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ABSTRACT

A cellulose acetate membrane filter was applied for solid-phase extraction of Cd(II), Co(Il),
Cu(I), FedID), Ni(II), and Pb(I) from urine, hair, fish, and various water samples. The ana-
lyte ions were adsorbed on membrane filter as Cochenille red complexes and then eluted
using 10mL 3M CH;COOH. The matrix effects from concomitants and analytical parame-
ters, including pH, sample volume, membrane type, and flow rates, were investigated. The
analyte ion detection limit for the proposed method was in the range 1.0-5.2 ug/L. The
preconcentration factors were calculated as 30 for Cu(Il), 40 for Co(II), Ni(I), Cd(II) as well
as Pb(l), and 50 for Fe(Ill). The proposed method was validated by analyzing certified
reference materials. This method was successfully applied to water, hair, fish, and urine

samples with good results.

Keywords: Membrane filtration; Preconcentration; Cochenille red; Metal; Food; Atomic

absorption spectrometry

1. Introduction

Contamination by heavy metal ions poses a serious
threat to human health and the environment. Heavy
metals are toxic and accumulate in living organisms
throughout their lifetime. Certain trace elements,
such as copper, iron, and cobalt, are essential to
organisms, which have a daily requirement of only a
few milligrams. However, if ingested in high levels,
such elements can be harmful to humans, animals,
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and plants. Recently, environmental pollution by
heavy metals has received considerable attention.
Wide technological use in industry and traffic are the
primary source for traces metal ions in the environ-
ment [1-7]. Therefore, sensitive, reproducible, and
accurate instrumental techniques are necessary to
determine trace amounts of metals in such environ-
mental samples. Quantifying such metal species in
various matrices has been performed using differ-
ent techniques, such as flame atomic absorption
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spectrometry (FAAS) [8,9], inductively coupled
plasma atomic emission spectrometry (ICP-AES) [10],
inductively coupled plasma mass spectrometry
(ICP-MS) [5,11], and inductively coupled plasma
optical emission spectrometry (ICP-OES) [12,13],
which can determine the levels of trace metals with
sufficient sensitivity for most applications. FAAS is
preferred for determining trace levels of metal ions in
environmental samples because it is simple and inex-
pensive compared with other instrumental techniques,
such as ICP-MS [14,15]. However, analytes at lower
levels than the detection limit of atomic absorption
spectrometry and high salt content in the real samples
are the two primary limitations in determining metal
ion levels though atomic absorption spectrometry.
Such techniques are not sufficiently sensitive and
selective for certain analyses. Thus, methods for sepa-
rating or preconcentrating trace elements may be nec-
essary before spectrometric analysis [16,17].

Membrane filtration of trace heavy metals is
effective for producing the concentration enrichment.
Membrane filters, including cellulose nitrate and
cellulose acetate, have been applied to solid-phase
extraction (SPE) of trace species, such as organic spe-
cies, certain anions, and heavy metal ions, in various
media [18-21]. The most attractive features of mem-
brane filtration are simplicity, speed, wide application
of preconcentration methods, an easily attainable
high preconcentration factor, and high precision
[22,23].

Cochenille red (Acid Red 18) is a diazo compound
(Fig. 1). It is used as a food dye in food industry. It
has 1:1 complexes with metal ions [24]. According to
our literature survey, Cochenille red-membrane filtra-
tion combination is first used for the preconcentration
and separation of metal ions.

In this study, a method is introduced for enrich-
ing/separating Cd(Il), Co(II), Cu(Il), Fe(Ill), Ni(II), and
Pb(I) ions as Cochenille red complexes on a cellulose
acetate membrane filter for water, hair, fish, and urine
samples with FAAS for analysis.

CHs
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Fig. 1. Cochenille red.
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2. Experimental
2.1. Apparatus

A Perkin-Elmer Model 3110 atomic absorption
spectrophotometer was used for analyte measure-
ments in standard and sample solutions. For each
metal ion, its hollow cathode lamps and a 10 cm air-
acetylene flame atomizer were used. The instrumental
settings were recommended in the manufacturer’s
manual book. A PHS-3C pH meter (model Nel pH-900
Nel Company, Ankara, Turkey) with a combined glass
electrode was used to measure the pH values.
Ultra-pure de-ionized water was prepared by reverse
osmosis and filtration using a Milli-Q Direct 16 system
(Millipore Australia Pty Ltd, North Ryde, Australia).
An ALC PK 120 model centrifuge (Buckinghamshire,
England) was used.

2.2. Reagents and solution

Stock solutions containing 1,000 mg/L of Cd(I),
Co(Il), Cudl), FedlIl), Ni(Il), and Pb(II) were prepared
from nitrate salts (Merck, Darmstadt, Germany) in 1%
of HNO; and were added to 1L calibrated flasks.
Diluted standard solutions were prepared from the
stock standard solutions. Stock solutions with diverse
elements were prepared from high-purity compounds.
The cellulose acetate membrane filters used herein
were purchased from Osmonics (Westborough, MA).

A 0.05% (w/v) solution of Cochenille red (Appli-
chem GmbH, Darmstadt, Germany) was prepared by
dissolving the required amount of Cochenille red in a
water/ethanol (75/25, v/v) mixture. This solution was
prepared daily. The pH values were adjusted by
adding phosphate buffer (H,PO;/H3PO,), acetate
buffer (CH;COO /CH;COOH), and ammonium buffer
(NH; /NHj,) solutions.

2.3. Test procedure

A 20-25mL portion of an aqueous solution con-
taining 5-20 pg of Cu(ll), Co(Il), Ni(Il), Fe(Il), Cd(ID),
and Pb(Il) ions was placed in a glass beaker. Ten milli-
liters of the buffer solution in section 2.2 (to produce
the desired pH between 2 and 8) and 75 ug of a 0.05%
(w/v) Cochenille red solution were added. After 10
min, a metal-chelate solution was collected through a
cellulose acetate membrane filter with a 0.45 um pore
size and a 47 mm diameter. The solution was collected
by filtration under suction with an aspirator. The
metal-chelates collected on the membrane filter were
then eluted with 10mL 3mol/L of CH3;COOH. The
analytes in the final solution were determined by
FAAS.
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Fig. 2. The effect of pH on analyte ion recoveries (N =3,
eluent: 3 mol/L HAc; membrane: 0.45 pm pore size, 47 mm
diameter cellulose acetate).

2.4. Applications for real samples

Two-hundred fifty milliliter samples of tap, lake,
sea, thermal spring, waste, and spring water were col-
lected in a beaker, and the pH of the samples was
adjusted to pH 6.5 with a buffer solution. One gram
each of the hair and fish samples was digested with 12
mL of concentrated HNOj3 at 90°C. The mixture was
evaporated to almost dry and mixed with 4mL of
H,0,. It was then again evaporated to dry. After evapo-
ration, 5-6 mL of distilled water was added, and the
sample was mixed. The resident was diluted to 10 mL
with distilled water. The separation/preconcentration
method above was then applied. The analyte concentra-
tion for the final solution was determined by FAAS.

One gram of certified reference material (NCS ZC
81002 b Human Hair) was digested with 12mL
concentrated HNO; at 95°C. The mixture was

Table 1
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Fig. 3. The effect of ligand levels on analyte recovery
(N =3, eluent: 3mol/L HACc).

evaporated to almost dry and mixed with 4mL of
H,0,. It was then again evaporated to dry. After evap-
oration 5-6 mL of distilled water was added, and the
sample was mixed. The procedure in section 2.3 was
then applied. Twenty five milliliters of TMDA-70 forti-
fied water certified reference material was applied (see
section 2.3). The analyte levels in the final solution
were determined using FAAS.

3. Results and discussion
3.1. Effect of pH

Because the pH of the aqueous solution with
Cu(I), CodI), Ni(I), Fe(Ill), Cd{I), and Pb{I) ions
influenced the quantitative recoveries, it was the first
factor investigated in the enrichment-separation
studies [25-31]. For the solutions used to recover the

The influence of various eluents on analyte ion recovery (N =3)

Recovery (%)

Eluent type  Concentration (mol/L)  Eluent volume (mL) Cd Co Ni Pb Fe Cu
HAc 1 10 35+3 213 69=x1 98 £2 69+3 48+2
2 10 88+2 48+2 89x2 100+1 90+2 70+2
3 10 99+1 98+2 94x2 1001 9%+1 100+1
3 5 90+2 89x2 85x1 9% +1 952 96 +2
HNO; 1 10 35+2 31+2 51x2 76+2 74+2 46+2
2 10 42+2  39%x2 65%2 941 86+1 52x1
3 10 462 50+x2 79x2 100x1 100%2 73+2
H,50, 1 10 40+2 35+2 882 69+2 92+3 46+1
2 10 51+2 56+2 901 922 98+2 542
HCl 1 10 67+x1 23+x3 95x1 981 95+1 49+2
2 10 92+2 75+1 99=x2 95 +1 98 +2 55+1
NH; 1 10 25+3  24+1 19x2 35+2 39+2 28+2
2 10 273 18x2 15x2 38+1 36+2 32+1

Note: mean + standard deviation.
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The effect of membrane filter type on analyte recovery (N =23)

Recovery (%)

Membrane filter type Cd Cu Co Ni Fe Pb

Cellulose acetate membrane filter 13+2 25+3 18+2 51«2 38+1 58+2

Cellulose acetate membrane filter + Cochenille red 9+1 9 +1 97 +1 1001 9% +1 97 1

Cellulose nitrate 101 41x2 23+3 15+2 283 522
membrane filter

Polysulfone membrane filter 191 28+1 29+1 21+2 32+2 56+3

Cu(ll), Co(I), Ni(I), Fe(Ill), Cd(I), and Pb(Il) ions on
the cellulose acetate membrane filter, the effect of pH
was investigated in the range 2.0-8.0. The results are
shown in Fig. 2. Quantitative recoveries were generated
for Cu(Il), Co(I), Ni(II), Fe(III) as well as Cd(I) in the
pH range 6.0-8.0 and Pb (II) in the pH range 5.0-8.0.
pH 6.5 was selected for further study. The samples
were adjusted to pH 6.5 using phosphate buffer.

3.2. The influence of Cochenille red levels

The influence of Cochenille red levels on retaining
Cu(I), Co(Il), Ni(II), Fe(Ill), Cd(I), and Pb(II) on the
cellulose acetate membrane filter was also examined
in the range 0-200 pg. The results are shown in Fig. 3.

Table 3
The effect of matrix ions on membrane filtration (N =3)

The recoveries for Cu(ll), Co(II), Ni(II), Fe(III), Cd(I),
and Pb(II) were quantitative (>95%) for Cochenille red
in the 0.50-150.0 pg range. The studies were also per-
formed at pH 6.5 without Cochenille red. As can be
seen in Fig. 3, the recoveries for Cu(ll), Co(II), Ni(II),
Fe(III), Cd(I), and Pb(I) ions on a cellulose acetate
membrane filter were less than 55% without
Cochenille red for all analyte ions. Adding 75pg of
Cochenille red is recommended.

3.3. Elution process from membrane filter

Herein, the elution process was applied to elute-
adsorbed Cu(Il), Co(II), Ni(Il), Fe(III), Cd(II), and Pb(II)
ions on the cellulose acetate membrane filter. After

Recovery (%)

Ions Concentration (ug/mL) Added Cd Cu Co Ni Fe Pb
K* 5,000 KCl 98 +2 95+1 95+0 96 +1 96+ 1 97 +2
Mg2+ 3,000 Mg(NO3),.6H,O 94 +2 97 +£2 94 +1 97 +1 96 +2 97 +1
Ca* 1,000 CaCl, 99+1 99+1 97+1 100+1 961 97 +1
CO%’ 7,000 Na,COs 97 1 100+1 98 +1 97 +2 97 +1 96 +1
NO3 3,000 KNO;3; 94 +1 96 +1 9=+1 95+1 96 +2 93+2
F 500 NaF 94 +0 95+2 97 +2 9% +1 98 +1 100 £2
I 500 Nal 97 +1 94 +2 95+1 95+2 100+1 9+1
SO?[ 2,500 NaySOy 95+2 96 +2 95+2 94 +1 93+2 95 +1
CI- 11,000 NaCl 922 99 +1 98«2 94 +2 100+1 9+1
POi’ 2,000 Na3zP0,4.12H,0 9% +1 9% +1 96 +2 95+1 98 +1 97 +1
AP* 30 AI(NO3)3.9H,0O 97 +1 98 +1 94 +2 95+2 98 +2 98 +1
Cu? 20 Cu(NO3),.3H,0O 9% +1 - 100 +2 92+2 95+2 97 +2
Co** 20 Co(NOs),.6H,O 98+1 97 +1 - 98 +2 97 +2 100+1
Mn?* 20 MnSO,4.H,O 98 +1 96 +1 100+1 96 +0 94 +2 98 +1
Ni?* 20 Ni (NOs),.6H,O 97 £2 100+ 1 98 +1 - 95+1 9 +1
Pb** 25 Pb(NO3), 95=+1 98 +1 94 +1 96 +1 92+0 -
Zn** 25 Zn(NOs),.6H,O 98 +1 96 +1 95+2 9+1 98 +1 95 +1
Ccri* 75 Cr(NO3)3.9H,0O 100+1 98 +1 94+1 95+3 9 +1 98 +2
cda* 25 Cd(NO;3),.4H,0 - 97 +1 95+1 95+1 100+ 1 97 +1
Fe?* 20 Fe(NO3), 98 +1 95+2 96 =2 95+2 - 95 +1

Note: mean + standard deviation.
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Fig. 4. The effect of sample volume on analyte recovery
(N=3).

collecting the analytes-Cochenille red chelates on the
cellulose acetate membrane filter, the eluents shown in
Table 1 were used separately to elute the analytes. Cu
(D, Co(I), Ni(I), Fe(I), Cd(I), and Pb(I) ions were
quantitatively (95%) recovered by using 3mol/L
CH;COOH as eluent. In further studies, 10mL of 3
mol/L CH3COOH was used as the eluent.

A cellulose acetate membrane filter could be used
at least 15 times without a loss in collection properties
for the metal chelates through elution. The analyte
ions were quantitatively recovered at a 4 mL/min flow
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rate for the sample solutions and a 6 mL/min flow
rate for the eluent solutions.

3.4. Effects of membrane filter type

Various membrane filter types were used to
recover Cu(Il), Co(II), Ni(I), Fe(IIl), Cd{I), and Pb(II).
The results are depicted in Table 2. The recovery
values were 13% for Cd(I), 25% for Cu(ll), 18% for
Co(Il), 51% for Ni(I), 38% for Fe(lIIl), and 58% for
Pb(Il) using only cellulose acetate membrane filter.
Cudl, Co(Il), NidI), Fe(Ill), Cd(), and Pb(I) were
quantitatively recovered using a combination of
cellulose acetate membrane filter and Cochenille red.

3.5. Matrix effects

The interferon effects of cation and anions on SPE
studies are important [32-36]. In our work, the influ-
ence of interfering ions in FAAS was investigated.
Various levels of metal ions were added to a solution
containing fixed levels of Cu(ll), Co(II), Ni(I), Fe(Ill),
CddI), and Pb(l) ions, and the procedure herein was
followed. The results from this study are summarized
in Table 3. The tolerance limit was defined as the ion
concentration with a relative error lower than+5%
related to membrane filtration and characterization of

Table 4
Addition/recovery test for application of the method herein (N =5, final volume =5mL)
Urine 1 Hair 1 Tap water
Added (ug) Found (pug) Recovery (%) Found (pug) Recovery (%) Found (pug) Recovery (%)
Pb 0 99+04 - 17.2+0.6 - - -
10 19.9+0.6 100 26.9+0.9 97 9.4+0.2 94
20 30.0£0.9 101 36.4+09 96 19.5+0.5 98
Fe 0 783+1.2 - 25.8+0.8 - 612+1.3 -
10 88.0+1.5 97 35.8+0.8 100 71.0+1.5 98
20 97.1+1.6 94 456+1.1 99 80.2+1.9 95
Cu 0 11.7+0.5 - 24.1+0.6 - 17.4+0.5 -
10 21207 95 335+0.7 94 26.7+0.6 93
20 30.5+0.8 94 429+0.8 98 38.1+0.8 103
Co 0 6.9+0.3 - 50+0.1 - BDL -
10 16.9+0.5 100 14.4+04 94 10.1+0.3 101
20 26.7+0.7 99 241+04 95 19.6 +0.4 98
Cd 0 BDL - 48+0.2 - BDL -
10 9.5+0.3 95 145+0.4 97 9.4+03 94
20 19.6+0.5 98 23406 93 19.6 +0.5 98
Ni 0 3.8+0.1 - 43+0.1 - 10.2+0.2 -
10 13.6+0.4 98 13.9+0.3 96 20.1+£0.4 99
20 23.8+0.7 100 23.1+0.5 94 29.5x0.5 96

Notes: N.D.: not detected, mean + standard deviation.
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Analyte levels of certified reference materials after application of the proposed method (N =3)

TMDA-70 water

Certified value (ug/L)

Found (ug/L) Recovery (%)

Cu 399
Co 285
Pb 443
Ni 328
Cd 145
Fe 368

NCS ZC 81002 b Human Hair

Certified value (ug/g)

391 98
273.6 96
438.5 99
305.0 93
134.8 93
371.6 101c

Found (ug/g) Recovery (%)

Cu 33.6+23
Fe 160+ 16
Ni 5.77 0.2
Pb 3.83+0.18

32619 97
153.6 +11 96
5.65+0.2 98
3.60+0.15 94

Note: mean + standard deviation.

the examined elements. The results should be
applicable to real samples, which include various salts
at high concentrations.

3.6. Effect of sample volume

The influence of sample volume on the recovery of
Cu(ID), Co(ID), Ni(ID), Fe(I1I), Cd(II), and Pb(II) ion on an
cellulose acetate membrane filter was studied by vary-
ing the sample volume from 25 to 500 mL. The results
are shown in Fig. 4. The sample volume does not affect
quantitative recoveries in the range 25-300mL for
Cu(II) and 25-400 mL for Co(II), Ni(II), Cd(II) as well as
Pbdl) and 25-500mL for Fe(Ill), respectively. The

Table 6

preconcentration factors were calculated as 30 for Cu
(1), 40 for Co(I), Ni(II), CddI) as well as Pb(I) and 50
for Fe(IlI) when the eluent volume is 10 mL.

3.7. Detection limit

The limit of detection (LOD) for the proposed
procedure to measure analyte elements was studied
under the optimal experimental conditions. The detec-
tion limit is defined as the concentration 3 times the
standard deviation of the blank (1 =10, X; = (X} + 3s)/
PF, where X;: LOD, and X;: blank value, PF: precon-
centration factor), which was 1.9pg/L for Cu(D),

Analyte levels for real samples after application of the proposed method (N =6)

Samples Pb Cu Fe Ni Cd Co
Concentration (ug/g)

Hair 1 172+0.6 24.1+0.6 25.8+0.8 43+0.1 48+0.2 5.0+0.1
Hair 2 2812+7.8 34.7+1.1 43.7+1.3 52+0.1 64+0.1 9.1+0.3
Esox lucius BDL 83+0.3 22.7+13 BDL 58+0.1 BDL
Cyprinus carpio 92x05 10.1+0.6 19.8+0.9 BDL 51+0.1 53+0.1
Salmo trutta 78+0.3 9.8+0.4 323+14 8.2+04 6.3+0.2 6.2+0.2
Concentration (ug/L)

Urine 1 9.9+0.4 11.7+0.5 783+1.2 3.8+0.1 BDL 6.9+0.3
Urine 2 147.3+4.2 33.6+1.1 157.1+4.4 12.5+0.3 10.5+0.2 23.1+04
Spring water BDL 492+31 76.1+4.2 BDL BDL BDL
Tap water BDL 17.4+0.5 612+13 10.2+0.2 BDL BDL
Mineral water BDL 121+0.3 499+0.8 72+02 BDL BDL
Wastewater 121+9 62.7+3.1 108 + 6 11.9+0.8 3.9+07 BDL
Lake water BDL 19.3+0.8 476+19 BDL BDL BDL
Thermal spring water BDL 31.1+23 123.7+6.9 BDL 59+0.2 BDL
Sea water BDL 442+138 832+28 BDL 64+03 BDL

Note: mean + standard deviation.
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Table 7
Comparison of the preconcentration procedures with presented method
Detection
Technique System system PF DL (ug/L) Ref.
SPE Amberlite XAD-7 resin FAAS 22 for Cd(I), 23 for 0.27 for Cd(I), 0.59 for Co(I) [13]
and-pyro-catechol Co(I), 25 for Ni(II) 1.29 for Ni(II)
Membrane PAN complexes on FAAS 60 for Cu(I) and 20 1.2 for Cu(I) and 3.5 for PbdI)  [16]
filtration cellulose acetate for Pb(II)
membrane filter
Co- Ultrasound-assisted ICP-OES - 3.2 for Pb(II) [17]
precipitation co-precipitation with
manganese dioxide
Membrane Calmagite complexes on a FAAS 50 for Co(II), 250 for 0.06 for Cu(Il), 0.76 Co(ID), 0.33  [22]
filtration soluble cellulose nitrate Cu(I), 250 for Fe(Ill), for Fe(III), 2.5 Pb(II)
membrane filter 150 for Pb(II)
SPE Microcolumn packed with ICP-MS - 3.9 for Cu(ll), 1.2 for CodI), 5.4 [29]
single-walled carbon for Pb(II)
nanotubes
Membrane Cochenille red complexes  FAAS 30 for Cu(Il), 40 for 1.9 for Cu(l), 2.4 for Ni(II), 1.5  This
filtration on cellulose acetate Co(ID), NidI), 50 for for Cd(Il), 3.6 Pb(II), 2.6 for Co  work

membrane filter

Fe(III), Pb(II)

(1D, 3.1 for Fe (III)

2.4 pg/L for NidlD), 1.5 ug/L for Cd(I), 3.6 ug/L Pb(ID),
2.6 pg/L for Co, and 3.1 pg/L for Fe(II).

3.8. Addition/recovery tests

Tests for addition/recovery of Cu(Il), Co(Il), Ni(II),
Fe(ll), Cd(I), and Pb(I) ions were performed for
urine 1, hair 1, and tap water samples. The results are
shown in Table 4. The added and measured analyte
levels were consistent. The recovery values for Cu(Il),
Co(I), Ni(II), Fe(Ill), Cd{I), and Pb(I) were in the
range 93-103%. These values were quantitative and
demonstrate that the method herein can be performed
for separation-preconcentration of analyte ions in real
samples.

The membrane filtration procedure herein was vali-
dated by analyzing two certified reference materials
(NCS ZC 81002 b Human Hair, TMDA-70 fortified water
certified reference material) for Cu(Il), Co(I), Ni(Il), Fe
(III), Cd(I), and Pb(I) values. The certified and observed
values for the certified reference materials are in Table 5.
The results are consistent with the certified values.

3.9. Application to real samples

The procedure herein was applied to various water
(tap, natural spring, thermal spring, mineral, lake, sea,
and wastewater), urine, hair, and fish samples, includ-
ing Salmo trutta, Cyprinus carpio, and Esox lucius. The
results are summarized in Table 6. The relative stan-
dard deviations were less than 7%.

4. Conclusion

The procedure herein for copper(ll), cobalt(ll),
nickel(Il), iron(III), cadmium(II), and lead(Il) in real
samples was characterized with good reproducibility
and accuracy. Analyte ions were quantitatively recov-
ered by the investigated matrix ions. The recoveries
were quantitative (93-103%). The method developed
herein was successfully employed to analyze various
samples after a successful validation. The method is
simple, rapid, inexpensive, as well as environmentally
friendly, and has a lower LOD and higher enrichment
factor than other methods reported in the literature
(Table 7). The proposed method was also free of inter-
ference compared with conventional methods used to
determine Cu(Il), Co(II), Ni(II), Fe(II), Cd(I), and Pb
(II) ion content.

Acknowledgments

This work was supported by King Saud University,
Deanship of Scientific Research, College of Science
Research Center.

References

[1]1 Y. Luo, B. Zhang, M. Chen, J. Wang, X. Zhang, W.Y.
Gao, J.F. Huang, W.L. Fu, Rapid and simultaneous
determination of essential minerals and trace elements
in human milk by improved flame atomic absorption
spectroscopy (FAAS) with microwave digestion, J.
Agric. Food Chem. 58 (2010) 9396-9400.



3464

[2] S. Antakli, N. Sarkis, A.A. Hajar, Determination of Cd,
Pb and Ni in Syrian cow milk by graphite furnace
atomic absorption spectrometry, Asian J. Chem. 25
(2013) 1063-1068.

[3] EJJ. Underwood (Ed.), Trace Elements in Human and
Animal Nutrition, Academic Press, New York, NY,
1997.

[4] S. Mol, Levels of selected trace metals in canned tuna
fish produced in Turkey, ]. Food Compos. Anal. 24
(2011) 66—69.

[5] L.L. Hopkins, H.E. Mohr, W. Mertz, W.E. Comtazer
(Eds.), New Trace Elements in Nutrition, Marcel
Dekker, New York, NY, 1971.

[6] W. Kaim, B. Schwederski, Bioinorganic Chemistry:
Inorganic Elements in the Chemistry of Life, John
Wiley, New York, NY, 1991.

[7] C.C.F. Padilha, P.M. de Moraes, L.A. Garcia, CM.C.
Pozzi, G.P.P. Lima, ]J.P.S. Valente, SM.A. Jorge, P.M.
Padilha, Evaluation of Cu, Mn, and Se in vegetables
using ultrasonic extraction and GFAAS quantification,
Food Anal. Methods 4 (2011) 319-325.

[8] S.S. Kirdar, E. Ocak, S. Kose, Mineral and trace metal lev-
els of Akgakatik cheese collected from Mediterranean
region-Turkey, Asian J. Chem. 25 (2013) 1643-1646.

[9] 1. Boevski, N. Daskalova, I. Havezov, Determination of
barium, chromium, cadmium, manganese, lead and
zinc in atmospheric particulate matter by inductively
coupled plasma atomic emission spectrometry (ICP-
AES), Spectrochim. Acta, Part B 55 (2000) 1643-1657.

[10] B. Welz, Atomic Absorption Spectrometry, VCH,
Amsterdam, 1985.

[11] L. Xia, B. Hu, Z. Jiang, Y. Wu, L. Li, R. Chen,
8-Hydroxyquinoline? Chloroform single drop microex-
traction and electrothermal vaporization ICP-MS for
the fractionation of aluminium in natural waters and
drinks, J. Anal. At. Spectrom. 20 (2005) 441-446.

[12] X. Wen, P. Wu, K. Xu, J. Wang, X. Hou, On-line pre-
cipitation—dissolution in knotted reactor for thermo-
spray flame furnace AAS for determination of
ultratrace cadmium, Microchem. J. 91 (2009) 193-196.

[13] V.A. Lemos, EIM. Gama, A.D. da Silva Lima, On-line
preconcentration and determination of cadmium,
cobalt and nickel in food samples by flame atomic
absorption spectrometry using a new functionalized
resin, Microchim. Acta 153 (2006) 179-186.

[14] T.G. Kazi, N. Jalbani, J.A. Baig, H.I. Afridi, G.A. Kandhro,
M.B. Arain, M.K. Jamali, A.Q. Shah, Determination of
toxic elements in infant formulae by using electrothermal
atomic absorption spectrometer, Anal. Chim. Acta 47
(2009) 1425-142.

[15] A.U. Karatepe, M. Soylak, L. Elci, Separation/precon-
centration of Cu(II), Fe(II), Pb(I), Co(Il), and Cr(III)
in aqueous samples on cellulose nitrate membrane
filter and their determination by atomic absorption
spectrometry, Anal. Lett. 35 (2002) 1561-1574.

[16] M. Soylak, Y.E. Unsal, N. Kizil, A. Aydin, Utilization
of membrane filtration for preconcentration and deter-
mination of Cu(ll) and Pb(II) in food, water and geo-
logical samples by atomic absorption spectrometry,
Food Chem. Toxicol. 48 (2010) 517-521.

[17] M.S. Bispo, E.S.B. Morte, M.G.A. Korn, L.S.G. Teixeira,
M. Korn, A.C.S. Costa, Determination of Pb in river
water samples by inductively coupled plasma optical
emission spectrometry after ultrasound-assisted

Z.A. Alothman et al. | Desalination and Water Treatment 53 (2015) 3457-3465

co-precipitation with manganese dioxide, Spectrochim.
Acta, Part B 60 (2005) 653-658.

[18] M. Soylak, Determination of trace amounts of copper
in metallic aluminium samples after separation and
preconcentration on an activated carbon column,
Fresenius Environ. Bull. 7 (1998) 383-387.

[19] Y. Chen, C.M. Ding, T.Z. Zhou, D.Y. Qi, Organic sol-
vent-soluble membrane filters for the preconcentration
and spectrophotometric determination of iron(Il)
traces in water with ferrozine, Fresenius J. Anal.
Chem. 363 (1999) 119-120.

[20] J. Shida, C. Horiuchi, Y. Tsujikawa, Spectrophotomet-
ric determination of trace amounts of titanium(IV)
with tiron after preconcentration on a membrane filter,
Bunseki Kagaku 42 (1993) 569-572.

[21] C. Cpara, S. Hasegawa, K. Naito, Collection of iron
() from homogeneous aqueous solutions on
membrane filters using chromazurol B with Triton
X-100, Anal. Sci. 19 (2003) 265-268.

[22] M. Soylak, U. Divrikli, L. Elci, M. Dogan, Preconcen-
tration of Cr(IlI), Co(I), Cu(l), Fe(Ill) and PbdI) as
calmagite chelates on cellulose nitrate membrane filter
prior to their flame atomic absorption spectrometric
determinations, Talanta 56 (2002) 565-570.

[23] P.Y. Gao, X.X. Gu, T.Z. Zhou, New separation method
for chromium(VI) in water by collection of its ternary
complex on an organic solvent-soluble membrane fil-
ter, Anal. Chim. Acta 332 (1996) 307-312.

[24] I. Daoud, M. Mesmoudi, S. Ghalem, MM/QM study:
Interactions of copper(Il) and mercury(Il) with food
dyes in aqueous solutions, Int. J. Chem. Anal. Sci. 4
(2013) 49-56.

[25] M. Soleimani, A. Khani, Removal and recovery of
UO2(2+) from water samples using 2,2"-Diamino-4,4"-
bithiazole as a new reagent for solid phase extraction,
Chin. J. Chem. 28 (2010) 573-577.

[26] M. Soylak, L. Elci, M. Dogan, Solid phase extraction of
trace metal ions with amberlite XAD resins prior to
atomic absorption spectrometric analysis, J. Trace
Microprobe Tech. 19 (2001) 329-344.

[27] G. Khayatian, H.A.V. Kolaie, F. Nasiri, B. Atashkar, S.
Hassanpoor, Determination of total iron in environ-
mental samples by solid phase extraction with
Dimethyl(E)-2-(2-methoxyphenoxy)-2-butenedioate, ]J.
Chin. Chem. Soc. 57 (2010) 118-123.

[28] C.R. Preetha, T.P. Rao, Preconcentration of uranium
(VD) by solid phase extraction onto dicyclohexano-18-
crown-6 embedded benzophenone, J. Radioanal. Nucl.
Chem. 267 (2006) 265-270.

[29] S. Chen, C. Liu, M. Yang, D. Lu, L. Zhu, Z. Wang,
Solid-phase extraction of Cu, Co and Pb on oxidized
single-walled carbon nanotubes and their determina-
tion by inductively coupled plasma mass spectrome-
try, J. Hazard. Mater. 170 (2009) 247-251.

[30] H.B. Senturk, D. Ozdes, A. Gundogdu, C. Duran, M.
Soylak, Removal of phenol from aqueous solutions by
adsorption onto organomodified tirebolu bentonite:
Equilibrium, kinetic and thermodynamic study, J.
Hazard. Mater. 172 (2009) 353-362.

[31] M.H. Karbasi, B. Jahanparast, M. Shamsipur, J. Hassan,
Simultaneous trace multielement determination by
ICP-OES after solid phase extraction with modified
octadecyl silica gel, J. Hazard. Mater. 170 (2009)
151-155.



Z.A. Alothman et al. | Desalination and Water Treatment 53 (2015) 3457-3465

[32] XH. Wu, QF. Hu, G.Y. Yang, H. Lin, H.T. Li, Study
on solid phase extraction and spectrophotometric
determination of cadmium with 2-[2-(5-bromoquinol-
inylazo)]-5-diethylaminophenol, ~ Spectrosc. ~ Spect.
Anal. 26 (2006) 327-330.

[33] VK. Jain, H.C. Mandalia, H.S. Gupte, D.J. Vyas,
Azocalix[4]pyrrole Amberlite XAD-2: New polymeric
chelating resins for the extraction, preconcentration
and sequential separation of Cu(Ill), Zn(II) and Cd(II)
in natural water samples, Talanta 79 (2009) 1331-1340.

[34] M. Soylak, U. Sahin, L. El¢i, Spectrophotometric
determination of molybdenum in steel samples

3465

utilizing selective sorbent extraction on amberlite
XAD-8 resin, Anal. Chim. Acta 322 (1996)
111-115.

[35] J.S. Yang, ].Y. Lee, Y.T. Park, K. Baek, J. Choi, Adsorp-
tion of As(Ill), As(V), Cd(I), Cu(ll), and Pb(Il) from
aqueous solutions by natural muscovite, Sep. Sci.
Technol. 45 (2010) 814-823.

[36] M. Soylak, I. Narin, U. Divrikli, S. Saracoglu, L. Elci,
M. Dogan, Preconcentration-separation of heavy metal
ions in environmental samples by membrane filtra-
tion-atomic absorption spectrometry combination,
Anal. Lett. 37 (2004) 767-780.



	Abstract
	1. Introduction
	2. Experimental
	2.1. Apparatus
	2.2. Reagents and solution
	2.3. Test procedure
	2.4. Applications for real samples

	3. Results and discussion
	3.1. Effect of pH
	3.2. The influence of Cochenille red levels
	3.3. Elution process from membrane filter
	3.4. Effects of membrane filter type
	3.5. Matrix effects
	3.6. Effect of sample volume
	3.7. Detection limit
	3.8. Addition/recovery tests
	3.9. Application to real samples

	4. Conclusion
	Acknowledgments
	References



