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1.INTRODUCTION 

 

Nowadays, fresh water resources are limited to meet 

annual needs of either irrigating new or ancient areas for the 

agricultural production in Egypt as well as all life’s aspects. 

Hence, non-conventional water resources, i.e., drainage 

water, underground water and treated municipal wastewater 

are reused, especially in the agricultural utilization. In 

addition, the agricultural utilization in Egypt has become 

associated with declining soil-supplying power for plant 

nutrients, deteriorating environmental conditions, shortage of  

needed good quality water. One of the most additional 

developments, which have accelerated the direction towards 

agricultural utilization, is the fact that controlling the positive 

interaction between soil properties as affected by water 

quality and yielding plant varieties under different conditions 

of water use efficiencies. 
 

A great competition for good water supply makes 

conservation and efficient use of water is an imperative. 

Consequently, alternative practices are thought to make 

agriculture more sustainable. However, it would be able to 

protect soil or water resources, and be environmentally 
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safe and profitable. Moreover, low quality water use and soil 

management not only detract from attainment of potentials, 

but also cause productive land to be withdrawn from 

cultivation through excess salts especially in the root zone or 

lime crust and contaminated with heavy metals. The net 

result is soil degradation on a large scale, which represents a 

severe problem particularly in the arid and semi arid regions. 

It happened by different processes, i. e., usage of low quality 

of water, water logging, vegetation degradation, salinization 

and compacted surface crust formation. Such processes 

reduce the current or the potential capability of the soil to 

produce quantitatively or qualitatively goods or services. 

 

Abou- Rawash and El-Tebeen soils, which are located 

at the western and southern parts of Giza and Cairo cities of 

Egypt, represent two sites irrigated with water contaminated 

with sewage effluent and industrial wastes, respectively. The 

salinity degree and heavy metals content of these waters vary 

from area to another. Therefore, the study of the relationship 

between the main soil properties and the irrigation water 

quality under the different levels of water salinity and heavy 

metals content is considered very important for evaluating the 

degrees of soil degradation and pollution with heavy metals. 
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The aim of this study is to evaluate the effectiveness 

roles of some natural materials (i.e., organic compost, 

bentonite shale, CaCO3) and chemical materials (i.e., carboxy 

methyl cellulose and Fe-Mn oxides) as soil amendments to 

remediate heavy metal in contaminated soils for alleviating 

the hazardous effects of some heavy metals and their 

bioavailability on both soils and plants growth, which are 

affected by using waters contaminated with sewage effluent 

(Abou-Rawash area) and industrial wastes (El-Tebeen area) 

for irrigation.  
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1. REVIEW OF LITERATURE 

 

Many items have been carried out concerning the dual 

relationship between the reuse of low quality water and soil 

properties to formulate a responsible schedule for the proper 

use of such water and protection of the cultivated lands and 

crops. Several items must be discussed to assess water 

potential for creating soil conditions hazardous to crop use as 

well as to recommend the superiority of these uses. 
 

Since about 30 years, irrigation water polluted with 

sewage effluent and industrial wastes could be reused for 

irrigation purposes at Abou-Rawash and El-Tebeen soils 

(Cairo and Giza Governorate), respectively. Also, the usage 

of such low quality waters may create problems through their 

different contents of soluble salts and pollutants, particularly 

nutritive and non- nutritive metals. Therefore, the main 

attention in the current literature is focused on: 

2.1. Identifying the water characteristics and its criteria 

controlling their suitability for irrigation.  

2.2. Negative effects of reuse low quality water and the build 

up of some pollutants in soil. 
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2.3. Negative effects of some pollutants and factors affecting 

their bioavailability. 

2.4. Effect of low quality water on nutritive and non- 

nutritive metal contents in plant tissues. 

2.5. Remediation of polluted soils with some soil 

amendments that enhance key biochemical processes. 
 

2.1. Low quality water characteristics and its suitability 

for irrigation: 

2.1.1. Low quality water characteristics: 

Undoubtedly, the usage of low quality water in long-

term or over time has been lead to adverse effects on both 

soil and plant growth. Studies of pollution within water 

canals (rivers and drains), lakes and soil sediments have been 

a major environmental focus, especially in the last decades. 

Such aspects are important sinks for various pollutants like 

pesticides, current inadequate sewage disposal; heavy-use of 

agro-chemicals, potential industrial development or human 

induced activities and solid waste disposal problems.  
 

These pollutants play a significant role in the 

remobilization of contaminants in aquatic systems under 

favourable conditions and in interactions between water and 
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soil sediments (Klavins et al., 2000 and Grosheva et al., 

2001). So, knowledge of heavy metal concentrations in water 

canals and adjacent soil sediments is desirable to estimate of 

pollution criteria as well as for monitoring their widespread 

and spatial distribution in aquatic ecosystems. Many factories 

making an industrial complex are located near the 

agricultural land, particularly at Helwan city, South of Cairo. 
 

These factories are discharged liquid wastes (about 

115000 m
3
/day) into neighboring fresh water canals, and in 

turn lowering their quality for irrigation purposes. In 

addition, about 3.39 ton/day of solid suspended matter are 

dumping into El-Hager and El-Khashab canals as well as into 

the main stream of the River Nile, which certainly pollute the 

irrigation water along these canals.  

 

The chemical analyses of sewage effluent, in general, 

display slight variations as well as absence of any specific 

trend along months of the year. The chemical composition 

and characteristics of sewage effluents vary with population 

density, dietary habits, agricultural and industrial activities. 

The presence of certain heavy metals in sewage effluent lead 

to poor plant growth and endanger the health of animal and 
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Therefore, the concentration of heavy metals in sewage 

effluent must be taken into consideration, where the 

accumulation effect due to using the sewage effluents for 

long time can create soil problems Mohamed, (1998).  

 

Moreover, Alloway (1995) pointed out that the 

pollution hazard of using wastewater in irrigation depends on 

many factors, i. e., their content of organic and inorganic 

pollutants, soil properties (pH, oxidation potential, cation 

exchange capacity and organic matter content) and crop 

sensitivity.  
 

2.1.2. Criteria controlling water suitability for irrigation: 

In general, the most important water parameters that 

could be used to determine the quality of irrigation water are 

ECw, SAR, RSC and the content of heavy elements like B, 

Cd, Pb, Zn and Cu. These parameters reflect the possible 

effect of water on the soil properties and plant growth 

Dargan et al. (1982). In addition, Kandiah (1990) reported 

that there are certain parameters used in evaluation of 

marginal quality water for irrigation such as pH, heavy 

metals, the concentration of Ca
2+

, Mg
2+

, Na
+
, K

+
, P, CO3

2-
, 

Cl
-
, SO4

2-
 and NO3

-
. 
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Ayers and Westcot (1985) suggested that salinity of 

irrigation water is classified into three classes according to its 

ECw values, i. e., C1 (< 0.75 dS/m), C2 (0.75-3.0 dS/m) and 

C3 (> 3.0 dS/m). They pointed out that this classification 

depends on the problem degree, i. e., no problem, causing 

increasing problems and causing severe problems for the 

first, second and third classes, respectively. They introduced 

a new procedure by combining the concept of SAR and RSC 

to gain the concept of the adjusted SAR, which is calculated 

by using the theoretical calculated pHc of irrigation water in 

contact with lime and in equilibrium with soil CO2. The 

value of pHc above 8.4 indicates a tendency for lime to 

dissolve from soil through which the water moves, whereas 

pHc value below 8.4 indicates a tendency for lime to 

precipitate from the applied water. 
 

FAO (1985) reported that saline water could be 

classified according to crop sensitivity as related to the ECw 

value of the soil saturation extract into five categories, i. e., 

{< 2.0, 2.0-3.0, 3.0-6.0, 6.0-10.0 and > 10.0 dSm
-1

} for 

sensitive, moderately sensitive, moderately tolerant, tolerant 

and unsuitable for crops, respectively. 
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Eaton (1950) proposed the concept of residual sodium 

carbonate (RSC) for evaluating the quality of water 

containing bicarbonate, and defined it in me/L. He concluded 

that water with RSC content of < 1.25, 1.25-2.50 and > 2.50 

meL
-1

 is probably safe, marginal and unsuitable for irrigation, 

respectively. Richard (1954) recommended that RSC and 

SAR (sodium adsorption ratio) must be used to evaluate the 

sodicity hazard. The SAR criterion includes four classes with 

marginal values of 10, 18 and 26; water of SAR more than 26 

is considered unsuitable for irrigation, except at low salinity 

level and using of particular soil amendments. 

 

Gupta (1979) classified irrigation water according to 

its adjusted sodium adsorption ratio (adj. SAR) into five 

categories, i. e., A1 (< 10), A2 (10-20), A3 (20-30), A4 (30-

40) and A5 (> 40). It is worthy to mention that water may be 

classified as unsuitable for irrigation because it contains toxic 

substances such as sodium, boron, heavy metals or trace 

elements at a concentration above certain threshold value 

sufficient to cause crops toxicity. They stated that all 

irrigation waters in arid and semi-arid zones could be 

classified into five classes on the basis of boron hazard, i. e., 

normal water (< 3 mgL
-1

), low boron water (3-4 mgL
-1

), 
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medium boron water (4-5 mg L
-1

), boron water (5-10 mg L
-1

) 

and high boron water (> 10 mgL
-1

). The last class is not 

suitable for irrigation under ordinary conditions, but may be 

used occasionally under very special circumstances. 
 

According to water boron levels presented by Ayers 

and Westcot (1985), waters having boron concentrations < 

0.75, 0.75-2.00 and > 2.00 mgL
-1

are considered to cause no 

problem, increasing problems and severe problems, 

respectively. Also, they indicated that the restriction on water 

use increases as the NO3
-
-N concentration increases from 5 to 

30 mg L
-1

. 
 

Concerning the toxicity of certain ions for field crops, 

FAO (1985) suggested the following classification: 
 

Ion (mg L
-1

)  Non effect 
Slight to moderate 

effect 
Severe effect 

Boron < 0.7 0.7-3.0 > 3.00 

Chloride < 4.0 4.0-10.0 > 10.0 

Nitrogen < 5.0 5.0-30.0 > 30.0 

HCO3
-
 < 1.5 1.5-8.5 > 8.50 

 

The recommended maximum concentrations for some 

trace elements in irrigation such as Fe, Mn, Zn, Cu, Cd, Pb 

and Ni of about 5.0, 0.2, 2.0, 0.2, 0.01, 5.0 and 0.2 mgL
-1

, 

respectively FAO (1992). 
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2.2. Soil properties as affected by the usage of low quality 

water: 

Soil degradation and pollution with heavy metals are 

the most serious problems in the areas irrigated with water 

polluted with either sewage effluent or industrial wastes. 

Both major problems caused by poor drainage and 

inadequate soil leaching due to shortage of fresh water 

needed. At the same time, every amount of water, salts and 

pollutants flows into or is produced within any site, if not lost 

due to seepage or evaporation, will be accumulated and 

resulting in high groundwater table and subsequently water 

logging, high levels of salinization and alkalization. Such soil 

chemical degradation leads to a reduction in a soil’s ability 

inactive toxic compounds, depletion of major plant nutrients, 

accumulation of salts and heavy metals (Abdel Razek, 

1998). 

 

2.2.1. Soil pH: 

pH value or hydrogen ion activity is the most 

important chemical property of soil as a medium of plant 

growth. Soil characteristics are known to influence pH value 

include: composition and concentration of soluble salts, the 

composition of exchangeable cations, nature of the action 
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exchange materials and the presence or absence of CaCO3.  

 

Abo Seeda (1984) showed that application of sewage 

sludge to Abou-Rawash sandy soil at rates of 1-6 % 

decreased soil pH from 7.6 to 6.6. Similarly results 

concerned with the addition of sewage sludge to different 

type of Egyptian soils and noticed a slightly decrease in soil 

pH.  
 

The rise in soil pH up to 9.5 was found to be 

associated with increasing concentration of carbonate and 

sodium ions in the soil as well as higher percentage of soil 

bicarbonate in the effluents (Triphathi et al., 1990).            

El-Naggar (1990) who found that submergence leads to 

decrease soil pH as well as the concentrations of N, P, K, Zn 

and SO4
2-

, especially in the calcareous soil that attained 

pronounced contents of CaCO3. The reverse was true for 

Ca
2+ 

and HCO3
- 

take the opposite trend, especially with 

increasing the period of submergence; these obtained data 

reflect the effects related to soil origins, the intensity of 

geochemical weathering, physiographic position and 

prevailing climatic conditions.  
 

Moreover, Akent
,
yeva and Belyayeva (1993) stated 
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that the most predominant anions were carbonate and 

sulphate, in soil near and around iron and steel factory. They 

also added that the pH at sites closest to installation was 

much lower than that at distance of 10-12 km.  

 

Also, Narwal et al., (1993) reported that the irrigation 

with sewage water tends to decrease soil pH. Nogales et al. 

(1995) reported that a decrease in soil pH in treatments that 

included sludge were probably due to the production of 

organic acids by microbial activity during the decomposition 

of this organic residue in the soil. Sara Brallier et al. (1996) 

reported that soil pH was reduced from pH 5.9 to 4.6 by the 

addition the sludge, probably due to the high rates of 

nitrification. 

 

Lieffering and McLay (1996) mentioned that an 

increase in pH of the soil solution increases the amount of 

negative charge on colloid surfaces, which possess variable 

charge properties such as organic matter, oxides and edge 

sites of clay minerals. The amount of negative charge (i.e. 

CEC) of soils used increased markedly as solution pH 

increase. Abou El-Naga et al. (1999) reported that the soil 

near industrial complex at Helwan has pH values above 
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neutrality and ranged between 7.3 and 7.9, and negligible 

differences between pH values of the layers of each profile 

were observed with the tendency to decrease with depth.  

 

Tamoustidis et al. (2002) reported that sewage sludge 

application increased or decreased soil pH in cases of low or 

high values, respectively. Sewage sludge application resulted 

in decreased pH for original soil (pH 7.9), and increase in pH 

for soil (pH 4.4). The pH values of treated layers in two soils 

decreased with increasing sewage sludge. Soil pH exhibited a 

slight decrease with soil depth in both soils. This change in 

pH could be attributed to high amount of water (130 % of 

field capacity) added weekly for 19 weeks and release of 

organic acids from sewage sludge (Al-Wabel et al., 1998). 
 

 Abd El Hamid (2004) found that pH value was almost 

alkaline for most of the samples taken from the soil profiles 

located at different distances from factories. Generally, pH 

values decrease as the distances from the industrial complex 

increase. Similar behavior to the ESP and was confirmed 

statistically. Results confirmed that, there is an increase in 

soil pH following the application of industrial wastewater or 

polluted irrigation water. An increase in soil salinity and ESP 
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resulting from the application of industrial wastes can 

produce a concomitant increase in soil pH. Finally, soil pH is 

considered the out come of soil salinity and the exchangeable 

cation especially exchangeable sodium percentage. 

 

2.2.2. Soil salinity:  

Application of the sewage sludge, ECe increased 

linearly from 0.36 to 2.23 dSm
-1

 (Fresquez et al., 1990). 

Triphathi et al. (1990) studied the effect of chemical 

effluents discharged from chemical factory on physico-

chemical properties of soil at Varansi, India, and they found 

that fourty times higher concentration of Na was observed in 

the effluent than that of the nearby fresh water. They found 

that depletion of K and Ca in the affected soil were (2.4 and 

2.5 m molc g
-1

) as compared with the control (4.8 and 17.4 m 

molc g
-1

) and, respectively.  
 

Soils sludge amended had the highest electrical 

conductivity, are reached 1.5 dSm
-1

 at the surface horizon as 

compared with the un-amended ones which have the lowest 

ECe value of 1.3 dSm
-1

 Abasheyeva et al. (1996) observed 

that an increase in the concentration of water soluble salts 

and development of the process solonetization of the upper 
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30 cm as a result of four years of irrigation with wastewater.  
 

Sumner and McLaughlan (1996) stated that an 

annual application of 1000 mm of effluent irrigation with 

concentration of 100 mg L
-1

 of total dissolved salts would 

apply 1000 kg salts/ha. Electrical conductivity increased 

linearly with sludge application rate. The sludge itself had an 

EC value of > 2 dSm
-1

 as compared to the background soil 

value of about 0.1 dSm
-1

. EC peaked in second year rather 

right after sludge application. This could have been due to a 

combination of mineralization of the sludge organic matter 

and climatic effects (the spring sampling occurs when the 

soil is near water saturation and the water table is high). 

Soluble salts were also uniform at 1.8-3.8 dSm
-1

, the highest 

EC values were high enough to be inhibitory to plant growth 

at the highest sludge application rates, at least in the first 

year. Logan et al. (1997) and Al Wable et al. (1998) 

showed that ECe of soil in an water extract (1 soil : 2 water) 

progressively increased with increasing sewage sludge rates.  

 

Abd El Hamid (2004) found that the chemical 

properties of the soils at Helwan area, which potentially 

affected by industrial wastes, are suffering from an increase 
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in soil salinity, however, the ECe values ranged is between 

15.32 and 11.33 dSm
-1

 in the soil irrigated with El-Hager 

canal and El-Khashab canal for near and fare location, 

respectively. The author also concluded that soil salinity 

level is high in both surface and subsurface layers of the soil 

profiles adjacent to both El-Hager and El-Khashab canals, 

especially near the point source and then decreased by 

getting far away. 

 

It was obvious that Cl
-
 and SO4

2- 
are the dominant in 

the soil profiles adjacent both El-Hager and El-Khashab 

canals, which laying 500 m distance far from the factory. 

Also, Na
+
 is the dominant cation, indicate that the dominant 

salts are NaCl and Na2SO4 as well as there is an increase in 

the total soluble salts of the soil, especially that is near the 

discharging points. These ions are more mobile either 

downward or upward throughout the soil profile creating salt 

accumulation (Shahin et al., 1988). 

 

Abou-Zied (2007) found that soil chemical 

degradation was coupled with salinity and sodicity levels of 

both groundwater table and the neighboring water canals 

(irrigation canals or drains).  
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However, the permanent irrigation with saline water 

will be accumulated and resulting in high more saline 

groundwater table (within 1.5 m of soil surface), and 

subsequently water logging, high salinization and 

alkalinization conditions, which leads to aquic phase. These 

conditions led to internal physical, biological and chemical 

deteriorations as well as led to a reduction in a soil’s ability 

to inactive toxic compounds. Heavy metal concentrations of 

either major nutritive (Fe, Mn, Zn and Cu) or non-nutritive 

(Pb, Cd, Ni and Co) showed a regular distribution pattern in 

the water canals, groundwater table and subjected soil 

matrix.  Moreover, their concentrations are more attributed to 

the environmental impact of pollution sources which coming 

from El Batts and El Wadi drains and many anthropogenic 

activities. 

 

2.2.3. Cation exchange capacity: 

Determination of the amounts and proportion of the 

various exchangeable cations percent in soils are useful, 

because exchangeable cations markedly influence the 

physical and chemical properties of soils.  

An increase in CEC observed following sludge 
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application may be temporary and will decrease as the sludge  

decomfase. In a field study on silty loam soil that had 

amended with sewage sludge, CEC is increased nearly three 

fold of the highest sludge addition CEC doesn’t changed 

much during the first season after initial increase. However, 

after 2 years, with a high sludge application rate CEC is 

decreased (McBride, 1995). The addition of sludge material 

to soil is likely to increase the soil CEC (El-Gendi et al., 

1997 and Badawy and Helal, 1997).  

 

Abd El Hamid (2004) found that the cation exchange 

capacity of soil profiles from Helwan area had a wide range 

of CEC values. The differences in CEC values among the 

studied soil profiles seem to behave likely as the fine 

particles and organic matter. This means that CEC values in 

the soil profiles near the industrial complex were relatively 

lower than that those of in profiles far from the industrial 

complex. Exchangeable Na
+
, affected negatively the physical 

properties of the soil profiles located near El-Hager canal 

which a large amount of sewage effluent and industrial 

wastes water are dumped. (ESP) showed high values at 500 

m from soils adjacent to both El-Hager and El-Khashab 

REVIEW OF LITERATURE_____________________________________________    

 



 

 

 20 

canals, it decreases with increasing distance. This means that 

sodicity hazard is expected in the area adjacent to the source 

of pollution, besides a tendency of increasing ESP values 

were increasing with increases of soil depth. 
 

2.2.4 Organic matter: 

Not all wastes lead to an increase in soil organic 

matter. Land application of industrial wastes with high pH 

value (10-13) is likely dissolved soil organic matters, which 

in turn may lead to the development of physical problems 

.For example, land application of coal combustion 

byproducts from power plants is being promoted as suitable 

method of disposal. The material is very alkaline (pH > 11) 

and contains substantial amount of Ca
++

.
 
 Application of fly 

ash at high rates (> 25 ton/ha) has lead to significant 

decomposition of soil organic matter and subsequently a 

volatilization of considerable amount of NH4 from soil 

Lieffering and Mclay, (1996). 
 

Likewise Abasheqeva et al. (1996) concluded that 

wastewater diminished the total humus content of the soil 

and there is a substantial increase in relative content of little 

available forms of carbon represented by difficulty 

hydrolysable residue.  
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The application of sewage sludge to the soil surface or 

incorporation within the root zone provides significant 

benefits by increasing organic matter and micronutrients (Al-

Wable et al., 1998). Tamoustidis et al.  (2002) showed that 

sewage sludge application increased soil organic matter 

content. 

 

2.2.5. Soil heavy metal contents: 

 Actually, in long-term deposition of heavy metal in 

some localities in Egyptian soils, i.e., Greater Cairo,            

El-Fayoum region is more attributed to the continuous 

irrigation with contaminated sewage effluent or industrial 

wastes water. Also, bioavailability and mobility of significant 

fraction of such metals caused biotoxicity for the grown 

plants. Bioavailability is assumed to be static in nature, 

where most decisions on risk and remediation are based on 

laboratory estimations of bioavailable fractions, which may 

vary with time, nature of species as well as with temporal 

variation in environmental factors (Farrag, 2003).  
 

In addition, heavy metals i.e. Cd, Co, Cr, Cu, Ni, Pb 

and Zn enter soil as result of mining, metallurgy, use of fossil 
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fuels, and application of soil amendments. Fertilizers (triple 

superphosphate, urea, cow manure and sewage sludge) were 

high concentrations in heavy metals in Phosphate fertilizers 

are related to their aquatic biological origin; high levels in 

sewage sludge reflect the composition of domestic and 

industrial discharge.  
 

Heavy metals may be absorbed by crops and 

subsequently enter the human food chain (Webber et al., 

2003). Abo Seeda et al. (1992) and Abd El-Sabouor et al., 

(1995) indicated that, as the sewage sludge application at 

rates 4 and 6 % increased the percentages of trace elements 

in sandy soil. Such increases are mostly attributed to the 

water-soluble fraction of Mn, Zn, Fe and Cu, which were 

relatively small as compared to their total content. Large 

amounts of Fe, Zn, Cu, Co and Pb accumulated gradually 

over 52 years of irrigation of Cairo sewage effluent. The total 

Fe content increased from 1531 to 2951 mg/kg after 52 years. 

Also, DTPA extractable Fe increased as periods of sewage 

effluent irrigation increased.  
 

In the same concern Brallier et al. (1996) mentioned 

that the application of 50 t/ha of sewage sludge greatly is 
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increased the contents of heavy metals. 

 

Rabie et al. (1996a) found at El-Saff soil that the 

highest content of the trace elements (Fe, Mn, Zn, Cu, Pb and 

Cd) in all sites were found in the surface layers of soils 

irrigated with polluted sources. The average contents of total 

Fe, Mn, Zn, Cu, Pb and Cd in the surface layer of the soil 

irrigated with industrial wastes are 15.65 %, 2340, 399, 167, 

129 and 1.9 mg/kg for Fe, Mn, Zn, Cu, Pb and Cd, 

respectively. The virgin soil on the other hand, contains 1.42 

%, 160, 28, 69, 65 and 0.6 mg/kg for Fe, Mn, Cu, Pb and Cd, 

respectively. They found that the highest values were 

associated with the clay fraction, while the lowest ones 

occurred in sand fractions. In addition, all fractions of soil 

irrigated with industrial wastes have the highest amounts of 

Fe and Mn, while fractions of soils irrigated with sewage 

wastes have the highest amounts of Zn, Cu, Pb, and Cd.  

 

Rabie et al. (1996b) showed that the enrichment of 

heavy metals in the clay fraction, which reached about 33, 

24, 14, 13, 12 and 10 times of that in sand fraction for Mn, 

Cu, Fe, Cd, Zn, and Pb, respectively. The degree of 

enrichment, varies between 1-1.5 times for the various metals 
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in silt fraction compared to sand fraction. Due to the large 

amount of industrial wastes, soil problems raised in the 

region extended from Helwan southward to El-Saff. 

However, the industrial wastes contain large amounts of 

heavy metals, salt and suspended matter, which dumped into 

irrigation canals and resulted in hazardous changes in soil 

chemical and physical properties. 

 

El-Sokkary and Sharaf (1996) showed that soils 

irrigated with wastewater were enriched by Cd and to some 

extent by Zn. The amounts of DTPA Zn and Cd represented 

about 0.5 and 13 % of the total in the Nile alluvial soils and 

about 0.8 and 13 % of the total in the lacustrine soils, 

respectively. On the other side, Badawy and Helal (1997) 

stated that sludge contains heavy metals (i.e., Zn, Cd and Pb) 

toxic organic chemicals, heavy polymers hydrocarbon, and 

pathogens are the main groups of sludge constituents. Ma 

and Rao (1997) showed that Pb concentration in soils 

amended with sewage sludge ranged from 198 to 12523 mg 

kg
-1

. 

 

In China, Wang et al. (1997) demonstrated that with 

application sewage effluent to the soil, Ni was retained in the 
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 surface soil, and was mainly present in oxide and carbonate 

fraction. According to the principal component analysis, they 

declared that Ni content in the exchangeable fraction was an 

intensity factor, while Ni contents in the oxide, carbonate, 

and organic fractions. 

Paliwal et al. (1998) reported that the levels of metals 

resulting from 75 days of irrigation with sewage water were 

in the following order: Mn > Zn > Pb > Cu. This was 

probably due to the differences in their concentrations in the 

sewage water as well as the differences in the physico- 

chemical properties of the metals. El–Sayed (1999) declared 

that reuse wastewater in irrigation for different periods 

relatively increased the accumulation of Zn, Cu, Ni, and Cd 

accumulations in the soil were associated with available 

organic and carbonate fractions; whereas Pb available and 

organic fractions took an opposite trend. 

El-Kholi et al. (2000) found that, reuse of waste water 

of Belbies drain over 35 year of irrigation, increased soil 

content of Fe, Zn, Mn, Cu, Cd, Pb, Ni, Co and Cr in 

comparison with those of irrigated with Nile water. Whereas, 

this increase was 4 folds for Fe, Cu, Cd, and Ni, but 20 folds  
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for Zn and 6 folds for Pb in the surface layers.  

Ramadan and El- Fayoumy (2000) showed that the 

application of the different sewage waste water cause an 

increase of Mn, Cu, Ni, extracted with DTPA in soil profiles, 

it were higher than the critical levels. DTPA extracted Pb and 

Zn were much higher levels than the environmentally 

acceptable. DTPA- Fe was higher than the critical levels in 

the studied soil. 

 

The concentrations of Fe, Al, Zn, Mn and Ni in soil 

were significantly higher (except for Mn in the 0-15 cm 

layer) when irrigated with sewage water than with ground 

water through out the 60 cm. An increase of Cr in the surface 

30 cm soil was achieved only by sewage water irrigation 

(Brar et al., 2000). Abdel-Aal (2001) mentioned that the 

total Cd is increased due to sludge application in El-Saff 

area, Egypt. The impact of heavy metal concentration of 

agriculture soils depends not only on the type and amount of 

sewage sludge applied, but also on soil characteristic. A 

sewage sludge that contains large quantities of heavy metals 

may contribute significantly to the build up of heavy metals 

in soils and subsequent accumulation in plants at low pH 

conditions.  
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Also, Farrag (2003) found that the contents of non-

nutritive heavy metals showed more pronounced increases 

towards soils treated with saline drainage water polluted with 

sewage effluent, where the relative increases reached about 

2-4 folds than soils under the favourable conditions. The 

dominance of such elements follows the descending order of 

Fe > Mn > Zn > Cu > Pb > B > Ni > Co and Cd. 
 

Heavy metals concentrations in soil were mostly 

related to soil texture, where the clayey soils exhibited higher 

available contents of all studied heavy metals as compared to 

both medium and relatively coarse textured ones. This may 

be due to the former soils had a larger capacity, high CEC, to 

adsorb these metals from soil solution (Abou-Zied, 2007). 

 

2.3. Factors affecting bioavailability of heavy metals: 

Several chemical extractions have been tested to 

provide an index of heavy metals phytoavailability or by 

another meaning recovery from soils. The success of 

predictability seems to depend on several factors, such as 

type of extractants, soil properties, pH and plant species. 
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2.3.1. Soil pH: 

 Soil pH has been comprehensively identified as most 

important soil single factor controlling the availability of 

heavy metals (Bdawy and Helal, 1997).  

 

With the exception single of Mo, Se and As, the 

extracted heavy metals decreased with increasing soil pH 

because of Mo, Se and As exist in soil as in ions, whereas the 

other principle element of concern are present in cationic 

form. In the same connection, many examples can be quoted 

showing a low uptake of heavy metals by crops grown in 

calcareous soils at high pH value, as compared with the 

normal soils (Adriano, 1986).  
 

El-Gendi (1994) suggested that to precipitate of these 

metals as insoluble hydroxides, carbonates. Helal et al. 

(1996) added that the sorption processes of heavy metals, 

which consequently affected the soluble portion of it in 

aqueous phase is controlled by pH value. El-Falaky et al. 

(1991) reported that Cd solubility decreased 100 folds for 

each unit increase in soil pH. 

 

2.3.2. Cation Exchange Capacity: 

Cation exchange capacity is definite as the ability of 
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soil to adsorb cations. Soil cation exchange, as well known, 

dependent on some soil factors including pH, organic matter, 

and soil texture. So, the retention capacity of a soil is mainly 

controlled by CEC value. On basis of this concept, many 

authors Adriano (1986) and McBride (1995) recognized that 

CEC as one of soil properties controlling the availability and 

toxicity of heavy metals. 
 

2.3.3. Organic matter: 

The roles of organic matter is the incidence of Cu 

deficiency, complexation and sorption have been discussed 

by many authors of the divalent cations, Karapanagiotis et 

al. (1991) reported that Cu forms are the most stable complex 

with humic acid, more than Pb > Fe > Zn, indicating the 

stronger binding of Cu with organic matter. They also added 

that Ni was the most-weakly bound-metal after sludge 

application. 

 

El-Gendi et al. (1999) mentioned that over than 55 % 

of Pb in sludge-soil was in organic form, compared to less 

than 21 % of total Ni was in that form. The relative 

importance of organic compounds exist in organic matter 

were studied by Zachara et al. (1994). They mentioned that 
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these materials have an important role for controlling the 

solubility of heavy metals, since it also acts as adsorptive 

sites. They also mentioned that fulvic acid could suppress 

heavy metal adsorption by Fe and Al oxide due to the high 

affinity of fulvic acid with metals such as, Cu, Ni, Hg, and 

pH, especially at high pH. 
 

Soil organic matter is specials interest, since it is 

known to adsorb consider amounts of inorganic cations, 

including heavy ions, by ion- exchange mechanism. 

Therefore, El-Gendi et al. (1999) reported that lead 

accumulation in the surface horizon is associated with high 

organic matter content, partly due to reactions involving in 

soluble organic matter. 

 

2.3.4. Calcium carbonate content: 

 James and Barrow (1981) believed that liming a soil 

stimulates mineralization of organic matter and this may 

release Cu. Raikhy and Takkar (1983) concluded that 

adsorption of Zn by soil was significantly proportional to 

calcium carbonate content. They also added that the removal 

of soil carbonate is decreased in adsorption of Zn and Cu. 

Retention of heavy metals by calcium carbonate is usually 
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interpreted following different approaches, specific 

adsorption or precipitation of new solid phases. Distinguish 

adsorption from precipitation is always clear and sometimes 

different authors come to conflicting conclusions.  

 

Madrid and Diaz-Barrientas (1992) studied the 

adsorption of some heavy metals by some soils considering 

the influence of removal of carbonates. They reported that 

adsorption process was probably the main process involved 

in retention of Cd. They also added that adsorption process of 

Cu and Zn was accompanied by a continuous increase in 

Ca
++

 and Mg
++

 released. 

2.4. Effect of low quality water on heavy metal contents in 

plant tissues: 

The accumulation of heavy metals by plants depend on 

many factors such as: soil type, soil physical and 

physicochemical properties, organic matter content, soil 

reaction, redox potential, which may radically alter the 

toxicity of a metal for plants. The amount of heavy metal 

taken up by plants not only depends on the metal content of 

the soil, but also is strongly influenced by other factors such 

as plant species, soil parameters (pH in particular), and the 
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kind of heavy metal itself (Fruchtenicht and Vetter, 1982).  
 

Alloway (1995) reported that the following order of 

decreasing sensitivity to Cd toxicity, based on the Cd 

concentration in the soil causing a 25 % decrease in yield: 

spinach > soybean > lettuce > maize > carrot > turnip > field 

been > wheat > radish > tomato > squash > cabbage > swiss 

chard > upland rice. However, this order is only for one 

cultivar of each crop; cultivars within a species can differ 

widely in their tolerance of trace elements.  

Tsadilas (1995) showed that wastewater had a high B 

concentration (above 1 mgL
-1

) and increased B concentration 

in both crop leaves and soil. Hot water soluble boron values 

increased from 1 mg kg
-1 

in the control treatment up to more 

than 2.0 mg kg
-1 

in some treatments including irrigation with 

wastewater. Leaf B concentration was increased in cotton 

from 67 mg kg
-1

 in the control up to 81 mg kg
-1 

dry
 
weight in 

treatments irrigated with wastewater, while B concentration 

in corn leaves was increased from 9 to 21 mg kg
-1

. These B 

concentrations were not toxic for cotton and maize since the 

yield of both crops was increased significantly in comparison 

with control treatment. 

REVIEW OF LITERATURE_____________________________________________   



 

 

 33 

El-Gazzar (1996) found that the content of Fe, Cu, 

Mn and Zn increased in the plant irrigated with polluted 

water and reached to 213.0, 85.0, 60.0 and 18.0 mg/kg, 

respectively, as compared to those irrigated with Nile waters, 

which contained low values 167.0, 48.0, 45.0 and 10 mg/kg 

with increasing rates 27.54, 77.08, 33.33, and 80.0 %, 

respectively. Cieslinski et al. (1996) found that Cd bio-

accumulation and distribution within the plants of both 

durum wheat and flax were strongly affected by both soil 

type and plant cultivars. Cd concentration in roots, leaves and 

stem varied at different stages of plant growth. Also, the 

different of Cd accumulation pattern corresponded to the 

levels of AB-DTPA extractable and metal-organic complex 

bound soil Cd found in soils. 

Also, some of heavy metals such as Hg, F, Cd, Pb and 

As, which present in negligible amount, can also accumulate 

to toxic concentrations in agricultural food crops 

(Mclaughlin et al., 1996). El-Sayed (1999) reported that Cd 

and Ni accumulation in the plant shoot mostly correlated 

with their concentration in the different chemical fractions in 

the soil than the physical and chemical characteristic of the 

soil. Elevating Zn or Cu concentration in the plant shoot, to a 
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great extent, had a synergistic effect on the accumulation of 

Cd in the plant shoot, as contrary to that found for Ni. 

Selem et al. (2000) show that the reuse of sewage 

waste effluent for irrigation resulted in a high uptake of 

heavy metals, especially Cd and Cr in some organs of plant, 

which was exceeded the permissible limits, i.e., Cd in the 

stem of cabbage and lettuce; Cr in the lettuce stems, onion 

roots and colocassia roots. They add that Pb, Co, Ni, Fe, Zn, 

Mn and Cu were increased in different organs of the leaf and 

root vegetables in comparison with those irrigated with Nile 

water. 

All heavy metals are aggressive environmental 

pollutants. They easily taken up by plants and they are strong 

stress factors for plant metabolism. Heavy metals influence 

disturbances in plant mineral nutrition by competition with 

other nutrients Siedlecka, (1995). Hooda et al. (1997) 

reported that the Cu and Pb accumulation in the plants grown 

on sludge-amended soils showed only small increases 

compared with those grown on uncontaminated soils. 

multiple regression analysis of various soil properties showed 
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that the surest way to control the accumulation of metals in 

food plants is by controlling their concentration in the soil 

further-more, soils with a non acidic reaction and a coarse 

texture. This is primarily because of their very low soil to 

plant transfer ratios compared to those of Cd, Ni and Zn. 
 

Plant uptake is one of the major pathways by which 

metals from sludge- amended soils enter the food chain. The 

food chain plants might absorb enough amounts of heavy 

metals to become a potential health hazard to consumers. In 

this context, the results showed that Cd, Ni and Zn pose the 

greatest threat among the metals studied because the levels of 

Cu and Pb were either relatively low or did not show any 

appreciable increase compared to their back ground 

concentrations in the food crops. Cd, Cu and Zn 

concentrations in corn increased significantly with sludge 

application, while Ni and Pb levels were low compared to the 

control. Lettuce concentrations increased linearly with sludge 

application for Cd, Cu, and Zn in all years, and linear 

declined and stabilized after the two years (Logan et al., 

1997). Zero amendments of sewage sludge and city compost 

were essentially only soil control with no addition of either 
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sewage sludge or compost and hence the metal 

concentrations are the same for specific soil type. 

Significantly high plant concentrations of Cd and Zn were 

noticed in ultisols amended with sewage sludge at levels of 

112, 224 and 448 mt/ha; whereas, Mn concentrations 

decreased significantly with increase levels of sludge 

amendment. In vertisols, however, no significant differences 

were observed in plant and Mn concentration between the 

different sludge levels, but plant Zn concentration increased 

with increasing levels of sludge amendment 

(Ramachandran and Souza, 1998). 
 

Fazeli et al. (1998) pointed out that the heavy metals 

content of the soil and their total uptake by paddy roots had 

the relation: Pb > Cu > Cd and Pb > Cu > Zn > Cd. Survival 

of paddy crops irrigated by polluted waters indicated 

tolerance to toxic heavy metals. After sewage sludge 

application, edible plant parts of leaf and root vegetables had 

increased Cu and Zn concentration and decreased Mn 

concentrations, whereas Fe concentrations remained almost 

unchanged in leaf vegetables and were low in the root 

vegetables. Co, Pb and Cd were not detected in plant tissues. 

The sewage sludge influence on Cu concentration was the 
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highest for lettuce and the lowest for spinach, with their 

average concentrations being 147 % and 108 %, respectively, 

of the their ion means of the control.  

Sewage sludge application affected plant tissue Fe 

concentration in decreasing trend. However, a significant 

increase of Fe concentration was detected for Endive. For 

lettuce, despite the statistically significant differences among 

sewage sludge treatments, the average Fe concentration 

remained unchanged relative to the mean concentration of 

plant grown on original soils. Fe concentration on plant 

growth is increased of 116 % for endive and decreased of 66 

% for radish following sludge application. Soils treated with 

sewage sludge were enriched in available Cu and Zn 

accompanied with plant tissue enrichment for those 

micronutrients. These concentrations were similar to their 

sufficiency levels. However, high soil concentrations of 

available Fe and Mn did not cause significant changes in 

plant Fe and Mn concentrations, except for the acid soil show 

increasing doses of sewage sludge application resulted in 

decreased plant concentrations of Fe and Mn. This desirable 

effect, since the concentrations of Mn of leafy vegetables 

decreased below toxicity levels.  
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Generally, sewage sludge application resulted in an 

increases in leaves or roots, without any plant deficiency 

symptoms. 

The concentrations of Cd accumulated in plants on the 

sludge treated soils could be due to increased growth of plant 

resulting from the fertilizing power of sludge. Increase in 

plant metal uptake for all treatments coincided with increase 

in soil salinity, thus, the highest concentrations recorded in 

leaves increased approx (Boukhars and Rada, 2000). 

Samaras and Kallianou (2000) reported that the application 

of sewage sludge increased significantly the cotton yield and 

only the Zn and Cd concentration in soils were statistically 

correlated with those of cotton leaves. Heavy metals uptake 

by plants showed the greatest accumulation of Cu, Cr, Co 

and Pb in the roots, Cd and Ni in leaves, and Zn in the seeds 

of rice. Effluent of leather industry complex markedly 

increased the concentrations of Cu, Fe, Mn, Zn, Al, Cr and 

Ni in sewage water, and irrigation water polluted with 

sewage water and increased the concentrations of these 

elements in soils, as will as potato leaves and potato tubers. 

An increase of Cu, Fe, Zn and Al concentrations in plants 

was less than proportional to their increase in soils.  
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However, the increases in Mn and Cr concentrations in 

the plants were proportional to their increase in soils and the 

increase in concentration of Ni was greater in plants than in 

soils. Hence Mn, Cr and Ni are more likely to be the 

elements that may became health hazard for consumers of the 

crops growth in sewage water irrigated fields (Brar et al., 

2000). 

Cajuste et al. (2001) showed that Cd and Ni were the 

most bio-available, whereas Pb was less available to the 

wheat plant. Plant metal concentration varied from 1.12 to 

1.77 from 2.34 to 5.13 and from 0.34 to 1.67 mg kg
-1

 dry 

weight for Cd, Ni and Pb in wheat seed., Pb and Cd 

concentrations in leaf of wheat were responsible for 66 to78 

% of the availability of their respective content in wheat 

seed. The coefficients of metals transfer from leaf to seed of 

wheat near harvest time in some sites are reported blew.  
 

During the two-month period (March-April 2000), 

which was near harvest time, the ratio value reflecting Cd or 

Ni concentration in leaf over Cd or Ni concentrations in seed 

of wheat plant, decreased markedly; in contrast on opposite 

trend was observed for the ratio of Pb in leaf over Pb in seed 

of wheat. 
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These results indicated that Ni and Cd concentrations 

were high in plant. Organ in the most sites, suggesting the 

absence a physiological barrier in the transfer of metal from 

plant vegetative tissue to strong and reflecting a matter of 

concern about the consumption of this grain by animal and 

human population. 

2.5. Remediation of polluted soils: 

2.5.1. Remediation concept and mechanism: 

Removal of heavy metals from contaminated soils with 

certain amendments that enhance key biochemical processes 

is necessary to reduce the risk related to the presence of 

heavy metals in soil to environmental acceptable level 

(Abdel-Bary, 2000). Remediation action may involved 

excavation and removal of the contaminated soil. Even 

though this seems like a logical solution, it is not feasible in 

many cases due to the vast size of the contaminated area and 

the high costs involved. A cheaper alternative for soil 

remediation is in situ stabilization of metals (Boisson, et al., 

1999). The mobile of heavy metals in soil is influenced by 

several factors including pH, sorption on minerals such as 

phosphate rock and iron oxides and complexing to inorganic 
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or organic ligands Neubaur et al., (2002). 

Chen et al. (1997) found that principal sorption 

mechanism responsible for the decrease of Cd and Zn 

concentrations in aqueous metal solutions and soil leaches 

were surface adsorption and /or the formation of amorphous 

solids, and they found that other sorption mechanisms such 

as surface complexation and ion exchange.  

Sorption of trace metals by soil is therefore considered 

to be due predominantly to specific sorption mechanisms of 

chemi-sorption, which does not necessarily involve retention 

by negatively charged sites, so that the charge characteristics 

of the surface, such as cation exchange capacity, will be less  

important than for sorption by cation exchange. The actual 

chemical structure of the oxide surface would seen more 

likely to have the major influence on specific sorption of 

trace metals by the surface (Clare et al., 1995). 

 The author also found that a simple interpretation of 

the trends observed with an increased sorption period is that 

Cd and Co have moved from reaction sites associated with 

the fast desorption reaction sites associated with slow 

reaction. Alternatively, it is possible that changes have 
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occurred at the original bonding site (i.e., hydrolysis of the 

metal or oxidation of Co
+2

 to Co
+3

) resulting in a slower 

desorption rate. Such changes might be related, at least in 

part, to any alterations in the structure and crystallinity of 

oxides occurring during the longer periods of equilibration in 

aqueous suspension. 

Chemical treatments include all techniques involving 

reagents or external compounds, i.e., soil washing. In this 

technique different reagents able to solubilize toxic elements 

are coupled with the removal of leaching solutions and added 

chelators that make cations less labile, thus allowing them to 

immobilize toxic elements in a less bioavailable form. 

Forinstance, EDTA is one of the proposed complexing 

reagents. 

In addition, adding solid phases can fix, irreversibly, 

toxic elements, and they can sometimes be used to reduce 

remediation costs Li and Shuman, (1996). Alcacio et al. 

(2001) provided spectroscopic evidence for the hypothesis 

proposed by McBride (1994) for possible binding 

configuration of Cu
+2

 on complexes of oxide minerals and 

organic matter (i) Cu
+2

 is bonded to mineral surfaces only 
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(runner-sphere compels); (ii) Cu
+2

 is bonded to the organic 

matter is absorbed by the oxides at high levels (iii) Cu
+2

 acts 

as abridge cation between the oxides and the organic matter 

that is adsorbed at low levels. Therefore, Fe, Al and Mn 

oxides and organic matter are considered to play a very 

important role in the adsorption- desorption of Cu
+2

 in the 

variable charge soils. Heavy metals may be retained in soils 

by adsorption, complexation, and/or chelation by organic 

matter, and occlusion in carbonates and iron (Fe), aluminum 

(Al), and manganese (Mn) oxides.  

2.5.2. Effect of soil amendment application on heavy 

metal contents in contaminated soils: 

 Increasing contamination of agricultural soil by toxic 

compounds such as heavy metals, metalloids, or organic 

pollutants, may cause in long-term risks to ecosystems and 

humans. 
 

 Several amendments have been investigated to reduce 

metal mobility and bioavailability. Manko and Terelak 

(1999) reported that application of sludge to soil reduced the 

amount of heavy metals in readily available forms while less 

mobile was associated with metal binding by organic matter 
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and precipitate in soil due to alkalinity of calcium present in 

sludge. The immobilization of metals from sludge was 

caused by their geochemical properties in the following 

order: Zn > Pb > Cd > Cu > Ni. Chen (1998) and Chen et 

al. (2000) reported that chemical technologies for soil 

remediation are time consuming or too expensive. Therefore, 

it is imperative to develop techniques that can treat and 

stabilize contaminants in situ improvement. 

After sewage sludge application, the soil concentration 

of Cu and Zn were 206 and 274 %, in comparison with the 

control, respectively, of their mean concentration of the 

control. The average soil Fe concentration increased of 108 

%, while, Mn and Co were decreased of 94% in comparison 

with the control treatment. Pb, have a strong influence and 

found in soil with an increase to 241%in comparison with the 

control treatment. Soil Cd concentration was not detectable 

wither before or after sludge application. Soil concentration 

of extractable metals depended not only on sewage sludge 

metal content, but also on soil properties (Tamoustidis et al., 

2002). 
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2.5.2.1. Lime: 

Lime is found in various forms {i.e., CaCO3, (Ca Mg) 

CO3, CaO, Ca(OH)2}. It has been used to increase soil pH, 

and thereby improve soil fertility. Lime is cheap and 

effective ameliorant for many metals; however, repeated 

applications are required to maintain metal immobilization. 

Soil pH is an important factor to controlling metal mobility 

and bioavailability. Usually, the mobility of many metals 

increases with decreasing soil pH (Kabata-Pendias, 1992). 
 

Albasel and Cottenie (1985) showed that the raising 

soil pH by liming is appeared to be the most efficient method 

for reducing plant absorption of toxic micronutrient and 

heavy metals. Addition of the chelating agents increased the 

uptake of barley, ryegrass and Italian ryegrass. On the other 

side, Fang and Wong (1999) studied the effect of lime 

amendments at the levels 0, 0.63, 1.0 and 1.63 % w/w on 

availability of heavy metals and maturation in sewage sludge 

composting. They found that lime amendment significantly 

reduced water-soluble and DTPA-extractable metal contents. 

The maximum reduction were (60 and 40 %), (80 and 40 %), 

(55 and 10 %) and (20 and 25 %) for Cu, Mn, Zn and Ni, 

respectively, at the end of composting period (100 days) in 
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comparison with the control. Derome and Saarsalmi (1999) 

conducted two experiments in 1992 in Scots pine stand at 

distances of 0.5 and 8.0 km to the south of the Cu-Ni smelter 

at Harjavalta, South west Finland, in order to investigate the 

effect of liming on the heavy metal concentrations in the 

soils solution at 0.5 km all the treatment containing varying 

doses of limestone clearly decreased Cu, Ni and Zn 

concentration in soil solution during 1993-1995 in 

comparisons with the control.  

 

2.5.2.2. Fe and Mn oxides: 

 Iron and manganese oxides as well as Fe and Mn-

bearing amendments have been investigated with respect to 

the reduction of metal mobility and plant microorganism 

uptake (Didier et al., 1992; Mench et al., 1994; Sappin-

Didier, 1995; Boularbah et al., 1996; Muller and Pluquet, 

1997; Verkleij et al., 1998 and Mench et al., 1998).  

Reaction between iron oxides and trace elements are 

well documented by Kabata-Pendias (1992); Manceau et 

al. (1992 a&b) and Spandini et al. (1994). They have been 

related to adsorbent aging, coagulation and rearrangement 
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processes, and penetration of ions the crystal lattice by 

exchange with lattice constituents near the mineral surface. 

Electron- microprobe studies confirm that metals in 

contaminated soils can accumulate in iron oxides (Hiller and 

Brummer, 1995). 

 

Backers et al. (1995) stated that f Fe and Mn oxides in 

soils are capable of sorbing trace metal ions and can 

therefore be important in controlling trace metal 

concentrations in soil solution, hence trace metal 

bioavailability in soils. They found that concentration of Cd 

and Co specifically sorbed by oxides at pH 6.0 are greater for 

Mn oxides than for Fe oxides. The metal was also much less 

readily desorbed from Mn than Fe oxides.  

 

Iron oxides (i.e., hematite, maghemite magnetite), 

oxyhydroxides (i.e., ferrihydrite, goethite, akaganeite, 

lepidocrite, feroxyhite), and Mn oxides (i.e., phylloman- 

ganates, birnessite group of minerals) are common and occur 

naturally in soils. The OH-OH distance in Fe, Mn, and Al 

oxides matches well with the coordination polyhedra of 

many trace metals; therefore, such hydroxyl groups form an 

ideal template for bridging trace metals. Consequently, 
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hydrous oxides of Fe, Mn, and Al are highly reactive for 

many trace metals (Manceau et al., 1992a; Charl et and 

Manceau, 1993; Spandini et al.,1994). 

 Goethite, a stable iron oxyhydroxide, is considered an 

important mineral, which can also control the sorption 

capacity of soils for toxic metals. Sorption to sediments or 

suspended solids, including hydrous iron oxides, is the 

primary fate of zinc in aquatic environments Evanko and 

dzombak, (1997). El-Gendi et al. (1999) found that the 

highest amount of Cd and Pb (35%) was associated with Fe 

and Mn oxides fraction. 

 

McBride et al. (1998) and Lehman et al. (2001) 

compared Cu
+2 

activity in aged suspensions of goethite and 

organic matter. They found that Cu
+2 

activity was one to two 

orders of magnitude lower for the organic system at all Cu 

loading (50–5000 mg kg
-1

) investigated when the pH was 

near 5.5 indicating that the organic matter was a more 

effective adsorbent for Cu
+2 

than goethite An in situ remedial 

action technique of metals polluted soil based on iron 

exchange is possible. 
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2.5.2.3. Organic matter (compost): 

 Shuman (1998) pointed out that organic matter (i.e. 

compost, peat, manure etc.) treatments to soils can have an 

effect of raising soil pH and adding to exchange capacity of 

which tend to decrease metal availability, however, these soil 

amendments can add soluble organic ligands which have an 

effect of increasing the mobility of metals. 

 McBride et al. (1998) indicating that organic matter 

was a more effective adsorbent for Cu
+2 

than goethite. Long 

reaction times caused Cu
+2 

activities to decrease due to 

drifting pH and slow reactions. At higher pH, organic matter 

again resulted in lower Cu
+2 

activity than oxide at all Cu 

loading levels, but the difference was generally less than at 

lower pH. Shuman (1999) indicated that solid organic 

matter adsorbed heavy metal by physical and chemical 

adsorptions, and soluble organic matter that complexed 

heavy metal in solution.  

2.5.2.4. Bentonite: 

 The bentonite is clay in which is basic clay mineral of 

montmorillnite. The crystal structure of montmorillnite is 

determinated by two of siliceous tetrahedrous with an 

inserted layer of aluminium octahedrons between them.  
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The ideal chemical formula of montmorillnite is [Si8 (Al3,34 

Mg 0.66) O20 (OH)4] M0.66 H2O, where  M-ions of Na, Ca, H 

and Mg according to pironcov. Bentonite can be used for 

removing Pb, Cd, Cu and Zn from water solutions according 

to Aroguz et al., (1997). MHB montmorillonite is gray, wet, 

soft, and plastic clay. It contains besides Ca & K-

montmorillnite, illite, crystoballite, kaolinite and amorphous 

volcanic glass. Physico-chemical properties: swelling in 

water, absorption and ion exchange of Na
+
-cations, 

tixotrophy, formation of stabile suspension-gel. Laszlo 

Simon (2000) found that zeolite and bentonite 

additivesreduced the accumulation of Zn in chicory roots. 

2.5.2.5. Carboxy methyl cellulose (C.M.C.): 

 C.M.C. cation exchangers can be considered as 

polyvalent anions with positively charged counter ions. 

Because of the hydrophilic nature of inorganic groups, they 

tend to dissolve when brought into contact with water and to 

draw the whole polymer into solution. This could be 

prevented by cross- linking with the result that the cation 

exchangermerely swells but remains undissolved 

(Samuelson Olof, 1963). Kamal (1997) reported that 

carboxy methyl cellulose (C.M.C.) is a polyelectrolyte with a 
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pka of approximately 3.65, thus approaching the acid strength 

of acetic acid. Acid form is characterized by poor water 

solubility. Cation exchange is consist of inorganic groups 

that are fixed to the cation exchanger matrix, while the 

oppositely charged ions, which are called counter ions, can 

be exchanged for other ions.  

Samuelson Olof, (1963) studied the selective 

adsorption of metal ions, like Pb (II), Hg (II), Zn (II), Cr (II), 

Cd (II), Fe (III) and Co (III), onto an aminopropyl amide 

derivative of C.M.C. The maximum adsorbitivity to Pb (II), 

Zn (II), Hg (II) and Fe (III) were observed in the derivative 

of 13.8–16.1 % degree of amination. At pH 8-10, Ni (II), Co 

(III), Mn (II), Hg (II) and Zn (II) were well adsorbed and 100 

% Cr (IV) adsorbed at pH 7. Regeneration of this derivative 

with acids is possible. 

Kamal (1997) studied the selective extraction of Ni 

(II), Cu (II), Mg (II), Mn (II), Fe (III), Cr (III) and Al (III) 

from solution containing water, iso-propyl alcohol, NaCl and 

the chloride of one of the above metals was compared using 

metal salts of CMC as ion exchangers. The solution modeled 

waste baths from electrochemical treatment of metals.  
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The water iso-propyl alcohol ratio, as well as the type of the 

metals cation in C.M.C. salts, affected significantly the 

effectiveness of the ion exchanger. The highest extraction of 

Ni (II) ions was alkali metal salts of C.M.C, salts with 

substation degree 0.7-0.79 Ni (II) and Cu (II) showed high 

selective extraction from solutions followed by Mg (II) and 

Al (III). However, no significant extraction was observed for 

Mn (II), Cr (III) and Fe (III).   

2.5.2.6. Sequential extraction methods: 

 Although sequential extraction methods required more 

time consuming, it is provide detailed information about the 

status of metal in soil (Kabala and Singh, 2001; Mclaren 

and Clucas, 2001 and Lim et al., 2002). Aboulroos et al. 

(1991) studied the fraction of Pb in soils continuously 

irrigated with sewage effluent at El-Gabal El-Asfer farm, 

Egypt for different periods up to 60 years. They found that 

the relative abundance of the various Pb fractions followed 

an order: organically complex (Na2P4O7) occluded (oxalic 

acid) > specifically adsorbed (CH3COOH) > exchangeable 

(Ca Cl2). Prolonged use of sewage effluent in irrigation led to 

increase the percentage of the organically complex Pb 

fraction on the expense of others, especially the residual one. 
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 Sheppard and Thibault (1992) used the sequential 

extraction method described by Tessier et al. (1979). They 

found that in soil with normal Pb content (20 mgkg
-1

), the 

oxide and the carbonate fractions of Pb represented 73.4 and 

15.2 %, respectively of total Pb in soils. In soil with high 

total Pb content (50 to 180 mgkg
-1

), the oxide fraction 

represented of 90- 93.7 % of total, indicating that Pb added to 

soil was mainly adsorbed by Fe and Mn oxides. In roadside 

soil, El-Gendi (1994) fractionated Pb using sequential 

extraction methods as described by Tessier et al. (1979). 

They showed that Pb was mainly associated with residual 

form and bound also to Mn and Fe oxides. 

 Also, El-Gendi et al. (1999) fractionated some of 

heavy metals in sludge soil from About–Rawash farm, results 

revealed that the highest amounts of Cd and Pb (35%) were 

associated with Fe and Mn oxides fraction, while, organically 

bound fraction was the dominant form of Co (65  %) and Ni 

(35 %). Ingrid Walter and Cuevans (1999) used sequential 

extraction methods (KNO3, NaOH, Na2-EDTA, HNO3) to 

extract Zn, Cd, Cu, Ni, Pb and Cr in different plots treated 

with sewage sludge. They observed that the application of 

sludge increased the inorganic–fraction for Zn, Cd, and Cu. 
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They also added that Cu was the only element found to the 

exchange fraction, while Pb and Cr found mainly in residual 

fraction and Ni was found in organic fraction.  

McLaren and Clucas (2001) used sequential 

extraction procedures proposed by Tessier et al. (1979) to 

fractionate Cu, Ni, and Zn in both dried and wet sludge 

samples. They concluded that the tested metals were 

incorporated into the sludge matrix particularly as oxide- 

bound, organic-bound and residual fractions.   

Also, Badway and Helal (2002) concluded that the 

fractionation of Cd, Co, Ni, and Pb in soil irrigated with 

sewage effluent may ranked as follows: organic > residual > 

oxides > carbonate > exchange. 
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3. MATERIALS AND METHODS 

 

3.1. Materials: 

The current study was executed on two soil sites at 

Abou-Rawash and El-Tebeen soils, which are located at the 

western and southern parts of Giza and Cairo cities, Egypt, 

Maps (1 and 2).  The studied soils having different textural 

grades of sandy loam (Abou-Rawash) and clay loam (El-

Tebeen) and irrigated with water polluted with sewage 

effluent and industrial wastes (EL-Khashab canal), 

respectively. The chemical analysis and suitability degree for 

irrigation water used are presented in Table (1). Also, the 

main physical and chemical properties of the initial state of 

both the studied soils are presented in Table (2).  

3.1.1. Pre-treatment for removing the excess of soil 

salinity and sodicity of El-Tebeen soil:  

 Since the soil of El-Tebeen was suffering from salinity 

(ECe = 93.10 dSm
-1

) and sodicity (ESP = 39.73), the 

amelioration practices were carried out using gypsum 

requirement (Richard, 1954), and applying the continuous 

leaching technique to reach ECe value less than 4 and an ESP 

value less than 15.  
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Map (1): Greater Cairo wastewater pump stations and 

Abu-Rawash soil location. 
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    Map (2): Location of the studied soil at El-Tebeen area. 
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Table (1): Chemical characteristics and the studied metal contents 

of the irrigation water used in both areas under study. 
 

Water characteristics Abou-Rawash  El-Tebeen  

pH  7.13 8.42 

ECiw (dS/m) 0.93 4.68 

Soluble ions (m molc L
-
 ): 

Ca
++

 

Mg
++

 

Na
+
 

K
+
 

CO3
--
 

HCO3
-
 

Cl
-
 

SO4
--
 

 

2.39 

1.84 

4.64 

0.62 

0.00 

5.30 

3.65 

0.54 

 

5.06 

7.23 

33.62 

1.35 

0.00 

6.70 

26.12 

14.44 

Sodium adsorption ratio     (SAR) 3.20 13.56 

Adj. S A R 7.68 37.97 

Residual sodium carbonate (RSC) 1.07 -- 

Irrigation water suitability degree C2S1 C3S3 

Water content of some heavy metals (mg kg
-1

) 

Nutritive heavy metals 

Zn 

Mn 

Fe 

Cu 

0.907 

0.346 

0.711 

0.185 

10.934 

21.137 

39.562 

18.367 

Non-nutritive heavy metals  

Cd 

Ni 

Co 

Pb 

0.019 

0.087 

0.036 

0.472 

0.769 

4.105 

1.386 

19.452 

 

3.1.2. Incubation experiment: 

An incubation experiment was carried out in 

laboratory to assess the effect of different organic and 

inorganic materials on immobilization of the studied heavy 

metals (Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb), i.e., organic 

compost at rates 1 and. 2 %, bentonite at rates 3 and 5 %, 
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CaCO3 at rates 1 and 2 %, carboxy methyl cellulose (C.M.C.) 

at rates 0.25 and 0.50 %, iron and manganese oxides of a 

ratio 1:1 and at rates 1 and 2 %, besides the untreated soil. 

 

Table (2): Some physical and chemical properties and heavy metal 

contents of initial state of the studied two soils. 
 

Soil properties Abou-Rawash soil El-Tebeen soil 

Particle size distribution % 

Sand  

Silt               

Clay         

Textural class 

 

69.90 

11.30 

18.80 

Sandy loam 

 

23.20 

37.50 

39.30 

Clay loam 

Water holding capacity % 14.96 16.04 

Total CaCO3 % 1.72 9.45 

Organic matte % 3.52 0.23 

CEC (c molc kg
-1

 soil) 16.72 34.86 

ESP 2.52 39.73 

pH (1:2.5 water suspension) 7.30 8.65 

ECe (dS/m) 1.35 93.10 

Soluble ions (m molc L
-1

 ): 

Ca
++

 

Mg
++

 

Na
+
 

K
+
 

CO3
--
 

HCO3
-
 

Cl
-
 

SO4
--
 

 

4.94 

1.56 

6.70 

0.43 

0.00 

2.24 

7.92 

3.47 

 

36.75 

68.25 

905.00 

4.62 

1.47 

4.75 

939.45 

68.95 

Soil content of some total and available heavy metals (mg kg
-1

) 

Metal Total Available Total Available 

     Nutritive heavy metals 

Zn 

Mn 

Fe 

Cu 

218.64 

173.27 

12746.52 

67.40 

15.817 

9.375 

27.816 

5.937 

547.36 

1365.90 

43564.85 

126.07 

32.289 

17.351 

89.898 

11.063 

    Non-nutritive heavy metals 

Cd 

Ni 

Co 

Pb 

1.73 

23.91 

8.64 

142.05 

0.152 

1.792 

0.567 

7.598 

3.12 

61.43 

29.75 

262.36 

0.539 

3.847 

1.964 

19.395 
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Table (3) shows the main characteristics of the natural 

soil amendments, i.e., the organic compost and bentonite 

shale. 

 

Table (3): Some characteristics of the studied organic and 

inorganic soil amendments (dry weight basis). 
 

Compost Bentonite shale 

Weight of 1 m
3
 (kg) 509.78 CEC (c molc kg

-1
 shale)  51.96 

pH (1:10 water suspension) 7.14 pH (1:2.5 soil suspension) 7.83 

EC (dS/m, 1:10 water extract) 1.37 EC (dS/m, soil paste extract)  5.42 

Moisture content      % 9.56 Calcium carbonate  % 1.51 

Organic matter         % 43.71 Organic matter        % 0.12 

Organic carbon        % 25.41 Exchangeable Na    % 4.09 

Total N                    % 1.52 Particle size distribution % : 

C/N ratio 16.72 Sand 5.43 

Total P                     % 0.32 Silt 14.72 

Total K                    % 2.86 Clay 79.85 

Available nutrients (mg/kg): Semi-quantitative analysis of clay fraction %: 

N      1697 Smectites       67.59 

P       1478 Kaolinite     11.41 

K      1593 Illite            6.23 

Fe     17.45 Vermiculite 8.91 

Mn    13.92 Chlorite        2.37 

Zn     9.54 Feldspars      1.34 

Cu     6.13 Quartz          2.15 

 

To achieve this target, five kilograms of fine earth 

were thoroughly mixed with the applied rates of the 

previously indicated soil amendments, and then carefully 

packed in polyethylene pots, with three replicates for each 

treatment. The amended soil pots as well as the untreated 

ones were rehydrated to 70 % of the water holding capacity. 

The beneficial effect of these amendments was assessed after 
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incubation periods of one and two months under laboratory 

temperature.  
 

3.1.3. Greenhouse experiment:  

A greenhouse experiment was carried out on the same 

previously pots used in the incubation experiment for a 

period of two months. Maize (Zea. mays L., 321 hybrid) as 

an indicator crop was consecutively grown on the 

equilibrated soils under the prevailing conditions of 

greenhouse at Soils, Water and Environment Research 

Institute, Agric Res. Center, Giza, Egypt. The pots were 

categorized in a completely randomized block design (one 

plant species, five soil amendments, two rates for each one, 

with three replicates), beside the untreated soil (control 

treatment).  
 

Ten days after sowing, seedlings were thinned to four 

healthy plants per pot. The amended soil pots as well as the 

untreated ones were rehydrated to 70 % of the water holding 

capacity. The conventional agricultural practices, especially 

the fertilization with the recommended doses of N, P and K, 

were applied. Plant shoots and roots were harvested after 60 

days from planting, the time at which there was sufficient 

plant material for analysis.   
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Plant organs were rinsed with distilled water and then 

dried at 70
 
°C for 24 h and the dry weights recorded. The 

plant samples were ground and wet digested with an acid 

mixture (HNO3 and HClO4) according to Jackson (1973). 

Nutritive and non-nutritive metals in clear the digested 

solutions were determined using (Plasma JY Ultima 2). At 

the same time, DTPA extractable contents of the studied 

metals were determined, as mentioned before, after harvest to 

evaluate the response of their potential mobility and 

biological uptake by grown maize plants to the applied soil 

amendments. 
 

3.1.4. Sequential extraction of soil samples:  

Sequential extraction was performed on air-dried soil 

samples taken from each pot using the methodology of 

Tessier et al. (1979). The extractions were carried out in 40 

mL-centrifuge tubes with 1 g of soil at the different 

treatments (before and after additions of soil amendments). 

The procedure was used to fractionate the studied metals into 

five operationally defined fractions, i.e., exchangeable (1 M 

NaOAc, pH 8.2 with continuous agitation for 1 h), carbonate 

bound (1 M NaOAc, pH 5.0), Fe-Mn oxides bound (0.04 M 

MATERIALS AND METHODS__________________________________________ 



 

 

 63 

NH2OH.HCl in 25 % v/v HOAc at 96 
o
C with occasional 

agitation for 5 h), organic matter (0.02 M HNO3 + 30 % 

H2O2, pH 2.0) and residual (digested with HF-HclO4, using 

the same procedure employed for total). After each 

extraction, the solution was separated from the solid by 

centrifugation at 8000 rpm for 20 min. A reference soil 

material (as above mentioned) was used to compare metal 

recovery based on sequential extraction with certified values. 

 

3.2. Methods of analysis: 

3.2.1. Soil properties: 

* Particle size distribution was determined using the 

International Pipette method (Piper, 1950) and sodium 

hexametaphosphate as a dispersing agent (Richard, 

1954).   

* Soil moisture content at water holding capacity was 

determined according to the procedure outlined and 

described by Klute (1986).  

* Calcium carbonate content was measured using Collin's 

Calcimeter method (Wright, 1939).  

* Saturation soil paste extract was analyzed for determining 

ECe and soluble ions. Soil pH was measured in the soil 

water suspension 1:2.5 (Jackson, 1973). 
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* Organic matter content was determined using the modified 

Walkely and Black method (Jackson, 1973).  

* Cation exchange capacity (CEC) and the exchangeable 

cations were determined using sodium acetate and 

ammonium acetate of pH 7, respectively (Richard, 1954).   

* Total metal contents, one gram (dry weight) of soil samples   

was digested using 12 mL of mixture of HClO4 and HF 

(5:1 v/v) in platinum crucible until almost dry, 

subsequently, a further 12 mL of acid mixture was added, 

and again brought to near dryness. Finally, 1 M of HClO4 

was added and the sample was evaporated in 5 mL of 

concentrated HCl and diluted to 25 mL. Metals, especially 

Ni, were measured in the clear solutions using (Plasma JY 

Ultima 2). 

* Available nutritive (Fe, Mn, Zn and Cu) and non-nutritive 

metals Cd, Ni, Co and Pb were extracted with DTPA 

(Soltanpour, 1991) and measured using Coupled Plasma 

Spectrophotometer (ICP). 

* Semi-quantitative analysis of bentonite (as a soil 

amendment) was carried out on the basis of visual 

estimates of X-ray diffraction intensity from the 
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tested sample and standard mixtures of clay fractions 

according to Jackson (1973). 
 

3.2.2. Water characteristics: 

* Chemical composition of the different used irrigation water 

including pH, ECiw, soluble ions was determined using 

the methods described by Page et al. (1982). 

* Soluble nutritive and nutritive elements were measured 

using   Inductively Coupled Plasma (Plasma JY Ultima2).   
 

3.2.3. Plant analysis: 

The plant samples were collected from the studied 

treatments after 60 days from planting to determine the dry 

weight/plant, dried at 70 
o
C, ground in a Willy mill, then they 

were digested with H2SO4 and H2O2 (Parkinson and Allen, 

1975). Plant contents of some nutritive and non-nutritive 

metals were measured in the clear solutions using Inductively 

Coupled Plasma (Plasma JY Ultima 2), Hesse (1971). 
 

3.3. Statistical Analyses: 

Analyses of variance and significant differences of 

concentration of the studied soil treatments performed by 

SAS program (SAS, 1982). The statistical significance was 

defined at 0.05. 
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4. RESULTS AND DISCUSSION 

 

The obtained results of chemical composition of the 

unconventional water resources in Abou-Rawash soil and El-

Tebeen soil are presented in Table (1) and discussed under 

the following sub-headings.   

 

4.1. Chemical composition of the used irrigation waters: 

Studying the chemical composition of irrigation water 

used is of supreme importance for giving enough information 

about their qualities and positive or negative effects on soil 

properties. 

 

4.1.1. Water pH: 

Data presented in Table (1) show that pH value was 

7.13 and 8.42 for water sources of Abou –Rawash farm and 

El-Tebeen soil, respectively. The relatively low pH value 

(7.13) of Abou-Rawash water is probably due to its 

contamination with sewage effluent On the other hand, the 

high pH value of El-Tebeen soil is probably due to its 

pollution with the industrial wastewater. However, pH values 

of both waters are still within the permissible limits (Ayers 

and Westcot, 1985). 
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4.1.2. Water salinity: 

Data presented in Table (1) show that values of water 

salinity, as expressed by ECiw, were 0.93 and 4.68 dS/m at 

Abou-Rawash and El-Tebeen sites, respectively. It is noticed 

that the salinity level of both the studied irrigation waters is 

more related to the nature of its sources as affected by 

pollutants.  
 

These low quality waters are in second category (0.75-

3.00 dS/m) for Abou-Rawash soil and at the third one (> 3.0 

dS/m) for El-Tebeen water, i.e. these waters are of increasing 

problems and severe problems, respectively, according to 

Ayers and Westcot (1985),    
 

In general, the distribution pattern of soluble cations in 

the studied waters follows the descending order: Na
+ 

> Ca
2+ 

> 

Mg
2+ 

> K
+
, for Abou-Rawash farm and Na

+ 
> Mg

2+ 
> Ca

2+ 
> 

K
+ 

for El-Tebeen area. The soluble anions could be arranged 

in the following order Cl
- 

> HCO3
_
 > SO4

2- 
for both the 

studied two sites.
 
The dominance of both soluble Na

+ 
and Cl

- 

of El-Tebeen soil denotes that NaCl is the probable dominant 

salt in the corresponding low quality water category.  
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4.1.3. Water sodicity: 

Data presented in Table (1) show that the SAR values 

recoded 3.20 and 13.56 for the irrigation waters, which are 

polluted with sewage effluent and industrial wastes at Abou- 

Rawash farm and El-Tebeen area, respectively.  
 

These waters are in the first (< 3) and third classes (< 6 

and > 9.0), denoting no problems and severe problems due to 

sodicity would be caused owing to utilization of Abou- 

Rawash and El-Tebeen waters, respectively, according to 

Ayers and Westcot (1985). 
 

The Adj. SAR values are 7.68 and 37.97 for Abou-

Rawash and El-Tebeen waters, respectively, i.e. the water 

used in irrigating Abou-Rawash farm is increasing problems, 

whereas that used for irrigating El-Tebeen area is sever 

problem from the stand point of sodicity hazard according to 

Ayers and Westcot (1985).  
 

The calculated pHc of irrigation water used show 

values lower than 8.4, which are (7.0 and 6.6) for Abou-

Rawash and El-Tebeen waters, respectively. These results 

indicate that sodicity are predicted in soil irrigated with such 

waters. 
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Residual sodium carbonate (RSC) is less than 1.25 in 

both the studied waters, which means that both of these 

waters are suitable for irrigation from this point of stand.  

 

4.1.4. Water trace metal contents:  

The concentrations of trace metals in the studied 

irrigation waters are presented in Table (1). Data show that 

there is a wide variation between the contents of nutritive 

(Zn, Mn, Fe, Cu) and non-nutritive metals (Cd, Ni, Co, Pb) in 

both irrigation waters. Their values were 0.907, 0.346, 0.711, 

0.185, 0.019, 0.087, 0.036 and 0.472 mg L
-1

 in Abou-Rawash 

water and 10.934, 21.137, 39.562, 18.367, 0.769, 4.105, 

1.386 and 19.452 mg L
-1

 in El-Tebeen water, respectively. 

The recorded higher values for all the studied metals in El-

Tebeen water are mainly due to its contamination with 

industrial wastes. The heavy metals are arranged in a 

descending order of Zn > Fe > Pb > Mn > Cu > Ni > Co > Cd 

in Abou-Rawash water and Fe > Mn > Pb > Cu > Zn > Ni > 

Co > Cd in El-Tebeen water. 
 

It is noteworthy that, although the contents of the 

previous elements are relatively high in the sewage effluent 

of Abou- Rawash as compared to the fresh irrigation water, 
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yet their levels are still within the permissible limits (FAO, 

1992), while those of El-Tebeen water are exceeded the 

permissible limits. No problems are expected due to usage of 

Abou-Rawash water for irrigation. On the other hand, El-

Tebeen water, once released into soil matrix, will cause 

potential impact on environment quality, human health and 

represent a great risk on both ground and surface water 

supplies (Kim et al, 1997).   

 

4.2. Soil properties as affected by using the studied low 

quality waters:   

Irrigation with low quality water such as those polluted 

with sewage effluent or industrial wastes left its hazardous 

fingerprints on the different soil properties. The response of 

soil characteristics to the negative changes depends on both 

soil nature and water quality.  

 

4.2.1. Soil pH: 

Data presented in Table (2) reveal that soil pH tended 

to be relatively low (7.30) at Abou-Rawash soil, and high 

(8.65) at El-Tebeen soil. This difference in soil pH of both 

the studied two soils is more related to the chemical nature of 

the irrigation water which are contaminated with sewage 
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effluent and industrial wastes for the first and second soils, 

respectively. 
 

The decrease in soil pH of Abou-Rawash soil may be 

attributed to the occurrence of active organic acids and the 

release CO2, which dissolves in water forming carbonic acid 

that lowers soil pH (Mohamed, 1998).  
 

4.2.2. Soil salinity: 

Data presented in Table (2) reveal that there is no 

salinity problem in Abou-Rawash soil (ECe=0.93 dS/m). 

Whereas, in El-Tebeen soil salts accumulated and the ECe 

value reached 93.10 dS/m. Undoubtedly, these accumulated 

salts were proportionally increased with increasing the 

salinity level of irrigation water (ECiw = 4.68 dSm
–1

). 

 

In general, the distribution pattern of soluble cations in 

the soils followed the ascending order: Na
+
 >

 
Ca

2+ 
in Abou-

Rawash soil and Mg
2+ 

in El-Tebeen soil > K
+ 

for Abou- 

Rawash and El-Tebeen soils, respectively. The soluble 

anions could be categorized in the following descending 

order: Cl
- 

> SO4
2- 

> HCO3
_
. The dominance of soluble Na

+
 

and Cl
-
 indicates that NaCl is the dominant salt, and such soil 

is unproductive sodic one. 
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4.2.3. Soil organic matter and CaCO3 contents: 

Data presented in Table (2) show that the organic 

matter content of El-Tebeen soil which is irrigated with the 

low quality water and polluted with industrial wastes is lower 

(0.23 %) in comparison with that of Abou-Rawash soils 

which are irrigated with polluted sewage effluent (3.52 %). 

This is mainly due to the inhibitive effect of the industrial 

wastewater on plant growth, besides the salinity stress of 

both irrigation water and soil, which depressed the crop 

growth and hence reduced the plant residues in El-Tebeen 

soil. The high organic matter content of Abo-Rawash soil is 

mainly due to the accumulation of suspended organic 

colloids in soil.    
 

CaCO3 content is more related to soil origin. The 

relatively high CaCO3 content (9.45%) in El-Tebeen soil is 

mostly related to the precipitation of dissolved Ca(HCO3)2 in 

a form of secondary CaCO3 in this soil. At Abo-Rawash soil, 

the relatively low CaCO3 content (1.72 %) is probably due to 

the solubility reaction in the presence of CO2 (carbonation 

process).  
 

4.2.4. Exchangeable sodium percentage (ESP): 

Data presented in Table (2) show that ESP exhibited a high 
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value (39.73 c molc kg
-1 

soil) in the soil irrigated directly 

with saline water polluted with industrial wastes and having a 

relative fine texture (clay loam) at El-Tebeen in comparison 

with the low ESP value of the (sandy loam) soil at Abou- 

Rawash (2.52 c molc kg
-1 

soil). This is mainly due to 

irrigation with the saline-sodic water stimulated more 

displacement of Ca and Mg by Na on soil colloidal 

complexes.   

 

4.2.5. Nutritive and non-nutritive metal contents: 

4.2.5.1. Total contents in soil: 

Data presented in Table (2) indicate that the total soil 

contents of the studied nutritive and non-nutritive metals (Zn, 

Mn, Fe, Cu, Cd, Ni, Co and Pb) were (218.64, 173.27, 

12746.52, 67.4, 1.73, 23.91, 8.64 and 142.05) and (547.36, 

1365.90, 43564.85, 126.07, 3.12, 61.43, 29.75 and 262.36) in 

Abou-Rawash El-Tebeen soils, respectively. This mainly due 

to increasing organic matter and the period of sewage water 

utilization at Abou-Rawash. In El-Tebeen soil, the total soil 

contents of metals exhibited relatively higher values, due to 

industrial wastewater. The relative increases of these metals 

are mainly due to their accumulations in the studied soils 

through the continuous irrigation with low quality waters.  
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4.2.5.2. Available contents in soil: 

Data presented in Table (2) show the available 

contents of the studied metals which can be arranged in a 

descending order as follows: (Fe > Zn > Mn > Cu > Pb > Ni 

> Co > Cd), with contents of 27.816, 15.817, 9.375, 7.598, 

5.937, 1.792, 0.567 and 0.152 mg/kg in Abo-Rawash soil and 

Fe > Zn> Pb > Mn > Cu > Ni > Co > Cd, with contents of 

89.898, 32.289, 19.395, 17.351, 11.063, 3.847, 1.964 and 

0.539 mg/kg in El-Tebeen soil, respectively. This is mainly 

due to the high metal contents in the used irrigation waters 

and the presence of organic matter and decrease in soil pH 

due to increasing the period of sewage water utilization. The 

enhancement of industrial activities led to an increase in 

heavy metals in the environment (soil, water and plants).  
 

These effects are related to the disposal of wastes of 

some factories to drains and clay content. It could be 

explained on the basis of metal adsorption on CaCO3 is 

facilitated through the exchange of Ca
2+ 

from its particles 

with the metal cations in soil solution, which adsorb element 

due to the dominant negative charge. According to the safe 

scale outlined by FAO (1992), the contents of these metals 

are outside the permissible ranges.  
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The previous distribution pattern showed a nearly 

parallel trend of heavy metal contents in the used irrigation 

low quality waters. These results are in agreement with those 

obtained by Farrag (2003).  

 

4.3. Pre-treatment for removing the excess of soil salinity 

and sodicity of El-Tebeen soil:  

A trail was carried out on the extremely saline soil of 

El-Tebeen to reduce its salinity and sodicity levels as well as 

to alleviate the depressive effect of Na-salts stress on plant 

growth and element ability to accumulate in the plant tissues. 

The amelioration practices were carried out using the 

gypsum requirement, and applying continuous leaching 

technique to obtain a favourable soil medium for plant 

growth from the point view of soil salinity and sodicity 

levels.  

 

Data presented in Table (4) and illustrated in Figs. (1 

and 2) show the beneficial effect of the applied gypsum and 

continuous leaching processes, where the obtained ECe and 

ESP values became less than 4 dSm
-1

 and < 10 %, 

respectively. In addition, both total and available contents of 

the studied metals tended to slightly decrease under such 

amelioration practices.     
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Table (4): Some physical and chemical properties as well as 

nutritive and non-nutritive metal contents of El-

Tebeen soil after amelioration practices. 
 

Soil properties Before amelioration After amelioration 

Water holding capacity % 16.04 19.62 

ESP 39.73 9.85 

pH (1:2.5 water suspension) 8.65 7.76 

ECe (dS/m) 93.10 3.15 

Soluble ions (m molc L
-1

 ): 

Ca
++

 

Mg
++

 

Na
+
 

K
+
 

CO3
--
 

HCO3
-
 

Cl
-
 

SO4
--
 

 

36.75 

68.25 

905.00 

4.62 

1.47 

4.75 

939.45 

68.95 

 

10.15 

4.56 

16.71 

0.50 

0.00 

2.80 

17.47 

11.65 

Soil contents of total and available heavy metals (mg kg
-1

) 

Metal Total Available Total Available 

Zn 

Mn 

Fe 

Cu 

Cd 

Ni 

Co 

Pb 

547.36 

1365.90 

43564.85 

126.07 

3.12 

61.43 

29.75 

262.36 

32.289 

17.351 

89.898 

11.063 

0.539 

3.847 

1.964 

19.395 

539.84 

1361.35 

43556.92 

123.56 

2.98 

59.07 

28.12 

257.67 

29.169 

15.830 

72.415 

9.216 

0.487 

3.424 

1.569 

17.235 

Available: DTPA-extractable metals 
 

4.4. Fractionation of the nutritive and non-nutritive   

metals in the studied soils: 

Nutritive and non-nutritive metals exist in soil can be 

partitioned (fractionated) into forms or pools (sinks), based 

primarily on ways by which metals are bound in soil or held 

against extraction by various chemical agents. 
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Metal fractionations or sequential extraction schemes 

are commonly used to evaluate mobility and bioavailability 

of these metals in soils, and hence the efficiency of 

remediation treatments at end of the experiment. Data 

presented in Tables (5 and 6) show that the initial chemical 

fractionation of the studied metals among five operationally 

defined fractions, i.e., exchangeable, carbonate bound, Fe-

Mn oxides bound, organic matter (non-residual metal) and 

residual metal.  

 

Table (5): Fractionation of the studied metal ions in the 

initial state of Abou-Rawash soil. 
 

Metal 

Metal fractions %  

Sum (mg 

kg
-1 

soil) Exchangeable 
Carbonate 

bound 

Fe-Mn 

oxides 

bound 

Organically 

bound  
Residual 

Nutritive metals  

Zn 5.73 10.95 14.74 35.65 32.93 126.23 

Mn 2.15 5.43 30.50 28.35 33.57 161.17 

Fe 0.50 2.71 24.42 40.83 31.54 10324.65 

Cu 2.17 3.56 9.72 45.08 39.47 58.64 

Non-nutritive metals 

Cd 7.35 13.65 20.74 27.50 30.76 1.64 

Ni 1.97 3.41 12.05 39.71 42.86 21.76 

Co 9.53 12.87 9.45 38.50 29.65 7.69 

Pb 3.62 5.26 18.47 41.26 31.39 117.90 
 

The results reveal that the employed procedure after 

Tessier et al. (1979) succeeded in recovering amounts (sum 

of fractions) almost equal to total contents for the studied 
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metals. However, the sum of various fractions of Zn, Mn, Fe, 

Cu, Cd, Ni, Co and Pb were about 85, 93, 81, 87, 95, 91, 89 

and 83 % of their actual total contents, respectively, proving 

success of this procedure in fractionating metals in soil. 

 

Table (6): Fractionation of the studied metal ions in the 

initial state of El-Tebeen soil. 
 

Metal 

Metal fractions %  

Sum (mg 

kg
-1 

soil) Exchangeable 
Carbonate 

bound 

Fe-Mn 

oxides 

bound 

Organically 

bound  
Residual 

Nutritive metals  

Zn 1.87 18.75 19.46 29.32 30.60 458.85 

Mn 3.65 15.42 37.15 16.05 27.73 1266.10 

Fe 1.15 13.87 40.44 14.73 29.81 35281.09 

Cu 1.54 11.01 13.93 35.17 38.35 107.62 

Non-nutritive metals 

Cd 2.76 9.12 24.61 31.48 32.03 2.83 

Ni 2.65 11.04 25.13 21.21 39.97 53.75 

Co 7.12 18.50 22.67 24.45 27.26 25.03 

Pb 3.82 14.35 20.89 27.78 33.16 213.89 
 

Results of Abou-Rawash soil indicate that all the 

studied metals are bound, to a greater or less extent, to 

organic compounds, which are found as suspended matter 

through the deposited sewage sludge, with an exception for 

Mn, Cd and Ni (i.e., 28.35, 27.50 and 39.71 %, respectively), 

which are almost exclusively in residual forms followed by 

Fe & Mn bound to iron and manganese oxides (i.e., 30.5, 

20.74 and 12.05 %, respectively). The high portions of such 

metals are associated with organic matter. These results are 
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in agreement with those observed by Badawey and Helal 

(2002) and El Gendi (2003). 
 

It is noticed that ions of Zn, Cu, Cd, Co and Pb are 

prefered to be in organic ligands complex form in 

contaminated soil of Abou- Rawash. The metals retained 

organic matter may be arranged in the descending order Cu > 

Pb > Fe, > Ni > Co > Zn > Cd > Mn. Such arrangements are 

almost identical to those proposed by El Gendi (2003).  
 

Data also refer that the second dominant form of the 

studied metals was the residual fraction, probably due to the 

possibility of precipitation of soluble metals burden in 

sewage effluent and the slow diffusion of such metals into 

the interior lattice of soil minerals. These results are in 

agreement with those of Dowdy and Volk (1983). 
 

Moreover, it was observed that Fe & Mn oxides bound 

great portions of Mn, Fe, Cd and Pb (about 30, 24, 21 and 18 

%, respectively). Such oxides may play an important role in 

their immobilization. As for the values of carbonate fraction, 

results show that Cd followed by Co and Zn represented the 

prevailing ions bound to this form. The predominant portion 

of exchangeable fraction was associated with Co, Cd and Zn 

(9.5, 7.3 and 5.7 %, respectively). 
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In this concern, the magnitude of various fractions of 

the studied metals in El-Tebeen soil show that the studied 

metals are bound to a greater or less extent to residually 

complex forms, with an exception for each of Mn and Fe 

which are almost exclusively bound to Fe-Mn oxide forms. 

The metal bound to the various soil constituents may be 

arranged into different fractions, as follows: 

Zn, Cu & Cd : Residual = organic > Fe-Mn oxides >= cabonate. 

Mn and Fe    : Fe-Mn oxides > residual > organic = cabonate. 

Ni                 : Residual > Fe-Mn oxides > organic > cabonate. 

Co & Pb       : Residual > organic > Fe-Mn oxides > cabonate. 

 

Since El-Tebeen soil is characterized by a medium 

texture (clay loam), and has a pronounced amount of CaCO3 

(9.45 %) and contaminated with industrial wastes, the non-

residual metal form (sum of the metal fractions of exchange, 

organic, carbonate, amorphous Fe and Mn oxides) is more 

bioavailable than the residual form (Basta and Gradwohl, 

2000 and Cao et al., 2003).  
 

The studied metals are bound to the different main soil 

constituents and form organic or inorganic complexes with 

low solubility, and mostly resulting in their transformations 

from bioavailable forms to restricted ones. 
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4.5. Effect of adding soil amendments on immobilization 

the bioavailable studied metals in soil: 

One technology that has a considerable amount of 

attention is in situ immobilization of metals in soils by the 

addition of various amendments. In situ immobilization relies 

on the addition of an amendment to a soil to increase the 

proportion of the total soil metal burden within the solid 

phase, either by precipitation or metal sorption, thereby 

decreasing metal solubility (Basta and McGowen, 2004).   
 

The aim of immobilization is not to remove the metal 

contaminant from the soil but to reduce its availability and 

activity by changing its soluble form to unsoluble form. 

Amendments included some organic and inorganic materials. 

However, each soil of both Abou-Rawash soil and El-Tebeen 

soil (after amelioration) was treated with five immobilizing 

agents to assess their immobilization efficiency.  
 

Addition of the soil amendments had a great effect on 

reducing soil bioavailability of the studied metals in both the 

treated soils at Abou-Rawash and El-Tebeen soils, however, 

all the five amendments significantly decreased the 

bioavailable contents of the studied metal ions, as shown in 

Tables (7 and 8) and illustrated in Figs. (3, 4, 5 and 6).  
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Adding the five studied amendments at the used rates 

and incubation for two months immobilized the studied 

metals (Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb) in situ which 

might provide an effective and sustainable solution for 

remediation of contaminants in the experimental soils.  
 

The bioavailable forms of the studied metals showed a 

tendency to decrease by increasing the rate of added 

amendment and incubation time, with a rather greater 

response for CaCO3  (2 %) and organic compost (2 %) in 

Abou-Rawash and El-Tebeen soils, respectively. This is 

mainly due to high content of organic matter (3.52 %) at 

Abou-Rawash soil amended with CaCO3 compared to the 

other treatments, Both CaCO3 and organic compost have 

directly a great potential to immobilize the studied metals in 

the studied contaminated soils, however, organic material 

potential was almost coupled with the effect of CaCO3 in the 

treated soil.  
 

Generally, data showed a significant response for both 

CaCO3 and organic compost applied to the contaminated soils 

of Abou-Rawash and El-Tebeen soils, respectively, where the 

lowest available contents of Zn, Mn, Fe, Cu, Cd, Ni, Co and 

Pb were attained due to addition of CaCO3 and organic 
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compost at rate (2 % ) at two month incubation period.  

 

These results can be interpreted on the base that 

reaction of CaCO3 with the studied metals improved 

significantly with the progress of active organic acids in soil 

at Abou-Rawash. These results in agreement with those 

reported by Boisson et al. (1999) and Biswas and 

Narayanasamy (2006).  
 

The attained results could be explained on the basis of 

metal adsorption on to CaCO3. This was facilitated through 

the exchange of Ca
2+ 

from its particles with the metal cations 

in soil solution. These fairly stable-carbonate compounds 

have extremely low solubility over a wide pH range, which 

makes lime application an attractive technology for managing 

metal contaminated soils.  
 

The addition of the tested amendments could reduce 

bioavailable heavy metal contents in soils, particularly at the 

highest rates of the applied amendments that were the most 

effective for immobilizing the studied heavy metals. As for 

the positive role of organic compost, dissolved organic 

carbon compounds have been shown to decease the sorption 

of heavy metals onto soil surface by competing for free 
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metals and forming organo-complexes or being preferentially 

sorbed onto surface instead of the metals for which they are 

competing (Giusquiani et al, 1998). 
 

Adding of 2 % of organic compost treatment, coupled 

with high soil CaCO3 resulted in the lowest soil heavy metal 

contents compared to the other amendments, in El-Tebeen 

soil, these decreases in metal mobility in soils were caused 

due to CaCO3 and organic materials together (Gray et al., 

2006). The added CaCO3 increased the soil pH and resulted 

in a corresponding increment in the net negative charge of 

variably charged colloids in soils such as clays, organic 

matter and Fe-Al oxides. This can resulted in an increase for 

metal sorption and decreases in de-sorption, and hence 

reduction in bioavailable metal contents in soils. Lombi et 

al. (2003) reported that when two metal contaminated soils 

amended with lime were re-acidified, the labile pool of 

metals increased. They proposed that the mechanism of 

fixation could be a combination of both precipitation of 

metal carbonate and either solid-phase diffusion into the 

lattice of oxide materials or diffusion into micro-pores on 

these materials.  
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The Fe-Mn oxides, C.M.C. and bentonite shale 

occupied the second, third and fourth categories from the 

point of immobilized view, may be due to specific sorption 

of metals by these inorganic and organic materials 

(Hamonet al., 2002 and Lombi et al., 2002). However, it 

would appear that depending on the mechanisms involved, 

changes in initial soil constituents (i.e., colloidal system and 

CaCO3 content) and soil properties (i.e., pH) may have 

different effects on the long-term sustainability and 

suitability of using amendments for in situ remediation.    

 

Data presented in Tables (7, 8, 9 and10) and illustrated 

in Figs. (7, 8, 9, 10 and 11) show significant decreases in 

bioavailable metal contents as a result of adding the tested 

five amendment materials, which could be arranged 

according to their efficiencies for immobilizing the studied 

metals in the following descending order: CaCO3 > Fe-Mn 

oxides > compost > C.M.C. > bentonite in Abou- Rawash 

soil. Also, data reveal that the reduction percentages for the 

studied metals ranged 65-89, 54-79, 45-70, 60-84, 39-64, 26-

55, 35-51 and 50-73 % for Zn, Mn, Fe, Cu, Cd, Ni, Co and 

Pb, respectively. The relatively low value represents the 

lowest rate of bentonite shale, while the greatest one exhibits 
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Table (7): Soil available contents of the studied nutritive heavy metals as affected by the applied 

amendments to Abou-Rawash  soil under inoculation periods of 1 and 2 months.  
 

Metal 

Incubati

on time 

(month) 

Heavy metal contents (mg/kg soil) after incubation time under the applied soil amendments and rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Zn 
1 16.015 4.324 3.364 5.605 4.643 3.205 2.241 4.804 3.855 3.844 2.878 0.036 

2 16.364 3.846 3.043 5.124 4.164 2.723 1.764 4.325 3.363 3.372 2.402 0.589 

Mn 
1 9.528 3.534 2.961 4.382 3.790 2.854 2.287 4.097 3.526 3.235 2.568 0.009 

2 9.756 3.235 2.578 4.107 3.515 2.582 2.010 3.812 3.014 2.956 2.275 0.186 

Fe 
1 28.178 13.524 11.837 15.498 14.078 10.974 9.276 14.653 12.681 12.116 10.426 0.008 

2 28.642 12.680 10.985 14.934 13.245 10.140 8.382 13.514 11.837 11.271 9.580 0.444 

Cu 
1 5.986 1.916 1.556 2.394 2.035 1.496 1.137 2.248 1.856 1.796 1.378 0.092 

2 6.261 1.737 1.378 2.218 1.862 1.317 1.095 2.053 1.675 1.625 1.197 0.256 
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Table (8): Soil available contents of the studied non-nutritive heavy metals as affected by the applied 

amendments to Abou-Rawash soil under inoculation periods of 1 and 2 months.  
 

Metal 

Incubati

on time 

(month) 

Heavy metal contents (mg/kg soil) after incubation time under the applied soil amendments and rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Cd 
1 0.154 0.083 0.074 0.094 0.085 0.069 0.060 0.088 0.078 0.075 0.066 0.007 

2 0.162 0.078 0.069 0.089 0.080 0.064 0.055 0.083 0.074 0.071 0.061 0.010 

Ni 
1 1.823 1.148 1.031 1.349 1.237 1.003 0.893 1.276 1.130 1.076 0.968 0.008 

2 1.974 1.094 0.974 1.294 1.184 0.948 0.820 1.189 1.074 1.021 0.910 0.025 

Co 
1 0.575 0.322 0.288 0.374 0.339 0.287 0.253 0.345 0.311 0.299 0.264 0.039 

2 0.598 0.305 0.270 0.356 0.322 0.272 0.236 0.328 0.293 0.282 0.247 0.022 

Pb 
1 7.694 3.308 2.846 3.847 3.385 2.857 2.308 3.539 3.082 3.081 2.539 0.881 

2 7.913 3.076 2.616 3.616 3.155 2.539 2.076 3.318 2.846 2.770 2.318 0.050 
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Table (9): Soil available contents of the studied nutritive heavy metals as affected by the applied 

amendments to El-Tebeen soil under inoculation periods of 1 and 2 months.  
 

Metal 

Incubati

on time 

(month) 

Heavy metal contents (mg/kg soil) after incubation time under the applied soil amendments and rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Zn 
1 29.784 4.468 2.382 8.935 6.850 7.446 6.255 5.957 4.765 6.850 5.063 0.369 

2 30.437 3.276 1.489 8.042 5.659 6.552 4.765 5.361 3.276 6.254 4.170 0.009 

Mn 
1 16.025 3.044 2.564 6.410 5.929 5.449 4.968 3.846 3.365 4.647 4.165 0.105 

2 16.361 2.884 2.403 6.089 5.608 5.128 4.807 3.685 3.205 4.487 4.005 0.007 

Fe 
1 75.847 21.995 19.720 37.924 34.889 33.372 31.855 26.546 23.513 30.339 28.063 0.007 

2 78.520 21.237 18.962 36.406 34.131 32.614 31.097 25.029 22.754 29.580 27.305 0.008 

Cu 
1 9.384 1.908 1.626 3.784 3.597 3.409 3.221 2.376 2.189 2.940 2.658 0.013 

2 9.769 1.714 1.438 3.690 3.502 3.315 3.127 2.283 2.095 2.846 2.564 0.197 
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Table (10): Soil available contents of the studied nutritive heavy metals as affected by the applied 

amendments to El-Tebeen soil under inoculation periods of 1 and 2 months.  
 

Metal 

Incubati

on time 

(month) 

Heavy metal contents (mg/kg soil) after incubation time under the applied soil amendments and rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Cd 
1 0.497 0.169 0.151 0.273 0.258 0.248 0.233 0.194 0.179 0.219 0.203 0.010 

2 0.528 0.158 0.142 0.266 0.252 0.243 0.227 0.188 0.171 0.213 0.198 0.009 

Ni 
1 3.469 1.526 1.422 2.255 2.116 2.047 1.943 1.700 1.596 1.873 1.769 0.006 

2 3.721 1.492 1.387 2.185 2.081 1.977 1.907 1.665 1.561 1.838 1.734 0.009 

Co 
1 1.632 0.771 0.746 0.978 0.946 0.926 0.901 0.832 0.807 0.881 0.857 0.014 

2 1.971 0.759 0.734 0.962 0.934 0.913 0.889 0.820 0.783 0.869 0.844 0.008 

Pb 
1 17.543 4.210 3.684 7.894 7.193 6.842 6.315 5.087 4.561 5.964 5.438 0.026 

2 18.016 4.035 3.508 7.543 7.017 6.667 6.140 4.912 4.385 5.789 5.262 0.013 
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 the positive effect of the highest rate of CaCO3 and at two 

months incubation time.  
 

The five amendments materials could be arranged 

according to their effective role on immobilizing the studied 

metals in the descending order: organic compost > C.M.C. > 

Fe-Mn oxides > CaCO3 > bentonite in El-Tebeen soil. The 

corresponding reduction percentages for the studied metals 

ranged 70-95, 60-85, 50-75, 65-90, 45-70, 35-60, 40-55 and 

55-80 % for Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb, respectively. 

 

4.6. Plant growth and metals uptake as affected by metals 

immobilization: 

The continuous application of low quality water for 

irrigating the arable lands, particularly those polluted effluent 

or industrial wastes, is drastically associated with excess of 

salts or heavy metals that accumulate in both soil and plant.  
 

4.6.1. Vegetative growth: 

The beneficial effects of the studied soil amendments 

were actually reflected on increasing both the water and 

nutrients use efficiencies by the grown maize plants (Zea. 

mays L., 321 hybrid), consequently the vegetative growth 

parameters increased, i.e., plant height and dry weight/plant.   
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 Data presented in Tables (11 and 12) and illustrated in 

Fig. (11) show plant growth parameters as affected by adding 

soil amendments, Values of plant height in Abou-Rawash soil 

were (57.35 & 59.62), (47.56 & 50.45), (65.94 & 69.73), 

(52.19 & 54.87) and (61.05 & 64.72) cm due to adding the 

soil amendment of organic compost at rates of (1 & 2 %), 

bentonite at rates of (3 & 5 %), CaCO3 at rates of (1 & 2 %), 

carboxy methyl cellulose (C.M.C.) at rates of (0.25 & 0.50  

%) and iron and manganese oxides (with a ratio 1:1) at rates 

(1 & 2 %), respectively.  The corresponding plant height of 

the control treatment was 43.15 cm.  
 

Plant height values in El-Tebeen soil were (49.14 & 

52.69), (34.71 & 39.87), (38.24 & 40.86), (44.65 & 48.53) 

and (41.98 & 45.73) cm due to adding the soil amendments 

organic compost at rates of (1 & 2 %), bentonite at rates of (3 

& 5 %), CaCO3 at rates of (1 & 2 %), carboxy methyl 

cellulose (C.M.C.) at rates of  (0.25 & 0.50 %), iron and 

manganese oxides (with a ratio 1:1) at rates of (1 & 2 %), 

respectively, plant height of the control treatment in El-

Tebeen was 31.45 cm. 
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Table (11): Plant growth parameters and metal contents in maize shoots as affected by the applied 

amendments to Abou-Rawash soil.  
 

Plant parameter  

The applied soil amendments and their rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Vegetative growth parameters 

Plant height (cm) 43.15 57.35 59.62 47.56 50.45 65.94 69.73 52.19 54.87 61.05 64.72  

Dry weight/plant (g) 39.47 47.58 50.75 42.05 43.97 51.49 54.56 44.29 46.31 49.43 51.37 0.095 

Nutritive and non-nutritive metals uptake by maize shoots (mg/kg)  

Zn 86.74 60.95 53.74 81.97 75.48 38.25 34.92 69.54 65.02 48.50 42.17 0.302 

Mn 115.35 81.64 75.35 109.22 102.94 56.90 51.76 96.37 89.91 69.75 62.93 0.072 

Fe 147.13 105.35 97.67 139.15 131.75 75.12 67.25 120.98 112.64 90.26 83.81 0.891 

Cu  28.05 18.79 17.55 26.72 24.59 13.48 12.14 23.05 21.32 16.12 14.96 0.396 

Cd 0.67 0.43 0.39 0.61 0.56 0.26 0.21 0.52 0.47 0.35 0.30 0.085 

Ni 1.56 1.13 1.05- 1.48 1.40 0.78 0.69 1.30 1.22 0.96 0.87 0.047 

Co 1.73 1.09 0.98 1.59 1.48 0.64 0.52 1.34 1.23 0.86 0.75 0.058 

Pb 8.75 6.17 5.67 8.17 7.65 4.02 3.41 7.19 6.53 5.15 4.54 0.056 
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Table (12): Plant growth parameters and metal contents in maize shoots as affected by the applied 

amendments to El-Tebeen  soil. 
 

Plant parameter  

The applied soil amendments and their rates 

L.S.D. 

at 0.05 Control 
Organic compost Bentonite shale CaCO3 C.M.C. Fe-Mn oxides 

1 % 2 % 3 % 5 % 1 % 2 %   0.25 % 0.50 % 1 % 2 % 

Vegetative growth parameters 

Plant height (cm) 31.45 49.14 52.69 34.71 39.87 38.24 40.86 44.65 48.53 41.98 45.73  

Dry weight/plant (g) 26.72 45.12 49.73 32.85 36.62 35.11 39.54 41.05 44.52 38.56 43.15 0.083 

Nutritive and non-nutritive metals uptake by maize shoots (mg/kg)  

Zn 1.26.54 51.43 42.15 117.82 109.67 102.35 94.74 67.05 59.95 86.63 77.75 1.298 

Mn 179.17 75..85 64.07 165.73 151..89 138.74 127.35 100.91 88.26 124.42 113.60 0.851 

Fe 253.86 131.90 117.95 239.46 223.54 209.05 193.92 158.43 145.12 179.81 164.42 0.854 

Cu  42.34 23.89 21.61 40.05 37.75 37.92 35.50 29.01 26.78 33.26 31.15 0.949 

Cd 0.89 0.37 0.32 0.82 0.76 0.69 0.64 0.49 0.42 0.57 0.53 0.037 

Ni 2.95 1.27 1.10 2.74 2.54 2.35 2.17 1.62 1.45 1.96 1.80 0.073 

Co 2.47 0.91 0.72 2.23 2.11 1.9 1 1.73 1.20 1.04 1.56 1.37 0.073 

Pb 12.35 5.57 4.76 11.65 10.82 10.04 9.35 7.02 6.15 8.59 7.84  
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Values of dry matter of maize plants grown in Abou-

Rawash soil were (47.58 & 50.75), (42.05 & 43.97), (51.49 & 

54.56), (44.29 & 46.29) and (49.43 & 51.37) g/plant due to 

adding the soil amendment organic compost at rates of (1 & 2 

%), bentonite at rates of (3 & 5 %), CaCO3 at rates of (1 & 2 

%), carboxy methyl cellulose (C.M.C.) at rates of (0.25 & 

0.50 %), iron and manganese oxides (with a ratio 1:1) at rates 

of  (1 & 2 %), respectively, The dry matter of the control 

treatment was 39.47 g/plant. The corresponding dry matter 

values of the maize plant grown on El-Tebeen soil were 

(45.12 & 49.73), (32.85 & 36.62), (35.11 & 39.54), (41.05 & 

44.52) and (38.56 & 43.15) g/plant due to the soil 

amendments organic compost at rates of (1 & 2 %), bentonite 

at rates of (3 & 5 %), CaCO3 at rates of  (1 & 2 %), carboxy 

methyl cellulose (C.M.C.) at rates of (0.25 & 0.50 %) and 

iron and manganese oxides (with a ratio 1:1) at rates of (1 & 

2 %), respectively. The dry matter yield of the control 

treatment in El-Tebeen soil was 26.729 g/plant.  
 

Significantly increases occurred in the growth 

parameters with increasing added rates of the studied soil 

amendments in comparison with control treatment in Abou-

Rawash and El-Tebeen soils.  
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Moreover, the effectiveness of the added soil 

amendments on the studied plant parameters differed 

according to their immobilizing effect on soil metal contents, 

however, the treatments of CaCO3 and organic compost 

surpassed the other tested ones for increasing maize 

vegetative growth in Abou-Rawash and El-Tebeen soils. This 

was true, since the beneficial effects of the added soil 

amendments at showed a positive parallel trend for the 

studied plant parameters, due to the immobilization of the 

DTPA-extractable Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb. 
 

4.6.2.  Biological uptake of the studied metals: 

 Data presented in Tables (11 and 12) and illustrated in 

Figs. (12, 13, 14 and 15) reveal that the studied metals uptake 

and accumulation in shoot tissues of maize plant were 

reduced due to their corresponding reduction in the available 

contents as a result of adding the tested soil amendments, 

which significantly led to convert pronounced amounts of the 

studied metals from available form (i.e., exchangeable, 

carbonate, Fe-Mn oxides and organic matter fractions) to 

non-available (i.e., residual one), with more effective for 

both CaCO3 and compost in transforming these metals from 
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the non- residual to the residual forms. However, addition of 

the tested soil amendments showing high decreasing uptake 

the studied metals under all treatments at their high rates in 

comparison with the control treatment. These conditions are 

more closely related with both the nature of applied soil 

amendments and their immobilization efficiency for the 

studied nutritive and non-nutritive metals. However, CaCO3 

and organic compost exhibited an effective role for 

immobilizing the studied metals and represented first and 

second phases of the current experiment in El-Tebeen and 

Abou-Rawash soils, respectively.  

  

Biological uptake of the studied metals can be 

alleviated rather easily by increasing the applied soil 

amendment rates due to their residual effect on immobilizing 

bioavailability of the studied metals. Moreover, the released 

Ca
2+ 

through CaCO3, under the presence of CO2 and active 

organic acids, competes with those metals for pant uptake, 

thereby reducing the uptake of them. In addition, the released 

Ca
2+ 

causes an inhibition of the translocation of such metals 

from roots to shoots. From the abovementioned, it could be 

concluded that the control treatment  (un-amended) had the 

lowest dry weight, while the highest value was found at rate 
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of 2 % of organic compost and CaCO3 in Abou-Rawash and 

El-Tebeen soils, respectively. It is noteworthy that the 

beneficial effect of adding soil amendments on reducing the 

biological uptake of the studied metals and their 

accumulation in plant tissues is more pronounced in maize 

shoots than those expected in maize plant roots, this is 

mainly due to the slowly translocation of such metals from 

roots to shoots. The formation of pyromorphite in soil, under 

adding amendments with the studied metals in the roots 

appear to be responsible for the reduction of their contents in 

plant shoots (Ma et al., 1994).  
 

4.7. Effect of adding soil amendments on fractionation 

and mobility index of the studied metals:     

Metals fractionations or sequential extraction schemes 

are commonly used to evaluate mobility and bioavailability 

of trace metals in soils, and hence the efficiency of 

remediation treatments at end of the experiment. The non-

residual metals (sum the metal fractions of exchange, 

organic, carbonate, amorphous Fe and Mn oxides) is more 

bioavailable than the residual one.   
 

Thus, the effectiveness of in situ remediation of metal 

contaminated soils can be assessed using a fractionation 
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scheme recorder by (Ma and Rao, 1997; Basta and 

Gradwohl, 2000 and Cao et al., 2003). 
 

Data presented in Tables (13, 14, 15 and 16) and 

illustrated in Figs. (16, 17, 18 and 19) showed that an 

immobilization and the formation of the studied metals 

compounds have low solubility resulting in their 

transformation from non-residual fractions to residual one 

under the grown maize plants at the highest rates of adding 

soil amendments. The studied metal fractions tendency to 

increase towards the residual fraction, which represented the 

most important and greatest fraction, however, the addition 

of the tested soil amendments substantially increased its 

values for the studied metals in soils.  
 

These results are emphasized by their corresponded 

concentrations in shoot tissues of maize plants, since the 

percentages of the residual fractions for all the studied metals 

reached 60.05, 63.95, 60.87, 60.29, 57.37, 64.16, 55.63 and 

60.08 for Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb, respectively, 

with addition of lime at Abou-Rawash. Whereas, the greatest 

percentages at El-Tebben soil were obtained at the applied 

highest rate of organic compost, probably due to its 

integrated effect with the initial CaCO3.   
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Table (13): Fractionation and mobility indexes of nutritive metals as 

affected by applied soil amendments in Abou-Rawash soil. 
 

Agent 

Metal fractions % 
Mobility 

index*  Exchange   Carbonate 
Fe-Mn 

oxides 
Organic Residual 

Zn 

Compost 4.20 4.73 9.94 31.32 49.81 8.93 

Bentonite 6.80 3.94 18.30 29.54 41.42 10.74 

CaCO3 1.31 5.52 9.45 22.67 60.05 7.83 

C.M.C. 4.22 5.14 14.73 32.20 43.71 9.36 

Fe-oxides 3.32 4.95 16.84 20.26 54.63 8.27 

Mn 

Compost 4.46 6.45 11.37 25.03 52.69 10.91 

Bentonite 7.53 5.21 17.43 31.26 38.57 12.74 

CaCO3 1.26 8.31 12.12 14.36 63.95 9.57 

C.M.C. 6.59 5.27 14.50 28.42 45.32 11.76 

Fe-oxides 3.90 6.11 16.72 17.25 56.02 10.01 

Fe 

Compost 6.93 5.68 10.57 26.30 50.52 12.61 

Bentonite 7.68 6.91 18.29 30.57 36.55 14.59 

CaCO3 1.57 9.75 9.65 18.16 60.87 11.32 

C.M.C. 5.78 7.97 14.00 30.60 41.65 13.75 

Fe-oxides 6.56 5.43 17.41 19.26 51.34 11.99 

Cu 

Compost 5.05 4.80 8.20 30.19 51.76 9.85 

Bentonite 6.34 5.12 19.54 26.87 46.13 11.46 

CaCO3 1.32 .7.15 9.72 24.52 60.29 8.47 

C.M.C. 4.60 6.02 11.50 30.34 47.54 10.62 

Fe-oxides 5.45 3.60 13.90 21.23 55.82 9.05 

Fe-oxdes 5.19 5.78 15.53 19.12 54.38 10.97 
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Table (14): Fractionation and mobility indexes of non-nutritive metals as 

affected by the applied soil amendments in Abou-Rawash soil. 
 

Agent 

Metal fractions % 
Mobility 

index*  Exchange   Carbonate 
Fe-Mn 

oxides 
Organic Residual 

Cd 

Compost 6.12 7.83 9.12 28.15 48.78 13.95 

Bentonite 8.70 6.97 14.02 30.39 39.92 15.67 

CaCO3 4.25 8.48 13.28 16.62 57.37 12.73 

C.M.C. 7.35 7.49 11.95 32.11 41.10 14.84 

Fe-oxides 6.35 7.06 14.64 21.47 51.48 13.41 

Ni 

Compost 7.67 7.31 8.05 21.14 53.83 14.98 

Bentonite 9.54 7.16 10.94 25.34 47.02 16.70 

CaCO3 1.98 11.54 5.32 17.00 64.16 13.52 

C.M.C. 6.73 8.91 9.75 24.21 50.40 15.64 

Fe-oxides 5.18 9.03 12.20 17.46 56.13 14.21 

Co 

Compost 6.39 9.45 9.63 27.09 47.54 15.74 

Bentonite 10.95 6.37 12.92 28.89 39.87 17.32 

CaCO3 1.74 12.28 7.85 22.50 55.63 14.02 

C.M.C. 5.69 10.96 10.64 29.42 43.29 16.65 

Fe-oxides 7.12 7.75 15.85 18.42 50.86 14.87 

Pb 

Compost 3.78 7.86 10.20 26.45 51.71 11.64 

Bentonite 7.25 6.20 11.81 36.17 38.57 13.45 

CaCO3 1.62 8.59 8.47 21.24 60.08 10.21 

C.M.C. 4.57 7.45 9.97 34.05 43.96 12.02 

Fe-oxdes 5.19 5.78 15.53 19.12 54.38 10.97 
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Table (15): Fractionation and mobility indexes of the nutritive metals as 

affected by the applied soil amendments in El-Tebeen soil. 
 

Agent 

Metal fractions % 
Mobility 

index*  Exchange   Carbonate 
Fe-Mn 

oxides 
Organic Residual 

Zn 

Compost 3.46 5.71 13.43 23.06 54.34 9.17 

Bentonite 7.31 4.69 20.78 27.60 39.62 12.00 

CaCO3 3.25 8.04 16.67 29.76 42.28 11.29 

C.M.C. 4.06 5.77 14.43 25.24 50.50 9.83 

Fe-oxides 5.42 4.91 20.75 21.20 47.72 10.33 

Mn 

Compost 2.37 8.24 12.32 20.52 56.55 10.61 

Bentonite 8.65 6.30 22.34 25.04 37.67 14.95 

CaCO3 2.58 10.62 16.24 26.72 43.84 13.20 

C.M.C. 4.97 6.79 17.32 23.80 47.12 11.76 

Fe-oxides 5.27 7.15 18.48 19.12 49.98 12.42 

Fe 

Compost 4.96 7.49 10.14 21.56 55.85 12.45 

Bentonite 9.64 6.82 23.33 24.48 35.73 16.46 

CaCO3 3.12 11.89 19.54 25.84 39.61 15.01 

C.M.C. 5.61 7.54 15.81 26.45 43.59 13.15 

Fe-oxides 6.50 8.37 17.07 20.15 47.91 14.87 

Cu 

Compost 2.39 7.05 11.71 23.60 55.25 9.44 

Bentonite 8.35 5.24 21.07 22.52 43.82 13.59 

CaCO3 3.46 9.31 17.50 24.42 45.31 12.77 

C.M.C. 5.65 4.40 14.98 23.96 51.01 10.05 

Fe-oxides 5.51 6.38 18.79 20.15 49.17 11.89 
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Table (16): Fractionation and mobility indexes of the non-nutritive metals 

as affected by the applied soil amendments in El-Tebeen soil. 
 

Agent 

Metal fractions % 
Mobility 

index*  Exchange   Carbonate 
Fe-Mn 

oxides 
Organic Residual 

Cd 

Compost 5.57 8.38 9.51 22.01 54.53 13.95 

Bentonite 10.87 7.76 19.20 24.12 38.05 18.63 

CaCO3 4.64 13.24 18.57 25.60 37.95 17.88 

C.M.C. 8.35 6.90 13.69 23.24 47.82 15.25 

Fe-oxides 8.54 7.58 17.12 20.40 46.36 16.12 

Ni 

Compost 2.82 11.95 7.96 18.56 58.71 14.77 

Bentonite 12.05 7.07 16.78 19.45 44.65 19.12 

CaCO3 3.24 14.76 13.74 20.34 47.92 18.00 

C.M.C. 7.62 8.37 11.81 21.00 51.20 15.99 

Fe-oxides 9.87 7.44 14.73 16.85 51.11 17.31 

Co 

Compost 3.57 12.02 8.49 23.09 51.83 15.59 

Bentonite 13.75 6.58 18.75 23.12 37.90 20.33 

CaCO3 3.46 15.79 15.56 23.84 41.35 19.25 

C.M.C. 7.57 9.35 14.89 21.65 46.54 16.92 

Fe-oxides 9.91 8.15 16.93 19.76 45.25 18.06 

Pb 

Compost 2.45 8.82 10.05 21.54 57.14 11.27 

Bentonite 7.17 8.52 18.59 28.97 36.75 15.69 

CaCO3 2.50 11.75 13.70 30.20 41.85 14.25 

C.M.C. 5.11 6.93 14.83 21.36 51.77 12.04 

Fe-oxides 7.48 5.94 16.45 18.02 52.11 13.42 
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The corresponding values were 54.34, 56.55, 55.85, 

55.25, 54.53, 58.71, 51.83 and 57.14 for Zn, Mn, Fe, Cu, Cd, 

Ni, Co and Pb, respectively, in El-Tebeen soils. That means 

the combined effect of a high initial content of soil organic 

matter (3.52 %) at Abou-Rawash soil) with the added 2 % 

CaCO3 as well as the relative high content of initial CaCO3 

with the added 2% organic compost at El-Tebeen was more 

effective for immobilizing the tested heavy metals. 

 

Also, Fe-Mn oxides rganic fraction was the next most 

important form, where its corresponding percentages 

amounted pronounced values, followed by carbonate and 

exchangeable forms. In general, it could be arranged in an 

ascending order as follows: residual > organic > Fe-Mn 

oxides > carbonate > exchangeable for both the studied soils 

at Abou-Rawash and El-Tebbeen soils, with a more 

pronounced values for metals bound to Fe-Mn fraction at the 

later soil. 

 

Moreover, the mobility index of heavy metals {sum 

metals bound to both exchangeable + carbonate fractions / 

sum of the five studied fractions x 100} at all the adding soil 

amendments at harvest time of the experimental phases, i.e., 

maize plants grown in of Abou-Rawash soil treated with 
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compost, bentonite, CaCO3, C.M.C and Fe-Mn oxides were 

8.93, 10.74, 6.9, 9.36 & 8.27 for Zn; 10.91, 12.74, 9.57 11.85 

& 10.01 for Mn; 12.61, 14.59, 11.32, 13.75 & 11.99 for Fe; 

9.85, 11.02, 8.22, 10.62 & 9.05 for Cu; 13.95, 15.67, 12.75, 

14.84 & 13.28 for Cd; 14.29, 16.70, 13.32, 15.64 & 14.21 for 

Ni; 15.82, 17.49, 14.02, 16.65 & 14.21 for Co; 11.64, 13.45, 

10.21, 12.02 & 10.97 for Pb at El-Tebeen, indicate that the 

reacts of either initial soil constituents or added agents alone 

or together with the studied metals improved with the 

progress of effectiveness for metals immobilization by the 

applied soil amendments. The improvement of mobility 

index values was more pronounced under the relatively high 

contents of initial soil organic matter (3.52 %) at Abou-

Rawash soil or that was added (2 %) at El-Tebeen soil. 
 

These results are emphasized by the obtained values of 

mobility index, which show a tendency to decrease with 

increasing the effectiveness role of the applied soil 

amendment for immobilizing the bioavailable contents of the 

studied metals. However, the mobility index values tendency 

to decrease according to immobilization efficiency of the 

applied soil amendments, which could be arranged in an 

ascending order as follows: CaCO3 > Fe-Mn oxides > 
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compost > C.M.C. > bentonite at Abou-Rawash soil vs 

compost > C.M.C. > Fe-Mn oxides > CaCO3 > bentonite at 

El-Tebeen soil. The decreases in the mobility index values 

are parallel to the upper limits of the reduction percentages 

for the studied metals, which reached 89-95, 79-85, 70-75, 

84-90, 64-70, 55-60, 51-55 and 73-80 % in Abou Rawash 

and-El Tebeen soil for Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb, 

respectively, These results are in agreement with those 

reported by Boisson et al. (1999).  

 

From the technical view, chemical immobilization of 

heavy metals using natural agents such as lime and compost 

is an technique method of reducing heavy metals solubility 

and mobility on a short or long-term of use as well as it is not 

expensive due to the relative low cost of production. Thus, it 

could be recommended by using both natural agents (lime 

and organic compost), where their beneficial combined effect 

achieves through long-term of use, as well as, they are found 

as natural shale in large quantities at some desert locations 

(lime) at Egypt and crop residues or industrial agriculture 

byproducts (compost).  
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5. SUMMARY 

 

This work aims to evaluate the effectiveness roles of 

some natural (i.e., organic compost, bentonite shale, CaCO3) 

and chemical (i.e., carboxy methyl cellulose and Fe-Mn 

oxides) soil amendments to remediation heavy metal 

contaminated soils, which are affected by using waters 

contaminated with sewage effluent and industrial wastes for 

irrigation, for alleviating their hazardous effects on plants 

grown.   Thus, a study was executed on two soil sites at Abou-

Rawash farm (western of Giza) and El-Tebeen (southern of 

Cairo) areas, Egypt. These soil sites having different textural 

grades (i.e., sandy loam and clay loam) and irrigated with 

waters contaminated with sewage effluent and industrial 

wastes, respectively.  

The obtained results could be discussed and summarized 

under the following items:   

5.1. Chemical composition of the used irrigation waters: 

Results of the chemical composition of used irrigation 

water at the chosen two soil sites show, in general, pH value 

was 7.13 and 8.42 for the studied water sources at Abou-
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Rawash and El-Tebeen areas, respectively. The corresponding 

relatively low and high pH values are mainly due to the effect 

of the nature of suspended matter in each of the sewage effluent 

and industrial wastes.  

The ECiw values were 0.93 and 4.68 dS/m at Abou-

Rawash and El-Tebeen areas, respectively, reflecting the effect 

of total soluble solids in both two water sources. According to 

the salinity classes of Ayers and Westcot (1985), these low 

quality waters are lying within the second (Abou-Rawash site) 

and third (El-Tebeen site) categories; denote an increase and 

severe problems, respectively. In general, the dominance of 

both soluble Na+ and Cl-; denotes that NaCl is the probable 

dominant salt in such low quality water category.  

The SAR values recoded 3.20 and 13.56 for the both the 

contaminated waters with sewage effluent and industrial 

wastes, respectively. According to Ayers and Westcot (1985), 

the first and second low quality water are laying within the first 

and third classes (< 6 and > 9.0), denoting no problems for the 

fist site and severe problems for the second one is expected for 

soil sodicity.  

Generally, there is a wide variation in the studied heavy 

metals values, i.e., Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb in both 
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the applied two irrigation low quality waters. The recorded 

progressively increases for all the studied heavy metals at the 

El-Tebeen site are mainly due to its contamination with 

industrial wastes. According to their contents in both studied 

water resources, it could be categorized into: an ascending 

order of Zn > Fe > Pb > Mn > Cu > Ni > Co > Cd for Abou-

Rawash site vs Fe > Mn > Pb > Cu > Zn > Ni > Co > Cd for El-

Tebeen one. It is noteworthy that although the contents of the 

previous elements are relatively high in the sewage effluent at 

Abou-Rawash site, yet their levels are still laying within the 

safe range for irrigation water (FAO, 1992). 

Whereas, those of El-Tebeen site (contaminated with 

industrial wastes) are lying outside the permissible limits, 

indicate that once these metals released into soil matrix, have 

potential impact on environment quality, human health and 

represent a great risk for safe both ground and surface water 

supplies (Kim et al, 1997).   

5.2. Degradation of soil properties as affected by using the 

low quality of irrigation water:   

Some of soil chemical properties were more negatively 

affected by the increase of soil salinity and sodicity due to the 

usage of low quality water in irrigation purpose. In general, it is 
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noticed that the usage of the studied low quality water for 

irrigation caused a pronounced increase in soil pH value (8.65) 

at El-Tebeen, while the reverse was true for Abou-Rawash one 

that exhibited a relatively low pH value (7.30).  Such a wide 

difference in soil pH is more related to the nature of chemical 

composition of the suspended matter and pollutants as well as 

the occurrence of active organic acids and the release CO2, 

which dissolves in water forming carbonic acid that lowers soil 

pH at Abou-Rawash site. Moreover, the usage of such low 

quality water at El-Tebeen site resulted in a relatively higher 

soil ECe value (93.10 dSm–1), which is evidently by a 

proportionally increase of irrigation water salinity (ECiw = 

4.68 dSm–1). Also, the dominance of soluble Na+ and Cl- 

indicates that NaCl is the dominant salt, and such soil is 

unproductive sodic one.  

A pronounced decrease in soil organic matter content 

(0.23 %) was occurred for soil irrigated with industrial wastes 

contaminated water at El-Tebeen site as compared to that 

irrigated with sewage effluent contaminated one at Abou-

Rawash (3.52 %). This may probably due to depress the crop 

remained residues vs the accumulation of suspended organic 

colloids in soil at Abou-Rawash. It is quite noticeable that the 

ESP value exhibits a progressively increase in soil irrigated 
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directly with water contaminated with industrial wastes at El-

Tebeen site. This is mainly due to the relatively high sodicity of 

the used irrigation water, which stimulated more displacement 

of Ca and Mg by Na on soil colloidal complexes.   

The soil total and bioavailable contents of the studied 

heavy metals exhibited relatively high values for soil subjected 

directly to water attained the greatest values of pollutants, i.e., 

industrial wastewater at El-Tebeen site. The magnitude of the 

relative increases for these heavy metals in the studied soils 

takes a nearly parallel trend of their contents in the applied 

irrigation water, as follows: Zn > Fe > Mn > Cu > Pb > Ni > Co 

> Cd. According to the safe scale outlined by FAO (1992), the 

studied metal contents are outside the permissible ranges for 

soils of both Abou-Rawash and El-Tebeen sites.  

5.3. Fractionation of the tested metals in the studied soils: 

Heavy metals exist in the studied soils could be 

partitioned into five operationally defined fractions, i.e., 

exchangeable, carbonate bound, Fe-Mn oxides bound, organic 

matter (non-residual metal) and residual metal. The sum of 

various fractions of Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb were 

about 85, 93, 81, 87, 95, 91, 89 and 83 % of their actual total 

contents, respectively, proving satisfactory of the applied 
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procedure. As for Abou-Rawash site, the studied metals are 

bound to a greater or lesser extent to organic compounds, 

which derived as suspended matter through the deposited 

sewage sludge, with an exception for each of Mn, Cd and Ni 

which are almost exclusively in residually complex forms 

followed by Fe & Mn bound to iron and manganese oxides. 

The second dominant form of the studied heavy metals was the 

residual fraction, may be due to the possibility of precipitation 

of soluble metals burden in sewage effluent and the slow 

diffusion of such metals into the interior lattice of soil minerals.  

Moreover, the results suggested that Fe & Mn oxides might 

play an important role in Mn, Fe, Cd and Pb immobilization. 

As for the carbonate fraction, results show that Cd followed by 

Co and Zn represented the prevailing ions on this form. The 

predominant portion of exchangeable fraction was associated to 

Co followed by Cd and Zn. The magnitude of various fractions 

of the studied heavy metals for the contaminated soil site at El-

Tebeen area show that the studied metals are bound to a greater 

or lesser extent to residually complex forms, except of Mn and 

Fe which are almost exclusively in Fe-Mn oxide forms. This is 

true since the studied soil has pronounced amounts of clay, 

CaCO3 and contaminated with industrial wastes. 
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5.4. Effect of applied soil amendments on immobilization of 

the bioavailable heavy metals in soil: 

A large number of different amendments have been 

proposed and tested for in situ immobilization of heavy metals 

in the studies soils, i.e., organic compost, bentonite shale, 

CaCO3, carboxy methyl cellulose (C.M.C.), iron and 

manganese oxides, with incubation periods of one and two 

months under an almost constant soil moisture of 70 % of the 

water holding capacity.  

Whilst the application of soil amendments had a greater 

effect on reducing soil bioavailability of the studied heavy 

metals in both the two treated soils at Abou-Rawash and El-

Tebeen sites. The bioavailable metal contents showed a 

tendency to decrease by increasing the applied amendment 

rates, with a rather greater response for CaCO3 and organic 

compost, particularly at the applied highest rates, at the soil 

sites of Abou-Rawash and El-Tebeen, respectively. These 

results suggesting that the combined effect CaCO3 and organic 

compost have directly greater potential to immobilize the heavy 

metals.  

It could be explained on the basis of metal adsorption 

onto CaCO3 is facilitated through the exchange of Ca2+ from its 
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particles with the metal cations in soil solution. These fairly 

stable-carbonate compounds have extremely low solubility over 

a wide pH range. In addition, the dissolved organic carbon 

compounds have been shown to decease the sorption of heavy 

metals onto soil surface by competing for free metals and 

forming organo-complexes or being preferentially sorbed onto 

surface instead of the metals for which they are competing.  

The Fe-Mn oxides, C.M.C. and bentonite shale occupied 

and second, third and fourth categories from the point of 

immobilized view, may be due to there is an evidence that 

specific sorption of metals by these inorganic and organic 

materials is more stable. It could be arranged the applied soil 

amendments according to their effectiveness roles for 

immobilizing the studied metal into: CaCO3 > Fe-Mn oxides > 

compost > C.M.C. > bentonite at the soil site of Abou-Rawash 

vs organic compost > C.M.C. > Fe-Mn oxides > CaCO3 > 

bentonite at the soil site of El-Tebeen.  

5.5. Plant growth and metals uptake as affected by heavy 

metals immobilization: 

The beneficial effects of the studied amendments were 

positively reflected on increasing maize plants ability for water 

and nutrients, consequently increased the vegetative growth 
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parameters, i. e., plant height and dry matter weights of maize 

shoots. 

Moreover, the effectiveness of the applied soil 

amendments on the studied plant parameters differed according 

to their immobilizing roles of soil heavy metal contents, 

however, the treatments of CaCO3 and organic compost 

surpassed the other tested ones for increasing maize vegetative 

growth in Abou-Rawash and El-Tebeen sites, respectively. This 

was true, since beneficial effects of the applied two 

amendments and their rates show a parallel trend for the studied 

plant parameters, due to their residual effects on reducing the 

extractability of Zn, Mn, Fe, Cu, Cd, Ni, Co and Pb were more 

visible.   

The heavy metals response of Zn, Mn, Fe, Cu, Cd, Ni, 

Co and Pb to uptake and accumulate in shoot tissues of maize 

showed a closely relationship to their corresponding reduction 

in the bioavailable contents in the experimental soil treatments 

as a result of applying the tested soil amendments. That is true, 

since the application of applied soil amendments led to convert 

significant amounts of the studied heavy metals from non-

residual forms to residual one, with more effective for both 

CaCO3 and compost in transforming these metals. Moreover, 
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the released Ca2+ through CaCO3, under the presence of CO2, 

competes with those metals for pant uptake. In addition, the 

released Ca2+ causes an inhibition of the translocation of such 

metals from roots to shoots.  

5.6. Effect of applied amendments on fractionation and 

mobility index of the studied heavy metals:     

Results show that the studied heavy metal fractions 

tendency to increase towards the residual fraction, however, the 

addition of the tested soil amendments substantially increased 

its values for the studied heavy metals in soils. Such findings 

are emphasized by the corresponded metal concentrations in 

shoot tissues of tested maize plants, this is true since the 

percentages of the residual fractions for all the studied nutritive 

and non-nutritive heavy metals reached the greatest percentages 

under the soil amendments under study.   

Also, the organic fraction was the next most important 

form where its corresponding percentages amounted 

pronounced values, followed by Fe-Mn oxides, carbonate and 

exchangeable forms. In general, it could be categorized the 

different fractions of the studied metals in an ascending order: 

residual > organic > Fe-Mn oxides > carbonate ≥ exchangeable 

for both the studied soil sites of Abou-Rawash 
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and El-Tebbeen, with a more pronounced values for metals 

bound to Fe-Mn fraction at the later site.  

Moreover, the obtained values of the mobility index of 

heavy metals at experimental phases, i.e., maize plants grown 

on soils of Abou-Rawash and El-Tebeen sites, indicate that the 

values of mobility index show tendency to decrease with 

increasing the effectiveness role of the applied soil amendment 

for immobilizing the bioavailable contents of the studied 

metals, however, they could be arranged in an ascending order: 

CaCO3 > Fe-Mn oxides > compost > C.M.C. > bentonite at 

Abou-Rawash site vs compost > C.M.C. > Fe-Mn oxides > 

CaCO3 > bentonite at El-Tebeen site.  

From the technical view, chemical immobilization of 

heavy metals using natural agents such as lime and compost is 

an technique method of reducing heavy metals solubility and 

mobility on a short or long-term of use as well as it is not 

expensive due to the relative low cost of production. This is due 

to lime and organic compost are found as natural shale in large 

quantities at some desert locations at Egypt and as crop 

residues or industrial agriculture byproducts, respectively. 
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