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Magnetic solid phase extraction (MSPE) based owltdetethylammonium bromide (CTAB)-coated magnetion oxide
nanoparticles (C-MIONPSs) was investigated for teeasation, preconcentration and determination o§eRBengal (RB) in
aqueous solutions. The influences of different il parameters such as pH, temperature, ioréngth, volume of desorbent
solvent, amount of adsorbent and interfering ionthe adsorption of RB on C-MIONPs were investigatehe RB adsorption on
C-MIONPs follows Langmuir isotherm. Thezes of C-MIONPs were in the range of 20-80 nme Tiethod was capable of
determining RB concentration in the range of 0.(03ug mt. The limit of detection (LOD) of RB based on thiimes the
standard deviation of the blank (3®vas found to be 5.94 10° pg mi* (n = 8). The relative standard deviation (RSD)G@ g
mi™* and 0.8 ug mi of RB were 4.1% and 1.1%, respectively. The predasethod was applied to the determination of RB in
Brucella Antigen solution and water samples from kKaroon River.
Cetyltrimethylanminon  bromide, Preconcentration,
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INTRODUCTION

Most industries use dyes. and pigments to coloir the

products. At present, more than 9000 types of tige® been
incorporated in the color index and the biggestscomers of
these dyes are textile, tannery, paper and pulpistniés,
cosmetics, plastics, pharmaceuticals, food proongssind
electroplating. Perhaps these are the serious tpmlwf our
environment as far as color pollution is concerfie@]. The
highly colored effluent discharged from these indes into
the receiving water body not only causes damageqtatic
life, but also to human beings, by producing cargemic and
mutagenic effects. There are several treatmentnt#obies
like photodegradation, biodegradation,coagulation,
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flocculation and electrochemical oxidation avai&libr the
treatment of colored waste waters [3].

Magnetic iron oxide nanoparticles (MIONs) have rbee
studied extensively due to their wide range of imajilon in
ferrofluids, high-density information storage, mata
resonance imaging (MRI), biological cell labelisgrting and
separation of biochemicals, targeting, drug delivaend the
treatment of waste waters [3-16]. In analyticabace MIONs
were used as a new adsorbent in solid phase aatrd@PE)
method for separation, removal and determinatiochemical
species [6-20]. At present, considerable attensdieing paid
to SPE method as a way to isolate and preconcenthat
desired components from a sample matrix. The séparand
preconcentration of an analyte from large volumfesotution
can take a lot of time using standard column SP&w ISPE
techniques based on the use of magnetimagnetizable
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adsorbents called magnetic solid-phase extractiMB8PE)
have been introduced [21-22]. A distinct advantafehis
technology is that magnetic materials can be rgaddlated
from sample solutions by the application of an madé
magnetic field. Generally, most of the
environmental contaminants are nhonmagnetic, ansl diounot
respond to magnetic field. Magnetic nanoparticlesspss
large surface areas and have unique magnetic pieger
Selective removal of toxic target compounds fronmptex
environmental matrices can be obtained when cegpatial
functional ligands with affinities for target moldes are
bound onto these magnetic nanopatrticles [11].

Rose Bengal (RB) dye (4,5,6,7-tetrachlord-8,7-tetra-
iodofluorescein disodium salt, C.I. name: Acid FR&d Fig. 1)

dissolved

Fig. 1. Molecular structure of Rose Bengal (RB).

for separation,  preconcentration and determinadnthe
water soluble anionic dye, RB.

exhibits some unusual spectroscopic and photoctemicEXPERIMENTAL

properties including a large absorption coefficiént the
visible region and a high tendency for inter-systanssing to
produce a photochemically active triplet excitegtestdue to
its photoactivity. It has been used as a photodynaensitizer
for cancer chemotherapy, as a photosensitizing tagen
inactivating biological species such as vacciniausii
microsomal glucose-6-phosphatase and trypsin [#ledkas a
topical ophthalmic diagnostic. RB has been exptbits a
promising sensitizer in wastewater treatment duistevater
solubility, absorption in the visible region, gogdantum yield
of singlet oxygen, and inexpensiveness [23]. Aljlothere
exist numerous applications of Rose_.Bengal dye drious
areas, it has been explored. as a photodynamictizensior
cancer chemotherapy and<for inactivation of viry2eg. The
toxic character of<RB (not as photosensitizer) @gfai
melanoma and as a promising chemotherapeutic aigent
melanoma treatment has been reported. The diréatosyc
and proapoptotic effects of RB on MCF-7 cells asidely-
used model system for the study of breast cancghaman
fetal skin fibroblasts (HFSF-PI3) as control nonkigraant cell
lines have also been investigated [25]. Nonethebhss to the
toxicity level of the dye and its discharge int@etis from
different laboratories, there is a need to devebffective
methods for its removal, recovery and determinatiowaste
water.

In this investigation, cetyltrimethylammonium brioia
(CTAB) cationic surfactant was coated on the swfad
magnetic iron oxide nanoparticles and the mixtwas used
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Instrumentation

The spectrophotometric measurements were carnigd o
with a Cintra 101 spectrophotometer (GBC SCIENTIFIC
EQUIPMENT, Australia) equipped with 1.0 cm matcloetis.
A transmission electron microscope (TEM, 906E, LEO,
Germany), pH-meter (632 Metrohm, Herisau, Switzet)a
and a super magnet (1.2 Tesla, 10 x 5 x 2 cm) usazd.

Reagents

All chemicals were of analytical reagent grade.s®o
Bengal (90% purity), phosphoric acid (85% wi/w),
hydrochloric acid (37% w/w), methanol (99.9% wi/w),

ammonia solution (25% w/w), FedP6% w/w), FeCGl.4H,0
(99.9% wiw), and cetyltrimethylammonium bromide $90
w/w) were purchased from Merck (Darmstadt, Germany)
Phosphate buffer solution of pH 6 was prepared [pxing
appropriate  volumesof sodium hydroxide (1.0 M) and
phosphoric acid (0.1 M) solutions.

Preparation of Magnetic Iron Oxide Nanoparticles
Magnetic iron oxide nanoparticles (MIONPs) were
synthesized according to a procedure published he t
literature [26]. The MIONPs were imaged with TEMdF2).
Preparation of Modified Magnetic Iron Oxide
Nanoparticles
In order to coat the iron oxide nanopé&tc 1 ml of
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Fig. 2. TEM image of iron oxide nanopatrticles (MIONPS).

CTAB solution (0.5% w/v) was added to 0.6 g of demsd
nanoparticles and the mixture was diluted to 50 with

distilled water. The solution mixture was stirred 2 min'with
a glass rod. After complete mixing, the beaker plased on
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Fig. 3. Effect of pH on the recovery of RB. Conditions010
misolution containing fixed amount (3@) of RB;
0.50 g of damped C-MIONs; methanekabent
solvent, 5 ml.

absorption was measured spectrophotometrically5dt rim
against a blank solution prepared under the samditions

the magnet and C-MIONPs were collected at the lbeakevithout adding the analyte.

bottom. In order to eliminate the excess.amountthe
surfactant from nanoparticles, the supernatanttiemluwas
decanted and the ferrofluid was. washed with. dedtillvater
several times.

Extraction and Determination Procedure
A batch procedure was applied for the extractiocess.
A beaker containing 100 ml solution of RB (0.01Qd ug

RESULTSAND DISCUSSION

The adsorption and preconcentration of
cetyltrimethylammonium  bromide (CTAB) surfactant
modified MIONPs (C-MIONPs) showed fast separatibths
dye from the bulk of water solutions. The adsomptad the
anionic dye, RB, by C-MIONPs may be due to eletatis

RB by

ml™) and 3 ml of 0.1 Mphoesphate buffer solution of pH 6, was attraction between the positive charge of the aitio
stirred with 0.6 g of damped C-MIONPs (the damped Csurfactant adsorbed on the iron oxide nanopartiates the
MIONPs contains 90% water, so 0.6 g of the dampedegative charge of RB as an anionic dye. The atisorpias

adsorbent is equivalent to 0.06 g of the dry C-MR3INfor 2
min. Nanoparticles were collected using a strongme& (1.2
Tesla) and after the settlement of C-MIONPs, thgainpink
colored solution became colorless. After decantitig
solution above the nanoparticles, the magnetidglase was
washed with about 10 ml distilled water and thematsorbed
RB on the C-MIONPs was washed and desorbed witth & m
methanol by stirring for 1 min. Then the beaker wksed on
the magnet and C-MIONPs were collected. The RB piilkr
appeared again in methanol solvent as the desorbémet
desorbed solution was transferred into a 1.0 cgth and its

completed within about 3 min. Such a fast adsomptiate
could be due to the absence of internal diffusasistance.

Effect of pH

The pH of the solution plays a significant roletie SPE
procedure and must be controlled to improve themrdi®n
efficiency. The effect of pH on the adsorption @& F0.50 ug
ml™) is shown in Fig. 3. The pH of the analyte solutieas
adjusted by using hydrochloric acid (HCIl) and saodiu
hydroxide (NaOH) in the pH range of 4 to 11. As tenseen
from Fig. 3, the quantitative recovery was obtainegH 6. At

S11



Parhanet al.

low pH values, the magnetic iron oxide nanoparsidessolve
in the acidic solution, the solution becomes dank ano

adsorption takes place. At high pH values, (pH6) the 100 f
MIONPs are converted to colloids (due to adsorptih % /\“‘\’—_—‘
hydroxide ions on the particles surfaces), whicbrelase the 4

active surface area of the adsorbent resulting awef
sensitivity to the magnetic field, but still actirg a normal
solid phase extractor. In further works, the pHhaf solutions
was adjusted by using phosphate buffer (pH 6) swiufThe
optimum volume of the buffer solution added to H0I0of the °0 1 2 3 4 5 .
RB solution was 3 ml; higher volumes decreased the
. i Volume of CTAB (0.5%wi/v)

adsorption and the separation of RB.

120

Recovery (%)
=

Fig. 4. Effect of CTAB volume (0.5% w/v) on the recoveify o

Effect of Amount of CTAB RB. Conditions: 100 m$olution containing fixed

The effect of CTAB amount on the adsorption of R&s amount (50g) of RB; 0.60 g of damped C-MIONPs;
investigated by coating different amounts of thisypound on pH 6; volume of buffer solution, 03ml; methanol
the surface of nanoparticles. In the case of natecb desobent solvent, 5 ml.

MIONPs, only 70% recovery of RB was obtained. Maxim
recovery of RB was obtained when 1 ml of 0.5% (w/v)
solution of CTAB was coated on 0.60 g of damped M3
as shown in Fig. 4. Higher amounts of CTAB did @eobance

efficiency. el ’__‘___./’—‘
80 |

Effect of Amount of C-MIONPs
The optimum amount of the. adsorbent required Ffar t

120

60

Recovery (%)

quantitative recovery of RB, was obtained by inigegtng the di

effect of different quantities of pretreated MIONRE- 20 |

MIONPSs) ranging from 0.25 to 0.60 g. Maximum reagve 0 . ; . .

percentage was obtained when 0.50°g of C-MIONPsusead, 0.2 0.3 0.4 05 06 0.7

as shown in Fig. 5. Amount of C-MIONPs (g)

Desor bing Solvent Fig. 5. Effect of C-MIONPs adsorbent amount on the recpver
Desorption of the adsorbd®B took place in the presence of RB. Conditions: 100 nsiolution containing fixed

of pure methanol as the desorbing solvent. The amoiuthe amount (5Qug) of RB; pH 6; volume of buffer

desorbed RB was determined spectrophotometrical§5at solution, 3.0 ml; methanol desobent solvent|5 m

nm. It was observed that the amount of the desofRBd
increased with increasing the volume of methamminf2 to 5
ml, and the dye could be completely desorbed by 6frpure  on the adsorption and desorption of RB was detezchirit
methanol. This study revealed that more than 98%hef Wwas observed that the adsorption and desorptiorRBf
adsorbed RB could be desorbed and recovered from @emained almost constant within the concentrat@mmge of

MIONPs by pure methanol. 0.02-0.10 M of KClI in the test solution. This imgydi that the
electrostatic attraction between the positive chargf
Effect of Electrolyte cetyltrimethylammonium ion on the MIONPs and thgatéve

The effect of electrolyte concentration (adjdstey KCI) charge of RB ion was not affected siguaifitly by KCI
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concentration under the experimental conditions.

Effect of Solution Temperature

The effect of temperature on the adsorption of \R&s
examined in the range of 10-40 °C. The results stimat the
adsorption of RB (0.50 pg /) in a 50 ml solution using 0.5 g
of damped C-MIONPs at pH 6 increased with increqsire
temperature of the test solution by 5 degree imaisrvThe
recovery percent of RB changed from 84% for 10 6®@&%
for 40 °C. A temperature of 25 °C (recovery 97%swsed
for further experiments.

Adsorption I sotherm

The capacities of C-MIONPs to adsorb RB were eranahi
by measuring the initial and final concentratiofisk® in 0.1
M of phosphate buffer solution at pH 6 and 25 °Chatch
system (Fig. 6). The Langmuir isotherm equation wsed to
describe the relationship between the amount obB&rbed
and its equilibrium concentration in solutions.

C 1 C
+

qlll

q B K(]m

whereC (mg I') is the equilibrium concentration of the RB in
the solution,q (mg RB/mg adsorbent) is. the equilibrium

adsorption amount of RBgy, is the maximum adsorption
amount of RB per milligram of the adsorbent (mg/ragiiK
is the Langmuir adsorption equilibrium constantliter per
mg of the adsorbent (I ‘mly Figure 7 shows a linear

relationship betweel/g.and C using the experimental data

obtained, suggesting the applicability of the Langnmodel
(R? = 0.992). Values ofj, andK calculated from the least
square methods were 0.371 (mg mand 8.639 (I mg),
respectively.

Effect of the Sample Volume
Due to the low concentrations of the dye in reahples, a
high preconcentration factor was

q(mgmgT)

. . . . . . .
1.5 2 25 3
c (mg 1)

35

Fig. 6. Adsorption isotherm of RB on C-MIONPs. Conditions:
same as those in Fig. 5.

qm =0.371
K=8.639

y=2.6969x+ 0.3125
R%=0.9926 ¢

15 2
c(mgi)

2.5 3 3.5

Fig. 7. Plot of C/qg against C for the adsorption of RB G-
MIONPs. Conditions: 0.60 g of dampeCONPs;
50 ml of 5-27ig mI* solution of RB containing 3 ml

of phosphate buffer (pH 6); temperature, 25 °C.

required. Themfor ml of sample volume (recovery 95%). At volumes higher

maximum applicable sample volume was determined bthan 350 ml, the analyte was not adsorbed effdgtiy@bably

increasing the dilution of the RB dye solution, lehkeeping
its total amount fixed at 5Qg. Different feed volumes
between 100 and 500 ml were tested. The obtaingdtse
showed that the recoveries of RB were quantitaijveto 350

due to lower magnetic field strength at high dous. As it
was mentioned previously, the final solution volurager
eluting was 5 ml, therefore, the preconcentratextdrs of 70
was obtained for the analyte (RB).
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Effect of Interfering lons

during the separation, preconcentration, and detetion.The

The optimum experimental conditions which haverbee interferences of G4, Mg?*, CF*, P¥* and F&" can be
described were used to study the effect of some amdl three eliminated by adding appropriate amounts of EDTheT

dyes (orange G, amaranth and methylene blue) on
determination process of RB. To this end, sepamatiad
determination of RB were carried out in the preseat co-
existing ions or dyes. The maximum acceptable iveagrror
was +5%. The obtained results are shown in Tabléhé.table

thimterferences of dyes can not be eliminated.

Reusability of the C-MIONPs
The reusability of the adsorbents in several ssgige
adsorption and desorption processes was testedofftasmed

shows that F¥, orange G, amaranth and methylene blueesults showed that the modified magnetic nanopeasticould

strongly interfered even at the same concentramihat of

RB, whereas most of the investigated ions wlid interfere

be reused for three times without any considerksie in their
adsorption efficiency.

Table 1. Effect of Interfering lons on Adsorption-Desorptiand Recovery of RB by C-MIONPs (Conditions:
100 ml RB of Qug ml*; pH = 6; C-MIONPs, 0.6 g; Volume of Methanol Desent Solvent, 5 ml)

long

Tolerance limit (mgt)

Na", K*, NH,", C&*, Mn®*, CI, F, I, HCO;, EDTA, NO;, CO,%, SO, PQ*

Ni2+
cuwt
Ca2+, Mgz+
cr
P
Fe**

Orange G, Amarant, Methylene blue

1000
800
500
100

50

10
1
0.5

All cations were prepared from nitrate salts anidswere prepared from sodium or potassium salts.

Table2.Recovery Test for Adsorption-Desorption of BYBC-MIONPs in Brucella Antigen
Solutiand Spiked RB in Karoon River Water

Sample Added RB Found RB Recovery
(ug mr (ug mrH? (%)
Brucella antigeh 0.34+0.01 -
Brucella antigen 0.200 0.530.02 96.50
Brucella antigen 0.400 0.72: 0.03 96.25
Karoon river water ND -
Karoon river water 0.200 0.190.01 95.70
Karoon river water 0.400 0.390.02 98.90

(A = 3).PBrucella antigenpH = 6.5.°Karoon river water main components:?¢a82; Md* = 49;
Na 68; CQ”¥ = 91; Cl = 44; SQ*= 35; NO; = 9ug mI*; pH = 7.1; TDS = 387; EC = 1340.
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Analytical Performance

The analytical features of the presented methath @s
linear range of the calibration curve, limit of eetion and
precision were also examined. The calibration gsapiere
linear in the range of 0.01-1.20 pghf RB. The equation
for this calibration graph was A = 1.12%£+ 0.003 (r =
0.9996). The limit of detection (LOD) based on thtienes the
standard deviation of the blank (Bs under optimal
experimental conditions, was 5.8110° pg mI* of RB (n =
8). The relative standard deviations for 0.3 ar&l|0g ml* of
RB (n = 8) were 4.1% and 1.1%, respectively.

Analytical Applications

To determine the efficiency of the proposedhodtfor the
adsorption and desorption of RB in a real sampleyas
applied to the determination of RB in Brucella Aygih sample
solution. Different recovery tests were carried tmuevaluate
the reliability and accuracy of the method. The eleped
method was also applied to the analysis of watemfthe
Karoon River. The analytical results, along witk tkecoveries
for the spiked samples, are given in Table 2." Tésults
showed the practicality of the proposed methodctd sample
analysis. Excellent recoveries indicated that:tluenmex
matrix of Brucella Antigen and river water sampls not
interfere with the analysis of RB.

CONCLUSIONS

It was found that RB could be removed from an agse
solution by (CTAB)-coated magnetic iron oxide naadijcles
(C-MIONPSs). The proposed methodology is simple sgame
and cheap, especially if sophisticated techniquesh sas
spectrofluorometry were. not available. In additidn, is
notable that both the adsorption and desorptioRBfare fast
and could be completed within 5 min. The proposethad is
recommended for the removal and/or determinatioRBfin
different samples.
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