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Abstract

A simultaneous solid-phase preconcentration and spectrophotometric determination method based on adsorption of rho-
damine B (RB) and Brilliant Blue FCF (BB) synthetic dyes onto Chromosorb 108 resin was developed. Solution pH,
sample, eluent flow rates and eluent type were optimized. RB and BB concentrations were determined at 556 and 630 nm,
respectively. Matrix effects of interference components were examined. Preconcentration factors and detection limits of the
dyes were calculated. Adsorption isotherms of method, surface micrographs and pH,,. of resin experiments were per-
formed. Limit of detections of the method were determined 0.22 and 0.31 pg L™' for RB and BB, respectively. The
method was successfully applied to determine RB and BB in industrial, foodstuff, cosmetics and environmental water
samples. RB contents were found between 2.11 and 5.89 pug mL~" for liquid samples and 17.55 and 370 ug g~ for solid
samples. BB concentrations in investigated solid samples were between 3.00 and 53.38 pg g~'. BB contents of liquid
samples were determined between 1.57 and 9.66 pg mL™". In order to test applicability of the method, analyte addition/
recovery technique was also used. Quantitative recovery values ranging from 95 to 103% were obtained from the analyte
addition/recovery tests.
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1 Introduction

Rhodamine B (RB) is highly water soluble, synthetic, a
kind of xanthene dye and extensively used to dye final
products in various industries such as food, cosmetic,
plastic, textile, petroleum and automotive (Pourreza et al.
2008). Due to its stable characteristics and florescence
feature, it has been preferred by manufacturers and widely
used in different industries (Li et al. 2009; Hu et al. 2013)
and their products such as lipstick, antifreeze and soap. It
has four aromatic benzene rings, a color index of 45,100

< Abdullah Taner Biggin
atbisgin @gmail.com; atbisgin@ohu.edu.tr;
atbisgin@nigde.edu.tr

Ulukisla Vocational School, Nigde Omer Halisdemir
University, 51900 Nigde, Turkey

Department of Chemistry, Faculty of Arts and Sciences,
Nigde Omer Halisdemir University, 51240 Nigde, Turkey

Faculty of Pharmacy, Erciyes University, 38039 Kayseri,
Turkey

and IUPAC name [9-(2-carboxyphenyl)-6-diethylamino-3-
xanthenylidene]-diethylammonium chloride (Unsal et al.
2014a). Carcinogenic and toxic effects of RB on human
and animal have been proved previously with experimental
reports (Liu et al. 2013).

Brilliant Blue FCF (BB) is denoted by E number E133,
a synthetic, triarylmethane dye and widely used in petro-
leum, oil, cosmetic, textile, food and automotive industries
as a coloring agent. It is used also in soaps, energy drinks,
lubricants, inks and antifreezes (Pourreza and Ghomi
2011). It has ITUPAC name disodium 3-[N-ethyl-N-[4-[[4-
[N-ethyl-N-(3-sulfonatobenzyl)-amino]phenyl] (2-sul-
fonatophenyl) methylene]-2,5-cyclohexadiene-1-ylidene]
ammoniomethyl] benzene sulfonate, a color index of
42,090 and five aromatic rings which may have harmful
effects on environment and also human health (Guo et al.
2013). Carcinogenicity and toxicity of BB have been well
known and reported by science community (Bisgin et al.
2015a).

The use of harmful dyes in industrial products such as
soaps is considered a great threat to human health. Both of
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dyes cause human health problems such as irritation to eyes
and skin (Stachova et al. 2016). These harmful effects also
depend on concentration of BB when consumed excessive
amount of dye through foodstuffs. According to WHO
(World Health Organization), the acceptable daily intake
amount of BB is 6 mg/kg per day on a basis of human body
weight (Wang et al. 2015). On the other hand, RB is illegal
food dye and it has not been allowed to use in foodstuffs;
therefore, it has no allowable concentration value (Fu et al.
2015). Because of harmful features of both dyes, toxico-
logical considerations and carcinogenicities, these dyes
cannot be considered safe (Zhai et al. 2017). Due to these
reasons, great efforts have been made and various instru-
mental techniques including spectrophotometry (Dil et al.
2016), chromatography (Qi et al. 2016), voltammetry (Gao
et al. 2016), electrochemistry (Gomez et al. 2016), capil-
lary electrophoresis (Chen et al. 2015) and fluorometry (Fu
et al. 2015) have been used for detection and determination
of the dyes. Spectrophotometry is the most used and
attractive in these techniques because it is simplistic and
has lower operational cost than other instrumental tech-
niques (Long et al. 2016).

Spectrophotometric determination of dyes could be
problem because of low levels of dyes and interference
effect of matrix in real samples (Bisgin et al. 2015b).
Therefore, various extraction methods including solid-
phase extraction (SPE) (Soylak et al. 2011), cloud point
extraction (Siirme et al. 2016), dispersive liquid-liquid
microextraction (Unsal et al. 2015a), membrane filtration
(Unsal et al. 2015b), microextraction (Yigit et al. 2016) and
liquid-liquid extraction (Unsal et al. 2014a, b) have been
developed for preconcentration and separation of the dyes.
Among these methods, SPE is inexpensive, simple and
useful. The main advantages of this procedure are high
preconcentration factor and low detection limit. Moreover,
SPE resins can be regenerated and reused many times
(Soylak et al. 1996; Biggin et al. 2016).

In the present study, a combination method based on the
simultaneous SPE and UV-Vis spectrophotometric deter-
mination of trace levels of RB and BB in different indus-
trial and environmental water samples was developed.
According to our best literature survey to date, simulta-
neous column solid-phase extraction and spectrophoto-
metric determination of RB and BB dyes with using
Chromosorb 108 resin have not been performed.

2 Materials and Methods
2.1 Chemicals

The chemicals used in the experiments were of analytical
grade and purchased from Merck (Merck, Darmstadt,
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Germany) and Sigma (Sigma—Aldrich, Munich, Germany).
RB and BB stock solutions were prepared with distilled
water. Each of 1000 pg mL™"' stock dye solutions was
stored in a refrigerator at 4 °C. Working standard solutions
were prepared daily by mixing and diluting appropriate
amounts of the stock dye solutions. The chemical structures
of the dyes are given in Fig. 1 with their UV—Vis spectra.

Binary buffer chemicals H;PO,//NaH,PO, for pH 2-3,
HAc//NaAc for pH 4-5 and NaH,PO,//Na,HPO, for 6-8
were used in the experiments. Buffer solutions were pre-
pared in distilled water by adding calculated amounts of
binary chemicals and controlling with a pH meter.

Chromosorb 108 is a synthetic and acrylic ester poly-
meric resin and has 100-200 m? g~' surface area and
60-80 mesh pore size. The resin possesses high stability in
strong acidic and basic media; therefore, it can be used as
stable in entire working pH range (Tuzen and Soylak
2006).

2.2 Instruments

A double-beam Shimadzu UV-160/A model UV-Vis
spectrophotometer (Shimadzu Corporation, Japan) was
used for UV-Vis measurements and determinations of the
dyes. A Hanna HI-2211 model digital pH meter (Hanna
Instruments, USA) was used to measure the pH values of
the buffer solutions and control the pH of the aqueous
solutions. An Olympus SZ-61 model stereomicroscope
(Olympus Corporation, Japan) equipped with a Nikon D-90
model camera with a high zoom objective (Nikon Corpo-
ration, Japan) was used to take surface micrographs of the
resin. Mini chromatographic glass columns (Caligkan Glass
and Technique, Ankara, Turkey) which have 1 cm in
diameters, 10 cm longs and 500 mL reservoirs with Teflon
stopcocks were used for extraction and separation
procedures.
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Fig. 1 UV-Vis spectra of 0.5 pg mL™" of RB, 0.75 ug mL™" of BB
and mixture of 1 pg mL~" of RB, 1.5 ug mL~' of BB
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2.3 Solid-Phase Extraction Procedure

Twenty-five milliliters of model solution containing 2.5 g
RB and 3.75 pg BB was buffered to pH 4 with HAc//NaAC
binary buffer chemicals. The solution was poured into
reservoir of the column and permitted to flow through the
column under gravity at a flow rate of 4 mL min.™'. After
ending the flow of the sample solution, Chromosorb
108-loaded column was rinsed with 5 mL deionized water.
Adsorbed RB and BB dyes on the sorbent were eluted to
5 mL of final volume with 0.5 mol L™! HNOj; in ethanol
solution at an eluent flow rate of 4 mL min~'. RB and BB
concentrations were determined by a spectrophotometer at
556 nm and 630 nm, respectively.

2.4 Preparation of Real Samples

River, lake and wastewater samples were collected in
polyethylene plastic tubes, and they were stored in a
refrigerator at 4 °C until the analysis. Environmental water
and wastewater samples were filtered through quantitative
blue band filter paper after pH adjustments. Filtered water
samples were directly subjected to the method.

Commercially available red and blue antifreeze samples
were purchased from Turkish shops selling car care prod-
ucts. The method was applied to different brands of red and
blue antifreeze samples which are known as engine coolant
and heat transfer fluid in automobile industry and mixtures
of water and either ethylene glycol or propylene glycol. RB
and BB contents of the antifreeze samples were determined
after necessary dilutions of the samples with and without
analyte addition technique.

Certain volumes of liquid soaps were taken from dif-
ferent brands of red, blue and green soap samples and dried
in an oven at 50 °C until the dryness. Solid soap samples
were weighed and dissolved in water. Colorful soap solu-
tions were applied to the developed method after pH
adjustments and filtration process using a blue band filter
paper.

Blue energy drink sample containing BB was directly
analyzed using the given method after being filtered
through a PTFE membrane filter (0.45 pm) and necessary
dilutions.

Solid foodstuff samples containing BB were weighted
and then dissolved with deionized water. Mixtures were
filtered with a membrane filter (PTFE) of 0.45 pm pore
size by using a syringe. The extraction procedure, as given
above, was applied to filter samples.

Lipstick samples were accurately weighed and dissolved
with CCly. RB dyes of organic phase were extracted to
water phase by 25 mL of 0.1 M NaOH solution using a
separatory funnel. The pH values of these samples were

adjusted to 4, and then, procedure was applied to extract
sample.

2.5 pH_,. Experiments

The point of zero-charge experiments for Chromosorb 108
resin were performed between pH 2 and 10, at standard
room temperature (25 °C), by contacting 50 mg of resin to
25 mL of each aqueous solution. NaCl was used as an inert
electrolyte. 0.1 mol L™' HCl and 0.1 mol L™' NaOH
solutions were used for pH adjustments. Adjusted initial
pHs and containing 0.01 mol L™' NaCl solutions were
kept for 48 h. Final pHs of the solutions were measured
with a pH meter after filtering the suspensions. Finally,
pH_,,c value of the sorbent was calculated by plotting initial
pH versus ApH (final pH-initial pH).

2.6 Adsorption Experiments

Column adsorption experiments were performed separately
for each of the dyes at the constant room temperature
(25 °C) by applying optimum parameters of the method.
Column was loaded with 300 mg Chromosorb 108 resin.
Twenty-five milliliters sample solutions containing differ-
ent dye concentrations were prepared. pHs and concen-
trations adjusted dye solutions were subjected to the
method. RB and BB concentrations of the elution solutions
were determined at 556 and 630 nm, respectively.

3 Results and Discussion

Red and blue colors were used in all graphs to symbolize
RB and BB, respectively. Colors of the graphs were chosen
according to original colors of the dyes and mixture of
dyes. UV—Vis spectra of the dyes and their mixture are
given in Fig. 1 which shows any interference effect to each
other.

3.1 Influence of pH

pH is the most important parameter for quantitative
extractions and preconcentration of RB and BB in devel-
oped SPE method. pH of the sample solution has provided
the optimum retention conditions between dye molecules
and sorbent surface. Influence of pH was investigated
between pH 2 and pH 8. Testing range of pH was chosen as
acidic to avoid precipitation of metal ions in the solution.
Results are given in Fig. 2a with standard deviations.
Quantitative extractions of RB and BB were obtained
between pH 2-7 and pH 2-6, respectively. Quantitative
recoveries were not observed at basic pH 8. pH 4 which
was provided simultaneous quantitative extraction was
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Fig. 2 a Effect of pH [SFR: 4 mL/min., EFR: 4 mL/min., eluent:
0.5 mol L™ HNO; in ethanol (5 mL), SV: 25 mL, RA: 300 mg]
(N = 3); b effect of sample flow rate [pH: 4, EFR: 4 mL/min., eluent:
0.5 mol L™! HNOj; in ethanol (5 mL), SV: 25 mL, RA: 300 mg]
(N = 3); c effect of eluent flow rate [pH: 4, SFR: 4 mL/min., eluent:

chosen as optimum and working pH. Consequently, all
further extraction studies were performed at pH 4.

3.2 Influence of Sample Flow Rates

A sample flow rate is an important parameter in the
development of column solid-phase extraction method for
simultaneous quantitative retention of RB and BB target
dyes. Therefore, sample flow rates of the target dyes were
investigated in the range of 1 and 10 mL min~". In order to
develop less time-consuming method, testing range of
sample flow rate was chosen at fast flow rates. Quantitative
recoveries were obtained for both dyes between 1 and
5 mL min.”". Maximum 5 mL min.”' sample flow rate
was too enough for quantitative adsorption of dye mole-
cules. Results of the experiments are given in Fig. 2b with
standard deviations. According to these results, sample
flow rates of the target dyes were chosen as 4 mL min.™
and optimum flow rate; therefore, all subsequent extraction
studies were performed by applying the optimum sample
flow rate.

@ Springer

Sample volume (mL)

0.5 mol L™' HNO; in ethanol (5 mL), SV: 25 mL, RA: 300 mg]
(N = 3); d effect of sample volume [pH: 4, SFR: 4 mL/min., EFR:
4 mL/min., eluent: 0.5 mol L' HNO; in ethanol (5 mL), RA:
300 mg] (N =3)

3.3 Influence of Eluent Flow Rates

Eluent flow rates of the target dyes are as important as
sample flow rate because both dyes could be eluted
simultaneously as quantitative. Eluent flow rates of the
dyes were investigated simultaneously between 1 and
10 mL ™" min. Testing range of eluent flow rate was chosen
at fast flow rates to apply fast extraction and determination.
Working range of flow rate was too enough to obtain
quantitative extractions. Quantitative elutions for the target
dyes were obtained in the range of 1 and 5 mL min.”".
Results are given in Fig. 2c with standard deviations. As a
result, 4 mL min~' eluent flow rate was employed all
further extraction studies.

3.4 Influence of Sample Volume

In order to obtain lower detection limits, sample volume is
an important parameter. Effect of sample volume on the
simultaneous extraction of the dyes was examined with
constant dye amounts by varying sample volumes in the
range of 25 and 800 mL. In order to obtain high precon-
centration factor, extraction studies were performed by
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applying as high as possible volume. Quantitative extrac-
tion values were obtained up to 700 mL of sample volume
for both dyes. Results are given in Fig. 2d with standard
deviations. According to the highest sample volume which
was obtained quantitative recoveries and final elution vol-
ume, the preconcentration factor of the method was
determined as 140 for both dyes.

3.5 Concentration of Buffer Solution

Influence of ionic strength on the simultaneous extraction
of RB and BB was investigated by varying buffer con-
centrations in the range of 0.1 and 0.5 mol L™'. Lower
than 0.1 mol L™" concentration was not employed to keep
buffer solution stability. On the other hand, higher con-
centration than 0.5 mol L™" was not performed to use less
chemicals because 0.2 mol L™' ionic strength of buffer
solution is too enough to fix pH of aqueous solution. No
considerable effects were observed in terms of recovery
values with increasing buffer concentration. Recovery
values of both dyes reached 100-101% from 97 to 98%
with increasing buffer concentration from 0.1 to 0.5 mol
L' Therefore, ionic strength of buffer solution was cho-
sen as 0.2 mol L_l, and all further extraction studies were
performed by applying 0.2 mol L™" ionic strength.

3.6 Influence of Eluent Type

Type of eluent is another important parameter on the
simultaneous extraction and elution processes for simulta-
neous elution of the dyes from the resin as quantitative.
Therefore, various elution solvents and their mixtures were
used in elution step of the method. Elution solutions were
chosen according to polarities of the organic solvents, acids
and their mixtures. When used 1 mol L™' HNOjs in etha-
nol, 0.5 mol L™" HCI in ethanol, 0.5 mol L' HNOj; in
methanol or ethanol and 1 mol L™' HCI in methanol or
ethanol, both dyes were simultaneously eluted as quanti-
tative. Results are given comparatively in Fig. 3. In view of
economic, less toxicities and availabilities of the chemi-
cals, 0.5 mol L™! HNO; in ethanol was chosen as optimum
elution solution and it was used in all further extraction
studies.

3.7 Influence of Matrix Components

Influence of potential interference ions and dyes which
could be found in water, soap and antifreeze samples on the
simultaneous extraction of RB and BB was investigated.
Results are given in Table 1 with standard deviations. Any
interfering effects were observed in the presence of
examined dye and ions which have certain concentrations
given in Table 1.

% Recovery

© BB @ RB

Fig. 3 Effect of various eluents on the extractions of RB and BB dyes
WN=3)

3.8 Influence of Resin Amount

In the optimization experiments, amounts of target analytes
and other variables were kept steady. One variable was
changed at one time. Influence of Chromosorb 108 amount
was investigated between 100 and 600 mg of resin. Results
are given in Fig. 4a. When column was loaded less than
200 mg resin, quantitative retention and extraction of the
dyes were not obtained. On the other hand, when used
more than 500 mg resin, the dye molecules remained on
the resin and simultaneous quantitative elution was not
observed. Therefore, column was loaded with 300 mg of
sorbent and the optimum amount of resin was used in all
further extraction studies.

3.9 Surface Micrographs

Commercially original and colorful surface micrographs of
the Chromosorb 108 resin were also taken and are given in
Fig. 4b. The resin which has white color is commercial
pure original resin. Red- and blue-colored materials are RB
and BB adsorbed states of the resins, respectively. Violet-
colored material is mixture of RB and BB dyes adsorbed
state of the resin. Colorful surface micrographs of the
resins showed that RB and BB dyes were well adsorbed
onto Chromosorb 108.
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Table 1 Effect of matrix

components on the Ion/dye Added as Concentration (mg LN % Recovery

simultaneous extraction of RB RB BB

and BB (N = 3)
Tartrazine - 1.0 101 £ 3% 97 +£3
Congo red - 0.5 99 £ 3 101 £2
Quinoline yellow - 0.2 100 £ 1 9 £ 2
Sunset yellow - 0.1 105 £ 2 101 +£3
Orange RN - 0.1 102 £ 2 102 + 3
Basic yellow - 0.5 100 £ 2 9 + 3
NO;~ NaNO; 1000 97 +£2 9 +2
Cl™ NaCl 1000 99 £+ 3 99 +4
SO~ Na,SO, 100 9 + 4 103 £ 2
PO~ Naz;PO, 2000 98 +2 97 £ 2
AT Al(NO3)3-9H,0 50 95 +2 105+£6
crt Cr(NOs)5-3H,0 25 97 + 4 99 + 1
Mn>* Mn(NO3),-4H,0 100 99 + 3 100 £ 2
Pb>* Pb(NO3), 100 94 + 1 100 £ 0
Mg*+ Mg(NO;),-6H,0 1000 94 +4 100 + 1
cd*t Cd(NO;),-6H,O 100 98 +£3 100 + 4
Ni%* Ni(NO3),-6H,O 100 100 £+ 3 99 + 2
Ca*t CaCl, 1000 9 + 3 99 + 2
Cu*t Cu(NOs),-5H,0 100 95 + 1 96 £ 2
Co** Co(NO3),-6H,0 100 100 + 3 101 £ 3
K+ KNO; 1000 97 +£2 100 £ 2
Na*t NaNO; 1000 99 £+ 3 99 +4

*Mean =+ standard deviation

3.10 Point of Zero Charge

Point of zero-charge experiments support and facilitate to
clarify the adsorption mechanisms of the dyes. According
to our experiments, the adsorbent surface is charged as
positive at lower pHs than pHp,. value. When the solution
pH is equal to pHp,, the adsorbent charge is neutral. When
the pH value of the solution is higher than pH,,., adsorbent
surface is charged negatively (Bazrafshan et al. 2015). The
pHp,. value of Chromosorb 108 resin was determined to be
6.8. Results are given in Fig. 4c. According to pHp,. and
working pH values, sorbent surface was charged positively.

On the other hand, pKa values of RB and BB were 3.7
and 6.6, respectively (Ghoreishi et al. 2011). The analyte
dyes and sorbent surface were charged positively at the
working pH 4. These positive charges mean that strong
adsorption of analyte dyes takes place onto Chromosorb
108 resin because of hydrophobic interactions between dye
molecules and resin and hydrogen bonding through hard-
hard interaction (Ghaedi et al. 2011). The hard-hard
interaction is largely electrostatic, between ions or strongly
dipolar molecules. They can approach each other closely
with increasing electrostatic attraction. Therefore, strong

2
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adsorption is observed with increasing electrostatic
attraction.

3.11 Isotherms and Mechanisms of Adsorption

Adsorption isotherms help to describe the interaction
between sorbent and dye molecules and are useful to
determine adsorption behaviors of the method. Adsorption
isotherms related to retentions of RB and BB onto Chro-
mosorb 108 resin were investigated. Obtained results were
performed to fit Langmuir and Freundlich adsorption
models. Linear forms of Freundlich adsorption isotherms
with high correlation coefficients were obtained for both
dyes. Calculated results are given in Fig. 4d.

Freundlich adsorption isotherm or equation is a curve
relating the concentration of a solute on the surface of a
solid phase, to the concentration of the solute in the liquid
phase with which it is in contact. The basic Freundlich
model is specified with x/m = k.C{™. In this equation, x is
amount of adsorbed analyte, m is sorbent amount, x/m (q) is
concentration of adsorbed analyte, C, is initial or equilib-
rium concentration of analyte solution and k and n are
empirical constants. This equation could be rearranged into
linear form which was In ¢ = Ink + 1/n In C,. Freundlich
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Fig. 4 a Effect of resin amount [pH: 4, SFR: 4 mL/min., EFR: 4 mL/min., eluent: 0.5 mol L! HNOj; in ethanol (5 mL), SV: 25 mL] (N = 3);
b surface micrographs of the resins; ¢ pH,,. of the sorbent (N = 3); d Freundlich adsorption isotherms of the method for RB and BB

adsorption isotherms have been observed for a wide range
of heterogeneous surface (Ng et al. 2002).

The Freundlich model was found to be the most
appropriate to describe the adsorption process of RB and
BB dyes on Chromosorb 108, suggesting that multilayer
adsorption process occurs on the heterogeneous distribu-
tion of active sites onto Chromosorb 108 surface. The
results related to adsorption of the dyes have not fitted to
Langmuir adsorption model; therefore, adsorption capacity
of the resin could not be calculated.

3.12 Applications of Real Samples

In order to test and prove the reliability of the developed
method, natural water and wastewater samples were sub-
jected to the suggested procedure with and without analyte
addition technique. Results are given in Table 2 with
standard deviations. Concentrations of the dyes in all
analyzed real water samples are below detection limit of
the reported method. Quantitative recovery values ranging
from 95 to 101% were obtained from the analyte addition/
recovery tests. These quantitative results supported the
applicability of the method to different matrix.

Red antifreezes and red liquid soaps which are con-
taining RB were analyzed with and without analyte

addition technique. The analyzed results are given in
Table 3. Results are quantitative for all analyzed real
samples. Recovery values of RB are ranging from 97 to
103%. These results show that the method could be applied
reliably to analyzed industrial samples.

Blue antifreezes, windshield washer fluid, blue and
green liquid soaps samples containing BB were analyzed to
determine BB concentrations. Analyte addition technique
was also applied to these samples, and results are given in
Table 4. Quantitative extraction results were obtained in
the range of 97-101%. Quantitative analyzed results show
that method is applicable for industrial samples containing
BB dye.

RB and BB contents of the analyzed real samples are
given in Table 5 with standard deviations. Dye contents of
dried liquid soap samples were also determined. The dye
concentrations of the real samples were determined as
pg mL~" and pg g~! according to their physical (liquid or
solid) form. RB contents were found between 2.11 and
589 pg mL™" for liquid samples and 17.55 and
370 ug g=' for solid samples. BB concentrations in
investigated solid samples were between 3.00 and
53.38 ug g~ '. BB contents of liquid samples were deter-
mined between 1.57 and 9.66 pg mL™".
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Table 2 Analyte addition and
recovery tests for binary dyes
(N=3)

Sample Add (pg) Found (ug) % Recovery

RB BB RB BB RB BB
Kizilirmak River water - - BDL BDL - -

250 375 239+0.03" 365+004 95+1 97+1

4.00 6.00 3.82+0.05 597£007 95+1 100=£1
Akkaya Lake water - - BDL BDL - -

250 375 240 £ 0.05 369 £005 96+2 98+1

4.00 6.00 3.87+0.10 597 £007 973 100+ 1
Wastewater from textile industry - - BDL BDL - -

250 375 242 +0.03 369 £005 97+1 98+1

4.00 6.00 3.88+0.08 604 £018 97+2 101 £3
Wastewater from leather industry — — - BDL BDL - -

250 375 241 £0.03 371 £002 96 +1 99+£1

4.00 6.00 3.88+0.09 585+£019 9742 98+3

BDL: Below detection limit
“Mean + standard deviation

Table 3 Analyte addition and

recovery tests for RB (N = 3) Sample Red antifreeze A Red antifreeze B Red liquid soap ATB
Added (pg) Found (pg) Recovery (%) Found (ng) Recovery (%) Found (ug) Recovery (%)
- 1.20 £ 0.04* - 1.24 +£0.02 - 1.35 £ 0.03 -
1.00 220 £0.04 100 =4 221 +£0.04 97 +4 232 4+003 9743
2.00 327 £005 103 +3 324 £0.07 100 + 4 330 £ 0.04 97 £2

“Mean = standard deviation

Table 4 Analyte addition and

recovery tests for BB (N = 3) Sample Blue antifreeze A Blue antifreeze B Windshield washer fluid
Added (pg) Found (pg) Recovery (%) Found (ng) Recovery (%) Found (ng) Recovery (%)
- 241 £ 0.02* - 1.76 £ 0.05 - 2.04 £0.04 -
1.00 338004 97+4 277 £0.04 101 £ 4 3.05+0.04 101 =4
2.00 443 £0.04 101 £2 375 £ 007 99 +4 4.02 +£0.05 99 +3

*Mean =+ standard deviation

3.13 Analytical Characteristics and Performance
of the Method

Analytical specificities of the method were determined, and
they were also compared with other previously reported
studies in Table 6. A 140 preconcentration factor (PF),
0.22 and 0.31 pg L~ of detection limits (LOD) and 0.57
and 0.82 pg L™" of quantitation limits (QOD) were deter-
mined for RB and BB, respectively. LOD was calculated
with using (ATB + 3SD)/m/PF formula where ATB is
average of 21 blank solutions, SD is standard deviation of
blank solutions (n = 21) and m is the slope of calibration
curve. Relative standard deviations of the method were

2
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calculated as 4.8% and 5.1% for RB and BB dyes,
respectively. Linear dynamic ranges which could be plotted
simultaneously were determined between 0.08 and
250 ugmL™" RB and 0.11-3.75 pgmL~' BB.
A =0.2503 C + 0.0005 (R* = 0.9999) and A = 0.1414 C-
0.0007 (R* = 0.9990) equations with correlation coeffi-
cients were obtained from the linear calibration curves of
the dynamic ranges for RB and BB, respectively.

Reusability test for the solid-phase resin was also
investigated, and only 300 mg of Chromosorb 108 can be
used and regenerated at least 50 times by using the men-
tioned chemicals in the proposed method.
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Table 5 Determination of RB and BB contents in real samples
(N=3)

Sample Concentration (ug mL™")

RB BB

Red liquid soap ATB 2.11 £ 0.05* BDL
Red liquid soap EZB 5.89 £ 0.16 BDL
Energy drink BDL 5.80 £ 0.13
4.81 £ 0.15 BDL

3.11 £0.06 BDL

Red antifreeze A
Red antifreeze B

Blue antifreeze A BDL 9.66 + 0.08
Blue antifreeze B BDL 4.40 + 0.13
Windshield washer fluid BDL 8.17 £ 0.16
Blue liquid soap EZB BDL 1.57 £ 0.04
Green liquid soap BB BDL 3.74 £ 0.08

Concentration (ug g~")

Solid form of red liquid soap ATB  17.55 £+ 0.38 BDL

Solid form of blue liquid soap EZB  BDL 28.78 £+ 0.75
Solid form of red liquid soap EZB 44.82 £1.20 BDL

Solid form of green liquid soap BB BDL 53.38 £ 1.18
Sugar BDL 8.75 £ 0.28
Jelly BDL 3.00 £ 0.11
Lipstick A 470 £ 15 BDL
Lipstick B 315+ 10 BDL

BDL: Below detection limit

“Mean =+ standard deviation

4 Conclusions

The proposed separation and preconcentration method
offers safe, rapid, easy, low-cost and simple analyses for
simultaneous extraction and determination of RB and BB.
In addition, colorful surface micrographs proved that both

of the dyes simultaneously and separately well adsorbed to
sorbent surface.

The developed method has served higher preconcen-
tration factors and lower detection limits than other
methods for both dyes. Developed method has the highest
PF in the methods which are given in Table 6. Relative
standard deviations of the method are comparable with
other methods. Among the methods in Table 6, the
developed method has permitted the best LOD values for
the both dyes. Chromosorb 108-loaded column has shown
good analytical characteristics and wide-range applications
for the simultaneous and single determinations of RB and
BB in industrial and environmental samples.

RB contents were found between 2.11 and
589 ug mL™"' for liquid samples and 17.55 and
370 ug g=' for solid samples. BB concentrations in
investigated solid samples were between 3.00 and
53.38 ug g~ '. BB contents of liquid samples were deter-
mined between 1.57 and 9.66 pg mL™". In order to test
applicability of the method, analyte addition/recovery
technique was also used. Quantitative recovery values
ranging from 95 to 103% were obtained from the analyte
addition/recovery tests. These quantitative results sup-
ported the applicability of the method to different matrix.

When used 1 mol L™! HNOj in methanol as an eluent,
only BB dye could be eluted and only RB could be eluted
from the resin with using methanol or ethanol. Therefore,
developed method has exhibited that single and simulta-
neous determinations of the RB and BB dyes could also be
performed.

Single extraction and determination method for RB and
BB have already available in the literature, but simulta-
neous extraction and determination of mentioned binary
dyes were performed as a first attempt.

Table 6 Comparison between developed method and reported UV-Vis spectrophotometric determination methods for RB and BB

Method Dye LDR (ug mL™") PF LOD (ug L™ % RSD References
MISPE Rhodamine B 0.00-12.00 2.0 2.57 4.2 Liu et al. (2013)
SPE Rhodamine B 0.25-3.00 40 3.14 5.0 Soylak et al. (2011)
CPE Rhodamine B 0.005-0.500 8.5 1.30 2.4 Pourreza and Ghomi (2011)
MWCNT Rhodamine B 0.00-3.00 125 0.80 4.6 Unsal et al. (2014a)
DLLME Brilliant Blue 0.0015-0.1500 38 0.34 0.8 Guo et al. (2013)
CPE Brilliant Blue 0.05-3.50 10 16.0 33 Pourreza et al. (2008)
CPE Brilliant Blue 0.016-1.300 - 3.00 4.6 Heydari et al. (2016)
SPE Rhodamine B 0.08-2.50 140 0.22 4.8 Present study
Brilliant Blue 0.11-3.75 140 0.31 5.1

MISPE, molecularly imprinted solid-phase extraction; SPE, solid-phase extraction, CPE, cloud point extraction; CPE, cloud point extraction;
MWCNT, multi-walled carbon nanotube; DLLME, dispersive liquid—liquid microextraction

o — @ Springer
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These advantages mentioned above will make this
method more useful for a wide range of future applications
such as industrial, food and environmental.
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