The impact of oxalic and citric acids on the P sorption prevention and release
of Fe, Cu, Zn and Mn metals In metals - calcite system.
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ABSTRACT

The efficiency of oxalic acid and of citric acid toward p
sorption prevention and metal release in calcite-metals
system were examined. A fixed weight of calcite was
treated with fixed levels of Fe**, Mn®*, Za®, and Cu*" as
chloride for 24 hrs. Then, a fixed level of P and variable
rates of either oxalic or citric acid were introduced and
reacted for 48 hrs,

The results obtained showed that the final supernatant
EC values increased from 3.0 to 7.7 and from 3.0 to 4.7 dS
m? due to the n?plication from 0.1 to 150 mM O.C
(organic carbon) I’ as oxalic and citric acid, respectively.
The final pH increased from 8.0 to 10.6 when the system
was treated with oxalic acid at 0.1 and 15.0 mM O.C I,
respectively but remained without change under the effect
of citric acid. The values of Ca** decreased from 27 to 1.7
mg kg™ when calcium carbonate was attacked by 0.1 and
150 mM O.C I' of oxalic acid, respectively. In the
meantime, Ca® increased from 41 to 80 mg kg’ when the
calcium carbonate was treated with citric acid, The values
of HCO; increased from 147 to 1641 mg kg™’ under the
effect of oxalic acid and from 122 to 548 myg kg™’ due to the
application of ¢itric acid. Oxalic acid prevented 60.5% of
added P at 0.1 »M O.C I and then decreased to 14% at 0.5
mM O.C I, Citric acid Prevented 71% of added P at the
lowest and highest rates. Both acids failed to release any of
the sorbed metals.

Key words: Calcite; Organic ligands; Phosphate; Heavy
metals; Sorption.

INTRODUCTION

Phosphate and heavy metals sorption and
precipitation under calcareous soil conditions have been
reported by many investigators (Cole et al., 1953; Clark
and Turner, 1954; Kuo and Lotse, 1972; Lahar and
Zipori, 1978; McBride, 1979; Al-Shabaan, 1989;
Leyetem and Westemann, 2003; Zavarin and Doner,
2005). However, phosphate sorption and precipitation in
calcareous soils is due mainly to the presence of CaCO
and exchangeable Ca to which phosphate anions bind
and form various insoluble calcium phosphate products
(Al-Shabaan, 1989). On the other hand, chemisorptions
and precipitation of Fe, Cu, Zn and Mn carbonates and
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hydroxides, under calcareous environments, have been
reported by many investigators (McBride, 1979; Norvell
and Lindsay, 1982; Eirashid and O'Connor, 1982).
Furthermore, organic matter and its derivatives have
been reported to improve phosphate solubility by
forming strong and stable bonds between the organic
reactive functional groups and the cations that are
responsible for phosphate precipitation, such as calcium
under caicareous conditions or Al and Fe under acidic
soil environment (Eari et al., 1979; Al-Shabaan, 1989).
Kafkafi et al., (1988) reported that citrate, bicarbonate
and oxalate decreased phosphate adsorption to the
kaolinite and montmorillonite ciays. They concluded
that oxalate masked some of the adsorption sites of
phosphates. Deb and Datta (1967a and b) studied the
influence of many anions, among which were oxalate
and citrate, on the sorption of phosphate by soils and
observed that phosphate sorption was minimized in the
presence of the organic anions. However, they related
such results to the chemical and physical nature of these
anions, in addition to the phosphate concentration and
the pH.

Moreover, metal complexation and or chelation by
organic matter components have been considered
important mechanisms that modify the natural metal
reactions under metal precipitation conditions. Under
metal precipitation conditions due to acidic or alkaline
soil environments, metals have been reported to stay
soluble due to the metal complexation and or chelation
with the organic matter functional groups. Thus, such
phenomenon has been considered an important factor
that may positively affect the solubility and movement
of metals in soils (Elsokkary, 1980). Krauskopf (1972)
and Lindsay (1979) reported that Zn forms soluble
complexes with organic ligands such as EDTA and
DTPA.

The competition phenomenon among organic and
inorganic anions for the sorption sites and for the free
cations has been designated (Kou and Lotse, 1972; Al-
Shabaan, 1989). Such competition would result in
variable strength of bond formation and stability range
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of the product formed between the specific anion and
¢ither the surface site or the fre¢ cation. The higher the
affinity of the sorbed anion to the adsorbent site the
higher the stability of the product formed between the
anion and the cation concerned. It has been reported,
however, that many of the organic anions of the acids of
low molecutar weight, those of short chains, such as
citric, oxalic, tartaric, etc., are so reactive and
specifically bound to adsorption sites and free cations in
s0il environment (Nagarajah et al., 1970).

Calcareous soil conditions prevail under arid and
semi-arid environments. Calcite or analogous
components generally dominate such systems and
present in quantitative amounts thus, would govern the
soil solution chemistry. Accordingly, available sorption
sites due to the solid surfaces or HCO;” CO;” and OH
free anions in addition to Ca*' would determine the fate
of phosphate and the heavy metals such as Fe, Cu, Zn
and Mn where they would be precipitated.

The present research was designed to: i) test the
effectiveness of the oxalate compared to citrate anion
toward P sorption prevention and pre sorbed Fe, Cu, Zn
and Mn metals release under standard calcite conditions,
and ii) to compare the effect of the present system
results to the previous known behavior of oxalate vs.
citrate toward P sorption in the previous study
accomplished by Al-Shabaan, 1989.

MATERIALS AND METHODS

Metal pre sorption stage.

Standard salt reagents of FeCl;, CuCl,, ZnCl; and
MnCl, were chosen as source of Fe**, Cu®, Zn** and
Mn?* metal cation. Stock solution of 200 mg L *' of
each metal was prepared in 002 M KCl in one
container. KCI was chosen as background electrolyte
matrix for all treatments. Five mis of the stock solution
were added to 2.5g of calcite (powder reagent) which
were previously placed in a 50 ml screw cap
polyethylene centrifuge tube.  Such steps were
triplicated for each treatment all over the experiment.
The tubes were held vertically against any minor
movement on a proper holder with closed caps, and
shaken circularly on a proper shaker at 140 rpm for 24
hours. The solutions within the tubes were ready for the
next P sorption and metal release stage.

Phosphorus sorption prevention and release:

Several stock solutions of P concentration (20 mg kg’
'y were prepared from the standard reagent of KH,PO,
in 0.02 M KCl plus an appropriate level of 0.0, 0.1, 0.5,
1.0, 5.0, 10.0 or 15.0 mM I of the organic carbon of
either oxalic or citric acid standard reagents. Forty-five
mls of each treatment were added to each tube of any
three that were devoted to the concerned treatments 5o

that the final total treatment solution volume attained 50
mis. The tubes tightly closed and arranged horizontally
on a proper holder, shaken at 140 rpm for 48 hours. The
experiments were conducted under the standard
conditions. The solutions were properly centrifuged and
filtered through Watman 42 filter papers and then
supernatants were collected for analyses. The pH, EC,
and HCO'; by titration method described by (Richards,
1969). The Fe, Cu, Zn, Mn and P were determined by an
Inductively Coupled Plasma Optical Emission Spectro-
Meter instrument.

RESULTS AND DISCUSSION

Effect on electrical conductivity (EC)

The EC must be looked at as a resultant relative
proportional factor that is related to the ionic strength of
any chemical soil solution system which is an important
factor in the sorption desorption studies (Alva et al.,
1991). Although, the ionic strengths of the chemical
systems under investigation were managed to be
controlled by employing a background electrolyte
matrix solution of 0.02 M KCl, the equilibrium solutions
showed some variable increasing trends in the electrical
conductivities, i.e., the ionic strengths. Such increasing
trends were suggested to be due to the increasing input
of the organic acids, as well as the metal ion salts which
corresponded to different treatments. Nevertheless, the
importance of the ionic strength comes to the issue due
to its effect on the solubility, sorption and desorption of
the inorganic and organic ions and ligands in different
chemical soil solution systems (He et al., 1997).

Figure 1 shows the mean values of the equilibrium
electrical conductivities (dS m™’) as functions of the
increasing concentration of the oxalic and citric acids in
the calcite Systems. However, EC values were
increasing with increasing the additions of the organic
carbon from oxalic or citric acid. Nevertheless, such
increasing trend was more pronounced in the case of
oxalic acid compared to that of the citric acid. The
electrical conductivity of the oxalic acid ranged from 3.0
dS m" to of 7.7 dS m” compared to those of 3.0 dS m™
to 4.6 dS m'of citric acid due to a minimum level of 0.1
to a maximum level of 15.0 mM I of the added organic
carbon from oxalic or citric acid, respectively,

However, the mportance of the electrical
conductivity i.e. ionic strength, arises from its influence
on the anion ligand and metal sorption — desorption
phenomenon. It has been reported that the solution ionic
strength modified the adsorption surface charges in
addition to the thickness of the diffuse double layer of
the adsorping surfaces. Thus, it may enhance or decrease
or has no effect on ligand anion adsorption, (He et al.,
1997).
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The present research includes oxalate, citrate, in
addition to other inorganic anions and metals. It is
expected therfore, that the final equilibrium pH (>7.0)
values of the 'systems under investigation accompanied
with the ionic strength values concerned may decrease
the sorption of the organic anions and hence, may
minimize their affinity to be sorbed to the calcite surface
sites. Such mechanisms may be considered as one of
factors responsible for reducing their efficiency to
prevent phosphate precipitation and/or release the
sorbed metals.
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Fig. 1. The mean values of the equilibrium electrical
conductivities (EC, dS nr’) as functions of increasing

concentrations of the organic acids (M O.C ' )in the
Calcite Systems.

Effect onpH

Figure 2 shows the mean values of the equilibrinm
pH as affected by the increasing concentrations of the
oxalic or citric acid in the metals-calcite systems.
However, the pH values have been reported to increase
significantly in the case of oxalic acid which ranged
from 8.0 to 10.6 due to a minimum of 0.1 to a maximum
of 15.0 mM ' of the organic carbon added from the
oxalic acid, respectively.

Effect on Calcium Concentration

Figure 3 shows greater significant decrease in the
released calcium concentration due to the oxalic acid
treatments compared to the opposite significant increase
that were noticed due to the citric acid treatments. For
the oxalic systems, calcium concentrations ranged form
27 mg kg, due to a minimum concentration treatment of
0.1 mMI'of O.C,toa 1.7 mg kg™’ due to the maximum
concentration treatment of 15.0 mM I’ of O.C added
from the oxalic acid compared to the calcium
concentration of 41 mg kg due to the minimum of 0.1
mM I' of O.C to 80 mg kg’ Ca due to the maximum of
15 mM I of O.C added from citric acid.

Effect on Bicarbonate conditions

Figure 4 showed that a significant increasing trend in
the bicarbonate concentration due to increasing
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Fig. 2. The mean values of the equilibrium pH as affected
by increasing concentrations of the organic acids (M
O.C Iy in the Cakite Systems.
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Fig. 3. The relationship between the mean values of the
equilibrium calcium concentrations (Ca™, mg kg™') and
the increasing concentrations of the organic acids (mM
0.C I') in the Calcite Systems.

levels of the organic carbon from each acid was
observed. Under oxalic acid, at 0.1 mM [ ' of 0.C, the
HCO; value was 147 mg kg’ which significantly
increased to 1641 mg kg’ due to the treatment of 15 mM
O.C I’ from the oxalic acid. On the other hand, under
the effect of citric acid, the bicarbonate value was 122
mg kg at mM I of O.C concentration and bicarbonate
value was increased significantly to 548 mg kg due to
15 mM I' of added from citric acid. However, the
corresponding values of the bicarbonate concentrations
were greater in the case of the oxalic acid compared to
those of the citric acid.

Influence of oxalate on prevention of phosphate
sorption

The oxalic acid (pk; = 1.23 and pk; = 4.19) is
expected to be fully dissociated under the pH values of
the present study. However, the phosphate — organic
anion reaction has been reported to be strongly
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dependent on the form of the organic anion, which in
turn is dependent on the pH. The organic anion forms
are fully dissociated at pH above 6.5 (pH> pK), and
therefore theif capacity for releasing phosphate could be

generally significantly minimized or mnegligible
(Hingston et ai., 1972). -
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Fig. 4. The relationship between the equiltbrium
oncentrations of bicarbonate (HCOy', mg kg”') and the
increasing concentrations of the organic acids (mM )
in the Calcite Systems, )

Figure 5 shows that the maximum amount of the
?hosphate sorption prevention was reported at 0.1 mM [
of the oxalic acid. There was 12.1 mg kg” of P in the
solution which corresponded to 60.5% of phosphate
sorption prevention.
The minimum phosphate sorption prevention was
obtained at 0.5 mM I, which was 2.8 mg kg™ of P and
corresponds to 14% of P sorption prevention. However,
values from 3.1 to 3.7 mg kg’ of P which corresponded
to 16 to 18.5% of P sorption prevention at 1.0 mM [’
and 15.0 mM I' of the oxalic acid added, respectively.
Furthermore such findings may confirm that oxalate
efficiency is dependent on the pH in order to prevent P
sorption. However, oxalate anion has been reported to
be more effective, as mentioned above, toward P
sorption prevention and its effectiveness increased
significantly with its level. Al-Shabaan (1989) reported
that there was a significant increase in the equilibrium P
concentration due to the in increase in oxalate addition
to the calcite system. He reported that there was 83.9%
of the added P in solution due to the maximum level of
oxalate added. Nevertheless, the systems under the
present study are different from Al-Shabaan's systems,
which were very simplified calcite systems and
contained no metals. The complex nature of the present
research, in addition, the oxalate anion would modify

the results and complicate the issue. Although both-

systems showed a significant increase in the final

equilibrium, of carbonate or bicarbonate concentration
which were suggested to hydrolyze and give rise to the
pH. This fact was confirmed in Figure 2. But, the final
equilibrium P did not follow a similar trend. In
addition, the oxalate anion precipitated calcium from the
solution and reduced its amount gradually as its level
increased. This trend was reported in the previous work
and was confirmed in the present study, as well, where
its final equilibrium .concentration decreased gradually
and were found to be 27 mg kg’ and 1.7 mg kg in the
solution at 0.1 mM O.C.I" and 15.0 mM O.C I added
from oxalic acid respectively, compared to 55 mg kg™ of
the control.
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Fig. 5. The mean values of the relationships between
the equilibrium phosphate concentrations and the
increasing concentrations of the organic acids in
the Calcite Systems.

In order to justify such a difference, one may look at
the nature of the oxalate anion itself in addition to the
complex nature of the present systems. The oxalate
anion would fully dissociate under our systems
(pH>6.5>pK; of the oxalic acid) and becomes divalent
negatively charged anion. However, such a nature would
enable the anion to react with either positively charged
sorption sites on the calcite surfaces or bind to the
soluble metal ions in the solution in addition to the
calcium jon. The divalent negatively charged oxalate
anion is expected to employ its two negative edges in
different orientations. It may act as a bridge between
the calcite positively charged calcium, on one side, and
bind to one of the solution metals on the other side
which, at the same time, bind to the solution phosphate
and such mechanism would result in the formation of a
chain of calcite — oxalate — metal — phosphate type of
interaction. However, such a mechanism has been
suggested to create P sorption sites on calcite surfaces
(Leytem and Westemann, 2003). It is clear that such a
mechanism would include metals and reduce their
concentrations in the system solution ‘as well, The
oxalate anion is expected to partially cover some of the
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phosphate sorption sites on the calcite surfaces, but such
coverage efficiency would be more effective in the
absence of the metals where they would be expected to
compete with'the positively charged sites on the caicite
surfaces and such competition would “significantly
minimize their amount which were devoted for the
surface coverage and, hence create more vacancy for
more P sorption on the calcite surfaces. Such
mechanisms may explain the general lower oxalate
efficiency to prevent P sorption in the present study
compared to the previously mentioned study (Al-
Shabaan, 1989).

in {

calcite:

The metals (Fe, Cu, Zn and Mn) were given the
chance to react with calcite first, The oxalic acid and P
were introduced to the calcite systems after the metal
sorption took place. Under such conditions, the
efficiency of the oxalate anion to release the presorbed
metals would be studied. However, all metals were not
detected. In fact, the ICP instrument could not detect
any value greater than 0.05 mg kg'! which meant that
they were precipitated or strongly sorbed at all levels of
the oxalic acid additions. Such a finding would prove
that the oxalate anion totally failed to release any of the
presorbed metals under investigation.

Once again, to account for such results, one would
probably look at the nature of the oxalate anion itself, in
addition to the systems complexity under investigation,
The probable oxalate salts formed with Fe**, Cu™, Zn®*
and Mn** would be insoluble and thus precipitate from
solution. Another sink would be the sorption site for the
calcite surfaces on the carbonate negative charges.
Furthermore, the formation of Fe®*, Cu®*, Zn?* and Mn**
hydroxides which are aimost insoluble and are likely to
form under high pH systems. The formation of Fe*,
Cu?*, Zn™* and Mn*" insoluble carbonates is likely to be
an additional sink (McBride, 1979). In addition to
incorporating the metal ion in the oxalate — metal —
phosphate bridging formation that would even create
another sink to the lost metal cations from the solution.

Influence of citrate on phosphate 3

Citric acid was introduced with phosphate at once to
the presorbed metals on calcite surfaces. From Figure 5,
it is noticed that a significant increase in the P
concentration at the lowest level of the citric acid added
which remained approximately without any changed
until the maximum level of the added citric acid, except
at the 0.5 mM I' which attained the lowest P
concentration. There was 71% of the added P in solution
due to the addition of 0.1 ma I of the citric acid and
this amount of soluble P was obtained at the highest

level of the acid, as well, which was 150 mM I'.
However, such results generally would show that citrate
anion was more effective than the oxalate anion in the P
sorption prevention ynder the present systems. Citrate
prevented approximately 52% of P at the lowest level
and 71% of P from sorption at the highest level of the
citrate added, compared to approximntelr 60% of P at
the lowest level and 14% at 0.1 mM [’ of the added
oxalic acid which did not differ from the rest of the
treatments. Such a finding is in contrast to the previous
study (Al-Shabaan, 1989) where the oxalate anion was
more effective than that of citrate anion toward the P
sorption prevention. Citric acid would be fully
dissociated under the present research systems. The tri-
negatively charged citrate anion would probably behave
in such a different manner compared to that of oxalate.
The citrate salis are soluble compared to those of
oxalate ones. It was reported that calcium citrate
concentration was increased in the solution due to the
progressive increase of its addition to the calcite
systems. Al-Shabaan (1989) reported that in contrast to
the oxalate anion, citrate increased the total soluble
calcium 300% compared to the control whereas oxalate
precipitated it. In the present study, (Figure 3) there was
41 mg kg of calcium in the solution at 0.1 mM I of the
citric acid which increased significantly to 80 mg kg’ at
15.0 mM I of the citric acid. In contrast, there was only
27 mg kg” of calcium in the solution at 0.1 mM I’ of
the oxalic acid which significantly decreased to 1.7 mg
kg at 15.0 mM I of oxalic acid. Furthermore, citrate
has significantly less affinity to adsorb on the calcite
surfaces compared to the oxalate anion (Al-Shabaan,
1989). Figure 4 shows the amount of bicarbonate
brought to the solution due to increasing added citrate
compared to that of oxalate, The efficiency of citrate to
exchange for bicarbonate is significantly less than that
of oxalate (Figure 4). There was 147 mg kg' of
bicarbonate in the solution due to 0.1 mM I’ of added
oxalate which significantly increased and reached to
1641 mg kg’ at 15.0 mM I' of added oxalic acid. On
the other hand, there was only 122 mg kg’ of
bicarbonate in the solution due to 0.1 mM I of citric
acid which increased, but the maximum level did not
exceed 548 mg kg at 15.0 mM I’ of added citric acid.
Such results were in agreement with the previous study,
but the behavior of oxalate and citrate anions toward P
sorption was found to be the opposite under the present
study conditions compared to the previous study (Al-
Shabaan, 1989). However, from the data provided in
the present study, a possible solution to such a
contradiction may be attained. The pH values of oxalate
were generally greater than those of citrate. Figure 2
shows that the oxalate pH values ranged from 8.0 to
10.6 and were increasing significantly, whereas those of
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citrate were around 8.0 which remained generally
unchanged at this value. Such a funding results in a
greater amount of hydroxyl anion in the equilibrium
solution uncz:' the oxalic acid systems compared to
those under the citric acid systems. Furthermore, it is
obvious, from Figure 4, that the bicarbonate exchanged
for or brought to the equilibrium solution was
significantly greater in the case of oxalic acid compared
to that of citric acid. There was almost approximately
two to three folds (433 to 1641 mg kg”) of solution
bicarboriate in the case of oxalic acids times that of the
citric acid (177 to 548 mg kg''). Furthermore, the Fe,
Cu, Zn and Mn metal cations were lost from the
equilibrium solution and only <0.05 mg kg’ was
detected from each, Compared to the case of oxalate the
possible mechanisms through which the metals were
removed form the solution, which was dominated by
precipitation with either OH™ and or HCO; and oxalate
anions in addition to sorption on the calcite surfaces, the
citrate anion systems would be expected to act in
different ways. Both oxalate and citrate systems totally
lost their soluble metals, hence the citrate system had
sigpificantly less hydroxyl and bicarbonate anions which
were possibly great sinks for metals, thus one would
. look for other sufficient sinks that fulfill and justify such
disappearances, Nevertheless, a possible suggestion,
that fulfills and justifies metal cations removal from the
solution under the citrate systems may, be related to a
possible greater affinity of the metals to be adsorbed to
the negative sites on the calcite surface. Although some
of the metals would be possibly precipitated as
hydroxides and carbonates, which would be suggested to
"be significantly less than that under the oxalic acid
situations, the greater amounts of the metal cations
under the citric acid sitnation are suggested to be
significantly sorbed on the calcite surfaces. Such
surface metal sorption would be bound by one positive
charge of the metal and it would bridge to the citrate
anion through the other positive edge. The other
deprotonated carboxyl groups of the citric acid would
orient themselves to the bulk solution. However, such
negatively charged carboxyl groups would be suggested
to be either totally free or bind to some calcium to a
significantly lower level. Such a suggestion would
incorporate most of the metals and hold them sorbed on
the calcite surfaces. In addition, it would mask the
active calcite surfaces, chemically and physically, with
citrate ions. Moreover, citrate with its outer free
negative charges would repel the phosphate anions and
give rise to the resultant significant equilibrium P
concentrations which were noted. Nevertheless, such
possible suggested mechanisms may give some
interpretation to the higher final equilibrium
concentration of P as well as to the removal of metal

ions from the final equilibrium solution under the case
of citric acid systems.
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