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Abstract: A series of experiments of the leaching of lead and other cations from three
samples of natural zeolite—clinoptilolite, (Sample 1-deposit Zlatokop, Vranjska Banja,
Serbia and Montenegro; Sample 2—deposit Bala Mare, Romania; Sample 3—Igros near
Brus, Serbia and Montenegro) using EDTA was conducted. The results of the experi-
ments showed that the extraction efficiencies from the examined samples were differ-
ent. If a suficiently large amount of EDTA was applied, most of the lead was extracted
only from Sample 1—deposit Zlatokop. Similar effects were obtained for the leaching of
iron. The differences in the extraction efficiencies may be due to the difference of the of
lead and iron species present in the zeolite crystals. The effects of EDTA concentration
and solid/liquid ratio on the extraction of lead, iron and aluminum were studied.
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INTRODUCTION

The increasing use of the natural zeolite (clinoptilolite) and clays (montmori-
lonite, kaolinite) for healing purposes and their use in pharmaceutical formulations
necessitates new aspects of quality control to be taken into consideration. Scien-
tific information concerning their safety is hard to obtain, because of the limited
toxicological data available. Natural zeolite and clay minerals are geo-materials,
the compositions of which include many trace elements.

Natural zeolites are used in many industrial applications, such as for the purifi-
cation of water, soil improvement, animal production, food supplements and addi-
tives, radioprotection, efc. However, it is less known that in recent years these ex-
citing materials are increasingly being used in biomedical applications. Since
many biomedical processes are closely related to ion exchange, adsorption and ca-
talysis, it is evident that natural zeolites can make a significant break-through in the
pharmaceutical industry and in medicine in the near future. 1-2 The reasons for this
are as follows: (a) zeolites have known biological properties along with long-term
chemical and biological stability, (b) they reversibly bind small molecules, (¢) they
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posses size and shape selectivities, (d) they offer the possibility of metalloenzyume
mimicru, (e) they have immunomodulatory activity.?

The various biomedical effects and application of zeolite are given in Fig. 12
(with the permission of the authors).
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In vitro and in vivo investigations,*~© the use of the natural zeolite-clinoptilo-
lite for treatment of cancer-bearing mice and dogs led to improvements in the
overal health status, prolongation of the life span and a decease of the tumor size in
some cases. An immunostimulatory effect of natural clinoptilolite has been de-
tected,”? and it is possible that this is the mechanism of its antimetastatic ability.10

Clay minerals are used for therapeutical purposes, with beneficial effects on
health, in pharmaceutical formulations and spa and aesthetic medicine. In pharma-
ceutical formulations, clays are as orally administered active principles. !! In spa
and aesthetic medicine, clays play a very active role during cation exchange
reactions,!2 controlling the mobility of major and trace elements. From an inor-
ganic point of view, the documented mobility of elements in spa treatments in
medicine, was the first step.

Of the many aspects which have been investigated, the content and mobility of
toxic metals are the least considered. This occurred because their occurrence in
clay and zeolite minerals was ignored. Organisms absorb chemical elements from
natural minerals, a fact documented by Mascolo et al.,13 who evaluated this behav-
ior during digestion of selected toxic chemical elements. By analyzing the content
of toxic elements in the urine of orally clay-treated rats, they showed that absorp-
tion of elements occurs after clay ingestion. The authors concluded that toxic ele-
ments have hazardous effects on the blood, organs and/or the whole body. In a sub-
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sequent study, !4 the same authors gave a future elucidation on the distribution pro-
cess of hazardous elements (Hg, Pb, As, Sb, Tl, Cd). Rats fed with clays had
uncreased concentrations of the elements in their organs, in the following order:
kidney>liver>heart>brain. Thus, the distribution of the elements was not homoge-
neous throughout the body.

Even if it is not possible to extrapolate these data in terms of toxicity for human
health, the use of natural minerals (zeolite and clay) must be under control, due to
their side effects.!5:16 Using clays might cause serious health problems. Moreover,
there is an urgent need for systematic control of the quality of geo-materials.!4

Understading their bioavailability is the key to an assement of the potential
toxicity of metallic elements and their compounds. Bioavailability depends on bio-
logical parameters and on the physicochemical properties of metallic elements,
their ions, and their compounds.!”7

Lead is one of the many toxic metals, usually present in clay and zeolite miner-
als. The mobility of lead in organism and its toxicity for human health are well
known. The toxicity of this element is further complicated by red/ox Pb#/Pb2* re-
action.17

The concentration of lead in uncontaminated soil is between 10 and 200
ppm.18 The presence of toxic metals in natural zeolites and clays minerals differ
depending on the deposit. Usually, the content of lead in natural clinoptilolite is be-
low 30 ppm. For medical use, the concentration of lead must be reduced to a
minimum level (a few ppm).

During the past years, the rapid development of various treatment technolo-
gies for the removal of lead (purification of lead-contaminated soils, waters and in-
dustrial wastewaters) using EDTA as a chelating agent has been untessed.!8-20
When lead-contaminated soil is washed with EDTA solution, the supernatant con-
tains Pb—EDTA and various other metal-EDTA complexes (generallyAl-, Ca—,
Fe—, Mg, Mn—, Zn—-EDTA complexes). The concentrations of the extracted metal
in the supernatant depends on the stability constants, pH of the solution, the con-
centration of metals and EDTA 2!

Based on the conditional stability constants of the Pb—EDTA complexes,
EDTA complexes with lead in preference to the other cations at 4> pH <10, except
for Cu2* in all the pH region, and Fe 3* at pH values below 6.5.

The aim of this research was to investigate the extraction efficiency of lead,
present as impurities in natural clinoptilolite, using EDTA as the chelating agent.
Several natural zeolite-clinoptilolite samples, under variables such as liquid/solid
ratio, particle size and concentration of EDTA, were investigated.

EXPERIMENTAL

The samples of natural zeolite-clinoptilolite from different deposit were used for this research.
The samples (Sample 1-deposit Zlatokop, Vranjska Banja, Serbia and Montenegro, Sample 2—de-
posit Bala Mare Romania, Sample 3—deposit 1gros near Brus, Serbia and Montenegro), were pre-
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pared below 0.2 mm in size. Sample 1 was prepared in three size fractions: below 200 microns
(Sample 1-a), —0.4+0.2 mm (Sample 1-b) and —0.8+0.4 mm (Sample 1-c). A full characterization of
Samples 1 and Sample 3, was published elsewhere,?2"24 The concentration of metals before and af-
ter leaching in EDTA, were determined by the AAS method using a Perkin—Elmer M-703 instru-
ment.

Extraction procedure

Extraction experiments were conducted to assess the effects of the origin of the samples (i), the
solid/liquid ratio (i7) and the concentration of EDTA (ii). A typical extractions procedure consisted
of stirring a certain amount (10-50 g) of prepared sample in 100 ml of EDTA (known concentra-
tion), on a magnetic stirrer for 2 h at 60 °C. The sample was then centrifuged for 10 min at 10,000
r.p.m. (Heraeus Biofuge type 17), and the pH of the supernatant and the concentration of cations
were measured. Separate experiments were conducted to measure the effect of particle size (sample
1) on the leaching of lead.

The effect of the solid/liquid ratio (1:10 and 1:20) on the effeciency of lead extraction (Sample
1-a) was assessed by using different EDTA concentration: 0.1 M, 0.05 M, 0.02 M and 0.01 M. The
extraction of lead from Sample 1-a into 0.05 M EDTA, was also examined using different solid/liq-
uid ratios: 1:10; 2:10; 3:10; 4:10 and 5:10.

The pH in all experiments was between 4.0 and 4.2.

X-Ray powder diffraction analysis of the raw Sample 1 and after EDTA treatment (0.1 M
EDTA, 10 % suspension), were performed using a Philips PW-1710 diffractometer with monochro-
matic Cu-Ka radiation, to determine whether the EDTA treatment resulted in any change in the
crystalline structure of the zeolite.

RESULTS AND DISCUSSION

Selected physical-chemical properties, chemical composition and major cat-
ion concentrations in the three examined samples are presented in Table I.

TABLE 1. Chemical composition, major cation concentrations, pH (5 % suspension) and cation ex-
change capacity-CEC (total) of the zeolite samples

Parameters Sample 1 Sample 2 Sample 3
Si0,/% 66.01 68.56 69.95
AL O3/% 12.40 12.77 12.76
Fe,03/% 1.84 2.78 1.25
Ca0/% 3.45 3.22 2.80
MgO/% 0.80 1.11 0.29
Na,0/% 0.91 0.78 0.45
K,0/% 0.82 1.12 3.13
L. L/% 13.45 9.55 9.17
Microelements/ppm

Pb 29 35 38
Mn 305 282 240

Zn 35 62 30

Cu 32 8 6
CEC/(meq/100 g) 142 147 150

pH (5 % suspen.) 7.55 7.78 7.60
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Comparing the samples, it is obvious that all three zeolites (from different de-
posits), have similar cation exchange capacity: CEC(142—-150 meq/100 g) and pH
(5% suspension in water). However, the contents of microelements, iron, magne-
sium and potassium are different in the different samples.

The efficiencies of lead extraction, as well as the leaching of aluminium, iron
manganese, zinc and copper, for the three samples used in these experiments (un-
der the same experimental conditions) are given in Table I1. The leached metal ions
in the supernatant were determined after treatment of the zeolite samples with
EDTA (10% suspension in 0.1 M EDTA).

EDTA was chosen because it forms strong bonds with metals,2! as reflected by
their high equilibrium formation constants (log kK Pb2"EDTA-17.9, Zn2"EDTA-17.5,
Cu2*EDTA-18.8, Mn2"EDTA~-14.5 and Fe3"EDTA-25.1). The conditional sta-
bility constant of the metal-EDTA complexes?! as a function of pH, for pH 4 may
be aassumed to follow the sequence: Fe3™>Cu2t>Pb2">Zn2*>A13">Mn2". The sta-
bility sequence at pH 6 is similar. The extraction of metal ions from the examined
samples do not follow the sequence of the conditional stability constants, as shown
in Table II.

TABLE II. Extraction of cations from natural clinoptilolite (10% suspension of zeolite in 0.1 M
EDTA)

Leached cations/ppm Sample 1 Sample 2 Sample 3
Pb 25 (29" 10 (35)" 10 (38)"
Al 900 1300 1000
Fe 10600 880 330
Mn 265 (305)" 242 (282)" 220 (240)"
Zn 22 (35)" 26 (62)" 21 (30)"
Cu 15 (32)" 7 8" 2 6)"

*Data before extraction, ppm

The effectiveness of lead leaching from the examined samples is different.
The best results were obtained for Sample 1: more then 86 % of the total lead pres-
ent was extracted. Less lead was leached from the other two samples, the effective-
ness was about 25 %.

The main factor for the leaching of Fe is the form in which is exists. More than 80
% of the total content of iron in Sample 1 was leached. Under the same conditions, less
than 50 % and less than 40 % had been teached from Sample 2 and 3, respectively, af-
ter the same time. More than 80 % of the manganese was leached from all the samples,
between 40 % and 70 % of the Zn and between 30 % and 80 % of the Cu.

The leaching of aluminium is also different and probably depends on the crys-
talline structure of the zeolite, and/for on the presence of amorphous phases.

The obtained data confirm that both parameters (the form in which the cation
exists and the conditional stability constants of the metal-EDTA) complexes have
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an influence on the leaching, of the metal ions present in the zeolite. Which param-
eter is dominant, depends on the origin of the deposit (Ch. Kim et al.).!8 The re-
sults of the leaching of cations from Sample 1 show that the conditional stability
constants of the metal-EDTA complexes is the dominate factor, while in Samples 2
and 3, both parameters have an influence.

The influences of the liquid/solid ratio (i7) and the concentration of EDTA (iii)
on the extraction of lead were determined for all three samples, using 10 % and 20
% solid and 0.1 M and 0.05 M EDTA. The results are given in Table III.

As can be seen from Table 111, the extraction of lead decreases with increasing
concentration of solid and decreasing concentration of EDTA. This can be cleaarly
seen for Sample 1. The extraction efficiencies for Pb under the conditions 10 %
solid and 0.1 M EDTA was 86 % Pb, while 76 % was extracted with 20 % solid and
0.05 M EDTA. Under the conditions of 20 % solid and 0.1 M EDTA and of 10 %
solid and 0.05 M EDTA, the same extraction efficiencies were obtained. In these
cases, the stoichiometric ratio EDTA-Pb are identical.

TABLE III. The influence of the concentration of solid and EDTA on the extraction of Pb

Sample Solid/% C?;l(c)i /EI?ITA 'Pb/pprn - Pb leached/%
Before leaching  After leaching
Sample 1 10 0.1 29 4 86
20 0.1 29 6 80
10 0.05 29 6 80
20 0.05 29 7 76
Sample 2 10 0.1 35 25 29
20 0.1 35 25 29
10 0.05 35 26 26
20 0.05 35 26 26
Sample 3 10 0.1 38 28 26
20 0.1 38 28 26
10 0.05 38 29 23
20 0.05 38 30 21

These data (Table III) demonstrate that the efficiency of lead extraction was
different for each sample. Lead extraction was not only a function of the stoichio-
metric ratio of the applied EDTA concentration to the total lead concentraton in the
zeolite sample. The efficiences of lead extraction from the examined zeolite sam-
ples (at the same stoichiometric ration EDTA-Pb) differ due the presence of differ-
ent lead species in the samples. A similar explanation can also be applied for the
extraction of iron.

The effects of particle size on the extraction of Pb, Al and Fe, using 0.1 M
EDTA and 10 % solids, where examined using Sample 1. The results are presented
in Table IV.
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For effective extraction of lead, the particle size should be below 200 microns
(Table IV). The obtained results show that the leaching of all three examined cat-
ions (Pb, Al, Fe) decreases with increasing particle size.

TABLE IV. Efects of particle size on the extraction of Pb, Al, and Fe (Sample 1)

Leached cation (_Sggf(l)enll;s) (_gi{il(’)lz 11-1?11) (-OS,?ST(I;,IZ 111-1(;11 )
Pb 25 ppm 13 ppm 5 ppm
Al 900 ppm 420 ppm 105 ppm
Fe 1.06 % 275 ppm 98 ppm

The results of lead, aluminium and iron extraction, from Sample 1-a using: 0.1
M, 0.05 M, 0.02 M and 0.01 M EDTA are given in Table V (10 % solids).

TABLE V. Pb, Al and Fe extracted using different EDTA concentrations (Sample 1-a)

EDTA/(mol/dm?) Leached Pb/ppm Leached Al/ppm Leached Fe/%
0.10 25 900 1.06
0.05 23 900 1.02
0.02 9 570 0.34
0.01 1 450 0.26

The results given in Table V show that the extraction efficiencies of lead, alu-
minium and iron (for Sample 1), using 0.10 M and 0.05 M EDTA are similar; more
than 80 % of the total lead present was leached. Simultaneously, EDTA dissolved
the same amount Al (900 ppm) and Fe (more than 1 %). Initial (total) concentration
of Fe in Sample 1 was 1.28 % Fe, meaning that about 80% of the iron present was
dissolved in EDTA (0.05 and 0.1 M).

The extraction of lead, aluminium and iron from Sample 1-a, using 0.05 M
EDTA, with solid/liquid mass ratios of 1:10; 2:10; 3:10; 4:10 and 5:10 were also
eximaned. The results are presented in Table VI.

TABLE VI. The effect of the solid/liquid mass ratio on the extraction of Pb, Al and Fe (Sample 1-a)

Solid:liquid ratio Leached Pb/ppm Leached Al/ppm Leached Fe/%
1:10 23 900 1.02
2:10 22 900 1.01
3:10 15 550 1.00
4:10 4 375 0.71
5:10 2.5 330 0.51

The obtained results (Table VI) show that the extractions of an three examined
cations, lead, aluminium and iron at solid/liquid ratios of 1:10 and 2:10 (on a mass
basis) were similar. With increasing solid/liquid ratio, the extraction of lead and
aluminium decreases more than the extraction of iron. At pH 4.2, the conditional
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Fig. 2. Impact of the solid/liquid ratio on the extraction of Pb, Al and Fe in 0.05 M EDTA (two
hours, 60 °C, continual mixing, pH 4.2)
stability constant of Fe—-EDTA is higher than those of Pb—EDTA and AI-EDTA. At
a solid/liquid ratio 5:10, about 10 % of the total lead and about 40 % of the total
iron present are leached out.

The extraction efficiency (%) of lead, aluminium and iron, at different solid/liquid
ratios, but keeping the quantity of EDTA (0.05 M), the pH 4.2, the extraction time 2
h at 60 °C, constant presented in Fig. 2. Under these conditions a maximum of 900
ppm of Al was disolved. This value was taken as 100 %.
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Figure 2 shows that the extractions with solid/liquid ratios of 1:10 and 2:10
were similar for all three examined cations. With increasing concentration of solid,
the extraction efficiencies decrease (as per the conditional stability constants), first
for lead and aluminium and then for iron.

The pH in all experiments was between 4.0 and 4.2. The (log) conditional sta-
bility constants — EDTA complexes under this condition were Fe—-EDTA-15;
Pb—10; Al-7.5.21 For Sample 1, all the obtained data show that the extraction effi-
ciency of the examined cations (Pb, Al, Fe), were mainly a function of the condi-
tional stability constants and the stoichiometric ratio of the applied EDTA to the to-
tal cation concentration.

XRD-analysis of Sample 1 before and after treatment with a 10 % suspension
in 0.1 M EDTA showed no difference in the crystalline structure of the examined
zeolite, Fig. 3.

CONCLUSION

Based on the experimental results, it has been shown that both the available
form in which the cation exists and the conditional stability constants metal-EDTA
have an influence on the EDTA extraction of the metal ions present in zeolite.
Which parameter is dominant depends on the origin of the deposit. The examina-
tion of three samples of natural zeolite-clinoptilolite from different deposit, (Sam-
ple 1—deposit Zlatokop, Vranjska Banja, Serbia and Montenegro, Sample 2 — de-
posit Bala Mare, Romania, Sample 3 — Igros near Brus, Serbia and Montenegro)
showed that the conditional stability constants metal-EDTA is the dominant factor
for the leaching of cations from Sample 1, while for Samples 2 and 3, both
parameters have an influence.

The results of the extraction with solid/liquid ratios 1:5 and 1:10 were similar
when EDTA > 0.05 M was used. If a sufficiently large amount of EDTA was ap-
plied, most of lead was extracted only from Sample 1. With increasing concentra-
tion of solid, the extraction efficiencies decreased, first for lead and aluminium and
then for iron. For Sample 1, the extraction efficiency of the examined cations were
mainly a function of the conditional stability constants and the stoichiometric ratio
of the applied EDTA to the total cation concentrations. The differences in the ex-
traction efficiencies from the three examined samples may be due to differences in
the type of lead and iron present in the zeolite crystals.

Acknowledgment: This work presents the results of a study within the Project No. 1814, fi-
nanced by the Ministry of Science of the Republic of Serbia.
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U3BOJ

NMPEYNITHABAKBE ITPUPOIHOI SBEOJIUTA-KIITMHOIITUIIOIINTA 3A
YIIOTPEBY Y MEJUIINHU - EKCTPAKIIJA OJIOBA

MATJAJITEHA TOMAIIEBUHh-YAHOBWHR

Hucruiniyin 3a WexHoA0ZUjy HyKAeapHUX U OpYZUx muHepasnux cuposuna, Pparue 0’Eiiepea 86, 11000 Beozpao

ITpupopHy 3¢0NUT-KIUMHONTUIONNT CBE BUIIIE HAJla3U IPUMEHY Y pelllaBamby nIpobdieMa
BE3aHUX 3a 3[lpaBibe JbyAu. IIowmTO ce pagu O NPUPOAHO] CUPOBUHU KOja CajipxKH pa3He
npumece, Meby Kojuma ce yecto cpehy u TOKCUYHU MeTajll, HEOIXO[Ha je CTpora KOHTpOoJa
kBanurera. ON0BO Npunaja NpBoj rPynu TOKCUYHUX MeTajla KOje je YIIIaBHOM YBEK IIPUCY-
THO y HEMETAJIHUM CHPOBHHAMA, y MalbeM WU BeheM MpoleHTy. Y pafy cy AaTH pe3yiaTaTH
eKCTpaKIlyje 0JI0Ba U3 TPU JIEKUIITA KIUMHONTUNIONNTA, mpuMeHoM EDTA. [ToGujenu pe3yi-
TaTH MOKa3yjy fa ce oJ0Bo Jyxu ca EDTA, Bullle WU Malbe e(PUKACHO, 3aBIUCHO Off JIEXKHU-
wmra. Ha epukaacHOCT 1y>Kera 0110Ba, nopef KoHueHTpauuje EDTA 1 ogHOCa YBPCTO/TEYHO,
€BUJICHTAH je yTuIaj 06JuKa y KOMe je OJI0BO IIPUCYTHO Y 3€ONIUTY.

(ITpumibeno 12. jyma 2004, peBupupaso 6. anpuia 2005)
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