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1 Introduction

Heavy metals and radionuclides contamination can
cause a significant environmental problem as they are
non-degradable and thus

persistent  [1].

ABSTRACT

Fe-Al-Mn nanocomposite has been synthesized by impregnating MnO, with Fe
and Al nitrate aqueous solution for preconcentration and determination of Pb
(ID), Cd (D) and U (VI) ions from aqueous solution. Fourier Transform Infrared
spectroscopy (FTIR), X-Ray-diffraction (XRD) and Scanning electron microscopy
coupled with energy dispersive&nbsp;X-ray detector (SEM-EDX) were
employed to characterize the as-synthesized nanocomposite. The XRD result
indicates that the as-synthesized nanocomposite had a crystal size with rhom-
bohedral structure and size of 30.81 nm. FTIR results confirmed the presence of
hydroxyl group and Metal-Oxygen vibration in the adsorbent. A sensitive and
simple solid-phase preconcentration procedure for the determination of trace
amounts of Pb(Il) and Cd(I) ions by FAAS and U(V]) ions by Uv-Vis was
developed. The adsorption isotherm was formally described by both Langmuir
and Freundlich equation with a maximum adsorption capacity of 12.5 (Pb),
12.8(Cd) and 14.9(U) mg g~ respectively with preconcentration factor of 15. The
limits of detection were 0.09, 0.05 and 0.0097 mg L™ and the relative standard
deviation for ten replicate measurements were 2.47, 0.979 and 2.04%, for Pb (ID),
Cd(ID and U(V]) ions, respectively. The recovery of Pb(I), Cd(II) and U(VI) ions
were found to be 92.7, 91.3, and 81.76%, respectively. On the basis of these
findings, the as-synthesized Fe-Al-Mn nanocomposite was successfully applied
as a solid phase extraction for preconcentration and determination of Pb(ID),
Cd(ID) and U(VI) ions in aqueous solution.

accurate determination of heavy metals and
radionuclides has become increasingly necessary to
study problems associated to environmental water
pollution. Contamination by heavy metals and

Thus radionuclides such as lead, cadmium and uranium to
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the surface of water and sediments is due to both
natural and anthropogenic activities [2].

The high toxicity of soluble compounds of uranium
(UFs, UO2(NO3),, UOCl,, UOF,, uranyl-acetate,
sulphates and carbonates) is largely manifested in
kidney damage [3]. Cadmium and lead are also the
most hazardous heavy metals causing great health
problems to humans and animal life through accu-
mulation in several organs [4]. Lead is typically poi-
sonous which accumulates in the body and cause
kidney malfunctioning, hematological and brain
damage [4].The international agency for research on
cancer classified cadmium as a human carcinogen [5].
Therefore, efficient, applicable and affordable tech-
niques are necessary to mitigate the health risk by
eliminating or reducing the content of heavy metals
and radionuclides from aqueous solution.

Accurate and precise analysis of trace amount of
heavy metals by ICP-MS, ICP-AES, and FAAS is an
important part of analytical chemistry [6]. Flame
atomic absorption spectrometry (FAAS) is among the
most widely used methods for the determination of
heavy metals ions at trace levels, but its sensitivity is
insufficient for the determination in the complex
matrix of the environmental sample [7]. Therefore,
preconcentration or separation of trace elements from
matrices is necessary to improve their detection and
sensitivity by FAAS [8]. Solid phase extraction has
risen to the forefront methods for the removal of
heavy metals due to minimal solvent consumption,
flexibility, absence of emulsion [9], high concentra-
tion factor and ease of solidification [10]. Thus, SPE
based on the distribution of analyte between solution
and sorbent is the best method for separation of
heavy metals.

Among solid phase adsorbents, silica gel (SiO,) is
widely used due to its mechanical stability at high
pressure and low solubility in different solvent.
However, silica gel adsorbent exhibited low adsorp-
tion capacity and low chemical stability in high acidic
and basic media [11]. To improve the performance of
solid phase extraction towards metal ions, this
material is modified by chelating agent such as
Octadecacylica and amberlite [12]. However, these
materials present low reusability as a result of loss of
chelating agent after several preconcentration/elu-
tion cycles. Fe-Al-Mn nanocomposite is classified as
promising ones for heavy metals removals from
aqueous solution. This is partly because of their large
surface area high activities, high resistance to acids
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and bases, high adsorption capacity and law tem-
perature modification [13].

There are plenty of synthesis methods for prepa-
ration of nanocomposite such as coprecipitation, sol-
gel and hydrothermal [14, 15]. Impregnation methods
was used to synthesize Fe-Al-Mn nanocomposite due
to its advantages such as good homogeneity, low
reaction temperature, uniform particle size, low cost
and time saving process [15].

2 Methodology
2.1 Reagents and solutions

All reagents were analytical grades unless otherwise
stated. Fe(NOj3)3.9H,O (98%, BDH, chemicals Ltd,
England); AI(NO3)3;.9H,O (98%, Merck, Germany)
and MnO; (S. Aldrich) were used as a precursor to
prepare Fe-Al-Mn nanocomposite. The standard
solution of nitrate salts of Cd(II), Pb(II) and UIV) (all
from Merck) were prepared by diluting a single ele-
ment stock solution (1000 ppm) with double distilled
water.

2.2 Synthesis of Fe~Al-Mn nanocomposite

Fe--Al-Mn nanocomposite was synthesized via
impregnation method [16]. In a typical synthesis,
solution of Fe(NO3);.9H,0 and AI(NO;);.9H,O was
prepared separately and mixed together in 70:25 and
60:30 ratios, then 5% and 10% MnO, powder was
impregnated in the prepared solution. The product
was dried at 150 °C in an oven for 24 h and further
calcined at 400, 600 and 700 °C. Finally, the dried
materials were ground manually to fine powder
using agate mortar for further analysis.

2.3 Characterization techniques

The crystal size of as-synthesized Fe-Al-Mn
nanocomposite was determined by X-ray diffraction
(XRD). The sample was crushed to fine particles and
analyzed by X-ray diffractometer, equipped with Cu
Ka radiation (A = 0.15405 nm) at room temperature
in the scan range 20 between 10 and 90°. The FTIR
spectra (4000-400 cm™') were recorded on Parkin
Elmer, spectrum 100, FTIR Spectrometer. UV-Vis
spectrometer was used to determine the concentra-
tion of U (VI) ions whereas the concentration of Cd(II)
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and Pb(Il) ions was determined by Flame Ato-mic
Absorption spectrometry (FAAS).

2.4 Column preparation
and preconcentration procedure

The glass column (150 mm length and 8 mm internal
diameter) having a stopcock at the bottom and a tank
of 250 ml on the top of the column was used. Small
amount of glass wool was placed over the stopcock to
hold the sorbent. 0.5 g of adsorbent was made slurry
in water and placed into the column. Then another
small amount of glass wool was inserted onto the top
of the sorbent to avoid disturbance of adsorbent
during the sample passage. The column was pre-
conditioned by passing blank solution having the
same pH with the sample solution prior to use. After
each use, the nanocomposite was washed with HCl
and distilled water respectively and prepared for the
second use.

For preconcentration/extraction procedure 50 ml
of the pH adjusted sample solution containing
3 mgl™" U(VI), 0.5 mgl™" Cd(ID and 5 mgl~" Pb(ID)
was taken and allowed to pass through the packed
column at a flow rate of 5mgmin~' [17]. The
retained analyte was eluted with 10 ml of 0.5 M of
HCI and determined by FAAS. Uranium is separately
determined by UV-Vis spectroscopy using EDTA
indicator solution at Amax 557 nm. The effect of pH
was studied in the pH range of 2-10 keeping the
other parameters constant.

3 Results and discussion
3.1 XRD analysis

In order to characterize nature and crystal size of
nanocomposite, X--ray diffraction pattern was
investigated. According to the result, the patterns at
20 value of 24, 34, 36, 42, 49.5, 55, and 64.5 corre-
sponds to hematite and the remaining weak peaks at
20 value of 57.5 and 63.5 corresponds to bauxite
(Fig. 1) [15, 18, 19]. This may be due to the small
percentages of MnO, dominated by Fe,O; and Al,Os.
The crystal size was estimated from the basic Scherer

equation [18]. D:% Where D is the average

crystallite size, A is the X-ray wavelength, B is the
width of the X-ray peak on 20 axis, normally mea-
sured as full width at half maximum (FWHM), 0 is
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brag angle, and k is Scherer constant. K depends on
the crystallite shape and the size distribution, indices
of the diffraction line, and the actual definition used
for f whether FWHM or integral breadth [20]. K can
have values anywhere from 0.62 and 2.08. In this
paper, K = 0.9 was used.

According to the result, the average crystalline size
of  the nanocomposites varied  between
30.81-35.15 nm. The sample with large crystal size
(34.98 nm) and small ratio of Al,O5; (Table 1) was
selected for further adsorption studies. This large
crystal structure of nanosorbent was selected due to
large abrasion resistance and uniformity, while small
ratio of Al,O; was selected because large alumina
content delays crystallite of nanocomposite.

The calcination temperature has important rule to
play information of the crystalline phase and the
particle size. The particle sizes of two samples cal-
cined at three different temperatures (400, 600 and
700 °C) are compared (Table 1). It was observed that
the crystal size of the nanocomposite increased when
the calcination temperature increases.

The adsorbent materials with different ratios Fe:
Al: Mn (70:25:5 and 60:30:10) was investigated. From
the result, it is noted that increasing the alumina
content delay crystallization [21]; however, the con-
comitant increase in manganese oxide could have
counter effect which might have led to increase
crystal size as the temperature increases. On the other
hand, the presence of large amount of manganese
dioxide powder delays the uniformity of nanocom-
posite [22]. Therefore Fe-Al-Mn ternary mixed oxides
that contains small percentage of manganese dioxide
was used for adsorption of metal ions.

3.2 SEM-EDX analysis

Scanning electron microscopy coupled with energy
dispersive X-ray detector (SEM-EDX) was used to
observe the morphology particle size and composi-
tion of Fe—Al-Mn nanocomposite. SEM corroborate
(Fig. 2a) the presence of homogenous particle size
with crystal size 10 pm. The energy dispersive X-ray
detector image (Fig. 2b) shows a relative percentage
by mass of Fe. Al and Mn were 51.32, 5.34 and1.63%,
respectively.
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Fig. 1 XRD pattern of as- 1000
synthesized nanocomposite

15.00 20.00 25.00

Table 1 Crystal sizes (D) of as-synthesized nanocomposite

Sample code 20 (degree) B (degree) D (nm)
1 (400 °C) 33.960 0.283 30.81
2 (400 °C) 33.980 0.254 30.70
1 (600 °C) 33.780 0.257 33.75
2 (600 °C) 33.800 0.245 34.08
1 (700 °C) 33.960 0.248 34.98
2 (700 °C) 33.960 0.247 35.15

3.3 Infrared spectroscopic studies

FTIR spectra of as-synthesized nanocomposite before
and after adsorption of metal ions are shown in
Fig. 3. Absorption peak at 867 cm™' corresponds to
the symmetric stretching of Al-O bond and the peak
around 1025 ecm™ corresponds to the Fe-O stretching
of Fe,O; phase [23]. Absorption band around
3461 cm ™! corresponds to OH stretching frequency of
AlO(OH) phase [11]. A peak observed at 1639 cm ™'
was attributed to the bending vibration of hydroxyl
group of iron hydroxides (Fe-OH) [24]. Absorption
peak centered at 536 cm™' shows the presence of
hematite and the band spectrum at 462 and 536 cm ™"
indicates the presence of metal oxide bond vibration.
The intensity of the peaks after adsorption were rel-
atively higher than before adsorption, due to the
availability of more H,O in aqueous media and is
assigned to the deformation of water molecules and
the presence of adsorbed water and hydroxyl groups
on the metal oxide surface. After adsorption, new
peak appears at 994 cm ™' which is binding vibration
of adsorbed metals and the peak at 1448 cm™' cor-
responds to adsorbed water of metal oxide [25]. This

30.00 35.00 40.00

2theta (degrees)

45.00 50.00 55.00 60.00 65.00 70.0

indicates that there were adsorbed metal ions on the
adsorbent surface.

3.4 Effect of pH of sample solution

pH in one of the most important environmental fac-
tors influencing not only the site of adsorbent but also
the solution chemistry of heavy metals [26]. Accord-
ing to the result (Fig. 4), the recovery of Pb(Il), Cd(II)
and U(IV) ions were quantitative > 95%, at pH value
of 6, 7 and 4, respectively. At higher pH value, the
adsorption of these metal ions declined due to the
precipitation of Pb(Il), Cd(II) and U(IV) ions forming
Pb(OH),, Cd(OH), and UO,(OH) on the surface of
the sorbent. This precipitate blocks the pores of the
nanosorbent which led to a decrease of adsorption
capacity. On the other hand, at lower pH value, the
H;0™ compete with the metal ions for the exchange
site in the adsorbent and restrict the approach of
metal cations as a result of the repulsion force [27].

3.5 Effect of amount of Fe-Al-Mn
nanocomposite

A quantitative retention of analyte is not obtained
when the amount of the sorbent is less whereas, an
excess amount of adsorbent prevents the elution of
the retained analyte by small volume of eluent [28].
Therefore, the influences of the amount of Fe-Al-Mn
nanosorbent on the retention of Pb(I),Cd(I) and
U(V) ions were examined. According to the result,
the recovery of Cd(II), Pb(Il) and U(IV) ions increased
with increasing amounts of Fe-Al-Mn nanosorbent
and reached a maximum value of over 95% at 500 mg
(Fig. 5). Above 500 mg of Fe-Al-Mn nanosorbent, the
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Fig. 2 a Scanning electron microscopy and b energy dispersive X-ray detector image of Fe—Al-Mn nanocomposite

Fig. 3 FTIR spectrum of Fe- E
Al-Mn nanocomposite before
and adsorption study
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recoveries of Cd(II), Pb(Il) & UIV) ions decreased
because the retained metal ions cannot be eluted
completely with 10 ml of 0.5 M HCl solution. On the
other hand, when the amount of sorbent was below
300 mg, quantitative recovery of Cd(I), Pb(Il) and
U(IV) ions were not obtained because at low adsor-
bent dose, enough active sites are not available.
Therefore, 500 mg of adsorbent was used for subse-
quent experiment.

3.6 Effect of type, concentration
and volume of the eluent

A suitable and efficient eluent must be used for elu-
tion of adsorbed metal ions on Fe—~Al-Mn nanocom-
posite with small volume to obtain a high enrichment
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factor and avoid influence the life and reusability of
adsorbent. In lower pH, the metal-ligand complex
dissociates to release metal ions. Therefore, acidic
eluent is the best choice to obtain efficient extraction
[29].

For the elution process HNO; and HCl having
various concentrations and volume were tested to
obtain quantitative recovery of Cd(Il), Pb(I)and
U(V) ions from the nanosorbent packed in the col-
umn. According to the result in Table 2, HCI solu-
tions that give maximum recovery in range of 97-98.5
were found as optimum eluents. Results show the
recovery was increased as the concentration of HCl
increased up to 0.5 M and beyond which the recovery
declined. The use of low concentration of HCI is
beneficial because it can increase the life time of the
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Fig. 4 Recovery of Cd(Il), ]
Pb(Il)and U(IV) ions as a 140
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Table 2 Effect of type, concentration and volume of the eluent
Eluent type HCI0.I1M HCI05M HCI1M HCI2M HNO;0.1W HNO;05M HNO;1M HNO;2M
Recovery (%) CddI) 91 97.5 93.5 88 80 95 91 89.5
Pb(Il) 93.4 98 94 87.6 78 97 87.6 85.4
uvn  76.9 98.5 87.6 81.5 90 95 93.3 81
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column; whereas high concentration decreases the
lifetime of the column by dissolving the adsorbent.
Therefore, 0.5 M of HCI was chosen as the eluent
owing to effective elution of adsorbed Cd(D),
Pb(Il)and U(IV) ions from aqueous solution (Table 2).

Various volumes of 0.5 M HCI were also examined
as eluent for desorbing the retained analytes from the
solid phase. Since quantitative recovery (> 95%) was
obtained with 10 ml of 0.5 M HCI solution, it was
selected as an eluent (Fig. 6).

3.7 Effect of flow rate of sample solution

The flow rate of sample solution through the column
was not only affecting the recovery of analyte but also
control the time of analysis. According to the result
the percentage recovery decreases with increasing
flow rate, which is due to the shorter contact time
between the adsorbent and sample solution (Fig. 7).
Therefore, a flow rate of 5 ml/ min was chosen to
compromise between analytical time and the quan-
titative recovery of analyte.

3.8 Effect of sample volume

In order to obtain higher enrichment factor large
volume of sample solution is required. According to
the result in Fig. 8, quantitative recovery was
obtained with sample volume of up to 150 ml. The
recoveries of ions decrease with increasing sample
volume due to the excess analytes loaded over the

Fig. 6 Effect of the volume of
0.5 M HCI solution on the 140
recovery of Cd(I), Pb(Il) and
U(VI) ions by Fe-Al-Mn
nanosorbent (1 = 3) 120 4
o
2
z 100 H
2
~
SN
80
60
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column capacity. As a result, it can be concluded that
0.067 mgL~" of Cd(II), Pb(I) and U(VI) ions could be
determined with a sample volume of 150 ml.

3.9 Reusability of the sorbent

The stability and reusability of the sorbent were
assessed by monitoring the variation in the recovery
of analyte through several adsorption elution cycles.
The reusability of the present matrix was examined
with the passage of 50 ml sample containing 2 mg 1!
analyte solutions, 10 ml of 0.5 M HCL eluent and
15 ml of deionized water respectively through the
column packed with 500 mg of nanocomposite.

Adsorption capacity is slightly decreasing contin-
uously as the number of cycle increase Fig. 9. This is
because precipitate formed during adsorption blocks
the pores of the nanocomposite which led to a
decrease of its adsorption capacity. However, the
trace heavy metal ions in a sample solution can be
quantitatively retained after seven repeated uses and
the mean recovery for the metal ions were found to
be in the range of 95.0-99.9%. This clearly shows that
the column could be reused up to seven times with
quantitative recovery.

3.10 Effect of interfering ions

One of the most important targets of preconcentra-
tion procedures is elimination of interfering ions
from the sample. The reliability of the method has to

—e— Pb
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Fig. 7 plot of % recovery
Cd(II), Pb(II) and U(VI) ions
as a function of

eluent(0.5 mol 1~! HCI) flow
rate of sample solution (1 = 3,
V = 50 ml, adsorbent

dose = 500 mg

Fig. 8 Plot of % recovery of
U(VI), Pb(Il) and Cd(II) ions
by Fe—Al-Mn nanosorbent as
a function of sample volume
(eluent; (10 ml of 0.5 M HCI)
n=3)

Fig. 9 Plot of % recovery of
U(VI), Pb(Il) and Cd(II) ions
vs number of cycle (eluent;

(10 ml of 0.5 M HCL) n = 3)

% Recovery

% Recovery

21041
130
120 -
- —m— Cd
—e— Pb
110 4 AU
100 - -—
] :f,iﬁfﬁf:\
— : \-
920 :\°\
] A\'
80 -t
70 -
60 -
50 - ' ' ' I
; T ] 6 8 10
Flow rate (min/mL)
140 —
o —m— Cd
— e — Pb
—a&h— U
100 A -
.%
7A7‘1\- -
= \‘ -
o o/ R — \7\é7ii;;i,é
60
T T ! i ; I
0 50 100 150 200 250 300
Sample volume (mL)
104 H
102 = Cd
| —e — Pb
100 N ——
=
l\=
98 Ax-
o g :\: s- _
| B ———
94 -
92
90 —— T T T T T T
0 1 2 3 4 5 6 7 8

Number of cycle

@ Springer



21042

J Mater Sci: Mater Electron (2022) 33:21034-21047

Table 3 Effect of the

interference ions Interfering ions Conc.(mg 17" Recovery (%)
Cd(11) Pb(1I) UV
Cr(111) 25 97.6 £ 1.0 9 £ 1.2 873 £ 1.5
35 96.7 £ 2.0 98 + 3.0 823 +£20
50 922 £2.5 95+ 1.4 81.7 £ 2.1
Co(IT) 15 982 +2 982 + 1.2 857+ 15
3525 96.1 £ 1 96.7 + 2.0 849 £ 35
50 9152 96.0 &+ 2.1 81.0 £ 1.1
Cu(ID) 20 945 +£2 96.7 £ 3 842 +23
35 92.0 £2 96.0 £ 1 81.6 £2.0
50 933 +3 96.8 £ 2 813 £3.0
Zn(II) 15 97.7+£2 97.8 +2 88.8 £ 2.8
25 973 +2 96.6 + 3 83.0 £ 1.0
40 97.8 £ 1 97.0 £ 1 81.0 £ 3.0
Ni(II) 15 93.0 £ 1 97.5 £2.0 813 £ 1.5
25 918 £1 95.8 £2.5 80.3 £ 2.1
40 91.1 £2 93.0 + 4.0 779 £ 2.2
Table 4 Langmuir and
freundlich constant for the Langmuir model Freundlich model
sorption of Cd(Il), U(VI) and Analytes Q. (mg/g) b R, R2 K¢ 1/n R2
Pd(II), ions
Pb(1l) 12.5 1.000 0.050 0.997 1.2 0.297 0.957
Cddn 12.8 0.769 0.060 0.995 5.25 0.317 0.951
U 14.9 1.046 0.046 0.991 6.516 0.372 0.977

be examined in the presence of possible interference
ions which affect the adsorption of target analyte. As
can be seen from Table 3, the recovery for Pb(II) and
Cd(I) ions were quantitative (> 90%) in the presence
of studied interference ions. However, the interfering
ions present in water sample form stable complex
with EDTA when determined with Uv-visible spec-
troscopy, as the result, a slightly decreased recovery
of U(VI) ion was noted. However, U(VI) ion was
quantitatively retained on Fe-Al-Mn nanosorbent.
These results indicate that the developed precon-
centration method for Pb(II) and Cd(II) ions was not
affected by the presence of interference, which also
applied to highly saline samples that contains some
transitional metals in mg 1" level.

3.11 Adsorption isotherm

The adsorption isotherm was used to characterize
interaction of each analyte with adsorbent. The most
widely accepted surface adsorption models are
Langmuir and Freundlich models. Langmuir

@ Springer

adsorption isotherm which is valid for monolayer
adsorption onto a surface with finite number of
identical sites and based on the assumption of surface
homogeneity such as equally available adsorption
site and no interaction between adsorbed species [30].
The Freundlich adsorption isotherm model is an
empirical relationship describing the adsorption of
solute; it assumes different site with different
adsorption energies [31].

The linearized Langmuir and Freundlich plots for
Pb(Il), Cd(II) and U(VI) are given in Fig. 9 (a), (b), and
(c), respectively. The slop and intercept of the lin-
earized Langmuir and Freundlich plots were used to
calculate the adsorption constant tabulated on
Table 4. The higher correlation coefficients of Lang-
muir adsorption isotherm indicate that this model fits
the adsorption data better than the Freundlich model.
For Langmuir adsorption isotherm, the essential
characteristics can be expressed in terms of a
dimensionless parameter (R =1/1+bC,). The
value of Ry indicates the type of the isotherm to be
unfavorable, linear or favorable. Ry value for all
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Fig. 10 Linearized Langmuir and Freundlich adsorption isotherm of A U(VI), B Pd(Il) and C Cd(Il) ions on Fe-Al-Mn nanocomposite,

respectively

concentration is in between 0 and 1 indicating
favorable adsorption (Table 4).

From the plot of log q. versus log C,, Fig. 10 yields
a straight line. The value of 1/n lying between 0 and
1 (0.372, 0.297 and 0.317), for U(VI), Pb(II), and Cd(II)
respectively indicate a favorable condition for

adsorption and the physical adsorption of metal ions
onto Fe-Al-Mn nanocomposite [32]. From the plot of
Ce/qe versus C, (Fig. 10), the maximum adsorption
capacity of Fe-Al-Mn nanocomposite for Cd(II), U(VI)
and Pd(II), ions were found 12.8, 14.9 and 12.5 mg/g,
respectively. Therefore, for the sorption isotherm of
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Table 5 Results for method

J Mater Sci: Mater Electron (2022) 33:21034-21047

detection limits for tap water Metal ions RSD%  IDL (mg/L)* MDL for tap water(mg/L)®  MDL for lake water(mg/L)°
1 lak t
:Ep 1: and lake water Pb(II) 2.47 0.080 0.090 0.080
P Cddn 0.98 0.010 0.050 0.060
u(In 2.04 0.003 0.0097 0.008
aConcentration corresponding to instrument detection limit
°Concentration corresponding to ten standard deviations of the blank
MDL Method detection Limit, IDL Instrumental Detection Limits
Table 6 Results for the determination of Pb(Il), U(VI) and Cd(Il) ions using the proposed procedure
Sample Cd(mg L™ R% Pb(mg L") R% U(mg L™h R%
added Found Added found Added found
Tap 0 1.61 £ 0.07 86.6 0 3.31 £ 0.09 92.77 0 1.55 £ 0.20 81.8
water 2 3.25 +£0.13 4 6.33 £ 0.10 1 2.84 + 0.12
Lake water 0 0.73 + 0.04 91.3 0 3.72 £ 0.04 93.6 0 0.21 £ 0.21 81.0
3 3.59 £ 0.13 5 8.21 £ 0.15 1 1.42 £ 0.13

R: recovery, n =3

Cd{D, U(VI) and Pd(I), ions Langmuir equation was
fitted more to the experimental data compare to
Freundlich. But both Freundlich and Langmuir
equation were fitted to the experimental data satis-
factorily. According to the result the maximum
capacity of adsorbent in column condition, due to the
less duration of contact time is slightly less than the
batch system, which is apparently quite expected
[33].

3.12 Analytical method detection limit

The limits of detection for studied elements based on
three standard deviations (1 = 10) of the blank signal
are summarized in Table 5. The method detection
limit is generally comparable with that of instrument
for both tap water and lake water samples. The
concentration of Cd(II), U(VI) & Pb(I) ions deter-
mined in the tap water samples, were higher than the
procedure detection limit.

Similarly, the concentration of Cd(II) and Pb(Il)ions
determined in the lake water samples are 91.8 and
97.8 times higher than the corresponding procedure
detection limits, thus giving rise to good precision.
The detection limit of the proposed method was
comparable to those obtained by other methods
described in the literature [34]. The relative standard
deviation (n = 10) was < 2.5% for Cd(I), U(VI) and

@ Springer

Pb(Il) ions indicating that this method is highly pre-
cise and reproducible (Table 5).

3.13 Recovery studies in tap and lake water
samples

The validity of the proposed method was tested by
spiking known concentrations of Cd(Il), U(VI) and
Pb(I) to tap water (taken from Haramaya Univer-
sity), and lake water (taken from Adele) samples. The
water samples were filtered and stored in polythene
bottles. From the result indicated in Table 6, the
concentration of Pb(Il), U(VI) and Cd(II) ions for tap
water were found to be 3.31, 1.55 and1.61 mg 1
respectively. The concentration of Pb(l), U(VI) and
Cd(D ions for lake water sample was 3.7, 0.73 and
0.2 mg 17!, respectively. The percentage recovery of
U(VD) ion in lake water sample is lower as compared
with Pb(Il) and Cd(I) ions (Table 6). These results
indicated that the developed preconcentration
method for Cd(II) and Pb(II) was not affected by the
potential interferences from the major matrix com-
ponents of the water sample. But, since the interfer-
ences present in lake water sample such as Cr(IIl),
Co(Il), Cu(Il) and Zn(Il) ions form stable complex
with EDTA when measured with Uv-visible spec-
troscopy, the recovery of U(VI) ions was less. This
can be improved using arsenazo (III) which form
stable complex with U(VI) [35]. Nonetheless, U(VI)
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ion was quantitatively retained on Fe-Al-Mn

nanosorbent.

3.14 Comparison of the method with others

The analytical performance of the nanosorbent was
comparable with the other conventional sorbents.
Some comparative data about sorption are summa-
rized in Table 7. Limit of detection, adsorption
capacity and preconcentration factors obtained are
comparable to those presented by other methods. The
present work

evidenced relatively high adsorption capacity
when compared with reported methods [37, 38]. On
the other hand, limit of detection was similar to those
reported by previous methods [38], preconcentration
factor is relatively higher than those of the others
methods [36].

4 Conclusion

Fe-Al-Mn nanocomposite as a new solid phase
extractor provides a simple, selective, accurate, eco-
nomical, rapid and precise method for preconcentra-
tion and determination of Pb(II), U(VI) and Cd(I) ions
from aqueous solution. There is no need to use any
complexing or chelating agent for modifying the sor-
bent to obtain quantitative recovery of Pb(Il), U(VI)
and Cd(I) ions. The preconcentration procedure
described in this paper allows Pb(II), U(VI) and Cd(II)
ions determination at low concentration level in vari-
ous water samples, whose analysis would be restricted
due to poor sensitivity of flame atomic adsorption
spectrometry. The selectivity was excellent making it
possible to detect and determine Pb(Il), U(VI) and
Cd(I) ions in the presence of high concentration of
foreignions. The limit of detection based on three times
the standard deviation of the blank was reported to be
0.09, 0.05 and 0.0097 mg g~ for Pb(Il), CA(II) and
U(VD) ions, respectively. In addition, this method is
sensitive, low cost and doesn’t need sophisticated
instruments such as ICP-OES or GF-AAS.
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