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ABSTRACT

A simple, highly sensitive, accurate and selectivethod for determination of trace amounts of ‘i water
samples .In this paper, chitosan grafted with greqpd oxide sheets showed an increased surface agaised to
encapsulate nano-g®, and produce a nano-gE@;-encapsulated-chitosan/graphene oxide sorbent based
sorbent was prepared. Flame atomic absorption spewtter was utilized for determination of?NSome of the
important parameters on the preconcentration andnglex formation was selected and optimized. Under t
optimized conditions the limit of detection (LOD)dalimit of quantification (LOQ)were 0.30,0.750 atike
proposedmethodhas a good reproducibility 0.90% (R&Drhe enrichment factor was 200 and the percentzfg
recovery was in the range of 95-100% .The methasisuacessfully applied to the recovery df iNidifferent type
of water samples. Graphene oxide and its derivateh as magnetic nano-¥&-encapsulated-chitosan/graphene
oxide in this studyis full of potential to use as excellent adsorbent in the extraction method $kéd phase
extraction(SPE) and solid phase micro extractioi&.In the present study, we report the applicatioh
preconcentration techniques still continues inciegly for trace metal determinations by flame atorabsorption
spectrometry (FAAS) for quantification of’Nin Formalin-fixed paraffin-embedded (FFPE) tissufesm Liver
loggerhead turtles. This method exhibits the sugpityiin compared to the other adsorption reagdmsause of the
fact that there is no necessity of any complexgagent and optimum pH of solution presents in aaitédia.

Keywords: nano-FgO,-encapsulated-chitosan/graphene oxide, precontiemireSPE; Preconcentration; FAAS;
Nickle; Formalin-fixed paraffin-embedded (FFPEissties from Liver loggerhead turtles.

INTRODUCTION

The properties of nano magnetic particles havaetd many studies on their functionality as magreetrrier. This
characteristic make these elements a fit candidatewide range of heavy metal ions applicatiomimiogy and
water samples [1-2],also in medical imaging useshswas magnetic resonance imaging(MRI) [3,4], wlagng
substances and materials in anions— cations presatration [5].

In recent years, SPE method have been well usedetermination of Nickel (ll) ions in numerous emmvimental
samples[6,7]because of its simplicity, rapiditynimal cost, low consumption of reagents and it§itglio combine
with different detection techniques either in amelior off-line mode [8] . The main part of the SBEhe sorbent
material that determines the selectivity and saiitsitof the technique. Though, the commonly us&ESorbents,
such as G silica and graphitic carbon, are often the onljtatle option for a limited number of analytes.
Reusability of the SPE column is also a problenusTldeveloping new SPE sorbent material is impof&n
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Due to the very low concentration of most elementduding Nickle, in environmental samples (iess$ than 10 pg
I"Y), their separation and sensitive determinationenily necessitate the use of a preconcentratiorrame
enrichment method [13-15]. The liquid—liquid extian and separation of Nickle in the presence a$sical [16—
18] and macrocyclic ligands [11,19-21] are freqlyeméported in the literature. However, classicatraction
methods are usually time consuming and extensider@quire relatively large volumes of high-purighents. Of
additional concern is disposal of the solvents psduich creates a severe environmental problemid$blase
extraction (SPE) is an attractive technique thdtices the consumption of and exposure to a soldesgosal costs
and extraction time [22,23]. Recently, SPE disksenseiccessfully utilized for the extraction of sed@rganic [24—
26] and inorganic analytes [27—-32] from differerdtrices.

Chitosan has been reported to be a suitable biomwslyor the removal of heavy metals from industwalstewater,
due to its high amino and hydroxyl functional grazgntent, low toxicity, biocompatibility, and biogladability
[33]. However, to improveits absorption capacitg amhance the separation rate, the design andesyatbf novel
adsorbents are still critical [34]. The applicatiminmagnetic adsorbent technology to solve enviremia problems
is a relatively new and emerging field of researCobating chitosan with magnetic fluids is a new moeit to
improve separation speed, and the method has keented that it canimprove the surface area foorti®n and
reduce the required dosage for the adsorption afjnmetals.

Actually, the SPE technigue using graphene andrates of graphene such as functionalization graplogide as a
novel and great adsorbent [39].Chemical modificatb graphene oxide has been a promising way teeaehmass
production of chemically modified graphene (CMGatplets. Graphene oxide contains a range of reaottygen
functional groups, which renders it a good candidat use in the above-mentioned applications. héngresent
work, nano-FgOs-encapsulated-chitosan/graphene oxide[40]was eragldpr production of solid phase. The
synthesized and characterized new sorbent nag@femcapsulated-chitosan/graphene oxide was utilioed
preconcentration of Nickel (Il) from water sampl&etermination of Nickel (II) concentration was @sled by
FAAS after preconcentration procedure.

MATERIALSAND METHODS

2.1. Apparatus

The concentration of the metal ion solutions waemeined by using the Varian model spectra AA-2Miifrara,
Victoria, Australia). The pH-measurements of theah@n and buffer solutions were carried out byGnon 420.
The size and morphology of graphene oxide was wbdeby scanning electron microscopy (SEM model LEO
440i), before taken image with SEM the surface aingle was coated with gold. X-ray diffraction (XRD)
measurements were carried out with Ni Kadiation (40 kV, 60 mA, @ from 5 -115). Fourier transform-infrared
(FT-IR)spectra were taken in KBr pressed pelleta &T-IR Thermo Nicolet (USA).

2.2. Materialsand reagents

All the necessary materials and reagents were aliyécal grade and were purchased Merck, Aldricd &gma
Company. All the dilutions were prepared by ultnagpdeionized water. Chitosan was purchased frontkiéreC)

- 4H,0 and FeGt 6H,O were purchased from Merck. The reagents l-eti{ghdimethylaminoprophy) carbon
diimide hydrochloride(EDC), N-hydroxyl succinimid®&HS), acetic acid, glutaradehyde and sodium hyideox
were Merck. All other reagents used in this studgrevanalytical grade, double distilled water wasdus the
preparation of all solutions. GO was purchased fidamao Chemical Agent Company (Tianjin, China). édth
metal stock solutions (1000 md) were prepared by dissolving appropriate amouftstate in 1.0% (v/v) HN@
and further diluted daily prior to use. The pH vemjusted with the following buffer solutions;€04/NaHGO,
for pH 2.0 and 3.0; NaCi€OO/ CHCOOH for pH 4.0-6.0. N®IPOy/NaH,PC, for pH 7.0; NaB,O,/NaOH for pH
8.0-11; NaOH for pH 12-14.

Synthesis of magnetic hanozBg sorbent

The magnetic nano-iron oxide was first synthesiaecbrding to a previously reported method [2]. A §.sample
of FeCk-6H,O and 4.2 g FeSErH,O were dissolved in 100 mL of distilled water. Aaioof 25.0 mL of 6.5 M-
NaOH was slowly added to the above solution. Tleetien mixture was stirred for 4 h using a magnstirer.
After the complete addition of NaOH, the formeddi@recipitate, nano-E@,, was then washed several times with
distilled water, collected in a pure form by theiatance of an external magnetic field and drieanroven at 70 °C.
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Preparation of nano-F©,-encapsulated-chitosan/graphene oxide sorbent

graphene oxide (0.1 g) dispersion was preparedbicating graphene oxide for 3 h in ultrapure wafesolution
of 1-ethyl-3-(3-dimethylaminoprophy) carbondiimibigdrochloride (0.05 M) and N-hydroxyl succinimides M)
was added to the graphene oxide dispersion witkireoous stirring for 2 h in order to activate trerlwoxyl groups
of graphene oxide [35]. The pH of the resultinguioh was maintained at 7.0 using dilute sodiumrbyitie.
Magnetic chitosan (0.1 g) and the activated grapledide solution were added in a flask and dispknsalistilled
water by ultrasonic dispersion for 10 min. Aftetrasonic dispersion, the mixed solutions wereediat 60C for 2
h. The precipitate was washed with 2% (w/v) NaOH distilled water in turn until pH was about 7. Tih¢he
obtained product was collected by the aid of arciiieus magnet and dried in a vacuum oven atG0The
obtained product was nanozEr-encapsulated-chitosan/graphene oxide[40].

2. 3 .Preparation of Solid Phase

Sorption characteristics of Ni(ll) ions by mageetiano-sorbents by the batch equilibrium technigliee
applicability of magnetic nano-g@4,-encapsulated-chitosan/graphene oxide sorbenkfoaaion of Ni(ll) ions was
studied by the batch equilibrium technique undeesd experimental controlling factors. These ideuhe effect
of pH, contact time, sorbent dosage, initial mitalconcentration and interfering ions.

2.4. General procedure

100 ml solution with 50 ngritiNi content was prepared as a sample. This solwiEsadded to the magnetic nano-
Fe;04-encapsulated-chitosan/graphene oxide sorbent gndsimg buffer solution ,its pH was modified to 3.0
followed the container was shaken for 25min in ortte allow easier Ni ions absorption of the nang&ze
encapsulated-chitosan/graphene oxide sorbent [86].the end of this stage ,thenanosBgencapsulated-
chitosan/graphene oxide sorbent which had beeneirom the bottom layer of the beaker was removealitin
applying an external field with1.4T magnetic powansl was immediately decanted outside the supermndtanl of
1molLion of eluent was injected into FAAS for measuret@Ni(ll) ions concentrations.

2.5. Analysis of sample paraffin-embedded tissues from liver loggerhead turtles

Specimens. Selected areas from fresh frozen tissues from lieggerhead turtles specimens were sliced in three
pieces (numbered as 1, 2 and 3) of approximatelpnd@Dx 5 mm x 2 mm each. Sets of pieces of set Ati(@s),
were placed into a vacuum chamber at 50 °C overrbigtiry (until a constant weight was obtained) #mal sets 2
and 3 were subjected to the standard 10 % bufferedalin fixation and paraffin embedding31 histdksg process
using a tissue processor (Tissue-Tek VIP, Sakunaték USA Inc., Torrance, CA). After the paraffimedding
process, tissues were subsequently excised frorldiock&s with a titanium knife and deparaffinizedxiylene at 55
°C for 1 h in the tissue processor (the set 2), it iexane at 20 °C for 1 week with frequent chamgfethe solvent
in handling-based procedure (the set 3). Xylene afasgrade routinely used for the FFPE processhaexdne was
of "Optima" grade (Fisher Scientific). Upon degfinization, the tissue samples were dried in euvan chamber
until constant weight was obtained. Each dried dar(pf the sets 1-3) was divided into three pori@¢s-10 mg
each) to be further analyzed as triplicates.

RESULTSAND DISCUSSION

Fig. 1a and b show the morphology and size of magnano-FgO,-encapsulated-chitosan/graphene oxide sorbent
as shown in Fig. 1a and b. The patrticles of nhan®@fencapsulated-chitosan/graphene oxide 339 sorbtaihed a
homogenous distribution in the range of 340 5.00-20n.

3.2. Optimization of SPE procedures

3.2.1 Effect of pH

The metal chelate stability constant and its chahsitability considerably influence the SPE recgvéhe pH plays
a very important role on metalchelate formation &witbwing extraction. Therefore, pH was the figdtimized
parameter. pH of the analyte solutions was adjustetesired values with diluted hydrochloric acid1(mol L)
and/or ammonia solution (0.1 mol%) The variation in recovery of Ni(ll) with pH is stvn in Fig.2. . According to
the results shown in Fig 4 up to pH 4.5-6.0, conaplecoveries are obtained. However, at higher plies,
percentage recovery decreases. This is due tehfaicin an acidic solution the protonation of magneano-FgO,-
encapsulated-chitosan/graphene oxide occurs ané fkea weak tendency for retention between Ni éid
magnetic nano-R®,-encapsulated-chitosan/graphene oxide, whereagaerhvalues (pH>6), Ni (Il) reacts with
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hydroxide ions to produce Ni (OH)Accordingly, pH 5.0 was selected for subsequeatkwand real sample
analysis.
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Fig.1. Images of (a) Scanning Electron Microscopy (SEM) and (b) Transmission Electron Microscopy (TEM) of magnetic nano-Fe;O,-
encapsulated-chitosan/gr aphene oxide.distance

3.2.2 Effect of flow rates of sample and eluent solution

The effects of flow rates of sample solution andeat solution on the recovery of Ni (Il) was alsamined
between under the optimum conditions in the rarfge-40.0 mL min® by controlling the flow rate with peristaltic
pump. The recovery of the ions were independerfioof rate in the range of 0.5-2.0 mL mirfor eluent solution
and range of 1-5.0 mL miihfor sample solution.

3.2.3 Effect of sample solution volume

Another parameter studied to find the best expartaieconditions is the volume of sample solution/an analyte
concentration. For this purpose, 50.0-1100.0 mLsaple solutions containing 5ppm Ni (Il)were preess
according to the suggested procedure. The recasfeNi(ll) was quantitative (>96%) obtained up tosample
volume of 1000.0 mL and the adsorbed Ni(ll) canchged with 5 mL eluent. Therefore, an enrichmexttdr of
200 was achieved by this technique. Finally In suggested procedure, a sample volume of 50.0 mLchasen
for preconcentration method.
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3.2.4 Effect of amount of sorbent
To achieve a high extraction recovery, differentoants of magnetic nano-§&y-encapsulated-chitosan/graphene

oxide ranging from 50 to 300 mg were applied toramtt the target compounds from the sample solutidhe
results are shown in Fig 3 from which it can benstat the extraction recovery achieved by 100 Ibog almost the
same as obtained with 300 mg or more than of tserbeént. Based on the above results, 100 mg of etizgmano-
Fe;04-encapsulated-chitosan/graphene oxide was sel@mtétue following experiments.

120
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o

%Recovery
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20
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Fig. 2. Influence of sample pH on the per centage recovery of Ni (1), conditions: 100 mg adsor bent, 50 ml of 5 mg/L of nickel ions

%Recovery

0 0.05 0.1 0.15 0.2 0.25 03 0.35

Adsorbent (g)

Fig 3.Removal per centages of nickel ionsat different amounts of magnetic nano-Fe;O,-encapsulated-chitosan/graphene oxide,
conditions: 50 ml of 5mg/L of nickel ions, pH=5.0
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3.2.5 Eluent type and its volume

Another important factors which affect the percaftecovery are the type, volume, and concentratfcthe eluent
solution used for the removal of metal ions frone torbent. For this purpose, various type of ehiemtre
examined according to the suggested procedureréhts for this study are listed in Table 1. 4.6l i HNO;

was found to be adequate for quantitative eluted5¢6).The effect of eluent volume on the recoveriofll) was

also studied and listed in table.2. the resultsvsihe best quantitative recovery is 5.0 mL of 48 ki*HNO;. As a
result 5.0 mL of 4.0 mol T* HNO; was selected in the subsequent preconcentratitmoghe

Table.1.Effect of type and concentration of various eluent on therecovery of Ni

%Recovery

Eluent concentration (M) 1 2 3 4
NaOH 8 11 15| 15
NH; 10| 12 14| 13
HCI 11] 16 17| 18
H2SOy 17 ] 19 22| 22
HCIO, 25| 30 34| 35
HNO; 58 | 79.8] 96| 100

Table.2.Effect of eluent volume on the recovery of Ni

Volume of eluent| %Recovery
HNO;3 (4M) 2 ml 473
HNO; (4M) 4 ml 79
HNO; (4M) 5 ml 98
HNO; (4M) 8 ml 85
HNO; (4M)10ml 84

Reusability of Column

The stability and potential regeneration of theuowh were studied. After every time extraction, doéumn was
washed with 10 mL of MeOH and 10mL of deionized evaiThus, the column was available for a next etiva
immediately at least 50 adsorption elution cycléheut significant decrease in the recovery of Niipns.

3.2.7 Effect of foreign ions

The influence of common foreign ions on the adsomptof Ni (II) onmagnetic nano-E®;-encapsulated-
chitosan/graphene oxide were studied. In these V&0 ml solutions containing 5ppm of Ni and vag@amounts
of interfering ions were treated according to theggested procedure. The tolerance level was defasethe
maximum concentration of the foreign ion causinghange in the analytical signal no higher than S#en

compared with the signal of 5ppm nickel alone. Tésults, listed in Table 3, demonstration that ghesence of
major cations and anions in natural water has rpontant influence on the adsorption of Ni (ll) ionsder the
designated conditions.

Table.3.Effect of foreign ions on the percent recovery of 5 ppm Ni in water samples

lons | Amount taken (m¢ | %Recover
Na* 10 101 (1.5°
K* 10 101 (1.5)
Cet* 10 100 (0.2)
Mg* 10 99 (0.8)
Fe” 8 100(1.2)
cr? 8 99(1.2
Co* 5 100(1.2)
Cr 5 100(1.0)
Br 25 97(1.5)
F 25 100 (2)
MnZ 2.5 99(0.2)
zn** 2.5 97(1.7)

a:Values in parentheses are RSD based on threzagplanalyses.

3.2.8 Analytical figures of merits
Under optimized conditions, a calibration curve fér (1) was found by preconcentrating a seriesNif ()
standards according to the procedure mentioned. clinee was linear from 1.0 mg/l to 7.0 mg/l for Ms
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analytical figures of merit, limit of detection (I, limit of quantification (LOQ) defined as 38 and 10§/m,
relative standard deviation (RSD) for the propopegtoncentration and speciation method have betmndieed
and listed in table 4.

Table4.Analytical figures of meritsfor Ni.

Parameters

RSD% n=10 0.88%

LOD(um/L) 0.25

LOQ(um/L) 0.883

Enrichment factor 200

flow rates of sample (mL/min) 5

calibration equation Y = 0.06x - 0.0002
correlation coefficient 0.999

3.2.9. Determination of nickel in real water samples

Three type of water samples (information describedection 2.7sampling) were used for the detertitinaof
nickel. The analytical results, are given in TaBle The percent of recoveries for the addition difedént
concentrations of Ni (1) to water samples and senparaffin-embedded tissues from liver loggerhteatles were
98 and 100.5%.These satisfactory percent of regs/@ndicate no significant effects from the matbmposition
of the real water samples.As is seen, the recovidigdl)ion reveals that the results are quiteable and are in
satisfactory agreement with those obtained by ICBAE

The proposed method was used for the determinafidh (1) in several water samples. The resulteng with the
recovery for the spiked samples, are given in Tabl€he recoveries for the addition of differenhcentrations of
Ni (Il) to water samples were in the range9568-98.6%. To verify the accuracy of the propogseatedure, the
method was used to determine of the content ofINin(the National Standard Reference Material Eowironment
Water (GSBZ 50030-94) after the appropriate dilutiorhe results for this test are presented in @ &lA good
agreement between the determined values and ttifieckvalues was obtained.

Table.5 .Determination of nickel in real water samples

Sample Taken amount (ug) Flame atomic absorption (ug ICP-AES
Tap water (Tehran, Iran) 0 4.2(0.4j 4.3
30 33.08(1.2) 34.6
Tap water (Pakdasht, Tehran,iran) 0 1.2(0.8) 1.23
30 33.1(0.1) 33.3
Mineral water (Damavand company) 0 N.DP N.Db
30 30.09(1.2) 31.1
GSBZ 50,030-94 (ugh 0 13.65 14.1
Development of a methodology for the determinatibriNi®* 0.0 N.D ND
in FFPE tissue
10.0 9.95(2.2) 10.1

a.Values in parentheses are RSD based on fourcegpll analyses.
b.No adsorption, passes through column

Table. 6.Comparison of the total results of the proposed method with | CP-AES?

Sample| Ni* (mg.mL?Y) | NiZ* (mg.mL?) | F-test® | T-test?
SPE-FAAS ICP-AES

1 16.5+0.8 16.620.7 3.1 0.5

2 14.6+0.3 14.7+0.5 1.8 0.8

3 7.940.¢ 8.1+0.7 2.7 0.€

4 3.6+1.% 3.5+1.] 2.C 0.€

5 1.840.9 1.740.9 2.1 0.7

2 All real samples were diluted 50 times before gsial
PMean +standard deviations based on five individuegilicate analyses.
¢ Tabulated F-value for (4,4) degrees of freedom €1.95) is 6.39.
“Tabulated T-value for 8 degrees of freedom at @5)0is 2.306.

Real samples marked 1 to 5, were collected at tthleeadistances of 5, 100, 250, 350 and 500 meffr¢ise total

waste water of electroplating plants in the easpams of Varamin, respectively. The total resoltgained by the
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recommended procedure and ICP-AES have comparEdhle 6. As it is seen, the results obtained byptiogposed
method and ICP-AES are in agreement with each other

The results were shown in Table 6, together withults of a recovery test by added known amountsiakel in
water sample. A standard method with ICP-MS has laéen used as reference method.

Table 7. Comparison of published results of several on-line or several methodsfor determination of Ni?*

. . LOD
Technique Duration Enhancement
Sorbent RSD(%) of SPE factors S;S Ref
SPE & Dimethylglyoxim/sodiumdodecyl  sulfate-immobilized n @ 1.9% 15 25 46 a4

FAAS alumina-coated magnetite nanoparticles (DMG/SDS-AB¥)

2-{4-[2-(1H-Indol-3-yl)ethyl]-3-(4-chlorobenzyl)-®xo0-4,5-

iiié‘ dihydro-1H-1,2,4-triazol-1-yN"(pyrrol-2- 4.0% 25 30 027 | 45
ylmethyliden)acetohydrazide (ICOTPA)

lsiiié& N- propylsalicylaldimine based on porous silica 35 10 18 7.0 46

SPE & Amino-Functionalization of Multiwall Carbon

FAAS Nanotubes 223 30 100 03 47

SPE & magnetic nano-E8,-encapsulated-chitosan/graphene oxide 0.88% 20 50 0.25 Present

FAAS 9 4 P grap 0870 ) methoc

CONCLUSION

The proposed SPE method possesses advantagessseabireess, and considerable selectivity in cormpanvith
the previously reported procedures for isolatiod determination of Ni contents (Table 7). In conclusion, the
proposed SPE possesses the following advantagestethnique is rapid when compared with the preshou
reported procedures for the separation and detatimin of nickel, the time taken for the separatiand
determination of nickel in a 500 mL sample is a thost 30 min. Furthermore, it is a simple, higbgnsitive,
selective and reproducible method for the separatioNi** and in this work the recovery yields obtained with
magnetic nano-kE@®,-encapsulated-chitosan/graphene oxide were abelio@% then it show graphene oxide and
its derivation e.qg. in this work magnetic nana@gencapsulated-chitosan/graphene oxide is full oéiptal for use
as a adsorbent in the extraction method like SRESEME .consequently it can be applied to the presatration
and determination of nickel and the large numbérazfvy metal that are dangers for human from araptes.
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