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Abstract A simple and efficient liquid-phase microex-

traction technique was developed using ultrasound-assisted

emulsification solidified floating organic drop microex-

traction combined with flame atomic absorption spec-

trometry, for the extraction and determination of trace

amounts of iron and copper in real samples. 2-Mercapto-

pyridine n-oxide was used as chelating agent and 1-do-

decanol was selected as extraction solvent. The factors

influencing the complex formation and extraction were

optimized. Under optimum conditions, an enrichment fac-

tor of *13 was obtained for both iron and copper from

only 6.7 mL of aqueous phase. The analytical curves were

linear between 40–800 and 20–1,200 lg L-1 for iron and

copper respectively. Based on three SD of the blank, the

detection limits were 8.6 and 4.1 lg L-1 for iron and

copper respectively. The relative SDs for ten replicate

measurements of 500 lg L-1 of metal ions were 2.9 and

1.2 for iron and copper respectively. The proposed method

was successfully applied for determination of iron and

copper in environmental waters and some food samples

including chess, rice, honey and powdered milk. Finally,

method validation was made using rock certified reference

material. A student’s t test indicated that there was no

significant difference between experimental results and

certified values.
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Introduction

Trace metals play an important role in human metabolism

and either excess or deficiency of them in the living

organism can lead to biological disorder [1, 2]. Copper is

both vital and toxic for many biological systems. Accord-

ing to national surveys, the average dietary intake of cop-

per in the US is approximately 1.0–1.1 mg/day for adult

women and 1.2–1.6 mg/day for adult men. Diary ingestion

of copper is indispensable for good health. However, high

amounts of copper can be harmful, causing irritation of

nose and throat, nausea, vomiting, and diarrhea. Very high

doses of copper can cause damage to liver and kidneys

[3–5]. Copper is considered an essential trace element for

plants and animals. Some compounds are toxic by inges-

tion or inhalation. The United Nations Food and Agricul-

ture Organization recommended maximum level for

irrigation waters is 200 lg L-1. Under the lead–copper

rule, the U.S. EPA drinking water 90th percentile action

level is 1.3 mg L-1 [6].

Iron is an essential and useful element for organism and

an important part of tissue and blood in animal and human

being. Iron is mainly distributed in hemachrome, which

occupied 60–70 % of total iron in a body. A lack of iron

can lead to iron deficiency anemia. Iron is stored in the

body and large amounts can be toxic. High doses of iron

can cause nausea, vomiting, stomach pain and constipation.

National survey data shows that in Britain, on average,

adult men consume 13.2 mg iron/day and women 10.0 mg

iron/day from food sources [7]. Elevated iron levels in

water can cause stains in plumbing, laundry, and cooking

utensils, and can impart objectionable tastes and colors to

foods. The United Nations Food and Agriculture Organi-

zation recommended level for irrigation waters is

5 mg L-1. According to the United State Environmental
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Protection Agency (U.S. EPA) secondary drinking water

standard, Maximum Contaminant Level (MCL) of iron is

0.3 mg L-1 [6].

The direct determination of trace elements by modern

atomic spectroscopic methods, such as flame atomic

absorption spectrometry (FAAS) and inductively coupled

plasma atomic emission spectrometry (ICP-AES) is often

difficult because of insufficient sensitivity, selectivity and

the interfering effects sources from the matrix of the real

samples. Therefore, it is very important to develop sensi-

tive methods for quantitative determination of trace copper

and iron in various matrices. For this reason, the pre-

liminary separation and preconcentration of trace elements

from the matrix are often required. Many preconcentration

procedures for copper and iron determination have been

developed and they involve different analytical techniques

and several materials. Among the methods of copper pre-

concentration reported are liquid–liquid extraction(LLE)

using dithiocarbamate [8] and trioctylmethylammonium

chloride [9] as complexing reagents, coprecipitation with

magnesium hydroxide as collector [10] and also solid

phase extraction (SPE) that use sorbents such as polyure-

thane foam loaded with diethyldithiocarbamate [11], acti-

vated carbon [12], Amberlite XAD resins [13, 14] and

naphthalene [15]. Several preconcentration methods such

as co-precipitation with magnesium hydroxide as collector

[16], LLE using 4-acetyl-5-methyl-1-phenyl-1H-pyrazole-

3-carboxylic acid as complexing reagents [17] and SPE

that use sorbents such as silica gel [18] and Octadecyl-

bonded silica membrane disk [19], have been developed for

the separation and preconcentration of iron from environ-

mental matrices.

However, the use of classical extraction methods for

these purposes are usually time-consuming, labor-intensive

and requires large amounts of high purity solvents for

extraction. In recent years there has been a growing interest

in the development of miniaturized preconcentration

methods based on LLE or SPE [20–23] an approach that

allows high preconcentration factors to be obtained as

defined previously. One of these techniques is the so called

liquid phase microextraction by solidification of a floating

organic droplet (LPME-SFO) [24–26]. This technique has

been successfully applied using undecanol and dodecanol

to concentrate substances like organochlorine [27], and

organophosphorus pesticides [28], pyrazoline derivatives

[29] and some metals like lead [30], cadmium [26], cobalt

and nickel [31]. It is well known that ultrasound is a

powerful energy for the acceleration of various steps in

analytical procedures, such as homogenizing and emulsion

forming [32]. This type of energy greatly helps in the

processes of separation and extraction because it facilitates

accelerates the mass-transfer process between two immis-

cible phases [33]. This leads to an increment in the

extraction efficiency of the procedure in a minimum time

[34]. As a result, the application of an ultrasound radiation

to a miniaturized approach such as solidification of a

floating organic droplet (SFODME) provides the advanta-

ges of both methods [25]. This new technique is called

ultrasound-assisted emulsification solidified floating

organic drop micro extraction (USAE-SFODME). This

method offers advantages of such as simplicity, low cost;

rapidity, high enrichment factor, and low consumption of

the extraction solvent. Recently, determination of trace

amounts of zinc and cadmium in water samples were

successfully performed with this method [35, 36].

The aim of this study was the development of a green

analytical method for extraction and determination of iron

and copper with use of 2-mercaptopyridine-n oxide as a

selective complexing reagent. The combination of ultra-

sound energy with solidified floating organic drop proce-

dure was employed for extraction of copper and iron with

minimum consumption of reagents. Results obtained in the

analysis of samples of water, food and rock are reported to

demonstrate the effectiveness of the method.

Experimental

Analytical instrumentation

Determination of iron, copper and other cations were per-

formed on a Shimadzu AA-670 atomic absorption spec-

trometer (Kyoto, Japan) under the recommended condition

(wavelengths 248.3 and 324.8 nm, and bandwidths 0.2 and

0.5 nm, for iron and copper, respectively). All pH mea-

surements were made using a Metrohm E-691 digital pH

meter with a combined glass electrode. A model Labofuge

400 (Germany) centrifuge was used to accelerate phase

separation. A model Parasonic 7500S, 28 kHz, 100 W

ultrasonic bath with temperature control was used to assist

the emulsification process of the microextraction

technique.

Reagents and standard solutions

Nitric acid, hydrochloric acid, hydrogen peroxide, sulfuric

acid, formic acid, perchloric acid, hydrofluoric acid and

1-dodecanol from Merck were used as received. The stock

solution of 1,000 mg L-1 of iron and copper were prepared

by dissolving of Fe(NO3)3�9H2O and Cu(NO3)2�3H2O

(Merck) in 2 mL concentrated nitric acid (65 % Merck).

The solution reached to the mark in 1,000 mL volumetric

flask with deionized water. A 1.0 g L-1 solution of

2-mercaptopyridine n-oxide sodium salt (Alfa Aesar,

Germany) (Scheme 1) in water was prepared. Other metal

salts were analytical grade and purchased from Merck.
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Working solutions were prepared by appropriate dilution of

the stock solution.

Extraction procedure

In a 10 mL centrifuge tube, 5.0 mL of 500 lg L-1 Fe(III)

and Cu(II) solution or real samples, 1.0 ml of formate

buffer 0.1 M (concentration in solution is 0.015 M), and

0.7 mL of 2-mercaptopyridine n-oxide solution in water

(1.0 g L-1) were mixed. Then, 100 lL of 1-dodecanol was

added using a 100 lL syringe. The conical tube was son-

icated for 20 min at 40 ± 3 �C to ensure complete

extraction. The mixture was then centrifuged for 5 min at

3,500 rpm. After this process, fine droplets of 1-dodecanol

coalesced and the organic solvent collected at the upper

surface of sample solution. The conical test tube was

transferred into an ice bath and the organic solvent was

solidified after 3 min and adhered on inner surface of the

tube. The aqueous phase was easily decanted into another

vial (without using a spatula) and the remaining solid

solvent melted immediately. Next, the extract was diluted

to 500 lL with ethanol and manually injected into the

flame atomic absorption spectrometer [35, 36]. Figure 1

shows a scheme of the USAE-SFODME procedure.

Preparation of natural waters

The river water from Sepid Rood (Lahijan, IRAN), mineral

water (Hayat, IRAN) and drinking water (Sanandaj, IRAN)

were acidified to pH \ 2.0 with concentrated HNO3,

immediately filtered (for river water) and stored in pre-

cleaned polyethylene bottles. In order to determine the total

iron and copper, a 50.0 mL aliquot of each sample was

oxidized by addition of 5.0 mL concentrated HNO3 and

1.0 mL concentrated H2O2 (30 %). The beaker was cov-

ered with watch glass and heated at 100 �C for 30 min to

complete the oxidation [37]. Then 5 mL of this solution

was tested for determination of iron and copper under the

general procedure.

Preparation of food samples

5.00 g of food sample was weighed and was put in a

200 mL beaker and then 10.0 ml of concentrated HNO3

was added. The sample was then heated up to 95 �C for

about 1 h until a yellow solution appeared. The sample was

cooled and then 5.0 mL of concentrated sulfuric acid was

added and then heated up to 140 �C until the first sign of

charring was appeared. The food sample was then cooled

again, 5.0 mL concentrated nitric acid was added and the

sample was heated up to 180 �C. Further 1.0 mL of nitric

acid was added until the digested sample was appeared

clear or a pale-straw color was observed. The sample was

then cooled, 1.0 mL H2O2 (500 g L-1) was added and

heated up to 200 �C. This procedure was repeated until

brown fumes ceased to be appeared. After the sample was

cooled, 10.0 mL of water and 0.5 mL of concentrated nitric

acid was added, and the sample was heated up to 200 �C

until white fumes were evolved. To the sample solution

10.0 mL of water, followed by 1.0 mL H2O2 (500 g L-1)

was added and heated again up to 240 �C until white fumes

were evolved. Finally, the digested sample was cooled and

quantitatively transferred to a 100.0 mL volumetric flask

for analysis [38]. For the analysis of concentrated samples

another dilution was done. After adjusting the pH, analysis

was done with 5 mL sample as previously mentioned.

Preparation of rock certified reference material

The rock sample analyzed according to Refs. [39, 40] with

a little modification: 0.1 g of powdered rock was weighed

in a 50 mL Teflon beaker and 4 mL HNO3 (65 %), 3 ml

HClO4 (70 %) and 5 mL HF (40 %) were added. These

were mixed well and this mixture was kept for more than

30 min, and then the beaker was covered and heated at

*160 �C for 1 day. Then the mixture was recovered and

evaporated to dryness at *140 �C for 2–3 days. The res-

idue was dissolved with 10 mL (1 ? 1) HCl by heating and

dilution to 50 mL for analysis. After another dilution

(1,000 and 500 times for Fe and Cu respectively) and

adjusting the pH, analysis was done as previously

mentioned.

Results and discussion

Selection and effect of volume of the extraction solvent

The organic solvent used as the extracting solvent in this

method has to satisfy several criteria: (1) it must be

immiscible with water and have low volatility in order to

be stable during the extraction period and have good

extraction efficiency, (2) it should have a lower density

than water, (3) it should have a melting point near room

temperature (in the range of 10–30 �C) [26, 41]. Therefore

1-dodecanol (density 0.8201–0.8309 g mL-1; melting

point 24 �C) was used as extraction solvent.

During SFODME based on USAE process, extracting

solvent volume was an essential factor which could influ-

ence the occurrence of the emulsion state and also

Scheme 1 The structure of

2-mercaptopyridine n-oxide

sodium salt (pyrithion)
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determine enrichment performance. To evaluate the effect

of the extraction solvent volume, different volumes of

1-dodecanol were added to 7.0 mL aqueous phase (5.0 ml

of sample solution containing 500 lg L-1 of Fe(III) and

500 lg L-1 Cu(II) ions and 2.0 mL ligand 1.0 g L-1) in

the range of 20–160 lL. The results are shown in Fig. 2.

As can be seen, absorbance increased with the increase of

1-dodecanol volume in the range of 20–80 lL, and then

remained constant when the volume was continuously

increased. Therefore, in the subsequent studies, 100 lL

was selected as the optimum volume of the extraction

solvent. After the preconcentration procedure, the obtained

volume of 1-dodecanol was 100 ± 4 lL.

Influence of pH

The separation of metal ions by USAE-SFODME involves

prior formation of a complex with sufficient hydropho-

bicity that allows it to be extracted into the small volume of

the floated phase, where the desired preconcentration is

obtained. So, the effect of pH on the complex formation

and extraction of Fe3? and Cu2? from 7.0 mL of aqueous

phase into organic phase (100 lL 1-dodecanol) was studied

in the range of 1.0–9.0. The pH values were adjusted either

by nitric acid or sodium hydroxide solution. The experi-

mental results illustrated in Fig. 3 show that the maximum

absorbance was obtained at pH 3.0 for iron and copper. The

decrease in extraction of iron and copper ions at higher pHs

may be due to competition of hydroxyl ion with pyrithione

for reaction with analytes, and in lower pHs is due to

protonation of ligand at these pHs. Therefore a pH 3.0 was

chosen for subsequence experiments and the pH adjustment

was carried out by formate buffer solution.

Effect of amount of 2-mercaptopyridine n-oxide

The effect of amount of 2-mercaptopyridine n-oxide on the

extraction efficiency of iron and copper from 6.0 mL of

aqueous phase (5.0 ml of sample solution containing

500 lg L-1 of Fe3? and 500 lg L-1 of Cu2? ions and

1.0 mL 0.1 M format buffer) into organic phase (100 lL

1-dodecanol) was studied using various amounts of ligand

(1.0 g L-1) ranging from 0.0 to 1.8 mg. The absorbance

was stable when the ligand amount was higher than

0.6 mg, indicating complete complexation (Fig. 4).

Therefore, 0.7 mg 2-mercaptopyridine n-oxide (equal

0.7 mL of 1.0 g L-1 solution) was chosen as the optimum

amount for the iron and copper extraction.

Fig. 1 Schematic diagram for

the proposed USAE-SFODME

procedure
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Fig. 2 Effect of volume of extraction solvent on absorbance of iron

and copper. Condition: water sample volume, 5.0 mL; 2.0 mL

2-mercaptopyridine n-oxide 1.0 g L-1; extraction solvent (1-dodec-

anol); concentration of Fe(III) and Cu(II), 500 (lg L-1); extraction

time, 20 min; extraction temperature 40 �C; N = 3
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Effect of sonication time

To increase the precision and sensitivity of the USAE-

SFODME method, it is necessary to select an exposure

time that guarantees the equilibrium between aqueous and

organic phases has been achieved. Thus the effect of son-

ication time on extraction efficiency of iron and copper

from 6.7 mL of aqueous phase (5.0 mL of sample solution

containing 500 lg L-1 of Fe3? and 500 lg L-1 of Cu2?

ions, 1.0 mL 0.1 M format buffer and 0.7 ml 2-mercapto-

pyridine n-oxide solution) into organic phase (100 lL

1-dodecanol) was examined in the range of 0–30 min with

a constant ultrasonic frequency. It was seen that maximum

FAAS signal for both iron and copper reached at *20 min

(Fig. 5), which was chosen as the sonication time for fur-

ther experiments. Hence, 20 min was chosen for the further

experiments as the sonication time.

Extraction temperature

Temperature affects organic solvent solubility in water as

well as the emulsification phenomenon. Thus, it also

affects the mass-transfer process and the extraction effi-

ciency [41]. To determine the influence of the extraction

temperature, 6.7 mL of aqueous phase was extracted with

organic phase (100 lL 1-dodecanol) at different tempera-

tures ranging from 25 to 50 �C. The results revealed that

the absorbance was increased by increasing the extraction

temperature up to 35 �C. At temperature of lower than

35 �C, it was difficult to get a homogeneous emulsion

resulting in a prompt phase separation. Therefore, the mass

transfer process was limited to a short time, leading to poor

extraction efficiency, and consequently low absorbance

[41]. In the temperature range of 35–50 �C, the emulsifi-

cation was easily achieved and the obtained absorbance

remained constant at this temperature range. Hence, 40 �C

was chosen for further studies.

Effect of salt

For studying the influence of ionic strength on the effi-

ciency of USAE-SFODME, various experiments were

performed by adding varying NaCl amounts from 0 to 5 %
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Fig. 3 Effect of pH on absorbance of iron and copper by USAE-

SFODME. Condition: water sample volume, 5.0 mL; 2.0 mL 2-mer-

captopyridine n-oxide 1.0 g L-1; extraction solvent (1-dodecanol)

100 lL; concentration of Fe(III) and Cu(II), 500 (lg L-1); extraction

time, 20 min; extraction temperature 40 �C; N = 3

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0.3 0.6 0.9 1.2 1.5 1.8 2.1

A
bs

or
ba

nc
e

mg Ligand

Fe

Cu

Fig. 4 Effect of amount of 2-mercaptopyridine n-oxide on absor-

bance of iron and copper. Condition: water sample volume, 5.0 mL;

1.0 mL formate buffer 0.1 M; extraction solvent (1-dodecanol)

100 lL; concentration of Fe(III) and Cu(II), 500 (lg L-1); extraction

time, 20 min; extraction temperature 40 �C; N = 3
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Fig. 5 Effect of sonication time on absorbance of iron and copper by

USAE-SFODME. Condition: water sample volume, 5.0 mL; 1.0 mL

formate buffer 0.1 M; 0.7 mL 2-mercaptopyridine n-oxide 1.0 g L-1;

extraction solvent (1-dodecanol) 100 lL; concentration of Fe(III) and

Cu(II), 500(lg L-1); extraction temperature 40 �C; N = 3
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(w/v) [41] while other experimental conditions were kept

constant. Increasing the NaCl concentration had no sig-

nificant effect on extraction factor, perhaps because of the

two opposite effects of salt addition in USAE-SFODME of

iron and copper: One involves increasing the volume of the

floated phase, which decreases the enrichment factor, and

the other is the salting-out effect that increases the

enrichment factor [42, 43]. Therefore, the enrichment

factor is nearly constant by increasing the amount of

sodium chloride, and the extraction experiments were

carried out without additional salt.

Effect of diverse ions

The effects of common coexisting ions on the recovery of

iron and copper were also studied. In these experiments,

5.0 mL of solutions containing 500 lg L-1 of metal ions

and various amounts of diverse ions were treated according

to the recommended procedure. A given species was con-

sidered to interfere if it resulted in a ±5 % variation of the

absorbance signal. The results were given in Table 1. As

can be seen from Table 1, majority of the investigated ions

have no significant influence on extraction of Fe(III) and

Cu(II) under the selected conditions. This may be due to

formation of more stable complexes of Fe(III) and Cu(II)

with pyrithione than the other metal ions studied. Lofts

showed that the order of stability constants and hence,

reactivity of the pyrithione toward metal ions follows the

trend of Fe(III) [ Cu(II) [ Pb(II) [ Zn(II) [ Ni(II) [
Co(II) [ Cd(II) [ Mn(II) [ Ca(II) [44]. Thus it is not

surprising that other cations can’t significantly interfere in

the extraction of Fe(III) and Cu(II) from aqueous solution.

Analytical figures of merit

Using the optimum conditions described above, the ana-

lytical characteristics of the proposed method, including

linear range, limit of detection, relative SD, correlation

coefficient (R2), and enrichment factor, obtained by pro-

cessing standard solutions of Fe(III) and Cu(II), are sum-

marized in Table 2. The analytical curves were linear in the

range of 40–800 and 20–1,200 lg L-1 with a correlation

coefficient (R2) of 0.9974 and 0.9994 for iron and copper

respectively. The regression equations were A = 0.176

C ? 0.0008 for iron and A = 0.344 C ? 0.0002 for cop-

per, where A is absorbance and C is the concentration of

Fe3? and Cu2? in mg L-1. The limit of detections (LOD),

calculated as the concentration of the absolute amount of

analyte yielding a signal equivalent to three times the SD

of the blank (n = 10, LOD ¼ 3rblank=slope) in accordance

to IUPAC recommendation, were 8.6 and 4.1 lg L-1 for

the determination of Fe(III) and Cu(II) in 6.7 mL of initial

aqueous phase (5.0 ml deionized water, 1.0 mL buffer and

0.7 mL of ligand).

Applications

The proposed method was successfully used for the

determination of total iron and copper in several water and

food samples. The results along with the recovery for the

spiked samples were given in Tables 3, 4. As can be seen,

added iron and copper are quantitatively recovered from

water and food samples. The accuracy of the proposed

method was evaluated by means of recovery experiments

and analysis of certified reference material (JB-3, Basalt

Geological survey of Japan). The results are shown in

Table 5. These results indicate the validity of the proposed

methodology for analysis of iron and copper in real

samples.

Conclusion

Separation and determination of Fe(III) and Cu (II) by

developed method were compared with the other reported

preconcentration methods. The results are shown in

Table 6. As can be seen, the proposed procedure shows

good detection limit, wide linear dynamic range and lower

sample consumption (5 mL), which are better in most cases

and are comparable with reported methods in other cases.

The newly developed USAE-SFODME method exhibited

distinct advantages over the conventional extraction

methods such as LLE and SPE. It is simple, rapid, inex-

pensive and environmentally friendly because low organic

solvent consumption. In addition, the application of ultra-

sonic radiation is a key tool to improve the extraction

efficiency of the microextraction procedure with minimal

time. Moreover, the collection of the solidified phase from

aqueous phase can be carried out easily and with a better

precision than the other Ultrasound Assisted Emulsification

Table 1 Effect of diverse ions on the extraction of 500 lg L-1 Fe

(III) and 500 lg L-1 Cu (II)

Coexisting ions Maximum tolerable

amount (mg L-1)

Na?, K? 3,000

Cl- 2,000

Mg2?, Ba2?, ClO4
-, Br- 1,000

Ca2? 800

Sr2?, SO4
2-, I- 500

Cd2?, NH4
? 400

Co2?, Zn2?, Ni2?, PO4
3-, SCN- 200

Sn2?, Pb2? 100

Hg2? 50
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Table 2 Analytical figures of merit

Analytical parameters Fe(III) Cu(II)

Linear dynamic range (lg L-1) 40–800 20–1,200

Slope (abs mg-1 L) 0.176 0.344

Intercept 0.0008 0.0002

Correlation coefficient 0.9974 0.9994

Detection limit (lg L-1) 8.6 4.1

RSDa (%) 2.9 1.2

Recovery of extractionb (%) 98 97

The enrichment factor 13.1c 13.0

a Relative SD (n = 10, 500.0 lg L-1)

b The recovery of extraction was calculated according to: ER ¼ C0 � V0ð Þ= C0
aq � Vaq

� �
� 100:Where Co and C0

aq are the concentrations in ethanol

and aqueous phases and Vo and Vaq are the volumes of the ethanol and the aqueous phases, respectively
c The enrichment factor is the ratio of metal ion concentration in 0.5 ml final solution to that in the initial bulk phase (6.7 mL)

Table 3 Extraction and determination of iron and copper in water samples (N = 3)

Sample Added (lg L-1) Found (lg L-1) Recovery (%)

Fe Cu Fe Cu

Tap water 0 106 ± 3a BDL – –

50 154 ± 4 48 ± 2 96 96

100 203 ± 5 97 ± 3 97 97

Mineral water 0 BDL BDL – –

50 49 ± 1 48 ± 2 98 96

100 99 ± 2 96 ± 3 99 96

River water 0 247 ± 5 29 ± 2 – –

50 293 ± 4 75 ± 3 92 92

100 338 ± 6 126 ± 4 91 97

BDL below detection limit
a Mean ± SD

Table 4 The application of presented method in food samples (N = 3)

Element sample Added (lg g-1) Found (lg g-1) Recovery (%)

Fe Cu Fe Cu

Chess 0 30.4 ± 0.3a 1.6 ± 0.04 – –

25 57 ± 0.5 26.2 ± 0.2 106.4 98.4

50 84 ± 1.3 50.3 ± 0.6 107.2 97.4

Rice 0 37.6 ± 0.9 4.56 ± 0.07 – –

25 61.1 ± 1 28.6 ± 0.8 94 96.2

50 84.7 ± 1.5 53.2 ± 0.4 94.2 97.3

Honey 0 5.7 ± 0.02 1.04 ± 0.03 – –

25 30.4 ± 1.05 25.7 ± 0.6 98.8 98.6

50 55.3 ± 1.1 49.7 ± 0.5 99.2 97.3

Powdered milk 0 62.6 ± 1 4.3 ± 0.11 – –

25 89.5 ± 0.7 28.4 ± 0.6 107.6 96.4

50 115.7 ± 2 52.9 ± 0.8 106.2 97.2

a Mean ± SD

J IRAN CHEM SOC (2013) 10:113–121 119

123



Microextraction (USAEME) method [50]. The proposed

method for simultaneous preconcentration and separation

of iron and copper is selective and allow the determination

trace amounts of these elements to be carried out by FAAS

which is an available instrument in almost every labora-

tory. The method was successfully applied in water, food

and rock samples.
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