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ABSTRACT

A simpleand selective method has been developed for rapid extraction and
determination of ultra trace amounts of Hg(ll) ions using 2-
mercaptobenzothiazole (MBT) modified alumina coated magnetite
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nanoparticles (ACMNPs) for its highly sensitive measurement by cold Mercury(l1);
vapor atomic absorption spectrometry (CVAAS). The effects of various 2-Mercaptobenzothiazole;
parameters such as pH, reagents concentrations, the standing time, the Cold vapor atomic

sample volume, the el ution condition and the interfering ionswere investi-
gated. Under the optimal experimental conditions, the preconcentration
factor, detection limit, linear range and rel ative standard deviation of Hg(I1)
were 250 (for 500 mL of sample solution), 0.4 ngmL -, 2.0—80.0 ng mL™* and
3.4% (for 10.0 ng mL*t, n=10), respectively. Thismethod avoided thetime-
consuming column-passing process of loading large volume samples in
traditional solid phaseextraction (SPE) through therapidisolation of MBT/
SDS-ACMNPs with an adscititious magnet. The proposed method also
was successfully applied for determination of Hg(ll) in different water
samples. © 2012 Trade Sciencelnc. - INDIA

absorption spectrometry.

INTRODUCTION mulated in thetissueof fishesand birdg*?. So, itscon-
centration should bekept under permanently controlled

Determination of mercury inenvironmental samples  conditions. Cold vapour atomi c absorption spectrom-

isof great importance nowadays because mercury is
particularly toxicelement and awiddy distributed envi-
ronmental pollutant becauseitiswidespreadinthelitho-
gphereand inweter inorganic mercury, epecidly soluble
mercury species, can betransformed into methyl mer-
cury by theaction of microorganismsand can beaccu-

etry (CVAAYS) isoneof themost widely used instru-
mentsfor determination mercury at tracelevels. How-
ever, thereare somedifficult in direct determination of
mercury by CVAASinthisquantity levels, therefore,
initial separation/preconcentration proceduresareoften
required prior to determination of Hg(Il) by thistech-
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nique. Inthiscontext solid phaseextraction (SPE)“*" is
awd l-known method of separation/preconcentration
which hasgreat advantages®*Y over theother separa-
tiontoolg'2%., Infact, inthistechniquethechoiceof the
organic modifier isakey point inthesynthesisof selec-
tive SP-extractors. Using magnetic micro and
nanoparticlesfor sparati on/preconcentrationinandyticd
chemigtry isopeninganew method that isrgpid, smple
and more exact than old ones. A major advantage of
using magnetite nanoparticles (MNPs) as solid phase
extractor isthepossihility of collection of theparticles
by application of amagneticfid dinabatch sysem. This
makes M NPs excellent candidates for combining ad-
sorption propertieswith ease of phase separation!*. In
thisstudy, anew method using magnetic separation has
been developed and applied for the separation and
preconcentration of mercury ions. Our study adopted
doping method to preparefunctiona magnetic materid
for separation and preconcentration of Hg(ll). 2-
M ercaptobenzothiazole (MBT) was chosen asdoping
reagent because of itsfavorable coordination capacity
and selectivity for Hg(11). It isconcluded from the ex-
traction datathat the new sorbent isapromising mate-
ria for the SPE of mercury. In thispaper, wewill ex-
plorethe possibility of MBT/sodium dodecyl sulfate
(SDS) immobilized on alumina-coated magnetite
nanoparticles (MBT/SDS-ACMNPs) to act as SPE
sorbentsfor the separati on/preconcentration of tracelevel
of mercury ionsfromwater samplesprior to determina
tion by CVAAStechnique.

EXPERIMENTAL

All reagentsused were of analytical gradeand all
solutionswere prepared by using triple distilled and
deionized water. A stock solution of 1000 ug mL* mer-
cury (I1) was prepared by dissolving 0.1354 g of HgCl,
in5mL of concentrate nitric acidand wasdiluted to 100
mL. Working solutionswere obtained by further dilut-
ing the stock solution to the required concentrations
before use. 2-M ercaptobenzothiazole (MBT), sodium
dodecylsulfate (SDS), ferrous chloride (FeCl.-4H,0),
ferric chloride (FeCl,:6H,0), duminumisopropoxide,
ethanal, nitric acid, hydrochloric acid, sodium hydrox-
ide, bromic acid and and sodiumtetrahydroborate were
used without further purification processes. All of the

flano Soienoe and flano Teohnology

chemical swere obtained from Merck.

A PG 990 flame atomi c absorption spectropho-
tometer (PG Instruments, England) equipped with a
mercury hollow cathodelamp aslight source and hy-
dride vapor generator (WHG-103 A) was used for
mercury generation and absorbance measurements. The
mercury compoundswerereduced to meta lic mercury
with sodium tetrahydroborate and the mercury genera-
tor was operated with argon ascarrier gas. All themea-
surementswere carried out in the cold state under the
conditionsgivenin TABLE 1. A Fourier transformin-
frared spectrometer (IR Perresttige-21, Shimadzu) was
used to determine the identity of the as-prepared
nanoparticles and to characterize the coated Fe,0,
nanoparticles. Thesurfacemorphology of the powders
was observed by the scanning electron microscope
(LEO 1455V P SEM). Magnetic properties of the par-
ticleswere determined by vibrating sample magnetom-
eter (VSM 7400 Model Lake-Shore). pH measure-
mentswere madewith aMetrohm Modd 780 pH meter
with acombination glasse ectrode. Other instruments
used were: ultrasonic bath (S60H Elmasonic, Germany),
mechanicd dtirrer (Heidolph, RZR2020), orbitd shaker
(Ika, KS130 Basic), an el ectronic anal ytical balance
(Adam, AA220LA) was used for weighting the solid
materias. Inaddition, for magnetic separationsastrong
neodymium-iron-boron (Nd,Fe ,B) magnet (1.2 T,
2.5cm x 5¢cm x 10cm) was used.

TABLE 1: Applied conditionsfor mercury deter mination with
theWHG-103A (CV) system

Parameter Applied condition
M easurement mode Continuous-flow method
Signal processing Integrated hold

Integration time/s 10

Argon carrier gas flow rate/mL min™ 80.0
Sample aspiration flow rate/mL min™ 45
5.0 M HCI flow rate/mL min™ 21
0.5% NaBH, flow rate/mL min™ 2.0

Preparation of MBT/SDS-ACM NPs

TheACMNPswereprepared according to Karimi
et al.[*18, A MBT/SDS solution was prepared by dis-
solving 140.0 mgMBTand 200.0 mg SDSin100f 0.1
M ammoniadiluted to 100 mL with deionized water.
Tenmillilitersof MBT/SDS solution wasadded to 10
mL water containing 0.05 g of ACMNPs. The pH of

e Tntian frnal, e ——



NSNTAIJ, 6(3) 2012

Mohammad Ali Karimi and Laleh Sotoudehnia Korani 85

this suspension was adjusted to 2.0 by drop-wise ad-
ditionof 0.1 M HNO, solution. Themixed solutionwas
shaken for 15 min and then separated fromthereaction
medium under the magneticfield, and rinsed with 10
mL purewater. This product was used as sorbent for
nicke ion.

The procedurefor themagneti ¢ solid phaseextrac-
tion of mercury ionsisasfollows: 10 mL of Hg(Il) so-
lution (20 ng mL?) was added to MBT/SDS-
ACMNPs, subsequently the pH valuewas adjusted to
4.0with 0.2 M HNO, and the solution was shaken for
10 mintofacilitateadsorption of themeta ionsonto the
nanoparticles. Thenthemagnetiteadsorbentswas sepa-
rated easily and quickly using magnet and decanted di-
rectly. Subsequently, 2mL of 0.4 M HBr solutionwas
added asdluent. Finally, the magnet wasused againto
settle the magnetic nanoparticles and the eluate was
Separated for CVAAS analysis.

Samplepreparation procedur efor water and blood

Water samples(i.e., tap water, river and springwar
ter), werefiltered through filter paper (Whatman, no.
4) to remove suspended parti cul ate matter after collec-
tion and acidified to apH of about 4.0 with concen-
trated HNO, prior to storagein polyethylene container
for use. Subsequently were neutralized with concen-
trated NH, and then pH of solutionswere adjusted to
4.0. The SPE procedure was carried out as described
in above procedure and then mercury determinate us-
ing CVAAS.

Fivesamplesof blood were obtained from healthy
human bodiesby in the sterile blood collecting tubes
containing EDTA asanticoagul ant. Four milliliterscon-
centrated HNO, was added to 5 mL from each samples
and heated for 15 minutesat 80°C andthen2mL H,O,
was added and heated for 20 minutesagain. After fil-
teringand e utingwith2 mL of 0.4 M HBr, theresultant
solution was neutralized with concentrated NH,, and
then pH wasadjusted to 4.0, and it was analyzed ac-
cording to the above procedurefor extraction and de-
termination of mercury content.

RESULTSAND DISCUSSION

The MNPs, ACMNPsand MBT/SDS-ACMNPs
were characterized by vibrating sample magnetometery
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(VSM), scanning e ectron microscopy (SEM) and Fou-
rier transform infrared spectrometry (FT-IR). Themag-
netization curves show that both MNPsand ACMNPs
exhibit typical superparamagnetic behavior dueto no
hysteresis'”18. However, theseACMNPsare sufficient
for magnetic separation with aconventional magnet.
SEM imagesof NPsand ACMNPsal so wereshowing
which the uniform size distribution of the
nanoparticled?”, Themodified ACMNPswereaso
confirmed by FT-IR analysis, asshowninFigure 1. As
can beseenin Figure 1a, abroad band existsaround
588.29 cm?, assignableto the Fe-O—Fe of the MNPs.
The peak a about 1602.85 cm* can beassigned tothe
stretching vibration of N, adsorbed on the surfaces of
thenanoparticles. Theflexing vibration pesk of hydroxyl,
resulting from the adsorbed water, can be observed at
3433.64 cm1®8, In Figure 1b, the spectrum of
ACMNPs compared with the spectrum of MNPs,after
binding alumina, and the broadening of the peak at
644.22cm™* can be assigned to Al-O, that overlapped
with Fe-O characteristic peak. Comparison of the FT-
IR spectra of ACMNPs and MBT/SDS-ACMNPs
(Figure 1c) isa so showsanew sharp peak at 1382.96
cnt appeared, it was due to that the C-S stretching
peak of MBT stabilized on ACMNPs. Consequently,
the FT-IR datasuggest that MBT are successfully im-
mobilized ontheACMNPs surface.
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Figurel: FTIR spectraof theMNPs(a), ACMNPs(b), and
MBT/SDS-ACMNPs(c)
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Thenegatively charged surfactantssuchasSDS
can strongly adsorb on positively charged surfaces of
ACMNPsin highly acidic solutions. A concentration of
SDS, beow itscritical micellar concentration (CMC,
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8x10° M), was used. Above this concentration, the
excessof SDSwouldformmicellesintheagueous so-
[ution, whichwerenot adsorbed on aluminasurfaces.
Theinfluenceof anountsof SDSYMBT on the adsorp-
tion of themercury ionsonACMNPswasinvestigated.
Theresults showed that with theincreaseof SDS con-
centration, theadsorptionincreasesand amaximumis
obtained after the SDS concentration approachesto
2x10°M and remains constant up to CMC and then
decreased, because above this point micelles was
formed strongly. Thus, a concentration of 2x10°M
was sel ected asthe optimum SDS concentration for
further studies.

In order to study the effect of MBT concentration
on theadsorption of Hg(I1) ontheACMNPSs, anmo-
niaca solutionsof SDSYMBT with constant concentra:
tion of SDSand different concentrationsof MBT were
used to study of Hg(ll) ions percent adsorbed on
ACMNPs. At MBT concentrations lessthan 2x10-°
M, theamount of MBT moleculesimmobilizedinto SDS
coresarelow. Therefore, 2x10° M of MBT was se-
lected asthe optimum concentration for further studies.

pH isthemain investigated factor for the all ex-
traction studies?®*?!, Therecovery of mercury(Il) with
MBT coated aluminawas studied at different pH val-
ues. For thispurpose, aseriesof Hg(l1) solutionswith
different pH valuesfrom 2.0 to 12.0 were used, and
the adsorbed mercury was eluted with 2.0 mL of 0.4
M HBr solution. Theresultsare presented in Figure 2.
It can be seen from thefigure, it isevident that the
adsorption of mercury isquantitative (100%) inthe
pH rangeof 3.0-6.0. ApH of 4.5, in the middle of the
pH range was sel ected as the optimum pH to avoid
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Figure?2: Effect of pH on adsor ption of Hg(l1). Conditions:
ACMNPs (0.05 g), SDS (10 mL, 2x10°M), MBT (10 mL,
2x10°M), Hg(l1) solution (10mL, 20.0ng mL%).
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any abrupt changes in pH that may occur during
adsorbing step and could consequently affect the pre-
cison. At thepH valuesbelow 3.0, therecovery per-
cent decreased, because the H* ion was competed
with Hg?* for adsorption on sorbent and in pH values
above 6.0, MBT and/or SDS could be washed out
from surface of sorbent. Consequently, theload of the
sorbent with the adsorbent will be decreased; thisgives
alower recovery percent for Hg(l1).

Inthe SPE procedure, we found that the standing
timehad obviouseffect onthetarget anayteextraction.
When theMNPswereisolated immediately without a
standing process, therecovery of Hg(I1) wasonly 45
%. However, when the standing timewere adjusted to
2,5and 10 min, recoveriesimproved to 80, 91 and 98
%, respectively. 10 minwassufficient to achieve satis-
factory adsorption and better recovery of Hg(ll). Mean-
while, inthe experiment, MBT/SDS-ACMNPSs pos-
sessed superparamagnetism propertiesand large satu-
ration magnetization, which enabled them to be com-
pletely isolated at theleast time (lessthan 1 min) by a
strong magnet.

A variety of eluentsweretested in order to elute
the adsorbed mercury from the sorbent. Different elu-
entsof thiourea, thiosulphate, HBr, HNO, HCl at vari-
ous concentrationswere examined so that the most ef-
fective eluent for the quantitative recovery of Hg(ll)
could bechosen. It wasfound that 2.0 mL of Hbr with
aconcentration of 0.4 M wassufficient for quantitative
recovery of adsorbed Hg(l1).

In order to perform SPE procedure on water
samplesleading to high enrichment factor, the sample
volume need to be optimized. Inthis casethe effect of
samplevolumeon the adsorption of mercury ionson
MBT/SDS-ACMNPswasinvestigated. Thesolutions
intherange Of 50-700 mL containing 20 ng mL™ of
mercury ion were operated according to the general
procedureand eutedusing 2.0 mL of 0.4M. At sample
volumes higher than 500 ml, therecovery percent de-
creased. Therecoveriesof theandyteionswerequan-
titativeuntil 500 mL. Inthisstudy, thefina solutionvol-
umeof eluatefor analysiswas 2.0 mL, thereforethe
preconcentration factorswas 250.

Therecovery of 10.0 ng mL-* of mercury ionswas
investigated in binary mixtures containing Hg(l1) and
oneof theforeignions Thefollowingexcessof ionsdid
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not interferethereection (i.e., caused ardativeerror of
lessthan 5%): more than a 1000-fold amount of Na,
Ca*, Mg?*and K*; a500-fold amount of Mn?*, Ni?*,
Zn?, Cu*, Fe?t, Co?, Cd?, K+, Cr3, Fe*, Bi®, Pd?
and NH,*; a200-fold amount of, NO, and CH,COO,
a100-fold amount of SO,*, PO,*, C,0,*, Ag*, Pb*
and a50-fold amountof I ,F ,Cl and Br . There-
sults showed that most of theinvestigated ionsdo not
interferein the adsorption—desorption and determina-
tion of tracesof mercury ioninwater samples.

The adsorption capacity study used here was
adapted from therecommended method by Maguieira
et al.l?®l, The static adsorption capacities of MBT/
SDS-ACMNPswerefoundto be21.7 mg g*for mer-
curyions.

Regenerationisone of the key factorsfor evalu-
ating the performance of the adsorption materia. In
thiswork, it wasfound that theACMNPscan bere-
used up tofivetimeswithout lossof analytical perfor-
mance. Thisreusable number issuitablebecause 4.0
g of ACMNPs could be prepared in one batch and
only 0.05 g of ACMNPswas used for one extraction

TABLE 2: Recoveriesresultsof real water samplesspiked
with mercuryions.

nl I)l Recover
Sample (ngmL™)  Found %) y
Added
0.0 - -
Tap water (Sirjan) 100 9.7(x02) 97
200 20.2(x0.4) 101
Ri (Haiiabed 0.0 - R
Iver water al ,
Hormozgan Province) 100 99(03) 99
200 20.4(+0.3) 102
Spring wat 0.0 - -
ring water
(Koran, Sirjan) 100 98(0.1) 98
200 20.0(x0.2) 100
CONCLUSION

It has been demonstrated that the MBT immobi-
lized on modified ACMNPs providesanew and fast
route for separation/preconcentration and determina
tion of Hg(Il) using CVAAS technique in different
samples. Thissorbent was successfully applied for con-
venient, fast, smpleand efficient enrichment of trace
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operation.

In order to show the validation of the proposed
method, under theoptimal experimenta conditions, the
anaytical featuresof themethod such aslimit of detec-
tion (LOD), linear range of the calibration curve and
precision were examined. The LOD of the proposed
method based on threetimesthestandard deviation of
theblank (3S,), was 0.4 ng mL*(n=10). Thelinear
range of calibration curvefor Hg(I1) was 2.0-80.0 ng
mi-twithacorreation coefficient of 0.997. Theregres-
sion equation for thelinewas A =0.091 Ct (4.6 x
10°) (n=8), whereC,, istheconcentrationof Hg(ll) in
ngmL*andAisthe a%sorbance. Therelaive standard
deviation (RSD) for 10 replicate measurementsof 10.0
ng mL of mercury ionswas 3.4%.

The suitability of the proposed method for
Seperati on/preconcentration and determination of mer-
cury in spiked water and human’s blood samples. The
resultstabulated in TABLES 2 and 3. Astheresults
show, the proposed method is suitablefor the separa-
tion/preconcentration of Hg(I1) at thengmLlevel in
real samples.

TABLE 3: Mercury contentsin variousblood samples

Sample no. Hg(l1) (ng mL™) Recovery
Added Founded (%)
L 0.0 3.4 (+0.4) -
5.0 8.6 (+0.3) 105.8
) 0.0 7.5 (+0.6) -
5.0 12.3 (20.5) 96.0
3 0.0 4.3 (+0.7) -
5.0 9.4 (+0.2) 102.3
A 0.0 2.7 (+0.3) -
5.0 7.9 (+0.4) 107.4
c 0.0 8.3 (+0.5) -
5.0 13.2 (+0.6) 98.7

amounts of mercury ionsfrom tap water, spring water,
river water and and human’s blood samples. The main
benefits of thismethodol ogy are: no use of toxic or-
ganic solvent(s), simplicity and high capacity of sor-
bent, preconcentration factor, good stability, fast ad-
sorption and low cost. Furthermore, it avoidsthetime-
consuming column passing (about 1 hin conventiona
SPE method) and filtration operation, and no clean-up
stepswererequired. TABL E 4 showsacomparison of

flano Science and flano Technology

7 e T ot



88 Application of modified alumina coated magnetite nanoparticles

NSNTAIJ, 6(3) 2012

Full Paper ==

TABLE 4: Comparison of the proposed method with other reported SPE methodsfor separ ation/preconcentration of

mer cury ions
. . Linear  Detection
Adsor bent Drﬁe?]t(')gn En;;cgtr)r:ent IE)/S[)) range Limit Reference
°’ (ngmL™) (ngmL™)
2,6-Pyridine dicarboxylic acid/nanometer silica ICP-AES* 175 3.0 - 0.09 [27]
Dithizone/alumina Spectrophotometry 100 25 - 4.0 (28]
2-Mercaptobenzimidazol e/agar CVAAS 100 26 00424 0.02 [29]
Dithizone/alumina CVAAS 100 1.7 0650 011 [0
N-(2-Chlorobenzoyl)-N-phenylthiourea CVAAS (31]
333 3.9 0.02-1.20 0.012
L oaded/sulfur Spectrophotometry
Dithizone/cellulose Spectrophotometry 33 35 02 2.0 (32]
Dithizone/silicagel CVAAS 500 30 1.0-1500 0.9 (23]
1,5-Bis (2 pyridyl)-3-sul phophenyl methylene 28 34 01300 0.01 [34]
. , CV-ETAAS
thiocarbonohydrazyde/Resin 42 35 0.009-1.5 0.006
L4-Bis(a-pyridyl)-2,3-diaza-1 3-butadienel - o\ \ o g 128 24 013250 0.05 (35
octadecyl silica cartridge
MBT/SDS-ACMNPs CVAAS 250 35 0.2-80.0 0005 Thiswork

3| nductively coupled plasma - atomic emission spectrometry; ® Cold vapor -electr other mal atomic absor ption spectrometry

the proposed method with other reported SPE meth-
ods. It could be seen that some obtained valuesfor the
proposed method such as sorbent capacity and
preconcentration factor are asor better than some of
the previously reported methods.
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