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The properties of Ostsorb DETA, a sclective ion exchanger based on modificd bead cellulose with chemi-
cally bonded diethylenetriamine functional groups, were studicd, and its applicability to the preconcentra-
tion of trace amounts of lead from aqucous solutions was verified. The conditions of the preconcentration
procedure in the column and batch modes were optimized for this purpose. The resulis obtained were
applied to the determination of lead in phosphoric acid.

Sorbents containing complexing functional groups can be employed for the
preconcentration, isolation and purification of small quantitics of inorganic
substances!~3, Most frequently uscd are chelating ion exchangers, which are sorbents
modified with groups capable of forming chelating bonds with some ions, giving thus
stable cyclic complexes. There cxist many organic compounds which exhibit this
property and can be bonded to the surface of a support. The support is usually a poly-
meric material based on the styrene—divinylbenzene copolymer?, polyurethane’,
dextran®, or cellulose”3; modificd silica gel and glass beads have also been used®. The
sorption process can be conducted in the conventional column (dynamic) arrangement
or in the batch (static) arrangement; matcrials in the form of membrancs (filters) made
of cellulose!® or the styrene—divinylbenzene copolymer!! modificd with a suitable
chelating group also find practical application.

The Czechoslovak sclective cellulose sorbents Ostsorb are preparcd by chemical
modification of spherical bead cellulose. Owing to their high porosity, perfect
hydrophilic nature and a high inner susface arca, they exhibit very good ion exchange
kinetics and the complexing cquilibria establish rapidly!2.

The applicability of Ostsorb DETA, spherical bead cceliulose with chemically bonded
dicthylenetriamine functional groups in the cellulose side chain, 1o the preconcentration
of trace amounts of lcad was studied in the present work.
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THEORETICAL

The amount of active groups contained by the ion exchanger is expressed quantitatively
by its exchange capacity, which can be defined in several ways!3,

Theoretical mass exchange capacity Q is the total amount of the active functional
groups, in millimoles or millicquivalents, bonded to a gramme of the ion exchanger in
the given form.

Analytical mass exchange capacity Q, is the total amount of ions, in millimoles,
exchangeable by a gramme of the dry exchanger under the given conditions.

Breakthrough capacity Qy is the amount of ions, in millimoles or milligrams, retai-
ned by a gramme of the dry ion exchanger in the column through which the solutions
of these ions are passed under the given experimental conditions, till the moment their
first traces appear in the eluate leaving the column.

Breakthrough curves are plots of concentrations of the sorbed substances in the elua-
te leaving the column in dependence on the volume of solution passed through the
column'4,

Definitions of quantities charactcrizing physical properties of ion exchangers such as
the particle size, density, water content, volume and mass swelling capacity, specific
weight and specific volume, porosity, ctc., can be found in the literature!?,

EXPERIMENTAL

Chemicals

All chemicals were of reagent grade purity (Lachema, Brno). Buffers were prepared!® from sodium acetate
and acetic acid (acetate buffer), potassium hydrogen phthalate, hydrochloric acid and sodium hydroxide
(biphthalate buffer), boric acid, potassium chloride and sodium hydroxide (borate buffer according to Clark
and Lubs).

Standard lead solution was prepared by dissolving 3.1971 g of lead nitrate in dcionized water acidified
with 1M-HNO; to pH 4 ~ S and diluting to a litre. The mass conceniration of lead in this solution was
2 g I"L. Stock solution of iron at a mass concentration of 1 g 1~! was prepared by dissolving 1 g of iron
powder in 15 ml of SM-HCI containing 3 ml of 30% H,0,, diluting to approximately 100 ml with deio-
nized water, boiling, and diluting to a litre.

The selective ion exchanger Ostsorb DETA (Spolek pro chemickou a hutni v§roby, Usti nad Labem)
possesses, according to the manufacturer’s specification, a theorclical mass exchange capacity Qg of at
least 1.5 mmol g™}, porosily of the unmodificd support 90% (vAv), carbonyl group content of the dry mate-
rial lower than 0.02 mmol g~!. The physical propertics of the ion exchanger as established by the authors
are given in Table I. The ion cxchanger was used in the H*-form, which was obtaincd by washing the
swelled exchanger in a glass column with 0.2M-HCl in amounts of 25 ml of the acid per ml of exchanger
and by subsequent washing with deionized water to a ncuiral reaction.

Apparatus

Lead and iron in solutions were determined with an Atomspck H 1550 single-beam atomic absorption
spectrophotometer (Hilger and Watts, U.K.). The solution pH was measurcd with an OP-8083 combined
glass electrode interfaced to an OP-205/1 pH-meter (Radelkis, Hungary). For the sorption experiments in
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the static mode, the solutions of lead were shaken with the ion exchanger on an LT 1 horizontal shaking
machine (Kavalier, Czechoslovakia). In the column mode, a 315-type peristaltic pump (Zalimp, Poland)
and a 100 x 25 mm glass column fitted with a ground-in outflow stopcock were used. The ion exchanger
was dried in an M2 laboratory oven (Elektro Bad, Germany), its grain size was measured with an MP3
projection microscope (PZO, Poland).

Calibration Plots for the Determination of Lead and Iron

Calibration solutions of lead and iron were prepared by diluting the stock solutions of the salts to 1 = 5 mg I}
at pH < 6, and their relative absorbances were measured at 217.5 nm (Pb) and 386.4 nm (Fe) in an acety-
lene-air flame. The pH was adjusted with several drops of SM-1ICl. The correlation coefficients for the
calibration straight lines were higher than 0.9990,

Sorption of Lead by the Ion Exchanger in the Column Mode

Dependence of the breakthrough capacity on pll. Two grams of the swelled ion exchanger were placed
in a glass column and washed with approximately 25 m! of a buffer at the desired pH. A solution of lead
at a mass concentration of 10 mg 1-!, prepared by diluting the stock solution with biphthalate buffer at pH
4.0 - 7.5, was pumped on the column by means of the peristaltic pump. The flow rate was adjusted to 1.5
ml min~!. The eluate was collected in 5 - 25 mi fractions, made acidic with 5M-1Cl, and submilted for
AAS analysis. The results were used to plot the lcad breakihrough curve at the given pH.

Effect of flow rate on the sorption process. The column was prepared as above, and a lead solution in
biphthalate buffer at a lead mass concentration of 10 mg I™! and pH 7.0 was pumped through it at flow
rates of 0.5 to 2.5 ml min~!. Lead was determined in the fractions by AAS after acidification.

Effect of iron on the sorption of lead. Two glass columns containing 4 g of the swelled ion exchanger
each were washed with 40 ml of borate buffer at pH 8. Solutions in this buffer containing lcad in a mass
concentration of 0.2 mg I"! and iron in mass concentrations of 0.2 and 2 mg I-!, respectively, were pumped
through the column at a flow rate of 2 m! min'; their volume passed through the column was 500 ml in
either case. After washing the ion exchanger in the columas with approximately 10 ml of buffer, the
sorbent was shaken in the closed columns for 2 h with 10 ml of 0.2m.HCl, the extract was drawn off, and
the desorption was repeated with 10 ml of the acid for another 2 h. Lead and iron were determined by
AAS in the combined extracts from each column.

TabLe |
Physical properties of Ostsorb DETA

Property Value
Density, g cm™ 1114
Specific weight, g cm™ 0.714 0.54°
Specific volume, cm® g'l 1.41% 1.85°
Mass swelling capacity, g H;O /g 2.70
Volume swelling capacity, cm® g™ 522
Water content, % R
Particle size®, um 100 - 300

% In the swelled state; * dried at approximately 20 °C.
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Desorption of lead. Alter finishing the sorption the ion exchanger was washed with the buffer with
which the pH of the analyzed solution had been adjusted, in amounts not excecding S ml per gramme of
wet ion exchanger. Two desorption procedures were then tested:

a) A solution of 0.2M-HCI was pumped through the column al a flow rate of 0.5 ml min~!, the eluate
was collected in 10 ml volumetric flasks and analyzed by AAS;

b) 10 m! of 0.2M-HCI were pipetted into the column containing the washed sorbent, the column was
clamped to the shaking machine and shaken in the horizontal position for an hour, The extract was drained
into a 10 ml volumetric flask, and the proccdure was repeated. Lead was determined in the two desorbates.

Sorption of Lead by the lon Exchanger in the Batch Mode

Dependence of the analytical exchange capacity on pll. 0.5 g portions of the swelled ion exchanger
were placed in 250 ml volumetric flasks, and 100 ml volumes of lcad solutions at a lead mass concentra-
tion of 2 mg 1! and at pH 4, 5, 6, 7 (acctate buffers), 7.5, 8, or 9 (boratc buffers) were added. The
systems were agitated for 2 h, and the sorbent was filtered out on a porous paper filter, washed with the
corresponding buffer, and transferred into 20 ml of 0.2M-1ICI in a 50 ml volumetric flask, where it was
shaken for 2 h. After filtering, the extract was diluted with deionized water 1o 25 ml and analyzed by AAS.

Measurement of the sorption rate. An amount of 0.5 g of the swelled ion exchanger was added to a 250
ml volumetric flask, and 100 ml of a lead solution at a lead mass concentration of 2 mg I in a borate buffer
(pH 8) were added. The suspension was agitated, and 5 ml fractions of the solution were drawn off in 2,
7, 20, 45 and 120 min, made acidic with a drop of 5M-11Cl, and analyzed by AAS.

Desorption of lead. Porous paper filter was used 1o scparate the sorbent from the solution. The ion
exchanger, washed with the buffer in an amount of approximately 5 ml per gramme, was transferred into
a 50 m! volumetric flask by perforating the filter and rinsing with 25 ml of 0.2M-HCI. The suspension was
shaken for an hour. The desorbale was also separated from the ion exchanger by filtration on a paper filter,
diluted 10 25 ml, and analyzed. This desorption procedure was applicd in the subsequent experiments.

Effect of iron on the sorption of lead. 2 g portions of the swelled jon exchanger were weighed into five 500
ml volumetric flasks, and 100 ml volumes of solutions of lead and iron in a bulfer at pH 8 were added.
The lead mass concentration was invariably 0.2 mg 17!, the iron mass concentrations were 0, 0.2, 2, 10 and
20 mg 17}, respectively. The mixiures were shaken for 2 h, after which the jons retained were desorbed
and determined by AAS.

Effect of Kxl1PO ; on the sorption of lead. 0.5 g portions of the wet sorbent were added to 250 ml volu-
metric flasks, and 100 ml volumes of solutions containing lead in a mass concentration of 2 mg 1~! and
K,HPO, in concentrations of 0.05 10 3.0 mol I! were added. The systems were shaken for 2 h, after which
the ion exchanger was washed with a bulfer at pH 8, and the lead retained was desorbed and analyzed by
AAS.

Effect of chloride on the sorption of lead. 0.5 g portions of the ion cxchanger were shaken for 2 h in
two 250 ml volumetric flasks with 100 ml volumes of lead solution at a lead mass concentration of
2 mg 17! in borate buffer, pH 9.5, at ionic strength 7 = 0.1. KCI and KNOj, respectively, were used for
adjusting the ionic strength in the two flasks. The same experiment was performed with a solution which
contained K,HPO, instead of the buffer; its ionic strength was also 0.1, The ion exchanger was filtered
out, rinsed, and extracted with 0.2mM-HCI; lead was determined by AAS.

Effect of EDTA on the sorption of lead. An amount of I g of the swelled ion exchanger was shaken for
2 h in a 500 ml volumetric flask with 250 m! of a solution of lcad and EDTA in borate buffer at pH 8. The
lead and EDTA concentrations were 0.2 mg 1~} and 1. 10-5 mot 1=, respectively. The lead desorbed was
determined by AAS.

Determination of the lead sorption isotherm. 2 g portions of the swelled ion exchanger were shaken for
2 h in 500 ml volumetric flasks with 250 m! volumes of lead solutions in borate buffer at pH 8. The
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starting lead mass concentrations were 0.05, 0.2, 0.5, 1 and 1.5 mg 1. The equilibrium concentrations of
lead in the solutions and retained by the ion exchanger were determined by AAS.

Effect of medium on the sorption of lead during its determination in phosphoric acid. Phosphoric acid (5
ml) in a beaker was diluted with approximately 300 ml of decionized water and ncutralized with 21 ml of
60% KOH while cooled and stirred. The solution was transferred into a 500 ml volumetric flask and made
to the mark with water. A solution conlaining, in addition, 0.063 mg of lead was prepared likewise. 6 g of
the ion exchanger were then shaken for 2 h in 1 000 ml volumetric flasks with 500 mi of the solutions of
neutralized phosphoric acid at pH 9.5. The ion exchanger was filtered out, rinsed with buffer at pH 8, and
extracted with 2 x 12 ml of 0.2mM-HCI.

In the column mode, 500 ml of solution of the ncutralized acid was passed at a flow rate of 2 ml min™
through a column containing 6 g of the ion exchanger previously washed with approximately 60 ml of
buffer at pH 8. Therealter the column was washed with 30 ml of buffer, and the exchanger was extracted
directly in the column with 2 x 12 ml of 0.2M-HCL.

1

RESULTS AND DISCUSSION

Dependence of the Breakthrough Capacity of Ion Exchanger on pH

The observed breakthrough capacities @ and analytical capacities Q, of Ostsorb DETA
for the sorption of lead ions from their solutions at mass concentrations of 10 or 2 mg I}
and at pH 4 to 9 are given in Table II. They indicate that stable complexes of lead with
the diethylenetriamine functional groups of the ion exchanger arc formed at pH > 6, the
exchange capacity being highest at pH > 7. The lower @, values as compared to the @,
values can be explained in terms of the higher cquilibrium concentrations of the lead
solutions, implying a higher number of ions trapped Ly the ion exchanger, in the
column mode; this is also indicated by the sorption isotherm (Table IIT). The steric
conditions for the complexation of the Icad ions by the functional groups in the 1 : 2
ratio are also apparently more favourable in the column arrangement than in the stirred
suspension.

TaBLE 1]
Dependence of analytical exchange capacity and breakthrough capacity on pll

pH Q,. nmol g" QO timol g'l
4.0 0 0

50 0 0

6.0 0.2 038

6.5 - 1.9

7.0 0.6 10.0

15 29 10.3

8.0 3.1 -

9.0 3.1 -
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The observed Q, and Q, values are several orders of magnitude lower than the Q,
value reported by the manufacturer (1.5 mmol g™!), viz. @y = 1. 102 mmol g~! and Q,
=3. 1073 mmol g-!at pH 7.5. The cause of this is probably steric effects arising due to
the fixed localization of the functional groups on the ccllulose, which hinders the
formation of the complexes in the lead-to-ligand stoichiometric ratio of 1 : 2 which is
predominant in the case of diethylenctriamine (1 : 1 complexes are only formed with
triethylenetetramine'®). The sorption of lead at high pH can be also affected unfa-
vourably by the formation of stable hydroxo compounds.

The shape of the breakthrough curve at pH 7.5 (Fig. 1) demonstrates that for determi-
ning the Q, value in these conditions, large volumes of the solution would have to be

TasLe 1l

Sorption isotherm of lead oa 2 g of swelled Ostsorb DETA at pH 8°

Po Pe Qu RPb
mg ™! 107 mg ™! mg g" %
0.05 0.4 0.02 924
0.20 1.9 0.08 90.4
0.50 5.5 0.21 89.1
1.00 13.1 0.40 86.9
1.50 26.3 0.57 825
2.00 424 0.73 78.9

* po, . starting and equilibrium lead mass concentrations, respectively.

0’ T B4 T T

'Rt I

Fia. 1
Lead breakihrough curves for solutions at 3 lead mass
concentration of 10 mg I and pH 6 (1) and pH 7.5
(2). p, pg lead concentrations in eluate and in solu-
tion entering the column, respectively; V eluate volume
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passed through the column until the inlct and outict lead concentrations level out, The
determination of the breakthrough capacity, however, is of much higher practical value
because what the analyst is most intcrested in is the volume of sample that can be
passed through the column without breakthrough of the ion sorbed.

Lead Desorption from the Ion Exchanger

In the case of chelating sorbents, desorption is usually accomplished using a solution at
a pH at which no complexation takes place. For Ostsorb DETA, this pH is lower than
5. For the desorption to proceed as fast as possible and with the minimal volume of the
desorption solution, hydrochloric, nitric or perchloric acids are largely employed at
concentrations of 0.1 to 2 mol I"}, which are low enough not to cause destruction of the
ion exchanger. In the present work, a solution of HCI at a concentration of 0.2 mol 1!
was used for the desorption of lead.

The simplest way of desorption in the column mode is continuous clution of the ions.
However, for Ostsorb DETA at the working conditions applicd, this approach did not
appear optimal. To elute out 97% of the retained lead, 1.4 times more desorption solu-
tion than was the initial volume of the concentrated solution (200 ml, pH 7.5) had to be
passed through the column. The high water content in the ion exchanger and the large
grain size of the latter apparently play an adverse cffect in this, and some nonu-
niformities in the sorbent column may also contribute. The adverse clfect of the slow
diffusion of the ions in the sorbent pores, which is probably the kinetically controlling
step in the process, might be partly suppressed by reducing the clution solution flow
rate, the time of the experiment, however, would thus extend considerably.

The most efficient and simplest desorption method consisted in the extraction of the
retained ions by shaking the ion exchanger with 0.2M-HCI directly in the column. The
first 10 ml desorbed 72.9% Pb in 1 h of shaking, the second 10 ml portion contained
23% Pb. In the conditions applicd, 95.5% rccovery was thus achicved, the degree of
enrichment fg was 8.

This approach was also successful in the batch sorption mode, The sorbent filtered
out on a filter paper was extracted by shaking with 0.2M-HCI; in this way, 0.05 mg Pb
was passed in 1 h from 0.5 g of the swelled sorbent into 25 ml of the acid with a
recovery of 95.2% (mean value of three experiments).

The time dependence of the desorption is documented by Fig. 2, showing that
0.18 mg of lead was released from 1 g of the swelled sorbent with 100 ml of 0.2M-HCI
in 30 min,
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Time Behaviour of the Sorption Process

The plot of the time behaviour of the sorption of Icad by Ostsorb DETA in the batch
mode (Fig. 3) demonstrates that in the conditions applied, the exchange equilibrium
establishes roughly in 45 min from the beginning of the sorption.

Effect of the Flow Rate Through the Column on the Sorption Process

The breakthrough capacities in the column mode at flow rates of 0.5, 1.0, 1.5, 2.0 and
2.5 ml min~! were (in 1072 mmol g™%) 1.1, 1.0, 0.9, 0.7 and 0.2, respectively. As
expected, the breakthrough capacity decreases on increasing the flow rate, the flow rate
of 2.0 ml min~! being roughly the reasonable limit above which the resistance to the
mass transport starts to play a role and the breakthrough capacity reduces significantly.

Sorption Isotherm of Lead on Ostsorb DETA

The sorption isotherm of lead in borate buffer is given in Table 111, which also includes the starting
lead concentrations and mean recoverics. To achicve a recovery of at least 90%, the starting lead
mass concentration must not exceed 0.2 mg I°!, which corresponds 1o an equilibium mass
concentration of 0.019 mg I"!. No interfering ions (see later) are allowed to be present.

Effect of Some Ions on the Sorption of Lead by Ostsorb DETA

Among ions that can be present in actual samples analyzed for lead are Fe3* jons. Their

effect on the sorption of lead by the sorbent under study was examined in the column

3 v Y ¥ 2 T T T

9
mg(' 9
mg(”
2k §
1 = g
1} .
| 1 1 1 L |

0 15 X 4 60 0 5 N hma &

FiG. 2 Fic. 3
Time course of lead desorption with 0.2M-HCI Time course of lcad sorption
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as well as batch mode, and identical conclusions were arrived at, viz. that iron(III) ions
do not affect the recovery of lcad unless the sum of amounts of substance of the two
metals in solution exceeds the ion exchanger capacity; otherwise the recovery of both
metals is lower. This was found in the column mode using 500 ml of solution and 4 g
of sorbent: when the solution contained lead and iron in mass concentrations of 0.2 mg 17}
each, their recovery was 94% and 96%, respectively, whereas if the mass concentra-
tions were 0.2 and 2.0 mg 1"}, respectively, their recovery was mere 41% and 42%,
respectively. The results obtained in the batch mode are given in Table IV, Using 250
ml of solution (pH 8) and 2 g of ion exchanger and applying a shaking time of 2 h,
interfering effect of iron was experienced at lead and iron mass concentrations as low
as 0.2 mg I~!: the recovery of lead was lower than 90% and that of iron was still lower.

Experiments with lead solutions which contained EDTA in an amount tenfold higher
than as necessary for the quantitative reaction of lcad gave cvidence that the complexes
of lead with EDTA arc considerably more stable than those with DETA. No lead was
retaincd by Ostsorb DETA from such solutions. Thus, EDTA cannot be employed to
mask iron(1IT) ions.

TaBLE IV
Dependence of the recovery of lead and iron on heir starting mass concentrations in solution (pg py, = 0.2 mg )

PoFe Rpy Rye
mg I % %
0.2 86.2 61.5
2.0 86.1 44.2
6.0 45.1 18.2
10.0 11.8 9.1
20.0 8.7 4.8

TabLE V
Effect of chloride on the sorplion of lead from solutions at pll 9.5¢

Property A B C
@, umol g'l 3.1 6.9 7.0
Rppe % 43.3 96.4 97.8

“ A borate buffer containing KCI (0.1 mol I"'), B borate buffer containing KNO3 (0.1 mol ™, ¢
solution containing K,HPO, (0.033 mol I°*),

Collect. Czech. Chem. Commun. (Vol. 57) (1892)
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To assess the recovery of lead sorbed from a solution of partly neutralized phospho-
ric acid, the effect was examined of HPO,?" jons, which predominate in such solution
(pH 8). The analytical exchange capacity and rccovery values for solutions where the
starting lead mass concentration was 2 mg 1-! and which contained K,HPO, in different
concentrations are given in Table V. A satisfactory recovery, viz. 97.9%, was only
achieved with solutions where the mass concentration of K;HPO, was not higher than
10.6 g I"'; at higher concentrations, both @, and R decreased.

Interesting results were obtained in experiments aimed at sceking whether the forma-
tion of lead complexes with the diethylenetriamine groups is affected by the chloride
jons present in the borate buffer. Experiments where KCl was replaced with KNO; at
the same ionic strength, / = 0.1 (Table V), revealed that in the presence of KCI in the
buffer the sorption of lead is appreciably lower than in the presence of KNO; (or in the
medium of K,HPO, at the same ionic strength). From this it can be deduced that the
exchange capacities of the sorbent found in the borate buffer containing KCl are lower
than as corresponds to the pH used. This fact must also be taken into account when
evaluating the recovery of lead after its sorption from this buffer.

Effect of Medium on the Sorption of Lead by the Ion Exchanger during its
Determination in Phosphoric Acid

Among sources of pollution of some phosphoric fertilizers and feeding salts with lead
can be extraction phosphoric acid used for their production. Thercfore, experiments
were performed to establish whether the Ostsorb DETA ion exchanger can be
employed to preconcentrate the lcad ions added to the phosphoric acid.

The fact was taken into account that if the concentration of HPO,2 ions in the solu-
tion (100 m! of solution containing lead in a mass concentration of 2 mg I-}, per 0.5 g
of sorbent) exceeds 0.2 mol 1-! (sce Fig. 4), the recovery of lead is lower than 90%. For

100
R, %
50
FG. 4
Dependence of lead recovery on the concentration of
K;1HPOy in solution
0 1 e molt™
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attaining higher recoveries, the amount of sorbent — for the same volume of solution ~
must be increased while the mass concentration of lcad must not exceed 2 mg 173,

The results of preconcentration of lead added to phosphoric acid of reagent grade
purity are virtually identical in the column and batch modes. In either case, a twenty-
fold preconcentration was achieved, and the mecan recovery from four parallel determi-
nations was 81.5% in the column mode and 81.7% in the batch mode. The recoveries
lower than the expected 90% were probably due to losses of lcad during desorption,
because the 6 g of swelled ion exchanger retain appreciable amounts of solution with
the desorbed lead which cannot be eluted quantitatively with 2 x 10 ml of 0.2M-HCI.
No lead was detected in the starting sample of the necutralized acid alone. With regard
to the recoveries and enrichment factors found in this work as well as to the detection
limit of atomic absorption spectrometry for lead (which is 0.02 to 0.5 mg 1! according
to the quality of the spectrometer), it can be concluded that the minimum amount of
lead detectable in phosphoric acid is on the orders of 10~° to 10~* % (m/m).

Conclusions

With respect to the recovery of lead, the column and batch preconcentration modes are
equivalent; the former is more time consuming (time of analysis about 5 h as against
2 h in the batch modc) but less tedious. In eithcr method, the low exchange capacity of
the ion exchanger (of the batch used in the experiments) is a limitation; only bighly
dilute lead solutions free from interfercats can be treated. The high pH at which the ion
exchanger capacity (or the stability of the lead complex) is highest, is a drawback as
well, because at pH > 8 the majority of heavy mectal cations including lead form stable
hydroxo complexes which, at high concentrations, separate from the solution as preci-
pitates; this has an adverse effect on the quantitativeness of their sorption and recovery.
Although applicable in some particular cases while respecting the above facts, Ostsorb
DETA is not generally suitable for the preconcentration of trace amounts of lead.
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