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ABSTRACT

The adsorption experiment of three different calcareous soils two loam and one
clay textures) for Nineveh governorate (Tel Aakoub, Ibrahim Al-Khalil, and Tel
Kaif) was classified under Aridsol-Calciorthids with a slight slant to alkaline
(7.43), non saline (3.24 dS m™), Low content of organic matter (17.3 kg™), cation
exchange capacity (42 Cmol, kg™, high content of carbonate minerals (409 g kg™).
Lead adsorption was studied by batch equilibrium method at a temperature of (298
Kelvin) for lead solutions (5,10,20,40,80,100 mg L™). For 48 hours, the lead was
measured in equilibrium solutions and the adsorption criteria were calculated
according to Langmuir, Freundlich and the DR equations. The results of the
mathematical description of lead adsorption showed high efficiency in the use of
Langmuir, Freundlich and the DR equations at the concentrations used. The lead
added to the soil was also distributed between the equilibrium solution and the solid
soil phase in terms of propagation coefficient values (Kd), which ranged from
(111.8) to (255.5 | kg™*) with an average of 169 | kg™. The exceeded the Langmuir
and Freundlich equivalents in the description of lead adsorption to obtain the
highest coefficient of determination (R?) and a lesser standard error (SE). The
adsorption capacity (qm) of the lead ion in the study of soil (13.63 - 41.48 mol g™%).
The K value associated with the adsorption capacity ranged from (-0.44) to (- 1.24)
(mol® KJ ). The value of (E) is the free energy rate of the reaction ranged from the
lead adsorption values (0.63 - 1.06 KJmol™).
Keywords: lead, adsorption, calcareous, Langmuir, Freundlich, D-R equations.
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INTRODUCTION

Recently, heavy metal interactions in soils have come under scrutiny, mainly as a
result of the increasing emphasis on the disposal of sewage sludge,fules ,industrial,
war wors, The adsorption of Pb by calcareous soils is poorly understood in contrast
to adsorption by noncalcareous soils. Carbonate minerals are major components of
calcareous soils and may represent potential adsorption surfaces for heavy metals
(Kabata-Pendias ,2011; Das ,2011). It is, therefore, expected that the presence of
carbonate minerals can have a great effect on Pb mobility and reactivity through
their surface interactions with Pb and through their effect on soil pH The process of
adsorption is influenced by several factors, the most important of which are clay
because they are involved in the important chemical reactions.

The properties of electrochemical properties such as the exchange of ions and
their stabilization, which are very important in determining the chemical soil
properties (Abdelwaheb et al,2019). The ion adsorbs by exchange and specific
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adsorption, and ion adsorption by the clay surface is adsorption of hydroxyl groups
followed by ion retention by clay; either by bonding with the hydroxyl adsorbent or
in the sites that arise as a result of the proton removal and the predominance of
extruded clay minerals such as semictite in the soils. A large proportion of the
adsorption capacity is the result of the permanent charge on its surfaces. The outer
sphere of the Kaolinite is the main cause, (Ebrahimi et al., 2018).

The environmental importance of metal minerals lies in their ability to capture
part of lead ions at specific adsorption sites, thereby reducing the risk of these ions
absorbed by the plant and reaching the food chain. Illites have a strong tendency to
adsorption of lead compared with the rest of the other clay minerals. Lead
adsorption is based on the bonds of the lead hydroxide complexes such as PbOH *,
Pb, (OH,) ™ and its adsorption on the surfaces of the smectite that can be
interpreted as simple ion exchange, adsorption of lead on the capacitor. kaolinite
and illite is competitive adsorption.The forces associated with the heavy elements
such as lead and clay particles depend on the degree of interaction and
characteristics of the ion (charge and ionic radius) (Karak et al, 2005). Differences
in the soil adsorption tendency of adsorption and its concentrations in equilibrium
solutions may be related to soil content of organic matter, iron oxides and mineral
composition of soils , (Sparks, 2003) show that the electrolytic exchange is made
up of outer-sphere complexes in soils containing kaolinite and illite predominate,
and the adsorption of lead in the form of external complexes is moving, leading to a
high percentage of it in the solution of the washing filtration, whereas the high
tendency of the heavy minerals is due to the internal surface complex(inner sphere)
in the soil where metals predominate (Serrano et al., 2005).

The high concentration of carbonates in the soil solution leads to the deposition
of lead (Al-Hayani and Al-Obaidi,2019). Also, Das,2011 noted that decreasing the
lead movement in calcareous soils where carbonate minerals are dominated is by
adsorption on the surfaces of those minerals or by rising the pH in those soils. Also,
(Al-Hayani and Al-Obaidi,2018) pointed out that the difference in the content of
calcium carbonate in soils leads to a difference in the ability of adsorption of lead.
Organic matter plays an important role in the overall biological, physical and
chemical processes of the soil. (Basta et al. 2005) noted that the electrical
properties of the lead are a strong tendency towards organic matter to establish and
form external surface surfaces (outer-sphere). Lead adsorption increases on the
organic matter with increased pH. Organic matter is an important reservoir of lead
in contaminated soils (Weirich, 2000 ,Evans et al. 2003) The lead complexes with
the humatic parts of the soil are essential in determining the fate of the polluting
element in the environment adsorption on organic matter surfaces and iron oxides
have more specific complexities that require a longer reaction time to reach
equilibrium, (Langmuir ,Freundlich and Dobbenen-Radushkevich DR) are used to
describe the interaction behavior between adsorbent ion and adsorption surface
( Kabata-Pendias 2011). The use of these equations can be used to predict the soil
susceptibility to ion adsorption which reflects a part of the soil's ability to capture
and retain these ions these equations have been used to predict the soil
susceptibility to the adsorption of various ions and it reflects part of the soil's
susceptibility to the retention of these ions. In the application of these equations on
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the soil of Iraq it is clear that these soils have high adsorption capacity and low
bond strength. (Al-Hayani and Al-Obaidi,2019). The objectives of this research
were to determine how well the Langmuir,Freundlich and Dobbenen-Radushkevich
DR equations can describe Pb sorption by three calcareous soils with contrasting
physical and chemical characteristics and determine the Pb sorption parameters of
the soils.

MATERIALS AND METHODS

Three surface soils samples (0-0.3 m) which differed in location, texture and
calcium carbonate content, were used. One was (Till Aakoub) with GPS(MGRS)
(38 SLF 5312002957) aloam, the second was (lbrahim Al-Khalil) (38SLE
5799389154) sandy clay soil and the third was (Tel Kaif) (38SLF 3256438608)
sandy loam, the soils will be referred to as, CaCO3-rich, respectively. Study soils
are classified as Aridisols, Calciorthids according to the US soil taxonomy (Survey
Staff, 2017). Several random samples were taken for each of the study sites in order
to obtain a composite soil sample and an excited soil sample with the soil
classification below the level the soils sample were air-dried, passed through a
(2mm) sieve and stored in plastic containers for analysis.

The physochemical characteristics of the soil samples were estimated according
to standard method (Carter and Gregarich 2008). in Table (1), Isotherm adsorption
studied by using Batch technique, 2 g soil was shaken with 40 ml 0.01M CacCl2
containing Pb concentrations of (0, 10, 20, 40, 80, and 100 mg Pb 1) for 24 hours
at 298K. This process proceeded for each soil. After shaking, soil solution was
filtered through Whatman No.42 filter paper. After filtration Pb concentration was
determined by atomic absorption spectrophotometer, the wavelengths (405.8 nm)
(Perkin Elmer A Analyst 100 U.S.A). adsorption isotherms were constructed
following the methods described by (Elsheikh et al ,2018).

Table (1): Some physiochemical characteristics of the study soil

Soil content (g kg™)
EC

Locations 1 CEC o | &c
@M1 PR cmmol kg |EE| E2| 2 | B =
o) | a5 = I3+ 6 wn

= £ — (C %2

o S O
Till Aakoub 0.33 |7.02 42 17.3 | 331 | 314|252 | 434
Ibrahim Al-Khalil 049 |7.11 27.3 16.2 | 376 |452 177|371
Tel Kaif 292 | 7.12 33.6 9.6 | 332 |198|429 | 373

Pb adsorption capacity was determined by the following equation:-

Pbad - (Pb, - be) V/W.eeiiaaannn (1)

where:- Pb, is the amount of adsorbed metal (mg kg™), Pb; is the initial
concentration of Pb in solution (mg L™), Pbs is the concentration of Pb in solution
after equilibrium (mg L™, V is the solution volume, and W is the weight of air-
dried soil sorption data were described by the following equations:
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Langmuir single - surface equation:
Ce/q =1/Kb + C./b ............ 2)
Freundlich equation .

logg=log Ks+ nlog Ce ............ 3)

Where C, is the Pb concentration in the equilibrium solution (mg/l), q is the
amount of Pb sorbed by the soil (mg kg™), b is the sorption maxima (mg kg™), and
K is the bonding energy coefficient (L mg™), K is the Freundlich distribution
coefficient, and n is an empirical constant.

Dubin-Radushkevich equation:

Langmuir and Freundlich isotherms don’t give any idea about the sorption

mechanism but Dubinin-Radushkevich (D-R) isotherm describes sorption on a

single type of uniform pores. In this respect, the D-R isotherm is analogous of

Langmuir type but it is more general because it does not assume a homogeneous

surface or constant sorption potential (Al-Hayani and Al-Obaidi,2018). In order to

understand the adsorption type, D-R isotherms were determined. The D-R isotherm

has the form:

INg=1InQn—Ke® cevrrnnnenns @)

e=[RTIn(1+ (L/CQ] ceveenrennn. 5

where ¢ is Polanyi potential, q is the amount of Pb sorbed by the soil (mol g™), k is

a constant related to the adsorption energy (mol® ki) and q is the adsorption

capacity (mol g*). The mean free energy of adsorption (E) was calculated from the

k values using the equation:

E=(2k)"" wrrrrrrnnn (6)

The magnitude of E is useful for estimating the type of adsorption process. If this

value is between 8 and 16 kJ mol™, the adsorption process can be explained by ion

exchange (Al-Hayani and Al-Obaidi,2018). The analysis of correlation coefficient

was performed by Excel (2010).: In order to determine the best mathematical

equation for describing the adsorption process, the highest value of the R?

parameter and the lowest standard error SE.

The thermodynamic parameters of the adsorption process:

The thermodynamic parameters of the adsorption process were calculated using the

correlation coefficient of the single-core Lancer equation (K) Agencies: -

Free energy (AG)

AG=—RTIK..................... (7)

AG = free energy (KJ™). And R = constant gases. And T = absolute temperature

(Kelvin) and K = binding energy.

Adsorption energy (E) can be calculated for K values calculated from the D-R

equation by which the adsorption type can be detected.

E=—=
V-2K

Minerals controlling the solubility of lead in the soil solution:

In order to identify the predominant lead minerals that controlling insolubility in

the soil solution,by making a semi equilibrium by using a water suspension (soil:

distilled water) (1:20) left 48 hours after that were separated by a filter paper, in

which the electrical conductivity, Soil reaction, lead ions concentration, sulfate,

phosphates, carbonates, and bicarbonates were used for the calculations. The
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thermodynamic parameters of the equilibrium solutions were used to calculate the
lonic activity. The ionic coefficient of activity is calculated according to the
following context:- lonic Strength (I). The ionic strength in equilibrium solutions in
mole L ™, which is calculated indirectly from electrical conductivity, the solubility
diagram were used according to (Lindsay, 2014).

RESULTS AND DISCUSSION
Physiochemical properties of the study soil:

Table (1) showed that the carbonate minerals were ranaged (189 to 409)g kg ™.
The results in Table (1) showed that pH values in the soil ranged between (7.02 —
7.12). These results indicate that the studied soil slightly alkaline and may be due to
certain factors and processes (Olorunfemi et al (2016). Alkalinity of the study soils
due to carbonate mineral content. Carbonates have the regulatory capacity to resist
changes in pH in those soils (Kassim, 2013) (Al-Hayani and Al-Obaidi, 2019), the
electrical conductivity values ranged between (0.33-2.9 dS.cm™). The results in
Table (1) showed also that the amount of organic matter ranged between 9.6 - 17.3
g kg ™, and cation exchange capacity for the study soil ranged between (33.6-42)
Cmolckg™. This is due to the difference in the low content of the organic matter
and the clay content of the soil of the study, which is within the arid and semi-arid
regions and characterized by the prevailing environmental conditions from the
increase in the annual temperature which increases the effectiveness of
microorganisms that decomposes organic matter as well as the lack of the moisture
in the soil, as well as the lack of precipitation that does not lead to the formation of
a good vegetation help to build organic soil (Olorunfemi et al ,2016).

Adsorption reactions:

Table (2) showed the remaining quantities in the soil solution after the

thermodynamic equilibrium was obtained at 298 ° Kelven which was increased by
increasing the initial added concentration (from 1.4 to 3.3), (3.5 to 5.6) and (4.1 to
9.6) mg I™". The difference in the residual quantity after adsorption is due to the
different nature of the lead ion bonding and the competition among the different ion
species to occupy the exchange sites on the surface of the soil granules (Al-Hayani
and Al-Obaidi, 2019). This explains the role of soil textures and its physochemical
properties in the retention of ionic species and leaves part of it in the equilibrium
solution after solid soil surfaces retain a quantity of this element as these values
differed from one location to another.
It is clear from Figure (1) that there is a sharp increase in the amount of lead
remaining after equilibrium, followed by a very small presence and as a straight
line parallel to the X-axis which clearly indicates a great passion for the solid phase
surfaces to retain the ionic specious of lead and contain it within this phase. lonic to
a certain extent (the point of the reversal in the course of the curve) (Break throw).
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Table (2): Change the lead concentration at equilibrium with the initial
concentration at a temperature of (298°) Kelvin.

The concentration of remaining lead after equilibrium
The concentration (mg 1)
of initial lead added lorahim Al- _
(mg 1) Till Aakoub Khalil Tel Kaif
5 1.4 3.5 4.1
10 2.1 4.3 53
20 2.9 4.9 5.9
40 3.1 5.3 6.2
80 3.2 5.5 6.6
100 3.3 5.6 6.9
G
o0 7
£ 6 Talkev
5 —-— =
B f/-/’i Ibrahim Al-Khalil
<
§ ’ Adsorption 'j'edl)i'-‘ﬁon
Qs < = ErT—
< // Till Aakoub
3.
o
2,
G
-r': o o 20 a0 60 80 100 350

initial concentration added (mg I™)

Figure (1): The effect of initial concentration added on the amount of lead
remaining after equilibrium in the study soil.

This ion then moves to another process whose values are fixed in the solution
through the deposition processes obtained as a result of exceeding the added
concentrations of the dissolved values of the metals that may be formed in the soil
solution.

Figure (1) showed the effect of the initial concentration of the lead added on the
amount of lead taken. The measured lead ions show a similar tendency to
adsorption on the solid soil surface. The number of absorbent material increases
with the increase in the initial concentration of the lead element. The initial
concentration of a fixed number of effective sites available for adsorption makes
the amount of material remaining larger. Figure (1) showed the variation and
difference in the amount of the lead in the adsorbed lead. This is due to the nature
of the soil under study. Surface soil adsorption has a specific number of active sites
at the concentration of some active saturated sites (Isak,2019) However, increasing
the concentration of adsorbed lead ion with increased initial lead concentration
increases the concentration of the precipitation (Selim, 2013) This reduces the
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bonding power between the metal ion and the active site due to the increase in the
efficiency of the surface of the soil (Selim ,2013).

In addition, the lead ions vary in their preference for soil surfaces and are
highly concentrated on the soil surface. The variation in lead affinity towards
adsorption sites of soil surfaces is due to the (Electrolysis), hydrolysis constant
(PKH), electronegativity, acidity of Lewis, charge density, solubility of sediments
containing hydroxide and carbonates (Fontes and Santos, 2010 Chen et al., 2012).

The variation in the amounts absorbed between the three soils can be attributed
to different mechanics (exchange) lonization and adsorption). In the ion exchange
process, the ion penetrates into the crystalline clay network through the gaps on the
surface and the channels leading to the grid. Thus, lead ions are substituted for
existing ions, which are often sodium or calcium (Erdem et al., 2004; Selem and
Spark, 2001). This process of propagation through the gaps is rapid but is delayed
when the diameter of the channel or gap is relatively smaller than the metallic ion.
The adsorption process occurs due to the bonding of the metal lead ions with the
effective and available adsorption sites on the different surfaces in the soil. A
factor that hinders this correlation as vacuum interference, especially when the
ionic metal is large and when the active sites on the surface are close together
(Selim, 2013).

The high density of the clay makes the amount used smaller and less surface
area compared with carbonate minerals. Therefore, increasing the clay content and
its quality, as well as increasing the content of both carbonate and organic matter as
additional surfaces will increase the efficiency of adsorption (Das and Mondal,
2011; Ibrahim et al, 2013) in Figure (1) showed the close correlation between the
initial concentration and the amount of adsorbent material in the study soil. It is
observed from this form that the adsorption is of (H-Type) and the lead in this path
Rapidly interacting with the solid soil phase and thus adsorption with the
possibility of deposition in high concentration concentrations If we take into
account that these soils have a high degree of reaction, which provides significant
amounts of carbonate and bicarbonate in the equilibrium solution (Adhikari and
Singh, 2003; Kadirvelu et al,2001),the soil is adsorbed into several factors,
primarily soil content of clay, surface area, calcium carbonate, organic matter and
the exchange capacity of positive ions (Jiang et al.,2011; Nhapi et al.,2011; Ghormi
et al.,2013) in a study of calcareous soils (Das, 2011) to the role of physical and
chemical properties in the process of adsorption.

This difference between soils may be due to the role of minerals in the process
of adsorption. As the soil minerals adsorption of metal ions from the solution of
soil after it gets hydrolysis (in this case, for example, lead metal added to the soil
and because of the above process will be The result is a number of dissolved ion
species as shown in the following equation:

Pb(H,0),’'OH" +———, PhOH(H;0)"(.y ——  Pb*" H,0......(9)

The adsorption is dependent on the positive ionic capacitance and the negative
electrical charge of the soil resulting from the substitution process. Isomorphic
substitution. The second process consists of the formation of internal surface
complexes (inrespher) and external (outer sphere), a mechanism independent of the
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fixed charge of the soil and closely linked to the variable capacity acquired by the
ionized laminate It is seen in some of its surface sites. This adsorption has a
significant effect on the physical properties of the soil such as zero point of charge
and electrostatic junction point (Sparks,2003, Al-Hayani and Al-Obaidi,2019).

After this stage, precipitation reactions occur as it precipitates from ionic
dissolved in solution or occurs on surface. The solid phase after adsorption, which
is the beginning to be a complete deposit over time, the sedimentation process is
similar to the process of adsorption as they are identical in the energy stock to
become the separation between them is concentrated on the spatial extension of
each of the adsorption phenomenon is two-dimensional while deposition is a three-
dimensional phenomenon (Sharami et al., 2010). The results obtained are consistent
with Gharaie (2009) finding of the lead element in Iranian calcareous soil which
retained large quantities of lead - lead carbonate.

Lead Distribution Coefficient (Kd):

The relationship between the concentration of the adsorbed ion on the solid soil
and its concentration in the soil solution is called equilibrium or the distribution
coefficient (Kd). This coefficient reflects the soil's ability to retain the ion and is
related to the movement of the ion in the soil solution (Kabata-Pendias, 2011). Also
it makes it possible to compare the behavior of ions in different soil systems. The
movement and behavior of the heavy elements in the soil environment are directly
related to its distribution between the soil and soil solution and is therefore
associated with the value of the distribution coefficient. The distribution coefficient
Is a useful tool to compare the adsorption capacity of different soil or material to
ion when measured under the same experimental conditions (Alloway, 2013). The
results are shown in Figure (2) indicate the values of the Kd between the soil
solution and the solid phase of the lead ions differed Soil textures between (111.8
to 255.5) | Kg™* with an average of 169 | Kg™.

300

"o 255.5

d- 250

T 200

=

E 150 139.5

o 111.8
=

2 100

b=

=

E " l .
=]

= 0

it Till Aakoub Ibrahim Al-Khalil Talkev

Locations
Figure (2): The lead distribution coefficient in calcareous soils

Our results indicate that there is a consensus with the global research presented by
Soares (2006), which estimated the distribution coefficient (Kd) of the lead to (30)
representative soil for the study of the correlation of heavy elements. The
distribution coefficient (Pb) 121-7020 Lkg™, is consistent with Gharaie (2009) of
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the lead element in Iranian calcareous soil, which retained large quantities of lead
carbonate, that reached the values of the distribution factor (403-956) Lkg™
because of the complexity of the soil components and the competition between the
different elements, the coefficient of distribution (Kd) can not be estimated as a
line-line because the adsorption or soil retention of heavy elements is usually the
same at low concentrations. The distribution coefficient (Kd) of these elements was
calculated to determine their adsorption capacity.

The values of the distribution coefficient ranged from 9.4 to 217. Lkg™ that is
affected by the initial concentration of the solution, due to the difference in the lead
tendency of the soil components to the hydrolysis of the lead (rKH), the
electrolysis, acidity, the charge density and the solubility (Ksp) of the sediments
(Sparks, 2003). The high values of Kd are the role of mineral and organic colloids
in soils, especially crystallized and non-crystallized iron oxides and calcium
carbonate that may cause oxidation The deposition of these elements within those
colloids. The order agrees to some extent with the findings (Hooda,2010; Al-
Hamandi et al,2019)

MATHEMATICAL MODELS DISCRETION

LANGMUIR EQUATION:

Langmuir equation is based on a simple theoretical basis that the ion that is
adsorbed on the surface forms a single layer and the adsorption surface has a
specific number of adsorption sites that have identical energy with no movement of
adsorbed ion at the adsorption level (Vasanthaiah,2011) The linear formula of the
equation for the purpose of detecting the reaction path as well as the determination
of the adsorption constants were explained just as follows:
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Figure (3): The pathway of the lead reaction according to the Langmuirl equation

It is clear from Figure (3) that the process of adsorption of the first soil differed
from the second and third soil pathways, which clearly reflects the role of the
physical and chemical properties of the soil on the adsorption process. Furthermore,
the second and third soil types clearly reveal the two surfaces of the adsorption
process (H-Carve). The adsorption constants of the linear relationships of the
single-scale Lancemeer equation could be calculated.

MAXIMUM ADSORPTION CAPACITY:-

Table 4 shows the adsorption parameters of the single-surface Langmuir equation,
as it is clear that the adsorption capacity ranged from 11 to 1087 mg kg™. This
clearly reveals the difference in the soil's adsorption potential due to the different
content of the soft particles (sand, clay, carbon, organic matter and calcium
carbonate) in addition to the ionic strength and the degree of reaction of the
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equilibrium solution, which increases the absorbed amount. This is consistent with
what was obtained by (Al-Hasson et al,2019) which gives an idea of the amount of
plant ready-available element as well as a clear perception of contamination of the
environment of lead soils indicating low values. The higher adsorption capacity
increases the dissolved amount of lead in the soil solution. More precisely, the lead
ion is more readily available for transition, adsorption and other chemical
processes. In contrast, the higher the value of this standard indicates the lower ion
movement and increased adsorption in the soil.

Table (4): adsorption parameters calculated according to Langmuir - Freundlich -
D - R equations

Co_nnec Adsorpti lefgs!on AG K O E Connecting Adsorpti
ting on coefficient 2 on
No . MBC (K mol“ | mol KJ energy .
energy | capacity Ki mol®) | KJ2 T molt ' mg -t capacity
Img? | Img? g g | mg™
Equivalents of the one - dimensional : Elements of the
- : D-R Equations . .
Langmuir equation equation of Freundlich
1 0.028 1087 30.44 1.03 -2.12 | -0.44 133'6 1.06 3.56 15.84
> 0185 | 18 | 333 119 1115 0 oes | 86 2137
3 015 | 11 | 1716 116 11 124 B 063 9.23

BONDING ENERGY: -

Table 4 shows the binding energy was (0.028-0.185) and with a mean (0.12) |
mg™. These values reflect the ability of calcium carbonate in adsorption of ionic
species of lead. This can be explained by the presence of electrical charges on the
surfaces of carbon metal. Charges on carbonate surfaces result from the refraction
of the edges of the calcite metal. In this theory, it is assumed that relatively small
and positive calcium ions are carried out within the crystalline and the large charge
negative carbonate ions rush outwards, resulting in a negative charge on crystalline
surface or calcium carbonate. The second is the amphoteric behavior of carbonate
minerals. The type of surface charge depends on the degree of soil reaction and the
zero point of the charge is within the reaction range (8-9.5). Thus the carbonate
charge is positive when the reaction is less than (8) Negative when the reaction is
more than (9.5).

(MBC):

This value is mathematically expressed as the product of the maximum
adsorption capacity of the surface (Xm) with the binding energy (K) of the
Langmuir equation, which is a characteristic of the adsorption of ionic soil. Table 4
shows the difference in the values of the regulatory capacity in the soil the MBC
ranged from 30.44 to 1.716. This clearly reveals the difference in the soil's
adsorption potential due is due to the different nature of the adsorption of the lead,
and the difference of the values of adsorption to the greatest and the energy of the
bonding in the high energy sites led to different readiness ion at different locations
of the adsorption curve The high amount of ion adsorption and low bonding of ion
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in such soils clearly means that it is easily released from adsorption surfaces to soil
solution, increasing the propagation rates of this ions and more abundances for
absorption by the plant (Krishnamurti and Naidu, 2008; Al-Hayani and Al-
Obaidi,2018). In the opinion of (Krishnamurti and Naidu, 2008) the values of
(MBC) is an important criterion in the characterization of contamination of lead
soils and high values indicate that the type of ionic adsorbent characterized by a
low link card and thus easy movement and migration (Heavy Metals Migration) to
the depths of the soil and thus make these soils With self-purification capacity and
high regulation capacity to cope with pollution.

Thermodynamic Parameters Of Lead Adsorption:

The results are shown in Table (4) indicate that the free energy values of the
adsorption reaction were all negative ranging from (1) to (2.12), which clearly
indicates that the adsorption process is an automatic thermodynamic process. The
values (1.03) and (1.19) indicate that the reaction process is also automatic and
does not require the energy to initiate the reaction. It is consistent with its findings
(Das, 2011) in a calcareous soil study from India as agreed with Matawl (Al-
Hayani and Al-Obaidi,2019).

Freundlich equations:

This equation assumes a heterogeneous distribution of energy on the active sites in
the adsorption surface with overlapping molecules that are surface-based and multi-
layered. However, this model is experimentally the mathematical description and
the adsorption parameters according to the Frundelkh equation. In order to detect
the process of lead adsorption according to the equation of Freundlich, the
following forms are considered:

1% 150
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Figure (4): The relationship between the logarithm of the concentration of
equilibrium and the adsorbed logarithm of the three sites

The values of the adsorption factor or the coefficient of the Friedlkh equation
(KT) reflects the adsorption capacity of the soil ranged from 15.84 to 33113 mg/
kg.™ Soil. These values indicate the large variation in the adsorption of lead to
adsorption sites or the restriction of lead in the soil which shows that these three
values differed in their ability to absorb lead. As the soil was characterized by (3)
low value indicating that most of the amount of lead is present in free and dissolved
in the solution and that the amount of adsorption is low, The results also showed
an increase in the average binding power factor values of the lead element in its
logarithmic form from (3.56) to (9.22) Lmg™, and that the increase of the exponent
value (n) greater than (1) indicates the high adsorption capacity of the soil so that
any change in The concentration of equilibrium will not lead to a significant change
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in the amount of adsorbed ion. (Kumar et al,2019). This may be due to the
distribution of surface sites or any other work that may be reduced of the overlap
between the adsorbent ion and the mazze material when increasing the surface
density (Kalalagh et al., 2011) as it is clear with lead in Table (4) (Karak et al.,
2014). Brann for measuring the intensity of global capacity and adsorption
respectively, the researcher has suggested that the value of the exponent (n)
confined between (1 to 10) represents good adsorption material adsorbent effort
(Ugochukwu et al., 2012).

It is clearly indicated that the deposition process of lead overcomes the
adsorption process and this is due to the values of the constant very low emission
(ksp) of the lead and the exchange capacity of positive ions in the second phase in
the adsorption process (Sparks, 2003).

D-R equation:-

Thermal model (DR) gives a good description of adsorption in a single model that
assumes the adsorption surface is heterogeneous as well as the uncertainty of the
adsorption voltage based on a boolean voltage which can be calculated by
balancing the chemical voltage of the ion near the surface and the chemical agent at
a certain distance away from the surface (Kilislioglu, and Bilgin, 2003).Figure (5)
showed the isotherm D-R model similar to the Lancmair model, but this model is
the most comprehensive one that the adsorption surface is more heterogeneous
surface and the adsorption voltage is unstable.In order to detect the path of lead
adsorption according to the equation, (D-R) has been clarified just as follows :

3
oLk 1R6ID - o0 3EM s 41,08
1 K =dbii yr-LLbbhes M40 4 ' p.*.--:;n

4 ' = 09643 — :

O . ’ 3)

Figure (5): The relationship between the square of the Boolean potential and the
natural logarithm of the amount of lead adsorbed to the three positions.

(K)was associated with adsorption capacity, ranging from (-0.44) to (-1.24). The
value of E? is the energy rate of the reaction in order to determine the type of
adsorption process. The values of lead adsorption for the studied soil ranged from
0.63-1.06 (KJ mol™). If the value is (16- 8), the process of adsorption is subject to
the concept of ion exchange (ion exchange energy) but if it is less than (8),
adsorption is a physical one. As shown in Table (4), the value of adsorption energy
is the decrease in the free energy value of the reaction (8). (KJ mol™) leads to the
conclusion that the lead is weak in the solid soil phase and therefore pollution of
groundwater occurred by lead.

For the sake of distinction between the three models above, the linear
relationship was determined for each model,i.e. each of which was evaluated by
taking two criteria; the first(R?) and the second-lowest value of (SE) between the
actual and calculated adsorption values of each equation.Which shows the values of
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these two criteria. It is clear from Table (5) that the values of the coefficient of
determination were significant for all the equations ranging from (0.85) to (0.99),
which gives a clear indication of the possibility of using any of these equations.The
mathematical description of lead adsorption to have a less standard error which
earns the advantage in the mathematical description on. The results of the
equations are confirmed and consistent with the results o obtained by (Mouni et al.,
2009; Gharaie, 2009). This is consistent with what (Safarzadeh et al., 2010; Al-
Hayani and Al-Obaidi,2019).

Table (5): Standard error (SE) and coefficient of determination (R?) for lead

adsorption.
Langmuir equation
Soil Number (1) (2) (3) Average
(SE) 0.99 0.96 0.92 0.95
(RZ) 0.009 0.0062 0.005 0.01
Freundlich equation
(SE) 0.97 0.97 0.85 0.93
(R% 0.18 0.22 0.29 0.23
D-R equation
(SE) 0.85 0.97 0.97 0.92
(R% 0.006 0.0058 0.004 0.005

Use of solubility diagram to determine the minerals controlling of lead
precipitation in the soil:

The results shown in Tables (6) indicated that some thermodynamic parameters
used in the solubility schemes to determine the type of metal controlling the
thawing of lead-bearing metals.Note that the ionic strength of equilibrium solutions
expressed as molten-1 was ranged from 0.0043 to 0.12. Clearly, increasing the
added levels of added lead solution led to significant differences in the ionic
strength values of equilibrium solutions that have a significant role in the solubility
and deposition of lead depending on the melting value (Sparks, 2003). The table
also showed that the values of the ionic efficacy coefficient ranged from (0.47 to
0.66). The ionic energy values expressed as (mol.I") ranged from 4.46 x10° to
15.65 x 10°°. The ion voltage values ranged from (-3.35) to (-5.03). These results
were used to determine the metals controlling the dissolving of lead-bearing metals
using (Lindsay ,2014). by melting the values of the Logi voltage with the values of
the reaction level of the equilibrium solution.The lead points of convergence that
occurred under the line of lead sulfate metal controlling the process of melting and
sedimentation in the soil of the study.

Table (6): Thermodynamic parameters of lead equilibrium in the study soil
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Lead added | aPb
mg L7 mol L * f mol L (10 | 109P PH
1)
0 0.0043 0.66 4.46 -3.35 7.10
100 0.0043 0.66 10.51 -4.90 7.02
(2)
0 0.0064 0.55 9.29 -5.03 7.07
100 0.0064 0.55 10.86 -4.82 7.11
3)
0 0.012 0.47 9.30 -5.03 7.50
100 0.012 0.47 15.65 -4.80 7.12
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Figure (6): Solubility Diagram of lead in the soil
& Soil No. 1 after lead addition 100 mg | **

Soil No. 1 Without lead Add
A Soil No. 2 After addition of lead (100 mg | %)
A Soil No. 2 without the addition of lead
‘ Soil No. 3 After addition of lead 1000 mg | ™)

0 Soil No. 3 Without lead
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