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ABSTRACT

A new solid phase extraction method using hair as a adsorbent has been developed for
beryllium(I) prior to its spectrophotometric determination using chrome Azurol S. The
effects of various variables such as pH, sample and eluent flow rates, eluent volume and
concentration, sample volume, and interfering ions on the quantitative recoveries of
beryllium(II) were investigated. The multivariate strategy was applied to screen out the
multifactor and estimate the optimum values of experimental factors for the recovery of
beryllium(Il) using solid phase extraction. Calibration graph was linear in the range of
0.046-20 pg L' with correlation coefficient (+*=0.987). The sensitivity (limit of detection
(LOD)) and selectivity (preconcentration factor) of the proposed methods were 0.028 and 50,
respectively. Validity and accuracy of the developed solid phase extraction method were
checked by analysis of a certified reference water for Trace Elements (TM-28.3) and a real
water samples by standard addition method, the relative recoveries >96% were obtained.
The method was successfully applied for the determination of beryllium(I) in natural water
samples.

Keywords: Beryllium; Chrome Azurol S; Solid phase extraction; Multivariate study;
Spectrophotometry; Water samples

1. Introduction

Beryllium has wide applications in the modern
world due to its unique properties [1]. It is one of the
most toxic non-degradable elements to be found at
trace levels in natural and waste water sample, which
create a number of health problems [2,3]. Therefore,

*Corresponding author.

the determination of beryllium(I) ions in natural
water is very important due to their wide industrial
and other application [1,4]. Different national guide-
lines suggested that beryllium(I) concentrations
should not exceed a limit of (0.1 ugL™") for tap water
and (0.2 pg L") for surface water [5]. The average con-
centration of beryllium(Il) in natural water is in ngL™"
range [6]. Therefore, sensitive and accurate methods
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are required. Different techniques have been used for
the determination of beryllium(Il), which includes
spectrofluorimetry [7], gas chromatography [8,9],
atomic absorption spectrometry (AAS) [5,10-12],
inductively coupled plasma atomic emission spectrom-
etry [13,14], inductively coupled plasma mass spec-
trometry [15], and spectrophotometric method [16].

Preconcentration-separation methods are required
due to trace levels of beryllium in environmental sam-
ples than the detection limits of instrument and inter-
ference of matrix components of real samples [17-21].
The SPE is an attractive and most popular method in
the field of separation science. Various solid phase
extractors [22-28] have been used for screening of
metals from different environmental samples. Natural
sorbent has become an attractive tool for SPE due to
their higher retention capacity and selectivity [29-32].
It is well documented that limited work has been done
on sorption of metals on hair [33]. The surface mem-
brane of human hair is coated with a monolayer of
fatty acids which mostly consists of 18-methyleicosa-
noic acid and it can be used as active sites for metal
binding for preconcentration [34-36].

We used human hair as solid phase extractant for
selective separation and preconcentration of beryllium
(I) from natural water samples. A multivariate opti-
mization strategy was employed to found the best val-
ues of experimental and theoretical values which were
applied for optimum recovery of understudy analyte.

2. Experimental
2.1. Apparatus

A Hitachi 150-20 double beam spectrophotometer
equipped with a pair of 1cm pathlength quartz cuv-
ettes was used for absorbance measurements. For pH
adjustments, a pH meter, Nel pH-900 (Ankara-Turkey)
model glass-electrode was wused. A Perkin-Elmer
Model 700 (Norwalk, CT, USA) AAS equipped with a
deuterium background correction system and electro-
thermal atomizer (HGA-800) was used to confirm
results obtained by the spectrophotometric method.
Beryllium(II) was measured at 234.9 nm with a hollow
cathode lamp and a slit width of 1nm. The graphite
furnace program for beryllium(Il) determination was
adopted from previously reported method [37].

2.2. Reagents

Chrome Azurol S dye (CAS) purchased from
Sigma Co. (0.1%, w/v) stock solution was prepared by
dissolving 0.1 g in ethanol in a 100mL volumetric
flask. Allow the solution to stand for several days, fil-
ter and store in dark bottle. The solution was stable
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and can be stored for several weeks. Standard solu-
tions of beryllium were prepared by the dilution of
certified standard solution (1,000mgL™") from the
Fluka Kamica (Bush, Switzerland). Working solutions
were prepared by adequate dilution of the stock solu-
tion. All reagents and solvents used in experimental
work were of analytical grade.

2.3. Adsorbent and column preparation

Human hair used as adsorbent was stirred in dis-
tilled water and the supernatant liquid was decanted
to remove floating skin debris and non-hair objects.
The residue was washed with synthetic liquid deter-
gent and rinsed thoroughly with distilled water. Then
hair samples were washed with 0.5molL™" HNO;
solutions to remove residual sorbed metals, rinsed
thoroughly with distilled water and dried at 50°C. The
glass column with a stopcock and porous disk, was
10cm long and 1.0cm in diameter. The column was
filled with 1.0 g of hair. A small amount of glass wool
was used to prevent the leakage of adsorbent.

2.4. General procedure

Duplicate of each aliquot (20-600 mL) of standards
and samples containing beryllium(Il) was taken in a
beaker and diluted with deionized water to the desired
volume. Subsequently, pH of the solutions were
adjusted to 6.0 with 0.1 molL™" NaOH or 0.1 molL™"
HNOg, then allowed to pass through the column at the
rate of 3.0-7.0 mL min~". The effluent from the column
was collected in a volumetric flask. The column was
then washed with 5mL of acetate buffer solution at
pH 6.0. The retained metal ions were eluted from the
column by 10mL of mixture of acidic ethanol with a
flow rate of 2.0-5.0mLmin"'. Then effluent was trea-
ted with 1,000 uL of CAS (0.1% w/v) at pH 4.0. The
solutions were kept for 6 min to allow complete color
development and then absorbance was measured at
567.5 nm against a reagent blank. A blank solution was
also run under the same conditions without standards
and real samples. Calibration was performed using
aqueous standard solutions submitted to the same SPE
procedure as described above. The computer programs
(Minitab 13.2 Inc., State College, PA, USA) and STAT-
ISTICA computer program 2007 (PA, USA) were used
for the calculations.

2.5. Design of experiments

The designed experiments were made by statistical
tools for the investigation of response of variables that
influence the analytical procedure [38-40]. The designed
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experiments are basically consisting of four phases: plan-
ning, screening (Plackett-Burman design (PBD)), optimi-
zation (central composite design), and verification.

2.6. Plackett—Burman design

The PBD is used to screen out the multifactor and
derive valid and robust statistical significant factors
that influence the applied procedure. It is one of the
widely applicable statistical experimental designs for
data interpretation. To estimate, the optimum levels of
factors, two levels PBD with only 16 experiments was
developed. The low (-) and high (+) levels of all fac-
tors were specified in Table 1, while the factorial
design was evaluated using the analytical signal
(recovery %). The variables were screen out using a
Pareto chart. The chart displays the absolute value of
the effects and draws a reference line on the chart.
Any effect that extends, past the reference line, is
potentially important (p =95.0%) shown in Fig. 1.

Table 1
Variable and levels used in PBDs for the factorial design
Low High
Variables Symbol (-) +)
pH P 3 11
Flow rate of eluent (mL min ) FE 2 5
Flow rate of sample (mL min~ 1) FS 3 9
Concentration of eluent (mol L™}) CE 1 3
Volume of eluent (mL) VE 3 13
Sample volume (mL) 5\ 20 600
Pareto Chart of the Standardized Effects
(response is % R, Alpha = 0.05)
2.571
0 1 2 3 4 5

Standardized Effect

Fig. 1. Pareto chart for the significance of response of the
variables: pH (P), FS, FE, VS, CE, and VE.
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2.7. Central 2°* star orthogonal composite design

A central 2°* star orthogonal composite was used
as surface response design. About 10 min for all cases.
The experimental field definition for this design is
given in Table 1, while Table 3 shows the central com-
posite design together with the % response obtained
for Be. After screening out the key variables with
insignificant effect on the procedure were kept at opti-
mum levels. A central 2°* star, orthogonal composite
design with six degree of freedom and involving 16
new experiments was performed to optimize the vari-
ables, flow rate of sample (FS), pH (P), and concentra-
tion of eluent (CE) as shown in Table 2.

3. Result and discussion
3.1. Optimization of experimental variables

Six factors, such as pH, FS and eluent, samples vol-
ume, concentration, and volume of eluent (VE) were
selected to investigate the effect on the efficiency of
proposed method. These variables along with their
low (-) and high (+) levels are described in Table 1.
The combination of all the variables from a low level
to a high level was examined (Table 2) and screen out
using a Pareto chart of the standardized effect (Fig. 1).
From inference tests, the results produced a minimum
t-value at the (95.0%) confidence interval of 2.57, and

Table 2
Central 2°* star orthogonal composite design (1n=16) for
the set of (FS), (?), and (CE)

Experiments A (FS) B (P) C (CBE) % Recovery
1 JF° WP° L£° 99
2 + - - 30
3 - + - 32
4 + + - 38
5 - - + 31
6 + - + 35
7 - + + 37
8 + + + 28
9 - - - 16
10 -.F WP° L£° 28
11 JF? HP° L° 16
12 .F° P! LC° 28
13 JF° WP? L£° 32
14 .F° wP° C! 40
15 o F° »P° £? 70
16 JF° WP° L£° 98

Notes: ,F' =1.63mLmin"?, ;F?=8.36 mL min" !, ,F°=5.0mL min".
WP'=027, \P>=12, ,P°=7.
C'=0.318mol L7}, C2=3.7mol L™}, .C°=2mol L.
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we consider that a factor is significant when the
t-value is higher than 2.57.

We investigated the effect of six variables such as
pH (P), FS, flow rate of eluent (FE), volume of sample
(VS), CE, and VE on the recovery of beryllium(II) by
multivariate technique. PBD was used as a screening
tool to monitor the single as well as interaction of
variables. The results indicated that the PS, P, and CE
are statistically significant factors as shown in Fig. 1.
Sampling flow rate is the most significant factor. It is
directly related to the contact of solution with the
solid phase, thereby providing information about the
adsorption rate of beryllium(II). pH is the next impor-
tant variables which have vital role on adsorption to
adsorbent and subsequent extraction. CE was also
statistically important variable for the optimum recov-
ery of beryllium(I). The interaction of two variables
(FSxFE) has the most significant effect as compared
to other interaction (Fig. 1). Selected levels of VE, FE,
and VS for the proposed procedure showed no signifi-
cant effect <2.57. The significant effects of understudy
variable on the recovery of beryllium were found in
decreasing order of PS>pH>CE>VE>FE>SV as
shown in Fig. 1.

3.2. Optimization by central composite design

After screening the variables, three factors (FS, P,
and CE) were optimized to provide the maximum
recovery of beryllium(Il) and other three variable, VE,
FE, and SV were kept at optimum levels. A central 2°*
star orthogonal composite design with six degree of
freedom and involving 16 new experiments was used
to optimize the effect of significant variables (Table 2).
The study of estimated response surfaces data for
variables, [FS]/[pH] and [FS]/[CE] on the % recovery
of beryllium(II) is shown in Figs. 2(A) and 2(B).

After plotting three-dimensional (3D) surfaces
response between [FS]/[P], calculation was made
using quadratic equation to calculate the theoretical
values of variables at which 100% recovery can be
obtained. It was observed in experiments 1 and 16 that
at optimum levels of all three variables (aPO, bEO, and
CCO), the % recovery of beryllium(Il) was 98-99%,
while other variables were at optimum levels: VE (10
mL), SV (500 mL), and FE (2mL min ™).

It was observed that at low level of FS the recovery
of Be was <20% (experiments 3, 5, 7, and 9 as shown
in Table 2). On the other hand in experiment 10, the
higher FS (8.36 mL/min) also indicate decreased
recovery of beryllium(I). The pH is considered as
another important factor for metal chelate formation.
The results indicated that high recovery of Be was
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Fig. 2(A). 3D surface response for % recovery of beryllium
by SPE. Interaction b/w [FS] (mL min~") and [pHI.
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Fig. 2(B). 3D surface response for % recovery of beryllium
by SPE. Interaction between [FS] (mLmin') and [CE]
(molL7Y).

obtained at pH 7 (experiments 1 and 16), while, at (-)
levels <35% recoveries was achieved at different val-
ues of other variables. Decreased beryllium(Il) extrac-
tion efficiency was observed in experiment 13, where
pH higher than optimized value, same trend was
observed at minimum level of pH.

The study of estimated 3D surfaces response for
variables ([FS-pH] and [FS-CE]) was estimated by
quadratic equation, indicated that the 100% recovery
of Be was observed at optimum values of FS
(4.62mLmin ") and CE (1.68 mol L"), and pH 6.4 was
required as shown in Figs. 2(A) and 2(B).
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3.3. Interferences

The influences of various cations and anions on
the presented procedure were checked using model
solutions contain different standards of cations. The
tolerance limit of coexist ions is defined as the largest
amount making variation of less than 5% in the recov-
ery of beryllium(Il). To perform this study, solution

Table 3
Effect of foreign ions on the preconcentration and determi-
nation of (5 pg L™ beryllium

Interference/
analyte
Coexisting ions amount
Ba*, Mg**, Ca®*, Na*, K*, PO;~, CI7, SO~ >10,000
HCO%~
Cr**, Fe®*, Zn* 3,000
Cd?*, Pb*? 1,000
AP, Fe¥*, Co**, Ni?* 700
Table 4

Analytical characteristics of the method

Calibration equation (C in pg LY A=0.062C +0.049

Concentration range (ugL™") 0.046-20
LOD? (ugL™") 0.028

R? (correlation coefficient) 0.995
Repeatability (RSD%)® (1 = 10) 45 Gugl™
Preconcentration factor® 50.0

“LOD. Calculated as three times the SD (30) of the blank signal.
PBeryllium concentration was 5ugL™" for which the RSD was
obtained.

“Calculated as the ratio of slope of preconcentrated samples to that
obtained without preconcentration.

Table 5
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containing 5.0 pg L™" of beryllium(II) at different inter-
ference to beryllium(ll) ratio was subjected to the
developed procedure (Table 3). Cations and anions
given in Table 3, which are presented in the natural
water samples, did not interfere with the subsequent
extraction of beryllium(II).

3.4. Analytical figures of merit

The calibration graph was linear with a correlation
coefficient (+*) of 0.9954 at the concentration range of
(0.046-20 pg L™") at optimum levels of all understudy
variables. The reliability and precision of the method
were checked by the relative standard deviation of 10
measurements on a solution containing 5.0 ugL™
beryllium(I). LOD is defined as the concentration
equivalent to three times of the standard deviation of
10 measurements of the blank and preconcentration
calculated as the ratio of slope of samples to that elu-
ent volume (Table 4).

Reliability of the method was also checked by spik-
ing standards addition methods of beryllium(I) certi-
fied reference water for Trace Elements (TM-28.3) and
at three concentration levels (0.2-1.0 ugL™") in a canal
water and tap water samples as shown in Table 5. The
recovery values are higher than 95% which confirmed
the reliability of the methods and its independence
from the matrix effects.

3.5. Application

The method was applied to spectrophotometric
determination of beryllium(I) in fresh surface water
samples. The fresh surface water of sea was collected

Determination of beryllium in real water, certified reference waters for Trace Elements (TM-28.3) samples by desire

method and GFAAS, N=4

Measured values (ug L")

Recovery (%)

CRM Certified values (ugL™)

(TM-28.3) Spectrophotometry GFAAS Spectrophotometry GFAAS
3.34 3.30+0.20 3.31+£0.30 99 99

Samples Added (ugL™) Measured (ugL™") Recovery (%)

Canal water 0 0.22 +0.04° 0.23 +0.02° - -
0.2 0.42 +0.02 0.43+£0.04 100 100
0.5 0.71+0.05 0.70 +0.06 99 96
1.0 1.20 +0.09 1.21+0.10 98 98

Tap water 0 0.12+0.01% 0.13£0.01% - -
0.2 0.32+£0.02 0.32£0.03 100 97
0.5 0.61+0.03 0.62 +0.04 98 98
1.0 1.09 +0.09 1.11+0.10 97 98

Mean = SD
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Table 6
Comparative data of analytical characteristics of the enrichment methods for beryllium
Preconcentration method Techniques Enrichment factor LOD (ugL™) Ref.
SPE FAAS - 0.045 [41]
SPE Spectrophotometry 50 0.02 [42]
SPE FAAS 200 0.20 [4]
SPE GFAAS - 0.18 [43]
CPE Spectrophotometry 20 0.51 [44]
ICM Ion chromatography 46 3.0 [45]
CPE Spectrophotometry - 0.92 [46]
CPE Spectrophotometry - 0.9 [47]
SPE GFAAS - 0.0023 [21]
SPE GFAAS - 0.006 [48]
SPE Spectrophotometry 0.0004 [49]
SPE Spectrophotometry 50 0.028 Present work

in 2012 from different sampling sites of sea at Balike-
sir-Turkey. All water samples were filtered through a
0.45pum pore size membrane filter, to remove sus-
pended particulate matter. Then applied proposed
method and determined spectrophotometrically. The
concentrations of beryllium(Il) in fresh surface water
samples were found as shown in Table 5.

4. Conclusions

An effective method for enrichment and determi-
nation of beryllium(Il) has been achieved by SPE
using human hair as an adsorbent prior to their spec-
trophotometer determination. Trace- and ultratrace
levels of beryllium(II) in natural water samples could
be obtained with high repeatability and spiked recov-
eries. The recently used SPE is comparatively sensitive
and superior in term of lower detection limits. The
method has competitive analytical tool and an alterna-
tive of the traditional methods for the analysis of trace
level of beryllium(I). The proposed extraction method
has significant reproducibility and reliability by analy-
sis GFAAS and UV-vis spectrometric methods. A high
preconcentration factor and low LODs achieved in this
work are comparable with literature reported works
[4,21,41-49] in Table 6.
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