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ABSTRACT

In this work, a novel method has been developed to simultaneously
determine trace amount of rhodamine B (RhB) and rhodamine 6G
(Rh6G) by spectrophotometry coupled with partial least squares re-
gression. A modified cloud point extraction (CPE) method, which uti-
lized a combination of the nonionic surfactant, Triton X-114, and the
anionic surfactant, sodium dodecyl benzene sulfonate (SDBS), as the
extractant, was used to preconcentrate RhB and Rh6G from sample
solutions. The extraction conditions, such as concentration of surfac-
tants, electrolyte concentration, and pH on the CPE were investigated
and optimized using a single-factor method followed by a L, (3%) or-
thogonal array design (OAD). The maximum absorption wavelengths
for RhB and Rh6G are 558 and 533 nm, respectively; linearity isobeyed
in the range of 3.4-550 and 4.0-500 ng mL-* with detection limits of
1.2 and 1.8 ng mL?, and the root mean square errors of prediction
(RMSEP) are 9.166 and 11.699 ng mL2, respectively. The proposed
method has been applied successfully to simultaneously determinetrace
amount of RhB and Rh6G in paprika, hotpot ingredients, and river
water samples with the recoveries of 86.8-111.8%.
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Rhodamine B (RhB) and rhodamine 6G (Rh6G)
with thechemical structureshowninFigurel, arede-
rivatives of the synthetic xanthene dyes, both of which
have been used for dyeing textile and food stuffg2.
Theuseof RhB and Rh6G for food coloring hasraised
serious concerns because of the carcinogenicity, repro-
ductive and devel opmental toxicity, neurotoxicity, and
chronictoxicity towards humansand animal§34, thus,

hasbeen bannedin food stuff by many countries. How-
ever, duetotheir low cost and high effectiveness, these
harmful dyesarestill used by unethical manufacturers
and will probably continueto be used infood coloring
in some partsof theworld. Moreover, RhB has been
unambiguousfound in paprikawhichwasfar from any
anthropogeni c addition during itsvegetation process®.
Therefore, asensitive and reliable method isurgently
needed for the simultaneous determination of RhB and
Rh6G in variousfood samplesand aquatic environment.
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Figurel: Thechemical structureof RhB (a) and Rh6G (b).

A variety of andytica methodshavebeen proposed
for thispurpose, such as el ectrokinetic capillary chro-
matography!®, high-performanceliquid chromatogra-
phy!”, voltammetric'®, fluorescence spectrophotom-
etry®19, and visible spectrophotometry>-23, The chro-
matographic methods often require complicated pre-
treatment procedures, whilethe spectrophotometric
method isnot sel ective and sensitive dueto the high-
overlapping of their absorption spectraand tracelevel
present infood samples. Thismotivatesusto develop
dternaivemethodsfor the s multaneousdetermination
of RhB and Rh6G with high sengitivity, selectivity, and
simple pretreatment procedure.

In recent years, absorption-concentration matrices
have been used in conjunctionwith chemometric meth-
odsfor anaysisof complex samplessuch asmaachite
greenand crystd violetl*17, Partid least squares(PLS)
method playsanimportant rolein solving the problem
of closely overlapping absorption spectra®?d, Asa
full spectrum multivariatecdibration method, it utilizes
amathematical separation procedureto substitutethe
traditional chemical separation procedure and shows
good predicted results. At the sametime, the combina
tion of PLSmethod and different enrichment techniques,
such as dispersive liquid-liquid microextraction
(DLLME)?223| solid phase extraction (SPE)?4, and
cloud point extraction (CPE)?>?% hasbeen used to si-
multaneoudy detect many analytes.

Separation and preconcentration based on CPE are
becoming animportant and practica gopplication of sur-
factantsinanalytica chemistry?”2, Thetechniqueis
based on aproperty that most nonionic surfactantsin
aqueous sol utionscan form micellesand separateinto
asurfactant-rich phaseof asmall volumeand adiluted
aqueous bulk phase when heated to a temperature
known as cloud point temperature (CPT). Thesmall
volume of the surfactant-rich phase obtained with this
methodol ogy permitsthedesign of extraction schemes
which can lead to alarge preconcentration factor and
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therefore, beespecidly suitablefor thetraceleve andy-
gs

In thiswork, we combine the advantages of the
PL Smethodol ogy and CPE procedurefor S multaneous
spectrophotometric determination of trace amount of
RhB and Rh6G. In view of the cationic nature of RhB
and Rh6G acombination of anonionic surfactant, Tri-
ton X-114, with an anionic surfactant, sodium dodecyl
benzene sulfonate (SDBS), was used for the mixed
micelle-mediated cloud point extraction, whichisbased
onthefact that theincreased interactions between the
cationic dyesand anionic-nonionic mixed micellesvia
not only hydrophobic but also e ectrostatic forcescould
enhancethe extraction efficiency!®31. The parameters
which affect the extraction efficiency were optimized
by using asingle-factor method and thenal , (3*) or-
thogonal array design (OAD) to achieve high extrac-
tion efficiency for both of RhB and Rh6G extraction.
Theapplicability of presented method for theanaysis
of food and industrial waste water sampleswasalso
investigated. Tothebest of our knowledge, thisstudy is
thefirst report describing the application of CPE-PLS
spectrophotometric method for s multaneous determi-
nation of RhB and Rh6G inreal samples.

EXPERIMENTAL

Reagents

All chemicd susedintheexperimentswere of ana
Iytical gradeand used without further purification. Double
didtilledwater wasused throughout theexperiments. Stan-
dard stock solutionsof RhB and Rh6G at aconcentra
tion of 100.0 ug mL*were prepared by dissolving ap-
propriate amounts of rhodamine B and rhodamine 6G
(obtained from Shanghai Chemica Reagent Company,
China) inwater, respectively. Working standard solu-
tionswere prepared by stepwisedilution of stock stan-
dard solutionsprior to use. Aqueous 5% (v/v) solution of
Triton X-114 was prepared by dissolving 5.0 mL of Tri-
ton X-114 (obtained fromAmresco, USA) in 100 mL
water. SDBSsolution (4.00g L) wasprepared by dis-
s0lving4.00g of SDBSin 1000 mL volumetricflask and
dilutetothemark withwater.

I nstrumentation and software
Inthiswork, aPerkinElmer (Lambda45) spectro-
— a%a['yttaa[’ CHEMISTRY
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photometer with 10 mm quartz cellswasused for UV—
visgpectraacquisition. A Profess ond Meter PP-15 pH-
meter, equipped with acombined glasscalomel elec-
trode, wasemployed for the pH adjustments. The spec-
trad datawereimported to the Matlab environment and
al programswererun on anASUS computer with core
i3 ascentra processing unit (4 Gb RAM).

General procedure

Andiquot (8.0mL) of stlandard or samplesolution
containing nomorethan 5.5 ug of RhB and 5.0 pg of
Rh6G wastransferred into a10 mL graduated centri-
fugetube. Then, 0.2mL of 4.0gL* of SDBS, 1.3mL
of 5% (v/v) of Triton X-114, and 64.4 mg (1.1 mmol)
sodium chloridewereadded to thetube, and diluted to
the mark with water. The pH of the solution was ad-
justedto 2.6 using 0.1 mol L* hydrochloric acid and
0.1 mol Ltsodium hydroxide. Theresultant solution
was shaken and kept in athermostated water bath for
25minat 55°C. After being centrifuged for 5 min at
4000 rpm, the mixture was cooled in anice bath in
order to increase the viscosity of the surfactant-rich
phase and the agueous phase was easily decanted by
samply invertingthetube. Thesurfactant-rich phasewas
dissolved and diluted to 0.5 mL with ethanal, thentrans-
ferredinto a0.5 mL quartz cell. The spectrawerere-
corded inthewaveength region of 450-650 nm with a
resolution of 1 nm against areagent blank. Becausethe
amount of RhB and Rh6G in 10.0 mL sample solution
ismeasured after preconcentration by CPE in afinal
volume of 0.5 mL, the solution is concentrated by a
factor of 20.

Inaddition, high-performanceliquid chromatogra-
phy (HPLC) (Agilent 1100 Series, USA) wasa so used
to detect RhB and Rh6G inreal samplesaccording to
Ding et d.", withaC18 column (150 mm x 2.1 mm)
and afluorescence detector. Anisocratic elution using
45% of acetonitrilewith 55% of 0.1% (w/v) of phos-
phate buffer was adopted as the mobile phase. The
detection was performed at an excitation wavelength
of 535 nmfor RhB and 515 nm for Rh6G and anemis-
sion wavelength of 580 nm for RhB and 554 nm for
Rh6G respectively.

Preparation of real samples

Paprika, and hotpot ingredients sampleswere col -
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lected from alocal market. After homogenized by a
disintegrator, 1.000 g of each samplewas put into a
15.0 mL conical tube and extracted by ultrasonic vi-
brationfor 10 minwith 10.0 mL doubledistilled water.
After centrifuged at 4000 rpm for 5min, the superna-
tant wastaken and filtered through 20.45 um mem-
brane. The extraction processwasrepeatedintripli-
cate and the supernatants were amalgamated into a
volumetric flask and diluted to 50.0 mL with double
digtilled weter. River water wascollected from Xiangjian
River where closeto aprintworks. Theimpurities of
collected sampleswereremoved by filtration through
0.45 umfilter film. All the as-prepared sampleswere
stored at 4 °C in the dark and analyzed within a week.

RESULTSAND DISCUSSION

Asshown in Figure 2, the absorption spectra of
RhB and Rh6G in surfactant-rich phase overlap with
each other. Simultaneous determination of thesetwo
dyesissmply impossiblewith conventional methods
duetothesimilarity of their absorption spectra. This
challenge could be overcomeby using the PLSregres-
sion. InthePLSregression, the“mathematical separa-
tion” replaces tedious “chemical separation”, which
thereforeallowsfor thedirect Smultaneous determina:
tion of RhB and Rh6G in complex matriceseveninthe
presence of other unknown analytes. Becausethe ab-
sorption spectra of RhB and Rh6G, which were re-
corded after CPE with Triton X-114 and SDBS, show
themaximum absorption bandsat 558 and 533 nm for
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Figure2: Theabsorption spectrum of 150 ngmL 1 RhB (a)
and 140 ngmL 1 Rh6G (b) after cloud point
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RhB and Rh6G, respectively, the absorbancesat these
two wavelengthswere used to eval uate the optimum
conditionsfor themixed micelle-mediated CPE.

Optimum conditionsfor cloud point extraction

In order to achieve maximum extraction efficiency,
severd parametersaffecting the CPE of RhB and Rh6G
such aspH, surfactant type and concentration, salt con-
centration, equilibration temperature and time, were
optimized by acombination of sngle-factor method and
OAD L, (3.
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Figure3: Theeffect of pH on theabsorbanceof 150 ng mL !
RhB and 140ngmL - Rh6G after cloud point extraction with
mixed micelles.

Effect of pH

The pH of solutionisanimportant factor during
CPE processinvolving analytesthat possessacidic or
basic moieties, as it can alter the ionic form of the
analytes. Inthisstep, the effect of pH on theamount of
extracted RhB and Rh6G wasinvestigated in the pH
rangeof 2.0-5.0. As can be seen in Figure 3, the opti-
mal pH is2.5, inwhich thetwo dyesare predominantly
inther cationic form, resultingin an enhanced interac-
tion between the cationic ana ytesand theanionic mixed
micelles, and consequently, greater extraction efficiency.
Thus, pH 2.5 was chosen for the subsequent experi-
ments.

Effect of thesurfactant speciesand concentration

Mixed micelle-cloud point extraction was chosen
for extraction of thetarget anal ytes because RhB and
Rh6G are cations and highly solublein aqueous solu-
tionin pH 2.5 solution, leading to poor extraction effi-
ciency in CPE. Consequently, thethreeanionic surfac-
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tant, SDBS, sodium dodecyl sulfate (SDS), and lauryl
sodium sulfate (SLS), wereindividually testedinthis
study toformtheion-pairsbefore CPE, combined with
anonionic surfactant, Triton X-114 or polyethylenegly-
col 400 (PEG 400). AsshowninFig. 4, theRhB-SDBS
and Rh6G-SDBSion-pairscantransfer effectively into
the aggregates of Triton X-114, leading to higher ex-
traction efficiency. Therefore, the combination of Triton
X-114 and SDBSwas used for the mixed micelle ex-
tractioninthiswork.
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Figure4: Absor bance comparison of RhB and Rh6G after
preconcentr ation and extraction by different combination of
non-surfactant and anionic surfactant extractants. Thecon-
centrations of RhB and Rh6G were asthe sameasthat in
Figure2.

Theeffect of SDBS concentration in therange of
0-1.80 g L' ontheextraction of RhB and Rh6G was
investigated. As can be seen in Figure 5, the absor-
bances of RhB and Rh6G increased with increasing
SDBS concentration upto 0.06 g L-*for RhB and 0.08
g L*for Rh6G, respectively, then decreased dowly at
higher concentrations. Therefore, the optimum SDBS
concentrations for RhB and Rh6G were selected as
0.06 gL*and0.08 gL, respectively.

Theeffect of Triton X-114 concentration wasa so
investigated intherangeof 0.10-0.80% (v/v) at a fixed
level of SDBS. Figure 6 demonstrates that the mea-
sured absorbances of both RhB and Rh6G increased
with increasing the concentrationsof Triton X-114 up
to 0.60% (v/v) for RhB and 0.70% (v/v) for Rh6G,
then decreased with afurther increase of the surfactant
concentration. Therefore, the optimum Triton X-114
concentrations for RhB and Rh6G were selected as
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Figure6: Theeffect of Triton X-114 concentration on the
absorbance of 150 ngmL * RhB and 140 ng mL * Rh6G after
cloud point extraction with mixed micelles.

0.60% (v/v) and 0.70% (v/v), respectively.
Effect of salt typesand concentrations

Inthisstudy, three salting-out el ectrolytes (NaCl,
CaCl, and Na,SO,) were individualy added to the
mixed micellar solutionsto investigatether effectson
the CPE. Theresultsreved that NaCl produced effec-
tiveseparation and lower CPT thanNa,SO, and CaCl,,
at the same concentration, both to RhB and Rh6G. So,
NaCl wasfurther investigated in theconcentration range
of 0.02-0.12 mol L. Anincreasein the concentration
of NaCl upto 0.10 mol L* increased the absorbance
and above thisvalue, no significant change was ob-
served for thetwo ana ytes. Thus, aconcentration of
0.10 mol L* was sl ected as optimum.

Effectsof equilibration temperatureand incuba-
tiontime

Itisdesirableto employ thelowest possibleequili-
bration temperature and the shortest incubation time,
which compromisetheefficient separation of the phases
and the completion of theextraction. Therefore, theef-
fect of equilibration temperature (30-60 °C) was stud-
ied. It was found that 55 °C is adequate for both
anaytes. Thedependenceof extraction efficiency upon
equilibrationtimewasdso studied for atimeinterva of
5-45 min. Maximum extraction efficiency was observed
at 55 °C after 25 min, accordingly, an incubation time
of 25 minwasset inthisstudy.

Orthogonal array design for further optimizing
CPE conditions

Until now, the“best” CPE separation conditions
were obtained by use of thesingle-factor method (i.e.,
varying one parameter at atimewhilekeeping the oth-
ersconstant). Because OAD method usesasimulta-
neous multivariate optimization approach to obtaina
global rather thanaloca optimum, theorthogona ar-
ray design L, (3*) wascarried out in order to optimize
further the experimental conditionsfor CPE based on
thepreviousoptimized results. Thedesigninvolved four
factors, thepH (P), the concentrations of anionic (A)
and nonionic (N) surfactants, and the salt (S) concen-
tration, each at threelevels(shownin TABLE 1). The
resultsof the OAD experiment canbedatisticaly trested
by direct observation andysisto evaluatetheeffect or
theimportance of agiven factor(s2 33,

Ascanbeseenin TABLE 1, theleve differenceof
factor Pwasthelarges, indicating that pH wasthemost
important factor of those considered. The concentra-
tion of nonionic surfactant (N) wasa so important, but
the NaCl concentration (S) of lessimportance. Thus,
from the OAD experiments, two possible extraction
condition combinations, A,-S -P.-N, (denoted as
schemeA) and A ,-S,-P,-N,, (scheme B), seemed op-
timal for RhB; and two for Rh6G, thatis, A",-S -P'.-
N’, (scheme C) andA",-S -P'-N’, (scheme D). To
pursuethe best extraction conditions, thefour schemes
were tested experimentally. After performing each
schemeintriplicate, schemeB (SDBS0.08 mol L,
NaCl 0.11 mol L, pH 2.6 and Triton X-114 0.60%)
and schemeD (SDBS0.08 mol L1, NaCl 0.11 mol L-
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TABLE 1: Thetreatment of factor sand their levels, and therange analysisof rhodamine B and rhodamine6G on absotibance
correspondingtothel , (3%) orthogonal experiment

Influencing factorsand levels

SDBS concentration  NaCl concentration Triton X-114 Abs (n=3)
no (L™ (molL™) pH concentration (v/v %)

RhB Rh6G RhB Rh6G RhB Rh6G RhB Rh6G

S (-G W W W (= WO (0 WO () () RhB  RR6G
1 0041)  0.06(1) 0.09(1) 2;%1) 055(1)  065(1) 02750 03144
2 004(1)  0.06(1) 0.10(2) 25(2) 0.60(2) 0.702) 02947 03127
3 0041  006(1) 0.11(3) 2.6(3) 0.65(3) 0.75(3) 03040 0.3168
4 006(2) 00802 0.09(2) 25(2) 0.65(3) 075(3) 02921 0.3019
5 0062 00802 0.10(2) 2.6(3) 0.55(1) 065(1) 02977 0.3344
6 0062 00802 0.11(3) 2.4(1) 0.60(2) 070(2) 03007 0.3305
7 0083 01003 0.09(2) 2.6(3) 0.60(2) 070(2) 03126 0.3275
8 0083 01003 0.10(2) 2.4(1) 0.65(3) 0.75(3) 02924 0.3053
9 0083 01003 0.11(3) 25(2) 0.55(1) 065(1) 02932 0.3067
k1 0.291 0.315 0.293 0.315 0.289 0.317 0.289 0.319
ks 0.297 0.322 0.295 0.317 0.295 0.307 0.303 0.324
ks 0.299 0.313 0.299 0.3180 0.305 0.326 0.296 0.308
Best
level Aj A*, S; S P; P*, N, N*,
level
R 0.008 0.009 0.006 0.003 0.016 0.019 0.014 0.016

1 pH 2.6 and Triton X-114 0.70%) resulted in higher
spectrophotometer responsesfor RhB and Rh6G re-
spectively. In order to reach asame extraction condi-

tion for simultaneous extraction of RhB and Rh6G, of NaCl.

0.65% (v/v) of Triton X-114 was chosen and there-
sponses has no significant differencefrom schemeB
and schemeD. Therefore, the most favorable condi-

Individual calibration
Calibration curveswere constructed for theindi-

tion combinationfor themixed micellar cloud point ex-
traction of RhB and Rh6G was: pH 2.6, 0.65 % (v/v)
of Triton X-114,0.08 gL*of SDBS,and0.11mol L*

TABLE 2: Composition of synthetic mixturesand predicted valuesby PL Smodel and statistical parameter sfor thesystem

Synthetic samples (hg mL™)

Prediction (ng mL™)

Recovery (%)

Sample
RhB Rh6G RhB Rh6G RhB Rh6G
1 85 20.0 7.3 215 85.9 107.5
2 17.0 120.0 16.3 117.9 95.9 98.3
3 34.0 180.0 37.2 175.0 109.4 97.2
4 85.0 12.0 87.4 105 102.8 875
5 119.0 140.0 120.4 146.3 101.2 104.5
6 136.0 400.0 155.0 387.4 114.0 96.9
7 170.0 160.0 166.4 169.8 97.9 106.1
8 204.0 160.0 219.7 166.9 107.7 104.3
9 306.0 240.0 3194 243.6 104.4 101.5
10 425.0 300.0 429.5 331.3 101.1 1104
AR 102.1% 101.4%
RPE 4.66% 5.67%
RMSEP 9.166 11.699
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vidua standard solutionsof RhB and Rh6G at the opti-
mum extraction conditions and wavel ength of 558 and
533 nm, respectively. Thecdibration curveswerelin-
ear in therange of 3.4-550 ng mL* and 4.0-500 ng
mL-*withtheeguationsof A=0.0019c+0.0199 (r?=
0.9995, n = 10) and A = 0.0021 ¢ + 0.0303 (r? =
0.9987, n=10) for RhB and Rh6G respectively (where
Aistheabsorbance and cistheconcentration of anaytes
intheunit of ngmL-*in agueousphase). Thelimit of
detection, defined asLOD=3S/m(whereLOD, § and
marethelimit of detection, standard deviation of the
blank, and d ope of the calibration graph, respectivey),
wasfoundtobe 1.2 and 1.8 ngmL* for RhB and Rh6G,
respectively.

PLSMethod

Thefirst stepinthe s multaneous determination of
RhB and Rh6G by PL Sinvolvesconstructing the cali-
bration matrix. A number of 25 mixtureswereselected
asthecalibration set, and the concentrations of RhB
and Rh6G inther linear rangewererandomly designed
to obtain moreinformation from the calibration proce-
dure. Under these conditions, the calibration models
wereobtained and then vaidated by a10 synthetic mix-
turesat containing RhB and Rh6G inrandomly selected
proportions. Theconcentration of each samplewasthen
predicted and compared with theknown

concentration of thisreferencesample. Inthiswork,
10 synthetic test sampleswere anayzed with the pre-
sented method. Theresultsobtained aregiveninTable
1. In order to select the number of factorsinthe PLS
agorithm, across-vaidation method, which leavesout
onesampleat atime, was used®. Theprediction error
was cal cul ated for each anaytefor the prediction set,
which arethesamplesnot participatingin the construc-
tion of themodd. Thiserror wasexpressed asthe pre-
dictionresidua error sum of squares (PRESS), which
isdefined asfollows:

PRESS=) (¢ -¢)? 1)

i=1
where nisthe number of samplesin the prediction
set, ¢ isthe actual concentration in theith sample,

and € isitsestimated value. PRESSwas cal cul ated

for thefirst variable, which built the PLS modelingin
the calibration step. After that, another latent variable

Hnalytical CHEMISTRY o

was added for themodel building and the PRESSwas
calculated again. Thesecal cul ationswere repeated for
1-25 latent variables, which were used inthe PLS
modeling. Thisprocedure wasrepeated for each ele-
ment. Inorder to find thesmallest modd (fewest num-
ber of factors), the F-statistic was used to carry out
thesignificancedetermination. The PLSmodeling for
each element had adifferent number of factors. The
optimum factors for RhB and Rh6G to be 4 and 5,
respectively.

Usingthedatain TABLE 2, the averagerecovery
(AR) of RhB and Rh6G in mixtures can be cal cul ated
&

2

Theprediction error of RhB and Rh6G inthe mix-
tures, defined astherelative predictive error (RPE) of
the predicted concentrations, can be calcul ated as:

AR(%) =100x Y (¢ /c)/n
i=1

RPE(%)=1OO><[Zn:(Ci —cﬂi(cﬁ)ﬂ o

Theroot mean squareerror of prediction (RM3EP)
canbecaculated as:

n 0.5
RMSEP =[Z(q —c,)zln} @)
i=1

Thecd culated results of AR, RPE and RMSEP for
PLSarealso showin TABLE 2.

Interferencestudy

Theeffect of different ionsand dyesonthesmulta:
neous determination of 150 ngmL-* RhB and 140 ng
mL* Rh6G by thismethod wereinvestigated. Anion or
adyewas considered asinterferent, whenit caused a
variationinthe absorbance of theanalyte greater than
+ 5%. The results presented in TABLE 3 show the
good selectivity of the procedure. Thethree common
dyes, sudan |, methyleneblue, and dlurared, werealso
tolerableupto 50, 20 and 10-fold of the analytes, re-
Spectively.

Applicationsand validation

Therdiability and applicability of the devel oped
method was examined by the s multaneous determina
tion of RhB and Rh6G in paprika, hotpot ingredients,
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TABLE 3: Tolerancelimit of foreign species

Foreign species Toderanceratio
Na', K*, Ccu®*, NH,", Ni**, Mg®, Pb**, Cd*, Ca’*, Zzn*", Hg**,CI", I, NO; ,CO;*, SO~ ,

PO,* and CH,COO 1000
Fe**, AI® 800
Co**, Cr¥*, Mn?" and NO, 500
Sudan [ 50
Methylene blue 20
Allurared 10

TABLE 4: Determination of RhB and Rh6G in real samples

Added (ng mL™) Found+SD (ng mL™) Recovery (%) By HPLC Found+SD (ng mL™)

Sample

RhB Rh6G RhB Rh6G RhB  Rh6G RhB Rh6G
0.0 0.0 26.8+1.3 BDL - - 25.2+1.2 BDL
0.0 250.0 31.6+1.8 249.442.1 - 99.8
. 250.0 0.0 278.4+12.5 BDL 100.6 -
Paprika
50.0 50.0 76.7+6.1 43.4£2.5 99.8 86.8
120.0 120.0 150.3+4.2 106.4+4.5 1029 887
250.0 250.0 281.3+6.8  236.3+12.4 101.8 945
0.0 0.0 27.4+1.6 BDL - - 26.4+1.3 BDL
0.0 250.0 28.1+2.2 247.3+10.2 - 98.9
Hotpot 250.0 0.0 289.5+15.3 BDL 104.8 -

ingredients 50.0 50.0 78.6+2.6 50.4+2.9 1024 100.8
120.0 120.0 155.14+2.3 1252+33 1064 1043
250.0 250.0 293.5+53  2625+11.2 1064 105.0

0.0 0.0 BDL BDL - - BDL BDL

0.0 250.0 BDL 251.8+4.2 - 100.7
250.0 0.0 258.5+11.2 BDL 103.4 -
50.0 50.0 56.1+2.7 47.4+4.3 1122 948
120.0 120.0 133.4+1.3 1341439 1111 1118
250.0 250.0 248.4+2.1 250.2+11.2 994 100.1
3 standard deviation.; ® below the detection limit.

TABLE 5: Performance comparison of thedetection of RhB and Rh6G with other methods.

River water

Technique Analyte Linear range (ngmL™) LOD (ng mL™) R? References
V oltammetric method RhB 4.78-956.06 2.93 0.9942 [8]
Fluorophotometry RhB 0.765-478.03 0.239 0.9995 [10]
CPE-fluorophotometry RhB 0.0467-100 0.014 0.999 [9]
CPE-UV visible® RhB 5-550 13 0.9982 [11]
CE"-UV visible RhB 1200-59800 300 - [6]
DLLME-UV visible Rh6G 5-900 2.39 0.9988 [2]
DLLME-UV visible RhB 5-100 1.05 0.9993 [13]
SPE-UV visible RhB 250-3000 3.14 0.9996 [12]
RHB 2-50 05 0.9950
SPE-HPLC 50-1000 0.9999 [7]
RAEG 0.5-20 01 0.9940
20-400 0.9994
. RhB 3.4-550 12 0.9995 _
CPE-UV visible-PLS RhGG 4.0-500 18 0.9987 Thiswork

2 UV visible spectrophotometry; © Capillary electrophoresis
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and river water samples. Theaccuracy of the method
and the effect of the matrix of thereal sampleswere
assessed by the recovery experimentsfrom samples
spiked withtheknown amountsof analytes. TABLE 4
summarizestheresultsobtained for real samples. The
recoveriesareintherange of 86.8-111.8%, which in-
dicatesthat the PLS model isableto predict the con-
centrationsof RhB and Rh6G inreal samples.

The presence of RhB and Rh6G in al studied
sampleswasal so vaidated by HPLC. A good corrd a
tion between predicted valuesand HPLC resultswas
obtained (shownin TABLE 4). Inaddition, acompari-
son of thismethod with otherg?¢13 for detecting RhB
and/or Rh6G was summarized in TABLE 5 and the
result indicatesthat thismethod haslower detectionlimit
or wider linear rangethan most of the reported meth-
ods, and aboveall, it can be applied to simultaneous
determination of both RhB and Rh6G in acost-effec-
tiveandtime-saving fashion.

CONCLUSIONS

Inthisstudy, we have devel oped anew method for
the s multaneousdetection of traceamount of rhodamine
B and rhodamine 6G. The method employs mixed mi-
cdllecloud point extraction and the PL Sregress on meth-
odology. Theresultsdemonstratethe effectivenessof the
cloud point extraction systemin quantitetively extracting
and preconcentrating rhodamine B and rhodamine 6G
Without tedious pre-separation procedures and expen-
sveinstrumentation, thismethod hasbeen successfully
used to determinerhodamine B and rhodamine6Gin
paprika, hotpot ingredients, and river water withlow pre-
diction errorsand acceptablerecoveries, reveding the
applicability of themethod for redl sampleanalyss.
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