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ABSTRACT

After treating soils by Slag, Shale and compost at the rate of 20 mg.g™ soil ,
on the adsorption of Zinc in sandy silt soil, sandy soil, silt clay loam soil and silt clay
soil which were conducted under laboratory conditions. These soils had received
different concentrations of Zn , there was an increase in the equilibrium concentration
in this order as follows: Control > slag > shale > Compost. The maximum adsorption
of Zn in different soils after treating with soil amendments conformed to both
Freundlich isotherm in order: El Sadat City (sandy silt soil) > Milig Shibin Elkom (Silt
clay loamy soil) > Malanta Slovakia R. (Silt loamy soil) > El Tahrier (Sandy soil), and
Langmuir isotherm was formed as follow: Milig Shibin Elkom (Silt clay loamy soil) > El
Sadat City (sandy silt soil) > Malanta Slovakia R. (Silt loamy soil) > El Tahrier (Sandy
soil). The effect of soil treatments on the maximum adsorption means in spit of soil
types can be arranged in the following order: Compost > shale > slag > control
Regression analysis between soil properties and adsorption maximum according to
the Frendlich equation were weakly positive correlated as follow: Clay % (r=0.6616) >
silt +clay % (r=0.6496) > C.E.C (r=0.5825) > pH (r=0.5374) > Cacos % (r=0.5284) >
O.M % (r =0.4835) > silt (r = 0.4268) .

Also Langmuir equation in was positively correlated in the order: Clay %
(r=0.8849) > silt + clay % (r=0.7291) > C.E.C (r= 0.7288) > pH (r = 0.6730) > silt %
(r=0.5367) > O.M (r= 5278) > CaCos % (r= 0.2514) under different investigated soils.
Key words: Shale , Slag, compost, Zinc , adsorption value.

INTRODUCTION

Soil components are considered to be the most important group in
contributing to competing for the Slag sorption mechanisms which can be
based on the valiancy forces. Surface properties of soil particulates are the
most important factor in defining the capacity for adsorption of micro nutrients
supply to the plants. Some cation however may have a higher replacing
power than others and can selectively fixed by the sorbing sites. Jurinak and
Bver (1956) reported that , Zn was adsorbed on the crystal surfaces of the
dolomite and magnesite in the lattice by replacing magnesium. Zn is also
adsorbed less strangely on calcite than magnesite and dolomite.

Tiller and Hodgson (1962) found that silicate clays adsorbed zinc
reversibly by cation exchange and irreversibly by lattice penetration. Abd-
Elfattah and Wad (1981) stated the selectivity of adsorption reveals a
possible formation of the coordination complex of the heavy metals with
deprotonated OH and COOH groups as legends. The adsorption capacity of
Zn significantly correlated with the levels of CaCO3, organic carbon
and CEC of soils. Prasad and Kusum (1991) in their study found that the
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maximum adsorption of Zn decreased as follows : Loamy > sandy loamy >
sandy scil. Bunzle et al .(1976), Singh and Sekhon (1977) found that
adsorption of one divalent ion of metals ,Pb , Zn or Cu by peat was
accompanied with releasing of the two ion hydrogen. Raddy and Perkins
(1974) , Radwan (1992) and Rahma et al . (1993) found that the clay, organic
matter, cation exchange capacity and soil reaction (pH) also influenced on
the amount of Zn by soils . The maximum adsorption values of Zn were
increased with increasing clay content % of soils, pH , OM and CaCO; %.
Abou Hussien (1995) found that Zn adsorption was increased with incredsing
Zn concentration. The intensity of Zn adsorption was increased with
increasing fineness of soil texture, there is no significant simple correlation
between maximum adsorption , organic matter and CaCO;. Shalabey and
Bizik (1997) after treating soils with FYM at rate 20 tone.h” and sodium
humate at the rate of 5 kg.h™" at different concentrations of Zn. The amount
of Zn adsorbed and maximum adsorption were decreased as follows: FYM
with soil > Sodium humate with soil > Control soil. Maximum adsorption of
loamy soil was higher than sandy soil. The aim of this study was to define the
effect of the added soil amendments on the adsorption as well as on the
maximum adsorption of Zn in different studied soils.

MATERIAL AND METHODS

Four soil samples were taken from the surface layer (0-20 cm) of the
fields in the locations, El-Sadat City, El-Tahrer region, Milig Valage, and
Malanta from Slovak Republic. Samples were sieved through a 0.2 mm
screen and stored in plastic page , shale, slag and compost were crushed
and sieved through 0.16 mm screen and also stored in plastic page. Samples
were analyzed for some physical and chemical properties. Table 1.
Mechanical analysis, by Pipet method described by Piper (1950). pH after
extracting in solution 1 M KCL, organic matter according to method Walkely-
Black, CEC in ammonium acetate solution, CaCO; by means of the
volumetric method. All methods were described by Cottenie e al. (1982) . Zn
was determined by atomic absorption spectrophotometer . All chemical

analysis and experiments were measured at the laboratory temperature (25
1

Adsorption studies

Different concentrations of Zn 50,100,200,300,and 400 ppm prepared
by dissolving ZnSQO,.7H20 in 0.01M CaCl, solution. These solutions were
added to the soil (1:10 soils to solution). The amount of adsorption materials
were used 5 gm of soil alone or with 0.1 gm of Shale, Slag and compost. All
were put in series of polythene centrifuge tubes were vigorously shaken for
two hours . The supernatant solutions were separated by centrifuge at 2000
r.p.m for five minutes, and the residual content of Zn in clear solution was
determined by using atomic absorption.
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Table (1): Some physical and chemical characteristics of soil used in

experiments.

Location H EC, OM | CaCo, CEC, Zn, Sand Silt Clay | Texture

of soils PH I mscm'| % % | mmol.Kg'| ppm % % % Grade
Si'ty'sada‘ 7.94| 182 |0.3648| 5.00 | 139.22 | 625 [72.76 | 19.35 | 7.89 |Sand sit
El Tahrier |7.35| 0.41 [0.0102| 0.80 48.82 1.49 |1 96.95| 1.0 | 1.15 | Sandy
Milig, Shibin Silt clay
Elkom 7.97| 0.31 |2.7416| 1.80 | 459.00 |23.28 | 14.25 | 55.05 | 30.70 loamy
Malanta

Stovakla . 7.05| 0.18 |3.4986| 0.40 | 410.00 |16.62 | 15.81 | 65.21 | 18.98 | Silt clay

Table (2): Some chemical characteristics of materials are used.

Materials pH EC, CEC, Zn,
mS.Cm’ mmol.Kg™ ppm
Shale 8.54 715 433.4 75.50
Slag 10.39 0.78 42.08 15.10
Compost 8.08 6.29 455.20 105.70

The amount of absorbed element (x’m) in mg/gm soil were calculated
as the difference between the initial concentration and the remain
concentration in the solution (C ppm) . The amount of Zn adsorbed from
different Zn levels in solutions of the investigated soil samples can be
described by using Freundlich equation. This equation was given below
which was employed to interpret the reaction of Zn with different treatments.
Q=KaC
The logarithmic equation of Freundlich was described as :

Log Q= Log Ka +1/nLog C

Where, log Q = the adsorption maximum (x/m).

Log Ka = intercept (distribution confections ).

1/n = slope (correction factors), Log C equilibrium

The correlation coefficient, between Log C and Log (x/m) were calculated by
means of regression analysis . The slope and intercept of lines were used for
the calculation of maximum adsorption by fixed the concentration of control
in different soils and treatments.

Langmuir equation was also used to compare with Freundlich one and in the
end decide the best one to apply in our condition. Langmuir equation
described as the following:

C/lQ=a+bC

Where

C = the equilibrium concentrations of Zn .

Q = the amount of Zn adsorbed mg/g soil.

a = the intercept of line.

b = the slope of the line.

From this equation we can calculated the following parameters, adsorption
maximum = 1/ slope = 1/b (mg/g soil) .

Bending energy = slope / intercept (L/mg)
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RESULTS AND DISCUTION

Data in Table 3. lllustrate the effect of Zn at different concentration on
equilibriums concentration (C) and the amount of Zn adsorbed element (x/m)
in different soil after activated with (slag, shale, and compost) .

Table (3): Effect of different zinc concentration after treated soils with
Slag, Shale and compost on the equilibrium concentratlon (
C, ppm ), amount of zinc adsorbed ( x/m, mg/g).

Sandy silt soil Concentration of Zn ppm Means
(El sadat City) x/m
Sestments 50 100 200 300 400 mglg
Control (o] 0.19 0.384 1.964 9.64 23.78
x/m 0.4981 0.99616 1.98036 2.9036 | 3.7622 2.028
Slag C 0.176 0.268 1.896 9.438 22.84
x/m 0.49824 0.99732 1.98131 2.9056 | 3.7716 2.031
Shale C 0.104 0.238 1.002 8.416 21.44
x/m 0.49896 0.99762 1.9899 2.9158 | 3.7856 2.038
Cc 0.09 0.214 1.044 8.09 19.94
Compast xm | 04991 | 099786 | 1.98956 | 2.9191 | 3.8006 | 2.041
Means x/m 2.034
Sandy soil (El Tahrier)
Control C 1.346 9.556 55.48 89.21 134
x/m 0.48654 0.90444 1.4452 2.1079 2.66 1.521
Slag C 1.26 9.208 44.4 89.2 128.8
x/m 0.4874 0.90792 1.556 2.108 2712 1.554
Shale C 0.288 7.828 37.14 77.9 110.8
x/m 0.49712 0.92172 1.6286 2.221 2.892 1.632
Compost C 1143 7.12 23.48 70.38 96.0
x/m 0.4887 0.9288 1.7652 2.2962 3.04 1.704
Means x/m 1.603
Silt clay loamy soil (Milig Shibin Elkom)
Control C 0.188 0.375 0.974 2.92 3.53
x/m 0.49812 0.99625 1.99026 2.9270 | 3.3964 1.962
Slag c 0.068 0.348 0.612 2.42 3.394
x/m 0.49932 0.99652 1.99388 2.9758 | 3.9660 2.086
Shale C 0.044 0.244 0.488 1.512 3.312
x/m 0.49956 0.99756 1.99512 2.9848 | 3.9668 2.089
Compost C 0.102 0.21 0.472 1.42 2.92
x/m 0.49898 0.8979 1.99528 2.9858 | 3.9708 2.090
Means x/m 2.057
Silt clay soil (Malanta Slovakia Rep.)
Control C 0.302 1.586 14.44 29.46 59.58
x/m 0.49698 0.98414 1.8556 2.7054 | 3.4042 1.889
Slag C 0.244 1.102 13.36 27.1 55.84
x/m 0.49756 0.98898 1.8664 2,729 3.4416 1.905
Shale C 0.184 1.046 6.262 23.52 39.84
x/m 0.49816 0.98954 1.93738 2.7648 | 3.6016 1.958
c 0.22 1.00 3.816 16.76 36.05
Compost xm | 0.4978 0.99 1.96184 | 2.8324 | 36395 | 1.984
Means x/m 1.934

Highly significant correlation was obtained between (C) and (x/m).

The results show that the equilibrium concentration (C) was increased by

increasing initial concentration. The adsorbed quantities of Zn (x/m = mg/g
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soil) were increased by increasing equilibrium concentration in all treatments
i.e control, slag, shale and compost also with all soils. Relating to the effect of
different soil treatments the values of xm are shown that they can arrange in
the following order: Compost > shale > slag > control. In spit of the effect of
both Zn concentrations and soil types the adsorbed Zn amount (mg/g) were:
1.955, 1.929, 1.894 and 1.850 for treated with compost, shale, slag and
control respectively. Regardless the effect of both Zn concentration and soil
treatments the obtained mean values for adsorbed Zn were : 2.034, 1.603,
2.057, and 1.934 mg Zn /g soil for El Sadat City (sandy silt soil), El Tahrier
(sandy soil), Milig Shibin Elkom (silt clay loamy soil) and Malanta Slovakia R.
(silt clay soil). These means that the effect of soils can be arrange in the
following order: Milig Shibin Elkom (silt clay loam) > El Sadat City (sandy silt)
> Malanta Slovakia R. (silt loam) > El Tahrier (sandy soil).

Highly significant correlated was obtained between (C) and (x/m)
according to the Freundlich isotherm in Table 4&5 and Fig. 1. The maximum
adsorption was formed in El sadat City (sand silt soil) with values 4.2128,
42014, 4.3965, 44763 mg/g. In El Tahrier (sandy soil) 2.3523, 2.4944,
2.5611, 3.2710 mg/g. In Milig Shibin Elkom (silt clay loamy soil) 3.5947,
3.9683, 4.4006, 5.1278 mg/g and Malanta Slovakia R. (silt loamy soil)
3.3581, 3.4574, 41161, 4.7819 mg/g for control, slag, shale and compost
respectively. The maximum adsorption of different soils after treatments with
the slag, shale and compost were increased approximately in order : 4.46 %
for slag , 14.47 % for shale and 30.62 % for compost compared with control.
The highest value of the maximum adsorption for different soil were formed
as follow: El Sadat City (sandy silt soil) 4.3217 mg/g > Milig Shibin Elkom (silt
clay loamy soil) 4.2728 mg/g > Malanta Slovakia R. (silt loamy s0il)3.9284
mg/g > El Tahrier(sandy soil) 2.6697 mg/g.

Table (4):Freundlich and Langmuir isotherms for different treatments
and its applied on maximum adsorption in different soils.

Freundlich Equation Langmuir Equation
Locations Treatme. [ 2 Ad.Mam - 2 K, B.E
Y: R glgm Y: R Ad.Mamg/gm Umg
Control 1.2242 X7 0.9441 4.2128 [0.2538 X +0.4547 | 0.9906 3.9401 0.5581
i Slag 1.2509 x":: 09293 | 4.2014 |0.2550 X + 0.4109 | 0.9888 3.9215 06205
Cit Shale 1.4530 X° 0.9243 | 4.3965 |0.2583 X + 0.2883 | 0,9898 3.8714 0.8959
Y Compost | 1.4883 X®¥8 0.9368 | 4.4763 |0.2577 X + 0.2735| 0.9885 3.8804 0.9422
Control 0.4187 X' =X 09730 | 2.3523 |0.3570 X + 8.2060 | 0.8965 2.8011 0.0435
Slag 0.4284 X2 09895 | 2.4944 |0.3502 X + 7.0998 | 0.9366 2.8555 0.0493
El Tahrier Shale 06348 X024 09521 | 2.5611 |0.3355X +5.3536 | 0.9260 2.9806 0.0627
Compost | 0.4542 X>*' 09879 | 3.2710 |0.3135 X + 4.6813 | 0.9510 3.1897 0.0870
Control 16481 X0 09648 | 3.5847 |0.2171 X + 0.3092 | 0.9861 4.6061 0.7021
Milig, Slag 2.0458 X055 09684 | 3.9683 |0.2141 X +0.1992 | 0.9367 46707 1.0748
Shibin Shale 235140 09761 | 4.4006 [0.2149 X + 0.1431| 0.9755 46533 1.5017
El Kom Compost | 2.3995 X>%%' 09528 | 51278 |0.1959 X +0.1718 | 0.9923 5.1046 1.1402
Control 0.781B X 09943 | 3.3581 [0.2780 X + 1.8191| 0.9615 35971 0.1528
Malanta Slag 0.8544 X2 09885 | 3.4574 |0.2777 X + 1.5607 | 0.9599 356101 0.1779
from Shale 0.9462 X237 09964 | 4.1161 |0.2710 X + 1.0055| 0.9705 3.6900 0.2699
Slovakia R. Compost | 0.9756 X*¥* 09826 | 4.7819 |0.2616 X + 0.8179 | 0.9870 3.8226 0.3198

Ad.Ma = Adsorption maximum. K. B.E = Constant of binding energy.

The Langmuir adsorption parameters, adsorption maxima and
bonding energy constant were calculated and are given in Table 4&5 and
Fig.2. data revealed that high significant correlation for plotting C/x/m versus
C for all investigated treatments . The maximum adsorption gave mean
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values to 3.9401, 2.9567, 4.7586 and 3.6798 mg/g, for El Sadat City (sandy
silt soil) ,El Tahrier (sandy soil), Milig Shibin Elkom (silt clay loam soil) and
Malanta Slovakia R. (silt clay soil). The maximum adsorption was arranged
in different soil in order :

Table (5): Effect of soil types and soil amendments on maximum
adsorption (mg/g) according to the Freundlich and

Langmuir.
Freundlich 2
§ aaimisnts Control Slag | Shale |[Compost .
Sandy silt soil 42128 | 42014 | 4.3965 | 4.4763 | 4.3217
Sandy soil 2.3523 | 2.4944 | 25611 | 3.2710 | 2.6697
Silt clay loamy soil. 3.5947 | 3.9683 | 44006 | 5.1278 | 4.2728
Silt clay soil 3.3581 3.4574 | 41161 | 47819 | 3.9284
Means 3.3795 | 3.3504 | 3.8686 | 4.4142
Langmuir
Sandy silt soil 3.9401 3.9216 | 3.8714 | 3.8805 | 3.9034
Sandy soil 2.8011 2.8555 | 2.9806 | 3.1898 | 2.9567
Silt clay loamy soil. 4.6061 4.6707 | 46533 | 51046 | 4.7587
Silt clay soil 3.56971 3.6101 | 3.6900 | 3.8221 3.6798
Means 3.7361 3.7644 | 3.7988 | 3.9992

Milig Shibin Elkom (silt clay loam soil) > El Sadat City (sandy silt soil)
> Malanta Slovakia R. (silt clay soil) > El Tahrier (sandy soil).

The effect of soil treatments on the maximum adsorption means in
spit of soil types can be arranged in the following order: Compost 3.9992
mg/g > shale 3.7988 mg/g > slag 3.7644 mg/g > control 3.73612 mg/ g.

For bonding energy K, in different soils table (4) were increased
compared with control in order : Milig Shibin Elkom (silt clay loamy soil)
1.1046 L/mg > El Sadat City (sandy silt soil) 0.7542 L/mg > Malanta Slovakia
R. (silt clay soil) 0.2301 L/mg > El Tahrier (sandy soil) 0.0556 L/mg.
Generally the bonding energy was increased by treated soil with
amendments as follow: Control < slag < shale < compost, except Milig Shibin
Elkom (silt clay loamy soil) in order: Control < slag < compost < shale.

The Langmuir adsorption parameters, adsorption maxima and
bonding energy constant in different investigated soils were increased as
follow: Milig Shibin Elkom (silt clay loamy soil) > El Sadat City (sandy silt soil)
> Malanta Slovakia R. (silt clay soil) > El Tahrier (sandy soil).

The difference in adsorption maximum means for soils were related
to % clay, %OM, pH and CEC. These observation agree with results obtained
by Bunzl et al. (1976) which studied the rates of adsorption and desorption of
Zn by soil organic matter. He showed that the adsorption of one divalent
metal ion by peat was coupled with the release of two hydrogen ions. In this
instance Ezz EI-Din (1978), Rahma (1993) found that the higher rate of the
increasing Zn adsorbed is corresponding to the increase of concentration 20
to 2000 ppm. Acieration concentration of Zn was increased by increasing cat
ion exchange capacity and also with soil having fine texture.
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Regression analysis between soil properties and adsorption maximum
table (6) according to Frendlich equation were weakly positive correlated as
follow: Clay % (r=0.6616) > silt +clay % (r=0.6496) > C.E.C (r=0.5825) > pH
(r=0.5374) > Caco, % (r=0.5284) > O.M % (r =0.4835) > silt (r=0.4268).

Also in Table 6. Langmuir equation in was positively correlated in the
order: Clay % (r=0.8849) > silt + clay % (r=0.7291) C.E.C (r=0.7288) > pH
(r = 0.6730) > silt % (= 0.5367) > O.M (r= 5278) > CaCo; % (r= 0.2514)
under different investigated soils. These results agree with the results
obtained by Prasad and Sarangthem (1993) which noted that adsorption
maximum significantly correlated with levels of CaCOs, organic carbon and
CEC of soils.

Table (6): Regression analysis between soil properties and maximum

adsorption.
: ; n
Soil properties Frendl_lch r La i r
equation Equation

Clay % -82.5489 + 34.9134X | 0.6496 -105.889 + 40.7740 X 0.7291
Silt % -27.502+11.1050 X | 06616 -44.4363 + 15.4567 X 0.8849
Silt + Clay % -40.0516 + 18.7132X | 0.4268 -62.6323 + 24.4874 X 0.5367
C.E.C mmol.Kg™ -277.771+144.4865X 0.5824 -444.069+187.7548X 0.7288
CaCO0:% 6.3803 + 0.3151 X 0.5374 6.0120 + 04098 X 0.6730
OM% 44242+ 1.7572X | 05284 1.06557+0.86809X 0.2513

H -2.4508 + 1.0808 X_ |  0.4835 -3.02589+1.2253X 0.5278

Kuo and Mikkelsen (1979) found that the maximum adsorption
positively correlated with clay or (clay + silt ) percent content of soils. Leeper
(1952) postulated that calcium carbonate was strong adsorbent for heavy
metals. Radwan (1992) and Abou Hussin (1995) represented that Adsorption
maximum of different soils was increase by increasing fineness of soil
texture. Significant correlation between increase (silt + clay) % and
adsorption maximum, and also insignificant correlation between CaCaos,
organic matter and maximum adsorption .

The results leads to the conclusion that the adsorption of Zn in
different soils after treating with soil amendments conformed to both
Freundlich isotherm in order: El Sadat City (sandy silt soil)) > Milig Shibin
Elkom (silt clay loamy soil) > Malanta Slovakia R. (silt loamy soil) > El
Tahrier (sandy soil), and Langmuir isotherm was formed as follow: Milig
Shibin Elkom (silt clay loamy soil) > El Sadat City (sandy silt soil) > Malanta
Slovakia R. (silt loamy soil) > El Tahrier (sandy soil). For soil amendments
were formed as follow: compost > slag > shale > control.

Langmuir equation is the best model for applying in soils under
investigation than Freundlich equation.
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Fig.1. Freundlich isotherm for Zn in different soils. (Sandy silty soil)
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Fig.2. Langmuir isotherm for Zn in different soils.
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Continued*

1.2

(Silt clay loamy soil)

Amount of Zn adsorbed mg/g soil.

0.5 1 1.5 2 25 3 35 4
Equilibrum concentration ppm.
(Silt clay soil)

Amount of Zn adsorbed mg/g soil.

0
0 10 20 30 40 50 60 70
Equilibrum concentration ppm.
(Control) = — — —(Slag) /i ’
----- (Shale) Ahs — - — -(Compost) =i

4821




Shalabey, O. E.

REFERENCE

Abd - Elfattah, A and K. Wada (1981): Adsorption of lead, copper, zinc ,
cobalt and cadmium by soils that different cat ion exchange materials
Soil Sci,32,271.

Abou Hussien, E.A (1995): The effect of soil properties on zinc adsorption by
some soils of Egypt. Menofiya J. Agric.Res, Vol.20,1, 285-306.

Bunzl, K; W. Schmidt and B. Sansoni (1976): Kinetics of i ion exchange in soﬂ
orgamc matter adsorption and adsorption of Pb * 2 o ot
and Ca*? by peat. J. Soil Sci.27, 32-41.

Cottenie, L; M. Verloo; L. Kiekens; G. Velghe and R. Camerlyck (1982):
Chemical analysis of plants and soils in laboratory of analytical and
geochemistry. State Univer. Ghent. Belguium,33-44.

Ezz El - Din, S.M.H (1978): Sorption of some Slag on clay and soil under
different soil conditions. M .Sc. Fac.Agric. Cairo, Univ. EGYPT.

Jurinak, J.J and N. Bauer (1956). Thermodynamics of zinc adsorption on
calcite, dolomite and magnesite type minerals. Soil Sci. Soc.Am. Proc.
20, 466-471.

Kuo, S and D.S. Mikkelsen (1979) : Zinc adsorption by two alkaline soils. Soil
Sci.. 128 ,(6), 321-326.

Leeper, G.W (1952): Factors affecting availability of inorganic nutnents in
soils with special references to micronutrient metals. Ann.Rev. Plant
Physiology.3, 1-16.

Prasad, B and A.G. Kusum (1991): Adsorption of Zn on calcareous soil.
‘Indian J. Soil Sci. 39,4, 662-666.

Piper, C.S (1950): Soil and plant analysis, Internat. Publishers, INC. New
York.

Prasad,B and [.Sarangthem (1993): Adsorption of Zn as affected by its
sources soil. Indian j. Soil Sci.41,2;261-262.

Radwan , S. A (1992) : Zinc adsorption by some calcareous soil of Egyot as a
function of some soil properties. Menof. J. Agric.Res. 17 (4) , 2111-
2114,

Rahma, S. A (1992) : Efect of soil properties on Zn adsorption and
desorption of Zn. M.Sc. Thesis, Fac. Agric. Menofia Univ, Egypt.

Raddy, M and R. Pekin (1974) : Fixation of zinc by clay minerals. Soil Sci.
Soc. Amer. Proc. 38, 229-231.

Shalabey, O and J. Bizik (1996): Adsorption of Zinc and lead in soil after
activation with organic matter. Acta Fytotechnica J. Slovak Agri.
Univ.52, 19-26.

Singh, B and C.S. Sekhon (1977) : effect of soil properties on adsorption and
desorptionn of Zn by alkali soils. Soil Sci. 124, 366-369.

Tiller, K.G and J.F. Hodgson (1962): The specific sorption of cobalt and zinc
by layer silicates. Clay and Mineral 9, 393-204.

4822



J. Agﬁc. Sci. Mansoura Univ., 29 (8), August, 2004:

gl AR ol ) (A i) aluaie) o A Y1 iyl i

Slleal) Adya (A giall daala ¢ 4y gl jaeall ALl & gay s ¢l Y1 psle and

Akl ¢ cpoledl s (B a,_aﬁmuuyu_uaﬂl«um?:@w@ﬁg

*fhkifék‘%#J‘ﬁﬂu‘étu;ébhé~$ﬁhfﬂﬂ“‘whe%ﬂ@u"dh~ o saa 58 ¢
d}-BAg—idLJﬁ‘ul#v;lWiaﬁﬁjhueuéJwAiﬂdhﬁ‘ﬁh&!c*%éL%ﬂﬂgrdeiéh
gl A i ol M 02a ol g Al 4BV amay ol 3 S 5 30l 3 s 8 o By
S gy LS g s + G 1 < i+ a1 < i Y + el i <y Sl
Pl gl e iy i Alled g 1§ o8 ol 30 Dpaliansyl daudly Zeas 2l ol 3l
Al 4l il < (s (e prle) 4gabs 4l 4l ia ) < (o) Rnd) 48l ade ) o
(o) 4l G < (LS b Ui VL)

Al ale) )l < (oSl Gl pla) e Agihs 4l it paa Alibaal Gl
(o) ale ) aJf < (LU sl Ui VW) agisla il ) < (o) dya)
+ Y :v_.‘\jlg___ﬁjﬂld___:ﬁi__.ﬂ'lawdl_;ﬂi:u.?hayimﬂlﬁé.uhi O 2y LS
.J_U:35<QJL.‘.]|¢+;+U-4J‘W.<¢1§L11+U;JY\ < Cragia Sl

A iall Lol 0 Sy Bpealiansy) D) 0 Fisas Tlad e ali LY e U
Aadge (+,0AY0) A yaldl 4l Laadle( 4,697 ) caball + bl 3y il Ll (+,71117) ahall
)3 s—aiaall 5alall & sl Ll (+,0YAE) 4 audlSl il gy ST F il Al o +,ovveE)  pH
i g dolaal L YA ) cllll i Ll (+.8ATo

Al G LS i L) WD 4 LYY Jalead ¢ sy dalad dpilly
Okl + bl & giall Lol < (4, AAE4 ) lll 2 il Fpl TS Ll el iy Lualiaasyl
sl Ll y<( 4V ) pH Aady < (4, VYAA) A<l Llal dandl { “YYas)
p oSl Sl gy S 4 i) Zaadll < ((+,0TVA) G gzaal okl D il Tl ((+,0r1Y) Ll
o(+4¥01Y)

4823



