GLOBAL SCIENTIFIC INC.

ISSN(PRINT) : 2320 -1967
ISSNCONLINE) : 2320 -1975

/),

;, €SS

ORIGINAL ARTICLE

CHEMXPRESS 5(4), 123-131, (2014)

Trace determination of palladium in road dust samples
by ET-AAS after microwave assisted digestion and
preconcentration on magnetite nanoparticles

Y.Ghorbani*?, H.Farahani? A.Rahimi3 S.M.Shoja!

tAnalytical Chemistry Group, Research I nstitute of Petroleum Industry (RIPI), Tehran, (IRAN)
2Environmental Protection Department, Resear ch I nstitute of
Petroleum Industry (RIPI), Tehran, (IRAN)
3Electrochemistry and I nhibitorsGroup, Environmental Protection Department,
Resear ch I ngtituteof Petroleum Industry (RIPI), Tehran, (IRAN)
E-mail : Ghorbaniy@ripi.ir

Abstract : Asmpleand efficient microwave assisted
digestion (MAD) combined with & umina-coated mag-
netite nanoparticles (MNPS) preconcentration method
followed by e ectrotherma atomic adsorption spectrom-
etry (ET-AAS), was devel oped for trace determina-
tion of paladium (I1) (Pd*?) inroad dust samples. Inthe
proposed approach, Pd*2 after chelate formation with
1-(2-pyridilazo)-2-naphthol (PAN), wasquantitetively
extracted to the surface of Al O,-coated Fe,O, MNPs.
Then, elution of the preconcentrated metal from the
surface of the Al O.-coated Fe,O, MNPs was per-
formed prior toitsdetermination by ET-AAS. The &f-
fects of pH, PAN concentration, SDS and Fe,O,
MNPsamountsand interfering ions on therecovery of
theanalytewereinvestigated. Under optimized condi-

INTRODUCTION

Recently, palladium (Pd) isattracting alot of at-

tions, the calibration curve waslinear intherange of
0.5-100 pg L* with regress on coefficient correspond-
ingto 0.998. Thevalues of thedetection limit (based
on 3S) and relative standard deviations (RSDs, for
10.0 pg L* of theanalyte) were 0.045 ng Lt and be-
low than 3.9% (n = 10). Theaccuracy of the method
wastested by the recovery experimentson spiked redl
samples, withresultsranging from 96to 105%. Findly,
themethod was successfully applied for determination
of Pd*2insevera road dust samplesand satisfactory
resultswereobtained. © Global Scientificlnc.

K eywor ds: Palladium; Electrothermal atomic ad-
sorption spectrometry; Magnetite nanoparticles; Micro-
wave ass sted digestion; Road dust samples.

tentioninvariousfields, such asindustry, technology
and medicineduetoitsexcedlent chemica and physi-
ca characteristicg. ltsmainindustrial usesareraw
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materialsfor catalysts(e.g. auto catalyst), semicon-
ductorsand alloys®4. Studieson Pd concentrations
in ancient ice and recent snow samplesreflect thein-
creasein mining, smelting and use of themeta inthe
last decaded®.

An increase of Pd in the environment has been
showninair and dust samples®9. Although the con-
centration of themeta indifferent compartmentsof en-
vironment continuoudly increases, itisdill a theleve of
pg Kg (or ug LY). Environmenta or industrial pollu-
tionsby Pd have so far been hardly reported as com-
pared with toxic heavy metaslike cadmium, mercury
and lead™. However, thelong-term exposureto Pd
may affect the human health and the growth of living
beingsin thefuture*2, So, the monitoring of Pdin
environmenta sampleshasgreat importancewithre-
gpect to estimation of thefuturerisk of thehuman hedth
and the ecosystem.

Several techniques such asflame atomic absorp-
tion spectroscopy (FAAS)™*1, Graphite furnace-
atomi c absorption spectrometry (GF-AAS)1519 in-
ductively coupled plasma-atomic emission spectrom-
etry (ICP-AES)?°2U | neutron activation analysis
(NAA)®, inductively coupled plasmamass spectrom-
etry (ICP-M S)224 gnd ultraviol et—visible spectrom-
etry (UV-Vis)»2 have been used for determination
of Pd.

However, numerous interactions between the
andyteandthematrix constituentscansignificantly in-
fluence both thelimit of detection and the accuracy of
theanaytical techniques. Thedirect determination of
Pdinenvironmenta samplesby themethodsisusualy
difficult, and aninitiad sample pretrestment isoften nec-
essary.

Several methods have been reported for the sepa-
ration and preconcentration of themetal ions, such as
coprecipitation’®, liquid-liquid extraction (LLE)%2,
solid-phase extraction (SPE)**3% and cloud point
extraction (CPE)!**%, but the disadvantages such as
time-consuming, unsatisfactory enrichment factors, large
organic solventsand secondary wastes, limit their ap-
plications.

Magnetic Nanoparticles(MNs) aremagneticiron
oxidesthat have a super paramagnetic behavior un-
der certain particle sizes, which can be easily magne-
tized with an externa magneticfield and redispersed

immediately, oncethemagneticfiddisremoved. MNs
have beenwidely used in variousindustrial products,
for exampl e pigments, recording material's, printing
and electro photography, such as copying toner and
carrier powders, etc.*4, sincethey have excellent
physicochemical properties. In recent years, MNs
have been applied to the separation of trace organic
compoundsand metal ionsin various sampleg*>41, A
major advantage of using MNs as solid phase ex-
tractor isthe possibility of the collection of MNsby
application of amagnetic fieldinabatch system. This
makes magneti c nanoparticles excellent candidates
for combining adsorption propertieswith ease of phase
separation. In addition, high surface areaand surface
charge density, depending on the pH, are some of the
advantages.

Theam of the present sudy wasto investigatethe
applicability of MAE with MNsfollowed by ET-AAS
method for road dust monitoring of Pd*2. Thefactors
affecting the extraction efficiency werestudied in detail
andtheoptima conditionswereestablished. Themethod
was vaidated for quantitative purposes, and then ap-
pliedtorea sampleandysis.

EXPERIMENTAL

I nstrumentation

A PerkinElmer (AAS 5100PC, USA) ET-AAS
equi pped with Zeeman-effect background correction
and anAS-20 auto sampler wasused for Pd*2 analysis.
Absorbance measurementswere carried out at 247.6
nm using Pd hollow cathodelamp (from PerkinElmer)
operated at 8.0 mA with deuterium background cor-
rection (at 12 mA). Theinstrumenta parameterswere
used according tothemanufacturer’s recommendations.
All measurements were based on peak area. Thein-
strumentation parametersarelistedin TABLE 1.

TABLE 1: Parametersfor ET-AAS measur ement.

Instrument Perkin-Elmer 5100
Lamp type, power HCL, 8.0 mA
Wavelength 247.6 nm

Slit width 0.7 nm
Signal measurement Peak height
Integration time 5s
Background correction Zeeman
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TABLE 2: Operating parameter sfor theused high pressurevessels.

Parameter Medium pressure vessel (PTFE-TFM)
Number of vessels 16
Vessel design PEEK pressure with PTFE-TFM liner screw cap with metal safety and venting screw
Vessel volume 100 mL
Max. fulling 50 mL
Maximum operation pressure 70 bars
Working pressure 18 bar (260 psi)
Maximum operation temperature 190°C

Reaction control

Maximum of power

Optional reference vessel with p-sensor accessory or P/T sensor accessory,

optional IR sensor
900 W

An ultrasonic bath (QH Kerry, Germany) and a
multi-wave microwave sample preparation system
(Anton Paar, Multiwave 3000, Austria) equipped with
up to 12 tetrafluorometoxil (TFM) vesselswasusedin
sampl e preparation procedure. The pressure, tempera
ture and microwave energy in Anton Paar syssemwas
controlled; Technica dataand recommended experi-
menta conditionsfor theapplied TFM linersaregiven
in TABLE 2. The pH of the solutionswas measured
withaWTW pH meter (Inolab, Germany) whichwas
supplied with acombined pH € ectrode.

Reagents

All chemica sused wereof analytica reagent grade.
Ferric chloride (FeCl,.6H,0), ferrous chloride
(FeCl..4H,0), sodium hydroxide, 1-(2-pyridilazo)-2-
naphtol (PAN), palladium nitrate, sodium dodecyl sul-
fate (SDS), nitric acid and hydrochloric acid was all
purchased from Merck (Darmstadt, Germany). The
working sol utionswere obtained daily by appropriately
diluting the stock solution with purewater. The used
reagent water was purified with aMilli-Q water purifi-
cation system (Millipore, Bedford, MA, USA).

Preparation of MNPs

The magnetic adsorbents, a umina-coated magne-
tite nanoparticles (Fe,0,/Al,O, MNPs), were synthe-
sized by dkoxide hydrolysis precipitation method“el.
Ferrouschloride (2.0 g), ferric chloride (5.2 g), and
hydrochloricacid (12 M, 0.85mL) weredissolvedin
25 mL water. The mixturewas added drop wiseinto
250 mL NaOH solution (1.5 M), under vigorous stir-
ring with nitrogen gas pass ng continuoudy through the
solution during thereaction. After thereaction, the ob-

tained Fe,O, MNPs precipitate magnetic field, and
rinsed with 200 mL water four times. Then, theproduct
wasovendried at 80 °C. Aluminum isopropoxide (1.0
g) was dissolved in ethanol (60 mL) to form aclear
solution. Fe,O, MNPs (0.1 g) werethen dispersedin
thefreshly prepared solution for 5 minwiththeaid of
ultrasonic. A mixture of water and ethanal (1:5, v/v)
was added drop wiseto the suspension of Fe,O, MNPs
withvigorousstirring. Themixturewasstirred for half
an hour after addition. Subsequently, thesuspensonwas
standing for one hour before separating and washing
with ethanol. After five cycles of separation/washing/
redispersion with ethanol, the powder obtained was
oven dried and calcined at 500 °C for three hours.

Prepar ation of mixed hemimicellesparticles

For the preparation of mixed hemimicdlesparticles
firstly, 0.05 g Fe,04/Al,O, MNPs and 40 mg SDS
and 9.0 mg L* PAN solutionswere added into 250 mL
water and the pH was adjusted to 2-2.5 with3M HCl
solutions and then were shaked mechanically for 15
min to form mixed hemimicelles assemblies. Subse-
quently, onthe SDS-PAN coated Fe,0, /Al ,O, MNPs
wereisolated by placing astrong magnet and the su-
pernatant was poured away and there were washed
with high purity deionized water.

Samplesolution (containing Pd"2 intherangeof 0.5-
100 pg L1) was prepared and the pH value was ad-
justedto 4with 0.1 M HCI and NaOH solutionswas
added into the SDS-PAN coated Fe,O,/Al,O, MNPs
and then were shaked mechanicdly for 15 min. Subse-
quently, the SDS-PAN coated Fe,O,/Al,O, MNPs
wereisolated by placing astrong magnet and the su-
pernatant was poured away. The preconcentrated tar-
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get anayteabsorbed on SDS-PAN coated Fe,O, /Al O,
MNPswaseluted withusing 1 mL of 2M HNO,. The
anaytesinthe effluent were determined by ET-AAS.

Dust samples

Road dust samplesweretaken from variousloca-
tions of Tehran streets and highways (Hemmat high-
way, Hakim highway, Towhid tunnel andAzadi street),
usingasmadl brush and aplastic pan. Thesampleswere
driedinanoven at 120 °C for 24 h. sieving of the ma-
terial wasnot required. The PTFE vessel sof themulti-
wave system are charged with 0.3 g of dust, 5 mL of
HNQO, (65 wt. %), and 2 mL of H,0, (31 wt. %).
Solid particles attached to the wall of the
Tetraflourometoxil (TFM) liner should berinsed when
thefirst vigorous reaction hastaken place, the pressure
vesselsareclosed and thefirst microwave stepis per-
formed. When opening the vessels after they have
cooled down, nitrous gases escape and in most casesa
precipitation of slicateisobserved. For the second step,
3 mL of hydrofluoric acid (49 wt. %) is added. The
vesselsare closed and heated accordingto step 2in.
After they have cooled down, they are opened again
and 5 mL of asaturated H,BO, solution are added for
thethird reaction step. Inthis step, no further gaseous
reagent products areformed-only masking of fluoride
takesplace. Thedigestion solutionsarethentransferred
into 50 mL glassflasks, filled up to volumewith the

100 -
o0 -

80

Recovery %
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50

reagent water.
RESULT AND DISCUSSION

A univariate approach wasemployed to optimize
theinfluentid factorsinthismethod. Quantificationswere
based on the peak height the analyte based on the av-
erage of fivereplicate measurements. In order to study
the performance parameters, the extraction recovery
wereemployed.

Effect of pH

ThepH playsanimportant roleinthecomplexation
of paladiumwith PAN and isoneof thefactorsinflu-
encing the adsorption behavior of mixed hemimicelles
system dueto the change of the charge density onthe
Fe,O,/Al,O, MINPssurface. The percent sorption of
paladium ion onthe sorbent surface asafunction of the
pH of the sampl e solution wasexamined intherange of
1.0-8.0. As can be seen from Figure 1, the percent
sorption of Pd (1) depends on the pH of the sample
solution. Insubsequent studies, the pH wasmaintained
at approximately 4.0.

Effect of PAN concentration

PAN actsasatridentateligand and can form very
stable complexes with metal ions (as ML or ML)
through hydroxyl oxygen atom, nitrogen atom of pyri-
dineand one of the azo group nitrogen atoms“*?. PAN

6 8 10
pH

Figure1: Effect of pH on theadsor ption of Pd, condition: PAN (5.4x10*M), SDS (54 g), Fe,0 /Al,O /NPs(80g), Pd (10 ng

mL ).



ChemXpress5(4), 2014

127

complexesof Pd (1) can beeasily interacted with SDS-
coated Fe,0, /AI203 NPs, whichincreasesextraction
efficiency of theanalyte. At 10 ug L of themetal, the
effect of PAN concentration on extraction efficiency
was studied by changing themolar ratio of PAN to Pd
(I intherangeof 0.9 x 10* 12 x 10*M (Figure 2)
Resultsindicated that thesigna increasesuptoaPAN
concentration of 5.4x10* M, reaching the plateau af -
terwards which is considered as 100% extraction.
Hence, PAN concentration of 5.4x10* M was em-
ployed throughout thework.
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Effect of theamountsof thesurfactant

The adsorption of surfactant onthesurface of min-
eral oxides can be divided into three regions
(hemimicelles, mixed hemimicellesand admicelles).
From Figure 3 we can seethat inthe presenceof SDS,
the Pd washardly adsorbed on to the surface of PAN-
Fe,0,/AlO, NPs. The adsorption amount of Pd in-
creased remarkably with theincreasing amount of SDS.
Givingthefindings, 54 mgwas sdected asthefind ad-
ditionamount of SDSinthestudies.

0 3 6

9 12 15

PAN (*10 “ mol L)
Figure2: Effect of theamount PAN on theadsor ption of Pd, conditions: SDS (54 mg), Fe,0,/Al,O./NPs(80mgr), Pd (10ng

mL ).
110

100

90

Recovery %
=2

20

60

0 20 40

60 80 100

Amount of SDS (mg)
Figure3: Effect of amount of SDSadded on theadsor ption of Pd, conditions: PAN (5.4 x 10 M), Fe,O /Al O /NPs(80mg), and

Pd (10ngmL1).
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Figure4: Amount of adsor bent added on the adsor ption of Pd, conditions: PAN (5.4 x 10*M), SDS(54 g) and Pd (10 ng

mL-1).
Effect of theadsor bent amount and extr action time

In comparisonwithtraditiona sorbents, MNPsof-
fer asignificantly higher surface areato volumeratio.
Therefore satisfactory results can be achieved with
fewer amounts of NPs. In order to study the effect of
adsorbent, 20 -200 mg Fe,O,/Al,O,/NPswas added
to 50 ml sample solution. As shown in Figure 4 the
resultsindicated that quantitative recovery of Pd was
obtained withincreasing of modified Fe,O,/ALLO/NPs
amount of 80 mg. So an 80 mg of Fe,O,/Al O /NPs
was selected for al subsequent experiments.

Theeffect of extractiontimewasexaminedinthe
rangeof 10 minto 3 hwith the optimized constant ex-
perimenta conditions. Theobtained resultsshowed that
palladium adsorption occurred rapidly inthefirst 30
min.

Evaluation of themethod performance

To evauatethe practica applicability of the pro-
posed method, calibration curveswere plotted using 8
spiked levels of the analyte (0.5, 5.0, 10, 30, 50, 75
and 100 pg L. Each standard sample was digested
by the proposed method using the optimum conditions.
For each level, three replicate digestions were con-
ducted. Thelimit of detection (LOD), based onthesig-
nal-to-noiseratio (S/N) of 3, theregression coefficient
(r3), thelinear range (LR) and therelative standard de-

viation (RSD) werecal cul ated. Extraction recovery of
spiked sampleswasin therange of 96-105%. A linear
calibration graphwasobtained intherange of 0.5-100
ug L't with regression coefficient corresponding to
0.996. The RSD for thedetermination of 10 ug L Pd
(1) was 3.5 % (n=10), whileLOD was0.045 ug L.

Influenceof interferingions

Inview of thehigh selectivity provided by ET-AAS,
the only interference may be attributed to the
preconcentration step, in which the cations may react
with PAN that may lead to a decrease in extraction
efficiency. So, interference of co-existingionsonthe
preconcentration of Pd?* wasinvestigated. For thestudy
of theinterferences, the effect of interferingionsat dif-
ferent concentration ratio on the absorbance of asolu-
tion containing 10 pg L* of the analyte was studied.
Thetolerancelimitsof theindicated ionsarethelimits,
which do not affect theandyte sgnal by morethan 5%.
Among the ions tested; CI', NO,, CO,*, Na’, K,
PO,*, F, Mg*, CH,CO,, C0O,* C H, O SO
, SCN, Ir#, Pt*, Au®, Rh* did not interfere even at
concentrations 1500 times higher than of the analyte.
However, as shown inthe TABLE 3, Fe®* and Fe?
proved to interfere at concentrations higher than 25
times of the anayte. Theinterferences of Fe* were
completely avoided by KF (8 x 104 M).
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TABLE 3: Tolerancelimitsof interferingionsin thedeter mination of 10 pg L of Pd*2.

Tested ions

Tolerance limit

(Ratio of interference concentration to Pd*?)

[CI, NOs, CO%, Na', K*, PO,*, F, Mg %, CH4CO;,, C,0,2,

<1500

CioH140s%, SO4%, SCN, Ir3, Pt*, Au®*, Rh*] Ag", Cr® <300
Ni 2 < 200
Hg?, Al%* cd® <150
Cu? <100
Fe3 Fe?, Co? <25
Analysisof road dust samples
CONCLUSIONS

The performance of this method was tested by
analyzing the metal in the four different road dust
samples. Theresults showed that theanayzed samples
werefreeof Pd contamination. All of thereal samples
were spiked with thetarget metal standards at differ-
ent concentration levelsto assessthe matrix effects.
According to the TABLE 4, the added Pd (1) ions
can be quantitatively recovered by the devel oped pro-
cedure. The accuracy of the method was tested by
therecovery experiments on spiked sampleswith re-
sult ranging from 96-105%. Theseresultsdemonstrate
the suitable capability of the proposed method for
determination of the analyte in different road dust
sampleswith various matrices.

TABLE 4: Resultsobtained for analysisof thetar get com-
poundsin different dust samples.

Sample Pd*?

Concentration (ug L™ Nd*

Hemmat highway Found (g L™) 9.6
(100pg L™ added)  Recovery (%) 96
RSD% (n = 10) 34

Concentration (ug L™) ND
Hakim highway Found (ug L) 204
(200 pug L™ added)  Recovery (%) 102
RSD% (n = 10) 33

Concentration (ug L™) ND
Towhid tunnel Found (ng L) 26.1
(250 pg L™ added)  Recovery (%) 104
RSD% (n = 10) 2.7

Concentration (ug L™ ND
Azadi street Found (ug L) 52.5
(50.0 pg L™ added)  Recovery (%) 105
RSD% (n = 10) 39

* Nd: Not detected

Thispaper outlinesasuccessful development and
application of amethod using aumina-coated magne-
titenanoparticles, combined with ET-AA Sfor thequali-
tative and quantitativeanaysisof Pd (I1) in road dust
samples. Theresults obtained demonstrate the appli-
cability of the proposed procedurefor preconcentration
and tracesdetermination of Pd*2ions. Therecoveries
of analytewere nearly quantitative (> 96%). Thede-
veloped methodissmple, rapid, sendtiveandasovery
suitable for screening of heavy metals on road dust
samples.
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