 reported that shoot and root biomass of sunflower[33]

seedlings was significantly smaller in the spill-affected

soil than in the unaffected soil.  recorded that[35]

sunflower has a reasonable tolerance to heavy metals;

it has been used for rhizofiltration because it has a
high root uptake of metals but a low efficiency in their

translocation from root to shoot. 

Concentrations of Heavy Metals in the Shoots and
Roots: Metal concentrations in plant tissues also

differed among the five plant species grown on the
same soils, indicating their different capacities for

metal uptake. Lead concentrations in roots of plants
was elevated and varied from 4 to 184 mg kg  DW.-1

The  highest  concentrations  of  Pb  (184  and 172
mg kg ) were found in the shoots of S. bicolor and C.-1

discoridies, respectively, grown on the Tounsey soil.
Lead concentrations were about 12.4 and 12.1 fold,

respectively, higher than Pb concentration in the shoots
of the same plants grown on the farm soil (Figure 3).

However, the Pb concentration in the roots of Z. mays,
S. bicolor, and C. discorides grown on the Tounsey

soil was 185, 55, and 48 fold higher than Pb
concentrations in the roots of the same plant species

grown on low metal soils. Our results also indicated
that Z. mays grown on the Max soils accumulated 43-

fold higher Pb concentrations in roots than in plants
grown on the farm soil. Plant species, Z. mays, S.

bicolor, and C. discoridies had significantly higher
concentrations of Pb in the roots than in the shoots.

The ratio of Pb concentration in Z. mays roots to the
total Pb concentration in the Tounsey soil was 5.9. [36]

reported that the concentrations of Cd, Cu, Ni, Pb, and
Zn were much higher in the roots than in the shoots.

C. discorides and S. bicolor accumulated
significantly higher Zn concentrations in roots (5.9 and

2.8 g kg ) and shoots (1.5 and 0.9 g kg ), respectively,-1 -1

than other species grown on the Tounsey soil (Figure

3). Zn concentrations in the shoots of H. annuus were
significantly higher than in roots by a factor of 8.7-

fold. At the Max Cr-rich soils, C. dactylon attained a
high concentration of Cr (6.4 g kg ) in the-1

aboveground tissues, which was much higher than other
plants, while Z. mays, S. bicolor, C. discoridies and H.

annuus accumulated significantly higher Cr in its root
tissues by a factor of 22, 19, 10, and 8- fold than C.

dactylon grown on the same soils. However, Cu
concentration (17.9 and 2.2 g kg ) in the roots and-1

shoots of C. discoridies, respectively was significantly
higher than the other four plant species grown on the

Tounsey soils (Figure 4).  reported that Solanum[37]

nigrum  and Conyza Canadensis can accumulate high

concentrations of Cd. 
Plants grown in metal-enriched substrata take up

metal  ions  in  varying  degrees.  Uptake  is largely

influenced by the availability of metals, which is in

turn determined by both external (soil-associated) and

internal (plant-associated) factors. Most previous studies

have shown only poor correlations between metal

uptake by plants and metal concentrations . Our[38]

results shows that metal translocation into shoots

appears to be restricted in cultivated plants so that

harvesting such plants will not be an effective source

of metal removal in soils. However, in the view of

toxicology, this could be a desirable property, as metals

would not pass into the food chain, and thus avoid

potential risk to the environment. 
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