UNDER PEER REVI EV

N o o0 b WN

g

11
12

13
14
15
16
17
18
19
20
21

Original Research Article

A Sequential Determination for the Arsenic Species in
Fish and Honey Samples by Cloud-Point Extraction
Coupled with Hydride Generation Atomic Absorption
Spectrometry

ABSTRACT

Aims: To develop a new sequential approach for the arsenic speciation analysis in some
food samples by cloud point extraction (CPE) using two new synthesized ligands, coupled
with hydride-generation atomic absorption spectrometry (HG-AAS).

Study design: All significant variables for both As (lll) and As (V) species that affect the
separation and determination steps were studied by one factor-at-a-time (OFAT)
optimization.

Place and Duration of Study: Department of Chemistry, College of Science for Women,
University of Bagdad, Baghdad, Iraq between October 2012 and May 2013.

Methodology: The method involved the complexation of As (lll) with 7-(6-BrBTA8HQ) and
As (V) with 7-(6-MBTA8HQ) at certain pH values. Then the two complexes were individually
extracted into a non-ionic surfactant (Triton X-114) and separated by centrifugation from
which the two species were determined by means of HG-AAS. The established method was
applied to the determination of the two As species in the selected fish and honey samples
with satisfactory results where the detection limits of the method in the sample were of
0.0033 and 0.0065 pg g for As (Ill) ; 0.0063 and 0.0125 pg g™ or As(V) in fish and honey
samples

Results: Under the optimum established conditions, the enrichment factor of 80 and 73.7
fold were obtained for As (lll) and As (V) respectively, leading to detection limits of 1.3 ng
mL" of As(lll) and 2.5 ng mL" for As(V) in aqueous solution. The Beer's law was obeyed in
concentration range of 1.5-100 ng mL" for As (N, and 4-150 ng mL" for As (V) .The
accuracy of the method was checked by standard additions procedure. The percent
recoveries of As (lll) and As (V) were found to be in the range of 98.3-99.3% and 98-101.6%
respectively.

Conclusion: The establish method avoids the steps of oxidation/reduction of As species
giving good analytical figures of merit , being most suitable for the determination of two As
species in the selected samples and other food matrices.

Keywords: As(lll). As(V), Speciation, New ligands, Cloud-point extraction(CPE) , Hydride
generation Atomic absorption Spectrometry(HGAAS),

1. INTRODUCTION

Arsenic mainly occurs in two oxidation states and may form several inorganic and organic
species with very different physicochemical properties [1]. Inorganic compounds of As are
more toxic than their organic counterpart. The toxicity of As (lll) is 10-20 times higher than
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that of As (V) and almost 70 times more toxic than the methylated species [2]. Many
epidemiological evidences show that arsenic in drinking water causes diseases such as skin
cancer and several internal cancers, especially lung, bladder and kidney cancers, even
when trace arsenic is ingested due to it binds to enzymes, which are inhibited for
functioning[3-4]. In fact, recent irregular anthropogenic activities have resulted in worldwide
arsenic contamination problems. To protect human life from the exposure of this element,
WHO has recommended the maximum permissible limit for arsenic in water as 50 pg L [5]
and the provisional tolerable weekly intake (PTWI) for inorganic arsenic indicated by the
Joint FAO/WHO Expert Committee on Food Additives is 0.015 mg kg'1 body mass/week [6].
It was reported that more than 90% of the total arsenic ingested comes from fish. However,
less than 3% of the As in fish is present in the inorganic form (arsenite or arsenate) [7]. In
light of this information, speciation analysis of arsenic seems exactly to be of prime
importance from point of view for health impacts to obtain sufficient information on its toxicity
and biotransformation at different oxidation states.

It was reported that direct determination of As species is absolutely a difficult assignment
even if more sophisticated instrumentation are employed due to the lack of selectivity and
insufficient sensitivity. Thus separation and preconcentration procedures is needed before
their detection by instrumental techniques. The most widely used procedures for separation
| preconcentration of the speciation of As (lll) and As (V) that coupled with different
instrumental techniques involving liquid-liquid extraction [8], solid phase extraction [9-13],
liquid-liquid microextraction [14-15], ionic exchange [16-17], microwave-assisted extraction
[18], ion exchange chromatography [19] gas-diffusion [20], ultrasonic extraction [21],
hydride generation [22-25]. Although some of these methods give relatively good
enrichment factors, but they use somewhat much organic toxic solvent and forming
secondary waste, matrix interferences, restricted in using with specific instruments, relatively
expensive, some are not always available in many laboratories and time consuming [26-27].
Recently, cloud point extraction (CPE) which uses surfactants as a mediating solvent has
emerged as a promised alternative tool compared with the above mentioned extraction
methodologies due to its high enrichment factor, versatile, simple, fast, cheap and
environmentally-friendly procedure. Accordingly, number of reports has recently been
published in the chemical literatures concerning the speciation determination of arsenic in
different matrices by using CPE combined with different detection systems [27-31]. The
main limitation for the most reported methods was the only one form of these species
extracted and determined, while other species has found by subtracting from total amount of
species. To overcome this limitation, the separation and preconcentration of both species by
CPE before detection will avoid the analyst of using other methods such as reduction and/or
oxidation procedures to convert one species to another.

In the present work, we have attempted to develop a method based on a sequential
determination of As(lll) and As (V) by coupling CPE with hydride-generation atomic
absorption spectrometry ( HGAAS) using two synthesized ligands made in our laboratory,
namely, 7-(6-Bromo 2-benzothiazoly azo) 8-Hydroxyquinoline [7-(6-BrBTA8HQ)] as
chelating agent for As(lll) and 7-(6-Methoxye 2-benzothiazoly azo) 8-hydroxyquinoline [7-(6-
MBTA8HQ)] for As (V) in aqueous and sample solutions, and Triton X-114 as a mediating
extractant. The established methods were exploited for a sequential determination of As
speciation analysis in fish and bee honey samples.

2. EXPERIMENTAL
2.1 Apparatus

Atomic absorption measurements for arsenic species were carried out using a Double-Beam
Atomic Absorption Spectrophotometer AA-6300 (Shimadzu corporation, Kyoto, Japan),
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equipped with a quartz T-tube cell and hydride vapor generation system HVG-1 (P/N: 206-
17143). The HVG-1 is a continuous flow system comprises the peristaltic pump for sending
the sample, and reagent solutions to the reaction coil. AAS instrument is provided with
background corrector BGC-D, and whole system can run with AA WizAArd software in flame
mode. The instrumental conditions used for arsenic speciation determination were as
follows: wavelength, 193.7 nm; lamp current, 12 mA ; slit width, 0.7 nm flame type, Air-C,H,
with air and acetylene flow rates at 7.0 and 2.0 L min1, respectively . Integrated
absorbance (peak area) was used for signal evaluation due to give a stable
absorbance in almost 30 s. Generated arsine by HVG-1 was carried out according to
instruction manual with little modifications. Generated arsines were swept to gas-liquid
separator by argon (purity 99.9%) as the carrier gas at a pressure of 250 kPa and then to T-
shaped absorption cell heated to approximately 900 °C in an air-acetylene flame. A
microprocessor pH meter 211 model (Triup International Corp, Italy) with a combined
electrode was used for pH measurements

2.2 Materials and Reagents

All chemicals used were analytical reagent grade. Deionised water was used in aII
experiments. Stock standard solution of As(lll) ata concentration of 1000 pg mL™’
was prepared by dissolving 0.1320 g of As,0O; (BHD, England) in 2.0 mL of 1.0 M NaOH
(Fluka, Germany) and to this solution 5 mL of 1M HCI (BHD, England) was added and the
volume was completed to 100 mL with water. The stock solution of 1000 pg mL™ As(V)
was prepared by dissolving 0.4164 g of Na,HAsO, (Fluka, Germany) with small amount
of water and diluted to 100 mL with water. The working standard solutions of both species
were prepared freshly by appropriate diluting of the stock standard solution with water.
Acetate buffer solutions at different pH were prepared by mixing appropriate amounts of
acetic acid and ammonium acetate (BDH, England). The aqueous solution (10% v/v) of
Triton X-114 (Acros Organic New Jersey, USA) was prepared by dissolving 10 mL of
concentrated solution in 100 mL water The sock complexing agent solutions (3.0 x 10° M of
7-(6BrBTA8HQ) and (5.0 x 10™ M) of 7-(6MBTA8HQ) were prepared by dissolving an
appropriate amounts in ethanol (BDH, England). Hydrochloric acid solution, 6M was
prepared by diluting appropriate amount of concentrated HCI (BDH , England) with
water. The reductant, a 3.0% (w/v) sodium tetrahydroborate solution, was prepared by
dissolving NaBH, (BDH , England) in 1.0% (w/v) NaOH (Fluka , Germany) and stored
in a polyethylene flask under refrigeration. All glassware used were kept in 10% (w/v)
HNO;for at least 24 h, and subsequently washed five times with water.

2.3 Synthesis and Characterization of Reagents

The synthesis and characterization of 7-(6-bromo2-benzothiazoly azo? 8-hydroxyquinoline
[7-(6-BrBTA8HQ)] used in work was previously published elsewhere ®? A 7- -(6-Methoxye 2-
benzothiazoly azo) 8-Hydroxyquinoline g -(6-MBTA8HQ)] was synthesised according to
general procedure described elsewhere ®¥. A 2-amino-6- -methoxy benzothiazole (3.6044 g,
0.02 mol) was dissolved in 25 mL of dlst|IIed water and 5 mL of concentrated hydrochloric
acid and diazotized below 5 °C with(1.38 g, 0.02 mol) sodium nitrite. The resulting diazonium
chloride solution was added drop wise with cooling to the solution of (2.903 g, 0.02 mol) 8-
hydroxyquinoline dissolved in 50 mL of distilled water and the mixture left in the refrigerator
overnight. The mixture was neutralized with dilute hydrochloric acid to (pH = 6.0). The solid
product was filtered off, washed with cold distilled water, crystallized twice from hot ethanol
and dried over CaCl, to glve red crystals. Yield, 86 %; mp 232-234°C;anal.calcd.for
C17H12N40,S5(336.37 g mol™") C, 60 70;H, 3.39;N, 16.6; S, 9.53; found C, 58.98; H, 3.12; N,
15.33; S, 10.06; IR(KBr) Vmax/cm™, 3425 ,(m, Ar-OH) 3170(w,Ar-H),2923(w,C-H aliphatic),
1650(s,v C=N), 1458(m,v N=N), 1388(m v C=C), 1334(m,v C-0), 1265(m,v C-N), 1095(m,v
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126 C-S),979(3 Ar-H ); '"HNMR(DMSO-d6, 298 K,) d/ppm) 3.425 (1H, O-CHj; ), 3.723 (m,1H, OH
127 ), 6.723 ( s, H, phenyl ), 7.709 ( s,3H, pyridyl, phenoyl ), 7.994 (s, H, phenyl) , 8.541 ( s,2H,
128 pyridyl, phenyl ) and 8.860 (s, H, pyridyl ). The chemical structure of 7-(6-Methoxy 2-
129  benzothiazolyl azo)-8Hydroxyquinoline abbreviated as 7-(6-MBTA8HQ) is shown in Figure 1.
130  The reagent is insoluble in water but very soluble in some organic solvent like methanol,
131 ethanol, acetone, DMS and DMF. The sulphur was determined gravimetrically by
132  mineralization of 7-(6-MBTA8HQ) with concentrated mineral acids (HNO3, HCI) and sulphate
133 was precipitated as BaSO,, dried, filtered and weighed.

134
CH,COOH, B ors S
ono Nz T, w, SR Q\C[ p—
10¢ 10C N
SCN

N N . ]

\>NH2 > \>N£NCI
135 '
136 HiCO S HaCO S
137
138 X
139 N N AN
140 >N£NCI + - = }N:N N/

=

141 HsCO s N HsCO S
142 OH OH
143
144 Fig. 1. Synthesis pathway of7-(6-Methoxye 2-benzothiazoly azo) 8Hydroxyquinoline
145 (6-MBTA8HQ)
146

147 2.4 General Procedure for CPE

148  To an aliquot of 2.5 mL of a solution containing known amount arsenic (lll) or arsenic(V)
149  standard or sample solution, 0.3 mL of 3.0 x 10° mol L 7-(6BrBTA8HQ) reagent solution
150  for As(lll), or 0.2 mL of 5.0 x 10" mol L 7-(6MBTA8HQ) reagent solution for As(V) ,1.5
151 mL of acetate buffer solution (pH = 4.0 for As(lll) or 5.0 for As(V) ), 0.2 mL of Triton X-114
152 (10%) for As(lll) and As(V) were mixed in a 5-mL standard flask and diluted to mark with
153  deionized water. The contents of the flask were transferred into a 10 mL centrifuging tube
154 and the phase separation was induced by heating the contents in a water bath at 60 °C for
155 10 min. Separation of the phases was accelerated by centrifuging at 3500 rpm for 15 min.
156 Without cooling, the surfactant-rich phases became viscous. Then, the aqueous phase could
157 be separated by using a syringe. Subsequently, a 0.5 ml of 0.1M nitric acid in ethanol was
158  added to the surfactant-rich phase in order to decrease its viscosity and the As(lll) content of
159  this solution was determined by means of HGAAS. For As (V), 1mL of 10 % w/v Kl plus
160  0.3% wl/v ascorbic acid and 2 mL of concentrated HCI were added to the surfactant-rich
161 phase (this solution was left to stand for 1 h prior to analysis) and then the content of As (V)
162  was determined by using HGAAS.

163

164

165 2.5 Preparation of Fish Samples

166 Fish samfle solution was prepared according to the procedure adopted by Prester and
167  Blanusa “* using acid digestion in closed tubes. About 4 g of homogenized fish was first
168 digested with 2 mL of concentrated nitric acid in closed borosilicate glass tube overnight at
169 room temperature and then the next day at 80 °C for five hours in a programmed water
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bath WB 710 model (OPTIMA, Japan). After digestion samples were cooled at room
temperature (25+5°C) and the volume adjusted to 10 mL with water. 0.5 mL aliquot of the
final solution were extracted and analyzed for arsenic species according to the prescribed
general procedure for CPE and determined by means of HG-AAS.

2.6 Preparation of Honey Samples

The honey samples were slightly heated in a water bath at 40 OC for 2 h to decrease honey
viscosity, and homogenization in order to facilitate the handling of sample aliquots 39) " After
cooling, aliquots containing 5 gm of each sample were weighed directly into PTFE flasks, to
which 0.5 mL of HNO; + 0.5 mL of H,O, were added and the mixture allowed to stand for 12
h. Subsequently, the flasks were closed with screw caps and heated to 100 °C for 3 h. After
cooling at room temperature, the flasks were opened, the resulting solution transferred to
graduated polypropylene vials and the volume brought to 25 mL by adding 0.5 M HCI. The
aliquots of the final solution were extracted and analyzed for arsenic species according to
the prescribed general procedure for CPE and determined by means of HG-AAS

2.7 Statistical analysis

All mathematical and statistical computations were made using Excel 2007 (Microsoft Office)
and Minitab version 14 (Minitab Inc., State College, PA, USA).

3. RESULTS AND DISCUSSION

3.1 Optimization of CPE procedure

The influence of different analytical parameters which impact the CPE procedure for the two
species such as, pH, concentration of reagents, amount of non-ionic surfactant, temperature
and incubation time were studied using one factor-at-a-time (OFAT) strategy in searching of
the optimum conditions to maximize recovery percentage and other figures of merit such as
sensitivity and detection limit of both species in the selected matrices.

3.1.1 Effect of pH

In CPE, The pH of solution is one of the most important factors affecting the formation of
complexes and their subsequent extraction in the micelle-mediating solvent “°. In order to
evaluate the impact of pH on absorbance of complex formation of As (lll) with7-(6-
BrBTA8HQ) or As (V) with7-(6-MBTA8HQ), the experiments were conducted by varying the
pH from 3 and 9. It can be seen that the maximum absorption signal obtained at pH 4.0 and
5.0 for As (Ill) and As (V) complexes were at pH 4.0 and 5.0 (Figure 2) . Thus, pH 4.0 and
5.0 were selected as the optimum pH for complete formation of for As (Ill) and As (V)
complexes respectively.
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——As+3

—B—As+5

Fig. 2. Effect of pH on the formation of 7-(6-BrBTA8HQ) complex formed with As (lll)

and 7-(6-MBTA8HQ) complex formed with As (V).

3.1.2 Effect of Complexing Agents Concentration

The effect of 7-(6-BrBTA8HQ) and7-(6-MBTA8HQ) concentrations on absorption signals of
were studied by varying the volume of each reagent from
0.1-0.6 mL of 3x10°of 7-(6-BrBTA8HQ) and 5x10™of 7-(6-MBTA8HQ) . It was shown (Figure
3) that the maximum absorbance of both As (lll) and As (V) were optimum at 0.2 mL.
Beyond this volume, any excessive amount of chelating reagent was not necessary (Figure
3). Therefore, 0.2 mL of 3x10°of 7-(6-BrBTA8HQ) and 5x10™of 7-(6-MBTA8HQ) were used

50 ng mL™" of As(lll) and As(V)

for further experiments.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Absorbance

—4+—As+3

—a—As+5

0

0.1

T T T

0.2 0.3 0.4
Reagent volume /mL

0.5

T 1

0.6 0.7

Fig. 3. Effect of concentration of 7-(6-BrBTA8HQ) / 7-(6-MBTA8HQ) on the CPE of As

(I)/As (V)
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3.1.3 Effect of Triton X-114 amount

The influence of Triton X-114 amount on the CPE of As (lll)-7-(6-BrBTA8HQ) and As (V)-7-
(6-MBTA8HQ) complexes were investigated within the surfactant volume range of 0.05 — 0.4
of 10% (v/v) (Figure 4). It can be seen that the optimum quantity of both complexes species
was extracted at the volume 0.2 mL of 10% (v/v) Triton X-114 and thus chosen for further
experiments.

0.9 - ——As +3

0.8 4 ~8— As+5
0.7 -
0.6 -
0.5 -
0.4 1
0.3 1
0.2 4
0.1 1

Absorbance

0 0.1 0.2 0.3 0.4 0.5

Triton X-114 volume/ mL

Fig. 4. Effect of amount of Triton X-114 on the CPE of As (lll)/As (V).

3.1.4 Effect of Equilibration Temperature

Figure 5 shows the effect of equilibration temperature on the absorption signal of both
complexes species by varying temperature from 30 to 80 ° C at incubation time of 15 min.
The experimental results showed that the maximum signal intensity for As (Ill) and As (V)
was attained in the range of 50 — 70 °C. Thereafter, the CPE efficiency of the analytes was
decreased by increasing temperature. Therefore, an equilibration temperature of 60 °C for
maximum extraction of As (lll) and As (V) was chosen as optimal.

0.9 4 ——As+3
0"' -
0.6 4
0.5 4
0.4 1
0.3 4
0.2 4
0.1

0 L . L g
20 40 60 80 100

Temp /°C

Absorbance

Fig. 5. Effect of equilibration temperature on the CPE of As (lll)/As (V).
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3.1.5 Effect of Incubation Time

The influence of the incubation time was investigated in the range of 5 — 30 min at 60 °C. It
was also observed that the incubation time of 15 min is sufficient for the maximum
absorption signal of As (lll) - 7-(6-BrBTA8HQ) and As (V) - 7-(6-MBTA8HQ) complexes
(Figure 6). The effect of centrifugation rate and time was also investigated on extraction
efficiency. A centrifuge time of 10 min at 3500 rpm was selected for the entire procedure as
being optimum and beyond this time no confirmation was observed for improving extraction
efficiency.

l -
0.9 4
0.8 4 - - i -
2 0.7 A
£ 06
-
5 0.5 4
2 04 .
- 5
0.3 1
02 - ——As +3
O.‘l- —&— As +5
0 T T T T T \
0 s 10 15 20 25 30 35
Time /min

Fig. 6. Effect of incubation time on the CPE of As (lll)/As (V).

It is worth noting that the absorbance signal obtained from As(lll)- 7-(6-MBTA8HQ) complex
is higher than those of As(V)- 7-(6-BrBTA8HQ) in all the aforesaid CPE optimization
procedures. This may be ascribed to the possibility of As (lll) ions to form more stable
complex with 7-(6-MBTA8HQ) at its specific pH than those of As (V) with7-(6-BrBTA8HQ).
Additionally, there might be some lose of As (V) or incomplete conversion to As (lll) when
reaction of As (V) complex with Kl and ascorbic acid in the treatment of surfactant-rich phase
before its injection to HG system leading to poor sensitivity. However, more optimization is
needed for As (V) with Kl and ascorbic acid at this stage to ensure the complete conversion
to As (1) before subjected to hydride generation process.

3.2 Analytical Figures of Merit

Under the optimized conditions, the calibration graphs were constructed by plotting the
absorbance signal against the concentrations of each analyte species subjected according
to the general procedure for CPE. The statistical evaluation for the calibration graphs has
shown that a strong correlation between signal and As (lll) or As (V) concentration may exist
(r =0.9998 or 0.9997). On the other hand, the analysis of variance (ANOVA) also proved the
linear regression equations [y= 0.0034+0.0069) + (16.842+ 0.1235) x] and [(0.072+ 0.0058)
+ (7.8331% 0.0913) x] for As (lll) and As (V) respectively were statistically valid. This
because of the ratio (MS;g/MScr) for 1 and 9 dof and 1 and 7 dof, larger than critical value
(F1, 9 = 512 and F1, 7 = 5.59 at 95% CIl) indicating that the predication based on the
regression line is satisfactory (Tables 1).
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352
353
354
355 Table 1. Analysis of Variance table of regression line for As (lll) and As (V)
lon Source dof SS MS F P
Regression 1 3.55053 3.55053 59555.57 0.000
As(lll) | Residual Error 9  0.00054 0.00006
Total 10 3.55107
Regression 1 1.29505 1.29505 10841.88 0.000
As(V) | Residual Error 7 0.00084 0.00012
Total 8 1.29589
356 Dof=degrees of freedom, SS: sum of squares, MS: mean of squares, F (Fisher F-test)
357

358 The statistical analytical results for the calibration data for both species are summarized in
359 Table 2. The proposed method has achieved an enrichment factor of 80 and 73.3 fold,
360 allowing the limit of detection of 1.3 and 2.5 ng mL™" has to be obtained for As (Il and As (V)
361 in aqueous solution respectively.

362

363 Table 2. Method validation of the determination of As (lll) - 7-(6-BrBTA8HQ) and As (V)

364 - 7-(6-MBTA8HQ) using CPE-HG-AAS

Parameter As(l1) As(V)

Regression equation y=16.842 x + 0.0034 | y=7.8331x + 0.072
Correlation coefficient(r) 0.9998 0.9997
C.L. for the slope (b tsb) at 95% 16.842+0.1235 7.8331+£ 0.0913
C.L. for the intercept (ax tsb) at 95% 0.0034+ 0.0069 0.072+ 0.0058
Concentration range ( ng mL™) 1.5-100 4-150
Limit of Detection (ng mL™") 1.3 2.5
Limit of Quantitation (ng mL™) 4.4 3.1
RSD% (n=7) at 10 ng As(lll) mL" 1.169% 1.09%
Recovery% 102 97
Preconcentration factor(PF)* 55.55 50
Enrichment factor(EF)** 80 73.3
Molar absorptivity (L.mol".cm™)*** 3x10° 2x10°

365 *PF is calculated as the ratio of volumes of aqueous phase to that of surface-rich

366 phase

367 ** EF is calculated as the ratio of slope of calibration curves obtained with and

368 without CPE

369  ***determined by UV-Vis spectrophotometry

370

371 This was revealed that the prepared ligands in this work beside CPE-HG-AAS gave
372  satisfactory analytical figures of merit for As (Ill) which was more comparable or better with
373  those obtained by some previous studies (Table 3). While the limit of detection of As (V)
374 species in aqueous solution obtained in this study was almost comparable to that obtained
375 by Ulusoy et al ® who employed the combined CPE-FAAS based on the formation of ion-
376 paring complex of As (V) with Pyronine B in the presence of cetyl pyridinium chloride (CPC)
377 at pH 8.0 and extracted into the non-ionic surfactant Triton X-114.

378

379

380

381

382

383
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Table 3. Comparison of the proposed method for As (lll) with some reported methods
published in literature

Sample Technique Linear Detection | EF Ref.
range limit
(ng mL'1) (ng mL'1)
Fish , honey CPE -HGAAS 1.5-100 1.3 80 This
4-150 2.5 73.3 | work
Plastic HG-ICP-OES 5-100 1.4 - 37
Natural water | GFAAS up to 200 24 50 13
wate Electrochemical FIA 50-60000 1.0 - 38
Aqueous GD-FIA-CL** 0.6-25000 0.6 - 20
solution
Ground water | HPLC-HG-AAS Up to-500 7.8 - 39
River water Constant current 100-300 3.0 - 40
stripping analysis
(CCSA).

environmental | pervaporation-flow 0.25-2000 0.18 - 41
waters injection (PFIA)
Soail, plants ICP-OES-MS 1-100 0.1-0.3 - 16
Lake,river CPE-GFAAS 0.1-20 0.04 36 29
water
Water , beer HPLC-AFS Up to 500 0.12 - 42
Drinking ,tap CPE-FAAS 0.03-4.00 0.008 60 31
water

There are very few of reported methods in chemical literatures have determined both arsenic
species together, while the majority of these methods have assigned only one species, and
the another form calculated after conversion (reduction or oxidation) by the difference after
total arsenic determination. By virtue of our knowledge, in the course of this research work,
only one paper has been appeared in 2011 by Pakistan's workers ®® who have used two
ligands such as ammonium pyrrolidinedithiocarbamate (APDC) and molybdate with As (lll)
and As (V) respectively, in an attempt to determine both inorganic species sequentially by
CPE using Triton X-114 as an extracting medium and GFAAS with modifier (Pd + Mg (NO3),»
as detector. They found that the limit of detection of 0.04 and 0.20 ng L™ for As(lll) and
As(V) respectively, which was better than our findings. This can be ascribed to use more
sensitive detection like electrothermal atomization AAS than HGAAS and/or the later might
be subjected to more interferences than the former. However, by considering a limit of
detection of 1.3 ug L" for As (Il and 4 g of fish in 10 mL or 5 9 of honey sample in 25 mL,
the LOD of the method would be 0.0033 and 0.0065 ug g respectively. Similarly, the
detection limit of 2.5 ug L" for As (V) and 4 g of fish in 10 mL or 5 g of honey in 25 mL, the
LOD of the proposed method would be of 0.0063 and 0.0125 ug g'1 respectively. On that
basis the proposed method was successively exploited for the determination of both species
in various samples of fish and honey that selected randomly from Iragi markets in order to
test the applicability and reliability of the method.

3.3 Accuracy of the proposed method

Accuracy was examined through recovery percent studies by spiking (standard additions)
four samples of fish and/or honey selected randomly at three concentration levels of 2.5, 5.0
and 10.0 ug L™ standard solutions followed the general CPE procedure and detected by
HGAAS. The results are tabulated in Tables 4 and 5. As can be seen that the recoveries

10
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414 percent were within of very acceptable levels, indicating that the determination of As (lll) and
415  As (V) using the developed procedures do not highly affected by the presence of the other
416 metals in the selected sample matrices thus the determinate errors were completely absent.

417
418 Table 4. Representative recovery percentages for analysis of As (lll) and As (V) in fish
419 samples by CPE-HGAAS
Type of | Amount | Amount | Rec | E Mean
species | added found (%) | (%) | Rec% %Sd
(pgL?) | (ugl’)
As(lll) 0.0 36.4* -
25 38.8 96 -4 | 98.33+3.21
5.0 41.5 102 2
10.0 46.1 97 -3
0.0 66.1** -
25 68.7 104 4 | 99.33%4.16
5.0 71.0 98 -2
10.0 75.7 96 -4
As(V) 0.0 57.2*** -
25 59.8 104 4 | 99.33#4.16
5.0 62.0 96 -4
10.0 67.0 98 -2
0.0 60.2** -
2.5 62.8 104 4 | 99.00+4.35
5.0 65.0 96 -4
10.0 69.9 97 -3
420 *Iraqi (1), ** Indonesian ***Iraqi (5)
421
422 Table 5 Representative recovery percentages for analysis of As (lll) and
423 As (V) in honey samples by CPE-HGAAS
Type of | Amount | Amount | Rec Eel Mean
species added found (%) (%) Rec% *Sd
(pgLl”) | (ugL”)
As(lll) 0.0 45.3* -
2.5 47.7 96 -4 98.00+3.464
5.0 50.4 102 2
10.0 54.9 96 -4
0.0 54.4** -
25 57.0 104 4 101.66+2.516
5.0 59.5 102 2
10.0 64.3 99 -1
As(V) 0.0 75.2* -
2.5 77.8 104 4 99.33+4.163
5.0 80.0 96 -4
10.0 85.0 98 -2
0.0 69.1** -
25 71.5 96 -4 99.00+4.358
5.0 74.3 104 4
10.0 78.8 97 -3
424 *Iraqi (1), ** Spain

425
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3.4 Applications

To test the applicability of the proposed CPE methods, five local and four imported fishes
beside three Iragi and six imported honey samples available in the Iraqgi markets were

analyzed for both As species. The results are tabulated in Tables 6 and 7.

Table 6. Determination of As (lll) and As (V) in fish samples by

CPE- HGAAS
Sample Concn.of Concn.of

No Grade As(lll) As(V)

) (Mg g’) (ngg”)
1 Iraqgi 1* 0.0364+0.0017 | 0.0961£0.0030
2 Iraqi 2* 0.0300+0.0010 | 0.0450%0.0017
3 Iraqi 3* 0.051004£0.002 | 0.0363%0.0010
4 Iraqi4* 0.0331+£0.0010 | 0.0512+0.0015
5 Iraqi5* 0.0364+0.0017 | 0.0572+0.0017
6 Iranian 0.0390+0.0023 | 0.0600+0.0026
7 Morocco 0.0452+0.0017 | 0.0810+0.0026
8 Jordanian | 0.0750+0.0034 | 0.0510+0.0017
9 Indonesian | 0.0661 +0.0030 | 0.0602+0.0020

Table 7. Determination of As (lll) and As (V) in bee honey samples by

CPE-HGAAS
Sample Grade Concn. of As(III) Concn. of As(V)
No. (mg g™ (mg g™
1 Jlraqgi 1* 0.04530+0.002  |0.0752+0.0021
2 (raqgi 2* 0.0360+£0.0017  |0.0690+0.0030
3 |raqi 3* 0.0600+£0.0027  |0.0662+0.0017
4 |lranian 2 0.0812+0.0031 0.0750+0.0017
5 |Saudi Arabia 1 |0.0751+0.0030  |0.0690+0.0026
6 |Saudi Arabia 2 |0.0660+0.0010  [0.0810+0.0017
7 |Germany 1 0.0900+£0.0042  |0.0841+0.0026
8 |Germany 1 0.0780+0.0021 0.0750+0.0030
9 |Spain 0.0544+0.0020 |0.0691+0.0026

The results in Table 6 have revealed that the value for As (lll) obtained in aII fish samples
were in the range 0.030- 0.075 pug g ! with mean value of 0.0458+ 0.012 g g while the As
(V) was in the range of 0.0363-0.0961 ug g with mean value of 0.0598+ 0. 014 Mg g at
95% confidence interval (t.; =2.31dof=8). Likewise, the results in Table 7 have shown that
that the value for As (lll) obtained in all honey samples were in the range 0.036- 0.090 pg g

with mean value of 0.0651+ 0.0136 ug g whlle the As (V) was in the range of 0.066-0.0841
Mg g ' with mean value of 0.0737+ 0.0046 Mg g ' at 95% confidence interval (teri =2.31dof=8).
From the results in Tables 5 and 6, we can conclude that the total mean of arsenic species
were of 0.106 and 0.139 ug g in fish and honey samples respectively. Arsenic amounts
determmed in all selected fish and hone }/ sample were below the maximum permissible limit
of 1.0 yg g™ specified by WHO/FAO “**

3.5 Conclusions

In this work, we have exploited of using two laboratory-made azo dyes ligands instead of the
commercial thiazolylazo dyes (TAN, TAR and TAC), for the first time, for cloud point

12
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extraction in the separation and enrichment of arsenic species as a prior step for
determination of ultra-trace quantities in real samples by means of HGAAS. The steps of
oxidation and/or reduction among the two arsenic species by using oxidizing or reducing
agents were eliminated in the proposed method. Moreover, the enrichment factors and
detection limits for both species were a satisfactory compared to those reported in chemical
literatures especially with those using sophisticated and expensive instrumentation such as
HG-ICP-OES, HPLC-HG-AAS, GFAAS.
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