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Abstract

This work assesses the potential of a new adsorptive material, Amberlyst 36, for the separation and preconcentration of trace manganese(II)
from various media. It is based on the sorption of manganese(Il) ions onto a column filled with Amberlyst 36 cation exchange resin, followed
by the elution with 5 mL of 3 mol/L nitric acid and determination by flame atomic absorption spectrometry (FAAS) without interference of the
matrix. Different factors including pH of sample solution, sample volume, amount of resin, flow rate of sample solution, volume and concentration
of eluent, and matrix effects for preconcentration were investigated. Good relative standard deviation (3%) and high recovery (>95%) at 100 g/L
and high enrichment factor (200) and low analytical detection limit (0.245 pwg/L) were obtained. The adsorption equilibrium was described well
by the Langmuir isotherm model with maximum adsorption capacity of 88 mg/g of manganese on the resin. The method was applied for the
manganese determination by FAAS in tap water, commercial natural drinking water, commercial treated drinking water and commercial tea bag
sample. The accuracy of the method is confirmed by analyzing the certified reference material (tea leaves GBW 07605). The results demonstrated

good agreement with the certified values.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The general trend of the modern analytical chemistry is the
elaboration of sample, ecologically safe, sensitive, and selective
methods for the determination of trace components combining
previous concentration and further determination by physical or
physico-chemical methods [1]. Solid-phase extraction (SPE) is
a high effective, ecologically safe method for the preconcen-
tration of trace manganese and other metals, which has been
developed intensively recent years [2—10]. Metal quantifica-
tion at low concentration levels (<ug/L) comprises one of the
most considerable targets in analytical chemistry. This inter-
est is demonstrated in different areas such as medicine [11]. In
recent years, trace metals are determined in a great variety of
environmental (such as water, soil and atmospheric particulate
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material) and food samples [12,13]. The atomic spectrometry
techniques are extensively employed for the quantification of
metallic species. Among these techniques, flame atomic absorp-
tion spectrometry presents desirable characteristics, such as low
costs, operational facilities, high analytical frequency and good
selectivity [14]. However, the direct determination of trace met-
als by this technique is generally difficult because of matrix
interference problems and low concentration of metals in sam-
ples. These problems can be overcome by using preconcentra-
tion and separation procedures before the detection procedure.
For this purpose, various preconcentration/separation methods,
such as solid-phase extraction [2-10], liquid-liquid extraction
[15], cloud-point extraction [16] and liquid membrane [17] have
been widely used.

It has been known that manganese in environmental waters is
one of the major elements participating in oxidation-reduction
process along with carbon, nitrogen, oxygen, sulfur, and iron.
Manganese exists mainly in both manganese(Il) and man-
ganese(IV) oxidation states in ordinary aqueous environments.
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In aqueous environments manganese(IV) is a dominant chem-
ical species, and exists in insoluble forms, such as particulate
and colloidal MnO;. However, manganese(Il) ion is rather sta-
ble in aqueous environments, which are often linked with water
pollution, especially for drinking water [18,19]. Permanganate
ion has been rarely found in aqueous environmental system. The
greatest parts of dissolved manganese in environmental waters
are thought to be manganese(Il) ion [3].

In recent years, many papers have been published for the pre-
concentration of manganese from various samples. Okumura
et al. have used Sep-Pak C18 cartridge for in situ solid-phase
extraction of manganese as its 4-(2-pyridylazo)resorcinol com-
plex from environmental waters [3]. In that study, water samples
were taken into a graduated syringe from all sample sites and the
preconcentration was completed in 5 min on sites after sample
collection. Then, Sep-Pak C18 cartridge was transported back
to the laboratory for elution and determination. Qian et al. [7]
have described a method for the separation and determination of
Mn(VII)/Mn(II) with crosslinked chitosan. The adsorption rate
of crosslinked chitosan for Mn(VII) was quantitative at pH 3,
while Mn(II) was not adsorbed. After manganese(Il) was oxi-
dized with KIO4 solution and nitric acid, total manganese was
determined by FAAS. Sarmani et al. [9] have developed a method
for the preconcentration and separation of trace manganese from
natural water samples by complexation with dithiocarbamate
followed by adsorption onto C18-solid-phase extraction column.
The Mn recovery was good and the selectivity of method was
excellent making it possible to detect Mn in the presence of
major elements normally found in natural water. Afzali et al.
have also developed a flame atomic absorption spectrometry
method for the determination of trace amounts of manganese
ions after adsorption onto thermal modified kaolinite loaded
with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol and sub-
sequent desorption with 5.0 mL of 4 mol/L H>SO4 [20].

In many preconcentration procedures, such as described
above, either a known amount of chelating agent is added to
the solution to form the metal chelate or a chelating agent is
immobilized on a support of column prior to enrichment proce-
dures. However, in this study, Amberlyst 36 alone has been used
as a solid-phase extractor. Any agent was not used as a chelating
material or immobilized material. Amberlyst 36 resin has been
used before, as catalyst in the reactions of some organic compo-
nents [21-23]. Yadav and Joshi [21] examined the synthesis of
tert-amyl methyl ether from fert-amyl alcohol and methanol in
the presence of a variety of solid acid catalysts. Amberlyst 36
was found to be very effective catalyst in comparison with other
solid acids.

The aim of this work is to investigate the use of the Amberlyst
36 as solid-phase extractor for the separation and preconcentra-
tion of manganese(II) from aqueous solution. A new solid-phase
extractor, Amberlyst 36 which has good physical and chem-
ical properties such as porosity, durability and purity and is
resistant in concentrated mineral acids, bases and organic sol-
vents for a long time for manganese determination in drinking
waters and tea sample by FAAS was designed. The analytical
parameters in order to obtain quantitative recovery have been
studied systematically. This procedure was successfully applied

to the determination of manganese in drinking water and tea
samples.

2. Materials and methods
2.1. Instrumentation

A Philips PU 9285 model flame atomic absorption spec-
trophotometer, equipped with a manganese hollow-cathode
lamp, a deuterium lamp for background corrector and
air—acetylene flame as the atomizer, was used for the determi-
nation of manganese. The apparatus run under the conditions
suggested by the manufacturer, i.e.: lamp current, 9.0 mA; wave-
length, 279.5 nm; bandwidth of the slit, 0.5 nm; acetylene flow
rate, 1.0 L/min [24]. A Jenway 3010 Model pH meter was used
to measure the pH of solutions.

2.2. Reagents and solutions

All reagents were of analytical grade and all solutions were
prepared using triple distilled water. The laboratory glassware
was kept overnight in a 5% nitric acid solution. Afterwards, it
was rinsed thoroughly with water and dried. A stock aqueous
solution of manganese (1000 mg/L) was prepared by dissolv-
ing 0.4569 g of Mn(NO3),-4H,0 (Merck) in 100 mL of water.
A working aqueous solution of manganese(II) (10 mg/L) was
also prepared from manganese stock solution of 1000 mg/L. An
ascorbic acid solution was prepared by dissolving 0.1 g ascor-
bic acid in 100 mL of triple distilled water. Nitric acid (65%),
hydrofluoric acid (48%) and hydrochloric acid (37%) acid were
from Merck. Amberlyst 36 (Aldrich) was used after washing
with methanol, 1 mol/L HCI solution and water, respectively,
and dried for 4 h at 60 °C.

2.3. Collection and preparation of samples

A tap water sample, collected from our laboratory, commer-
cial natural drinking water and commercial treated drinking
water were collected from local market in Ankara, Turkey.
The samples were filtered through a Millipore cellulose nitrate
membrane of pore size 0.45 um. The samples were stored in
polythene bottles and then acidified with 1.0 mL of concentrated
hydrochloric acid per liter of sample. A sample of commercially
available tea bag, manufactured in black sea region of Turkey,
and one certified reference material (Tea leaves GBW 07605,
China) were analyzed. The following mineralization procedure
adapted from Krachler et al. [25] was applied to tea samples: a
100 mg of tea samples was taken in a 250 mL PTFE beaker. For
dissolution, a minimal volume of 0.05 mol/L nitric acid was
added to moisten the sample thoroughly, followed by 10 mL of
concentrated nitric acid. The beaker was heated on a hot plate
about 3 h. After cooling to room temperature, 2 mL of concen-
trated hydrofluoric acid were added. Then the contents of the
beaker were heated to near dryness. This process was repeated
twice by using 5SmL of concentrated nitric acid and 1 mL of
concentrated hydrofluoric acid. The resulting solution was
transferred into a 25 mL volumetric flask by washing interior
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surface of the beaker with small portions of 0.05 mol/L nitric
acid and diluted to the mark with water. Then, 5 mL of each of
these sample solutions was diluted to 100 mL to decrease the
manganese concentration at the working range of the atomic
absorption spectrometric method. In addition, ascorbic acid was
added to real sample solutions to reduce the manganese ions
in higher oxidation states to manganese(II). Finally, the general
preconcentration method (Section 2.5) was applied without
change.

2.4. Column preparation

The glass column, having a stopcock, was 15 cm length and
0.8 cm internal diameter. A small amount of glass wool was
placed at one end of the column in order to hold the certain
amount (0.5 mg) of resin. Then, another small glass wool plug
was inserted onto the tap of the resin. The bed height of the resin
in the column was approximately 1.5 cm. It was washed suc-
cessively with water, methanol and 1 mol/L hydrochloric acid,
respectively. After each use, the resin in the column was washed
with water and stored in the column by filling the column with
water to above the upper surface of the resin for the next exper-
1ment.

2.5. Preconcentration and determination procedure

Proposed preconcentration procedure was tested with model
solutions prior to the determination of trace manganese in sam-
ples. An aliquot of a solution (50 mL) containing 5 pg of the
Mn(II) was placed in a beaker and adjusted to pH 2 by using
HCI solution. The column was preconditioned by passing the
solution of pH 2 through the column and then, the model solu-
tion was passed through the column at a flow rate of 5 mL/min.
The adsorbed manganese(Il) ions on the column was eluted into
a SmL calibrated flask by using SmL of 3 mol/L nitric acid
solution. The eluent was analyzed for the determination of man-
ganese concentration by FAAS. The Amberlyst 36 column has
been used repeatedly after washing with 2 mL of 3 mol/L nitric
acid solution and triply distilled water, respectively. Using the
procedure described above, the recovery of the manganese was
calculated from the ratio of the quantities of manganese before
and after the enrichment, respectively [26].

3. Results and discussion

In order to obtain the maximum recoveries, a lot of parame-
ters such as pH of sample solution, the type and concentration
of elution solution, flow rates of sample solution have been opti-
mized. Interfering affects have also been studied.

3.1. Effect of pH

The first variable optimized was the pH of the sample solu-
tion. Because the pH is one of the most important environmental
factors influencing not only site dissociation, but also the solu-
tion chemistry of the heavy metals: hydrolysis, complexation by
organic and/or inorganic ligands, redox reactions, precipitation
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Fig. 1. The effect of pH on the recovery of manganese on a column of Amberlyst
36 (sample volume: 50 mL, amount of manganese: 5 pg, eluent: 5 mL of 3 mol/L
nitric acid, flow rate of sample: 5 mL/min).

are strongly influenced by pH, and on the other side, strongly
influence the speciation and the biosorption availability of the
heavy metals.

The recovery was determined by applying the general sorp-
tion procedure by changing the pH of sample solution in the
range of 1-8. The sample solutions were adjusted to the desired
pH with diluted hydrochloric acid and/or a diluted ammonia
solution and passed through the resin. The eluent was then ana-
lyzed by FAAS. The results for the recovery of manganese(Il) are
shown in Fig. 1. Quantitative recoveries (>95%) were obtained
at pH range of 1.5-6. pH 2 was selected for subsequent studies.
In the literature, manganese was preconcentrated at about neu-
tral pH values [8,9,16,22] which increases precipitation risks.
The lower pH values are generally preferred for analyzing real
samples, because they are usually dissolved with acids or stored
in acidic medium. In addition the precipitation of the some
metal ions, an unwanted situation, could be observed at high pH
values.

3.2. Effect of amount of resin

The amount of resin is another important parameter that
affects the recovery. A quantitative retention is not obtained
when the amount of resin is less than optimum value. On the
other hand, an excess amount of resin prevents the elution of
the retained analyte by a small volume of eluent quantitatively.
For this reason, the amounts of resin were optimized. For this
purpose, different amounts of Amberlyst 36 (50-800 mg) were
studied. Quantitative recoveries of the manganese were obtained
at above 300 mg of resin. Therefore, 500 mg of resin has been
used for subsequent experiments because of easy elution (not
800mg) and for obtaining sufficient recovery (not 300 mg) in
real samples.

3.3. Desorption

In order to choose a proper eluent for the retained man-
ganese ions, after the extraction of 0.1 pg/mL manganese from
water, the manganese ions were stripped with varying con-
centrations of different eluting agents, such as, HCI, HClO4,
HNOs3, ethanol and acetone. The performance of the inorganic
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acids was much better than that observed with organic eluents.
Quantitative recovery (>95%) has been obtained by using 5
and 10 mL of 3 mol/L nitric acid solution. Therefore, in subse-
quent experiments, 5 mL of 3 mol/L nitric acid solution among
the tested solution was chosen as stripping agent to desorp the
manganese.

3.4. Effect of flow rate of sample solution

The flow rate of the sample solution through the column is
another important parameter, since it not only affects the recov-
ery of analyte, but also controls the time of analysis. Because a
large volume of sample solution is needed in the preconcentra-
tion, it is always expected that sample solutions can be passed
through the column at a higher flow rate without sacrificing the
recoveries. In order to evaluate the effect of flow rate, a set of
solutions (50 mL) containing 5 pg Mn(II) was adjusted to the
optimum pH value. They were then passed through the column
at a flow rate that varied from 0.5 to 5 mL/min adjusted by grav-
ity action. The analyte was desorbed with 5 mL of 3 mol/L nitric
acid solution from the resin and determined as mentioned in
the recommended procedure (Section 2.5). According to the
results, flow rates in the examined range had no significant
effect on the recoveries of the manganese. These results indi-
cate that the manganese(II) sorption is very rapid. This fact
is a useful feature of the proposed method, because it per-
mits a higher sample throughout. Therefore, the flow rate of
5 mL/min was found to be suitable for optimum loading of the
analyte and was used for further studies. Because of the elu-
ent volume is very low the effect of eluent volume has not
been studied and 1 mL/min has been selected as an eluent flow
rate.

3.5. Effect of sample volume (concentration of analyte)

The influence of the sample volume on recoveries of the
manganese was also examined. For this purpose, manganese
was preconcentrated from volumes of 50, 100, 250, 500, 750
and 1000 mL of sample solution containing 5 Lg manganese by
applying the general procedure mentioned above. The recovery
of manganese was quantitative (>95%) for all of these sample
volumes. By analyzing 5 mL of the final solution after the pre-
concentration of 1000 mL of sample solution, an enrichment
factor of 200, calculated by the method given by Mizuike [26],
can be achieved. The time of analysis is the main disadvantage of
the proposed method and it is about 3.5 h for 1000 mL of sample
volume and 5 mL of eluent. By using the smaller sample vol-
ume, the analysis time may be shortened. The preconcentration
factor could have been further improved by using larger sample
volume and/or smaller eluent volume.

3.6. Influence of interfering species

The effects of potential interferences occurring in drinking
water samples on the determination of manganese were inves-
tigated using the optimized preconcentration procedure. Metal
ions were added individually to a solution as their nitrate or chlo-

Table 1

The effect of some ions on the recovery of manganese (pH: 2, eluent: SmL
of 3 mol/L nitric acid, flow rate of sample: 5 mL/min, sample volume: 50 mL,
concentration of the manganese(I): 0.1 mg/L)

Interfering ions Concentration (mg/L) R* (%)
Na* 1 98 + 2
5 101 + 1
25 99 £ 2
100 98 + 3
Mg?* 1 99 £ 1
5 98 + 3
25 96 + 3

100 98 + 1
AP+ 1 102 +3
5 98 + 1
25 99 + 1
Zn* 1 102 £ 2
5 101 +3
50 98 + 1
Cu?* 1 97 +2
5 97 + 1
25 97 £2
Ccd* 1 98 + 1
5 100 + 2
25 98 + 1
K* 1 97 + 3
5 99 + |
25 98 + 1
100 96 + 2
Ca2+ 1 100 + 2
5 99 + 1
25 95 +2
100 96 + 2
Fe3* 1 96 + 2
5 98 + 3
25 96 + 3
Fe3*? 1 97 +2
5 81 + 4
25 32+ 4
Co?* 1 100 + 1
5 98 + 2
25 99 + 1

2 Mean = standard deviation for three determinations.
b Without masking agent (NaF).

ride salts, and proposed preconcentration method was applied.
The experimental results were given in Table 1. Results show
that the most serious interference arises from iron(III). Inter-
ference from this ion is probably that it retains strongly on the
resin than that of manganese. In order to eliminate the iron inter-
ference, 0.1 mol/LL NaF solution was added to model solution.
By adding NaF, quantitative recovery (>95%) was acquired for
Mn(II). However, the concentration of iron in drinking water is
normally lower than 5 mg/L [27] and there is no interference
at 10-fold of the concentration of manganese. For this reason,
NaF was not added to real solutions. As can be seen in Table 1,
among the tested other cations no one had serious interfere with
the recovery of manganese(II). Therefore, manganese in drink-
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Fig. 2. Adsorption isotherm of Amberlyst 36 for manganese in batch procedure.

ing water can be recovered quantitatively using the proposed
procedure.

3.7. Adsorption isotherm and adsorption capacity

The adsorption capacity of the resin was determined by the
batch technique [5]. Therefore, the effect of contact (shaking)
time on the adsorption of the manganese was evaluated at room
temperature (25 &= 1 °C). For this purpose, 50 mL of the model
solution (Mn(II): 0.1 wg/mL) and 100 mg of the resin were
placed in a flask. The pH of the solution was adjusted to 2 and
the flask was shaken with shaker at different time intervals at
200 rpm. The amount of residual manganese(Il) in the solution
was determined by FAAS after filtration. The data obtained from
the adsorption of manganese on the solution showed that a con-
tact time of 60 min was sufficient to achieve equilibrium and the
adsorption did not change with further increase in contact time.

The adsorption behaviour of Amberlyst 36 was determined
by studying the amount of adsorbed manganese as a function
of manganese concentration [5]. Therefore, S0 mL of sample
solutions having the manganese the concentrations in the range
of 20-500 mg/L at pH 2 were shaken for 60 min with a con-
stant weight (100 mg) of the resin. The profile of the adsorption
isotherm of the resin for manganese is shown in Fig. 2, represent-
ing the amounts of adsorbed manganese versus the manganese
concentration of the supernatant under equilibrium conditions.
The analysis of the isotherm data is important in order to develop
an equation that accurately represents the results. When the
adsorption profile reaches a plateau, a monolayer adsorption
is supposed to be established. The data of the isotherm reveal
that the adsorption process conforms to the Langmuir model. In
Fig. 2, the graph shows an excellent fit to the data in the concen-
tration interval studied in all cases for the Langmuir model. A
modified Langmuir equation conformed to this kind of adsorp-
tion isotherm as represented below

Ce Cg 1
O Qo Qob
where Cg is the concentration of manganese(Il) in the solution

at equilibrium (mg/L), Qg the amount of sorbed manganese per
gram of resin at equilibrium (mg/g), b the “affinity” parameter or

Langmuir constant (L/mg) and Qg is the “capacity” parameter
(mg/g). Based on the linear form of the adsorption isotherm
derived from plots of Cg/Qg versus Cg, the constant Qg values
were calculated from the slope of the graph. The value of Qg
is found to be 88 mg/g. The retention capacity of this adsorbent
for manganese (88 mg/g) is much higher than the adsorbents
already reported in the literatures (1.65 and 6.5 mg/g) [2,28].
The Langmuir constant is 0.2743 L/mg.

3.8. Analytical figures of merit

By using direct aspiration in FAAS without the preconcen-
tration system the linear range for manganese determination
was between 0.1 and 5 pg/mL. The calibration equation was
A=0.004+0.113C, where C is the manganese concentration in
pg/mL, and A is the absorbance. Calibration equation calcula-
tions are based on the average of triplicate readings for each
standard solution.

The recovery of spiked manganese and the precision of the
procedure for seven replicates determined as the relative stan-
dard deviation of recovery at the optimum conditions given
above (amount of manganese, 5 p.g; volume of solution, 50 mL;
pH, 2; elution solution, 5 mL of 3 mol/L nitric acid; flow rate,
5 mL/min), was in the range of 93—102% and about 3%, respec-
tively.

In order to determine the instrumental detection limit, 50 mL
of a blank solution was (triple water) passed through the column
and retained manganese was eluted by 50 mL of the elution solu-
tion mentioned above. The instrumental detection limit based on
three times the standard deviation of the blank (LOD; =30/m;
where m is the slope of calibration curve) was found to be
49 ng/L for manganese (N =20). The analytical detection limit
has been calculated by dividing the instrumental detection limit
by the enrichment factor (200 in the present work) [29]. Analyt-
ical detection limit (LOD,) for manganese was 0.245 pug/L. The
limit of quantification (LOQ) was calculated as about 0.735 pg/L
by considering the three times the LOD value. This manganese
concentration cannot be determined directly by flame AAS with
sufficient accuracy and precision.

3.9. Validation of the proposed method

In order to evaluate the accuracy of the developed proce-
dure, manganese was determined in standard reference material
(Tea leaves GBW 0760). Manganese concentration found as
the mean of five determinations at 95% confidence level was
1273 £ 70 n.g/g with a relative error of 2.7%. It was found that
there is no significant difference between result found by the
proposed method and certified value (1240 + 40 pg/g) accord-
ing to the #-test. It can be concluded that there is no systematic
error in the determination at 95% confidence level.

3.10. Analytical application
Since it was found that the proposed preconcentration method

was useful for the preconcentration of trace manganese in the
presence of other metal ions, the method was applied to the deter-
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Table 2

Determination of manganese in various samples (volume of water samples:
1000 mL, amount of tea sample: 0.2 g) (in pg/L for water samples and in pg/g
for tea sample)

_ s -
Sample Added Found x + Wi Relative error (%)
Tap water® - 22+0.1 -
2.0 41402 24
Drinking water® - 14 £0.1 -
2.0 33+03 -2.9
Treated water” - 1.1 £0.1 -
2.0 32403 +3.2
Tea® - 1050 £ 70 -
1000 1980 £ 130 -3.4

2 Mean of seven determinations at 95% confidence level.
b Mean of five determinations at 95% confidence level.

mination of manganese (total manganese) in drinking waters
and tea samples under optimal experimental conditions. For the
determination of total manganese in water samples, ascorbic
acid was added to reduce the manganese species to Mn(II) prior
to preconcentration procedure. For this purpose, an aliquot of
water samples and tea bag sample solutions containing ascorbic
acid were passed through the column under the optimum con-
ditions determined experimentally. The accuracy of the method
was also checked by measuring the recovery of spiked samples
(Table 2). Relative errors, below 5%, demonstrate the applica-
bility of the method and indicate that the proposed method is
essentially free from interferences when applied to the analysis
of drinking water and tea samples. These results are in agreement
with the literature. Tokalioglu and Kartal found 9121295 ng/g
manganese in Turkish tea [30].

4. Conclusion

A proposed procedure provides a simple, selective, accurate
and precise method for the preconcentration and determination
of manganese in large volumes of various sample solutions. The
main advantages of the method over the many other solid-phase
preconcentration method are permitting to study in a wide range
of pH that is no necessity buffer to control the pH values pre-
cisely, higher sample volume and not requiring the chelating
agent. Amberlyst 36 does not show volume change in operating
at wide pH ranges and therefore, easy flow properties and con-
stant flow rates can be maintained. The main disadvantage of the
method is duration time. It is about 3.5 h for 1000 mL of sample
solution and 5 mL of eluent. Trace manganese in drinking water

samples can be effectively preconcentrated to a factor of 200.
The column is good enough for manganese determination in
matrixes containing interferent ions in high concentrations. The
adsorption capacity of Amberlyst 36 for manganese is higher
than the adsorbents already reported in the literatures [2,28].
The detection limit achieved was satisfactory for the samples
studied, and can be improved by using more sensitive detectors
such as ICP-AES and ICP-MS.
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