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EDTA removal from solutions using metallic iron was carried out at different values of pH, iron load
and concentrations at free access of air and in closed vessels. The EDTA destruction was investigated
using chemical and capillary electrophoresis analysis. Fe corrosion was studied voltammetrically and the
composition of the precipitate formed was investigated using FT-IR spectroscopy and chemical analysis.
vailable online 23 February 2008

eywords:
DTA
erovalent iron

The EDTA decomposition is remarkably enhanced by the addition of Cu(II) to the EDTA solutions and access
of air. The precipitation of the derivatives of insoluble Fe with EDTA or its decomposition products proceeds
along with the destruction of EDTA. In closed systems the main EDTA removal reaction is precipitation
with iron ions.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Ethylenediaminetetraacetate (EDTA) is widely used in industry,
harmacy, agriculture and household. EDTA is not biodegradable
nd it is difficult to remove from effluents in wastewater treat-
ent facilities. Therefore, the natural aquatic environment contains

ather great amounts of EDTA [1]. As a strong chelating agent it
nhances metal solubility and mobility in the environment causing
oxic effects for living organisms.

In the practice for decontamination of effluents containing
rganic compounds the oxidative destruction is used. The hydrogen
eroxide and ozone are usually used as the oxidizing agents. The
lectrolytic oxidation of organic compounds on the anode is also
idely investigated [2].

In the recent years reductive destruction of organic compounds
nstead of oxidative ones is very intensively investigated. As a
educing agent metallic iron is used mainly. The abundance of
ron scrap in metal industry makes this technology very attractive.

etallic iron easily removes halogens from such organic com-
ounds as chlorinated solvents, dioxines, pesticides, etc. [3–8]. The

eaction proceeds according to the equation:

Fe0 + 3H2O + X–Cl → 2Fe2+ + H2 + X–H + Cl− + 3OH−.

∗ Corresponding author. Tel.: +370 5 2729127; fax: +370 5 2649774.
E-mail address: gyliene@ktl.mii.lt (O. Gylienė).
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It is worth to note that these compounds are not destroyed by
trong reducing agents such as hydrazine, borohydride, formalde-
yde.

Metallic iron is capable to destroy other organic compounds con-
aining unsaturated bonds, for instance the synthetic dyes [9–11].
he authors of work [10] established a strong relationship between
he composition of the iron oxidized surface layer and kinetic
f azodyes decomposition. The proposed mechanism for azodyes
ecomposition by zerovalent iron involves the formation of free
mino groups

–N = N–R′ + 2Fe0 + 4H+ → R–NH2 + 2Fe2+ + H2N–R′.

his reaction is catalyzed by an iron surface.
Nitrates, nitrites and nitro-organic compounds in the solutions

an also be destroyed using metallic iron [12–15]. The ammonium
s formed in this case:

O3
− + 4Fe0 + 10H+ → 4Fe2+ + NH4

+ + 3H2O.

hen the free access of oxygen into solutions is allowed, the oxida-
ive destruction of compounds is possible as well [16]. It is assumed
hat in this case the active oxygen radical on the iron surface is
ormed, which leads to the Fenton’s reaction:

e0 → Fe2+ + 2e
e2+ + L → Fe2+L

e2+L + O2 → Fe3+L + O2
•−

http://www.sciencedirect.com/science/journal/03043894
mailto:gyliene@ktl.mii.lt
dx.doi.org/10.1016/j.jhazmat.2008.02.066


rdous

F

F

w
i
r
H
o
o
f
o
c

n
d
m
c
a
t
i
t
i
s
T
d

o
g
w
d

o
o

2

2

I
a
t

t
t
p
a
a
t

2

2

i
z
p
t
E
i
w
p
d
o
e

e
w
s
o

2

d
s
b
r
c
o
1
T
t
�

o
a

C
F
t
s
(
l
w
G

p
s
t
a

a
e
w
e
d
w
w

5
E

t
C
1
s
c
t
a
o

s
r
2

l
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e2+L + O2
•− + 2H+ → Fe3+L + H2O2

e2+L + H2O2 → Fe3+L + OH• + OH−,

here L is the organic compound, which forms complexes with
ron ions and it is resistant against Fenton’s reaction. Formate, cit-
ate, maleate, oxalate and EDTA are used as the ligands mainly [17].
owever, the authors of the work [16] showed that in the presence
f oxygen and at low EDTA concentrations (up to 1 �mol l−1) the
xidative destruction of EDTA proceeds on the metallic iron sur-
ace, as well. Thus, by using zerovalent iron at access of oxygen the
xidative, as well as reductive destruction of organic compounds
ould proceed.

The main reason of the limited use of iron for the decontami-
ation of wastewaters in practice is the passivation of iron surface
uring the treatment process. To keep the surface active different
eans are proposed, i.e. the usage of salts, which enhance the iron

orrosion rate [6], contact with more electronegative metals [4],
nd applying of electricity in iron columns [18]. In the recent years
he main scope of works is devoted to the production of nanoscale
ron particles, which destroy the organic compounds very effec-
ively [19–23]. However, the production of nanoscale iron particles
s very complicated. Usually they are synthesized in non-aqueous
olvents using a catalyst and borohydride as a reducing agent [24].
he bimetallic nanoparticles as Fe–Pd, Fe–Ag are also applied to
estroy the organic compounds [22].

Actually, the decontamination process of effluents containing
rganic compounds using iron has been not thoroughly investi-
ated yet and there is possibility that it is more complicated. Along
ith the reductive effects of metallic iron the hydrogen evolved
uring iron dissolution can act as a reducing agent as well.

The iron dissolution reaction depending on pH and the presence
f an oxidizing agent, for instant oxygen, proceeds with formation
f Fe2+ or Fe3+. The latter gives an amorphous precipitate:

Fe2+ + (1/2)O2 + 3H2O → 2FeOOH + 4H+,

Fe2+ + (1/2)O2 + 2H2O → Fe2O3 + 4H+.

t is well known that this precipitate acts as good sorbent for organic
nd inorganic substances. Fe3+ ions also give an insoluble precipi-
ate with some organic compounds [24,25].

Our investigations were carried out with purpose to investigate
he possibilities to use the metallic iron as decontaminant for solu-
ions containing EDTA in concentrations comparable with those
resent in the effluents of manufacture of printed circuit boards,
pplying mechanical renewal of iron surface. The attempts were
lso made to evaluate the possible mechanisms of EDTA decon-
amination process.

. Experimental

.1. Decontamination experiments

Removal of EDTA using iron was carried out in open vessel, and
n polyethylene vessel tightly covered with plastic lid. As a source of
erovalent iron, pure iron powder (∼∅ 3 mm) or carbon steel cut into
lates (approximately 5 cm2 for 1 g of iron) were used. For inves-
igations 100 ml of solutions containing 1, 10 and 100 mmol l−1 of
DTA and 1 and 10 mmol l−1 Cu(II) or without Cu(II) were used. The
nitial pH was changed in region from 3 to 7. The pH of the solutions

as adjusted with a diluted (1:10) H2SO4 solution. Solutions were
repared using chemically pure Na2EDTA·2H2O and CuSO4·H2O by
issoluting them in distilled water. These solutions were poured
nto the iron and vigorously mixed with a magnetic stirrer. The
quilibration time varied from a few hours to several days. After
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xperiment the undissolved iron was removed from the solutions
ith a magnet. Filtering through the glass filter was used for the

eparation of the precipitate formed. The experiments were carried
ut at least twice.

.2. Analysis of solutions

High (∼10 mmol l−1) Cu(II) concentrations in solutions were
etermined after its reduction to Cu(I) by means of iodide in acidic
olutions. The concentration of iodine formed was determined
y titration with a Na2S2O3 solution. Fe(III) from solutions was
emoved by addition of NaOH in excess, meanwhile Cu(II)–EDTA
omplex remains in solution. In cases, when the concentrations
f EDTA were low, the solutions containing 1 mol l−1 EDTA and
mol l−1 NaOH was added to aliquots for copper complexation.
he Fe(OH)3 formed was separated by filtering through a glass fil-
er. Low Cu(II) concentrations were determined photometrically at
= 440 nm using diethylditiokarbamate as an indicator [26].

EDTA concentration in solutions was determined complex-
nometrically by titration with Bi(III) in acidic solutions (pH ∼3
djusted with HNO3) [26].

The concentration of EDTA was also established on a P/ACE MDQ
apillary Electrophoresis System apparatus (Beckman Coulter Inc.,
ullerton, CA, USA) equipped with a photodiode array (PDA) detec-
or. The detector was operated at 195 and 254 nm and 32 Karat
oftware was used for data acquisition. Fused silica capillaries eCAP
Beckman Coulter Inc., Fullerton, CA, USA) of 75 �m i.d., 57 cm total
ength, and 50 cm effective length were used. All chemical reagents

ere of analytical grade and purchased from Merck (Darmstadt,
ermany).

The background electrolyte was a borate buffer 0.04 mol l−1 pre-
ared from a boric acid solution (0.1 mol l−1) by addition of NaOH
olution (1 mol l−1) up to pH 8.4 and subsequent dilution. All elec-
rolyte solutions were filtered through a 0.45-�m membrane filter
nd degassed by ultrasonication.

The capillary was rinsed with 0.1 mol l−1 sodium hydroxide
nd water for 5 min and then equilibrated with the background
lectrolyte for 5 min at the beginning of each day. The capillary
as rinsed for 2 min with the background electrolyte between all

lectrophoretic separations. The solutes were injected in the hydro-
ynamic mode by overpressure (0.4 psi for 5 s). All the experiments
ere conducted at 25 ◦C in a liquid thermostated capillary cartridge
ith an applied voltage of 30 kV.

The samples were prepared by dilution with
× 10−4 NiSO4 mol l−1 solution to the initial concentrations of
DTA equal to 2 × 10−4 mol l−1 [27].

The concentration of total organic was determined by oxida-
ion with the excess of KMnO4 in alkaline solutions in presence of
u(II) as catalyst and keeping the obtained mixture in dark place for
5 h. The excess of KMnO4 was retitrated with oxalic acid in acidic
olutions [28]. Organic amount was expressed as O2 consumption
alculated by KMnO4 used. When Fe ions were presented in solu-
ions, in order to oxidize Fe(II) to Fe(III) the aliquot of solution after
ddition of alkali was kept in open flask for 1–3 days and mixed
ccasionally.

The total organic concentrations were evaluated also by mea-
uring absorbance in UV wave region. UV–visible spectra were
ecorded with a PerkinElmer lambda 35 UV–vis spectrometer at
0 ◦C in 1-cm length quartz cells.

The quantity of dissolved iron was determined from the weight
oss after the experiment.
.3. Analysis of precipitate

The chemical composition of the precipitate was determined
fter dissolution in diluted sulfuric acid. The total organic was
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The same effects for EDTA destruction were obtained when
the carbon steel plates were used instead of iron powder (Fig. 4).
The reason of inconsiderable differences in EDTA destruction rate
using iron powder and carbon steel plates could be the negligible
ig. 1. Changes of the residual concentrations of EDTA (1) and O2 consumption
or the oxidation of the formed organics (2) with time in the solutions containing
0 mmol l−1 EDTA at initial pH 5 using iron powder (load 30 g l−1) in open vessel.

etermined as in the case of Section 2.2. Iron in the solutions
as determined after mineralization of the dissolved organics with
NO3. Fe ions in solutions were determined as Fe(III) by titration
ith EDTA using sulfosalycilic acid as an indicator [26].

The infrared spectra of the precipitate formed were recorded
n KBr pellets on a Fourier transformation infrared spectrometer
Hartman & Braun, Canada) with 2 cm−1 scale resolutions. The spec-
ra were recorded in the wave number region between 4000 and
00 cm−1.

.4. Voltammetric investigations

Voltammetric measurements were carried out in a three camera
ell using potentiostat �И-50-1.1 (Russia) at 20 ± 1 ◦C. The carbon
teel plate was used as a working electrode; a saturated Ag/AgCl/KCl
lectrode was used as reference and platinum foil served as a
ounter electrode.

. Results and discussion

Experiments have shown that the degradation of EDTA is a very
low process. Under conditions of our experiments (Fig. 1) a nearly
omplete removal of EDTA proceeds only after the treatment with
ron powder for ∼40 h. The initial increase in the oxygen consump-
ion determined using titration with KMnO4 indicates the presence
f EDTA reduction products in the solutions, which requires higher
mounts of KMnO4 for oxidation. The later decrease in the O2 con-
umption and in the residual concentrations of EDTA shows the
emoval of EDTA or the products of its destruction from the solu-
ions.

The presence of Cu(II) in solutions makes the decontamination
rocess (Figs. 2 and 3) more intensive. The Cu(II) ions are easily
emoved from the solutions by reduction by zerovalent iron with
orming of metallic copper on the iron surface. The EDTA removal
ate also increases. The O2 consumption decrease (indicating EDTA
emoval, as well) is especially rapid in the case, when the initial
oncentration of EDTA is low (Fig. 2). The main part of organics is

estroyed during first 3 h. The further treatment with iron leads to
he slight decrease of the residual organics. About 0.6 mmol l−1 of
DTA are removed during the first hour, meanwhile in the case of
igh EDTA concentration (Fig. 1) the quantity of removed EDTA from
olution during the first hour is ∼0.2 mmol l−1. When the initial

F
i
3

ig. 2. O2 consumption for the oxidation of EDTA destruction products (1) and Cu(II)
emoval kinetics (2) in solutions containing 1 mmol l−1 Cu(II) and 1 mmol l−1 EDTA
t initial pH 5 using iron powder (load 30 g l−1) in open vessel.

DTA concentrations are equal (10 mmol l−1), the presence of Cu(II)
Fig. 3) increased the quantity of removed EDTA from ∼0.2 (Fig. 1) to
0.5 mmol l−1. So, the comparison of the data depicted in Figs. 1–3

how the enhanced influence of Cu(II) on the whole process of
econtamination. It is worth noting that the EDTA destruction in
olutions containing 10 mmol l−1 EDTA and 1 mmol l−1 Cu(II) ini-
ially is rather slow (Fig. 3). The relatively rapid destruction begins
fter some delay, in this case after 3 h, when the main part of
u(II) is reduced on the iron surface. During the first 3 h about
.5 mmol l−1 of EDTA are removed from solution; and during the
ext 3 h this quantity is equal to 7 mmol l−1. Such a shape of a kinetic
urve allows suspecting that the EDTA destruction is a catalytic
rocess. This is known that Cu(II) ions act as homogenous catalyst

n oxidative destruction of organics [29]. However, Cu(II) is com-
letely removed from solutions during the first hours of treatment.

t is precipitated on the iron surface as metallic copper. Therefore,
he action of copper ions as a catalyst is questionable. Presumable,

etallic copper deposited on the iron surface changes the catalytic
roperties of metallic iron. The possibilities to improve the cat-
lytic properties of iron using its bimetallic derivatives with Ni and
d in case of reductive destruction of organic compounds is widely
ig. 3. EDTA destruction (1) and Cu(II) removal kinetics (2) in solutions contain-
ng 1 mmol l−1 Cu(II) and 10 mmol l−1 EDTA at initial pH 5 using iron powder (load
0 g l−1) in open vessel.
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Fig. 6. Carbon steel electrode anodic voltammograms obtained in solutions con-
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ig. 4. EDTA removal degree from solutions after 6 h treatment using iron powder
nd carbon steel plates. Conditions of experiments: 1, as in Fig. 1; 2, as in Fig. 2; 3,
s in Fig. 3.

nfluence of the load above 20 g l−1 on the completeness of EDTA
emoval. The data presented in Fig. 5 show that with the increase
n load to 20 g l−1 the degree of EDTA removal increases. Further
ncrease in load has no influence on EDTA destruction.

It is worth noting that the use of iron powder instead of carbon
teel plates has also inconsiderable influence on the completeness
f organic destruction. Thus, such influence of load of metallic iron
n the completeness of Cu(II)–EDTA removal allows to assume, that
he EDTA removal rate from solutions is connected preferable with
eactions in solutions.

The increase in organic removal rate in case of presence of Cu(II)
s possible also because of increase in iron dissolution due to occur-
ence of the galvanic pair Fe–Cu. In order to check up the latter
ssumption electrochemical investigations were carried out (Fig. 6).
oltammogramms obtained immediately after dipping electrodes

nto solutions indicate somewhat higher anodic currents in the case
hen the solutions are free from Cu(II) (Fig. 6, curves 1 and 2). How-

ver, after long keeping electrodes in Cu(II) free solutions almost
omplete passivation of steel electrode proceeds, meanwhile in
olutions containing Cu(II) ions anodic current remains high even
fter keeping for 1 day (Fig. 6, curves 3 and 4). Thus, the reason of
nhancing effect of Cu(II) ions on decontamination could be also

he increased corrosion rate of iron in solutions of Cu(II) ions.

The long term experiments carried out in an open vessel with
he purpose to determine the optimal pH value for EDTA and Cu(II)
emoval from solutions (Table 1) showed that Cu(II) is almost com-
letely removed at all values of pH. The most complete destruction

ig. 5. Influence of carbon steel load on EDTA destruction from solutions containing
mmol l−1 Cu(II) and 10 mmol l−1 EDTA at initial pH 5 in open vessel.
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aining 10 mmol l−1 Na2EDTA·2H2O (1 and 3) and 1 mmol l−1 CuSO4 and 10 mmol l−1

a2EDTA·2H2O (2 and 4). Voltammograms recorded immediately after dipping elec-
rode in solutions (1 and 2) and after keeping electrode in appropriate solutions for
4 h (3 and 4).

f EDTA proceeds at pH 5. In this case the residual concentration
s about 0.5 mmol l−1. At lower pH values the total residual organic
iffers inconsiderably from that obtained at pH 5 but the residual
DTA and Fe concentrations are remarkably higher. At pH 7 the
egree of EDTA destruction is also rather high; the total content of
rganics formed during the treatment is also rather high. However,
t pH 7 the process is slower. Such a modest influence of pH on the
econtamination process could be explained by elimination of free
+ ions in iron dissolution reaction, when Fe2+ or Fe3+ are formed.

e + 2H+ → Fe2+ + H2.

ccording to Noradaum and Cheng [16] the presence of oxygen in
olutions has the crucial influence on the rate of EDTA degrada-
ion. Authors [16] determined that in the pH range 5.5–6.5 and at
he EDTA concentration equal to 1 mmol l−1 degradation proceeded
wing to dissolved oxygen, which forms an active hydroxyl radical
n the iron surface. The reaction is sharply retarded at increased
DTA concentrations. To check this assumption the experiments
ere carried out in open and closed vessels.

The removal of EDTA from its 100 mmol l−1 acidic (pH 4) solu-
ions in open vessel is negligible. In closed vessel, as opposed to
pen vessels, the formation of EDTA containing precipitate pro-
eeds. The concentrations of EDTA and organics with time steadily
ecreased, though the process was also slow (Fig. 7, curves 1 and 2).

n this case the presence of Cu(II) in amount equal to 10 mmol l−1
Fig. 7, curves 3 and 4) had no remarkable influence on EDTA
emoval from solutions and the decrease of EDTA concentration
n solutions remained similar to that in solutions without Cu(II). In
his case also there are not remarkable differences between EDTA
oncentration and oxygen demand for the organics oxidation.

able 1
nfluence of the initial pH on the removal of Cu(II) and EDTA from solutions contain-
ng 1 mmol l−1 Cu(II) and 10 mmol l−1 EDTA using carbon steel

esults of treatment pH 3.5 pH 4 pH 5 pH 7

esidual Cu(II) (mmol l−1) 0.003 0.001 <0.0005 <0.0005
esidual EDTA (mmol l−1) 1.6 1.6 0.5 2.2
2 consumption (mequiv l−1) 160 160 170 320
otal iron in solutions (mmol l−1) 2.8 2 ∼0 2.2
issolved Fe (g) 17 10 8 3
inal pH 8.4 8.2 8 8.9

oad 20 g l−1; treatment time 40 h
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Table 2
Capillary electrophoresis investigations of solution composition after treatment with carbon steel (load 20 g l−1) for 10 h at initial pH 4

Composition of solution and treatment conditions FeEDTA (mmol l−1) NiEDTA (mmol l−1) Other compounds

10 mmol l−1 EDTA, 1 mmol l−1 Cu(II); without treatment – 9–10 –
10 mmol l−1 EDTA; open vessel 1 0.54 + 3 other key compounds
10 mmol l−1 EDTA, 1 mmol l−1 Cu(II); open vessel – – + 2 other key compounds
100 mmol l−1 EDTA, 10 mmol l−1 Cu(II); closed vessel 84 –

Table 3
Chemical composition of precipitate formed during EDTA removal under different conditions at initial pH 4

Composition of solution and treatment conditions Content in precipitate

Fe (total) (mass %) Organics (as H4EDTA) (mass %) Ratio Fe(III): EDTA (mol: mol)

Fe + 10 mmol l−1 EDTA, open vessel; time 40 h 32 8 20
Fe + 10 mmol l−1 EDTA and 1 mmol l−1 Cu(II), open vessel; time 40 h 25 12 11
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known that the freshly precipitated iron hydroxides act as sorbent
for organic compounds. Fe(III) can form the insoluble organic com-
pounds, as well.
e + 100 mmol l−1 EDTA and 10 mmol l−1 Cu(II), closed vessel; time 40 h 18
eSO4 + 100 mmol l−1 EDTA, closed vessel; time 10 days 11

oad of iron powder 20 g l−1.

The UV investigation of solutions obtained after treatment
nder different conditions showed the intense decrease in light
bsorbance in the UV region, indicating also an intense decrease
n concentrations of organics.

Capillary electrophoresis investigations (Table 2) using the
etermination of EDTA as Ni(II) and Fe(III) complexes, showed
hat after 10 h treatment in an open vessel EDTA was completely
emoved from solutions in the case when the Cu(II) ions were
resent. When the Cu(II) ions were not added to solution, the resid-
al EDTA concentration makes ∼1 mmol l−1 after 10 h treatment. In
oth cases the other possibly compounds forming complexes with
i(II) and Fe(III) were formed. When the treatment was carried out

n closed vessels, the concentration of EDTA remarkably decreased
ithout formation of any intermediate complexing compounds.

The precipitate formed during the treatment was investigated
sing chemical analysis and FT-IR measurements. The main compo-
ents of this precipitate are iron hydroxides. The data of chemical
nalysis (Table 3) show a high content of organics in the precipi-
ate in all the investigated cases. The molar ratio between the iron
nd organic compounds depends on the treatment conditions. The
recipitate formed in a closed vessel, when the access of oxygen

rom air is hindered, contains the greatest amount of organics. The
atio between Fe ions and EDTA molar contents in precipitate is
ather low indicating the important role of precipitation during
econtamination.

ig. 7. Changes in the residual concentrations of EDTA (1 and 3) and O2 consumption
or organic oxidation (2 and 4) with time in solutions containing 100 mmol l−1 EDTA
1 and 2); and 10 mmol l−1 Cu(II) and 100 mmol l−1 EDTA (3 and 4) at initial pH 4
sing iron powder (load 30 g l−1) in closed vessel.

F
w
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(
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29 2

FT-IR spectra obtained under different treatment conditions are
epicted in Fig. 8. In all cases the precipitate formed contains rather
reat amounts of organic components. The presence of Cu(II) in
olutions has also some influence on the composition of precip-
tate (Fig. 8, spectra a and b). The distinct absorbance peaks at
670 cm−1 corresponding to –COO− symmetric vibrations and at
400 cm−1 corresponding to –COOH stretching vibrations indicate
he presence of carboxylic compounds in the precipitate.

The reasons of organics precipitation could be various. It is well
ig. 8. FT-IR spectra of Na2EDTA·2H2O (a) and precipitate formed during treatment
ith iron powder in open vessel in solutions containing 10 mmol l−1 EDTA and
mmol l−1 Cu(II) (b); in closed vessel in solutions containing 100 mmol l−1 EDTA

c) and precipitate formed with FeSO4 in 100 mmol l−1 EDTA solutions in closed
essel at pH 4 (d).
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When the experiments were carried out in closed vessels,
ccording to the capillary electrophoresis analysis no EDTA destruc-
ion products were present in the solution, meanwhile the EDTA
oncentration remarkably decreased. It can be supposed that EDTA
s precipitated as insoluble iron compound. It is well known that
DTA form an insoluble compound with an excess of some biva-
ent metals (Cu(II), Zn(II), Mn(II), Pb(II)), though we failed to find
ny literature about insoluble Fe(II)–EDTA compounds. To check the
ossibility whether such a compound exists, the FeSO4 and EDTA
olutions were mixed at pH 4 and kept in a closed vessel for 10
ays. The data of chemical analysis presented in Table 3 show that
he molar ratio between Fe(II) and EDTA is close to 2 and confirm
he assumption that the an insoluble Fe(II) compound similar to
u2EDTA·4H2O really exists [32]. The comparison of the FT-IR spec-
rum obtained for the EDTA compound precipitated with Fe(II) and
he one treated with metallic iron in closed vessels (Fig. 8, spectra c
nd d) indicates their identity. It makes it possible to draw a conclu-
ion that during the treatment of EDTA with metallic iron in closed
ystems the formation of insoluble Fe–EDTA compounds proceeds
long with dissolution of metallic iron.

Thus, the presented investigation shows that the decontami-
ation of solutions containing EDTA using metallic iron is a very
omplicated process. At the access of oxygen the destruction of
DTA takes place along with the formation of insoluble organic
ompounds.

. Conclusions

Decontamination of EDTA containing solutions using metallic
ron is a rather complicated process. The access of air to solutions
lays the important role in EDTA destruction. The process is remark-
bly enhanced by addition of Cu(II) to the EDTA solutions. A catalytic
ffect of Cu(II) could be explained by an increased Fe corrosion rate.
he precipitation of the derivatives of insoluble Fe with EDTA or
ts decomposition products proceeds along with the destruction
f EDTA. In closed systems the main EDTA removal reaction is the
recipitation with iron ions.
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