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A highly selective flow injection sorption system was developed for the fast determination of total iron in
food samples. Iron (III) was reduced to iron (II) by ascorbic acid and preconcentrated on a mini-column
packed with polyurethane foam (PUF) functionalized with N,N-bis(salicylidene)-1,3-propanediamine
(SPDA). The retained Fe (II) was eluted with hydrochloric acid and subsequently reacted to 2,4,6-tri(2'-

pyridyl)-1,3,5-triazine (TPTZ) then measured at 593 nm. The procedure has resulted preconcentration
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factor 36, sample frequency 20 h™! and detection limit 18 pug L~'. The precision (RSD) was found to be
5.7% and 3.1% at concentration levels 0.1 and 5.0 pg mL~! iron (II), respectively. Finally, the method
was successfully applied to determination of total iron in reference material and food samples.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Owing to its biological importance, iron is one of the most fre-
quently analysed elements. The level of iron is important to the
health of mammals, and iron accumulated in iron deposits of the
body as iron-ferritin, where levels below 12 pugL~! indicate loss
of iron causing anaemia (Aggett et al., 2002). It is important to
determine trace amounts of iron for environmental protection,
hydrogeology, chemical processes and public health studies (Pour-
reza & Mousavi, 2004). Natural waters contain various chemical
forms of iron depending on the geological area and other chemical
components. Iron (II) is normally less present in river water (Sangi,
Jayatissa, Kim, & Hunter, 2004), and iron (III) can precipitate rap-
idly by the formation of hydrous iron oxide and hydroxides, which
can absorb other trace metals. Thus, iron ion controls the mobility,
bioavailability and toxicity of other trace metals in the natural
water system (Forence & Batley, 1980). The circulation of iron in
the environment is not fully understood, owing to relatively low
contents in complex matrices (Andersen, 2005). Toxic trace metals
can be incorporated in the prevailing iron precipitates which are
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controlled by the presence of complexing or precipitating agents
as well as by the redox state of iron depending on the conditions
of water, chemical and biological conditions of the environment
(Ugo, Moretto, Rudello, Birriel, & Chevalet, 2001).

Various methods for quantitative analysis of iron have been
developed; they are inductively coupled plasma mass spectrome-
try (ICP-MS), atomic absorption spectrometry (AAS), electrochem-
istry, and ion chromatography (IC). Though all of these methods
are highly sensitive, main disadvantages are the necessity of
expensive and sophisticated instrumentation (Lunvongsa, Oshima,
& Motomizu, 2006).

Spectrophotometric methods are less expensive and easy
instrument operation but they suffer from the high limit of detec-
tion. The 4-(2-pyridylazo)-resorcinol (PAR) as spectrophotomteric
reagent was used for the determination of iron in ground water
(Klamtet, 2004).

Flow injection analysis (FIA) system equipped with a simple
detector such as a UV-Vis spectrophotometer is one of the most
effective and suitable approach for routine analysis, mainly owing
to its simplicity, low instrumentation cost, high sample throughput
and robustness (Lunvongsa et al., 2006).

Preconcentration procedures are introduced to increase analyte
concentration to a measurable level. Among those, liquid-liquid
extraction (Agrawal, Menon, & Pancholi, 2003), solid phase extrac-
tion (SPE) (Mahmoud, Hafez, Osman, Yakouta, & Alrefaay, 2010),
bio-sorption (Baytak & Turker, 2005), cloud point extraction (Wu
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et al., 2008), membrane filtration (Moghimi, 2008), coprecipitation
(Durana et al., 2009) and ion exchange extraction (El-Shahat,
Moawed, & Zaid, 2003). Solid sorbents are now routinely used in
various research and application areas for their advantages over
the classical solvent extraction or other preconcentration tech-
niques (Mohamed & Al Saadi, 2001). Silica gel, activated carbon,
cellulose, polyurethane foam, alumina, poly(acrylonitrile), sty-
rene-divinylbenzene matrix, and clay have been used (Safavi, Iran-
poor, & Saghir, 2004).

Preconcentration of iron have been done on several chelating
reagents loaded on many solid sorbents such as methylthymol blue
loaded on naphthalene (Pourreza & Mousavi 2004), 1,10-phenan-
throline loaded on cation exchange resin (Ozyurek et al., 2007),
N,N'-ethylene-bis-(ethane sulfonamide) loaded on activated car-
bon (Karacan & Aslantas 2008), 2-aminotiazole modified silica gel
(Roldana, Alcantaraa, Padilhab, & Padilha, 2005), and 1-nitroso-2-
naphthol immobilised on alumina (Mahmoud et al., 2010).

Coupling between FIA and SPE have revealed good approach to
achieve both high productivity and sensitivity (Cassella et al.,
2001). Polyurethane foam (PUF) has been utilised in preconcentra-
tion of iron both when unloaded (Cassella, 2002), after immobi-
lised with 1,10-phenanthrolin (Bhattacharya, Roy, & Chakraborty,
1990) and by visual colorimetry (Michio, Hiroaki, Shinseki, &
Takashi, 2003).

N,N-bis(Salicylidene)-1,3-propanediamine (SPDA) compound
belongs to the class of Salens which are capable to form stable
complexes with Fe (II) (Salem, El-Sheikh, & Zaki, 1994). A polysty-
renedivinylbenzene-based macroreticular resin was functionalised
with bis-(N,N'-salicylidene)1,3-propanediamine) and used for the
determination of Cu(Il), Ni(IlI), Co(Il), Zn(II), Fe(Il), Mn(II), Pb(II),
Cd(Il) and Cr(Ill) (Dev & Rao, 1996). Also, this reagent was used
in membrane electrodes and in optical sensors (Shabany, Shabani,
Dadfarnia, Gorji, & Ahmadi, 2008).

The present work describes the use of SPDA-PUF as a new sor-
bent for the preconcentration of iron (II). A full automated experi-
mental design was made by coupling the SPE system on-line to the
UV-Vis spectrometer and used for optimization of the chemical
and hydrodynamic variables that affect the efficiency. The model
system has been used for the rapid determination of total iron in
food samples.

2. Experimental
2.1. Instrumentation

UV-Vis spectrophotometer model UV 1650PC (Shimadzu, Ja-
pan), equipped with Helma flow cell and UV2.10 probe software
for kinetic data acquisition was used for recording the absorbance.
The pH adjustment was made by pH metre model 780 Metrohm,
(Herisau, Switzerland). Ultra pure water obtained from Elix Ultra
pure UV water purification instrument (Massachusetts, USA) was
used in all preparations and deionised water for washing purposes.
All solutions were propelled by FIAS - 400 (Perkin Elmer, USA)
peristaltic flow injection pump provided with Tygon tubes
(1.14 mm internal diameter) and connexions made of Teflon.
Five-port rotary valves were used to select preconcentration or elu-
tion steps. The flame atomic absorption spectrometer (FAAS), MKI-
Solaar 32 Unicom 969 (England), was used a standardized method
to analyse the total iron in the real samples as a comparative to the
method developed. An aliquot from the prepared samples from li-
ver, vegetables, fruits or supplements were aspirated into the FAAS
under the recommended operational conditions. The lamp current,
wavelength and fuel flow were set at 15 mA, 248.3 nm, and
0.6 Lmin~!, respectively.

2.2. Reagents and solutions

N,N-bis(Salicylidene)-1,3-propanediamine (SPDA) was pur-
chased from Aldrich (Miluakee, USA). Open - cell polyether - type
PUF with density 55 kgm~ was supplied from the ContiTech
Foampolster GmbH Company (Lohne, Germany). Iron (II) standard
solution was prepared by diluting atomic absorption standard
solution 1000 mgL~! of iron (II) sulphate hexahydrate (Redl de
Haen, Germany). Working solution with concentration of
4 pgmL~! iron (II) was prepared daily by suitable dilution from
the standard solution.

A solution from TPTZ reagent (0.0128 mol L), used as a spec-
trophotometric reagent for iron (II), was prepared by dissolving
0.4 g from 2,4,6-tri(2’-pyridyl)-1,3,5-triazine (TLC grade,>99% pur-
ity, Fluka, Switzerland) in 100 mL 0.1% (V/V) nitric acid. Then, the
resulted solution was diluted with 0.1 mol L~! acetic/sodium ace-
tate buffer (pH 5.8) to final concentration 4 x 10™* mol L™,

Acetate buffer series were prepared by mixing appropriate vol-
umes of acetic acid (0.1 molL™') to sodium acetate solution
(0.1 mol L) in the pH range 3-6. Phosphate buffer (pH 6.0) was
prepared by mixing appropriate volume of both of sodium hydro-
gen phosphate and sodium dihydrogen phosphate. Unless other-
wise stated, the chemicals utilised in this work were of analytical
grade. The glassware was cleaned before use by soaking in nitric
acid 10% (v/v) and rinsed with deionised water.

2.3. Sample collection

Thirteen food samples were analysed. One certified reference
material (bovine muscles BCR-CRM 184), six vegetables (eggplant,
potatoes, tomato, green pepper, parsley and spinach), three fruits
(apples, strawberry and banana) and three supplements (enriched
rice, wheat bread and bovine liver) samples were collected from a
nearby shop (Giza, Egypt). Vegetable and fruit samples were
cleaned very well by washing many times with doubly distilled
water to remove any dust. When necessary, the outer shell was re-
moved from vegetables and fruits and cut into small pieces. Each
specimen was dried at 100 °C for 24 h till constant weight then
grounded into fine powder in porcelain mortar.

2.4. Sample preparation

2.4.1. Dissolving the bovine muscles and liver

Muscle and liver samples were decomposed according to the re-
ported method (Burham, Abdel-Azeem, & El-Shahat, 2009). The
sample was put in a clean and dry beaker and dried at 105 °C for
24 h. After this, it was transferred into a clean and dry crucible then
ignited in a muffle furnace at 200 °C, then at 400 °C and finally at
600 °C, for 6.0 h at each temperature level. An accurately weighed
0.50 g from the final sample was mixed to 5.0 mL 65% (w/v) HNO3
and 2.0 mL from H,0, 30% (v/v) and heated in closed digestion sys-
tem till nearly dryness. The residue was neutralised by 10% (w/v)
NaOH and diluted to 20.0 mL with ultra pure water then solid
ascorbic acid (0.20 g) was dissolved in the sample to reduce ferric
to ferrous iron and adjusted to pH 5.5 by acetate buffer.

2.4.2. Dissolving the vegetables, fruits and supplements

Digestion of the dry sample was effected according the method
reported by Lemos et al. (2007). An accurately weighed 0.50 g from
the powdered sample was mixed to 20 mL of 14 mol L~ ! nitric acid
solution into a clean glass beaker. The acid digestion was carried
out by heating the mixture on hotplate within fume cupboard till
nearly dryness. After cooling, ultra pure water was added to the fi-
nal digest then it was neutralised to pH 7 by 2.5 mol L™! sodium
hydroxide solution. Ascorbic acid was added and pH was adjusted
to 5.5 and made up to 50 mL final volume.
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2.5. Preparation of the mini-column

A cylindrical polyethylene tube (3.5 cm length and 3 mm i.d.)
was dry-packed with 300 mg plugs from SPDA-PUF material under
vacuum suction to minimize channels. Both ends of the mini-col-
umn were sealed with plastic septa and fitted to the outer tubing.
To clean and condition the sorbent, the packed mini-column col-
umn was washed with 0.5 molL~! hydrochloric acid; ultra pure
water till the effluent solution has become neutral, and finally
pre-conditioned by 2 mL acetate buffer pH 5.5. Good signal repro-
ducibility and reasonably stable performance of the FIA system
have been achieved.

2.6. FIA manifold and on-line preconcentration

The flow system, operating in time-based mode, was mani-
fested using peristaltic pump fitted with Tygon tubes of 1.14 inte-
rior diameters. A schematic diagram of the flow injection manifold
in both of the preconcentration and elution modes is shown in
Fig. 1. In case of preconcentration mode, the sample (S) containing
4 pg mL~! Fe (II) ions adjusted to pH 5.5 with acetic/acetate buffer
is pumped through the SPDA-PUF mini-column at a flow rate
2.25 mLmin~'. The analyte was retained onto the mini-column
and the effluent containing unadsorbed iron (II) and matrix in
the sample was discharged into the waste route (W). The precon-
centration time was typically 90 s. In the elution mode, a 200 puL
eluent loop filled with 0.1 molL~' hydrochloric acid (E) was
switched into the injection position (for 60 s) where the loop con-
tents were displaced into the carrier stream (CR) of ultra pure
water flowing at 2.0 mL min~! and displaces the analyte from the
sorbent. The eluate was derived to the mixing coil and reacted with
TPTZ reagent. A blue colour is developed which was passed to the
flow cell of the spectrophotometer. The absorbance signal was re-
corded at 593 nm where narrow peaks with stable baselines were
obtained. The peak height was used to quantify iron (II) in the solu-
tion. After complete recording of the signal, the injection valve was
returned to the preconcentration mode for the next cycle.

A o
5 N

225 ml mind

1.50 ral i \
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3. Results and discussions
3.1. Detection method

Based on the previously reported method for spectrophotomet-
ric determination of iron (II) by reaction to TPTZ (Dahlén & Karls-
son, 1999), and the flow-injection determination of copper(Il) by
reaction to cysteine in presence of iron(Ill) where iron(Il) was pro-
duced and iron(II)-TPTZ complex was measured (Wei, Teshima,
Ohno, & Sakai, 2003). In this work, modifications to the previous
methods have been done to enable pH control as strictly as possi-
ble by mixing the TPTZ reagent with acetate buffer stream at pH
5.5. This would enhance the stability of iron (II)-TPTZ complex
and thereby maximise the absorbance signal thus improving the
precision. Herein, the analyte ions in the carrier stream, passing
at 2.25 mL min~!, was reacted in a mixing coil to the TPTZ reagent
passing at 1.5 ml min~! where a blue coloured solution was devel-
oped and reached the flow cell of the spectrophotometer and mea-
sured at 593 nm. Finally, the analytical signals were recorded as
peak height absorbance and taken as function of Fe (II)
concentration.

3.2. Synthesis of SPDA-PUF sorbent

A half gram of the dried PUF plugs (1 cm length and 3 mm
diameter) was soaked in 50 mL from 5 mol L~! hydrochloric solu-
tion while stirring for 2 h then washed with water till acid free.
After this, the plugs were suspended in 100 mL from 0.1 mol L™!
hydrochloric acid - ice mixture and 50 mL of 0.5 mol L™! sodium
nitrite solution was added while stirring. Then, the plugs were sep-
arated from the mixture and added to SPDA solution (0.5 g reagent
in 100 mL 10% (w/v) sodium hydroxide solution) and kept at tem-
perature below 4 °C for 24 h. A canary yellow material was ob-
tained which was washed several times with ethanol and ultra
pure water then left to dry in ambient temperature. The FT-IR spec-
trum of SPDA-PUF sorbent showed two additional bands that do
not appear in the spectrum of untreated PUF. The first characteris-
tic peak appeared at 1638 cm~! may be assigned to the C=N group

- RN | »

" | 225 mlmart
C

FC
UV-VIS

v

Spectrophotometer

B P T
S . \_/ . 'W
225 ml min!
C 'y
CR+E 225 il zuin g )
> FC
R 150 ul mint \ / UV-VIS

> - - ——— Spectrophotometer

Fig. 1. Schematic diagram of the flow system for preconcentration and determination of iron (II); S: sample; E: eluent; CR: water carrier; R: TPTZ solution; P: peristaltic

pump; C: SPDA-PUF mini-column; FC: flow cell; W: waste; (A): preconcentration mode; (B): elution mode.
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stretching in SPDA reagent indicating its anchoring to PUF. The sec-
ond peak was observed at 1416 cm~! which might be contributed
by N=N stretching indicating the conversion of toluidine groups in
PUF to the diazotized foam. These findings confirm that SPDA mol-
ecule was covalently bonded to the PUF successfully via azo
coupling.

3.3. Optimization of on-line preconcentration method

Experimental procedure was optimised to establish the best
chemical and flow conditions for the retention and elution of the
iron (II). Standard solutions containing 4.0 pgmL~" of Fe (II) were
employed in this study.

3.3.1. Chemical optimization

The influence of sample pH on the retention of iron (II) onto the
functionalized SPDA-PUF was investigated in the range 3.0-7.0.
The flow system was optimised by loading iron (II) solution
(4.0 uygmL™") onto the SPDA-PUF mini-column for 90 s followed
by direct elution of the metal ion into the spectrophotometer.
For this purpose, the pH values of solutions were adjusted to
3.0-6.0 by using acetate buffer solutions and at pH 7 with phos-
phate buffer. The maximum absorbance occurred at pH 5.5 as
shown in Fig. 2. Acetate buffers pH 5.5 was chosen as the optimum
in subsequent experiments. Beyond or less than pH 5.5, the peak
height absorbance was found to be strongly decreased which
might be due to the possible precipitation of the iron (II) hydroxide
at pH > 5.5 or due to the less ionisation of the chelating groups in
SPDA ligand at pH < 5.0.

The sorption of iron (II) ions onto SPDA-PUF is negligible under
acidic conditions (pH < 3.0). Therefore, an elution experiment is
expected to be performed with mineral acids such as nitric or
hydrochloric acid solution because they can rapidly alter the pH
of the medium which would facilitate fast desorption of iron (II).
Results indicated no significant difference between the obtained
signals by using either one of these two acids. However, nitric acid
was avoided since it could shorten the life time of the mini-column
by destroying the PUF matrix due to its oxidative action. Elution by
common organic solvents such as acetone, methanol and ethanol
was excluded because they caused plugging of the mini-column,
thus increasing the back-pressure in the mini-column and

0.05 4
0.04 +
0.03 4

0.02 +

0.01 //
1 ]

Absorbance

resistance to the flow of solution through it. Hydrochloric acid
was recommended as eluent because it did not influence the
baseline signal of the TPTZ reagent and it has no oxidative action
on the foam matrix unlike nitric acid. Further advantage obtained
form the use of hydrochloric as eluent was to prevent oxidation of
Fe (II). Therefore, hydrochloric solutions at various concentrations
varying from 0.05 to 0.30 mol L~! were examined as eluent. Best
signal height was achieved at acid concentration 0.2 mol L~! which
revealed complete recovery of Fe (II). Hence, the 0.2 mol L' acid
concentration was chosen as adequate eluent in the subsequent
experiments.

The volume of the eluent was optimised carefully since the use
of excess eluent volume may lead to peak broadening and de-
creases the concentration factor. On the other hand, less volume
than the optimum value would not completely desorb iron (II)
from the minicolumn. In order to optimise the eluent volume, indi-
vidual samples containing 4.0 pgmL~! iron (II) were passed
through the minicolumn under the optimised conditions. Then,
the foam sorbent was injected with various volumes from the
0.2 mol L' hydrochloric acid solution in the elution step. Eluent
loops with volumes 100, 200, 300, 400 and 500 pL were succes-
sively fixed into the injection valve in the peristaltic pump. Each
loop was filled with the eluent and examined separately and the
corresponding signal height was recorded. The results showed
maximum and constant peak height with eluent volumes from
100 and 200 pL. Larger volumes than 200 pL have led to gradual
decrease in the signal height and appearance of peak tailing which
might be due to the distribution of the Fe (II) ions in eluent stream
and the possibility of diffusion through the carrier solution.

3.3.2. Flow optimization

Sample flow rate has significant effect in the on-line preconcen-
tration systems because it controls the amount of analyte flow
through the mini-column. Thus, careful investigation of this
parameter is very important to set an optimum sample flow rate
that allows maximum mass transfer from liquid to solid-phase
without loss of analytical throughput. For this purpose, sample
solution was passed through the modified column at various flow
rates between 0.75 and 4.5 mL min~'. The analytical signals were
maximum and constant in the range from 0.75 to 2.5 mL min~ .
Although low flow rates provides quantitative retention of the

0.00

T T T T
§ 6 7

pH

Fig. 2. Effect of pH on the signal of iron (II) from SPDA-PUF column and TPZ reagent at 593 nm and 2.25 mL min~' and elution with 200 ul from 0.2 mol L' HCI solution.
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metal ion but it decreases the sample throughput, resulting in long
analysis time. At flow rates higher than 2.5 mL min~!, the absor-
bance signal gradually decreases which might be due to the insuf-
ficient contact time between the iron (II) ions in the mobile phase
and the chelating sites in the solid phase. Therefore, the sample
flow rate 2.25 mL min~! was selected as the optimum value in sub-
sequent experiments as a compromise between efficiency and
sensitivity.

The influence of the eluent flow rate was examined by changing
the carrier flow rate while 200 pL form the eluent was injected into
the carrier. Flow rates of the carrier solution in the range of 1-
4 mL min~! were studied. Quantitative desorption values has been
obtained in the range 1.5-4.0 mL min~!. Less eluent flow rate than
1.5 mL min~! has resulted in a decrease in the peak height absor-
bance and instability in the shape of the signal due to the produc-
tion of broad peaks. The lower the eluent flow rate the broader was
the signal. Therefore, the 2.25 mL min~! was selected flow rate for
both of sample and eluent solutions to keep the pump at constant
speed throughout the cycle.

The preconcentration time has significant effect on the sensitiv-
ity of time-based systems due to higher amount from the metal ion
can be retained by increasing the elapsed time. However, precon-
centration time cannot be increased indefinitely because washing
of the mini-column by the sample itself might lead to dimension-
ing in the concentration efficiency. Investigation of this parameter
was carried out by varying the preconcentration time from 10 to
120 s. The obtained results have indicated a linear increase in the
analytical signal up to 100 s, confirming that quantitative sorption
of the analyte and practically either no or negligible leaching out of
the retained iron (II) ions takes place within this time period of
sample flow. This suggestion could be used to improve the limit
of quantification by employing higher preconcentration times. At
prolonged preconcentration times than 100 s, the signal height is
not directly proportional to time and the peak height increases
nonlinearly. Noteworthy, longer preconcentration periods could
be employed in case of the need to obtain higher enrichment fac-
tors but this, of course, on the expense of decreasing the sample
frequency. Finally, a 90 s preconcentration time was recommended
during this work as balance in order to achieve a reasonably high
throughput and relevant sample consumption.

The capacity of the SPDA-PUF sorbent for sorption of iron (II)
was carefully investigated because it govern both of the concentra-
tion range in which the method could be utilised and the type of
natural samples the method can be applied. For this purpose, a ser-
ies of model solutions containing 50.0-150.0 pg mL™" iron (II)
were individually shaken with containing 0.1 g sorbent. The recov-
ered signals increased proportionally with increasing the concen-
tration till reaching levelling off at 90 ug mL~! concentration
level which implied saturation of the sorbent. At this point, the
maximum capacity was found to be 0.30 mg g~ .

Lifetime of the mini-column was evaluated by measuring the
height of the analytical signal of 4 ug mL~! iron (II) solution at
the end of each working day to investigate whether the retention
efficiency still practically working effectively or adversely affected
by the multiple use of the mini-column. Furthermore, the total
number of cycles was counted daily. Results have shown good per-
formance and reproducible signal height for at least 100 cycles a
day. Plus, under the applied conditions of precocentration and elu-
tion, the mini-column could be employed for unlimited use which
conveys high chemical stability of the sorbent.

3.4. Matrix effect
The potential interference due to common co-existing ions

encountered in natural samples was tested by the on-line precon-
centration method. Interference in the determination of

4.0 ug mL~! Fe (II) was studied systematically in order to evaluate
the selectivity of the proposed procedure. The tolerance limit was
recognised at + 5% relative error in the analytical signal. The cat-
ions Na*, K*, Ca**, Mg**, Mn?*, Pb%*, Cu?*, Co?*, Zn?**, Cr**, Ni%*,
Cd?* and the anions Cl-, PO4>~, SO42~, (042~ were examined. It
is obvious that the effect of the most tested foreign ions is negligi-
ble. The strongest adverse effect was found with those metal ions
which could be retained into the mini-column by forming complex
with the SPDA ligand such as copper (30 mgL~!) and cobalt
(50 mg L~1). Also, chromium and zinc are found to interfere but
less than Cu(II) and Co(II). Alkali, alkaline earth elements and chlo-
ride did not show interference effect up to the studied ratio. Final-
ly, the obtained data revealed adequate selectivity of the developed
procedure for the determination of Fe (II) ions in most real samples
because the existence of those strongly interfering ions is lower
than the tolerance concentration.

3.5. Analytical performance

The analytical performance data for the developed procedure un-
der the optimised conditions for preconcentration and elution are
presented in Table 1. The flow system showed linearity within the
concentration range from 0.05 to 5.0 pg mL~" for 90 s preconcentra-
tion time. The linear working range of the proposed procedure is
0.05-5.0 ug mL~!. Without preconcentration steps, the analysis
range for iron ion by FAAS is 0.05-8.0 pg mL™'. While the analysis
can be done directly by FAAS, however, the attractive side of the pro-
posed study is using UV-Vis spectrophotometer as a detector which
is easily available almost in all laboratories and automated on-line
analysis. The sample frequency was found to be 20 h™!. For determi-
nation of the enrichment factor, two identical series of model solu-
tions were prepared. The metal ion in the first set was determined
by passing the samples directly into the flow system in absence of
the mini-column and metal ion in the other set was determined after
preconcentration on the SPDA-PUF mini-column. The calibration
graph under the optimum chemical and flow conditions of precon-
centration in the linear range between 0.2 and 3.0 ug mL~' by the
manifold shown in Fig. 1 could be represented by the equation
A=0.007814 (Fe(Il), ug mL~") + 0.00037 (r = 0.9972). By using of di-
rect determination in the flow system without preconcentration in
the same concentration range, the calibration equation was
A=0.000215 (Fe(Il), ug mL~!)—0.0005 (R = 0.99919).

The experimental enrichment factor calculated as the ratio of
the slopes of the calibration graphs obtained with and without pre-
concentration was found to be 36 for 90 s preconcentration time.
The concentration efficiency (Lemos, Bezerra, & Amorim 2008), de-
fined as the product of the enrichment factor and the sampling fre-
quency per number of samples analysed per minute was calculated
and was also found to be 12 min~".

The limit of detection (LOD), defined as the iron (II) concentra-
tion that gives absorbance signal equivalent to three times the
standard deviation of the blank (n=5), was found to be

Table 1
Analytical performance data of the on-line preconcentration/separation method for
total iron determination.

Enrichment factor 36

Preconcentration time (s) 90

Concentration efficiency (min~1) 12

Sample frequency (h™1) 20

Linear range (ug mL™") 0.05-0.5

Regression equation A=0.00037 +0.00781 [Fe(Il), pg mL™']
Correlation coefficient r=0.9972

Limit of detection (ug L") 18.0

Precision (RSD, n=5) (%) 5.7 (0.1 ugmL™")

Sample volume (mL) 3.37
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0.018 pg mL™" in 3.0 mL sample solution. The limit of quantifica-
tion (LOQ), calculated as the concentration that gives a absorbance
signal equivalent to ten times the standard deviation of the blank
(n=5), was found to be 0.06 ug mL~'. The precision of the proce-
dure, calculated as the relative standard deviation in sample solu-
tions containing 0.1 and 5.0 pg mL~" iron (1I), was found to be 5.7%
and 3.1%, respectively by five measurements. Further improvement
in the enrichment factor and LOD could be achieved by increasing
preconcentration time without lowering in the analytical efficiency
by applying the proposed system to lower concentration samples
for prolonged preconcentration time than 90 s. This enabled quan-
titative sorption of iron (II) without significant loss in the peak
height absorbance even after pumping of large sample volume.

3.6. Accuracy

To study the accuracy of the proposed method, the content of
iron (II) in bovine muscles BCR-CRM 184 certified reference mate-
rial was determined. Both of the certified and found values are
compiled in Table 2. According to the procedure described by Lin-
singer (2005), the expanded uncertainty was calculated from the
equation UA =2(U%,+ U%qm)'? at a coverage factor of two
(k=2), corresponding to a level of confidence of approximately
95%. The results showed the value of UA is higher than the abso-
lute diffrenec between the measured and certified values
(Am=3.8 ug g 1) which confirm there is no significant difference
between the measured and certified values. Also, the obtained
recovery was found to be satisfactory (95.2%) showing that the
proposed approach is suitable for analysis of biological samples.

3.7. Analysis of food samples

Results for analysis of food samples by the developed SPDA-PUF
method are depicted in Table 3. The iron content was in the range
17.6-257,14.2-30.5 and 17.9-200 ng g~ for vegetables, fruits and
supplement samples, respectively. In the studied vegetables, the
lowest concentration or iron was found in eggplant and the highest
concentration was noticed in spinach. In the selected fruits, the
maximum iron level was found in banana, followed by strawberry
and finally apples. For supplements, the content of iron in liver was
too high compared to enriched rice or bread.

The results achieved for the analysed samples were compared
to those obtained by standard FAAS method. As presented in Ta-
ble 3, it is clear that, the results obtained by the developed proce-
dure are in good agreement with those obtained by FAAS method
which confirms the reliability of the SPDA-PUF method. Also, high
precision was obtained for the SPDA-PUF method since the corre-
sponding RSD values were in the range 1.1-6.3% which were com-
parable to those obtained by the FAAS method with RSDs varied
between 0.7% and 3.8%.

Moreover, satisfactory agreement for the analysis data obtained
by the present method and reference methods especially those re-
ported for Turkey samples (Tokalioglu & Giirbiiz, 2010) which
prove relevant accuracy. However, the content of iron in most

Table 2
Results for determination of iron (II) in certified reference material (BCR-CRM 184
bovine muscle) after preconcentration with SPDA-PUF sorbent.

Iron (I1) amount (pg g~ ') Recovery (%) Error (%) uA®
Certified® Found®
79.0+2.0 752+1.6 95.2 -3.8 5.1

2 Expanded uncertainty of difference between result and certified values.
b Certified value # uncertainty as reported in certificate.
¢ Mean value # standard deviation (n = 3) and 95% confidence limit.

Table 3
Determination of iron content in food samples by the proposed on-line SPDA-PUF and
standard FAAS methods (n = 4).

Found (mean +SD) ugg~!

Sample SPDA-PUF method  FAAS method  Reference method
Vegetables
Eggplant 17.6+£0.8 19.0+£0.2 14.5£0.7%
Potato 19.1+03 20.8 £ 0.6 15.5+0.1°
Tomato 46.2 +0.5 449+1.3 39.8+1.3°
Green pepper 32.1+16 33.7+0.5 28.2£0.2°
Parsley 95+3.0 93.2+29 89.4+23°
Spinach 2575 259.0+3.7 260 + 3*
Fruits
Apples 142 +0.9 13.8+0.1 15.6 +0.2°
Strawberry 219+0.7 19.6£0.5 19.5+0.2°
Banana 30.5+1.2 284+1.1 27.5+0.7°
Supplements
Rice (enriched) 27.0+0.5 28.1+1.0 223+0.95 ¢
Wheat bread 269+1.1 27.5+0.8 19.4+0.7¢
Bovine liver 200.0 + 12 198.2 £ 6.5 194 +20°

@ Tokalioglu and Giirbiiz (2010).

> Durukan, Sahin, Satiroglu, and Bektas (2011).

¢ Kosse, Yeung, Gil, and Miller (2001).

4 vyildiz, Citak, Tuzen, and Soylak (2011).

e

Ichinoki, Miyanaga, Hattori, and Fujii (2005).

analysed samples is greater than those in the reference values
which indicate the high contamination found in Egyptian vegeta-
bles, fruits and supplements due to the pollution in farm soil and
irrigation water. Finally, the analysis results proved that the
proposed preconcentration procedure is not affected by matrix
interferences and can be satisfactory applied for on-line iron (II)
preconcentration in food samples.

4. Conclusions

The use of PUF chemically modified with SPDA reagent as new
sorbent for packing a minicolumn has been successfully applied to
the on-line preconcentration and spectrophotometric determina-
tion of iron by TPTZ. The method presented high selectivity and
adequate sensitivity. The cellular structure of PUF-SPDA packed
in the developed manifold improves significantly the analytical
performance of the proposed procedure because it permits the
employment of high flow rates resulting to better enhancement
factors. The developed procedure is very simple, rapid, inexpen-
sive, and high tolerance to interference ions. Analytical features
such as detection limit, enrichment factor and precision the meth-
od has been demonstrated to be satisfactory for trace analysis of
iron. Also, the precision and recovery obtained in the analysis of
either certified biological material or food samples showed ade-
quate accuracy of the results. Finally, the proposed method proved
to be feasible for iron determination in various food samples.
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