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ABSTRACT

The present study was conducted to investigate the fractionation of some
heavy metals (Cd, Cu, Pb and Zn} and their mobility in soils affected by different
sources of pollution. The soil profile samples were collected from 3 sites from each of
El-Gabal ElAsfar and Heiwan areas which received sewage effluent and industrial
wastes respectively for long time. The obtained results show that the soil pH and total
carbonate content (TCC) are slightly decreased as the irrigation period increased.
However, organic matter content increased.

The average percentage value of each particulate-bound metals species in
alt studied soils followed the order: residual (26.10 - 48.32 %) > organic-bound (6.27
to 52.48 %)} > oxides-bound {4.95 to 33.15%) > carbonate-bound {0.67 10 22.05 %)>
exchangeable (1 to 6 %) of the total present in the sails.

The percentage of distributed fractions from the surface layers showed that
the deepest layer (100-120 cm) is amounted to appreximately 20 % for Cd: 11% for
Cu; 6% for Pb and 14% for Zn in El-Gabal El-Asfar which is higher than in Helwan
which represents 15 % for Cd; 8.7 % for Cu; 3 % for Pb and 8% for Zn of their total
contents in the surface layer (0-20 cm). The movement of Cd and Zn are more
movable than Pb and Cu.

Keywords: poliution sourses, sewage effluent, industrial wastes, heavy metals, Cd,
Cu, Pb, Zn, mobility, fractionaticn, forms.

INTRODUCTION

Assessment of heavy metal pollution can be approached by many
ways. Total analysis of heavy metals do not generally provide any guide to
the biological effectiveness or mobility of the metal under study, but do define
unequivocally the total metal load of a polluted soil. For more useful data on
the degree of soil pollution, the total concentration may be divided into
different chemical components. More information approach is to identify
nonlabile and labile forms. Although sequential extraction methods required
more time consuming, its provide detailed information about the status of
metal in soil (Kabala and Singh, 2001 and Mclaren and Clucas, 2001).
Several sequential extraction methods for soils and sediments have been
discribed in the literature (El-Sckkary, 1979; Tessier et a/., 1979 and Salbu et
al., 1998)

El-Gendi, 1994 indicated that sum of the obtained fractions
represented 92.8 and 88.7% of total Pb content for soil samples containing
normal (18.0ppm) and high (42.5ppm) content of Pb, respectively. The leve!
of each individual Pb fraction follows the order. Residual {42%) > bound to
oxides {23%) > bound to organic matter (16%)> bound to carbonate {(15%) >
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exchangeable (3.0%), in the first sample, and residual = bound to oxides
(26%) bound to carbonate {25%) > bound to organic matter (21%) =
exchangeable (2%), in the other hand Miller ef al. (1983) used a sequential
extraction technique to characterize chemical forms of Cd, Zn, Cu, and Pb in
heavy industrialized area of Indiana. They reported that the labile Pb (solubla
+ exchangeable) accounted for 8% of the total Pb, while the organic and
carbonate fractions amounted 70% of total. ’

Needless to say that the factors which influence the downwords
movement in soil profile are essentially those already modulot bioavailability,
Soil pH considered to be one of the dominating factors controiling metal
movement in soil profiles (Emmerich et al.,, 1982). Welch and Lund (1987)
mentioned that the movement of heavy metals was corrected positively with
coarse fraction content and negatively with fine fractions. Also, the influence
of the amount of the added sludge or number of years of application on
movement of heavy metals were studied by many authors. Anderson and
Nilson (1972} mentioned that all Cd remained in (20-cm) depth of a soil
receiving sludge over a 12-yrs period. Chang et al., {(1984) mentioned that
more than 90% of applied heavy metals, including Pb, were found in soil
surface, 0-15 ¢cm {the zone of application).

The influence of organic matter on the movement of heavy metais
was studied by many authors, Arzahanova and Yelpat Yevskiy (1980} studied
the forms in which some heavy metals migrate. They observed that, for
example, Cu and Pb migrate rmainly as colloidal phases, while Zn migrate
mainly in truly soluble form. £l- Gendi (1994) mentioned that the pattern of Ph
distribution within the soil profile was mainly attributed to organic matter
content. Like wise Pb, the distribution of Cu was closly associated with
organic matter, Camaobreco et al., (1996) observed that the mobility of Cd, Zn,
Cu and Pb may be ranked as follows: Cd > Zn > Cu > Ph.

The present study was carried out to assess short and long-term
effects of two sources of pollution;, farm-initiated source and inadvertent
source on distribution of Zn, Cu, Cd, and Pb amongst the different fractions
defined by sequential extraction procedure and their mobility in soil profiies.

MATERIALS AND METHODS

This study was carried out on two different locations in Egypt, which
contaminated consequently by considerable amounts of toxic metals; one
from El-Gabal El-Asfar farm is located at north east of Cairo Governorate,
which is irrigated with sewage effluent of Cairo city since 1911. which
received sewage sludge and sewage effluent for long time and the second
from Helwan area endures of emissions of toxic metals from various industrial
activities together with household sources which contaminated by industrial
wasles.

Soil sampling and analysis:
The soil samples were coliected from 3 sites from each of El-
Gabal El-Asfar and Helwan area. Nine soil profiles were carefully dug to
the depth of 120 c¢m for each location as the following; three profiles
representing the oldest farm which has been irrigated for 70 and 20 years
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for El-Gabal El-Asfar and Helwan, respectivly, three profiles from a
younger farm irrigated for 15 years for both sites; and three from
unpolluted soil profile, i.e. un-irrigated site (background). Six sub-samples
were taken from each soil and thoroughly homogenised before
transporting to the laboratory and prepared for analysis.

Soil Analysis:
The general characteristics of soils:

Particle size distribution was carried out by the pipette method, pH,
organic matter (OM) and total carbonate content (TCC), were determined
using the standard methods outlined by Dewis and Freites (1970).

T iy
Sequential Chemical Extraction: T

The sequential extraction procedure of Tessuar et al,,{1979) was used
to partition Cd, Cu, Pb and Zn in soils into five operationally defined fractions,
1) The exchangeable fraction: soils were extracted with 1M NaOAc, pH 8.2 at
room temperature for one hour with continuous agitation, 2} The carbonate
bound fraction: the residue from 1) was leached at room temperature for five
hrs continuous agitation with 1M NaOAc, pH 5.0 ; 3) The Fe and Mn oxides
bond fraction: The residue from 2) was extracted with 0.04 M NH; OH.HCI in
25% (viv) HOAc at 96 + 3 °C with occasional agitation for 5 hrs.; 4) The
organic matter bound fraction: The residue from 3) was extracted with 0.02 M
HNO3 and 30% H.0,, pH 2.0, for 2 hrs with occasional agitation at 85 + 2 °C
; then 30% H,O; for 3 hrs with intermittent agitation at 85 = 2 °C ; after
cooling 3.2 M NH,OAc in 20% (v/v) HNO; was added.; 5) The residue
fraction: the residue from 4) was digested with HF-HCIO, using the same
procedure employed for total. The resulting supernatants from each
fractionation step were filtered before analyzing the filtrates for metals by
flame atomic absorption spectrophotometer and GF-ASS for Cd. using the
standard addition technique.

RESULTS AND DISSCUSION

1. General characteristics of the soils:

The general properties, pH, clay, organic matter and total carbonate
content of the studied profiles are given in Table {(1). The results show that
the pH varied from 8.60 tc 877 and from 8.33 to 8.73 in the initial,
nonpolluted soils of El-Gabal El-Asfar and Helwan respectively. The two soils
had the highest pH values and then slightly decreased as the irrigation period
increased.

The reaction of the soil was alkali (pH 8.75} in the beginning and
changed to slightly acidic (6.11) after 70 years of irrigation with sewage
effluent in El-Gabal El-Asfar soil, Also, the industrial wastes decreased
soil pH from 8.33 to 7.45 in Helwan soil after 20 years. These changes in
soil pH occurred in both surface and deepest layers. However at any
given time, the surface layers showed siightly lower pH values than the
subsurface ones. Generally, it can be seen that the drop in pH was very
fast and clearly cbserved during the first 15 years of using sewage
effluent in irrigation, further changes in pH with time were less sharp,
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Table (1): Some physical and chemical characteristics of soil profiles in different locations.

Location
Depth |- El-Gabal El-Asfar i Helwan
(cm) Time o.M TCC pH Clay |Texture| Time oM TCC pH Clay | Texture
{Year) % % ({1:25) % Class | (Year) % Ye (1:2.5) % Class
0-20 Control | 0.07 | 3.89 | 875 | 3.15 S |Control | 032 | 2355 | 833 2523 | scL*
20-40 0.06 | 225 | 861 | 3.34 S 030 | 2113 | 845 21.52 SCL
40-60 005 | 377 | 877 | 276 S 0.22 | 19.16 | 861 2383 | SCL
60-80 0.07 | 299 | 879 | 354 S ] 014 | 2035 | 866 33.16 SCL
80-100 17007 | 228 | 860 | 250 5 009 | 1842 | 871 22.71 SCL
100120 | 1 006 | 287 | 875 | 207 S 004 | 2412 | 873 | 2814 | SCL
020 | 15 | 379 300 | 656 | 21.33 | SCL 15 079 | 1160 | 768 | 3604 | CL** |
20-40 WA 221 1656 [ 1680 [ sCL 0.76 9.50 7.70 25.32 scL |
40-60 316 | 3.00 | 691 | 1270 | SCL 0.74 11.03 7.80 24.25 SCL
60-80 204 | 250 | 7.00 [ 1469 [ sCL 0.79 9.50 7.41 26.00 SCL_ |
80100 o2 [ 221 | 704 | 785 | S | 050 [ 10.21 7.57 20.15 | SCL
100120 | 1194 | 250 | 713 | 657 S 080 | 1140 | 743 2220 | sCL
0-20 70 615 | 157 | 6.11 | 2379 | SCL 20 146 | 1100 | 745 37.10 CL
20-40 , 629 | 160 | 6.20 ] 20.00 | SCL 1.05 10.51 7.70 35.41 CL
4060 | 524 | 200 [ 6.24 [ 1741 ] SCL 0.82 11.01 7.69 35.92 CL
60-80 322 | 151 | 630 ] 1450 | SCL 1 083 10.00 | 7.64 36.50 CL
80-100 341 | 150 | 6.83 | 10.00 | SCL 0.79 10.00 | 757 33.80 CL
100-120 3.09 | 230 | 710 (1440 | sSCL 083 [ 1000 | 7.51 33.00 CL

* Sandy Clay Loam

* Sandy Clay
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The correlation coefficients between organic matter contents and soil pH
values were highly significant (r = -0.92** and -0.88"") in El-Gabal Ei-Asfar
and Helwan soils, respectively.

Also, total carbonate content {(TCC) of the irrigated soils, ranging
from 1.5 to 2.3 % are markedly lower than those, ranging from 2.28 tc 3.89
%, of the initial ones in El-Gabal Asfar and ranging from 10 to 11 % are
markedly lower than those, ranging from 18.42 to 24.12 %, of the initial ones
in Helwan. This could be attributed to the dissolution of CaCQO; as a resuit of
interaction with organic acid axist in the sewage effluent or industrial wasies.
Hence, the lowness observed in pH values could be a result of both;
dissolution of CaCO; and the effect of organic acids. The correlation
coefficients between soil organic matter contents and TCC were highly
significant {r= -0.72** and -0.92**) in El-Gabal El-Asfar and Helwan soils,
respectively.

On the other hand, both organic matter content (OM), and the
particles of the clay-size fraction, are increasing with the irrigation period. In
average, OM content ranging from 3.09 to 6.29 % after 70 years of irrigation
are markediy higher than those, ranging from 0.05 to 0.07 %, of the initial
ones in El-Gabal Asfar and ranging from 0.79 to 1.46% after 20 years of
irrigation are markedly higher than those, ranging from 0.04 to 0.32%, of the
initial ones in Helwan. Clay size- fraction content of the irrigated soils was
approximately 1.5 and 6 times greater than those non-polluted soils.

2. Fractionation of soil Cd, Cu, Pb and Zn:

The sum of the five fractions amounted to 83-102% for Cd, 83-91%
for Cu, 69- 80% for Pb and 87-97% for Zn of the {otal contents (Tables, 2, 3,
4 and §5). Tessier et af, 1979; Krishnamurti et al, 1995 and Badawy and
Helal, 2002 reported that the sum of the extractable-Cd, Cu, Pb and Zn
fractions were 88 to 104 % of the total Cd content.

The results (Tables, 2, 3, 4 and 5) of portioning of the studied metals
in the deferent soil profiles among different pools show that, relatively small
portions, ranging from 0.03 to 36.4 mgkg’1 in different locations, of Cd, Cu, Pb
and Zn exist in the exchangeable pool, readily available form. The highest
exchangeable values were recorded for Zn, whereas the least ones belong to
Cd. The exchangeable values of studied metals amounted to small portions,
ranging approximatly from 1 to 6 % of the total. The highest percentage of
total was found in Ei-Gabal El-Asfar after 70 years with irrigation by sewage
effluent (Fig.1). This is attributed to the acidity (pH = 6.11) of the seil. Onyatta
and Huang, 1999 and Badawy and Helal, 2002 found that a negative relfation
between Cd-Exchangeable fraction and soil pH.

Carbonates bound-metal ranging from 0.03 to 157.4 mgkg‘1 in
different locations, of Cd. Cu, Pb and Zn exist in the Carbonates pool. The
highest values were recorded for Zn, whereas the least ones belong to Cd.
The values ranging approximatliy from 0.67 to 22.05 % of the totai. The
highest percentages are recorded for Helwan soils followed by El Gabal El
Asfar soils. This result could be attributed to high CaCQ; which precipitate
and adsorted Cd, Cu, Pb and Zn { Fig 1).
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Table (2): Cadmium associates with different chemical fractions at soil profiles of different locations.

~Location

Depth El-Gabal El-Asfar j Helwan_
(cm) mglkg soil (15 Yr.) - mg/ky soil (15 Yr.)

Ex. [Carb| Ox. | Org. | Res. | Sum. | Total | Ex. | Carb. | Ox. | Org. | Res. | Sum.| Total
0-20 0281038 [ 098 | 207 | 149|520 | 565 | 031 | 162 | 220 | 062 | 271 [ 737 1 7.99
20-40 016|015 058 | 121 {083 | 294 | 317 | 0.17 | 089 | 131 | 033 | 223 | 449 | 486
40-60 [ 0.08[ 0.13 [ 049 [1.00 [ 062 | 233 [ 237 | 0.09 | 053 | 074 | 017 | 130 | 258 | 257
60-80 [0.06| 0.08 | 0.38 | 1.15 { 0.62 | 2.05 | 230 | 007 | 035 | 050 | 014 | 088 | 176 | 199
80-100 10.03| 0.03 | 0.21 0.85_JL0.59 | 167 | 185 | 004 | 025 | 035 | 009 | 064 | 125 | 1.44
100-120 10.03] 003 [ 0.16 [ 0.77 | 052 | 149 | 1.58 [ 0.04 | 023 | 030 | 009 | 060 ! 113 | 1.23

_ mg/kg soil (70 Yr.) - _ mg/kg soil ( 20 Yr.) B
020 040[050 [ 1332891203 | 716 | 735 | 045 ] 202 | 273 | 096 | 310 [ 926 | 9.16 |
2040 1025|022 089 [ 194 | 142 | 469 | 470 | 027 | 120 | 163 | 057 | 218 | 581 | 568 |
40-60 0.25] 0.22 | 0.89 | 1.94 | 142 ]| 469 | 470 | 027 | 120 | 163 | 057 | 2.18 | 581 | 568 |
60-80  [0.09] 0.12 [ 0.56 | 1.5 330 | 333|040 | 045 | 071 | 022 | 103 | 249 | 2.99
80-100 0.04] 0.04 | 0.29 229 | 246 [ 005 | 039 | 050 | 015 | 086 | 191 | 224
100-120 [ 0.03] 0.03 [ 0.16 141 | 147 {004 | 028 | 038 | 011 | 057 [1.36 | 1.38

“Ex, = Exchangeable; Carb. = bound to carbonates; Ox. = bound to Fe and Mn oxides; Org. = bound to organic matter, Res. = residual,
Sum.= summation of extracted fractions.

B )3 'H'S ‘Amepeg
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Table (3): Zinc associates with different chemical fractions at soil profiles of different locations.

Location
Depth Ei-Gabal El-Asfar Helwan
{cm) mg/kg seil {15 Yr.) mglkg soil {15 Yr.)
Ex. [Carb | Ox. | Org. [ Res. | Sum. [Total | Ex. | Carb. | Ox. | Org. | Res. |Sum. ] Total
0-20 324 10.09 22.93 7099 1154 2248 2523 | 204 9814 1499 4938 1615 4823 5250
20-40 1094 545 865 2912 4598 90.89 1029 | 7.14 37.88 6643 1787 89.09 219.6 2452
40-60 0.87 323 519 1945 2572 5472 6090 ) 509 2418 3799 1147 4767 127.2 136.7
60-80 1091 356 509 1941 2166 51.00 5627 | 2.76 1302 23.07 6.39 3456 80.12 90.53
B0-100 |0.71 1.91 489 1421 1453 3647 4114 | 142 1039 1584 438 2243 5468 60.29
100-120 | 0.49 265 445 1330 1209 3329 3700|123 775 1163 311 1560 39.46 42.00
mag/kg soil (76Yr) mg/kg soil { 20 Yr.) ]
0-20 8.56 25.36 57.39 1806 280.6 556.1 617.4 | 364 157.4 2589 6822 2799 8054 8327
20-40 1229 1173 2068 6927 1105 2161 2417 | 147 6081 1168 2777 1524 3742 4213
40-60 1267 10.14 1587 60.38 77.11 167.0 184.0| 392 1533 2693 573 3785 90.16 1009
GO-80 246 921 1318 4809 52.87 1263 1406 429 1455 2435 566 3167 80.80 9045
B0-100 |1.62 429 1094 3174 31.65 80.94 9012 417 1461 2991 677 3261 8341 90.34
100-120 |1.18 6.62 10.80 3253 28.51 80.26 90.609| 316 1379 2207 654 2813 7260 83.26

900z ‘Asenuer ‘(L) LE “Ajun einosuey ‘yag -ouby
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Table (4): Copper_associates with different chemical fractions at soil profiles of different locations.

Depth B Location
{cm) El-Gabal El-Asfar : Helwan
mg/kg soii {15 Yr.) mgllkg soil {15 Yr.})

Ex. [Carb| Ox. | Org. | Res. | Sum. [ Total | Ex. | Carb. | Ox. | Org. | Res. | Sum. | Total

0-20 1.04 056 844 3661 3508 8427 9491 435 2824 4058 1509 4565 1342 1539
20-40 0.71 021 343 1499 1109 3060 3420|169 1104 1754 523 2090 5655 6592

I

40-60 1044 029 421 1354 1141 3014 3492) 1.36 7.23 10.67 3.39 14.08 3680 40.34

60-80 J:O.54 025 331 1089 1162 2724 30.15 | 069 3.21 4.94 1.41 7.10 17.40 19.26

80-100 I 036 025 228 581 752 1629 19545 055 2.96 4.59 1.29 6.54 16.00 17.56

100-120:0.13 040 179 438 607 1256 1410 042 240 359 098 449 1193 13.39
.. _mglkg soil {70 Yr.} malkg soil {20 Yr.)

020 206 105 1546 7107 6229 1527 1694 { /27 2722 4627 1431 4417 1396 1616

20-40 123 037 576 2485 1835 5048 5746 ( 184 728 1364 437 1531 4260 48.30
40-60 056 038 506 1597 1328 3548 4066 101 422 708 227 858 2326 26.79
60-80 1058 026 347 1135 1222 2810 3001 | 131 38 651 199 805 2180 2450

80-100 :0.53 037 3.18 829 10.23 2272 2540 087 3.19 528 1.56 6.45 1743 20.16
100-120 ' 0.17 0,15 261 659 858 1821 2032, 066 256 3.99 1.30 413 1271 1422

“Ex. = Exchangeable; Carb. = bound to carbonates; Ox. = bound to Fe and Mn oxides; Org. = bound to organic maiter, Res. = residual; Sum.=
sumination of extracted fractions

1B 19 ‘H'S ‘Amepeg
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Table (5): Lead associates with different chemical fractions at soil profiles of different locations.

“Ex. = Exchangeable; Carb. = bound to carbonates; Ox. = bound lo Fe and Mn oxides; Org. = bound lo organic matter, Ras. = residual;

Sum.= summation of extracted fractions.

i o Location i
Depth E!-Gabhal El-Asfar - Helwan
{cm) mg/kg seil {15 Yr.) mg/kg soil {15 Yr.)
| | Ex. [Carb | Ox. | Org. [ Res. [ Sum. [Total | Ex. | Carb. | Ox. | Org. | Res. [Sum.]| Total
0-20 084 175 212 2185 1536 4214 4900|292 1129 1378 631 2156 5612 06648
20-40 026 052 068 646 492 1292 1592 0.57 2.39 3.58 1.55 578 1392 15.52
40-60 029 056 071 499 339 1002 1207 | 0.41 2.14 2.95 1.18 456 1128 14.60
60-80 |034 054 080 411 311 894 1014 028 1.75 2.05 0.89 324 822 915
80-100 |0.14 027 043 205 164 456 546 | 018 101 138 049 207 515 745
100-120 (012 026 037 104 105 286 342 | 009 042 064 023 089 228 292
.~ . mglkgsoil (70Yr) N mglkg soil (20Yr) |
0-20 262 493 511 5419 36.41 1033 1202 ' 129 1423 2071 843 1279 8250 97.62
20-40  [1.03 175 246 1821 1263 3609 4310 ‘ 0.62 3.23 516 1.87 881 19.74 23.45
40-60 10688 123 156 11.07 752 2206 2510, 0.39 2.33 3.41 1.24 541 1282 1520
60-80 1051 083 119 578 405 1236 1426|029 163 203 073 367 846 1012
80-100 |0.28 059 085 387 311 870 10307 0.18 1.07 1.53 0.55 2.63 597 7.07
100-120 |0 24 059 087 237 275 682 794 009 044 066 019 101 241 286

900z ‘Atenuer ‘(1) pg “aupn einosuel 198 ‘ouby
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Fig.( 2) Distrbution of total metal content with soil depth as a percent of surface layer content.
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Oxides bound-metal ranging from 0.16 to 258.9 mgkg™' in different locations,
of Cd, Cu, Pb and Zn exist in the oxides pool. The highest values were
recorded for Zn, whereas the least ones belong to Cd. The values ranging
apnroximatily from 4.95 to 33.15% of the total. The highest percentages are
recorded for Helwan soils followed by El Gabal EI Asfar soils. This result
could be attributed to high oxides which adsorbed Cd, Cu, Pb and Zn { Fig 1).

Organic bound-metal was the predominant form, ranging from 0.09 to
180.6 mgkg™' in differeat locations, of Cd, Cu, Pb and Zn exist in the organic
pool. The highest values were recorded for Zn, whereas the least ones
belong to Cd. The values ranging approximathy from 8.27 to 52.48 % of the
total. The highest percentages are recorded for Pb and Cu in El Gabal El
Asfar followed by Helwan soils. These results attributed to high organic
matter content { Fig 1). Thes result could be attributed to the high affinity of
b and Cu to form complexes with organic substances. Bloom and McBride
(1979} and Camobreco et al(1996) estimated the relative preferential for
some divalent cations of transition on H™ - peat and HA, and obtained the
following series; Cu > Pb >> Fe>Ni=Co =2Zn > Mn = Ca.

The residual fraction. the metal exists in primary minerals and/or
precipitated as phosphates, silicates, etc., is the second predominate form for
all metals. In average of, 26.10 — 48.32 % of the total of the studied metals
are exist in the residual fraction. The conditions of studied sandy soils; high
pH, low contents of both tota! carbonates and clay, promote chemical
precipitation of soluble metal burden in sewage effluent. Also, slow diffusion
of metal into the interior lattice of soil minerals is possible according to Dowdy
et al(1991). They suggested that it is possible over 14-Yr period, some of the
added Cd and Zn slowly diffused intc interior of the mineral, Dowdy et af,,
{1991) has observed adsorption of metals within the crystal interior of illite
and smectite clay minerals varied percentages of each metal were associated
with oxides. and carbonates- fractions.

The average percentage value cof each particuiate-bound metals
species in all studied soils followed the order: residual (26.10 — 48.32 %) >
organic-bound (6.27 to 3248 %) > oxides-bound {4.95 to 33.15%) »
carbonate-bound {0.67 to 22.05 %)> exchangeable (1 to 6 %) of the total
presant in the soils. These results can be considered as basic information for
the metals status of scils {Ramos ef al., 1994; Onyatta and Huang, 1999).

in general, heavy metals burdened in sewage effluent and industrial
wastes distributed among different soil chemical pools, with great affinity to
residue in relatively tess mchile forms such as residual, organic- and oxides-.
These results mean that the soil has ability to minimize the immediate risk of
the added heavy metal through decreasing its mobility, hence reducing
photoavailability of these metals. But the question is how long these soil
constituents will be able to sustain the continuous supply of such heavy
metals?
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3-Mobility of heavy metals in the soil profile:

Tables (2. 3, 4 and 5) show a high movement of studied heavy
metals downward the soi! profile. The relative distribution shows that the
different metals {Cd, Cu, Pb and Zn) fractions decreased with increasing the
depth. The percentage of distributed fracticns from the surface layers showed
that the deepest layer {100-120 cm} is amounted to approximately 20 % for
Cd; 11% for Cu; 6% for Pb and 14% for Zn in El-Gabal El-Asfar soil which is
higher than in Helwan soil which represents 15 % for Cd; 8.7 % for Cu; 3 %
for Pb and 8% for Zn of their total contents in the surface layer (9-20 cm).
Although, the results verifying high movement of the studied metals, Fig. { 2 )
Show that Cd and Zn are more movable than Pb and Cu. Similar results were
cbtained by Li and Shuman (1996). They reported that, except for slight
movement of Cd in the Clarendom soii profiles, there was no movement of Pb
in the other two soil profiles (Fuguay and Dothan). Pb had accumulated in the
topsoils because of their affinity with organic matter fraction.

These differences in metals mobility due to scil pH and CaCOs;
content. The high contents of CaCQ; in calcarecus soil (Helwan} minimized
the mobility. This result agree with those reported by Ma and Lindsay,(1990).
In contrast high movement of sewage- borne heavy metals, the sludge
burden ones slightly moved out of the incorporation layer. Dowdy et al. {1991)
suggested that small amounts of sludge- borne Cd and Zn moved out of the
tillage zone into the subsoil after 14-Yr of massive sludge addition. Also,
Dowdy and Volk (1983) found very littie evidence of trace metals movement
beyond the zone of incorporation. High movement of sewage effluent burden
heavy metals could he atiributed to; 1) Liquid nature of the effluent, 2) coarse
texture and high permeability of the studied soil which facilitate the transport
of the sewage siudge effluent carrying residence heavy metals, and 3}
employed irrigation regime {flood irrigation) lead to magnifying the quantity of
sewage effluent added to the soil that increases heavy metals load. The
abovementioned knowledges are verifying high movement of Cd in EI-Gabal
El Asfar (sandy soils) than Heiwan (calcarecus soils} and Cu had
accumulated in the topscils because of their affinity with organic matter
fraction. Similar resuits were obtained by Li and Shuman (1986).
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