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ABSTRACT

Soil samples were collected from experimental fields plots irrigated with raw.
sewage water for different periods (3, 10 and 30 years) to investigate the solid-phase

speciation of Cu, Zn, Cd, Ni and Pb in calcareous soil. A sequential extraction
procedure was used to fractionate heavy metal into designated forms of
exchangeable (Exch.), sorbed (Sorb.), organically bound (Org.), precipitated (Prec.)
and residual (Resi). The obtained results showed that the residue fraction was the
most abundant fraction in the control soil for all studied metals , followed by the
precipitated ( carbonate) fraction, while in the waste water irrigated soil, the average
highest metal fraction, as percentage of total, was recorded as fellows: org —bound for
Cu; preci.-bound for Pb and resid. form for Zn, Cd and Ni. The distribution of solid -
phase metals in the different fractions did not significantly change as a result of
sewage water irrigation. In some cases, metals in soils irrigated with sewage water
tended to shift from less to more soluble forms. according to the period of irrigation
with sewage water.

INTRODUCTION

Heavy metals are potentially toxic to human and the. environment.
Metal toxicity depends on its chemical associations in soils. The
bicavailability of heavy metals and their mobility in soils are largely
determined by their distribution among the various solid-phase components.
Heavy metals in soils amended with various wastes are redistributed and
transferred with time from labile forms to the more stable forms.

Fresh water is considered a vital resource especially in arid countries
exhibiting a high population growth such as Egypt. In different fields in Egypt,
plants have been made to conserve fresh water using technological
development. One of these fields is the reuse of wastewater in irrigation (Abo
Scliman et al, 2001). The use of sewage effluent in irrigation usually takes
place on sandy soil which has no other source of irrigation water. Despite that
raw sewage water is useful amendment for cropland (Wang et al., 1997).
Also, crops grown on soils irrigated with sewage water may accumulate
heavy metals in excessive quantities which, in turn, may cause health
problems in animal and human being.

The solubility and mobility of heavy metals soil depends on certain
chemical properties such as chemical speciation of metal, soil pH and redox
potential, and water movement (Bang and Hesterberg 2004). As a result of

transformations of heavy metals that take place in sewage sludge loaded soil, *

metals continue to be released into solution for a long period after sludge
application (Vulkan et al, 2002). Other studies revealed that the solubility
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(and hence mobility potential) of organic and metallic contaminants in soil
tended to decrease over time (Alexander, 2000).

Heavy metal content of a soil usually provides little information on the
processes and dynamics of the availability and mobility of the metal. more
useful, since it is related to mobility and uptake by plants and extractability by
chemical treatments (McBride, 1994). Selective sequential procedures have
been commonly used for studying metal mobility and availability in soil (Ma
and Rao 1997). Different extraction schemes for soils have been described in
literature (Tessier et al., 1979; Sposito et al., 1982 ; and Elsokkary, 1992).
The sequential selective dissolution method (SSD) has been developed to
study the forms, availability, mobility and transformation of heavy metals in
sludge-amended soils. This method is based on both the sclubility of
individual solid-phase components and the selectivity and specificity of
chemical reagents. (Tessier et a/.,1979 and Chang et al,, 1984). In the SSD
procedures, the terms of all fractions are more likely to be defined
operationally rather than chemically (Kheboian and Bauer, 1987 ) . However,
each extractant in the procedures effectively targets on major solid-phase
component. It is recognized that no case can an extractant remove all of a
targeted solid-phase component without any attack on other components. No
selective dissolution scheme can be considered completely accurate in
distinguishing between different forms of an element (Han et al., 2001). In
addition, there may be redistribution and readsorption during sequential
dissolution extraction (Kheboia and Bauer, 1987). It was reported that
readsorpion of metals (Cd, Cu, Pb and Zn) during sequential extraction was
minimal (Kim and Fergusson, 1991).

Despite these shortcomings common to any chemical extraction
procedure, sequential dissolution techniques still furnish more useful
information on metal binding, mobility, and availability than can be obtained
with a single extractant.(Han et al., 2001). The heavy metals fractionation
results reflect contamination time on the heavy metal lability and
bioavailability in the soils (Lim et al., 2002). This study was carried out to
investigate the solid-phase speciation of Cu, Zn, Cd, Ni and Pb in soils which
were irrigated with sewage water or ground water (well water).

MATERIALS AND MEHCDS

Soil samples were collected from the experimental field plots irrigated
with raw sewage water for different periods or with ground water and
cultivated with different plant species (Abdel Salam et al., 2004).

The soil samples were air-dried, ground to pass 2mm-sieve and
stored in polyethylene bags for analysis. The main properties of the soils
were determined ( Abdel Salam et al.,2004) and the data obtained are given
in Table 1.
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Metal Speciation:

A sequential extraction procedure described by Sposito et al. (1982)
and Emmerich et al. (1982) was employed to partition the total metals
contents of soil (Zn, Cu, Cd, Pb, and Ni) into readily soluble (exchangeable +
sorbed), organically bound, inorganic precipitated (mainly carbonates) and
residual forms.

Two grams soil were sequentially extracted with 25 ml 0.5M KNO; for
16h (exchangeable form) followed by three extractions, 2h each, with
deionized water to obtained sorbed form, the exchangeable+ sorbed metal
form, ( Readily soluble: F1) ; 0.5M NaOH for 16 h (organically bound form:
F2); 0.05M Na, EDTA for 6h (precipitate form, mainly carbonate form: F3);
and 4M HNO; at 80 °C for 16 h (residual form: F4). During each extraction,
the soil suspension was shaken reciprocally for the respective duration as
shown above, centrifuged, and the supernatant solution was filtered through
a Whatman No.42 filter paper. Calculations used to obtained the amount of
metal in each fraction after its extraction and centrifugation step and an
assumption that the mass of soil remained constant (Sposito et al. 1982). The
contents of the five trace metals ( Zn, Cu, Cd, Pb, and Ni) in the filtered
solutions were determined by AAS, Perkin Elemer model 5000.

RESULTS AND DISCUSSION

Tables 2-6 show the distribution of Cu, Zn, Cd, Ni and Pb among the
different fractions of the soils. The results showed that the summation of the
amount of heavy metals extracted by the sequential extraction procedure
were greater than those extracted by the one-step aqua regia method. Jeng
and Bergseth(1992) found that, in general, the total metal contents derived by
summation of all forms were slightly greater than those measured by aqua
regia. Sposito et al. (1982) stated that these differences may have been the
result of the 4 M HNO; (80°C ) extraction in the sequential procedure
(residual fraction, F4) which is being more effective than the aqua regia
extraction to obtain the total metal content and also because of the
preconditioning of the soil sample by the previous extractions with NaOH and
EDTA in the sequatial procedure. They also reported that this fractionation
procedure was experimentally precise although the total metal content
estimated by summation of the fractions was slightly higher than that
obtained by digestion with 4M HNO, (80°C). These differences were within
the experimental error. However, there was a high significant correlation (r2
=0.94"") between the sum of the metal fractions and the amount extracted by
aqua regia.

Heavy Metal Distribution Among Chemical Fractions:

Table 8 shows the percentage distribution of Cu, Zn,, Cd, Ni and Pb
among the sequentially extracted fractions of the surface soil samples (0-20
cm) irrigated with sewage water for different periods (0, 3, 10, 30 years). The
distribution of solid-phase heavy metals showed that the residual fraction was
the most abundant fraction followed by the precipitated fraction ( mainly
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carbonate). This was true for all studied metals with the exception of Cu. This
result agrees with the findings of Chang et al. (1984) ; Singh et al. (1988) ;
Dudka and Chlopecka (1990) and Chlopecka et al. (1996). This information
has important implications for the long-term potential of leaching metals to
groundwater. Although sulfide minerals are often considered to be insoluble,
they will dissolve as it is oxidized to sulfate. Thus, the metals will be released
slowly to soluble forms over extended periods of time (Abdel-Saheb et al.
1994). Other workers (Sposito et al., 1982; Zhu and Alva, 1993; Flores et al.,
1997) found that the quantities of exchangeable and sorbed forms (read. sol.)
of heavy metals represented a small fraction of the total metal contents.
However, the relatively high values of both the exchangeable and sorbed
(read. Sol.) for Cu, Cd, Pb, and Ni could occur as a result of one or more of
the following reasons: (i) the lack of selectivity of the reagents used so this
leads to an overestimation of some fractions and underestimation of the
others (ii) the possibility that metals may redistribute between the different
phases during the sequential extraction and has been put as a shortcoming
of some procedure, and (iii) the system of classification of the fractions (Miller
et al., 1986; Kheboian and Bauer, 1987 and Kim and Fergusson, 1991). It is
clear from Table 8 that the period of sewage water irrigation had no
significant effects on the distribution of Cd, Ni and Pb among the various
metal fraction.

The unchanged distribution of metal fractions in the ground water and
sewage water irrigated soils indicates that metal accumulation and
transformation was similar in all soils although they differed in sewage water
irrigation periods. This illustrates that major changes in metal distribution
resulting from irrigation of the calcareous soil with sewage water can occur in
a short period of time and this agrees with many other results ( Flores et al.,
1997 and Singh et al., 1998).

Han and Banin (1999) showed that heavy metal distribution among
the solid-phase components of the soil is strongly dependent on the soil
properties. Because the area under study have the same soil chemical
environmental conditions (highly calcareous), so sewage water application
did not appear to play a significant role in determining metal fractionaticn.
This might be attributed to the buffer capacity of carbonate.

Sewage water irrigation of the soils significantly altered the
distribution of some heavy metals among some solid-phase fractions (Table
8). Generally, it could be concluded that irrigation with sewage water shifted
the solid phases containing Zn, Cu, and Pb in the soils away from those
extractable with more severe reagents such as 4 M HNO;, (residual fraction,
F4) to those extractable with milder reagents such as dilute NaOH (Organic
fraction, F2) and EDTA (Precipitate fraction, F3). This shift suggests that
sewage water irrigation wotlld provide the metals in labile forms that could be
more readily available to plants than in the case of ground water irrigated
soils. Our findings also support the conclusion of Kabata-Pendias (1993)
where trace metals from anthropogenic sources are potentially more mobile
than those are ultimately inherited from the geological parent materials.
However, it should be kept in mind that the different elements, in the same
bonding form, show different solubilities. Also, changes of soil pH as a result
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of sewage water irrigation may result in changes of the speciation distribution
of heavy metals (Buykx ét al., 2002). ‘

Solid-phase Speciation of Metals:

Copper: Table 2 shows the various fractions, summation of all forms, and %
recovery of copper in the layers (0-20 and 20-40 cm) of soil irrigated with
ground water and sewage water for different periods (3, 10, and 30 years).
The total Cu content (sum) of the upper soil layer (0-20 cm) was 18.5. 30.5
and 51.8 mgkg™, respectively for different period of irrigation with sewage
water. These values were higher than the values of ground water irrigated
soil (control ) which were 13.8, 19.7 and 18.1 mg kg"' respectively. These
v?]:gss fall within the range reported by others ( Miller et al. 1986 and Singh et
al. 8). )

Table (2): The amounts of copper fractions in soil (mg kg™) irrigated
with raw sewage water for periods of 3, 10 and30 years or with

round water,
Irrigation Soil ; ;
wgater Depth,cm Rse:f Org. | Prec. | Resi. | Sum A:?Rt: Ig Recovery
3 years
S W 2-20 460 | 9.00 | 490 | 5.30 | 23.80 18.5 128.6
i 20-40 220 | 3.00 | 2.00 | 6.00 | 13.20| 143 92.3
G.W 0-20 430 | 020 | 3.30 | 240 | 10.20| 138 73.9
o 20-40 3.20 | 530 | 1.80 | 4.70 [ 15.00 13.8 108.7
10 years
S.W. 2-20 3.30 | 21.50 | 2.80 | 10.40 | 38.00 | 30.50 124.6
20-40 400 |12.80| 2.00 | 1.60 | 2040 | 15.90 128.3
G.W. 0-20 490 | 590 | 1.80 | 2.30 [ 17.90 | 19.70 90.9
20-40 350 | 3.20 | 1.90 | 4.20 [12.80| 12.00 106.7
: 30 years
S.w. 2-20 290 |13.10| 2.30 | 6.90 | 25.20 | 51.80 101.2
20-40 7.30 | 40.00| 520 | 3.30 | 3.30 | 2490 107.7
G.W. 0-20 6.80 | 2.80 | 6.90 | 5.80 | 22.30 | 18.10 1232
20-40 330 | 240 | 3.30 | 510 [ 14.10| 15.00 94.0

The order of Cu contents in the different fractions of the control soil
(0-20cm) was Read. Sol. >Res.> Prec. > Org. (Table 8 and Fig.1). The Org.
fraction of Cu in the control soil was not high (15.83%) probably due to the
low organic matter content of these soils (Singh et al. 1988). In contrast, the
highest concentrations of Cu were associated with the organic fraction, and
the strong relationship between soil Cu and organic matter has been reported
by Stumm and Morgan (1990); and Phillips and Chapple (1995).

Irrigation with the sewage water for 3, 10 and 30 years significantly
increased the percentage of Cu- organic fraction from 15.83% (control) to
37.82, 56.58, and 51.98% in the surface soil layer, respectively. In contrast,
read. Sol and preci- fractions decreased after 3, 10,and 30 years of sewage
water irrigation (Table 8).This is evidently indicating that the efficiency of
organic matter was more important than CaCQ; for Cu binding (Flores ef al.,
1997). Ma and Uren (1998) noted that there were low concentrations of Cu in
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the carbonate bound fraction even though CaCO; was added to the soil.

Also, Sposito et al. (1983) concluded that Cu shifts from the residual fraction

in the non-amended calcareous soil to the organic fraction after liquid sludge

amendment. In the sewage water irrigated soil for 30 years, the amount of Cu

in each fraction followed the order Org. > Res. >Read. Sol.>Prec. (Table 8

and Fig 1). A similar distribution pattern was observed by Ramos et al.

(1994).

Zinc: There were marked variations for total Zn in soil (0-20 cm) ranging from

17.6 to 34.5 mg kg" in the control soil, and from 41.6 to 291.0 mg kg in the

sewage water irrigated (Table 3). Lindsay (1972) reported that soil Zn can be

ranged from 10 to 300 mg kg". While normal range given by Kabata-Pendiag.
and Pendias, (1992) was 5-100ugg™. »

Table 8 shows that in the control soil surface, the highest percentage
of Zn (82.85 %) was in the residual fraction, followed by the precipitated”
fraction (10.41 %). This is likely because carbonate adsorbs considerable
quantities of Zn (Singh et al., 1988). This finding supports several statements
about Ca-exchange sites with high selectivities for Zn (Kabata-Pendias and
Pendias1992 ; Shuman, 1988 and Jeng and Singh,1993). A small proportion
of Zn (1.58%) in the surface control soil (0-20 cm) was organically bound
whereas the readily soluble ( sorbed and exchangeable bound) Zn was
around of 5% of total (Fig 1).

Irrigation with sewage water generally resulted in redistribution of soil
Zn from the residual fraction into the precipitated and organic fractions. For
example, as sewage water was used for 10 years, organic Zn fraction
increased from 2 to 10% and the Zn-precipitated fraction increased from 10 to
40% while residual Zn decreased from 83 to 46% of the total sum of soil Zn
(Table 8). Similar trends were noted by Sims and Kline (1991). However, the
general distribution pattern did not change and the majority of Zn was found
in a residual fraction. A highly significant relationships between DTPA-
extractable zinc and each of the chemical forms were observed (Table 7).
Cadmium: The concentrations of Cd, within the individual fractions of the
sequential extraction analysis, are given in Table 4 . Total Cd contents in the
examined surface soils varied from 1.9 to 2.9 and 2.6 to 4.1 mg kg™ in the
control and sewage water treated soil, respectively. These concentrations are
exceeding the normal range (0.01-2.7 ppm) in agricultural soils reported by
Kabata-Pendias and Pendias (1992). Although the irrigation with sewage
water increased soil total Cd, the distribution of Cd among the various
fractions in the sewage water irrigated soil remain similar to that in the control
soil (Table 8). Other researchers found similar results (Chang et al., 1984a;
and Han and Banin, 1999).

The distribution of Cd between the different fractions shows that the
highest percentage was found in the residual fraction followed by the
precipitated, readily soluble and organic forms. This trend was true for both
the control and sewage water irrigated soils ( Table 8 and Fig 1). This result
agrees with the observations of Chlopecka (1993), Abdel-Saheb et al.
(1994).and Flores et al. (1997).

6691




Abdel Salam, A. A. et al.

2inc

Copper
i 100%} ‘wFal 100% - A
I w3 | 80% - 1"4“
| ® - = ‘
| B 60% BF2| | 5  60% - "F3f'
L6 ao% EF1 S 40% - P2 |
| = e ES - |EF1
5 20% - 20% - =
0% - 0%
3Y. 10Y.30Y. 3Y. 10Y.30Y
Cadmium Nickel
100% 1 . B 100% -
80% . IF45; "y |BF4
= 1 1 R =
' 5 40% - | 5 .‘ e
b - EF1 2 BF1|
| 20% 1 s 20% | e
0% — 0% ‘
3Y. 10Y. 30Y. 3y 107 30Y
Lead
100% -
80% - BF4
g 60% - BF3
- F
O 4%, e
2 BF1
20% 1 h S—y
0% -
Fig. (1): Distribution of the Cu, Zn, Cd, Ni, Pb fractions in the surface

soil layer (0 - 20 cm) at different sewage water application
periods (3,10 and 30 years). Extracted fraction: F1 (Readily
soluble) ; F2 ( Organic); F3 ( Precipitate); and F4 ( Residual).
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Table (3):The amounts of zinc fractions in soil (mg kg™) irrigated with
raw sewage water for period of 3, 10 and 30 years or ground
water.

Irrigation| Soil |Read.

water |depth,cm| Sol.

Total

Org. | Prec. | Resi. | Sum Aq.Reg.

Recovery

3 years
s W 0-20 1.40 | 2.80 |13.70(35.80|53.70| 41.60 1291
I 20-40 | 3.70 | 7.80 {10.90(22.20|4460| 37.50 | 118.9
0-20 1.40 | 0.10 | 3.00 (24.50(29.00| 34.50 84.1
20-40 | 0.20 | 0.60 | 2.80 |13.80[17.40| 15.30 | 113.7
10 years
S.W. 0-20 | 650 |17.30| 6.70 |78.20(169.7| 162.0 | 104.8
20-40 | 6.40 | 6.00 | 8.90 |10.10{31.40| 29.50 | 106.5
G.W. 0-20 1.20 | 0.70 | 3.50 |24.50|29.90| 33.50 89.3
20-40 | 0.20 | 1.10 | 8.10 | 5.20 |[13.60] 12.00 | 1133
30 years

S.W. 0-20 7.40 |14.90|72.201205.0{299.5| 291.0 102.9
20-40 | 0.70 | 2.30 | 6.40 |124.1|133.5| 112.0 119.2
G W. 0-20 1.30 | 0.40 | 1.80 |16.10| 196 | 17.60 111.4
20-40 | 0.40 | 0.20 | 0.60 [12.60| 13.8 | 13.50 102.2

G W.

Table (4): The amounts of cadmium fractions in soil (mg kg™') irrigated
with raw sewage water for periods of 3, 10 and 30 years or
ground water.

Irrigation| Soil |Read. ; Total
water |Depth,cm| Sol. Org. | Prec. | Resi. | Sum Aq.Reg. Recovery
3 years
S W 0-20 0.70 {0.30| 0.80 | 1.30 {3.10 | 2.60 119.2
i 20-40 | 0.30 |0.20| 1.30 | 2.30 | 4.10| 3.80 107.9
G W 0-20 0.40 {0.30| 0.90 | 1.10 | 2.70 | 1.90 1421

20-40 0.20 |0.40| 040 [ 170 | 270 | 2.60 103.8
10 years
S.W. 0-20 0.40 | 0.10| 0.50 | 1.30 [ 2.30 | 3.20 109.4
20-40 0.20 {080 | 090 | 1.70 | 3.60 | 4.80 114.8
G. W. 0-20 0.50 |0.30| 0.90 | 1.80 | 3.50 | 2.10 109.5
20-40 | 0.70 | 0.20| 1.60 | 2.40 | 5.90 | 3.00 120.0
30 years
S.W. 0-20 0.50 (0.80| 1.00 | 1.40 | 5.10| 4.10 108.5
20-40 0.90 | 0.30| 1.00 | 2.20 | 4.00| 4.00 102.6
G W. 0-20 050 |1.00| 0.40 | 1.10 | 3.10 | 2.0 106.9
20-40 0.40 (030 0.60 | 1.50 | 2.80 | 2.40 116.7

The high percentage of readily soluble (Exch. + Sorb.) Cd in both of
control and treated samples (Table 8) agrees with the findings reported in the
literature (Elsokkary and La’g, 1978 and Ramos et al., 1994). These results
could be due to the low solubility of cadmium carbonate and the low
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adsorption constant of the complex formed with the organic matter. The
organic matter Cd fraction is being considered labile (Baron et al., 1990).
Cadmium forms ionic complexes with humic and fulvic acids (Alloway, 1995)
and they are less stable than those found with Cu and Pb. This behavior
causes Cd becoming more concentrated in the carbonate fraction and the
read. .sol. (mainly exchangeable fraction) as shown in Table 4.Total Cd
obtained by summation of the read. solu. and the carbonate fractions, were
more than 39 and 48 % for the control and sewage water irrigated soil after 3
years, respectively. On the other hand, Cd-organic complexes are only
loosely bound to soil particles and they are also easy to remove (Ramos et
al., 1994). Cadmium associated with the non-residual fractions may be easily
taken up by plants growing in the soils (Ramos et al.,1994). However, Sposito
et al. (1982) stated that it is not possible to fractionate Cd successfully in the
soils, particularly in the control soils, because the total metal contents were
almost so small.

Nickel: The amounts of total Ni in the control and sewage water irrigated
soils (0-20 cm) ranged from 20.5 to 22.0 mgkg' and from 22.0 to 47.1 mg
kg', respectively (Table 5). Alloway (1995) reported that the average
concentration of Ni in world soils is probably around 20 mgkg™'. However, the
upper level of Ni in the soils studied was within the normal ranges of this
element (1-110 ppm) as given by Kabata-Pendias and Pendias, (1992).

Table (5): The amounts of nickel fractions in soil (mg kg™') irrigated
with raw sewage water for period of 3, 10 and 30 years or
ground water.

Irrigation| Soil |Read.
Water |depth,cm| Sol.

Total

Org. | Prec. | Resi. | Sum Aq.Reg.

Recovery

J years
0-20 350 [ 820 | 5.20 | 7.60 |24.50| 22.00 111.4
20-40 | 4.80 | 5.90 | 6.20 | 6.80 {23.70| 21.00 112.9
0-20 3.60 | 6.00 | 520 | 6.40 {21.20| 21.00 101.0
20-40 | 390 | 3.10 | 3.80 | 7.50 [18.30] 17.70 103.4
10 years
S.W. 0-20 4.80 | 6.50 | 3.00 [15.20|29.50| 27.70 106.5
20-40 | 1.50 | 4.70 | 5.20 [12.10[23.50| 21.60 108.8
G W. 0-20 7.20 | 2.80 | 1.30 {10.10{21.40| 22.00 97.3
20-40 | 0.90 | 1.00 | 3.30 | 7.80 |13.00| 13.80 942
30 years
S.W. 0-20 7.50 [12.90[19.10(17.60{47.10| 47.10 108.3
20-40 | 9.00 | 5.90 |[13.30|16.10|44.30| 44.30 104.2
G. W. 0-20 250 | 1.20 | 7.80 | 7.70 {19.20| 20.50 93.7
20-40 | 2.80 | 3.30 | 4.70 | 6.40 |17.20] 16.70 102.4

S.W.

G.W.

Table 5 reveals the different chemical fractions (mg kg~ ) of Ni as
affected by ground water and sewage water irrigation for 3, 10 and 30 years.
It is clear that irrigation with sewage water did not significantly change the
percentage of metal fractions of the total sum (Table 8). Previous studies
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showed that Ni fractions distribution departed from the original partition
pattern of the control soil after addition of sludge but slowly returned towards
the distribution characteristics of the non-amended soil (McGrath and
Cegarra, 1992) . However, the residual fraction was the dominant fraction
(39.16%) for the control soil while this value reached 51.53% in the irrigated
soil by sewage water for 10 years, followed by the precipitated fraction
(23.74%) for control soil, and organic form (27.39%) for sewage water
irrigated soil (Table 8 and Fig 1). It is found that over 50% of Ni in soils may
be associated with the residual fraction and 20% in the Fe-Mn oxide fraction,
with much of the carbonate fraction, and only a relatively small proportion in
the exchangeable and organic fractions. Similar results were obtained by
Hickey and Kittrick,(1984). In this study, the organic fraction represented
about 16 and 33% of the Ni total summation Ni in the control and sewage
water irrigated soils for 10 years, respectively. Using composted sewage
sludge, Sims and Kline (1991) concluded that the organic fraction was the
third largest fraction and increased from 5%, in the control soil, to 21% in the
sludge amended soils. It noticed that the amount of exchangeable and
sorbed Ni (>20%), was relatively higher than that of the previous studies.
Also, a large proportion of Ni (16%), associated with the exchangeable
fraction, was found by Hickey and Kittrick (1984). Other researchers (Sposito
et al, 1982 and Sims and Kline, 1991) concluded that the exchangeable and
sorbed fractions combined were <7% of the total Ni. Sowder et al.( 2003)
showed that Ni was distributed across all operationally defingd fractions,
including substantial amounts in the labile fractions (4-15% in water-soluble+
exchangeable), non crystalline and crystalline iron oxides (38-49%), and in
the nonlabile residual fraction (25-34%).

Lead: The amounts of total Pb in the ground water and sewage water
irrigated surface soil (0-20 cm) ranged from17.7 to 25.3 and from 20.5 to
40.2 mg kg, respectively (Table 6). These amounts are within the normal
range (2.3-70.0 ppm) reported by Kapata-Pendias and Pendias (1992).
Alloway (1995) stated that lead is present in uncontaminated soils at
concentrations <20 mg/kg but much higher concentrations have been
reported in many areas as a consequence of anthropogenic activities, often
over many years.

Table 6 showed that different chemical species of Pb in the two soil
surface layers ( 0-20 and 20-40 cm) irrigated with ground water and sewage
water for 3, 10 30 years. The highest amount was found in the residual
fraction followed by precipitated, and organic= read. Sol. (Table 8 and Fig.
1).This Pb distribution was similar to that found by Abdel-Saheb et al. (1994),
Ramos et al.(1994), Phillips and Chapple (1995), Chlopecka et al (1996), and
Han and Banin (1999). The residual and precipitated fractions combined
accounted for 81% of total sum Pb. Zhu and Alva (1993) reported that these
two fractions represented the major proportion (71-95%) of total Pb in soils.

Relatively high percentage of Pb (19.40%) was found in the readily
soluble fraction (mainly sorbed). This might be attributed to the high affinity of
Pb to be adsorbed on the solid phase of soil (Abdel- Saheb et al., 1994).
Approximately 3.3% of the Pb extracted were associated with the
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.- exchangeable phase.Chlopecka et al. (1996) noticed that relatively minor
amounts of Pb are found in the exchangeable form.

Sewage water irrigated soils showed some differences in Pb spices,
since some amounts of Pb were transferred from the residual fraction into the
precipitated fraction (Table 8).

Table (6): The amounts of lead fractions in soil (mg kg™) irrigated with
raw sewage water for period of 3, 10 and30 years or ground

water.
Irr\:vgaatg:m destzl,lcm Rseglc.i. Org. | Prec. | Resi. | Sum A:.o; Ig Recovery
3 years
S W 0-20 460 | 610 | 7.70 | 4.40 | 22.80| 20.50 T2
BN 20-40 160 | 850 (1120 | 0.80 |22.20| 20.2 109.9
G W 0-20 3.70 | 2.80 | 290 | 6.30 [15.70( 17.70 91.8
e 20-40 0.30 | 1.00 | 2.50 | 11.30/15.10] 14.30 105.6
10 years
S.W. 0-20 7.00 {11.40|17.20| 8.50 |44.10| 38.50 114.5
20-40 420 | 9.80 {11.20| 1.50 |26.70 | 24.00 1113
G.W. 0-20 220 | 210 | 1110 ] 5:30 [20.70 | 20.50 101.0
20-40 1.80 | 0.70 | 4.00 | 3.50 |10.00] 10.70 93.5
30 years
S.W. 0-20 5.00 | 460 (1290 | 8.80 |31.30| 40.20 779
20-40 8.50 | 9.50 | 19.70 | 12.30 | 50.00 | 46.80 106.8
G.W. 0-20 7.20 | 9.00 | 1.80 | 12.00{30.00| 25.30 118.6
20-40 140 [1.900| 8.00 | 5.10 | 17.00 | 14.10 120.6 J
Table (7): Linear regression (r’) between single form of extractable
metal by sequential fractionation procedure and metal
extracted by DTPA.
Metal Read.Sol. |  Org. . | Preci. | Resi.
Cu 0.18 87.31™ 29.42 7ol i
Zn 94.89* 97.36** 89.77* 72.10™
Cd 90.34** 1.03 64.56** 13.86
Ni 7012 78.99* 20.64 0.36
Pb 86.56** 26.75 48.64** 86.27**

Also, Table 8 reveals that the residual fraction decreased with
sewage water irrigation.. Therefore, Pb was transferred from less labile
fraction (residual fraction) to the relatively more labile fraction (the carbonate
and sorbed fractions). Sposito et al.(1982) concluded that the dominant
fraction of Pb is the precipitated form regardless of sludge application and the
organic fraction showed no significant change with sludge application rate,
whereas the residual fraction may decrease slightly. Data obtained by
Sposito et al. (1983) revealed that the predominant fraction of Pb in
calcareous scil was the precipitated fraction. Another study by El-Gendy et al.
(1999) showed that the highest organic fraction (55%0) of Pb was obtained
due to sewage effluent application.
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Table (8): Fractions of sequentially extracted heavy metals of the
surface (0-20cm) soils irrigated by raw sewage water for
different periods as percent of total.

- irrigation Fraction
period (years) | Read. Sol. Org. Preci. Resi.
0 33.34a 15.83b 24.45 26.38
! 3 19.3b3 37.82ab 20.59 22.27
Cu - 10 8.7b 56.58a 1.37 27.28
30 11.50b 51.98a 918 [ 27.38
l ANQOVA B A% N.S. N.S.
0 5.16 1.58b 10.41b 82.85a
‘ 3 2.61 521ab | 2551ab | 66.67b
Zn 10 3.83 10.19a 39.8%a 46.08¢
30 247 4.97ab 24.11b | 68.75b
ANOVA N.S. N.S. i s
0 16.29 16.26 22.80 4464
3 22.58 9.68 25.81 41.93
Cd 10 14.28 8.57 25.71 51.43
30 21.95 19.51 24.39 34.15
ANOVA N. S. N. S. N.S. N.S.
0 21.22 15.88 23.74 39.16
3 14.28 33.47 21.22 31.02
Ni 10 16.27 22.03 10.17 51.63
30 15.92 27.39 19.32 37.37
ANOVA N. S. N. S. N. S. N. S.
0 19.40 19.33 26.03 35.24a
3 2017 26.75 33.77 19.30b
Pb 10 15.87 25.85 39.00 19.27b
30 15.97 14.70 41.21 28.12ab
ANOVA N. S. N. S. N. S. =
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