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ABSTRACT

In this present laboratory study , partial acidulated phosphate rock (40% PAPR) and composed have been used to study
their effects on adsorption and desorption capacities of copper in calcareous ,Iraqgi soil .The results showed increases
capacity of soil to adsorb copper with increasing concentrations of the added copper in presence of PAPR and compost.
Adsorption curves showed two phases first phase was rapprochement values of copper adsorption of the copper added
solutions 2.5,5.0 and 10 mg Cu L™, and second phase was different values of copper adsorption at concentrations 25,50
and 100 mg Cu L™.The percentage of copper adsorption capacity took the following ranking in the used treatments (soil+
compost) > (soil)  >(soil+compost+40%PAPR).Desorption study of the adsorbed copper showed decrease desorption
capacity values with increase of the adsorbed copper amounts in compost and 40% PAPR treatments .The attainted
adsorbed copper was 82.23% at 2.5 mg Cu L™ solution and 52.23% at 10 mg Cu L™ solution .The desorption capacity of
copper values were highest in ( soil ) treatment followed by (soil+ compost) treatment and lowest in (soil +compost+40%
PAPR) treatment.
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INTRODUCTION workers such as Yu et a (2002) ; Xiong (2005);Shariff
Copper is an important micronutrient and trace amounts and Esmail (2012);Das et a (2013) ; Alganabi and Al-
are essential for crop growth. However, high Rubaye(2016).The desorption capacity is the amount of
concentrations of copper will produce toxic effects. the released nutrient to soil solution compared with its
Copper involves with many metabolic processes in plants adsorbed amount. The physical and chemical properties of
and activates of many enzymes and has positive effects in soil ,soil minerals and organic matter are considered as
growth and yield of many crops (Alloway,1995).For most important factors affecting copper desorption (Singh et
agricultural soils, bioavailability of Cu?* is controlled by a, 1994 ; Yu et a,2002; Yuan et a.2007;Abat,2010 ,
adsorption process (Xie.1996).There are two types of Shariff and Esmael,2012). The overall objectives of this
minerals that are involved in the adsorption — desorption study are to quantify soil copper adsorption — desorption
of Cu®* :permanent charge and variable charge. behavior and study effects of adding compost and 40%
Permanent Charge minerals such as montmorillonite carry PAPR on adsorption and desorption of copper.

anegative charge as aresult of ion substitution during the

formation of minerals (Bertsch and Seaman,1999).1n spite MATERIALSAND METHODS

of having the most soils acceptable of total copper ,the Soil and treatments

available amount of copper is considered as a limiting and Soil samples were collected from college of agriculture
important factor and presence of high organic matter or field ,Abu-ghraib, Baghdad, Irag. Composite soli sample
high level of phosphorus may either decrease or increase was air dried ,ground, and passed through a 60-mesh sieve
its availability in soil (Kabata-Pendias,2001).Organic to use. Some of the soil chemical and physical properties
matter binds copper more tightly than other micronutrients are given in Table 1.Three kinds of treatments were
and this reduces availability to crops and then sufficient chosen in this study, they were Soail, (Soil+Compost )+and
copper is released to support normal crop growth after (soil +Compost +40%PAPR,partial acidulated phosphate
decomposing of organic matter (Schulte and kelling,1999). rock) ,the weights of soil, compost and 40%PAPR were
The adsorption is considered one out the important 59 ,10g compost kg'soil and 20g PAPR  kg'sail
processes in soil that may effect on fate and movement of respectively. Some of the chemical properties of the used
the nutrients such as P, K ,S, Cu ,Zn ,Mn and Bo compost are shown in Table 2.The phosphate rock(PR)
(Hunter,1980),while the adsorption capacity is the relation was brought from Akashat region, Al-Ramade
between the amount of the adsorbed matter by the solid governance, lrag and some of its chemical properties are
part of soil and its quantity in soil solution at equilibrium . shown in Table 3. Enough amount of this PR was treated
Adsorption mechanisms of copper on soil oxides ,clay with concentrated H,SO, at rate to produce 40%PAPR by
minerals and organic matter were studied by many using the method that was suggested by Y agodin (1984).
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Capacities of copper in calcareous soil

TABLE 1. Some properties of the soil

pH 11 7.40
ECe dsm* 413
Organic matter % 1.36
Olsen available P mgPK g™ 13.75
Avail. N moKg* 166.5
Avail. K mgKg™ 485
CEC Cmolckg®  20.20
Carbonate minerals % 16.9
Field capacity % 30
Soil texture SiCL

TABLE 2. Some of chemical properties of Ekashat phosphate rock

pH 11 75

ECe dSm-1 3.0

K1+ mgKg-1 728

SO42- % 0.246

Caz+ % 29.25

P % 10.22

Mg2+ mgKg-1 280

Nal+ mgKg-1 310

TABLE 3. Some of chemical properties of Compost
pH 11 7.82
ECe dsm* 592
P % 131
N % 25
K % 1.40
Organic C % 48.5
CIN ratio 194
Adsor ption capacity of copper ion RESULTS

The materials of the last three treatments were placed into
100 ml polypropylene centrifuge tubes, and 50 ml of
solution containing 0,2.5,5,10,25,50 and 100 mg Cu L-
Y(equal to 0,25,50,100,250,500 and 1000 mg C kg
soil)(as Cu(NOs),) was added to each tube. The
suspensions were shaken at 200 rpm for 2h at 25
centigrade and then equilibrated in a dark incubator for an
additional 22h .At the end of designated time ,the
suspensions were centrifuged at 2500 rpm for 10 min and
filtered through 0.45-um filter paper .Ten milliliters of the
filtrate were transferred into a 10 ml polypropylene
centrifuge tube for measuring Cu?* concentration using
atomic absorption spectrometry .Total amount of the
adsorbed Cu®* () was calculated by the difference
between the total applied Cu*" in the equilibrium
solution(Y u. et al,2002).

Desor ption capacity of adsorbed copper ion

The residue Cu-enriched soil separated from the super-
natant solution by centrifugation ,from the above
adsorption experiment ,was treated with 50ml-0.005M
DTPA to each tube and the suspensions were shaken at
200 rpm for 2h at 25centigrate and equilibrated for an
additional 10h . The equilibrated suspensions were then
centrifuged at 2500 rpm for 10 min and then filtered .Ten
milliliters of the filtrate were pipetted into a 10 ml
polypropylene centrifuge tube for measuring Cu?
concentration using atomic absorption spectrometry (Y u.
et al, 2002).
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Adsor ption capacity of copper ion

Table 4-shows that adsorption of Cu?* increased with
increase of Cu concentration in the equilibrium solution in
soil, (soil+compost) and  (soil+compost+40%PAPR)
treatments. Adding compost gave the highest values of
the adsorbed Cu2+ compared with the other treatments.
The adsorbed copper concentrations the composed added
treatment were 19.36 and 793.68 mg.Cu kg-1 soil for
Cu2+ solutions 25 and 1000 mg Cu.kg-1soil respectively.
This result reflects the role of organic matter to bind
strongly copper ions (Alganabi and arubaye,2016) .
Slopes of the isotherms curves (Fig. 1) reflected high
adsorption  capacity in  sail,(  soil+compost) and
(soil+compost+40%PAPR) treatments ,possibly because
Cu*" involves multiple adsorption sites (McBride, 1995
and Alcacio et a,2001) and the high capability for
calcareous (carbonate minerals) to adsorbed and
precipitate Cu®* as CuCO;(Kabata-Pendias,2011). Using
compost gave the highest slope of the adsorption
isotherms, It is possibly due to high C.E.C of soil and
organic matter colloids and the high affinity of organic
matter to adsorbed copper (Kabata-Pendias,2011).Adding
40%PAPR gave the lowest slopes of adsorption isotherms.
This may be due to the high competition between P and
Cu on adsorption sites of the organic and clay colloids
(Alneame, 1999 and Kabata-Pendias,2011). The used soil
adsorbed more than 79% of the copper in the 1000 mg Cu
kg™soil concentration ,suggesting that the soil might not
reach its maximum adsorption capacity even at the
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designed highest Cu®* loading .Similar findings were also
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like Alganabi and Al-Rubaye (2016).

TABLE 4. Characteristics of Cu?* adsorption

Adsorbed Cu** (mg Cu kg™ soil)

Cu®" added (mg kg™ soil)

soil Soil+ compost ~ Soil+ compost+ 40% PAPR
25 1928  19.36 19.20
50 3896 3920 39.04
100 78.64 7888 78.56
250 179.92 198.24 197.28
500 396.40 396.80 394.64
1000 792.24  793.68 788.56
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FIGURE 1: Adsorption isotherms of Cu?*

Desor ption capacity of the adsor bed copper ion

Most of the adsorbed Cu?* in the soil ,(soil+compost) and
(soil+compost+40%PAPR)  treatments was  readily
desorbed by 0.005M-DTPA.It can be noticed that the
percentage of the desorbed copper from the soil treatment
ranged from 59.59% for the adsorbed value 792.23 mg Cu
kg™soil to 82.23% for the adsorbed value 19.28 mg Cu Kg'

s0il ,This means that from 17.77% to 40.41% of the total
adsorbed Cu®* was recovered by DTPA (Table 5 and Fig.
2).The proportion of the desorbed Cu®* decreased with
increase the concentration of adsorbed Cu®* and these may
reflect high tightly bonded between copper and soil

collides (McLaren and Grawford,1973).

TABLE 5. Characteristics of Cu?* desorption

Cu*" added (mg kg™ sail)

Cu** Desorption %

soil Soil+compost  Soil+compost+40%PAPR

25 82.23 8193 81.70
50 80.77 79.67 78.59
100 79.43 75.17 75.94
250 7713 7259 65.18
500 60.72 5831 66.44
1000 59.50 52.78 52.56
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19.28 38.96

78.64

197.92 396.4 792.24

Concentration of the adsorbed Cu?*
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FIGURE 2. The relation between percentage of the desorbed Cu?* with concentration of the adsorbed Cu?* in (soil)
treatment.
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Mixing the compost with soil gave a range of desorption
rate of copper from 81.93% for the adsorbed value 19.36
mg Cu kg™'soil to 52.78% for the adsorbed value 793.68
mg Cu Kg™sail (Table 5 and Fig. 3).This may be probably

due to the fact that organic matter is the affected factor in
fixation of the micronutrients such as Cu** by increasing
the adsorbed amount of copper (Robert,1983).
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FIGURE 3. The relation between percentages of the desorbed Cu?* with concentration of the adsorbed Cu®" in
(soil+compost) treatment

The percentages of the desorbed copper when compost
and PAPR were mixed with the soil are shown in Table 5
and Fig 4. The desorbed copper percentages were 81.70
,78.59 ,75.49 ,65,18 ,66.44 and 52.32% for the adsorbed
copper values 19.2 ,78.56 ,197.28 ,394.64 and 788.56 mg
Cu Kg'soil respectively. This treatment resulted less
values of the desorbed copper compared with (soil) and

90 ~
80 -

Percentage of the desorbed Cu?* (%)

(soil+compost) treatments and this may be probably to
increase the surface area of soil organic and minera
colloids and clay mineras and PAPR and then, the
adsorbed copper amounts increased while their desorption
amounts decreased (Liu et a,2011;Alrubaye et a,2016 and
Alganabi and Al- Rubaye,2016).
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FIGURE 3. The relation between percentage of the desorbed Cu®* with concentration of the adsorbed Cu®* in
(soil+compost+40%PAPR) treatment
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