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ABSTRACT
The present work was carried out to assess the immobilization efficiency of

some amendments induced some heavy metals in contaminated soil. Two types of
amendments phosphate rock: and bentonite were mixed with soil at different rates 1,

2, 4, 6 and 8 ton fed™, then incubated with soil samples at periods of 20, 30 and 60

days in three repllcates then seeded maize (Zea maize) after incubation of soil to

monitoring reducing values of available heavy metals in plant and soil.

The obtained data showed that:

- Both applied phosphate rock and bentonite succeeded in reducing the availability of
(Cu, Zn; Mn and Pb) as well as that phyto-availability to the grown plant of maize.
Available heavy metal contents showed a tendency to decrease by increasing the
_applied amendment levels.

- Lower values of available (Cu, Zn, Mn and Pb) could be obtained as a result of
application of phosphate rock and bentonite at rates of 6 and 8 ton/fed.,
respectively, after 60 days of incubation.

- The important role of phosphate rock and bentonite application for improving soil
physical and chemical properties.

- The previous beneficial effects of studied amendments were actually reflected on
increasing the plants ability for improving the vegetative growth parameters, i.e.,
fresh weights and dry weights of shoots and roots yields, with similar parallel
trends for the heavy metals immobilization in soil and uptake by plant organs
(shoots and roots) . .

- Likewise, phytotoxicity of (Cu, Zn, Mn and Pb) alleviated rather easily by increasing
the leveis of phosphate rocks and bentonite at rates of 6 and 8 ton/ fed.,
respectively, after 60 days or incubation.
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INTRODUCTION

Remediation of heavy metals in contaminated soils is necessary in
order to alleviate their potential risks that pose to both environment and_
human health. Clay minerals and other amendments play an important role in
the chemical behavior of heavy metals in soil. Decomposition of organic
matter is followed by formation of active groups which have the ability to
retain the metal in the complex and chelated form. The chemical behavior of
the metal changed from cation to anion as well as the release of organic
acids which reduced the soil pH by Traina and Logan (1993).

Depending on the source, soil application of phosphate can cause
direct adsorption of metals onto these compounds through increased surface
charge and enhanced anion-induced metal adsorption. Adsorption of metals
onto hydroxyapatite surfaces has been observed for a number of metals
including Cd, and Zn. Traina ef al. (1994).
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Homenauth and McBrid (1994) indicated that treating of contaminated
soils with certain amendments that enhance key biochemical processes in
soils that effectively immobilize heavy metals have already been treated with
bentonite and phosphate rock amendments. Such soil chemical amendments
enhanced natural remediation and resulting in substantially improved piant
growth and reduced offsite metal transport. The immobilization efficiency
induced by such assisted natural remediation may be offered some potential.
A suite of chemical amendments are available to monitor the efficiency of
assisted natural remediation as well as such technique is now available
ensuring the long-term efficiency of a chosen cleanup tool.

The application of phosphate and bentonite amendments -to
contaminated soils has been identified as a potentially efficient remediation
method, (Cao et al., 2003). This technique is to immobilize metals primarily
through the formation of metal phosphates which reduced solubility and
enhanced geochemical stability in a wide range of environmental conditions.
Precipitation appears to be the predominant process of metal immobilization
in the presence of different anions, i.e. carbonate, hydroxide and phosphate,
especially when the concentration of metal ion is high, (Adriano, 2001).

- Ciecko et al. (2005) showed that the addition of compost, brown coal,
lime and bentonite reduced the undesirable effect of cadmium contamination
on the plants, on the other hand, the amount of magnesium increased in all
the examined parts of the oats, in the above-ground parts of yellow lupine
and radish as well in the roots of maize as a result of soil contamination with
cadmium. .

Csillag and Lukcas (2006) stated that addition of phosphate rock
generally decreased heavy metal concentrations in the soil solution, due to its
pH elevating immobilizing effect. Except for Pb, extreme acid treatment
compensated for the immobilizing effect of phosphate rock. Usman et al.
(2006) investigated the additions of clay minerals (Na- bentonite, Ca
bentonite and zeolite), Fe oxides (hematite and goethite) and phosphate
fertilizers (super-phosphate and Novaphos) on the heavy metal contents in
the shoots of wheat plant. The results indicated that the labile fraction of
heavy metals reduced due to the addition of Na- bentonite and Ca bentonite
by 24 % and’31% for Zn, by 37 % and 36 % for Cd, by 41% and 43 % for Cu,
by 54 % and 61% for Ni, and by 48 % and 41% for Pb, respectively.,
However, the addition of phosphate fertilizers strongly  reduced the
bioavailability of heavy metals for wheat plants.

Herwijnen et al. (2007) showed that the metal immobilization and
bicavailability are governed by the formation of complexes between the
metais and organic matter. Also, Kireicheva et al. (2009) found that the
application of bentonite to the heavy metal-contaminated soils had a positive
effect on the soil's agrochemical properties and production processes. They
also added that a decrease in heavy metal concentration was noted in the
biomass of oats, which depends substantially on the level of sail
contamination in the name of the metal. Chen et al. (2009) indicated that the
phosphate amendments converted significant amount of the soil Pb, Zn and
-Cd from exchangeable to organic bound, carbonate bound, amorphous Fe
and Al oxides bound and non- residual fractions. The present investigation
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was carried out to study the immobilization efficiency of some amendments
induced some heavy metals in a contaminated soil

MATERIALS AND METHODS

A. Soil: .

A soil sample was collected from the 0-30 cm surface layer at the
agricultural farm of EL-Gabal EL-Asfar that is located adjacent to Greet Cairo,
Egypt. This soil irrigated continuously with sewage effluent for about 80
years. Soil sample was air dried and then ground to pass through a 2mm
sieve. Some physical and chemical analyses were carried out according to
the standard methods undertaken by Black. (1965) and Page et al., (1982),
the results are shown in Tabie 1. Also, available Cu, Zn, Mn and Pb were
determined in the experiment soil using ammonium bicarbonate-DTPA
extractable according to Soltanpour and Schwab (1977) and their contents in
the obtained extract were measured by atomic absorption spectrophotometer.
B. Amendments:

Two types of amendments were used phosphate rock and bentonite:
pretreatment of samples for mineralogical analysis was carried out according
to Black (1965), and the identification of the clay minerals in the separated
clay was conducted by X -ray diffraction using Philips goniometry type PW
1830.

Table 1. Some physical and chemical properties of the soil.

Soil Properties value
Particle size distribution %
Coarse sand 56.32
Fine sand 21.54
Silt 9.92
Clay 12.22
Textural class Sandy loam
OM. % 2.71
CaC0:% 1.23
pH (soil past extract) 7.62
ECdSm 1.13
Soluble ions (meq L)

* 245
Mg"™ 1.55
Na™ 5.53
K* 0.54
COs~ 0.00
S04 2.27
cr 5.85
HCO7" 1.95
Heavy metals ppm (available)

Cu 16.02
Zn 65.13
Mn 27.80
Pb 14.10
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Table 2: Some chemical analysis of the used materials phosphate rock
and bentonite;

P Ca0O | SiO; | Fe. AL20 MgO | K20 | MnO

Amendments 3/?5 ,ak | .'%2 ,;? 3 ,/: 3 % "ZA :/:
Phosphate rock | 25.06 | 41.08 | 6.65 | 4.17 0.76 2.05 | 0.20 | 0.23
Bentonite 6.8 3.7 50.0 7.0 20.0 0.6 2.4 0.6

C- Experiments:

Out door experiment were carried out in the farm of Agriculture
Faculty, Al-Azahr University during the summer season of 2009. Using soil
samples were collected from EL-Gabal- EL-Asfar farm located at 25 km
northeast Cairo, Egypt, using plastic pots 30 cm inside diameter, 35 cm depth
and contain 10 kg soil. Soils were mixed with phosphate rock and bentontie
at different rates (1, 2, 4, 6 and 8 ton/fed), then incubated at periods of (20,
30 and 60 days) in three replicates, beside the untreated soil (control
treatment). All pots were conducted in a split-split design, during soil
incubation the moisture content of the pots were kept at the field capacity,
then seeded maize (zea maize) after incubation penods with amendments of
soil. Five plants in each pot were planted on the 30" March. During the
growth the moisture content adjusted at field capacity. The conventional
agricultural practices, especially the fertilization with the recommended doses
of N and K, were applied. Plant shoots and roots were harvested after 60
days from planting, at which time there was sufficient plant material for
analysis. Plant organs were rinsed in distilled water and then dried at 60-70°
for 24 hr, dry weights were recorded. The plant samples were ground and wet
digested with acids mixture (HNO; and HC1Q,) according to Jackson (1973).
Heavy metals under investigation (Cu, Zn, Mn and Pb) in clear digested
solutions were determined using Perkin Elmer Inductively Coupled
Spectrophotometer Plasma 400 (ICP). At the same time, DTPA extractable
contents of the studied heavy metals were determined, as mentioned before,
at harvest to evaluate the response of their potential mobility and biological
uptake by grown plants to the applied chemical amendments.

RESULTS AND DISCUSSION

1. Effect of phosphate rock on available Cu, Zn, Mn and Pb.in soil.

Data in Table 3 represent the available and % of the residual in soil
from native Cu, Zn, Mn and Pb as affected by different levels of phosphate
rock after 20, 30 and 60 days of incubation at rates of (1, 2, 4, 6 and 8 ton
fed”). The results show that the available amounts of Cu, Zn, Mn and Pb
were reduced with increasing time of incubation and with increasing rates of
applied phosphate rock compared with the control. However the data
revealed that the lower values of available Cu, Zn, Mn and Pb could be
obtained as a result of application of phosphate rock at 6 and 8 ton fed™ after
60 days of incubation. Whereas, the unavailable values of Cu, Zn, Mn and Pb
reached to 40 %, 35 %, 55% and 40 %, respectively. This could be due to the
important role of phosphate rock to retain heavy metals in soils as
unavailable form. These results ‘may be attributed to the formation of stable
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form compounds with a wide range of cationic contaminants or immobilization
of heavy metals as oxide, hydroxide or phosphate. These findings are in
agreement with those of Csillag and Lukcas (2006); who found that addition
of phosphate rock generally decreased heavy metal concentrations in the soil
solution, due to the immobilizing effect of phosphate rock. Also, Chen et al.,
(2009) indicated that the phosphate amendments converted significant
amounts of the soil Pb, Zn and Cd from exchangeable to organic bound,
Carbonate bound, amorphous Fe and Al oxides bound and non- residual
fractions. The results suggested that phosphate rock had directly greater
potential to immobilize Cu, Zn, Mn and Pb in the studied contaminated soil at
6 and 8 ton/fed after 60 days of incubation. The ability of phosphate rock to
immobilize heavy metals under consideration in contaminated soil through
precipitation as metal- phosphate compounds had been well documented by
Bolan et al. (2003). The heavy metals could be represented the following Mn
>Pb > Zn > Cu.

Table 3. Effect of phosphate rock on available and % of the residual
from native of Cu, Zn, Mn and Pb in soil at different periods.

phosphate % of the residual from

rock native

tonfed® [ Cu [ Zn [ Mn | Pb | Cu | Zn | Mn | Pb
control |16.02{65.13[27.8014.10( 100 { 100 | 100 | 100
16.00{62.30(25.11|14.10|99.87 | 95.65|90.32 100
15.10(62.21{24.60|13.81]94.25|95.51 88.48 | 97.94
14.12161.35|24.32|13.61[88.13|94.19(87.48 | 96.52
14.09{61.30(23.61|13.55|87.95|94.11 (84.92 (96.09
14.00160.80/22.31|13.50/87.39193.35/80.25|95.74
12.6157.62{18.91|13.7178.71{88.46 |68.02 |97.23
11.65)|57.55|17.80|13.5072.72|80.36 | 64.02 | 95.74
11.42)148.9115.62|12.61}71.2875.09|56.18 | 89.43
10.10|48.60|14.27|11.33|63.04|74.62 (51.33 | 80.35
10.11147.31]14.2311.20(63.10|72.63{51.18|79.43
11.6946.60)15.562|10.6172.97{70.01(55.82|75.24
10.30|44.61|14.56|10.32 | 64.29 | 68.49 | 52.37 | 73.19
10.29{43.50|13.91| 9.16 |64.2366.78 | 50.03 | 64.96
9.75.|42.45|13.80| 8.35 |60.86{65.17 |49.64 [ 59.21
9.70 [42.50|12.66| 8.21 |60.54 {65.25[45.53 | 58.22
10.92|40.80|16.51| 9.61 |68.16|62.64|59.38 |68.15
9.65 {35.81115.60| 9.50 {60.23|54.4856.11|67.37
9.33 {33.90|13.91| 8.83 |58.23|52.04|50.03 |62.62
7.35 128.31112.30| 7.90 {45.88|43.46(44.24(56.02
7.18 128.16112.15]| 7.81 |44.81]43.23|43.70155.39

Incubation; :
period

Available ppm

20 days:

40 days

60 days

after
harvesting

OODBNDAONAN=22ODBEN={ODAEAN=

2. Effect of bentonite on available Cu, Zn, Mn and Pb in soil.

Data in Table 4 represent the available and % of the residual in soil
from native Cu, Zn, Mn and Pb as affected by different levels of bentomte
after 20, 30 and 60 days of incubation at rates of (1, 2, 4, 6 and 8 ton fed’ b)
The results showed that the available amounts of Cu, Zn, Mn and Pb were
reduced with increasing time of incubation and with increasing rates of
applied bentonite compared with the control. However, data revealed that the
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lower values of available Cu, Zn, Mn and Pb could be obtained as a result of
bentonite application at the rate of 6 and 8 ton fed' after 60 days of

!ncubation. Whereas the unavailable values of Cu, Zn, Mn and Pb reached to
45 %, 40 %, 55% and 49 %, respectively. This pointed out the important role
of bentonite application, which significantly reduced the solubility of heavy
metals in contaminated soil. These resuits are in agreement with those of
Abd-Elhady (2007); who recorded that the application of surfactants to clay
minerals succeeded to enhance retention of organic poliutants. He also,
added that clay was an important soil component in the adsorption of metals.
Also, Herwijnen et al. (2007); suggested that metal immobilization and
bioavailability are governed by the formation of complexes between the
metals and organic matter.

Table 4. Effect of bentonite on available and % of the residual from
native of Cu, Zn, Mn and Pb in soil at different periods.

3 -
Incubation | Bentonite Available ppm % of the rgs?ldual from
period | ton fed’ native
Cu Zn | Mn | Pb | Cu { Zn | Mn | Pb

Control |16.02|65.13{27.80(14.10{ 100 | 100 | 100 | 100
15.12163.18125.34114.00(94.39197.00191.15|99.29
16.08 163.15(25.23|13.89|94.1396.95|90.75| 98.51
14.8863.10(25.10|13.80{92.88 | 96.88 | 90.28 | 97.87
14.70{62.17 (24.66|13.37(91.76 | 95.45 (88.70 | 94.82
14.3062.16124.21]13.32[89.26 | 95.43 [ 87.08 | 94.48
12.60/47.30121.21/13.80|78.65)|72.62|76.29|97.87
11.33145.80{20.11113.37{70.72170.32{72.33|94.82
10.9042.80(19.30|12.81 {68.03|65.71{69.42 | 90.85
9.82 [41.50|17.2912.32|61.29|63.71162.19|87.37
9.43 139.41(14.18111.31158.86 {60.50{51.00{80.21
10.92141.81[15.22|10.1168.16 |64.19|54.74|71.70
9.85 |41.30[14.32| 9.85 [61.48(63.41|51.51|69.85
9.55 1402211368 8.32 {59.61|61.75149.20|59.00
8.37 139.4212.48| 7.20 |52.24|60.52|44.89|51.06
8.11 [38.30/12.31] 7.19 [50.62|58.80|44.28| 50.9
9.93 {4060{15.16) 9.47 {61.98 |58.80|54.53|67.16
9.81 |136.60|14.15]| 9.42 [61.23|56.19(50.89|66.80
9.43 |35.81{13.43| 8.19 [58.8654.98 (48.30|58.08
8.30 133.63112.21| 7.10 {51.6351.63]43.92}50.35
8.10 {33.60[12.13) 6.18 |51.58{51.58(43.63/43.82

20 days

40 days

60 days

after
harvesting

ORHRBAN2AODBEBNAOCDDDBN 2D AN

3. Effect of amendments application on dry matter yield of maize after
incubation in soil.

Data in Table 5§ show that the dry matter yield of roots and shoots of
maize after incubation of phosphate rock and bentonite in the contaminated
soil samples were extremely higher than the control. The results conclude
that the relative dry weight of roots and shoots of maize after incubation of
phosphate rock were in treatment No. 1 (101.65) and (100.81%) then
increased gradually until reached (138.03) and (115.05) with treatments No. 5
respectively. The same remark was found regarding the roots and shoots of
maize after incubation of bentonite were in treatments No. 1 (101.24%) and
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(100.82%) then increased gradually until reached (137.39) and (119.67) with
treatments No. 5 respectively. This emphasized the effective role of the
different treatments particularly treatment No. 4 and 5 for increasing the
biomass production in soils after incubation with phosphate rock and
bentonite. These resuits confirm again the important role of appiication of
phosphate rock and bentonite for improving soil contaminated with heavy
metals on the contrary lower uptake of heavy metals by maize roots and
shoots after incubation of phosphate rock and bentonite in contaminated soils
than in roots and shoots of the control. This remark insured the important role
of application amount to reduce solubility and concentration of heavy metals,
which could led to low plant uptake of heavy metals in contaminated soils.
Similar results obtained by Ciecko et al. (2005).

Table 5. Effect of amendments application on dry ma&er yield of maize
after incubation in soils at different periods.

Treatment D.W. 'II'I:; Concentration ppm ._Uptake pg pot”
ton fed! [gm pot® “;;l d“ CulZn |Mn|Pb|{ Cu| Zn | Mn | PD
: Roots of maize - ’
control 7.23 100 460 (36512915661 33.25.1 26.30 | 21.30 | 40.92
1 7.35 101.65 2151231260253 | 15.80 | 16.97 | 19.11 | 18.59
2 7.50 103.73 | 2.13(2.12 (1258 { 2.51 | 15.97'| 156.97 | 19.35 | 18.82
é 4 867 | 11991 11111098159} 1.42| 9.62 8.49 | 13.00 1 12.31
; 6 9.63 133.19 |10.821089{149|141| 7.89 8.57 | 14.34 | 13.57
- 8 9.98 138.03 | 0.83/0.89|148[1.39| 8.28 8.88 | 14.77 | 13.87
& Shoots of maize  ’
é’ control 19.60 100 3.5613.1111.92)3.52)]69.77 | 60.95 | 37.63 | 68.99
o 1 19.76 10081 | 227 12711123211 | 4485 | 53.564 | 24.30 | 41.69
2 20.81 106.17 11981213 ]1.1111.21 1 41.20 | 44.32 | 23.09 | 25.18
4 2163 | 11035 {0.95({1.63[1.00(1.10 29.54 35.25 | 21.63 | 23.79
6 2175 | 110.96 [ 0.82 1095|099 |1.00| 17.83 | 2066 | 21.53 | 21.75
8 2185 | 1156.05 {0.7110.8310.98 | 1.00] 15.51 | 18.13 | 20.32 | 21.85
Roots of maize
control 7.22 100 460|365(2901(566| 33.21 | 26.35 | 21.01 | 40.86
1 1 7.3 101.24 1 3.131297 216 |3.65| 2282 | 21.71 | 15.78 | 26.68
2 7.45 103.18 | 2.65|2.92|2.1213.66 | 19.74 | 21.75 | 1579 | 27.26
4 8.63 119.52 11.3112.3071.03]260| 11.30 | 19.84 | 8.88 | 22.43
2 6 9.83 130.60 {0.95(1.61 ({103 {192 9.33 { 1582 | 10.12 | 18.87
s 8 9.92 137.39 {0.9211.60[1.02]1.911 912 | 1557 | 10.11 | 18.94
E Shoots of maize
m control 18.20 100 356(3.111192|3.52|64.79 | 56.60 | 34.94 | 64.06
1 18.35 | 100.82 | 2.11 1292 1.77 | 2.14{ 38,71 | 53.58 | 32.47 | 39.26
2 18.96 104.17 | 1.60{1.97 } 1.63 ] 2.13 | 30.33 | 37.35 | 30.90 | 40.38
4 19.80 | 108.79 | 1.23|1.3511.20] 1.98 | 24.35 | 26.73 | 23.76 | 39.20
6 2165 | 11895 |0.93]1.11]1.01]1.31] 20.13 | 24.03 | 21.86 | 28.36
8 21.78 | 119.67 {0.61{1.10|1.00{1.28 | 19.81 { 53.95 { 21.78 | 27.87

4. Effect of amendments application on some soil properties.
a. The influence on soil density and total porosity.

Tables 6 and 7 show that the mean values of bulk densities for the
soil under study were progressively reduced with mcreasmg time of
incubation from 20 to 60 days at rates (1, 2, 4, 6 and 8 ton fed™') of phosphate
rock and bentonite, especially after maize planting compared with the initial
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soil samples. On contrary the mean values of total porosities were increased
with increasing tlme of incubation from 20 to 60 days as well as at rates (1, 2,
4,6 and 8 ton fed™") of phosphate rock and bentonite.

b. The influence on water movement.

Hydraulic conductivity coefficient was the parameter used for the
measurement of water movement in the soil of the investigated treatments.
Tables 6 and 7 reveal that the values of hydraulic conductivity coefficient (K)
markedly increased with increasing time of incubation from 20 to 60 days
especially after maize planting compared with the control. This could be
attributed to the application of phosphate rock and bentonite which had
affected on pore size distribution and to the improving effects of the
investigated treatments on the physical soil properties, similar results were
obtained by Mashour, (2005).
¢. The influence on moisture content.

The data of Tables 6 and 7 shows the moisture content values for the
soils under study which markedly increased with increasing time of incubation
from 20 to 60 days, especially after maize planting compared with control
treatment. Data in Tables 6 and 7 showed that soil moisture values (field
capacity and saturation percent) were affected by application of different
treatments of phosphate rock and bentonite at different incubation periods
from 20 to 60 days.

4 - The influence on soil reaction (pH)

Data in Tables 6 and 7 show that the pH values of the soils under
study were reduced with increasing time of incubation from 20 to 60 days as
well as with increasing rates of applied bentonite (1, 2, 4, 6 and 8 ton fed™)
comparing with control.

Table 6. Effect of phosphate rock on some soil propertles at different

periods.
incubation pnizpca:ate 5‘; Ec | OM mg(‘:-ﬁm Cac0s | Sp | FC. | K _|BD. | Porosity
period ton fed” | past |95 | % g soif” % % % |emh’lgem %
control | 7.62| 113 | 271 | 14.85 | 1.23 | 4210 |29.15 [23.33 | 1.30 | 50.94
1 763)110| 280 | 1498 | 1.33 |4571 2049|2750 128 | 51.69
2 765(117 | 285 | 1532 | 1.37 |46.80|2050(27.60| 1.28 | 51.69
20 days 4 765|1.18| 287 | 15.28 | 1.37 |47.60|29.51|28.55| 1.28 | 51.69
6 7661119 | 288 | 1590 | 1.40 |4871|2055 2860 1.28| 51.69
8 767]119] 288 | 1641 | 1.41 |49.51|2960)|29.62] 1.28 | 51.69
1 763|120 286 | 16.80 | 1.47 |47.12]2930|27.56 | 1.27 | 52.07
. 2 766[ 120|287 | 1630 | 1.48 [47.19|2058{27.70} 127 | 5207
40 days 4 767|121 | 289 | 1631 | 150 [48.11|2060|28.81| 127 | 52,07
6 767|122 | 290 | 1639 | 154 |4988|3068|28.80] 1.27| s2.07
8 768|122 | 290 | 17.40 | 1.55 |49.90|3071 3011|127 | s207
1 767 121|289 | 16.80 | 1.48 |48.90 2080 (2851|127 | 5207
2 768| 122|290 | 1682 | 1.50 |48.92|20.81 2977 | 127 | s207
60 days 4 768|123 | 290 | 1743 | 150 (4898|2985 2080/ 1.26 | 5245
) 769|123 | 291 | 1750 | 1.56 |s50.81|30.89 2082 126 | 52.45
8 769|123 291 ] 1752 | 1.57 [50.81]30.90|30.30 | 1.26 | 52.45
1 768] 122|290 ] 17.50 | 1.52 |50.60 | 30.55 |38.60 | 1.26 | 52.45
after 2 769|123 291 | 1751 | 153 (51713059 (39.90 | 1.26 | 52.45
haryesting 4 769|1.23] 291 | 1756 | 1.55 |52.90|30.60|29.91| 1.25 | 52.83
6 770|124 | 292 | 1765 | 160 |53.66)31.10|30.49| 125 | 52.83
8

770)124)292 | 1765 1.60 ]53.66]31.11130.50] 1.25 | 52.83
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On the other hand the pH values increased with the application of phosphate
rock at rates (1, 2, 4, 6 and 8 ton fed™) as well as with increasing time of
incubation from 20 to 60 days compared with the control treatments. These
results are in agreement with those of Abd — Elali (2009); who stated that the
order of increase in pH from the various chemical treatments were iime >
phosphate rock > charcoal > farmyard manure. The same trend was found by
Chen (1994); who pointed out that the application of phosphate rock
significantly reduced the solubility of heavy metals in contaminated soils as a
result of increasing pH values in contaminated soils with heavy metals.

Table 7. Effect of bentonite on some soil properties at different periods.

Incubation| Bentonite | PY\ | Ec | oM mSEfoo cacos| Sp | F.C. K] B.go. Porosty
3 [~ [} [} [} o
period | ton fed pastca“ % gsoil" Yo o % " em® %
control [7.62{1.13|2.71| 14.85 | 1.23 |42.10] 29.15 |23.33]1.30| 50.94
1 |7:60[1.13|2.71| 14.90 | 1.25 |48.11] 29.62 |28.32|1.26| 52.45
2 |755(1.14{275| 1492 | 1.25 {48.20| 30.00 [28.65(1.25] 52.83
20 days 4 |753|1.14]277| 1493 | 126 |49.12| 30,01 |28.83[1.24| 53.20
6 |7.50|1.14|2.79| 1511 | 1.27 |50.23|361.62|20.81}1.24] 53.20
8 |7.50/1.14|2.80| 15.12 | 1.27 |51.71] 31.70 |20.92|1.24| 53.20
1 [7.50]1.14|2.80] 15.80 | 1.26 |50.23] 30.15 |28.50] 1.23| 53.35
2 |7s0l1.15|2.83| 1600 | 1.26 |5063| 3019 |28.90|1.22| 53.96
40 days 4 |750|1.152.85| 1620 | 128 {50.72| 30.20 |20.83]1.21| 54.33
6 |749|1.15|286| 1621 | 128 |5450| 31.77 {30.23]1.21| 54.33
8 |7.49)1.15(285| 1622 | 1.20 |54561) 32.75 |30.30|1.20| 54.71
1 [7.49]1.15|2.88] 16.12 | 128 |51.13] 31.22 |29.60[1.20] 54.71
2 |7490|1.15288| 1612 | 1.29 |51.25| 32.10 |30.69|1.19| 55.09
60 days 4 |7.48|1.15/2.89| 16.15 | 1.30 |52.20| 33.19 |30.80{1.19| 55.09
6 (748[116|289| 16.19 | 1.31 |5552| 34.20 [31.551.18| 55.47
8 |748|1.162.90| 16.75 | 1.31 |55.50] 34.16 [31.60[1.18| 55.47
1 [7.48(1.15]2.00] 17.16 | 1.30 |50.11] 30.21 [30.501.14| 56.98
afer 2 |748{1.15|2.00| 17.21 | 1.31 |51.15| 31.11 {30.92/1.14| 56.98
hamectng| 4 |748[1.16|291] 17.51 | 131 |52.20| 3262 |30.80|1.14| 56.98
6 |747\1.16]2.01] 17.70 | 132 |s5.53| 32.90 |31.55/1.11| 58.11
8 |74701.16]2.01| 17:66 | 1.32 |55.60 32.91 |31.61]1.11| 58.11
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Fia Cliua pladiudy Ligla 4,5 A& AL jualiall any pus aid
a5l g e gl

VA daal A G apdu Gl gl 38l e ¢ pdgd A Sl Saw e
W @35 s 2aal

AN — A daaly — Aot 30 43S — olgall g el ) pudd

daiay gl o W jllia quiail 5 )y pian W gealiall AS ja auily il Y dadlas
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3 guaiall dnala — 4,30 450 g aaladl G A [2
AR dadla — As) 50 4K dal Je gua 3

259





