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Abstract: In present study characterization of an opticaksemembrane is described for the determination
of lead (ll) ions based on the immobilization othizone on a triacetylcellulose membrane. The mamdbr
responds to lead ions by changing color reverdiam, red to green at pH 5.0. Under optimum condgiahe
proposed membrane displayed a linear rang®%56.5ug mL™ with a limit of detection of 0.15g mL™* at a
wavelength of 612 nm. The response time of thed®pteas about 11-15 min, depending on the concemtrat
of lead (ll) ions. The relative standard deviat{®8SD) of the sensor response for @gmL™ of lead (Il) was
2.8% and the RSD between seven membranes was J1286sensor can readily be regenerated with the
ethylene diamine solution. The optode is fully msilgde and the selectivity of optode to lead (bhs$ in
universal buffer at pH 5 is relatively good with Aign as interferences. The proposed optode wa®ssitdly
applied for the determination of lead (ll) in saild petrochemical waste samples.
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I ntroduction

Lead is a ubiquitous environmental pollutant widdigpersed in the environment through the car
batteries, ceramic glazes, in some candles, catigers and radiating shieldingaint, gasoline and printing
materiaf, as well as some industries such as mining andefireing of plant& In car engines lead is burned,
enter the environment through the exhausts of aradspollute soils and airSo, it has caused lead pollution to
be a worldwide issue.

Lead is one of four metals that have the most dargagffects on human health. Lead induces a broad
range of physiological, biochemical, and behaviatgdfunctions such as; disruption of the biosyrithesd
haemoglobin and anaemia, a rise in blood pressidmey damage, miscarriages and subtle abortions,
disruption of nervous systems, brain damage, detlifertility of men through sperm damage, dimingshe
learning abilities of children, behavioral disrupts of children, such as aggression, impulsive Wiehand
hyperactivity *

Therefore, it is very important to monitor the gaevels of it in environments. The most common
analytical methods for the lead trace determinagi@nthe flame atomic absorption spectrometry (FRAShe
electrothermal atomic absorption spectrometry (EBXA® and the inductively coupled plasma emission
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spectrometry (ICBY. Although these methods have good sensitivity, thay require expensive instruments,
well-controlled experimental conditions and profdisample-making.

In this regards, optical sensors have attractedattention of many researchers because of easy
fabrication, freedom from electrical interferendew cost, safety, good selectivity and sensitivéigd the
possibility of remote sensing. In optochemical sesgso called optrodés)™or optode¥, the sensing element
consists of reagent dyes immobilized in organiinorganic matrices. The indicator dye undergoeidig
reaction with the ions. This reaction is accompaiig a change in the optical properties. The optioaperties
measured can be absorbance, reflectance, florescamd refractive indé% *> The measurement of the change
in the optical property of the solid phase can Bedufor the detection and quantification of thegear
analyté®*’. Immobilization of dyes into or onto a solid suppis a key issue for their application in optical
sensind®. Covalent attachment to a functionalized supgpanhd physical entrapméfitare two commonly
employed techniques. Organic dyes and metalodhrandicators, which are used in the speatiato
metric determination of various metals, play @mrole in the design of optodésThe number of reagents
available for the spectrophotometric determinatiblead is relatively small. The main reagentsditieizoné”

2 diethyldithiocarbamaf& 4-(2-pyridilazo) resorcin®l, diphenylcarbazorl& 2-(2-thiazolyzo)p-cresof’.
Dithizone contains azo and hydrosulfides groups, tmany characteristics required as an ionophores Th
ionophore reacts with transition metals to formhhigcolored complexes. The complexes can be reddise
form again the ionophore over a large number oétitpns®. DeOliveira and co-workers introduced dithizone
immobilized on XAD-4 resin as a sensor elementrobptical sensor for lead using a flow-cell. Thégerved
that the immobilized dithizone was susceptible tmtpdecomposition caused by the light from the guar
halogen lamp. This resulted, with time, in an iase in signal which affected the accuracy of the
measurements

In present study, a lead optical sensor based probilization of metallochromic reagent, dithizooe,
a triacetylcellulose membrane is introduced. Thembr@ne responds to lead (ll) ion by changing color
reversibly from red to green which is spectroscalbjcdetected in the absorbance mode. The propostdod
offers a selective and sensitive method for leBdaglalysis in real samples.

Experimental
Reagents

All chemicals were prepared from analytical reaggnaide and were supplied from Merck Company.
All aqueous solutions were prepared with doubléligid water. Universal buffer solutions were preszhfrom
boric acid/citric acid/phosphoric acid (0.04 M encrhe final pH was adjusted by the addition of Bl. 5odium
hydroxide. A stock solution of 1000g mL™ lead (ll) ion was prepared by weighing 0.159 g of PbgNO
(Merck) and adjusting the volume to 100 mL. Workstgndard solutions of lead (Were prepared from the
stock solution by suitable dilution with water.

Apparatus and measurement procedures

A Perkin-Elmeri35 UV-Vis spectrophotometer with a 1cm cell wasdusar recording the visible
spectra and absorbance measurements. A JenwaypBba@ter was used to check the pH of the solutidns.
Hamilton syringe (1Ql) was used to inject small volumes of redgénto the cell. The constructed
membrane was placed vertically in a disposabldiplaavette and all measurements were performedaatch
mode. The membrane was first exposed to the umivensfer solution at pH 5 for some minutes and the
absorbance was measured at 612 nm. Then the lagtbisovas injected into the cell and after mixirige
absorbance was measured at 612 nm after 15 min.

Procedurefor the determination of lead in soil and waste samples

Soil sample (from Bandare Emam Petrochemical Compahvaz, Iran) was homogenized and dried
at 105° C. After that, 1.0 g of soil was taken &L of HNOyH20O, mixture (2/1) were added to the soil. The
mixture was slowly shake and dried on a hot plateer cooling, 2 mL of 0.75 M nitric acid were adbl® the
residual and centrifuged. The clear digests weialyaed by the proposed metiadPetrochemical waste
samples (from Bandare Emam Petrochemical CompamyaZ Iran) did not need previous treatment anagwer
analyzed for lead (1) ion concentration using pineposed optode.
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Preparation of the sensor membrane

The transparent triacetylcellulose membranes wesdyzed from waste photographic film tapes that
were previously treated with commercial sodium kgfporite for several seconds in order to removeeal
gelatinous layers. The films were treated withesaclsolution of dithizone (0.02 g) in 20 mL ethydeatiamine
for 7 min at ambient temperature. Then they wershed with water for removing ethylene diamine and
loosely trapped indicator. The membranes were lfinghshed with detergent solutions and water. Rezha
membranes were kept under water when not iff.use

Results and Discussion

Spectral characteristics

Fig.1 shows the absorption spectra of immobilizethizbne, which was obtained after being
equilibrated in buffer solution (pH 5) containingferent concentrations of lead (ll) ions. The gpaicchange
is result of increase of lead (ll) ions concentmatin the membrane, which is due to the extractdnlead (1)
ion into the membrane and complex formatidth dithizone. The absorbance maxima of the imnimododl
dithizone are located at 612 and 444 nm. The wagéheof 612 nm was selected for further studiesbse of
higher selectivity and sensitivity at this waveldng

300 460 560 660 760 800
Wavelength (nm)

Fig.1. Absorption spectra of optode film in the present®.5-7 ug
mL™lead(ll) at pH 5.

The effect of buffer solution on the optode membrane response

The effect of the pH of the sample solution onrniembrane response was studied in the pH range of
3-7 by changing the universal buffer pH. Fig.2 shdhe effect of pH values on the absorbance irtiensithe
optode membrane at the fixed wavelength of 612Tm.absorbance measurements were made foigzhd™
lead (1) ion at different pH values.
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Fig.2. Effect of pH on the optode film response.
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As it can be noticed in Fig.2, with increase in tt¢ of the solutionAA (difference between the
absorbance of the immobilized dithizone alare the absorbance of the lead-dithizone compéaches
a maximum value at pH 5, and then decreases. Haagmenon might be due to the fact that at lower pH
values (pH<5), complexation is weak. At pH valugghbr than 5, lead (Il) forms different hydroxideesies
which make it unable to form complex with dithizéh&@hus, pH 5 was selected for further studies.

Dynamic range

Fig.3 depicts the response of the proposed leadgtiode under optimum conditions to various lead
(1) ion concentrations in the range Q«d mL™. The plot of the difference in absorbance agdeet (Il) ion
concentration can be used as a calibration pladdtermination of lead (Il) ions.

As can be seen, the calibration graph exhibiteéh@at range from 0.5 to 5.9 mL* , with a
correlation coefficient of 0.9997, which descritigdthe equation:

AA= 0015 ,,,. —0.0004

AAis the absorbance difference (difference betweenattsorbance of immobilized dithizone alone
and the absorbance of the lead-dithizone complesCa,>* is concentration of lead (I1) iomg mL™).

In this case, 6.fig mL*was found as the concentration of lead (lI) iort #aurates the film. Detection
limit of the lead optode, defined as that conceiunaof the sample yielding a signal equal to tkenk signal
plus three times of its standard deviation, wasifoto be 0.15ig mL™.

0.10

0.08 -

0.06 -

0.04

0.02 A

Differencein absorbance

0.00 . . . . . . . . .
0 1 2 3 4 5 6 7 8 9 10
Concentration of lead (I1) (ng mL"
1

Fig.3. The optode film response vs. lgddl ion concentration in the range
of 0-7pug mL™"at pH 5.

Responsetime

The response time of the optode is contloly the time required for the analyte diffuse
from the bulk of the solution to the memimainterface and to associate with the indica The
response time was tested by recording the absabemange from a pure buffer (pH 5) to a buffereatile
solution of 3.5ug mL™. The membrane was found to reach 95% of the §igalal at 11-15 min depending on
the concentration of lead (1) (Fig. 4).

At high lead (IlI) concentrations, a rapid respomses achieved, which resulted in a large change in
response. At low lead (II) concentrations, a longsponse time was produced by the optode films hdue
to the fact that the response time of the optddei governed by three processes: (1) diffusiothenfilm (2)
the rate of complex formation between metal ion légahd, and (3) the rate of complex dissociation
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Fig.4. Typical response curve of the film optode at 6&Ras a function of
time when film was exposed to 31§ mL™ lead(ll) ions.

Lifetime and stability

The lifetime of the optode membrane was determibgdmmersing the membrane into the cell
containing the buffer solution (pH 5). The absod®nsignals were recorded at wavelength of 612 nen av
period of about 10 h. During this period, there wasevidence of leakage of reagent from the menebeanal
no drift in signal was observed and the sensing®heas stable over the experiment. The preparednagies
were kept under water, while were not in use, &vent them from being drying out. Additionally trstability
of response of the film was investigated oser weeks under water, which indicated thia film was
stable over this period.

Regeneration of the optode

A good sensor should be regenerated at a shoddpefia time. The regeneration time was defined as
the time taken for the sensor to reach the basslgral (the signal observed in the buffer solutgdrpH 5).
Some reagent including EDTA (0.1M), HN@0.1M), ethylene diamine and HCI(0.1M) were stddis
regenerating reagents. Ethylene diamine was coadltd be the best reagent, which gave short membran
regeneration times (10-30 S). After this regenenatind for the next lead concentration measuremérgs
optode should be placed in buffer (pH 5) for 10aii5.

Reproducibility and reversibility

These parameters of the sensing phase membrar idetermination of lead was evaluated by
repeatedly exposing the sensing phase membimna 3.5ug mL*lead solution and a 0.1mol'ethylen
diamine solution. The repeatability of the membregsponse at 612 nm using a single membrane wiasl teg
performing seven replicate measurements for@5mL* of lead solution. The relative standard deviation
(RSD) of sensor response for these determinati@ssfaund to be 2.8%. Fig. 5 shows the absorbarmegels
versus time for the optode membrane. The reprodiigibf the response of different membranes wasal
studied (Fig. 6). Reproducibility was evaluated tsrrying out similar procedure on seven individual
membranes at different periods of time, so thafRB® for the measurement of 31§ mL™ lead (I1) was 3.2%.
The results show that the reproducibility is satisbry.

Effect of foreign ions

One of the most important characteristics of amcapmembrane sensor is its relative response tsvar
the primary ion over other ions present in the tsmtu For this purpose, a study of the effect aéign ions was
made by adding different amounts of other ionsuditlg Na(l), Mg(ll), Sn(ll), Ni(ll), Cu(ll), Zn(ll), Ag(l),
Co(Il), Mn(ll), Cd(ll), Sr(Il)and Cr(ll) to solutions containing 0489 mL™" of lead (ll) ion. The tolerance limit
was taken as the concentration of the interferperiges causing an error less than +5%. The resiuttwed at
the applied pH value the following ions did noteiriere even a 100 fold excess of these ions: Na@y(ll) ,
Sn(l), Ni(ll), Cu(ll), zZn(ll), Co(ll), Mn(ll), Cdql), Sr(lland Cr(lll). The main interfering spesien the
determination of lead was AgHowever, the interference from this ion can bmielated by using 0.1 M Cl
solution as the masking agent.
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Fig.5. Variation of the absorbance of the membrane at &R for
repeatedly exposing into 3§ mL™ lead(ll) solution and 0.1 mol &
ethylene diamine solution.
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Fig.6. Reproducibility of the response of different menmas

exposing into 3.5ig mLlead(ll) solution.

Determination of lead (I1) in soil and waste samples

In order to test the analytical validity of the posed optode, this optode was applied to the
determination of lead (Il) in soil and petrocherhiz@ste samples. The results are given in Tableot .this
purpose, 2.5 mL of buffer solution (pH 5) pouredadncell and 100 uL of the sample was added tdotifer
solution. The lead content of soil and petrochemigste samples were assayed by standard additdmoch
and then determined by the proposed optode. Frerdata given in Table 1 of this work is readilyrséeat the
present optical sensor is useful for the deterritnaif lead in real samples.

Table 1. Determination of lead (II) ions in soil and petreafical waste samples.

Sample Concentration of lead (Ilug mLY)  Recovery% R.S.D%
Added Found
P.W.1 - 0.5 R -
P.W.?2 2 2.52 101.0 2.7
P.W.3 3 3.51 100.3 2.3
P.W. 4 4 4.49 99.75 15
P.W.1 - ND* - -
P.W.?2 2 2.11 105.5 2.7
P.W.3 3 3.10 103.3 1.3
P.W.4 4 4.05 101.2 15
Soill - 0.5 - i
Soil2 2 2.51 100.5 2.7
Soil3 3 3.52 100.6 2.3
Soil4 4 4.53 100.7 15

* Not detected.; P.W.: Petrochemical Waste



Hossein Tavallali et a//Int.]J. ChemTech Res.2014,6(5),pp 3179-3186. 3185

Conclusions

The new lead optode reported in present study sdyeprepared and provides a simple, fast and
inexpensive means for determination of lead (IsioThe membrane responds to lead (Il) ion by dhgng
color reversibly from red to green. The sensor loarmegenerated readily with a solution of ethyldizmine
and has a long lifetime. The response of the opteaereproducible. The optical sensor has a goledtssty
toward lead (Il) versus other metal ions exceptAgi which can be omitted by using 0.1M Gblution as
masking agent. It has wide dynamic range and lcst. ddhis optical sensor can be applied for therdeteation
of lead (Il) ions in various samples such as petligoil and petrochemical waste samples.
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