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The paper investigates a possible application of chelating cellulose ion exchanger with the functional
groups of diethylenetriaminetetraacetic acid to concentrating lead and cadmium in extracts from soils
and industrial fertilizers or mineralizates of plant materials. A favourable recovery of the metals
needs the knowledge of the approximate content of the complex forming cations in the solutions and
the suppression of formation of iron and aluminium hydroxides during modification of acidity of ex-
tracts to the value of pH 4 which is the optimum for the formation of chelates. The degree of con-
centrating reached the values of fE = 10 – 50, the recovery of lead and cadmium depended on the
nature of sample and was in the range of R = 60 – 100%.

The chelating ion exchangers have found broad applications in analytical practice for
concentrating traces of metals able of formation of firm complexes at suitable condi-
tions. They are adopted most frequently in analyses of various sorts of water1 – 12, the
applications to analyses of geological materials13 – 16, metals and alloys17,18, plants19, or
soils20 being less current. In the case of solutions, extracts, and mineralizates of solid
samples, the matrix is substantially more complex, which brings problems connected
with high ionic strength of solutions, considerable differences in concentrations of
complex-forming ions, unsuitable acidity of medium, or the presence of interfering sub-
stances. The usually smaller volumes of solutions or extracts of solid materials, as com-
pared with samples of water, lead to a smaller degree of concentration fE by about one
order of magnitude. The latter quantity, which is also referred to as the enrichment
factor, is generally defined as the ratio of volumes of solutions of the monitored sub-
stance before and after the concentration procedure at a given recovery degree of the
process. For instance, the determination of micro elements in carbonate rocks13 reached
the value of fE = 40, that of Cu, Pb, and Zn in water3 fE = 330, a two-step concentration
procedure2 even reached the value of fE = 50 000. For bigger volumes of samples it is
more suitable to adopt the column procedure of sorption1 – 3,5, whereas from smaller
ones the micro elements can be trapped by the ion exchanger in the batch way16,18,21.
The dynamic arrangement also has the advantage in that the pre-concentration of
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sample can be connected on-line with the apparatus for AAS or ICP-OES (ref.12). The
sorbed metals can be eluted from the ion exchanger and then determined in solu-
tion3,5,9,14, however, it is also possible to carry out the determination directly in the ion
exchanger using the methods of emission spectroscopy22, X-ray fluorescence ana-
lysis6,7,23, or neutron activation analysis24.

When concentrating lead, cadmium, and other minor elements from soil extracts one
encounters the main problem in the presence of iron and aluminium at concentrations
several orders higher than those of the monitored elements. So far no chelating ion
exchangers have been developed which would be selective for lead or cadmium and
would not simultaneously trap the iron and aluminium ions (which themselves can satu-
rate the capacity of ion exchanger and produce the respective hydroxide precipitates)
at the same experimental conditions. If the lead content of extract is sufficiently high,
it can be determined by a direct analysis using e.g. the AAS method25; otherwise the
lead must be extracted and concentrated with a solution of suitable complex-forming
agent26 – 28 or iron ions must be removed from the extract in the same way29. Chelating
ion exchangers have been used only sporadically for such purposes20.

The present communication describes the experiments in which a cellulose chelating
ion exchanger based on diethylenetriaminetetraacetic acid, Ostsorb DTTA, has been
used for the sorption of lead and cadmium from soil extracts, an industrial fertilizer, or
a mineralizate of grass; the properties of Ostsorb DTTA in the sorption of lead were
described in our previous communication30 and turned out to be the most appropriate
for these purposes out of the tested cellulose ion exchangers of the Ostsorb series.

EXPERIMENTAL

Apparatus and Chemicals

The metals in solutions were determined with the use of an atomic absorption spectrometer Atom-
spek H 1550 (Hilger and Watts, U.K.) with an acetylene–air flame (except for aluminium, where the
acetelyne–dinitrogen oxide system was adopted). The samples were shaken with the ion exchanger
with the help of a longitudinal shaker LT 1 (Kavalier, The Czech Republic), their pH values were
determined by means of an OP-205/1 apparatus with combined glass electrode OP-8083 (Radelkis,
Hungary). Lead and cadmium were concentrated on a selective cellulosic chelating ion exchanger
Ostsorb DTTA with chemically bound functional groups of diethylenetriaminetetraacetic acid (Spol-
chemie, The Czech Republic). Its properties are described in our previous communication30. The ion
exchanger was used in its swollen H+ form.

All the chemicals used were of p.a. purity grade (Lachema, The Czech Republic). The water used
in experiments was deionized.

By its physico-chemical properties, the analyzed sample of soil can be classified as a light clay-
sand soil. The grass species in the respective sample were not specified: it represented aerial parts of
a mixed grass vegetation.

Three-component fertilizer GVH III (Istrochem, The Slovak Republic) was a granulated mixture
of potassium, ammonium, and calcium salts of nitric, phosphoric, hydrochloric, and sulfuric acids
with the minimum content (by wt.) of 8.5% N, 17.5% P2O5, and 17.5% K2O.
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Procedures: Determination of Lead in Soil

Preparation of soil extract. A soil sample dried at room temperature was ground and sieved
through a 2 mm sieve. The undersizes (50 g) were shaken with 250 ml 1 M HCl in a calibrated flask
60 min, the suspension was filtered through a filter paper, the filtration cake was washed with 50 ml
HCl solution, and the volume was adjusted by addition of water at 300 ml or another reqired value.

Analysis of soil extract by AAS. The soil extract was diluted with water to the volume of 500 ml
and without any other modification directly analyzed on the atomic absorption spectrometer in the
acetylene–air flame (Pb, Ni, Cu, Mn, Zn, Co, Fe) or acetylene–dinitrogen oxide flame (Al). The
wavelengths of the individual metals were as follows: Pb 217.5 nm, Ni 232.5 nm, Cu 325.0 nm, Mn
403.5 nm, Al 309.6 nm, Zn 214.5 nm, Co 241.0 nm, Fe 386.4 nm. The concentrations of the above-
mentioned metals in the extract were determined by the method of standard addition.

Concentrating of lead from extract by sorption on ion exchanger. The pH value of soil extract was
adjusted at pH 4 by adding 2 M NaOH, the precipitate formed was removed by filtration, the filtra-
tion cake was washed with 20 ml water, and 0.2 g swollen Ostsorb DTTA was added to the filtrate.
After 90 min shaking, the ion exchanger was filtered off, washed with water, and transferred into a
50 ml calibrated flask where it was extracted with 20 ml 2 M HClO4 90 min. The lead concentration
in desorbate was determined by AAS. The experiment described was repeated with the following
differences: in the first case an extract of dried soil sample with added lead (40 µg Pb in the form of
Pb(NO3)2) of 10 mg l−1 concentration was used, in the second case the same amount of lead was
added to the extract after filtering off the soil, and in the third case after filtering off the precipitate
formed upon the neutralization of extract. From the results we evaluated the losses of lead in the
individual analytical operations.

Sorption of lead in the presence of Na4P2O7. The dependence of recuperation efficiency of lead
upon the amount of Na4P2O7 added, the amount of sorbent, and pH of medium was studied in a series
of experiments in which 100 ml extract of a known concentration of lead was mixed with 50 – 250 ml
saturated Na4P2O7 solution, 0.5 – 2 g ion exchanger, and its pH was adjusted at pH 3 – 9.5 by addi-
tion of 1 M NaOH. In these experiments (as well as those described below) the sorbent with extract
was shaken 2 h, and the lead trapped was desorbed with 20 ml 2 M HClO4 1 h.

Desorption of lead from ion exchanger with HClO4. The soil extract (300 ml) was adjusted at
pH 4 by adding NaOH solution, and 250 ml Na4P2O7 solution and 5 g Ostsorb DTTA were added
thereto. After the sorption was finished, the lead trapped was desorbed with 2 × 20 ml HClO4 of the
concentrations of 1, 2, 3, 4, and 5 mol l−1 for 2 × 1 h.

Sorption of lead after reduction of Fe(III) to Fe(II). The soil extract (100 ml) with a known lead
concentration was treated with 2 – 15 g NH2OH . HCl or 1 – 5 g ascorbic acid, the solution was
heated on a 50 °C water bath, and its pH was adjusted at pH 4 by adding NaOH solution. The pre-
cipitate formed was filtered off and washed with water, and the filtrate was shaken with 2 g ion
exchanger. Then followed the desorption of lead with 2 M HClO4 and its determination by means of
AAS.

Determination of lead in soil after reduction Fe(III) to Fe(II). The soil extract (300 ml) was
treated with 250 ml Na4P2O7 solution, 2 M NaOH solution to obtain pH 4, and 5 g swollen ion ex-
changer. After 3 h shaking the trapped lead was desorbed with 20 ml 2 M HClO4. Five experiments
were carried out with each: the original extract and the extract with added 1 mg lead. The same
procedure of sorption and desorption of lead was used with the extracts treated with 6 g ascorbic acid
instead of Na4P2O7. The reduction of Fe(III) took place at 50 °C 30 min, and the precipitate formed
was filtered off.
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Determination of Lead in Grass

Mineralization of sample. A dried sample of grass (10 g) was carbonized in a porcelain crucible
by gentle heating on a flame and further heated in an oven at 450 °C 15 h. After cooling, the crucible
content was alternately sprinkled with 5 ml concentrated HNO3 and, after evaporation of the acid on
a water bath, annealed until a white mineralizate was obtained. The latter was digested with diluted
(1 : 3, v/v) HNO3 on a water bath, the mixture was filtered into a 100 ml calibrated flask, and the
filter was thoroughly washed with hot water.

Concentrating of lead by sorption on ion exchanger. The extract of grass mineralizate was ad-
justed at pH 4 by adding 0.5 M sodium acetate, and the precipitate formed was filtered off, washed
with water, and the solution was shaken with 0.25 – 2 g swollen Ostsorb DTTA. Then the ion ex-
changer was extracted with 10 ml 2 M HClO4 and lead was determined by means of AAS in both the
desorbate and the original extract. With the amount of 1 g ion exchanger, the procedure given was
repeated five times without added lead and five times with added 0.5 mg Pb.

Determination of Lead and Cadmium in Industrial Fertilizer GVH III

Preparation of extract of fertilizer. The fertilizer (40 g) was ground, transferred into a 1 000 ml cali-
brated flask, and the volume was adjusted by adding water. The suspension was mixed, left to stand
24 h, and filtered. The clear stock extract of the fertilizer was used in the enrichment experiments.

Direct determination of lead and cadmium in fertilizer extract. The loosened granulated fertilizer
(20 g) was placed in a 100 ml calibrated flask and extracted with water or 1 M HCl 24 h. After
filtration, the clear solutions were analyzed by means of AAS at the wavelengths of 217.5 nm (Pb)
and 229.0 nm (Cd) using an acetylene-air flame.

Determination of lead and cadmium after concentrating fertilizer extract. The aqueous extract
of fertilizer (50 ml), a stock solution of 1 000 mg l−1 lead (0.1 ml), and a solution of 500 mg l−1

cadmium (0.1 ml) were pipetted into a 100 ml calibrated flask, and the volume was completed by
adding water. In a 250 ml polyethylene flask, the extract was adjusted at pH 4 by adding 1 M NaOH,
and the contents was shaken with 0.5 g swollen Ostsorb DTTA. The ion exchanger was filtered off
and extracted with 10 ml 1 M HCl in a calibrated flask, and the extract was analyzed by means of
AAS. The measurement was repeated five times like the experiment with the extract without added
Pb and Cd.

RESULTS AND DISCUSSION

The data given in the following text and tables are average values of two parallel ex-
periments, the exceptions are pointed out.

Determination of Lead in Soil

Content of Some Metals in Soil

As it is practically impossible to find such conditions at which a selective chelating ion
exchanger would trap only lead ions during the sorption from a soil extract, it is necess-
ary to know at least approximate proportions of chelate-forming elements in the soil
extract so that such amount of sorbent may be used for the sorption to ensure a suffi-
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cient capacity of trapping of all ions which form stable complexes with the functional
groups of ion exchanger at the given conditions. The analysis of soil extract showed the
following metals: 1 752 ppm Fe, 644 ppm Al, 122 ppm Mn, 28 ppm Pb, 16 ppm Zn,
11 ppm Cu, 2.5 ppm Ni, 1 ppm Co. Hence it is obvious that the sorption of Pb(II) ions
will be competed especially by Fe(III), Al(III), and Mn(II) which are present in the
extract at concentrations several times higher and form stable complexes with func-
tional groups of the ion exchanger, the same being true of Zn(II) and Cu(II) ions whose
concentrations are comparable with those of Pb(II). As the capacity of ion exchanger30

is ca 1 mmol g−1 at pH 4 – 5, trapping of all given ions present in the extract of 50 g
soil would require ca 11.5 g swollen ion exchanger (the water content in swollen ion
exchanger is 74.6 wt.%)30.

Losses of Lead during Analysis

The high content of iron and aluminium in the extract brings, beside the necessity to
use an inadequate amount of sorbent for efficient sorption of lead, another problem,
viz. the formation of precipitate of hydroxides at pH 4, i.e. at the optimum conditions
for the sorption of Pb(II) ions. The negative effect of the precipitate upon the overall
recovery of lead in the analysis (starting from the extraction of soil sample and ending
with the analysis of the solution obtained by the desorption of cations from ion ex-
changer) is indicated by the results of experiments in which the recovery of introduced
amount of lead in the individual operations was determined in an orientational way.
The adopted amount of ion exchanger was sufficient for trapping all the ions investi-
gated except Fe(III) and Al(III). The average values of recovery of lead calculated from
two repeated experiments were 95 ± 2.1% for the soil extraction and 93 ± 1.8% for the
sorption-desorption process, but the removal by filtration and washing of the precipitate
of iron and aluminium hydroxides decreased the original amount of lead to 18 ± 4.3%.
The interfering effects of iron and aluminium can be eliminated – at least to a certain
extent – by suppressing the formation of hydroxides by suitable masking; those of iron,
as the case may be, can be eliminated by the reduction of Fe(III) to Fe(II) which forms
a less stable complex with the ion exchanger and whose hydroxide is separated at
somewhat higher pH values than those in the case of Fe(III) ions. A different approach
may consist in utilization of formation of hydroxides for co-precipitation and adsorp-
tion of lead ions along with the process of their sorption by the chelating ion exchanger.
The resulting concentrate, however, will contain iron, aluminium, and manganese in
considerably high concentrations which could unfavourably affect the subsequent quan-
titative determination of lead. Also the amount of acid necessary for desorption and
dissolution of precipitated hydroxides will inadequately increase, which lowers the en-
riching effect of the method. Therefore, this alternative has not been experimentally
tested yet.
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Masking of Iron with Na4P2O7

On the basis of orientational experiments with some complex-forming reagents we
used sodium diphosphate for the masking of iron. The optimum conditions for sorption
can be suggested on the basis of the procedures described in Experimental and the data
of Table I giving the effects of volume of the saturated Na4P2O7 solution used for
masking iron and amount of sorbent upon the yield of lead during its concentration
procedure from the soil extract. The masking of iron present in 100 ml extract, i.e. one
third of extract from 50 g soil, needs the use of 80 – 100 ml saturated Na4P2O7 solution,
although the precipitate of hydroxides did not form with as little as 50 ml of this solu-
tion. Both a higher and a lower volumes lead to worsening of lead recovery due prob-
ably to sorption of Fe(III) (lower amount of Na4P2O7) and to competing complex-
forming reaction of Pb(II) with Na4P2O7 (a higher amount of diphosphate), respec-
tively. If iron is effectively masked with a sufficient amount of Na4P2O7, then within
the pH range of 3 – 9.5 no perceptible pH effect upon the lead recovery during sorption
can be observed, the recovery values being randomly scattered about the mean value of
35.6 ± 2.2%. Table I shows a significant dependence of lead recovery upon the ion
exchanger amount. Satisfactory values are reached with the use of at least 1.5 g Ostsorb
DTTA per 100 ml extract and 60 ml saturated Na4P2O7 solution.

TABLE I
Dependence of lead recovery upon amount of Na4P2O7 (A), ascorbic acid (B), ion exchanger (C), and
concentration of HClO4 used for desorption (D)a

A V, ml   0  50  60  80 100 150 250

R1, %  21.2b  45.8  54.0  57.2  58.1  47.3  37.8

B ma, g   1.0   1.5   2.0   2.5   3.0   4.0   5.0

R1, %  64.1  72.6  78.2  65.7  59.1  58.8  59.6

C ms, g   0.5   1.0   1.5   2.0   2.5

R1, %  36.7  54.0  75.1  77.8  80.1

D

c, mol l−1   1   2   3   4   5

R1, %  50.6  80.2  83.1  81.6  82.4

R2, %  68.2  81.6  82.4  82.1  82.2

a V volume of the saturated Na4P2O7 solution per 100 ml soil extract, pH 4, 1 g swollen ion exchan-
ger; R1 and R2 values of lead recovery after one-step and two-step desorptions, respectively; ma and
ms amounts of ascorbic acid and ion exchanger, respectively, per 100 ml soil extract, pH 4; c concen-
tration of HClO4. b On adjusting pH 4, a precipitate of hydroxides was formed which was removed
by filtration before the sorption with ion exchanger.
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Desorption of Lead from Ion Exchanger

The desorption of the lead trapped by the ion exchanger needs a solution of perchloric
acid of 2 mol l−1 concentration at least. As it is shown by the data of Table I the
increasing of concentration above this value does not lead to any further increase of
lead recovery, its value being randomly scattered about 81.8% with the relative stand-
ard deviation sr = 1.5%. Also a repetition of extraction with the same volume of 2 – 5 M
HClO4 does not increase the lead recovery any further, its average value being 82.1%,
sr = 0.4%. At the given experimental conditions a fifteen times greater concentration of
soil extract was reached.

Sorption of Lead after Reduction of Fe(III)

The reduction of Fe(III) to Fe(II) was carried out using two common analytical reduc-
ing agents, viz. hydroxylamine hydrochloride and ascorbic acid. Neither of them, how-
ever, prevented the formation of hydroxide precipitate during adjusting the pH of
extract, nevertheless the amount of precipitate was smaller than that without treatment
of the extract. Anyway, the lead recovery and its reproducibility were negatively af-
fected. Especially with hydroxylamine the differences of lead recovery between two
parallel analyses were as high as 30%, the mean recovery values with various amounts
of the reagent ranging from 32 to 71%. The results obtained with ascorbic acid are
given in Table I too; the differences between results of parallel measurements did not
exceed 4%.

Determination of Lead in Soil

The results of determination of lead in the extract from 50 g soil pre-treated with so-
dium diphosphate or ascorbic acid before adjusting pH 4 are presented in Table II. It
must be noted that the recovery concerns the 1 mg of lead introduced into the original
extract, not the overall recovery involving the extraction of soil. An acceptable re-
covery of 83% is attained by masking iron with sodium diphosphate, the reduction of
Fe(III) with ascorbic acid leading to a less favourable recovery of 58%. In both the
cases, however, the calculation of lead content in extract respecting the found recovery
leads to practically identical values with those of direct determination of lead in extract
by means of AAS, i.e. 28 ppm. The method with Na4P2O7 gave the value of 26.9 ppm,
the reduction method gave 28.1 ppm. If the detection limit of an average atomic absorp-
tion spectrometer is 0.5 mg Pb/l, then it is possible to determine approximately 0.01 –
0.02 mg lead in an extract of 50 g soil.
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Determination of Lead in Grasses

The aim of the experiments with the mineralizate of sample of dried grass was to find
the recovery of lead during the sorption from this medium adjusted at pH 4 by adding
sodium acetate. The experiments showed that at these conditions the solutions separate
a small amount of white precipitate whose removal by filtration decreases the lead
amount, which was also confirmed by the analysis of the filtration cake by means of
AAS. The minimum amount of ion exchanger necessary for reaching the maximum

TABLE II
Determination of lead and cadmium in soil, grass, and industrial fertilizer GVH IIIa

Method Amount  x
_

s sr, % L1,2

    AI

   m1 1.899 0.081 4.27 1.799  – 1.999 

   m2 1.069 0.025 2.34 1.039  – 1.099 
   m3 1.288

   R, % 83.0   

    AII

   m1 1.396 0.039 2.79 1.348  – 1.444 

   m2 0.816 0.033 4.04 0.774  – 0.858 

   m3 1.407

   R, % 58.0   

    B

   m1 0.412 0.013 3.16 0.396  – 0.428 

   m2 0.132 0.013 9.85 0.116  – 0.148 

   m3 0.236

   R, % 56.0   

    DPb

   m1  0.0800 0.0071 8.88 0.0712 – 0.0888

   m2 0   – – –

   m3 0   

   R, % 80.0   

    DCd

   m1  0.0517 0.0025 4.84 0.0456 – 0.0578

   m2  0.0021 0.0003 14.29 0.0018 – 0.0024

   m3  0.0021

   R, % 99.2   

a x
_
 arithmetic mean of results of 5 experiments; s standard deviation; sr relative standard deviation;

L1,2 95% confidence interval; AI and AII determination of lead in soil extract by the methods with
Na4P2O7 and ascorbic acid, respectively; B determination of lead in the mineralizate of grass; DPb and
DCd determination of lead and cadmium, respectively, in the extract of fertilizer; m1, m2, and m3 lead
and/or cadmium amounts (in mg) determined in the extract with added lead and/or cadmium, in
original extract without correction and with the correction for recovery, respectively; R lead and/or
cadmium recovery from extracts with added Pb/Cd calculated from the arithmetic means m1 and m2.
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recovery of the lead added to the mineralizate before its neutralization was 1 g. The
attained average recovery R in this case reached 56% and was not substantially
improved by an increase of amount of ion exchanger to 1.5 and 2.0 g (R = 59% and
58%, respectively). On the contrary: with 0.5 g ion exchanger it significantly decreased
(R = 45%).

The results of five repeated experiments given in Table II, however, show a good
reproducibility of determination of lead in the mineralizate after a tenfold concen-
trating by ion exchanger. The direct AAS analysis of mineralizate did not detect any
lead, its concentration lying below the detection limit of the apparatus. Hence, in
spite of the relatively low recovery the method can successfully be used for deter-
mination of low lead concentrations in plant materials, however, the calculations
(like those for soil extracts) must take into account the determined recovery of
added lead. The described method was adopted to analyze samples of grass gathered
at distances of 5 and 100 m from a road: the found recovery of lead reached 57 ±
3.8% and 61 ± 4.1%, respectively, the determined lead content being 38 ± 3.2 and
16 ± 2.6 mg per kg dry matter, respectively.

Determination of Lead and Cadmium in Industrial Fertilizer GVH III

Direct Determination of Lead and Cadmium in Extract of Fertilizer

The direct AAS analysis of the extract of fertilizer (extraction with distilled water or
1 M HCl) did not detect any lead, its concentration being below the detection limit of
the apparatus (0.5 mg l−1).

The average value of cadmium concentration in aqueous extract calculated from the
results of three repeated experiments is 0.41 ± 0.03 mg l−1, that from the HCl extracts
being 0.45 ± 0.02 mg l−1. These results correspond to the cadmium content in the fer-
tilizer 2.1 . 10−4 wt.% and 2.3 . 10−4 wt.%, respectively. The differences between both
extracts are practically negligible, cadmium is present in the fertilizer in the form of
salts that are practically completely water soluble. This means that for the enrichment
experiments with ion exchanger we can recommend the aqueous extract, which elimi-
nates the necessity of adjusting the acidity of acid extract to pH 4 (the optimum for the
sorption of lead and cadmium). The aqueous extract has another advantage in the fact
that the results of its analyses reveal the content of such substances in the fertilizer
which can threaten the environment in the form of water soluble salts that can be either
received by plants or contaminate the underground water etc.
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Determination of Lead and Cadmium after Concentrating Extract of Fertilizer

The results of experiments with aqueous extracts of the GVH III fertilizer are presented
in Table II. It also gives the experimental results obtained with extracts with added
0.1 mg Pb and 0.05 mg Cd. The lower recovery of lead, R = 80%, is obviously due to
the formation of stable complexes of lead with phosphate ions from the fertilizer com-
peting with the ion exchange equilibrium at the exchanger. Lead was found neither by
direct analysis of extract nor after tenfold concentrating it. The results of determination
of cadmium in the extract are practically identical with those of direct analysis, the
cadmium content found in the solid fertilizer being 2 . 10−4 wt.%. The recovery of the
cadmium added to the extract is very good, R = 99.2%.
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