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Abstract In this work, silica fume (SF) is used as a solid-

phase extractor for extraction of Zn(II) and Cd(II) from

aqueous solutions. Characterization of SF is performed by

Fourier transform infrared, X-ray diffraction, transmission

and scanning electron microscopy. The optimum ex-

perimental conditions for the two metal ions are investi-

gated using batch and column techniques. The maximum

adsorption capacity values are found to be 54.13 and

121.28 mg g-1 at the optimum pH 6.0 and 8.0 for Zn(II)

and Cd(II), respectively. The equilibrium data are analyzed

using the Langmuir, Freundlich, and Temkin isotherms by

nonlinear regression analysis. Also, the kinetics analysis

revealed that the overall adsorption process is successfully

fitted with the pseudo-second-order model. The method is

applied for determination of the target metal ions in

pharmaceutical and environmental samples using square-

wave anodic stripping voltammetry. The limit of detection

(LOD) values are 0.102 and 1.43 9 10-3 mg L-1 for

Zn(II) and Cd(II), respectively. The percentage recovery

values are 98.8–100.5 % which indicate the success of the

proposed method for determination of Zn(II) and Cd(II)

without interfering effects.

Keywords Cd(II) � Zn(II) � Fixed bed column �
Pharmaceuticals � Real samples � Silica fume

Introduction

One of the major concerns of environmental and health

sciences is the preservation of human nutrition from the

heavy metal ions contamination (Rajabi et al. 2014).

Cadmium as one of these heavy metal ions reaches the food

chain through various geogenic and anthropogenic ac-

tivities. The sources of this metal are food, drinking water,

and air (Amin and Gouda 2012). Cd(II) accumulation in

rice and its subsequent transfer to the human food chain are

a major environmental issue. Rice soils have been affected

by Cd(II) accumulation derived from fertilizer and manure

application, mine tailings, and refining plants. Also, water

pollution with Cd(II) may arise from industrial discharges

and mining wastes. Excessive intake of cadmium into the

human body is detrimental to human health, causing seri-

ous diseases such as high blood pressure, kidney damage,

destruction of testicular tissue, brain damage, and poison-

ing. Therefore, development of remediation methods for

Cd-contaminated rice soils and water has become an urgent

task to ensure food safety (Bolan et al. 2013). However, at

trace concentrations, some of heavy metals are essential

and have a great benefit to the human body. Zinc is one of

these ions which has a fundamental role in the structure and

function of numerous proteins, including metalloenzymes,

transcription factors, and hormone receptors. The wide-

spread role of Zn(II) in metabolism is also accentuated by

its occurrence in all tissues, organs, and fluids of the human

body (DeMartino et al. 2010). Moreover, its deficiency

might lead to several disorders such as growth retardation,

diarrhea, immunity depression, eye and skin lesions, mal-

function of wound healing, and other skin diseases (Scherz

and Kirchhoff 2006). In addition, the use of Zn(II) has

increased exponentially due to its presence in every area of

modern consumerism: from construction materials to
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cosmetics, medicines to processed foods, and appliances to

personal care products (Pérez-Quintanilla et al. 2009; Yu

and Li 2011). The extensive utilization and application of

zinc in various industrial and commercial activities ne-

cessitate its accurate analytical determination and recovery

for regulating and minimizing its discharge into the envi-

ronment from the view point of safety (Sharma et al. 2013).

So, the development of new methods for quantifying trace

metals has been required and challenged. One of widely

used and fast emerging preconcentrative separation tech-

niques for this purpose is the solid-phase extraction (SPE)

due to its advantages (Daniel et al. 2006). So far, different

SP-extractors were used for determination of Cd(II) and

Zn(II) from different real samples (Rajabi et al. 2014;

Behbahani et al. 2013, 2014; Barciela-Alonso et al. 2014;

Jamshidi et al. 2011; Ghaedi et al. 2013a, b, d, e; Shakerian

et al. 2012). An efficient solid-phase extractor should

consist of a stable and insoluble porous matrix having

suitable active groups that interact with heavy metal ions

(Fang et al. 2005). Therefore, silica fume (SF) was chosen

as SP-extractor for this purpose because of its character-

istics: has specific high surface area, composed of ultra-fine

solid, amorphous glassy spheres of SiO2 and it is great

negatively charged particles. Furthermore, SF has been

shown to strongly bind heavy metal ions via surface

complexation (Li et al. 2011).

With the best of our knowledge, there are no studies that

have been reported on using silica fume as SP-extractor for

the determination of neither Zn(II) nor Cd(II). So, the ob-

jective of this work was to develop method using SF which

considered as a simple, cheap, available adsorbent and has

been used without modification process for extraction of

Zn(II) and Cd(II) from aqueous solutions using batch and

column techniques. The developed method has been ap-

plied for determination of Zn(II) and Cd(II) in pharma-

ceutical and environmental samples.

Experimental

Apparatus

Square-wave adsorptive anodic stripping voltammetric

(SWAdSV) technique was carried out using AMEL Model

433 TRACE ANALYSER involving three-electrode sys-

tem consisted of a hanging mercury dropping electrode

(HMDE) as a working electrode, an Ag/AgCl with

saturated KCl as a reference electrode, and a platinum wire

as a counter electrode. A magnetic stirrer and stirring bar

provided the convective transport during the pre-concen-

tration. The peak heights were automatically or manually

measured using the ‘tangent fit’ capability of the instru-

ment. The pH measurements were made with Accumet�

Model 825 pH meter (Germany). The infrared spectrum of

SF before and after adsorption of metal ion was obtained

using FT-IR (410 JASCO, Japan). The particle size and

surface morphology of the adsorbent were characterized

using transmission electron microscopy (JEM100CX11

JEOL, Japan) and scanning electron microscopy (JSM-

5400 LV JEOL, Japan). The crystal structure of the ad-

sorbents was studied using X-ray diffractometer (JSX-60

PA JEOL, Japan). Wrist Action mechanical shaker Model

75 (manufactured by Burrell Corporation Pittsburgh, PA,

USA) for shaking process.

Reagents and solutions

Silica fume (SF) was provided from the Ferrosilicon

Company, Edfo, Egypt. It contains 93.0 % SiO2 and has a

surface area of about 20,000 m2 kg-1. All solutions were

prepared using doubly distilled water (DDW). ZnCl2,

CdCl2�H2O, Cd(NO3)2�4H2O, KCl, NaCl, CaCl2, CuCl2-
5H2O, NiSO4�7H2O, MnCl2, KNO3, HNO3, HClO4, H2O2,

and ethylene diamine tetra acetic acid (EDTA) were ana-

lytical grade from Merck (Darmstadt, Germany). ACS

reagents HCl, NH4OH, NH4Cl, and NaOH which were

used for justifying the pH values were obtained from

Aldrich Chemical Company (Milwaukee, WI, USA).

Samples of drinking tap-water (DTW), mineral drinking-

water (MDW), ground water (GW), and distilled water

(DW) were collected from Minia City, Egypt. Rice and

chocolate samples were purchased from local market in

Minia city. Calcitron and Vita zinc capsules were collected

from pharmaceutical samples from EIMC united pharma-

ceuticals and Egyptian international pharmaceutical in-

dustries company, respectively.

Analytical procedures

Batch adsorption method

The effect of pH, shaking time, amount of adsorbent, and

isotherms of adsorption were tested and evaluated by batch

method. The percentage extraction of CdCl2.H2O and

ZnCl2 using SF was determined in triplicate under static

conditions. A definite amount of SF was added to a certain

volume of 0.1 M of each metal ion. The pH adjustment by

using 1.0 M HCl and 0.1 M NaOH for Zn(II) at pH range

2.0–6.0, while 1.0 M HCl and ammonia buffer were used

for Cd(II) where the pH ranged from 2.0 to 8.0. Then the

total volume was completed to 50.0 mL by DDW in a

100-mL measuring flask. This mixture was automatically

shaken for 30 min at room temperature to attain equilib-

rium. The adsorbent was separated by filtration; the resi-

dual metal ion concentration in the filtrate was determined

by complexometric EDTA titration (Soliman and Ahmed
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2009). The recovery of both Zn(II) and Cd(II) was calcu-

lated as follows:

% Recovery ¼ Ci�Cf

Ci

;

where Ci is the initial concentration of metal ion and Cf is

its final concentration.

Fixed bed column adsorption method

A glass mini column of 30 cm length and 2 cm internal

diameter was used. A small piece of cotton was placed at

the bottom of the column and above the known quantity of

SF adsorbent. Cd(II) and Zn(II) solutions with initial con-

centration of 0.001 M were allowed to flow downward

through the column at a specific flow rate. Samples were

collected from the outlet of the column at different time

intervals and analyzed for metal ion concentration. The

experiment was terminated when the concentration of each

metal ion at the outlet of the column equals the initial

concentration of both Cd(II) and Zn(II).

Study the effect of foreign ions and ionic strength

on the uptake of Zn(II) and Cd(II)

In order to study the selectivity of the target metal ions in

presence of interfering ions, the procedure was performed in

presence of alkalineK(I), alkaline earthCa(II), and transition

metals Cu(II), Ni(II), and Mn(II). An aliquot of 50.0 mL

containing each of the interfering ion and the target metal ion

(either Cd(II) and Zn(II)) with molar ratio 1:1, 2:1, 5:1, 10:1,

50:1, and 100:1, respectively, was shaken with definite

weights of SF (50.0 and 100.0 mg for Cd(II) and Zn(II),

respectively) at the optimum conditions; then this mixture

was filtrated. The concentrations of each Zn(II) and Cd(II)

were determined using SWAdSV technique. Different

standard additions of ZnCl2 were spiked into a solution

containing 10.0mL of 0.1MKCl and aliquot of the filtrate to

determine Zn(II) at Eacc. = -1.3 V and tacc. = 30 s. Also,

the concentration of Cd(II) was determined by spiking dif-

ferent additions of Cd(NO3)2 into 10.0 mL of 0.1 M

KNO3 and aliquot of the filtrate at Eacc. = -0.9 V and t

acc.= 30 s. Also, to investigate the effect of ionic strength on

the extraction of Zn(II) and Cd(II), several experiments were

performed with different NaCl concentrations (0.0–1.0 M)

while keeping other experimental parameters constant. The

concentrations of each Zn(II) and Cd(II) were determined

also using SWAdSV technique as described above.

Batch mode desorption

Desorption measurements were conducted in order to ex-

plore the feasibility of recovering the metal ion and the

adsorbent. Thus, 1.0 g of each Cd(II)-SF and Zn(II)-SF

phase was mixed with excess (0.1 M EDTA) solution and

shaken for 60 min. The mixture was left overnight, then

filtrated, and washed with DDW in order to remove the

residues of EDTA. Each treated phase was dried well to

reuse for next experiment under the same conditions of

batch method at the optimum pH values for extraction of

both Cd(II) and Zn(II).

Preparation of Calcitron and Vita zinc capsules

extract to determine Zn(II) ions

The whole content of one capsule for each drug was ac-

curately weighed, transferred to a 50-mL volumetric flask,

and dissolved in DDW. The solution was stirred for 30 min

and then filtrated, and the residue was completed to

50.0 mL with DDW. 0.5 mL of the stock solution was

taken, completed to 50.0 mL with DDW and shaken with

100.0 mg of SF after adjusting the pH to 6.0. The con-

centrations of Zn(II) in each capsule and after extraction by

SF were determined using SWAdSV by standard additions

method as described above.

Preparation of environmental samples to determine

Cd(II) ions

Rice sample

20.0 g of rice sample was accurately weighed in quartz cru-

cible. 10.0 mL of concentrated sulfuric acid was added and

evaporated to near dryness; then 10.0 mL of nitric acid (1:1,

v/v %)was added and evaporated to dryness. To the previous,

concentrated hydrogen peroxide was added drop by drop

untill the solution gets clear and evaporated to dryness. DDW

was added for washing to remove the excess hydrogen per-

oxide. The residue was then cooled, transferred into a 50-mL

volumetric flask, and diluted with DDW (Abbasi et al. 2011).

Different volumes of the stock rice sample solution were

taken and completed to 50.0 mL by DDW (the pH of solu-

tions was adjusted to 8.0 for Cd(II) extraction). These solu-

tions were shaken with 50.0 mg of SF for 30 min and then

filtrated. The concentrations of Cd(II) in samples before and

after extraction by SF were determined via SWAdSV by

standard additions method as described above.

Chocolate sample

A 20.0 g of tablet chocolate sample was ashed in quartz

crucible for 4 h on a hot plate, and the charred material was

transferred to furnace for overnight heating at 450 �C. The
residue was cooled and treated with 10.0 mL concentrated

nitric acid and 3.0 mL 30 % H2O2 then kept in furnace for

2 h at the same temperature so that no organic compound
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traces are left. The final residue was treated with 0.5 mL

concentrated hydrochloric acid and 1.0–2.0 mL 70 %

perchloric acid and evaporated to fumes, so that all the

cadmium metal changes to cadmium ions (Ghaedi et al.

2013e). The solid residue was dissolved in water and fil-

tered and by keeping the pH at 8.0 made up to 25 mL by

addition of NH4OH and HCl. Then the procedure was

applied, and Cd(II) concentrations in the final solutions

were determined by SWAdSV.

Water samples

Different water samples were used such as drinking tap-

water (DTW), ground water (GW), mineral drinking-water

(MDW), and distilled water (DW) were collected and

stored in cleaned polyethylene bottles. GW was filtered

before the analysis. 50.0 mg of SF was conditioned with

50.0 mL of water sample spiked with 1.0 and 2.0 mg L-1

of Cd(II) after adjusting the pH samples to the optimum pH

value and shaken for 30 min. 25.0 mL of each filtrate was

taken and determined via SWAdSV by standard additions

method as described above.

Results and discussion

Characterization of SF

Silica fume was characterized before and after adsorption

of metal ions by means of Fourier transform infrared (FT-

IR), X-ray diffraction (XRD), transmission electron mi-

croscopy (TEM), and scanning electron microscopy

(SEM). FT-IR spectrum of SF in (Fig. 1) showed the

strongest absorbance bands at 1123, 806, and 483 cm-1,

characteristic of condensed silica (Kota et al. 1997). The

two bands at 1123 and 806 cm-1 were attributed to

asymmetric stretching and symmetric stretching of t(Si–
O–Si), respectively (Moenke 1974). A broad and strong

overlapped band at around 3444 cm-1 was due to the

stretching vibration of t(O–H) (Mostafa et al. 2001). The

presence of these functional groups contributed to the

strong binding between SF and the target metal ions. After

adsorption of both Cd(II) and Zn(II), the band at

3444 cm-1 shifted to 3436 cm-1, and the intensity of t(Si–
O–Si) bands decreased.

XRD pattern of SF showed its amorphous structure,

exhibiting only a very broad scattering peak in the range

between 12� and 40� (Fig. 2a). After adsorption of Cd(II),

the peak of Cd(II) appeared at 22� as illustrated in Fig. 2b.

Also, the peak related to Zn(II) in (Fig. 2c) can be appeared

at 74� (Behbahani et al. 2014). The appearance of these

peaks which attributed to the target metal ion confirmed the

adsorption process on SF surface.

The TEM images of SF before and after adsorption of

metal ions are outlined in Fig. 3a–c. As shown in these

images, the SF is nearly spherical in shape, and the average

size of its particles is about 0.157 micron (Fig. 3a). After

Fig. 1 FT-IR spectra of a SF, b SF after adsorption of Cd(II), and

c SF after adsorption of Zn(II)

Fig. 2 X-ray diffraction spectra of a SF, b SF after adsorption of

Cd(II), and c SF after adsorption of Zn(II)
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adsorption of Cd(II), the particles are gathered and their

size ranged from 0.113 to 0.185 micron, Fig. 3b. On the

other hand, in the case of Zn(II), the particle size recorded

range from 0.065 to 0.189 micron (Fig. 3c). These results

support the adsorption of Zn(II) and Cd(II) ions onto silica

fume adsorbent.

SEM micrographs were displayed to clarify the change

in morphological features of SF before and after metal ion

adsorption. The microphotographs (Fig. 4a) showed that

individual SF spheres agglomerate to form larger particles.

After adsorption of Cd(II), the particles become larger in

size (Fig. 4b), but after adsorption of Zn(II) (Fig. 4c), the

particles of SF decrease in size. All of these changes sup-

port the adsorption process of both Cd(II) and Zn(II) on SF

surface.

Batch adsorption

Effect of pH

Distribution of SF charge has significant role on the re-

moval and interaction of various metal ions with adsorbent.

The specified pH is known as zero point of charge, ad-

sorbent surface is neutral, and the prominent mechanism

for solute transfer is the diffusion into the adsorbent micro-

and meso-pores (Ghaedi et al. 2015). At pH above this

value, the surface becomes negative, and the positive ions

attracted on the surface according to electrostatic attrac-

tion. The estimated value of pH at point of zero charge

(4.2) shows the high tendency of these cationic species for

strong adsorption on the SF phase.

Fig. 3 TEM micrographs of a SF, b SF after adsorption of Cd(II), and c SF after adsorption of Zn(II)

Fig. 4 SEM photographs of

a SF, b SF after adsorption of

Cd(II), and c SF after adsorption

of Zn(II)
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The effect of pH on Zn(II) and Cd(II) adsorption was

examined in the pH range 2.0–8.0 using 50.0 mg of SF

(Fig. 5a). At lower pH values (2.0–4.0), the percentage

extraction of both Cd(II) and Zn(II) decreased significantly

due to the protonation of the hydroxyl moiety of SF and the

competition between protons and metal ions for binding

with the proposed phase (Ghaedi et al. 2013c). At pH

C 5.0, the percentage extraction of the two metal ions

gradually increases. At pH 5.0 and 6.0, the percentage

extraction values of Zn(II) were 23.4 and 74.47 %, and

metal capacities were 24.75 and 54.13 mg g-1. At pH

[ 6.0, the metal capacity values decreased as Zn(II) pre-

cipitated in the form of zincate (ZnO) and/or zinc hy-

droxides (Deliyanni et al. 2007). For Cd(II), the percentage

of extraction increased from 71.39 to 98.31 % and metal

capacities from 76.71 to 121.28 mg g-1 at pH range

5.0–8.0. At higher pH values ([8.0), Cd(II) usually pre-

cipitated and formed Cd(OH)2 species (Lv et al. 2005).

Finally, pH values of 6.0 and 8.0 were chosen for Zn(II)

and Cd(II), respectively, as optimum pH value.

Effect of adsorbent amount

The amount of adsorbent is important parameter for the

extraction of metal ion. As shown in Fig. 5b, increasing

weights of SF from 10.0 to 50.0 mg increased the % ex-

traction of Cd(II) from 78.61 to 98.3 %. Also, increasing

weights from 10.0 to 100.0 mg increased the % extraction

of Zn(II) from 65.4 to 95.0 %. This increase in extraction

percentage might have been attributed to the fact that in-

creasing the adsorbent dose provided a greater surface area

or more adsorption sites for the metal ions (Rengaraj and

Moon 2002). Additional increases in the amounts of SF

used from 150.0 to 300.0 mg and from 100.0 to 300.0 mg

for Zn(II) and Cd(II), respectively, did not significantly

affect the extraction percentage of the two metal ions due

to the saturation of the adsorbent surface by these ions.

Effect of extraction time

The adsorption capacity of SF toward Zn(II) and Cd(II) as

a function of time was studied (Fig. 5c). Increasing the

time from 10 to 30 min increased the uptake of Zn(II) and

Cd(II) from 41.07 and 112.89 to 54.13 and 121.28 mg g-1,

respectively, and reached equilibrium. So, for Zn(II) and

Cd(II), 30 min was chosen as the equilibrium time of ex-

traction. The data obtained were further used to evaluate

the kinetic parameters of the adsorption process.

Adsorption kinetics

The adsorption kinetics is one of the most important

characteristics, which represents the adsorption efficiency

of the samples (Ye et al. 2010). The kinetics data obtained

from batch experiments have been analyzed using the

pseudo-first order and pseudo-second order. The first-order

equation of Lagergren (Lagergren et al. 1898) is expressed

as

log ðqe � qtÞ ¼ log qe �
k1

2:303

� �
t; ð1Þ

where qt and qe (mg g-1) are the amounts of metal ions

adsorbed per unit weight of the adsorbent at time t and

equilibrium, respectively, and k1 (min-1) is the pseudo-

first-order rate constant of the adsorption process. The ki-

netic plots were drawn, and the adsorption rate constant

(k1 = 0.067 and 0.20) and adsorption capacity (qe = 5.96
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and 62.66 mg g-1) of Zn(II) and Cd(II) using SF, respec-

tively, were calculated from the slope and intercepts of

plots of log (qe - qt) versus ‘t.’ The calculated qe values

were far lower than the corresponding experimental values,

implying that the adsorption process has not fully followed

the pseudo-first-order adsorption rate expression.

The pseudo-second-order kinetic rate equation (Wu

et al. 2001) is based on the assumption that the adsorption

follows the second-order chemisorption. The linear form

can be written as Eq. (2):

t

qt
¼ 1

k2q2e
þ t

qe
; ð2Þ

where k2 (g mg-1 min-1) is the second-order rate constant

of adsorption. In the linear plots of t/qt against t, qe and k2
were evaluated for Zn(II) and Cd(II) from slopes and in-

tercepts as shown in Fig. 6. The calculated adsorption ca-

pacity values of Zn(II) and Cd(II) equal 54.95 and

122.85 mg g-1, respectively, were more consistent with

the experimental values (54.13 and 121.28 mg g-1) of the

predicted adsorption capacity, r2 = 0.999 and 0.999.

Therefore, the option exercised in favor of the pseudo-

second-order model better represents the adsorption ki-

netics and thus supports the assumption behind the model.

This suggests that the adsorption may be the rate-limiting

step involving valence forces through sharing or exchange

of electrons between adsorbate and adsorbent (Taty-Cost-

ades et al. 2003; Ho and McKay 1999).

Adsorption isotherm

The effect of Zn(II) and Cd(II) concentrations on the ad-

sorption capacities was examined using the batch proce-

dure at optimum conditions for extraction. The adsorption

characteristics of the two metal ions on SF, experimental

data, were evaluated using well-known adsorption isotherm

models of Freundlich, Langmuir, and Temkin. The two

linearized forms of Langmuir and Freundlich isotherms

were described by the following equation:

Langmuir isotherm: 1=qe ¼ 1=qmax: þ 1=qmax:KLCe; ð3Þ
Freundlich isotherm: log qe ¼ log Kf þ 1= n log Ce;

ð4Þ

where qe (mg g-1) is the amount of solute sorbed on the

surface of adsorbent, Ce (mg L-1) is the solution equi-

librium concentration of metal ion, qmax. (mg g-1) is the

maximum amount of metal ion which is taken up by the

adsorbent, KL (L mg-1) is Langmuir adsorption constant,

Kf (mg g-1) is Freundlich constant, and n is the hetero-

geneity factor which represents the bond distribution. KL

and qmax. can be calculated from the intercept and slope of

the linear plot, 1/qe versus 1/Ce in Langmuir isotherm

curve of Zn(II) and Cd(II) adsorption on SF. The KL

values were 0.764 and 0.268 while qmax. values were

212.77 and 314.47 mg g-1 with r2 = 0.9142 and 0.9130

for Zn(II) and Cd(II), respectively. On the other hand,

Kf and 1/n can be calculated from the intercept and slope

of the plot, log qe vs. log Ce (Fig. 7) in Freundlich iso-

therm curve. The Kf values were 5.188 9 104 and

1684.23 9 104, and 1/n values were 0.67 and 0.938 for

Zn(II) and Cd(II). The values of r2 were 0.995 and 0.978

for Zn(II) and Cd(II), respectively, which indicate that the

Freundlich isotherm fits the experimental data better than

the Langmuir model for adsorption studies of Zn(II) and

Cd(II) on SF adsorbent.

The heat of the adsorption and the adsorbent–adsorbate

interaction were evaluated using Temkin isotherm model

(Temkin and Pyzhev 1940) which is given by the following

equation
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Temkin isotherm: qe ¼ B1 lnKT þ B1 lnCe; ð5Þ

where B1 is the Tempkin constant related to heat of the

adsorption (J mol-1), T is the absolute temperature (K),

R is the universal gas constant (8.314 J mol-1 K-1), and

KT is the equilibrium binding constant (L mg-1). The

values of the Tempkin constants and the correlation coef-

ficient (r2 = 0.975) are lower than the Freundlich value.

Therefore, the Tempkin isotherm represents a worse fit of

experimental data (Roosta et al. 2014) than the Langmuir

isotherm, but the Freundlich isotherm provides the best

correlation for the experimental data.

Column study

Effect of bed height

To investigate the effect of bed height on the breakthrough

curve of Zn(II) and Cd(II) ions adsorption onto SF phase,

other parameters such as the inlet concentration, flow rate,

and pH were kept constant. For T = 298 K, flow

rate = 1.0 mL min-1, Cin = 0.001 M, and pH 6.0 for

Zn(II) and 8.0 for Cd(II), it was observed that an increase

in column height from 0.2 to 0.5 cm leads to an increase of

the volume treated due to high contact time and an increase

in breakpoint time. The steepness of the breakthrough

curves is a strong function of the bed height (Fig. 8a, b).

Effect of flow rates

The rate of the flow of model solutions through the column

is one of the factors affecting the time needed for the de-

termination of the amount of metal ions and is directly

related to the time needed for the contact of the solution

with the adsorbent, thereby providing information about

the adsorption rate of the complexes on the sorbent (Bulut

et al. 2007). Therefore, the effect of the flow rate on the

uptake of Zn(II) and Cd(II) using SF was investigated

under the optimum conditions. The results for different

solution flow rates are shown for fixed bed height and inlet

adsorbate concentration in Fig. 9a, b. When the flow rate

increased from 1.0 to 5.0 mL min-1, the breakthrough

curve became steeper and the breakpoint time decreased.

The reason for this decrease is probably due to insufficient

contact of the metal ions and the adsorbent in order to

reach equilibrium.

Selectivity studies

In order to study the selectivity of the target metal ions in

presence of interfering ions, the procedure was performed

in presence of alkaline, alkaline earth, and transition met-

als. These metal ions often accompany Zn(II) and Cd(II) in

real samples. The anodic adsorptive stripping voltammetry

of Zn(II) and Cd(II) was investigated by the addition of the

interfering ion to the solution containing both metals at the

optimum conditions. The results of this study are summa-

rized in Table 1. These results obtained that co-existing

ions had no obvious influence on the extraction of Zn(II)

and Cd(II). Thus, the two metal ions can be determined in

different and complicated matrices.

Effect of ionic strength

In order to investigate the effect of ionic strength on the

extraction of Zn(II) and Cd(II), several experiments were
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Fig. 8 Effect of bed height on the uptake of a Cd(II) and b Zn(II) using SF at flow rate 1.0 mL min-1
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performed with different NaCl concentrations (0.0–1.0 M)

while keeping other experimental parameters constant. The

concentrations of both Zn(II) and Cd(II) were determined

through SWAdSV using standard additions method. The

results confirmed that salt addition had no significant effect

on the extraction process.

Desorption and regeneration

Studies of desorption are important in order to regenerate

the phase and recover the metal ions. In fact, regeneration

using acid or base treatment as ion-exchangers is not

adequate for SF phase because acid or base treatment may

increase the chance of hydrolysis of the bound complexing

agent (Soliman and Ahmed 2009). It was selected to use

another strong complexing agent such as EDTA to back

extract of Zn(II) and Cd(II) from the metal chelate formed

SF phase in the regeneration process. It was observed that

the result of extraction percentage determined after the

second extraction was similar to extraction percentage

found in the first one for both the two metal ions.

Analysis of real samples

Pharmaceutical samples

Due to the importance of analysis of Zn(II) in trace levels,

separation and enrichment of trace Zn(II) in complex

matrix should be considered. So, to verify the applicability

of the proposed method, it has been applied to analysis of

Zn(II) in pharmaceuticals, Calcitron, and Vita zinc cap-

sules, as shown in Table 2. Known concentration of Zn(II)

(0.5 mg L-1) was spiked into the drug samples solutions,

and the concentrations of Zn(II) in both solutions were

tested using standard additions method via SWAdSV

technique. The limit of detection (LOD) value of Zn(II)

was 0.102 mg L-1. The recovery values were 99.9 and

100.0 % for Vita zinc and Calcitron capsules,

respectively.

Rice and chocolate samples

To evaluate the ability of the developed method for ana-

lysis of real samples with different matrices containing
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Fig. 9 Effect of flow rate on the uptake of a Cd(II) and b Zn(II) using SF at bed height 0.2 cm

Table 1 Tolerance ratio of interfering ions on extraction of Zn(II)

and Cd(II) using SF phase

Co-

existing

ion

Added as Concentration

mg L-1
Recoverya

% Zn(II)

Recoverya

% Cd(II)

K? KCl 19545 96.3 ± 0.05 98.3 ± 0.1

Ca2? CaCl2 51.93 95.4 ± 0.02 97.5 ± 0.01

Cu2? CuCl2�5H2O 143.26 97.2 ± 0.1 95.8 ± 0.1

Ni2? NiSO4�7H2O 117.4 95.0 ± 0.2 97.5 ± 0.05

Mn2? MnCl2 109.8 95.0 ± 0.04 99.1 ± 0.1

a Average of three determination ± standard deviation (SD)

Table 2 Results obtained for Zn(II) determination in Calcitron and

Vita zinc capsules after adsorption using 100.0 mg of SF phase at pH

6.0 for 30 min

sample CSpiked

(mg L-1)

Cfound

(mg L-1)

Recoverya

(%)

Calcitron

capsules

- 0.646 -

0.5 1.24 100.0 ± 0.01

Vita zinc - 0.102 -

0.5 0.620 99.9 ± 0.01

a Average of three determination ± standard deviation (SD)
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various amounts of the target metal ion, the method has

been used for analysis of Cd(II) in rice and chocolate

samples solutions. The accuracy was checked by spiking of

known concentration of 1.0 mg L-1 of Cd(II) into the two

samples solutions. The technique SWAdSV tested using

standard additions method was used for the determination

of Cd(II) in these samples solutions. The calculated re-

covery values were higher than 99.0 % confirming the

accuracy and high sensitivity of the procedure and the

absence of matrix effects, Table 3. The limit of detection

(LOD) was calculated to be 1.43 9 10-3 mg L-1 for

Cd(II).

Water samples

Also, the developed method has been applied for Cd(II)

determination in water samples: drinking tap-water

(DTW), ground water (GW), mineral drinking-water

(MDW), and distilled water (DW). Analytical recovery was

assessed for two concentration levels, after spiking differ-

ent aliquots of 1.0 and 2.0 mg L-1 of Cd(II) into water

samples. The concentrations of Cd(II) were determined

using SWAdSV technique by standard additions method.

Results obtained are listed in Table 3. This procedure

presents high sensitivity and high recovery values between

99.0 and 100.5 %.

Analytical features

The method validation should be investigated in order to

check the accuracy and precision of the new proposed

extraction method. The results exhibited fairly good ana-

lytical performance as expressed by the acceptable accu-

racy, repeatability, and sensitivity. Table 4 showed the

obtained results which demonstrated the validity of the

used SF phase for determination of the spiked ultra-trace

amount of Cd(II) and Zn(II).

Comparison with other solid-phase extraction

methods

Extraction and determination of Zn(II) and Cd(II) using SF

were compared with the other solid-phase extraction

methods and other complicated adsorbents used for their

Table 3 Results obtained for Cd(II) determination in various rice,

chocolate, and water samples after adsorption using 50.0 mg of SF

phase at pH 8.0 for 30 min

Sample CSpiked (mg L-1) Cfound (mg L-1) Recoverya (%)

Rice – 1.43 9 10-3 –

1.0 2.44 9 10-3 99.5 ± 0.1

Chocolate – 3.23 9 10-3 –

1.0 4.33 9 10-3 99.7 ± 0.05

Water sample CSpiked (mg L-1) Cfound (mg L-1) Recoverya (%)

DW 1.0 0.99 99.0 ± 0.01

2.0 2.01 100.5 ± 0.1

GW 1.0 1.17 98.8 ± 0.05

2.0 2.2 99.4 ± 0.01

DTW 1.0 1.05 100.4 ± 0.05

2.0 2.1 99.4 ± 0.01

MDW 1.0 1.01 100.0 ± 0.01

2.0 2.0 100.0 ± 0.05

a Average of three determination ± standard deviation (SD)

Table 4 Specification of developed method at optimum conditions

for each metal ion

Parameters Zn(II) Cd(II)

Linear range (mg L-1) 0.5–1.24 1.0 9 10-3–5.0 9 10-3

Detection limit (mg L-1) 0.102 1.43 9 10-3

Recovery (repeatability) % 99.95 99.5

RSD (reproducibility) % 0.01 0.05

Metal capacity (mg g-1) 54.13 121.28

Table 5 Comparison of the proposed method with other solid-phase

extraction methods

Adsorbent Analyte Metal

capacity

mg g-1

Detection

system

Reference

DPCa-

immobilized

silica

adsorbents

Cd(II) 54.0 FAASb Bagheri et al.

(2012)

BHAPNc-SDSd-

Al2O3

Zn(II) 13.6 FAAS Ghaedi et al.

(2009)

DPC-

MWCNTse
Cd(II) 86.0 FAAS Behbahani et al.

(2013)

nano-Al2O3-

SDS-SASf
Zn(II) 8.5 DPASVg Rajabi et al.

(2014)

MWCNTs-

D2EHPA-

TOPO

Zn(II) 4.82 FAAS Vellaichamy

and Palanivelu

(2011)

Silica fume Zn(II) 54.13 SWAdSVh Present work

Cd(II) 121.28

a Diphenylcarbazide
b Flame atomic absorption spectroscopy
c Bis (2-hydroxyacetophenone)-1,3-propanediimine
d Sodium dodecyl sulfate
e Multiwalled carbon nanotubes
f Sodium salicylaldehyde-5-sulfonate
g Differential pulse anodic stripping voltammetry
h Square-wave adsorptive anodic stripping voltammetry
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extraction. From the results in Table 5, SF showed great

adsorptive ability toward Zn(II) and Cd(II) than the other

adsorbents. Furthermore, it illustrated an alternative pro-

cedure to technique such as SWAdSV for determination of

Zn(II) and Cd(II) at trace levels.

Conclusion

A simple, fast, and selective solid-phase extraction proce-

dure, based on SF, for the determination of Zn(II) and

Cu(II) has been developed. Compared with other solid

phases, SF has the advantages of simple, high-capacity

factor, and low limit of detection. This method can selec-

tively separate Zn(II) and Cd(II) from other metal ions. The

sorption of Zn(II) and Cd(II) on SF phase was fitted well

with Freundlich model with r2 = 0.995 and 0.978 along

with fast kinetics obeying pseudo-second-order type and

r2 = 0.999 and 0.999 for Zn(II) and Cd(II), respectively.

Also, the proposed method has been applied to determine

Zn(II) and Cd(II) in pharmaceutical and environmental

samples, respectively, with high recovery values and no

matrix interference.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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