
Journal of Applied Sciences Research 2(5): 284-289, 2006

© 2006, INSInet Publication

Corresponding Author: A.M. Zaghloul, Soils and Water use Department, National Research Centre, Dokki, Cairo, Egypt.

284

Distribution of Lead and Zinc Metals in some Egyptian Soils
 

A.M. Zaghloul, Camilia, El-Dewiny and R.A. Youssef

Soils and Water use Department, National Research Centre, Dokki, Cairo, Egypt.

Abstract: The aim of this work is to study the main factors controlling distribution of Pb and Zn in different
fractions of some polluted soil samples from; El-Gabal El-Asfar, Zenin and El-Kantar El-Khirya areas. The
source of contamination in El-Gabal El-Asfar soil samples were created from applying effluent water in
irrigation beside using sewage sludge as organic amendment for more than 50 years meanwhile in Zenin soil
samples for less than 10 years. In El-Kantar El-Khirya sample, however the soil was affected by its location
beside traffic road. The obtained results indicated that neither time of expose to sewage sludge applied nor
waste water irrigation treatments influencing the total concentration of Pb in different soil samples, but did in
Zn. The decreasing order of different heavy metals fractions generally was: Residual (RES) >> (Fe-Mn) oxides
> carbonate (CA) ~ organic form (ORG) > exchangeable (EXC) > water soluble (WS). In some cases, however,
the organically bound form of heavy metal was the predominant form especially in El-Kantar El-Khirya soil
sample. Correlation analysis between soil properties and different heavy metals distribution to different
fractions indicated that clay content; surface area and organic matter were the most soil properties contributing
the relative distribution of the studied pollutants to different fractions. Under our conditions, however, soil pH
did not played the expected role in metal distribution patterns.

 
Key words: Heavy metals, Pb, Zn accumulation, distribution, fractionation, sewage effluents and soil
properties.

INTRODUCTION

Sequential fractionation techniques are being used
increasingly to provide more useful assessments of soil
heavy metal contamination than is possible with single
extractions or total metal concentrations alone. In
addition, heavy metals fractionation is a fairly widely
used technique for understanding the mechanisms of
heavy metals distribution in soils and to help assess
bioavailability of trace metals in soils. 

In Egypt, increasing awareness of the hazard that
heavy metals can cause to the environment and to humans
health through presence of these pollutants in soils and its
uptake by different agricultural crops, is presently
pressuring society to comply with environmental
regulations and develop management strategies to
minimize their adverse impacts. These strategies,
however, should be built according to distribution of
these trace elements in soil system. 

Soil contamination with anthropogenic heavy metals
such as Lead (Pb) and Zinc (Zn), the most potential soil
pollutants under Egyptian conditions, which mainly
established from industrial activity, atmospheric
deposition and heavy land application of sewage sludge,
has received much attention in recent years. The
anthropogenic heavy metals are believed to be easily
accumulated in the topsoil, resulting in potential problems
such as toxicity to plants and animals, accumulation in
food chain, perturbation of the ecosystem and adverse

health effects . [8,19]

Geochemical forms of heavy metals in soil affect
their solubility’s; therefore directly influence their
potentia l bioavailability . Thus, assessing[21,22,5]

environmental impacts of trace metals in soils by aqueous
concentrations of trace metals is incomplete. In particular,
it may be h1elpful to obtain information on the degree of
bioavailability of these metals . Moreover, distribution[15]

among specific forms varies widely based on the metal's
chemical properties and soil characteristics . Thus it is[18]

important to evaluate the availability and mobility of
heavy metals to establish environmental guidelines for
potential toxic hazards and to understand chemical
behavior and fate of heavy metal contaminants in soils .3[ ]

The primary objective of this study is to investigate
the effect of source and period of contamination on
distribution of Pb and Zn in some Egyptian soil. The
results of this study may be a guide for select the suitable
remediation strategy(s) should be applied according to
conditions of pollution conditions. 

MATERIALS AND METHODS

Soils:   Six   soil    samples   from   El-Gable   El-Asfar (3

samples), Zenen  (2  samples)  and  one soil sample from

El-Kantar El- Khirya areas were collected. The source of

1 5pollution in the first five samples (from S  to S ) were

established from using effluent water in irrigation besides

using of sewage sludge  as  organic amendment for more



J. App. Sci. Res. 2(5): 284-289, 2006

285

1 3 4than 50 years (from S  to S ) and for about 10 years (S

5and S ) respectively.  Moreover,  the  source  of  pollution

in the El-Kantar El- Khirya soil sample was established

from its location beside traffic road. Routine analyses for

these samples were carried out according to conventional

methods EPA . Some physical and chemical properties[4]

of these soil samples are presented in Table 1.

 

Heavy metals distribution: In the investigated soil

samples, heavy metals distributions were conducted

according to Ma and Rao . In summary, one gram of7[ ]

each soil sample is weighted into a 40-ml polycarbonate

centrifuge tube and the following fraction steps were

obtained:

Step 1: Water-soluble (WS): One gram soil sample

extracted with 15 ml of de-ionized water for 2 h.

Step 2: Exchangeable (EXC): The residue from water-

soluble fraction is extracted with 8 ml of 1M

2MgCl  (pH7.0) for 1h.

Step 3: Carbonate-Form (CA): The residue from

exchangeable fraction is extracted with 8 ml of

1 M NaOAc (adjusted to pH 5.0 with HOAc) for

5h.

Step 4: Fe-Mn Oxides-Form (Fe-Mn): The residue from

carbonate fraction is extracted with 0.04 M

2NH OH.HCL in 25% (v/v) HOAc at 96 °C with

occasional agitation for 6h. 

Step 5: Organically Form (ORG): The residue from Fe-

Mn oxide fraction is extracted with 3 ml of 0.02

3 2 2M HNO  and 5 ml of 30% H O  (adjusted to pH

32 with HNO ). The mixture is heated to 85 °C for

2h, with occasional agitation. A second 3-ml

2 2 3aliquot of 30% H O  (pH 2 with HNO ) is added

and the mixture heated again to 85°C for 3h with

intermittent agitation. After cooling, 5 ml of 3.2

4 3M NH OAc in 20% (v/v) HNO  is added and the

samples diluted to 20 ml and agitated

continuously for 30 min. 

Step 6: Residual Fraction (RES): The residues from

organic fraction are digested using HF-

3HCl/HNO .

Statistical analysis: Different statistical analysis such as

relationships among heavy metal fractions and soil

properties were evaluated by correlation analysis, which

carried out taking into consideration all metal fractions

with all soil properties on the surface soil samples,

according to SAS institute . [14]

RESULTS AND DISCUSSIONS

The data in Table (1) show that the total

concentrations of Pb and Zn in El-Gable El-Asfar soil

1 3samples (S -S ) ranged from 124-134 and 382-483 ppm

for the two heavy metals respectively. The corresponding

4 5values for S  and S  were from 130-138 for Pb and from

298-302 for Zn ppm respectively. For El-Kantar El-

Khirya soil sample, the total concentration values for Pb

and Zn were 98 and 135 ppm respectively.

 

Lead distribution: In this study we briefer to use

percentage of total expression instead of actual

concentration of these pollutants to explain heavy metal

distribution in different fractions. Appling percent

expression was more practice to understand the actual

bioavailability form(s) of these pollutants in investigated

soils according to Ma et. al . The six chemical fractions[8]

are  potentially  defined  by  an  extraction  sequence that

follows the order of decreasing solubility .[2,18,22]

Assuming that bioavailability is related to solubility, then

metal bioavailability decreases in the order;

(WS) > (EXC) > (CA) > (ORG) > (Fe-Mn) > (RES)

This order offers qualitative information about metal

bioavailability. Ma and Rao  assumed that metals in the[7]

non-residual fractions are more bio-available than metals

associated with the residual form.

Table 1: Some physical and chemical properties of the studied soils.

3Soil location Soil No. pH EC dsmG OM % CaCO  % Particles size distribution % Surface Total ppm1

area m /g2

--------------------------------------------- -----------------------
Clay Silt Sand Pb Zn

1El-Gable S 7.61 0.31 2.72 0.45 42 13 45 165 134 483
El-Asfar ------------------------------------------------------------------------------------------------------------------------------------------------------------

2S 7.31 0.38 1.72 0.89 25 24 50 131 124 382
------------------------------------------------------------------------------------------------------------------------------------------------------------

3S 7.64 0.25 1.04 0.05 5 13 82 14.0 128 395
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4Zenen S 7.73 2.10 2.91 0.65 51 27 22 244 130 302
------------------------------------------------------------------------------------------------------------------------------------------------------------

5S 7.78 3.33 2.92 0.45 49 40 11 239 138 298
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6El-Kantar S 7.89 0.41 2.91 2.23 53 34 13 248 98 135
El- Khirya
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Table 2: Percent distribution of Pb in each fraction of studied soils.

Soil Number WS EXC CA Fe-Mn ORG RES

1S 2.16 4.20 9.00 14.5 15.60 54.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2S 2.71 8.60 16.25 21.0 7.65 43.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3S 5.07 6.22 12.74 18.6 12.01 45.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4S 4.46 7.24 10.03 20.7 12.01 45.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5S 3.42 4.27 12.82 21.1 12.82 45.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6S 3.12 3.69 8.22 2.36 15.93 56.7

Values in Table (2) represent percent distribution of

Pb in the 6 forms for the investigated soils. In general, the

results refereed that the decreasing order of these six

fractions are; 

(RES) >> (Fe-Mn) > (CA) ~ (OF) > (EXC) > (WS)

With respect to variation in soil properties in El-

1 3Gabal El-Asfar soils (S -S ), data showed that Pb

distribution consistently related to these properties. For

example, the comparing between residual and non-

residual forms showed that increasing of clay content in

1 2S  and S , led to increase residual fraction over the non-

residual forms, however, a reverse trend was observed in

3S . 

2 3In course texture soil samples (S  and S ) data

showed that the summation of (WS) and (EXC) forms are

1higher than S  which has high amount of clay content. In

4 5S  and S , the sum of (WS) and (EXC) fractions ranged

between 7-11% from total Pb concentration in different

soils, the higher value was observed in S4 and the lower

5 6value is in S . In S  which represents soil beside traffic

road, it is worthy to mention that in this soil almost gave

about 7% of total.

The higher values extracted in step 3 (Pb associated

2 3 4with carbonate), was observed in S , moderately in S , S

5 1 6and S , and the lowest values in S  and S . In Zenin soils,

data showed that Pb associated with carbonate takes the

4 5decreasing order, S  > S . This trend may indicate

association of Pb with carbonate took different trends in

different soils under investigation.

Values of Pb extracted by step 4 (Pb associated with

Fe-Mn oxides), gave almost the abovementioned trend of

step 3 with increasing percentage values in all soils

compared to above mentioned steps. This trend could be

understood only in term of occurring Pb in low soluble

form. Moreover, data of these soils gave higher

percentage values of Pb associated with Fe-Mn in most

6cases compared to that of El-Gabal El-Asfar soils or S ,

which represent the effect of time of exposed the soils of

this group to pollution. 

The analysis of Pb by step 5 representing organically

bound Pb, data referred that increasing organic matter 

content in the studied soil samples, led to increase Pb
retention in this form. For example, data showed that

2increasing organic matter from 1.04% in S  to 2.92 and

5 62.91%   in   S   and  S   respectively,  increased  Pb
retained  in  this  fraction  from  7.65%  to ~ 13-16 %
from the total % of Pb.

Residual fraction in the studied soil samples was
ranged between 43.8 and 54.6 % of total Pb concentration

1 3 1in S -S , the higher value was observed in S  and the

2 4 5lower one was detected in S . In S  and S , the
corresponding values were about 45 % from the total Pb
for the 2 soils respectively and were 56.7 % for soil
number 6.

Zinc distribution: Data in Table (3) showed that residual
fraction of Zn had the higher worked fraction compared
with other fractions. Results showed that 46.2-55% of

2 3total Zn was retained in residual form in S -S ; this

4 5retention was decreased in S  and S  to be about 36.6 and

637.1%, reached to the maximum recorded value in S
(66.8 % of total Zn). The amount of Zn in non-residual
fraction ranged between 33.2 and 63.4% of total Zn. 

The dominating chemical form for Zn was varied
between different soils according to source and time of
receiving the studied pollutants. The Fe-Mn oxide-bound

1 3Zn represent about from 17-22 % of total in S -S  and

4 529.5-33% of total in S  and S  decreased to only 2.2 % of

6total in S  respectively.

2In S , the data in the same table showed higher
carbonate bound Zn (23.54%) compared with other soils,
which suggested that Zn had a preference for carbonate 
at the expense of the Fe-Mn oxide fractions. In some
cases, however, some soils in Zenin retained Zn in
carbonate fraction reached to about 21% of total Zn

6content. Worth to mention that S  gave the lowest value
in this fraction.

The organic-bound Zn in the studied soil samples

were potentially varied according to the source of

pollution and soil components. Data showed that organic-

1 5Zn ranged between 6 and 8% of total Zn in S -S , 
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Table 3: Percent distribution of Zn in each fraction of soils.

Soil Number WS EXC CA Fe-Mn ORG RES

1S 2.26 6.21 16.23 22.3 6.83 46.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2S 1.06 5.06 23.54 20.1 4.30 46.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3S 0.99 5.37 16.23 17.5 5.11 55.0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4S 0.50 5.13 21.85 29.5 6.29 37.1
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5S 0.40 1.51 21.38 32.9 7.38 36.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6S 0.26 2.04 3.04 2.22 25.56 66.8

6increased to 25.5% just in S . The corresponding values

I 3were ranged between 4.3-6.8% in S -S  and 6.3-7.4% of

4 5total Zn in S  and S  respectively.

In all soils, data showed that again water soluble

followed by exchangeable fraction gave the lowest

percent of total Zn retained in these fractions with

significant particular values of exchangeable fraction

1were reported in S .

 

Correlation analysis between soil properties and Pb &

Zn fractions: Correlation analysis was conducted

between soil properties of the studied samples and Pb and

Zn distribution in these soils. Data in Table (4) showed

that both WS and EXC forms of Pb did not significantly

correlated with different soil properties with the exception

3of pH (0.57*). For zinc pollutants, CaCO  (0.57*) and silt

content showed highly negative correlations (0.78  and**

0.90 ) with WS and EXC respectively. **

The tendency of Pb and Zn to bound in CA form

3indicated that, CaCO  content in the studied soil sample

were correlated at 0.05 level for Pb (0.67*) decreased to

0.59* and 0.62* with ORG and clay content respectively.

In Zn, however, beside silt and surface area these

parameters showed significance at 0.05 level except

3CaCO  at 0.01 level (-0.98**).

3The electrical conductivity and CaCO  content

showed high correlation analysis at 0.01 and at 0.05

levels with Pb associated with Fe-Mn oxides, the other

soil properties, however, showed no significant

correlation. In Zn, high correlation at 0.05 level between

this form and CaCO3, clay and surface area, at 0.05 level

with OM and silt and no significance with pH and EC. 

The organically bound form of Pb and Zn gave high

significant correlation with some soil properties studied,

for example, this Pb-fraction was correlated at 0.01 level

with OM content (0.90**), clay content (0.90**)and S.

3area (0.87**) and at 0.05 level with CaCO  (0.65*). For

the ORG-Zn, results indicated that positive correlation

was observed with almost the same soil properties at 0.05

levels. The same result was observed by Sparks and[16] 

Rabie et al .[12].

Surface area of the studied soil sample is an

important soil properties controlling soil chemical

reaction . This property showed high significant with Pb[23]

associated with ORG and RES forms, these forms showed

also high significant relationship at 0.01 level with OM

and clay content of the studied soil samples and at 0.05

level with CaCO3 presents in these soils. 

Mechanical analysis represented by clay and silt

showed more gave variable significance in correlation

analysis with some forms of studied pollutants. For clay

content, correlation analysis showed that organic and

residual forms of Pb gave high and positive significant

correlation at 0.01 level with this soil parameter. For Zn

pollutants, these parameters gave low significant with

clay content, meanwhile no significance were observed

between Zn in ORG or RES forms and silt parameter. 

From the above mentioned result it is worthy to

conclude that the most important factor(s) controlling Pb

and Zn distribution and subsequently its bioavailability in

some Egyptian cultivated soils in addition to interaction

between these pollutants under above mentioned soil

conditions. Firstly, it should be realized that these

pollutants reacted with our soil types especially the light

texture ones by forming outer sphere complexes on an

oxide surface on the edges of dominant clay minerals

since the water molecules is present between the surface

functional group and the bound ion(s) .[16]

The non-residual and residual distribution of the

studied pollutants showed that, more or less, the

increasing or decreasing of these two forms are generally

related to three main factors controlling the distribution of

the studied heavy metals in soil system. These factors are

mainly referred to properties of soils used, source of

pollution i.e. waste water, sewage sludge …etc. and

specifically to the type and the form of pollutants

presented in added sewage sludges. 

Numerically, in most cases increasing of clay content

in soil samples, led to increasing non-residual form (sum

of all fractions except residual) compared with residual

1 2 4 5one for both Pb and Zn. For example, in S , S , S  and S

of El-Gabal El-Asfr and Zenin soils, increasing of clay 
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Table 4: Correlations between soil properties and pollutants fractions.

Soil Parameters
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3Fractions pH EC dsm G OM % CaCO  % Clay % Silt % Surface area m /g1 2

Pb
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
WS -0.21 0.42 0.22 0.21 0.32 0.51 0.45ns  ns  n s  n s  n s ns  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EXC 0.57* 0.24 0.01 -0.37 -0.4 -0.19 -0.09 n s  n s  n s  n s  n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CA -0.16 0.35 -0.59* -0.67* -0.62 0.002 -0.53 n s  n s *  ns  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe-Mn 0.07 0.81** 0.05 -0.58* 0.03 0.30 0.11 n s  n s  n s  n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ORG 0.48 0.14 0.90** 0.65* 0.90 0.44 0.83** n s  n s **  ns

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RES 0.74** 0.06 0.81** 0.62* 0.79 0.30 0.70** n s **  ns

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
WS -0.43 -0.47 -0.17 -0.44 0.26 -0.78** -0.40ns n s  n s  n s  n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EXC -0.66* -0.52 -0.41 -0.57* 0.48 -0.90** -0.57* n s  n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CA -0.47 0.04 -0.52* -0.98** 0.62* -0.63* -0.65* n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe-Mn -0.22 -0.03 -0.65* -0.90** 0.74 -0.61* -0.77** n s  n s **

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ORG 0.41 -0.30 0.57* 0.63* 0.55* 0.08 0.44 n s  n s  n s  n s

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RES -0.68** -0.27 0.10 -0.09 0.08 -0.31 0.02 n s  n s  n s  n s  n s  n s

content in these soils were in parallel with increasing of

non-residual forms of Zn and the same trend was almost

observed in distribution of Pb in these soils. However,

6results represent some exceptions located in S  for Zn and

1 6S , S  for Pb, which may referred to distribution of these

metals in the added sewage sludge. 

The other suggestion for this result perhaps related to

the ease behavior of these pollutants to change to

unavailable form with long time or residence time of land

6use compared with other pollutant. In S , results showed

that Pb and Zn were specifically retained in residual form;

these results are more related to the types of organic

fertilizers applied in soil, the interaction between organic

matter and different pollutants in addition to increasing of

soil temperature under Egyptian conditions.

The distribution of Pb and Zn in non-residual forms

and specifically in more resistant fraction like Fe-Mn

1 5oxide form in S -S  was reported by Carmen and Murray

 to be an important sunk of different pollutants in soils.[1]

However, it was found in organic fraction in some cases

1 6like S  and S  higher in organic matter. Similar results

were reported by Spositoet al  and Xian , who found[17] [22]

that the organic fraction was higher than the other

fractions of Pb in sludge amended soils. It should be

2 5mentioned that in S -S , the decreasing order of different

non-residual fractions according to the mean value

expression were:

Fe-Mn > CA > ORG > EXC > WS

and it should be noted that the preference of Mn oxides

over Fe oxides for Pb has been reported by Tipping et

al  and McGrath and Cegarra , who found that the[20] [9]

adsorption to Mn oxides was approx. 40 times greater

6than that of Fe oxides. The respective arrangement of S

was:

ORG > CA> Fe-Mn > EXC > WS

Correlation analysis conducted between different

soils parameters and different fractions of Pb and Zn

perhaps emphasized the above results. Organic matter

content in different soils highly correlated at 0.01 levels

with Pb and Zn and at 0.05 levels with organically bound

fraction. In the same statistical analysis, clay content and

soil surface area of samples are the most important soil

parameters controlling distribution of the pollutants in 

soils. The relationships between soil parameters and metal

fractions are complex and may be varied in different

soils. 

It may also be one reason for the contradiction

between different studies  reported a statistical[10,6]

relationship between metal fraction and soil parameters,

whereas  found no significant relationships in their[11]
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regression analyses. Moreover  reported that the[13]

distribution of metals in the various chemical fractions

was dependent on the total metal content of the soils.

Under our experiment condition soil pH which considered

as the most important parameters controlling heavy

metals distribution did not showed any significant with

different fractions with one exception related with high

correlation observed in organically bound all heavy

metals.

In general, results of this work could be helpful for us

to clarify the distribution of anthropogenic heavy metals

in soils. 
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