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Abstract: Two simple eco-friendly methods are described for nano-determination of carbendazim (MBC) pesticide in real
samples. These methods are based on oxidation of MBC pesticide with Fe (IIT) ions in acidic medium. The formed Fe(II) ions
reacts with potassium ferricyanide to form blue colored product (method A) which can easily be extracted into nonionic
surfactant solution of Triton X-114 at cloud point temperature (CPT) of 55°C and MBC determined spectrophotometrically at
absorption maximum of 685 nm with apparent molar absorptivity of 2.07x10* L mol™ c¢m™. The Method B is based on the
reaction of the formed Fe (II) with 2, 2°-bipyridyl to form a stable orange colored complex which can also be extracted by Triton
X-114 at the same CPT and MBC determined spectrophotometrically at absorption maximum of 521 nm with apparent molar
absorptivity of 1.83x10* L mol™ ¢cm™. Optimization of the experimental parameters was described and interferences study also
examined. Under the optimum conditions established, the calibration graphs for MBC were linear in the range of 0.5-13 and 1-20
ng mL™", giving the detection limits of 0.46 and 0.49 ng mL™" with enrichment factors of 85.7 and 38.9 fold for method A and B
respectively. The average percent recoveries in the real spiked samples were (97.86+£1.06%) and (98.66+0.93%), giving a
precision in terms of %RSD in the range of 1.25-2.97% and 0.37-1.42% for method A and B respectively. The proposed methods
were applied to the determination of MBC in vegetables, orange, and water samples.

Keywords: Carbendazim, Vegetables and Waters, Cloud Point Extraction, Visible Spectrophotometry

tobacco, cotton and cereals, and also used in post-harvest
protection of crops against fungal diseases [1-2]. Carbendazim
is degraded slowly in the environment because the nature of
benzimidazolic ring in its structure difficult to break thus it
persists for a long time in the environment [3].

1. Introduction

The use of pesticides is considered a double-edged sword;
they are very useful and important in addressing a broad range
of diseases caused by various harmful insects in the
agricultural products, thereby enhancing food production. But, o
at the same time it pays inevitably toward pollution of various H
environmental components and, therefore, is hazardous to O:N >¥
human and animal health. In this regard, the massive use />7 NH

N
Figure 1. The structural formula of Carbendazim (chemical formula:
CoHyN;0,, mol.wt. 191.21 g mol™).

OCH;

and/or misuse of any pesticide may lead to environmental
problems and several poisoning cases in human beings and
other organisms. Carbendazim (MBC) chemically named by
TUPAC as methyl benzimidazol-2-yl carbamate (Figure 1) is a
benzimidazolic systemic fungicide widely used in agriculture
for controlling several diseases on the fruits, vegetables,

In fact, this property makes this pesticide a very serious
problem for the environment and has the direct detrimental
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effect on human and animal health, and on this basis it is listed
in toxicity class IV pesticides [4]. Accordingly, different
international legislations bodies such as the European Union
(EU) [5], United States Environmental Protection Agency
(US EPA) [6], World Health Organization (WHO) [7] and
other international bodies have been established the maximum
residues level (MRL) set for MBC, for example, orange in the
EU is set at 0.2 mg/kg, cucumber in the FAO/WHO set at 0.05
mg kg, food in China set at 0.5 mg/kg [8] and a Brazilian
regulatory agency, sets a limit of 0.02 mg kg as the human
acceptable daily intake (ADI) of MBC [9]. In light of this
information, importance of continuous controlling and
assessment for the presence of MBC residue at low levels in a
variety of samples is a must and needs to establish sensitive,
selective and reliable methods with high speed.

Several analytical techniques for MBC determination have
been reported in chemical literature, but the most common one
based on the sophisticated techniques, and on the particular
the chromatographic methods including high-performance
liquid chromatography (HPLC) [1, 10-12], high-performance
liquid chromatography—mass spectrometry (HPLC-MS)
[13-15], gas chromatography(GC) [16] and ion
chromatography with fluorescence detector [17]. In addition,
other techniques were also reported such electro-analytical
methods [18-21], immunoassay [22], fluorescence
spectrometry [23]. Since these methods have certainly
high-sensitivity and low detection limit, but they are
expensive, tedious and not available in most laboratories.
UV-Visible spectrophotometric technique has a limited use in
the determination of MBC due to the lack of its sensitivity and

therefore, a scarce papers have been appeared in literature [24].

Because, in general, the concentration of pesticides in
different types of food and environmental samples is very low,
a pre-concentration step to quantify these compounds is a
must. A number of extraction procedures coupled with
different instrumental techniques have recently developed for
extraction and enrichment of MBC in a variety of samples
including solid phase extraction [25-27], dispersive
liquid-liquid microextraction [28-31], ionic liquid-dispersive
liquid—liquid microextraction [32]. cloud point extraction
(CPE) is now becoming a well-established and accepted as an
alternative method of extraction / enrichment methodology of
organic pollutants including pesticides in various matrices due
to its simplicity, eco-friendly, cheap and relatively high
extraction efficiency [33-37].

In this work, we present two spectrophotometric methods
for the determination of MBC after cloud point extraction
(CPE) in different samples for the first time. These methods
are based on the oxidation of MBC with Fe (III) ions in acidic
medium. The formed Fe (II) ions react with potassium
ferricyanide to form blue colored product (method A) and
with 2, 2’-bipyridyl to form a stable orange colored complex
(method B). These two colored products can easily extract into
nonionic surfactant solution of Triton X-114 and MBC
determined spectrophotometrically at each respective
absorption maximum.

2. Materials and Methods

2.1. Apparatus

All absorption spectra and absorbance measurements for
MBC throughout this study were carried out by using a
Shimadzu double-beam UV-Vis Spectrophotometer model
UV-1800 (Kyoto, Japan) working at a wavelength of 190-1100
nm, and equipped with 5-mm optical path cell. For the
solution pH measurement, a portable pH-meter
microprocessor (HANNA, Germany) was used. The shaking
water bath SW23 microprocessor with PID temperature
control (JULABO GmbH, Germany) was employed during
the course of CPE experiments.

2.2. Reagents and Materials

All materials and reagents used in this work with high
purity and doubly distilled water used in the preparation of
all solutions and for the final rinsing of glass wares.
Carbendazim (MBC) (99.0% purity,) was purchased from
Accustandard® (Connecticut, USA). A stock solution (100
ng mL™") of MBC was prepared by dissolving 10 mg in 20
mL of 0.1 N HCl in a 100 mL volumetric flask and diluted to
mark with distilled water and kept in an amber bottle in the
refrigerator. Triton X-114 (purity >99.9%), was purchased
from AMRESCO LLC (Solon, USA). A 10% (v/v) of Triton
X-114 was prepared by diluting 10 mL in 100 mL water. A
1x10™ M of FeCl; (99.9%, BDH) was prepared by dissolving
0.0162 g in 5 mL water and and diluted to mark in 100 mL
volumetric flask. A 0.01 M potassium ferricyanide (99.0%,
Sigma-Aldrich) was prepared by dissolving 0.3292 g in 5 mL
water and diluted to mark in 100 mL volumetric flask. A
1x10™ M of 2, 2-Bipyridyl (99.0%, BDH) was prepared by
dissolving 0.0156 g in 5 mL water and diluted to mark in 100
mL volumetric flask. Acetate buffer solutions were prepared
from different volumes of 0.1M of acetic acid (>99%,
Sigma-Aldrich) and 0.1 M sodium acetate (99.0%, Merck).).
Orthophosphoric acid (85%, BDH) was prepared by
appropriate dilution of concentrated acid with water. Sodium
sulphate, sodium acetate and magnesium sulphate 6-hydrates
were purchased from Riedel-deHaén AG (Germany).
Acetonirile was obtained from BDH (England). Carbograph
and an ion-ion exchange (PSA) were purchased from
Sigma-Aldrich (USA) and Vertical Chromatography Co., Ltd.
(Thailand) respectively.

2.3. Recommended CPE Procedures

2.3.1. Method A

Aliquots of MBC standard or sample solution ranging from
0.05-1.3 mL of 100 ng mL™" which corresponding to 0.5-13 ng
mL" of MBC were transferred into a series of 10 mL
centrifugal tubes. To each tube 0.4 mL of 1x10° M FeCls
solution, 0.4 mL of 0.01 M K3Fe(CN)g solution and 1 mL of
acetate buffer (pH=4) were added, then kept the solution on
water bath at 60°C for 15 min and cooled thereafter. Then, 1.0
mL of IN H;PO, and 0.8 mL of 10% Triton X-114 were added.
The content of each tube was made up to 10 mL with water.
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All tubes were transferred into a water bath at 55°C for 15 min
to induce the formation of cloudy solution and centrifuged at
3500 rpm for 20 min to separate the two phases. After
decantation of the aqueous phase, the surfactant-rich phase
that remained adhered to the tube was dissolved with a 1.0 mL
of ethanol: water (1:1) and the absorbance of each solution
containing MBC was measured spectrophotometrically in
5-mm quartz cell at A, of 685 nm against a reagent blank
solution.

2.3.2. Method B

Aliquots of MBC standard or sample solution ranging from
0.1-2.0 mL of 100 ng mL" which corresponding to 1-20 ng
mL™ MBC were transferred into a series of 10 mL centrifugal
tubes. To each tube 0.8 mL of 1x10™ M 2,2-Bipyridyl solution,
0.8 mL of 1x10° M FeCl; solution and 1.0 mL of acetate
buffer (pH=3) were added and kept on water bath at 50°C for
15 min and cooled thereafter. Then, 0.6 mL of 10% Triton
X-114 was added and the content of each tube diluted to 10
mL. All tubes were transferred into a water bath at 60°C for 30
min to induce the formation of a cloudy solution and
centrifuged at 3500 rpm for 20 min to separate the two phases.
After decantation of the aqueous phase, the surfactant-rich
phase that remained adhered to the tube was dissolved with a
1.0 mL of ethanol: water (1:1) and the absorbance of each
solution containing MBC was measured
spectrophotometrically in 5-mm quartz cell at A, of 521 nm
against a reagent blank solution.

2.4. Sample Preparation

2.4.1. Water

About one liter of drinking and river water samples was
randomly collected from the campus of University of Baghdad
/ Traq. The river water was first filtered off to remove any
suspended materials and all samples were kept in the
refrigerator until analyzed. Each sample was spiked with
different concentration of MBC standard and subjected to
recommended CPE procedures (A and B) and MBC was
determined by spectrophotometry at A, of 685 and 521 nm
respectively, from the constructed calibration curves.

2.4.2. Soil

The soil sample was randomly collected from the home
garden and the soil sample solution was prepared according to
the procedure adopted by Pourreza et al [31] with little
modification. The sample was air-dried at room temperature,
ground in agate mortar into small particle size of about 250
pum sieves and stored in a closed vessel. 20 g of sample was
weighted in 100 mL conical flasks and 40 mL of 0.1 M HCl
was added. The content was shaked in a mechanical shaker for
one hr., then filtered and the pH of the filtered was adjusted to
7.0 by diluted NaOH. Three portions of the resultant solution
were directly spiked with different concentration of MBC
standard solutions and subjected to recommend CPE
procedures (A and B) and MBC was determined by
spectrophotometry at A, of 685 and 521 nm respectively
from the constructed calibration curves.

2.4.3. Vegetables and Orange

Vegetables (Cucumber and Tomato) and an orange were
purchased from local markets in Baghdad, Iraq. The
QuEChERS (quick, easy, cheap, effective, rugged, and safe)
method [38] used for pesticide residue analysis was adopted
with little modification for sample preparation of vegetables
and orange. A 0.5 kg of each sample was selected and the
edible part was cut into 1-cm pieces and blended using a
commercial food mixer for homogenization of the sample. A
15 g sample portion was placed in 100 mL conical flask and
20 mL of solvent mixture containing acetic acid and
acetonitrile (1:5) was added and the content was shaken
vigorously in an electrical shaker for one hr. After shaking,
the extract was withdrawn and transferred into 50 mL
centrifugal tube and mixed with 10 g sodium sulphate, 4 g
magnesium sulphate, 1 g of sodium acetate and centrifuged
for 10 min at 250 rpm to separate the phases. The upper layer
was taken and mixed with 0.3 g PSA and 0.6 g Carbograph in
another centrifugal tube and immediately shaked and filtered.
The filtrate solution was evaporated at 50°C on water bath to
remove the solvent. The residue was dissolved with water
then diluted to 10 mL in standard volumetric flask. Each
sample solution was spiked with different concentration of
MBC standard solutions and subjected to recommend CPE
procedures (A and B) and MBC was determined by
spectrophotometry at A, of 685 and 521 nm respectively
from the constructed calibration curves.

2.5. Statistical Analysis

Excel 2007 (Microsoft Office®) and Minitab version
17(Minitab Inc., State College, PA, USA) were employed to
carry out all statistical calculations such as regression and
correlation analysis, ANOVA and significance tests.

3. Results and Discussion
3.1. Mechanism of Reactions

It is undoubtedly proved that iron (III) salts can act as
oxidants for most organic compounds in certain experimental
conditions leading to the formation of oxidizing organic
product and Fe (II) as reduced form of Fe (IIT) [39-41]. This
idea has been utilized to design two analytical methods for the
determination of MBC using  the combined
CPE-Spectrophotometry. To act as an oxidant, Fe (IIT) salt can
reduce to Fe (II) salt which is equivalent to the amount of
organic material [42]. The amount of iron (II) formed can then
be determined spectrophotometrically by complexing with the
familiar conventional reagents. Thus in method A, Fe(II) ion
is formed via the reduction of Fe(IIl) by MBC pesticide and
subsequent reaction with potassium ferricyanide (PFC),
forming a precipitate blue product (insoluble bright blue
pigment called Turnbull’s)which is soluble in acidic medium
as shown in the Figure 2.
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MBC+Fe (II) salt —» Oxidation products+Fe (II)+Fe (III)
(Excess) (Unreacted)

Fe2* + K;[Fe(CN)¢]*- —p KFe(Fe(CN)s +2K*
(Turnbull blue)
Figure 2. The reaction path of the method A.

———3 Oxidattion + Fe (II) + Fe (11I)
products (unreacted)
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\Fe+2
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MBC +Fe(11I) salt
(Excess)

@)

Fe'2 + 3

S

Reduced from (Fe’z-Z,Z-Bipyridyl) complex

of Fe'3

2,2-Bipyridyl

Figure 3. The reaction path of the method B.

Upon addition of H;PO, and buffer solution (pH=3), the

soluble colored product is formed which can be easily
extracted into Triton X-114. Preliminary experiments have
shown that the absorption maximum of the colored product at
different concentration of MBC in micelle-mediating
extraction occurs at 685 nm and the absorbance increases
linearly with increasing the pesticide concentration. In
Method B, the reduced form of Fe III (Fe II) can form a
chelate with 2, 2°-bipyridyl (Figure 3) giving a stable orange
colored complex exhibit absorption maximum at 521 nm in
surfactant-rich phase against the reagent blank.

3.2. Absorption Spectra

The absorption spectra of the two colored products were
recorded in the presence of surfactants against a reagent blank
prepared under optimum conditions. The spectra of blue
colored (method A) and orange product (method B) show the
absorption maxima of 658 and 521 nm with molar
absorptivities (¢) of 2.07x10* and 1.83x10* L mol”' cm
obtained respectively, while other reagents gave different
absorption maxima in UV region as displayed in Figures 4 and
5. Thus, these absorption maxima of the colored products
were adopted throughout this study.

2.000 :

1.500 %

Abs.

1.000

0.500

0.000 L
200.00 400.00

600.00

800.00 1100.00

nm.

Figure 4. Absorption spectra of (a) Carbendazim solution(green color) (b) potassium ferric cyanide solution (blue color) (c) FeCl; solution(pink color) (d)

Colored product in surfactant rich-phase (red color).
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Figure 5. Absorption spectra of (a) Carbendazim solution (green color) (b) (c) 2,2"-bipyridyl(pink color) (c) FeCls solution (purple color) (d) Colored product

in surfactant rich-phase (red color).

3.3. Optimization of CPE Procedure

The influence of various parameters such as, pH, FeCls,
K;Fe(CN)y and  2,2-bipyridyl concentration, H;PO,
concentration, Triton X-114 amount, equilibrium temperature
and incubation time were investigated in detail by classical
optimization to maximize the analytical figures of merit and
the extraction efficiency of MBC.

3.3.1. Effect of pH

The solution pH is an important factor affecting the
absorbance of the surfactant-rich phase (SRP) and thus the
extraction efficiency of MBC for the two methods. Therefore,
the CPE was carried out at temperature 70°C for 30 min in the
solutions via varying the pH values within 2.0-7.0 at MBC
concentration of 5 ng ml" (method A) and 12 ng ml™ (method
B) keeping other parameters such as FeCl;, K;Fe(CN)g, H;PO,,
2,2"-bipyridyl and Trition X-114 at concentration of 1x10™ M,
1x10° M, 0.05 N, 1x10™* M and 1% in final 10 mL aqueous

solution respectively. The results are depicted in Figure 6. It
can be noted that the absorbance at highest at pH of 4.0 for
method A and 3.0 for method B, then decreased thereafter.

Thus, these pH values were adopted in the further
experiments.
025
——\ethod A
02 4
2 —e—\Method B
S 015 -
g
; 0.1 4
- 0.05 -
0 T
0 1 2 3 4 5 6 7 8
pH

Figure 6. Effect of pH.
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3.3.2. Effect of FeCl; Concentration

The influence of FeCl; concentration on the formation of
blue product and complex formation for the two methods was
examined by varying the volume ranging from 0.1 to 1.2 mL
of 1x10° M FeCl; solution at pH 4.0 (method A) and 3.0
(method B), keeping other parameters constant. The results
displayed in Figure 7 revealed that maximum absorbance was
achieved when FeCly concentration was of 4x10° M (0.4 mL
of 1x10” M in 10 mL final aqueous solution) for method A
and 8x10”° M (0.8 mL of 1x10° M in 10 mL final aqueous
solution) for method B. Consequently, these concentrations
were selected as optimal for the next experiments.

035 -
03 -
025 -
02 -
0.15 -
0.1 -
0.05 4

«=g==Method A
~—m—Method B

Absorbance

0 02 04 06 08 1 12 14
Vol . FeCl; /mL

Figure 7. Effect of FeCl; concentration [Conditions: method A: 5 ng mL”
MBC; K;Fe(CN)s concentration, Ix10* M; pH 4.0; H;PO,, 0.05 N, TX-114,
1%, method B: 12 ng mL"' MBC; 2,2"-bipyridyl, Ix107* M; pH, 3.0; TX-114,
1%, equilibration temperature and incubation temperature, 70°C for 30 min
for two method].

3.3.3. Effect of Reagent Concentration

The effect of K3Fe(CN)s and 2,2'-bipyridyl reagents
concentration on the absorbance signal of MBC was seeking
by varying the volume from 0.1-1.0 mL of 1x10° M of both
reagents. The results shown in Figure 8 appeared that the
absorbance was linearly increased with increasing the
reagents concentration and reached maximum at 4x10” M (0.4
mL of 1x107 in 10 mL solution) K5Fe(CN) and 8x10° M (0.8
mL of 1x107 in 10 mL solution) 2,2"-bipyridyl concentration.
Therefore, these concentrations found to be a highly suitable
for the formation of the resultant colored product and complex
and thus it was adopted for further experiments as optimal.

035 -
03 4
o 025 -
3
£ 02
S 015 —o—Method A
=z 0l —#—Method B
0.05 1
0 —
0 02 04 06 08 1 12 14 16
Vol. Reagent/mL

Figure 8. Effect of K;Fe(CN)s and 2,2'-bipyridyl reagents concentration
[Conditions: method A: 5 ng mL"! MBC; FeCl; concentration, 4x10° M; pH
3.0; H;POy, 0.05N, TX-114, 1%; method B: 12 ng mL" MBC; FeCls, 8x107 M;
PpH, 4.0; TX-114, 1%, equilibration temperature and incubation temperature,
70°C for 30 min for two method].

3.3.4. Effect of H;PO, Concentration
It was observed that Turnbull’s blue product formed before

extraction in method A is a slightly soluble in the surfactant
medium used and the extraction efficiency of MBC was very
poor. One of previous studies[31] have shown that the presence
phosphoric acid enhances the solubility of the blue product
before the extraction process. For this, the effect of different
concentrations of H;PO, was conducted by varying the volume
from 0.2-2.0 mL of 1.0 N H3PO, on the absorbance of the
colored product. It can be seen (Figure 9) that the optimum
concentration of H;PO, was of 0.1 N in the final aqueous
solution and thus it was selected in following experiments.

04
035 4
03
025 4
02 A
0.15 4
0.1 A
0.05 4
0 T T T

0 05 1 15 2

Vol. H,PO, / mL

Absorbance

=
in

Figure 9. Effect of H;PO, concentration [Conditions: method A: 5 ng mL”
MBC; FeCl; concentration, 4x10° M; K;3Fe(CN)s concentration, 4x1 0° M;
pH 3.0; TX-114, 1%, equilibration temperature and incubation temperature,
70°C for 30 min].

3.3.5. Effect of Surfactant Amount

The variation of the absorbance with surfactant (Triton
X-114) amount on the extraction of MBC pesticide was
studied within the volume range 0.1-1.0 mL of 10% Triton
X-114. As shown in Figure 10, at a lower amount of surfactant,
the absorbance was low for the two methods and maximum
remarkable extraction was observed for Triton X-114 amount
0f 0.8 % for the method A and 0.6% for method B in the final
10 mL aqueous solution which gave the best preconcentration
factor. Therefore, these values were adopted in the
recommended CPE procedure.

045 -
04 4
035
03 4
025
02 4 —e—Method A
001: 1 —=—Method B
0.05 -

0

Absorbance

0 01 02 03 04 05 06 07 08 09 1 11
Vol. TX-114 / mL

Figure 10. Effect of Triton X-114 amount [Conditions: method A: 5 ng mL”
MBC;FeCl; concentration, 4x10”° M; K;F e(CN)s concentration, 4x1 0° M; pH
3.0, 0.H;PO, 0.1 N; method B: 12 ng mL! MBC; FeCl; concentration,
8x10°°M;2,2"-bipyridyl concentration, 8x10* M; pH, 4.0; equilibration
temperature and incubation temperature, 70°C for 30 min for two method].

3.3.6. Effect of Temperature and Time

These two parameters play an important role in the CPE
process for completion of the reaction and to achieve the best
extraction of the target analyte. Thus the effect of equilibrium
temperature and incubation time was varied in the range of
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20-75°C and 5-50 min respectively as showed in Figures 9 and
10. It was found (Figure 11) that the maximum absorbance
was obtained at 55°C for 15 min and 60°C for 30 min for the
method A and B respectively, and they were nearly constant
above these values. Accordingly, 55°C and 60°C were used in
the recommended CPE procedure. The study of incubation
time (Figure 12) also indicated that the maximum absorbance
value was achieved at 15 and 30 min for the method A and B
respectively. Thus, they were used as an optimal in the
recommended CPE procedure.

0.45
0.4
0.35
0.3
0.25
0.2 == Vethod A
0.15
0.1
0.05
0

Absorbance

w=g==\lethod B

0 10 20 30 40 50 60 70 80
Temp / °C

Figure 11. Effect of Temperature [Conditions: method A: 5 ng mL" MBC;
FeCl; concentration, 4x107° M; K;F e(CN)s concentration, 4x1 0° M; pH 3.0;
0.H;PO, 0.1 N; TX-114, 0.8%; method B: 12 ng mL' MBC; FeCl;
concentration, 8x107 M; 2,2"-bipyridyl concentration, 8xl 0 M; pH, 4.0;
TX-114, 0.6%; incubation time, 30 min for two method].

0.45 4 «=t=—\Method A

0.4 - == Method B
0.35 -

Absorbance

0 20 40 60
Time /min

Figure 12. Effect of incubation time [Conditions: method A: 5 ng mL" MBC;
FeCl; concentration, 4x107 M; K;3Fe(CN)s concentration, 4x1 0° M; pH 3.0;
0.H;PO, 0.1 N;TX-114, 0.8%; method B: 12 ng mL' MBC; FeCl;
concentration, 8x107 M; 2,2"-bipyridyl concentration, 8107 M; pH, 4.0;
TX-114, 0.6%, equilibration temperature, 55°C and 60°C for method A and B
respectively].

3.4. Order of Additions

The effect of order for additions on the absorption signal of
the colored product and the complex was also investigated.
Table 1 reveals that the best order of addition was number 2
and 3 for the method A and B respectively, due to give a
highest absorption signal among the others.

3.5. Analytical Figures of Merit

A series of standard solutions containing different MBC
concentration was subjected according to the recommended
CPE procedures A and B, in order to construct the calibration
graphs between the absorbance and MBC concentration as
showed in Figures 13 and 14. The statistical data and

analytical figures of merits for MBC in the two proposed CPE-
Spectrophotometry are summarized in Table 2. The
calibration graphs were linear in the range of 0.5-13 and 1-20
ng mL"' of MBC with the correlation coefficient of 0.9995 and
0.9997 for method A and B respectively. The percent linearity
of 99.89% and 99.94% of the two methods suggest that the
calibration curves are statically valid fit. These two fitted
linear calibration models were used to estimate MBC
concentration in all analysed samples which appear justified,
on the statistical basis. The limit of detection and limit of
quantitation are calculated using the following formulas;
LOD=30p/s; LOQ=10 op/s, where (op) is the standard
deviation of the regression line and (s) its slope, and found to
be of 0.46 and 0.49 ng mL" for the method A and B
respectively. The enrichment factor, defined as the ratio of
slope of calibration curve obtained by CPE to that obtained
without pre-concentration was of 85.7 and 38.9 fold for the
method A and B respectively. This in turn enhanced the
sensitivity of the spectrophotometric method which was 4.5
times better than that obtained by Naidu et al [24].

Concerning the detection limit, our finding was better than
that obtained by other reported methods (Table 3). By
considering a limit of detection of 0.46-0.49 ug L™ in aqueous
solution and 15 g of vegetable and fruit samples in 10 mL
solution, LOD of the method was also calculated and found in
the range 0.0031-0.0032 mg kg™ for MBC. This finding has
encouraged the authors to apply the proposed methods in the
estimation of MBC in real samples such as vegetables, fruits
and environmental samples to test its applicability and
reliability. In fact, the developed methods comply with the
requirements of the international standards in terms of the
maximum residue limits (MRL) of MBC insecticide in
different types of foods set by FAO/WHO and other
international bodies [7-8].

3.6. Accuracy and Precision

The accuracy and precision are the most crucial and basic
requirements in method validation for ensuring quality and
reliability of the results in the applicability of the analytical
method. Thus, the accuracy of the proposed methods was
examined in terms of percent recovery by the spiking river and
soil samples with 1.0, 5.0 and 11.0 ng mL™' standard MBC for
method A and 2.0, 8.0 and 16.0 ng mL™" standards BDC for
method B, from which subjected to the recommended CPE
procedures. The results are presented in Tables 4 and 5. It can
be seen that a good accuracy in terms of percent recoveries
obtained were within average of 97.86+1.06% for Method A
and 98.66+0.93% for method B. This confirmed that the
systematic errors are relatively absent, concluding the
presence of matrix components of these samples have no
appreciable effect on the determination of the target analyte.
Also, each spiked sample was repeated five times for precision
testing in terms of repeatability and found in the range of
1.25-2.97% -for method A and 0.37-1.42% for method B,
indicative of a good precise for the proposed method. So, these
analytical procedures may be very useful and suitable for the
application in the routine environmental and food laboratories.



37 Zuhair A-A Khammas and Suher Salah Ahmad: Cloud Point Extraction of Carbendazim Pesticide in Foods and
Environmental Matrices Prior to Visible Spectrophotometric Determination
12 4 MBC Line Fit Plot (Method A) 038 - MBC Line Fit Plot (Method B)
"1 y=0.07713x+0.0089 06 sk
o 084 r=009995 2 r=0.999 7
2 5y=0.011827 z syx=0.005769
g 064 ° £ 044
x:. 04 | ¢ Abs § & Aien
2 021 —e—Predicted Abs g & —=—Predicted Abso
01 2 3 45 6 7 8 91011121314 0 2 4 6 8 10 12 14 16 18 20 22
Conc. MBC /ng mL™ Conc. MBC/ng mL?

Figure 13. Calibration curve of MBC pesticide for the proposed method A.

Table 1. Effect of order of additions.

Figure 14. Calibration curve of MBC pesticide for the proposed method B.

Method No. Addition Abs
1 MBC+H;PO4+K;Fe(CN)s+FeCly+Buffer(4)+TX-114 0.329

A 2 MBC+FeCl3+K3Fe(CN)est+Buffer(4)+H;PO4+TX-114 0.412
3 MBC+K;3Fe(CN)g+FeCls+Buffer(4)+H;PO4+TX-114 0.368
4 MBC+Buffer(4)+FeCl;+K;Fe(CN)+H;PO,+TX-114 0.298
1 MBC+FeCl3+2,2-Bipyridyl+Buffer(3)+TX-114 0.241

B 2 MBC+Buffer(3)+FeCl;+2,2-Bipyridyl+TX-114 0.311
3 MBC+2,2-Bipyridyl+FeCl;+Buffer(3)-+Tritonx-114 0.410
4 MBC+Buffer(3)+FeCl;+2,2-Bipyridyl+TX-114 0.193

Table 2. The statistical data and analytical figures of merits for carbendazim by CPE- Spectrophotometry.

Parameter Method A Method B

color Blue Orange

Amax (Nm) 685 521

Regression equation y=0.07713x+0.0089 y = 0.02395x -0.00687

Standard deviation of regession line (Syx) 0.011827 0.005769

Correlation coefficient(r) 0.9995 0.9997

Linearity percentage (%R) 99.89 99.94

C.L. for the slope (b= tsy) at 95% 0.07713+0.0021 0.02395+0.00063

C.L. for the intercept (a+ ts,) at 95% 0.0089+0.01501 -0.00687+0.00753

Beer’s law range (ng mL™") 0.5-13 1-20

Limit of Detection (ng mL™") 0.46 0.49

Limit of Quantitation (ng mL™") 1.53 1.65

Sandell's sensitivity (ug cm™) 0.013 0.029

Molar absorptivity (L.mol".cm™) 2.07x10* 1.83x10*

RSD% (n=5)

RSD% (n=5)
Preconcentration factor*
Enrichment factor
Extraction efficiency(%E)**

2.15 at 1 ng mL™!
1.64 at 9 ng mL"'
50

85.7

98.2

3.25 at 4 ng mL"
2.74 at 16 ng mL"'
58.8

38.9

98.0

*Preconcentration factor was calculated the ratio of the original sample volume to that of extracted volume (of surfactant-rich phase)** Extraction efficiency was

calculated according to the following formula,
%E =[(1 — Cw|(Rv + 1)CSRP]x100

where R, is the volume ratio of surfactant-rich phase(SRP) to the aqueous phase. C,, is the concentration of analyte in aqueous phase (original solution before
CPE), and Cgpp is the concentration of target analyte in SRP, which was quantified using calibration curve obtained from the original solutions (without CPE).

Table 3. Comparison of the proposed methods with other reported methods for the determination of MBC.

Extraction Procedure Detection System Linear Range (ng mL™") Limit of Detection (ng mL™") Ref.
SPE HPLC 25-500 3.55 [27]
SPE HPLC - 20 [29]
SPME HPLC 10-1000 1.0 [30]
DLLME HPLC 5-800 0.5 [31]
DLLME UV-Vis 5-600 2.1 [32]
IL-DLLME HPLC 5-500 5 [33]
CPE UV-Vis 0.5-13 0.46 This
1.0-20 0.49 work
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Table 4. The accuracy and precision of the proposed method (A) for the determination of MBC by CPE-Spectrophotometry.
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Amount MBC taken Amount MBC found

Ave. Recovery (%)

sample il il Rec (%) ) Era (%) %RSD (n=5)
1 0.98 98.00 97.86+1.06% -2.00 2.31
River Water 5 4.88 97.60 -2.40 1.93
11 10.85 98.64 -1.36 1.25
1 0.96 96.0 -4.0 2.97
Soil 5 4.94 98.8 -1.2 2.10
11 10.79 98.1 -1.9 1.77
Table 5. The accuracy and precision of the proposed method (B) for the determination of MBC by CPE-Spectrophotometry.
Amount MBC taken ~ Amount MBC found  Rec Ave. Recovery Era %RSD
sample L) il (%) (Y%)at 95%C.1 %) (n=5)
(x:ts/v/m)
2 1.98 99.00 98.66+0.93% -1.00 1.42
River Water 8 7.95 99.38 -0.62 1.09
16 15.89 99.32 -0.68 0.73
2 1.94 97.00 -3.0 1.01
Soil 8 7.87 98.38 -1.62 0.86
16 15.82 98.88 -1.12 0.37

3.7. Interferences Study

The study was conducted by addition of various amounts of
expected interfering species in the samples under study to the
standard solution containing 10 ng mL™" of MBC followed the
general CPE procedure (A) and (B), to verify more whether
these interfering species affect the accuracy of the proposed
methods. The results are shown in Tables 6 and 7. The results
revealed that the metal ions and other compound species at
different amounts do not effect on the percent recovery levels
of each pesticide, indicating no appreciable interferences exist,
affect the determination of MBC pesticide and concluding that
good selectivity has achieved for the proposed methods.

3.8. Applications

According to the initial analysis of the study samples, it was
shown that there is no existence of any residues of MBC can
be detected in these samples by the proposed methods.
Therefore, all the selected samples were spiked with MBC
standard at concentration level of 3.0, 7.0 and 13.0 ng mL™" for
method A and 4.0, 10.0 and 18.0 ng mL™" for method B, and
then subjected to the recommended CPE procedure for five
replicates measurements and the target MBC concentration in
each spiked sample was measured spectrophotometrically at
each respective absorption maximum. The results are
summarized in Tables 8 and 9. In all cases, it can be seen that
the percent recovery levels for MBC pesticide in all sample
were acceptable and ranging from 95.00% to 100.14% with
standard deviation from 0.97 to 2.49 for method A and from
96.50% to 100.50% with standard deviation from 0.71 to 2.49
for method B.

The results of the two methods were also subjected to
statistical treatment by using t-test at 95% confidence interval
to test the significant of the two methods by using t-test:
two-sample assuming equal variances as showed in Table 10.
It can be seen that the calculated t-value [It] (=1.17285)] tested
whether at one-tail or two-tail at P (T<=t) =0.05 for 22 degrees
of freedom is less than the critical values, so the null

hypothesis (Ho) is retained, concluding there is no evidence to
suggest that the method A is significantly difference from
Method B in accuracy (p=0.13, p=0.25). Also, F-test has
shown that the calculated F-value (F=1.288) whether at
one-tail or two-tail at P(T<=t)=0.05 for 11 degrees of freedom
is less than the critical values (Fys,11,1;=2.81 one-tail), so the
null hypothesis (Ho) is accepted, concluding that there
appears no statistical evidence to suggest that the variability of
the two methods is significantly different in the precision
(p=0.34).

Table 6. Effect of diver's species on the percent recovery of MBC by the
proposed method A.

Foreign Recovery % Recovery %
species 250 (ng) 500 (ng) 750 (ng) mean=SD
K 99.84 100.01 100.5 100.11+0.34
Ca** 99.26 99.14 100.78 99.72+0.91
Mg* 99.57 100.90 99.40 99.95+0.82
Fe** 98.94 100.57 101.12 100.21+£1.13
Co™ 98.37 99.03 100.01 99.13+0.82
Vitamin B 98.80 99.60 99.90 99.43+0.56
Vitamin C 96.98 96.40 95.32 96.23+0.84
Glucose 99.58 100.04 101.09 100.23+0.77
Fructose 98.35 99.74 100.07 99.38+0.91
Protein 97.00 99.71 99.96 98.89+1.64

Table 7. Effect of diver's species on the percent recovery of MBC by the
proposed method B.

Foreign Recovery % Recovery %
species 250 ng 500 ng 750 ng mean+SD
K* 99.83 99.12 98.50 99.15+0.66
Ca* 98.28 99.57 100.04 99.29+0.91
Mg*t 97.85 99.39 100.50 99.24+1.33
Fe** 99.64 98.61 100.97 99.74+£1.18
Co* 99.25 96.93 98.71 98.29+1.21
Vitamin B 98.83 96.69 95.90 97.14£1.51
Vitamin C 97.38 97.40 95.32 96.70£1.19
Glucose 99.87 97.52 100.06 99.15+1.41
Fructose 97.54 99.17 96.74 97.81£1.23
Protein 99.00 97.33 96.95 97.66£1.09
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Table 8. Analytical results of carbendazim in different samples by proposed
method A.

Syl ﬁggd MBC f(_)lund Recovery% RSD%
L) (ng mL"+SD)  (mean%SD) n=5
3 2.98+0.04 99.33+1.24 1.39
Tap water 7 6.97+0.08 99.57+0.97 1.16
13 12.86+0.10 98.92+0.71 0.83
3 2.85+0.07 95.00+2.49 2.63
Cucumber 7 7.01£0.12 100.14+1.74 1.84
13 12.76+0.15 98.15+1.22 1.25
3 2.93+0.06 97.66+2.04 2.09
Tomato 7 6.84+0.12 97.71+1.70 1.74
13 12.79+0.13 98.38+0.97 0.99
3 2.94+0.05 98.00+1.79 1.83
Orange 7 6.90+0.10 98.57+1.45 1.48
13 12.87+0.15 99.00+1.13 1.15

Table 9. Analytical results of carbendazim in different samples by proposed
method B.

Syl l:(llﬁecd MBC fn?lund Recovery% RSD%
(ogml™) (ng mL~+SD) (mean%SD) n=5
4 3.93+0.05 98.25+1.24 1.31
Tap water 10 9.92+0.09 99.20+0.97 0.95
18 17.87£0.15 99.27+0.71 0.83
4 3.86+0.08 96.50+2.49 2.13
Cucumber 10 9.84+0.17 98.40+1.74 1.72
18 18.01£0.19 100.05+1.22 1.11
4 3.90+0.09 97.50+2.04 2.23
Tomato 10 9.92+0.16 99.20+1.70 1.63
18 17.9540.16 99.72+0.97 091
4 3.99+0.06 99.75+1.79 1.55
Orange 10 10.05+0.12 100.50+1.45 1.18
18 17.84+0.15 99.11+1.13 0.82

Table 10. Statistical comparism between Method A and B for the
determination of MBC in real samples by CPE- spectrophotometry.

Statistical

Method A Method B Method A Method B
Parameters
99.33 98.25 Mean 98.38583 98.97083
99.57 99.20 Variance 1.680808 1.304608
98.92 99.27 Observations 12 12
95.00 96.50 Pooled Variance  1.492708
100.14 98.40 dof 22
98.15 100.05 t Stat -1.17285
97.66 97.50 P(T<=t) one-tail  0.126699
97.91 99.20 ¢ Critical 1717144
one-tail
98.38 99.72 P(T<=t) two-tail  0.253398
98.00 99.95 ¢ Critical 2.073873
two-tail
98.57 100.5 F Stat 1.288
99.00 99.11 Ferir, dof=11 2.81

4. Conclusion

This work accentuates the established methods based on
designed two CPE procedures before spectrophotometric

analysis for the determination of ultra trace carbendazim
residues in a variety of samples. Despite various analytical
methods reported in a chemical literature for the detection of
MBC in different samples, to our knowledge this is the first
CPE-spectrophotometry for MBC depended on the reaction of
the target analyte with the well-known reaction system
reported in a scientific literature. The proposed methods
provide good analytical features such as a linear range, limit of
detection, accuracy, precision and interferences-free, which
can be applicable for routine quantitative analysis in the
quality control laboratories for MBC in the environmental
samples, due to the simplicity, rapidity, inexpensive and
eco-friendly.
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