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Abstract

To study the effect of temperature on Cadmium gutgmr and desorption in soils, ten agriculturall ssimples with different properties
were distributed in the governorates of Iraq froantim to south, a laboratory experiment was condugtkere Cadmium was added at
levels 0, 25, 50, 100, 150, 200, 250, and 300 jiyusing of CaGl 0.01M and NaCl 0.01M salt under 25 + 1 C° and: 4%C° with three
replications, the thermodynamic equilibrium consepit adsorption equations Langmuir and Freundlielnevtested, from the slope values
of the equation for both processes the desorptefficient of the adsorbed Cadmium was calculaiée results showed that the adsorbed
amount of Cadmium increased with increasing commagans in added solutions, and that the Langragiration surpassed the Freundlich
equation in giving the best description of adsemptind desorption of Cadmium according to theesbf the determining factor §Rand
from the binding energy values we find that thergneeeded to desorption Cadmium is higher froenatisorption energy, the values of
the desorption index (DI) indicate that the Cadmiuadsorption reactions in these soils are irréviersand that they suffer from the
phenomenon of non-recovery of adsorbed quantifi€admium, which is called Hysteresis.

Keywords Temperature, Cadmium Adsorption, Desorptio.

Introduction adsorption is through the weak attraction forcean(\der
Vgaals force), while the Chemical is done througle th
Grmation of chemical bonds with the adsorbed pladi or
particles.

Analysis of the data related to isotherms can pi®vi
important information on the extent of pollutargstellence
in soil colloids and their potential for desorption
(Dandanmozd and Hossienpur, 2010), several matieahat
equations have been developed to describe and khew
adsorption steps and mechanics, the most widegd us
equations in describing adsorption processes insttileare
the Freundlich and Langmuir equations

Cadmium is considered one of the most important a
most dangerous heavy and toxic elements pollutiegsbil
and agricultural crops due to its high mobility aodicity at
low concentrations in relation to the plant andaislity to
move through the food chain (Ogunkueleal.,2020), as the
critical concentration of the Cadmium varies acowgdo the
limits approved by the World Health OrganizationH®@ /
FAO, 2007) Between 1-3 mg Cd 'kgsoil, Cadmium
contamination leads to toxic symptoms on plant ghoand
production capacity, affects ionic equilibrium, aklygtion of
essential elements of the plant, inhibits the actiof
enzymes, disrupts metabolic reactions and photbegitt of Based on the foregoing, it includes the objectioés
plants. (Nazaret al, 2012), also causes human diseasefudying the excellence and desorption of Cadmiusing
kidney failure, lung damage and high blood pressarel isothermic adsorption curves.

Cadmium compounds are carcinogens (Satatwad.,2017),

S . . . Materials and Methods
this increase in concentrations comes through ripets of

heavy metals into the agricultural environment,iclth
include major sources including agricultural pedgs,
phosphate fertilizers, animal fertilizers, sangatprotectors,
and irrigation with wastewater (Isa, 2018).

The soil surface layer generally contains the ésgh
amount of pollutant elements that mainly dependtlom
physiochemical properties of the soil (Addis andebaw,
2017), as adsorption is one of the most importéetrgcal
processes that occur in the soil, which controésiBhavior
and availability of heavy metals in soil, and ag$ion is
classified into the physical and chemical, whee gthysical

Soil samples were collected at a depth of 0-30 om f
the period from 1/11/2018 to 1/1/2019 from ten agjtural
regions with different characteristics distributed the
governorates of Iraq from north to south are Dubaktan,
Erbil/Thurak, Sulaimaniyah / Dokan, Baghdad / Allig@b,
Najaf/Al Mishkhab, Babel / Al Nakhila, Al Qadisiyah
Sumer, Wasit / Al Hayy, Dhi Qar / Al Shatrah, MaggaAl
Muzbaniya, samples were dried, ground, sifted aassed
through a 2 mm diameter sieve. to study the adsorpt
process and estimating some physical and chemical
properties of the soil models shown in table 1.

Table 1 : Some chemical and physical properties of the stilg.

Carbonate| ., |total |available| soil Particles
Location (jEsCrrl111 pH 14 Cmci)llzfl:(g'l OM | minerals OX'degCrIT:jic_l Cd* [Clay[Silt|Clay| Soil texture
Duhok /Darestan 1.25 7.99 27.33 |14.00 250.3 8.192.005 0.185 | 320244 436| Clay loam
Erbil / Thurak 0.81| 8.07 16.05 |12.80 2259 5.352.089 0.248 | 100379 521| Sandy loam
Sulaymaniyah / Dokan | 0.68 | 7.08) 15.40 | 10.50 189.2 |6.16(/1.653 0.173 | 80.0380 540| Sandy loam
Baghdad / Abi Gharib | 2.60| 7.87] 2553 | 8.80 264.7 3.491.886 0.250 | 348451 201 |Clay loamSilty
Najaf / Al-Mishkhab 2.14| 7.89 26.90 |11.40 298.4 |4.18(1.862 0.235 | 353|447 200 |Clay loamSilty
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Babylon / The Nakhila | 2.18 7.63 20.10 225.1 2.901.551 0.154 | 180420 400 loamy
Qadisiyah / Sumer 234 7.53 1840 |6.60] 244.2 3.341.619 0.188 | 130576/ 294| Siltloam
Wasit / Hayy 2.10]| 786 21.05 | 6.80 260.9 3.7111.732 0.160 | 252/483 265 loamy
Dhi Qar / Al-Shatrah 217 7.73 2056 |7.10] 258.1 3.21]11.525 0.179 | 212|484 304 loamy

Maysan / Al-Mazbaniyah2.91| 7.99 29.80 | 7.90 355.6 |4.09|1.715 0.181 | 387373 240| Clay loam

Adsorption process Xmax the maximum adsorption capacity (ugym

To know the susceptibility of the soil to adsorptiof  k: binding energy coefficient in soil unit (ml {ig
Cadmium, soil samples were taken from ten agricalltsites
distributed in the governorates of Iraq from noighsouth
and carried out the adsorption experiment usingndfjeach
soil of air dried soil and sifted with a 2 mm hai& and was
placed in a centrifuge tube with a capacity of 5Damd
added to each soil eight levels of studied Cadmiufreundlich Equation

co_rlgentrations are 0, 25, 50, 100, 150, 200, 260,18 Cd Freundlich equation is applied to the data of Cauimi
ml™in the form of Cadmium Sulfate (88.3CdSQ) with & ong and the linear equation is used as followsufdlich
volume of 20 ml which contains two salt (separgtety (1906)

CaCh 0.01 M and NaCl 0.01M, the tubes are shaken arth ) )
electrical shaker for 6 hours, then left for a periof 24 C....(linear equation)n X=Ln a +1/n Ln
hours, until our equilibrium condition with temparees of pg g* X: adsorbed Cadmium concentration)
251 C°and 45 1 C° in a water bath, thea th
suspensions were separated by using a centrifugespéed

of 3000 rpm™ for 10 minutes and the concentration o
Cadmium in equilibrium solution was estimated gsthe a,n the equation constants represent adsorption
Atomic Absorption Spectrophotometer. The number aofapacity (ug @) and adsorption energgnl pg?).

experimental units (10* 2 * 2 * 8 * 3) representextil *
Cadmium concentration * salts * temperature * BpEs,
respectively) = 960 experimental units the adsor@dunt
of Cadmium to the soil surface was calculatednitsuof pg

To obtain the values of the constants of this éqoait
requires converting them into a straight line emmathy
taking the natural algorithm of both sides of thguagion
according to the following:-

ug mi*  C: concentration of Cadmium in the
£quilibrium solution)

The desorption index (DI) was calculated from the
desorption slope to the adsorption slope according
Marazadoret al, (1991).

g * through the following relationship: Dandanmozd and Dl = Ka/ Ka
Hossienpur (2010). DI: desorption index.
— (ci- c)*v Kg: slope of desorption.
w

K slope of adsorption.

q: the adsorbed amount of Cadmium (jfg g Results and Discussion

Ci: primary Cadmium concentration (ug To study and describe the process of adsorption and

C: Cadmium concentration in equilibrium solutiprg(mf?).  desorption of Cadmium in some of Iraqi calcaresnits, the
equations Langmuir and Freundlich were testechavalues
of the coefficient of determination fRwere obtained to
W: soil weight (gm). describe the nature of the adsorption of Cadmiuwnsoils by
calculating the parameters of these equationsle@&) and
this it means the success of the two equationsgtribing
20 ml of electrolyte solution Ca£0.01M and NaCl the adsorption of Cadmium , and it appears fromréiselts
0.01M were added separately to the previous atisorfube  of the table 2 can adopting the Langmuir equatiodesscribe
for each added concentration of Cadmium and Shakes adsorption of Cadmium of the soils and its using in
hours at 25 C° and 45 C°, after finishing the shalperiod, describing the desorption of Cadmium, as this egnajot
the equilibrium solution with the soil was sepagiatssing a the highest values to determination coefficientd@scribing
centrifuge at a speed of 3000 rpat a period of 10 minutes, the nature of Cadmium adsorption was that the noéahe
then the concentration of Cadmium in the equilibri R? was 0.96 and 0.97 using NaCl and Gagla temperature
solution was estimated using the Atomic Absorptiof 25 C°, and 0.97 and 0.95 using NaCl and GaCl
Spectrophotometer (AAS). sequentially at a temperature of 45 C° at a ratd.e8,
Langmuir Equation ccz)mpared to the Freundlich equation that gave anage of
o ] ) ] R values 0.90 and 0.92 in the NaCl and Gasdllution
Langmuir isotherm is applied to the data of Cadmium sequentially at a temperature 25 C° and 0.91 a9@ @sing

V: volume of equilibrium solution (ml)

Desorption Process

ions and uses the formula in the following linear NaCl and CaGlsolution sequentially at a temperature 45 C°
mathematical form Langmuir (1918) and a general rate 0.91, which means the advawtatfee
C / X=1/k Xpaxt C/ Xmax -...( linear equation) Langmuir equation in describing the isothermic apson

and this is consistent with Esfandbetial, (2010) in their
study of Cadmium adsorption in Iran northern soils

C: the concentration of Cadmium  measured in the

equilibrium solution (ug nmf).

X: the amount of Cadmium adsorbed (ug"ym
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Table 2 :values for the Langmuir equation for the Cadmiadsorption in the study soil at 25 C° and 45 C-.
C [0}
NaCl (0.01 M) CaCl, (0.01 M)
Locations Xm k MBC 2 Xm k MBC 2
1 1 1 R 1 1 1 R
MO ml pg mlg HO g ml pg mlg
Duhok /Darestan 1111.11 0.037 41.32 0.99 1250/00 0360. 44.44 0.97
Erbil / Thurak 909.09 0.011 10.28 0.97 1000.00 0.015% 15.24 0.97
Sulaymaniyah / Dokan 588.24 0.011 6.18 0.95 666.67 0.011 7.58 0/98
Baghdad / Abi Gharib 1000.00 0.020 20.33 0.99 1000.00 0.032 31.p5 0.99
Najaf / Al-Mishkhab 1000.00 0.035 35.21 0.99 1000.00 0.048 47.62 0.99
Babylon / Al-Nakhila 588.24 0.010 5.77 0.98 625.00 0.014 8.94 0.96
Qadisiyah / Sumer 769.23 0.006 4.72 0.94 833.33 09.0, 7.13 0.89
Wasit / Hayy 909.09 0.013 11.75 0.96 1000.00 0.015% 14.60 0.95
Dhi Qar / Al-Shatrah 666.67 0.011 7.36 0.94 769.23 0.014 10.81 0/98
Maysan / Al-Mazbaniyah 909.09 0.024 21.51 0.9§ 1111.11 0.027 30.12 0,98
CO

Duhok /Darestan 1250.00 0.038 47.39 0.99 142857 0340. 48.08 0.97
Erbil / Thurak 909.09 0.015 13.7 0.95 1000.00 0.02( 20.49 0}96
Sulaymaniyah / Dokan 625.00 0.011 6.87 0.99 714.29 0.017 8.25 0/96
Baghdad / Abi Gharib 1000.00 0.026 25.71 0.99 1111.11 0.034 38.p2 0.99
Najaf / Al-Mishkhab 1000.00 0.043 43.10 0.99 1111.11 0.048 53.48 0.99
Babylon / Al-Nakhila 625.00 0.010 6.41 0.9p 666.66 0.019 12.08 0.93
Qadisiyah / Sumer 833.33 0.007 6.19 0.95 833.33 120.0] 9.39 0.86
Wasit / Hayy 1111.11 0.012 13.09 0.97 1250.00 0.015 18.45 0.96
Dhi Qar / Al-Shatrah 769.23 0.013 9.91 0.99 833.33 0.019 14.60 0|92
Maysan / Al-Mazbaniyah 1111.11 0.023 25.13 0.99 1250.00 0.025 31.[/5 0.98

Langmuir Isotherm

The result in table 2 shows the values of the Largm
equation for the adsorption and desorption of Cadmi

equation, which are the maximum adsorption cap#xity,),

binding energy (k), and the Maximum Buffering Capac

(MBC), the results shows that the values gf,XCadmium
adsorption ranged at a temperature 25 C° betw@g25 g
g* in the Sulaymaniyah and Qadisiyah soils to 111144
in Duhok soil using NaCl salt and between 625.6@jf1in
the Qadisiyah soil to 1250.00 ug' gn Duhok soil using

increase in the concentration of Sodium ions us\afl
solution will increase the thickness of the electrdouble
layer compared to the conditions of Calcium Chierf@ohn
et al, 2001 ; Ali and Al-Qaisi, 2011), which reduce the
adsorption capacity of Cadmium on the surface diid|
and increasing the ionic concentration of Calciumthe
equilibrium solution will reduce Calcite solubilithy the
effect of the combined ion on solubility (Mendhaeh al,
2000).

The results of table 2 indicate a rise in the valokthe

CaCl salt, either at a temperature 45 C° values rangadaximum adsorption capacity when the temperatunease
between 625.00 ug'g in Sulaymaniyah and Qadisiyah soilfrom 25 C° to 45 C°, it ranged using NaCl betwe88.34 -

to 1250.00 ug g in Dohuk soil using NaCl salt and betweerl111.11 pg g at a temperature of 25 C° and increase

666.66 g g in the Qadisiyah soil to 1428.57 ug i the

between 625.00-1250.00g ¢g' at a temperature of 45 C°,

Dohuk soil using CaG] which indicates that the highestand using CaGlsalt ranged between 625.00 - 1250.00 jig g
values of X, were observed in the Duhok soil and this magt a temperature of 25 C ° and increase betweer2914

be due to the higher soil content of oxides 8.1%Em kg*
(Table 1), which gave a greater opportunity to dolsa
greater amount of Iron ions as impurities on theases of
Carbonate minerals (Calcite) This presence of &esbior
precipitate iron on the surfaces of carbonate ralsemay
contribute to an increase in the number of actites swhich
is consistent to Pokrovsky and Schott (2002) whiicadhat
the adsorption of cations on the surface of cartgoménerals
at neutral and alkaline reaction levels is in tbenf of >
MeOH," which can be associated with adsorbed
precipitate Iron on the surfaces of Carbonate ralseas for
the effect of saline composition on the maximumoagkson

1428.57 ug g at a temperature of 45 C°, and this may be due

the increase in temperature to an increase theikierergy
of the ions and increasing their diffusion speed #meir
ability to enter solid phase pores in addition ¢tivating of
sites a interchangeable on the surfaces of adsoratid thus
increasing the quantity adsorbent of Cadmium msireg the
temperature, and this is consistent with Li andeh(2015)
in their study of thermodynamic adsorption CoppeChina
northeast soils, who found increase, X value with
dncreasing temperature. the results in table 2 shtvat
values of the constant k which is a measure ofbihding
energy, at a temperature of 25 C° ranged betwed¥6Qug §

capacity, it is noted that the values of ¥anged using NaCl ! in Babel soil to 0.037 pg“gin Duhok soil using NaCl
salt between 588.24 - 1111.11 ug and increase between solution and between 0.009 pg o Babel soil to 0.048 pg
625.00-1250.00 pghusing CaGl, and at a temperature of g* in Najaf soil using CaGlsolution, at a temperature of 45
45 C° it ranged using NaCl between 625.00 - 12508@" C° the values ranged between 0.007 in Babel s@1043 pg
and increased between 666.66 - 1428.57 higsing CaGl, g in Najaf soil in NaCl solution and between 0.Qi@ g*
the high %, values using Caglsalt may be attributed to the in soil Babil and Sulaymaniyah to 0.048 pgig Najaf soil
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in CaCl solution, the superiority of Duhok soil in givitlge  attributed to increase the kinetic energy of theoaoled ions
highest value of the binding energy may be atteébduto and ability to enter phase pores to activate a saldition to
know the content of organic matter and oxides witlctive of exchange sites.

carbonate minerals, which is characterized by & bigface
area and contributes to adsorption of a greateuataf ions
and a high binding energy. as for the Najaf seikiiperiority
may be attributed to the high content of organicttena

cor_npared to the soil of other central and soutiregions solution, and between 7.13 mif gn Babel soil to 47.62 ml
which amounted to 11.40 g KyTable 1). g in Najaf soil using CaGlat a temperature 25 C°, while
The results in table 2 show the effect of salinat a temperature 45 C° it ranged between 6.19 ming
composition on the values of k, as the values efdatnstant Babel soil to 47.39 mlfjin Dohuk soil using NaCl solution,
at a temperature of 25 C° ranged between 0.006370ml  and between 8.25 mi'gn Sulaymaniyah soil to 53.48 mif'g
pg' in Babel and Duhok soils sequentially using NaGh Najaf soil using CaGlsolution, this may be due to the
solution and increased between 0.009 - 0.048 riflinghe  superiority of the Dohuk and Najaf soil in the tamt of clay
soils of Babel and Najaf using CaCkolution, at a content and CEC comparison to the soil of Babel and
temperature of 45 C°, the values ranged betweefi70.0 Sulaymaniyah soil.

0.043 ml pud in Babel and Najaf soil using NaCl solution Table 3 shows effect of salt composition and

and increased to 0.048 ml fiin the Najaf soil. The increase temperature on MBC values ,which ranged in NaQutam
in k values using Caghbolution may be due to an additionalin both temperatures 25 C° a{nd 45 C° between 44239
precipitation of more Carbonate (calcite) mineidig to the ml g* and using CaGlsalt ranged between 7.13-53 ;18 il g
incregse in the co-ion effect and con;equgntlware?ase in The superiority of Cagkalt is due to the higih valu'es of, X
bond_lng energy compared to Sod|_qm lons —using. Na%btained in the presence of CaGalt compared to the NaCl
solution, which can reduce the stability of thisneral in salt and with different temperatures, also MBC eailu both

equilibrium conditions according to the principlé hetero- o
ion effect (Christian, 2004). as for the effecttefmperature, ;a}ltgs_lzztn% taetn;pteerr%tgertraag]‘rfofc 45raérlg§gt\2§2ze§ %44 75221248

the results of table 2 that the values of k usimgNsolution 1 o -
: . g7, and this indicates the superiority of the tempeeof 45
ranged between 0.006-0.037 mrig Babel and Duhok soi C° in the values of MBC, which follows the genedakction

sequent!ally a’.‘d mcreas_ed to 0.'007'0'0.43 mt prgBa_beI of the values of X and k because the values of the MBC of
and Najaf soil sequentially, either using CaGblution cadmium are the Outcome of these constants values.

values rangeq between 0'009'0'0.48 mi* iy the soil of general, the values of the MBC may be somewhat fow,
Babel and Najaf consequently and increase to 000048 m .[he decrease in the values of the MBC of the canminay

I . . .
Mg~ in Babel and Sulaymar_nyah soil and Najaf SOllhdicate that the movement of the Cadmium is less
consequently, that this rise in the values of k tie restrictive

adsorption conditions at a temperature of 45 C° rhay

Maximum Buffering Capacity (MBC) values were
calculated through the equation constants of Lamgidy
and k, as their value in the study soils rangeavéen 4.72
ml g* in Babel soil to 41.32 mlgin Duhok soil using NaCl

Table 3 : values of the constants of the freundlich equdtorthe adsorption of Cadmium in study soils & @° and 45 C°.

25C
NaCl (0.01 M) CaCb (0.01 M)
Location a N R2 a n R?
(g g*) (ml pug™* (g g7) (ml pg*
Duhok -Darestan 115.90 2.371 0.90 128.43 2.339 0.94
Erbil - Thurak 21.370 1.505 0.89 37.23 1.696 0.90
Sulaymaniyah-Dokan 22.469 1.403 0.96 23.80 1.751 0.9%
Baghdad- Abi Gharib 53.50 1.433 0.91 60.06 2.269 0.8f
Najaf - Al-Mishkhab 92.55 2.206 0.81 126.18 2.455 0.85%
Babylon — Al-Nikhela 10.820 1.492 0.95 25.28 1.752 0.98
Qadisiyah - Sumer 18.650 1.727 0.93 35.77 2.054 409
Wasit- Al-Haye 29.020 1.631 0.90 33.22 1.616 0.89
Dhi Qar - Al-Shatrah 18.570 1.603 0.89 32.65 1.813 0.9%
Maysan-Mazbaniyah 65.96 2.087 0.91 68.80 1.866 0.90
45C
Duhok -Darestan 129.89 2.429 0.92 130.60 2.243 0.95
Erbil - Thurak 31.34 1.656 0.83 49.00 1.798 0.84
Sulaymaniyah-Dokan 22.69 1.787 0.95 25.89 1.775 0.95
Baghdad- Abi Gharib 63.67 1.926 0.90 58.43 2.121 0.8¢
Najaf - Al-Mishkhab 113.18 2.379 0.79 129.27 2.425 0.86
Babylon — Al-Nikhela 17.41 1.571 0.97 36.29 1.909 .940
Qadisiyah - Sumer 20.22 723 0.91 24.42 1.732 0.94
Wasit- Al-Haye 31.05 1.605 0.92 42.55 1.635 0.89
Dhi Qar - Al-Shatrah 28.78 1.745 0.97 48.40 1.970 0.92
Maysan-Mazbaniyah 64.23 1.908 0.93 70.50 1.844 0.89
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Table 3 shows the values of the constants of ttend 21.05 Cmol+k§ in Wasit soil. The results in table 3
equation a and n, the values of the constant ajhwhdicates show the effect of the salt composition on the gasm
to Cadmium adsorption capacity, ranged in thestaily at a density values, as the constant values at a temaper25 C°
temperature of 25 C° between 10.82 ¢ kg Babel soil to ranged between 1.403-2.371 ml'jugn Sulaymaniyah and
115.90 g kg in Dahuk soil using NaCl salt, while usingDuhok soil sequentially using NaCl solution and tadues
CaCl, salt reached 23.80 g kgin Sulaymaniyah soil to increased between 1.616 - 2.455 mi'jig Wasit and Najaf
128.43 g ki in Dahuk soil, either at a temperature of 45 Csoil using CaGl solution. At a temperature of 45 C, the
ranged from 17.41 g Kgin Babel soil to 129.89 g Kgin  values ranged between 1.571- 2.429 mt jrgSulaymaniyah
Dahuk soil using NaCl salt, and ranged between®§.Rg"® and Duhok soil sequentially using NaCl solution ahe
in Sulaymaniyah soil to 130.60 g kdn Duhok soil using values increased to 1.635 - 2.425 mi'jig Wasit and Najaf
CaCl salt, this results indicate that the highest guigmm  soil using CaGl solution, this indicates an increase in the
capacity values were observed in Duhok soil argl iy be adsorption density values using Cagalt compared to NaCl
due to the high soil content of oxides 8.19 ¢ kpd also the salt. This may be due to the effect of Calcium @Hk salt
clay content, organic matter and CEC, as they mmoitant on the precipitation of carbonate minerals (Cajchig the
parts responsible for adsorption (Dahéteal, 2005). effect of the common ion, as the highest valuegvi@ind in

The results in table 3 show the effect of the saf'?acl2 salt conditions in Najaf soil containing a higher
composition on a constant values, as the constlnéy at a amount of carbonate minerals compared to the Dufuk

temperature 25 C° ranged between 10.820-115.90 g g t298'4 atnd 258'3 gn?j flég se?huentiall?{. 315 tthe elff(eect::] of
Babel and Duhok soil sequentially using NaCl solutand temperature’ Of Z%ré? r((;m e r%SL:hS I? n sag I ©
the values for freundlich equation increase betw2&80 - emperature o and using both sat range

- ; . i . 1.403 - 2.455 ml ugin the Sulaymaniyah and Najaf soil
;2%;1%5&%;2 V&azlgggdtlr\:gj?‘afggsu?glnggg(ﬁgtlyvtg;%leflz sequentially and increased at a temperature of 25e&dween

129.89 pg g in Wasit and Duhok soil sequentially usingl'571 - 2.429 ml pgin Sulaymaniyah and Najaf soil, and

NaCl solution and the values increased to 24.420-6D g this may be_ due to the incrgased activation ofntivaber .Of
g*in the Qadisiyah soil and Duhok using Caglution, and effec_t|ve sites by Increasing the temperature, this
this shows the high adsorption capacity valuesgu§laCh consistent with Hllhoret al (201.0) in their StUdY of
salt compared to NaCl salt and this may be ateihuo the Cadmium adsorption thermodynamics, as they reaaltegh

- Ce dsorption density from 1.00 to 1.21 ml Jugvith the
role of CaC]J salt in the precipitation of carbonate metals an ; X .
thus increase the adsorption capacity on theirases, the emperature rise from 32@ 41C, and with Villanueva and

results indicate an increase in the adsorptionagpaalues others (2014) Wh_o fqund the constant values mexéaﬂ)mo
when the temperature increase from 25 C° to 45 itC° 2.76 to 3.90 ml ug with temperature increase from 25 C° to

- 50 C°. The results of table 3 show that the valokshe
ranged between 10.82 - 115.90 ibapd 23.80 - 128.43 ug A
g'using of the NaCl and CaCéequentially at a temperaturefeogiif:t anndrarL]J%?j(:zrbf)t(\)Atlﬁerc]:o%]dAri(t)ign-s 26?5t5hem}sglgt; Z:l: d a
Zg %;air:jd :gﬁgvea:jluf)z;\?geer?ff ji’v 223 g%s%;haeg;atgﬁelltzo_ temperatures of 25 and 45 C°, so it is noted th#t@values
130.60 pg g using NaCl and Cagkequentially, this may be of this constant in general and under all condgigneater

attributed to the increased activation of the numbé Lhan ﬂ?ne_ (nf >d 1) ?nd tth'ts 'n?ric?tfhsf’ ?ccordflzr:.g h?’ t
effective interchangeable sites on surfaces adsargnd yPolhesis of adsorption states, that this typeeattion 1s

thus the adsorbed amount of Cadmium increases W{ﬁvorable .accordin.g to D?‘d‘*‘ al,(2012) and these values
increasing temperature, and this is consistent Withor et are consistent .W'th Hlihoret al, (2010) who found
al.(2010) who found in their study of thermodynamic"jld_slo.rptlon _denS|ty values ranged between 1'00.20 i
Cadmium adsorption, increase of adsorption capdimm g - n their study of Cadm.'L.jm thermodynamlcs und_er
1.271 ug ¢ to 1.979 g § with increase temperature fromdlffere_nt temperature conditions using the Frewtdli
21Ct0 41C . equation.

The ability of soils to retain cadmium can be
determined through the desorption index (DI) , wwhis
calculated from the ratio of the desorption slope to the
adsorption slope according to the Langmuir equadioa to
the high value of the determining coefficierft @®mpared to
other equations if the value of this index is geedhan one
(DI > 1) then this means that the adsorption reastiare
f irreversible, and if the values of this index agesl than one

: : (DI < 1) this means that the adsorption reactiome a
\S/Zﬂgﬁg::aggt\ng]r? rggi%ﬁ; ?n;[ieymb%e(rjitgr; ?g:gm?ée%n?h;hlsreversible (Marzadoet al, 1991 and Al-Mousili, 2018).
soil content of the clay, as well as the variatiorthe CEC, Figures 1, 2, 3, and 4 show that the value of itidex
as Dohuk and Najaf soils have higher adsorptioraciép ranged from 1.00 in Al-Qadisiyah and Sulaymaniyah t®
values compared to the Sulaymaniyah and Wasit soits 1.44 in Duhok soil using NaCl salt and between irDA\l-
low adsorption amplitude values in their contentotdy, Qadisiyah soil to 1.63 in Duhok soil in CaGolution at a
organic matter and CEC, which amounted to 32041400 temperature of 25 C°, and between 1.06 In Qadisiyadh
g kg' and 27.33 Cmol+ Ky sequentially in the Dohuk soil, Sulaymaniyah soils to 1.5 in the Duhok soil usingQNsalt
353 g kg', 11.40 g kg and 26.90 Cmol+ky sequentially in and between 1.07 in the Sulaymaniyah soil to 1r86he
Najaf soil, 80 g kg, 10.50 g kg and 15.40 Cmol+k§ Duhok soil using CaGlsolution at a temperature of 45 C°,
sequentially In Sulaymaniyah soil, 252 gm‘k§.80 gm kg  as it is clear from these results that the soit tisaless

The results in table 3 show the values of the eonst,
which indicates adsorption intensity, which rangedm
1.403 to 2.371 ml Y in Sulaymaniyah soil and Duhok
sequentially using NaCl, and between 1.616 to 2mMbag"
in Sulaymaniyah soil and Najaf sequentially usirafCg at a
temperature of 25 C°, between 1.571 to 2.429 mt jrg
Sulaymaniyah soil and Duhok sequentially using NaDd
between 1.635 to 2.425 ml Jign Wasit soil and Naja
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capable of retaining Cadmium is the Qadisiyah soit

The effect of temperature on cadmium adsorption and desorption in some Iragi calcareous soils

The figures 1, 2, 3 and 4, shows the effect ofsake

Sulaymaniyah, where the average value of the desorp composition on the values of the desorption indbaf the

index was 1.05 and 1.08 sequentially, and it hashighest
capacity for storage it is the soil Cadmium Dohe&ched as
evidence value rate of DI 1.60 due of clay conterd CEC
which had an impact on the DI values for thosessoil

Fig. 1 : The desorption index (DI) values for the study soNacCl
solution were at 25 °C.

Locations

Fig. 2 : The desorption index (DI) values for the study soCaCh
solution were at 25 °C.

Locations

Fig. 3 : The desorption index (DI) values for the study isoNaCl
solution were at 45 C°.

Locations

Fig. 4 : The desorption index (DI) values for the study soCaClb
solution were at 45 C°.

values of the desorption index at the temperatfirdso C°
ranged between 1.00 to 1.44 using NaCl salt, aad/éfues
increased between 1.06 to 1.63 using Ga&d well as in the
temperature of 45 C° ranged between 1.06 to 1.30gus
NaCl and the values increased between 1.07 to Us8&)
CaCl. the higher values of desorption index and thddrig
ability of the soil to retain the added Cadmium GaC}h
solution compared to its decrease in NaCl solutimy be
due to the high content of carbonate minerals & study
soils is considered as calcareous soils, as thei®ddns can
disturb this stability of a metal according to fménciple of
the effect of a different ion in the equilibrium lgon
(Christian, 2004), therefore the release of sonsomdion
Cadmium from there minerals can lead to the saiutiod
lower its retention and increasing the concentratiof
Sodium ions increases the thickness of the douldetie
layer compared to with Calcium Chloride solutiorofB et
al., 2001 ; Ali and Al-Qaisi, 2011) which reduces tance
of Cadmium adsorption on soil colloidal surfacesd an
increased reflectivity, as well as the effect ofltdn ions on
dispersing soil colloids which can contribute tergasing
contact surfaces between colloids and solution libgiuim
which gives more opportunity for quantitative deziom
greater from Cadmium to soil solution, and contiasthe
case of Calcium ions because they are prone topjtegion

in equilibrium solution within the installation of
precipitation carbonate minerals (Shahvedral., 2005; Al-
Mamooree and Al-Kaysi, 2011b). as for the effect of
temperature, it is noticed through the results thatvalues
of the rate of desorption evidence increase with rike in
temperature, as it is observed from figures 1 aridaB the
values of evidence ranged using NaCl salt betweé@ tb
1.44 at a temperature of 25 C° and increased leetw®6 to
1.50 at the temperature 45 C°, and in figures 2 anging
CaCl, salt ranged between 1.06 to 1.63 at a temperafure
25 C° and between 1.07 to 1.86 at a temperatudb at°,
and this may be due to the increase in temperatareasing
the adsorption, which is reflected in the values tioé
desorption index were evaluated, as both GhayatR{2énd
Karaket al (2014) in their studies of adsorption of Cadmium
at different temperatures found an increase imatisorption
guantity. Adsorbed when increasing the temperatwtech
reflects the role of environmental conditions, esqlly heat,
on adsorption reactions. in general, the genelage of the
desorption index for all soils and under all colotis was
1.30, which means that the adsorption processhfset soils
is irreversible reactions, it means that it is elcterized by
Hystersis and this is consistent with Al-Awsi (2014
indicated in its study of some Iraqi calcareousssaind with
Tahervand and Jalali (2016) has attained is a deerin the
desorption of Cadmium at a soil reaction of mbiant7, and
with Esfandbo and others (2010) who found is thiedlme
soils are highly adsorbed to Cadmium and may pitate as
CdCG;, which may reduce the bioavailability of the elere
As the toxicity of Cadmium is less in soil with hig. degree
of soil reaction (Karalet al, 2014).
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