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ABSTRACT

A new optical analytical method, “digital RGB Ansily’ is proposed instead of the conventional opticethod,
“spectrophotometry”. MATLAB image processing toahdransform the color information into digital RGRBlues
that can be treated as analytical information. Thel can simulate the color variations by optimiaatof visual

color sensor with computer assistance and thus nwaherimetry (semi quantitative analysis) as an wate

determination method. The Paper optode has beepaped by immobilizing potassium iodide (KI) andrsktaon

thin layer chromatographic (TLC) strip. The reactits based on indirect determination of lead byedw®ining

iodine liberated which results into blue coloredsdollowed by scanner based detection. The obthjpattern was
analyzed using image processing tool of MATLABnso# to determine lead. All parameters affectingmsity on
optode have been optimized. The proposed sensdingas in the range 0.024-12pg Mi24 pL of 1-500 pg mt

(R?=0.998)} for G and B values. The minimum detectionit was found 3ng mt(6uL of 5 ug mt).The

proportionality in intensity of the spot color ohet optodes loaded with varying amounts of lead ssiggits
potential applications for screening of lead. Tlapiwde can be used for health check and polluthatk at home.

Thus the paper optode has great potential for phigpose.

Keywords: MATLAB; paper optode; thin layer chromatography, R@nalysis.

INTRODUCTION

Determination of heavy metals such as lead is wepprtant because it show toxic effect on livingteyns. Lead is
used in lead acid batteries, bullets, shots, salgetal component, as fusible alloy component, gaiatditive in
gasoline, as electrodes and in stained glassesniEmfestations of lead exposure include dullnesstlessness,
irritability, poor attention span, headache, trenh@llucination and loss of memory, which can pesgrto delirium,
mania, convulsions, paralysis, coma and deathLE3d is also known to be able to cross the platéatgier and,
thus, may cause possible damage to the fetus amigone [2-4]. According to the WHO, the maximum pésible
limit (MPL) is 0.05 mgL™*of lead in drinking water [5].

The usual methods for the determination of leadsadtution involve potentiometry, spectrophotometaypmic
absorption spectrometry [6-8], flame atomic absomptspectroscopy [9-11], graphite furnace atomisoaption
spectroscopy [12], inductively coupled plasma—atoemission spectroscopy [13] inductively couplddsma—
mass spectrometry [14] adsorptive stripping voltaynjd 5], voltametry [16], solid phase extractidv] and anodic
stripping voltametry [18].
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In present paper we describe a new device as efécttongue that we called “paptode” or paper optothe
paptode is simply a paper or other ordinary ponmagerial such as clay or cotton or Whatman filtapgr or
ordinary filter paper or even TLC can be used sglsstrate support for reagent.

The paptode are advantageous over conventionalepia following ways:

(a) The immobilization of reagent is very easyase of paptode

(b) In this method, we can introduce several retsgen a single strip. Therefore, by using a sasfeson-specific
(or even low-selective) reagents, we can estintaequantity and quality of multiple analyte in thelution by
applying of mathematical methods, exactly simitatite analysis of tongue’s signals in our brain.

(c) Since diffusion in a porous material is higllean in polymeric membrane the response time inoogs is
shorterthan typical optodes.

(d) The uniformity pattern is not important in pagés but is of paramount importance for optodegaalby in
obtaining reproducibility and repeatability of tegstem.

Amlathe and Gupta [19-20] developed indicator tulbesl test strips for semi quantitative determimatif
hydrazine, later on utilizing the concept paptoftesquantitative determination of metal ions Fe, Mg, Zn, Se
[21-26] have also been developed. The DCA analyassalso been reported for lithium [27]. The papsotbr Pb
(I1) has not been yet reported as revealed irditee.

In the proposed method, we have developed paptmddetermination and removal of lead utilizing MAABR
assisted digital RGB analysis.

EXPERIMENTAL SECTION

2.1 Apparatus and software:

JEOL JSM -6390 A SEM Made in Japan, JEOL JFC-160at8r Coater unit. The scanner (HP-SCANJET G2410)
was used for scanning the strips. Resolution afiseawas regulated at 300 dpi. For analyzing ceédues inRGB
(red, green, blue) system, the MATLAB software, ethiwas written in Visual Basic 6 Media was used .A
MICROLITE micro pipette was used for injecting sdegpon strips.

2.2 Chemicals and ReagentsAll reagents used were analytical grade chemidadsible distilled water is used
throughout the experiment.

Lead solution:

500pg mL* stock solution of lead was prepared by dissoldfig mg of Pb@in 5% HCI and then made up to 100
mL by double distilled water. The stock is stalide dne week, if kept at room temperature and foddgs, if kept
in the refrigeratorRequired dilutions were prepared accordingly.

Potassium iodide (KI):
10 % KiI solution was prepared by dissolving 101§isal00 mL of double distilled water.

Starch:
4% starch was prepared by dissolving 4g starctOh L of double distilled water which was foundtdéafor 3
days. It was prepared daily for flawless analysis.

2.3 Procedure:

Preparation of Paper Optode:

To construct the paptode for lead, strips of TL@r{dard Indian make) were immersed in 10% solubibKI for
few seconds and then dried in a temperature céedraven (to speed up drying) followed by immersingi%
solution of starch and then dried again in an oserhe same temperature but not higher thalC 0 avoid
brittleness of strips. The prepared paptodes weredin cool and dry place and can be used faa35s.
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Mode of Operation:

Aliquots of 24uL of lead solutions were injected trese strips. Light purple to deep indigo blueviet
(depending upon the concentration of lead) [28pia spot is formed as soon as the drop of anetytees into the
contact The spots turn brown on drying but turn blue agairbeing moistened. Intensity of colored spot dgvetl
on paptode was found to be proportional to the epftration of the analyte. The spots were not pdyfec
homogenous; therefore, we have selected the careal of spot which was found to have maximum Bitgrfor
analyzing the color. The spots were scanned usiieglzed scanner and the obtained images have thaesferred
to computer for MATLAB assisted digital RGB anakysind the intensity of color-spots was determined.

The RGB color model is an additive color model in whicld rgreen and blue light are added in various ways t
produce a broad array of colors. Any color can eyeed to obtain its correspondiRg G andB value. Effective
intensity for any color values of color spots wafcualated by following formulae:

A; =-Log (R/Ry) (1);
Ay =-Log (GJGp) (2);
Ap=-Log (B/Bp) 3);

Where, A, Aq, A, are effective intensities of red, green and bllercrespectively ,R G;, Bsand R, G, B, refer to
R, G and B values of sample and blank respectivEhe calibration curve is obtained by plotting effee
intensities of R, G and B values vs. analyte cotraéion.
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Photograph showing-color variation before and afteradding lead sample
Where; B- blank, S- sample, a- color developmeasblation, b- color development on injecting vasaoncentration of analyte

RESULTS AND DISCUSSION

3.1 Chemical reaction:

Lead (IV) oxide forms lead (IV) chloride on beingsblved in cold and concentrated HCI. lead (IMpdlde reacts
with Kl to form lead (V) iodide which being unstalbreaks down to lead (Il) iodide and liberateimedwhich then
subsequently binds with starch to form complex tadpce a blue colored product. Lead iodide volatiaf, this
has been confirmed by electron diffraction studie$o lead or lead compound peak was found. Thers e strip
contains both the reagent but no color productaies place until lead sample is injected. It iDnemended to use
a very little amount of reagent otherwise stripg/man brown due to environmental oxidation.

PbO, + 4HCI — PbCl, + 2 H,O

PbCl, + 2Kl — Pbl, + 2KCI

Pb|4 — Pblz + |2

(Volatizes off)

I, + Starch—I,-starch complex

(Blue violet)
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The disposable sensors so prepared were investigatier scanning electron microscope (SEM) aftéd goating.
SEM images of compound reveals that it is produndalinches of oval / spherical particles (Microdray: 1, M:
2, M: 3 and M: 4).

- R D

o =
- A= ey ) . R
10kV X200 100pm 3879 MSMEMANITB

10kV X14,000 Apm 3879 MSMEMANITB X850 20pm 3880 MSMEMANITB

M: 3. Dye particle with nm diameter M: 4 Dye particles with um diameter

3.2 Optimization of conditions:

3.2.1 Injection volume:
The influence of volume of analyte which must bedted onto strip was investigated. The optimumamolume
was obtained to be 24pL.Increased volume injecteads to more diffusion of spots and thus consetyuen

decreases the intensity of color.
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Figure: 1: Optimization of Kl Figure: 2 Optimization of Starch
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3.2.2 Effect of reagent concentration:

In orderto study the effect of potassium iodide and starchcentration, solutions with various concentratiofis o
reagents were prepared and immobilized on TLC staipd then allowed to dry. After drying 24uL oftarslard
solution containing 100pg miLof lead was injected on each strip. After dryitigg strips were scanned and their
colors were analyzed by the software, and the ®ffedntensities of R, G and B values were plotted
concentrations of Kl and starch. Figure 1 and 2vshthe effect of KI and starch concentration ont $piensities
respectively. Figure 1 show, at 10% of KI maximuohoc intensity was observed and figure 2 show atof%tarch
maximum color intensity was observed. Thereforép Hdtassium iodide and 4% starch were selectegtanum.

3.3 Drying Methods:

Different methods of drying such as drying at rommperature, oven and hot air were used for drilegstrips
after injection of reagents onto strips but no aerable change in signals was observed. HoweveQvan is
recommended for increasing the rate of drying. ®pen air drying is not recommended to avoid envirental
oxidation.
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Figure: 3.3: Calibration for 1-150pg mi*
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3.4 Calibration Curves:

Calibration curve was found linear for 150-500 pig'nof lead for all three values (R, G and B). Frogufe 3.1 it
is clear that rather the R, G and B all valuesdases with increase in concentration from1-500 i tvut the
curve is linear in the range of 150-500 pg htfigure 3.2). It is clear from figure 3.3 that beld50 pg mL* of lead
R, G and B values follow a different pattern oflamity. In the lower concentration range R valuesliaear from 1-
100 pg mt* and then 100-150 pg .G values are linear in the range 1-50, 50-100thrd100-150 pg mt
while B values are linear in the range 1-50 andhtfrem 50-150ug mt. At different concentrations of lead
different shades are obtained and hence the RG&M®ldifferent order that is why linearity rangeies.

3.5 Reproducibility of the system:
Reproducibility of sensor has been investigatediatdifferent sensors under optimum conditions ¥arious
concentrations of lead. The results are reportedileland concludes that the proposed methogbisdacible.

Table: 1: Average, SD (standard deviation), RSD (fative standard deviation) Of seven repetitive anglses

-1
NSC;. H9 r;”c;lut(i’;']ead Avg.A, | SD A | RSDA | Avg. A, i? RSD A Axbg' i? RSD A,
1. 500 0685 0013] 194] 06680 0013 104  0.6p140180 2.96
2. 450 0608 | 0018] 205| 06107 00096 158  0.5[7310096 | 1.66
3. 350 0539 | 0011] 204 05358 0020 _ 3./4 _ 051370140, 2.75
4, 50 0172 | 001 583| 01914 0012 646  0.1454 50.0110.45

Where; A= -log of R value of sample/R value of blank=*log of G value of sample/G value of blank and-Alog of B value of sample/B
value of blank

3.6Effect of Time:

3.6.1 Response Time:

The response time of the system was evaluated wpdienum conditions for 100pg L It is the time required to
achieve maximum color intensity. In the proposedhnd spot of maximum color intensity developsansy.

3.6.2 Stability of spots:

To study the stability of color spots, 100 pg Tok lead was injected under optimum conditions o $ensor.
Scanning of the sensor was done in the time periéd 10, 30, 60,120, 180 and 240 minute and tlftem 24 hr and
48 hr. The developed spot remain stable for 30 tainu

3.6.3 Stability of paper optode:

To study the stability of sensor, after immobilizireagents on the Whatman paper strip, it was pseddically
each day. No significant change was observed withidays, after 16day spot intensity reduces to nearly half.
After 25" day no spot develops. Therefore, the prepared seasobe used at best for 15 days and on a stfetch
25 days. The sensors were stored in dark and &iraight container to avoid environmental oxidatio

3.6.4 Detection Limit (DL):

For each RGB factor there is one DL [21].Theorétizh, of the method were 0.024 pg 24uL of 1 pg mr)

for R, B and 0.012 (12 uL of 1 pg m)for G values respectively. Athree values can be considered but G values
are more sensitive and follow the standard linggdttern as shown in figure 3.2 by trend line ¢fiere, values are
recommended for determination. Practical DL detesdiwas 3ng mi(6uL of 0.5 pg mrY). The practicaDL is

the lowest concentration, which gives color orpstio matter falls in linearity range or not.

3.7 Interference studies:

To study the selectivity of the proposed method,dffect of various species on the determinatioh0fug mL* of
lead was tested under optimum conditions withouy amasking. The tolerance limit was defined as the
concentration of the added species that cause¥® tddative error. The results are indicated in €&hl

3.8 Application of Paper Optode:

The developed paptode is dual in nature. Theséearsed as sensor to detect lead as minimum as\Bhgs well

as filter to remove up to 93% of lead when a maximaf 500 pg mL* of lead (super saturation stage) is allowed to
be filtered.
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Table: 2: Tolerance limit of various interfering species on determination of lead

S. No. Interfering species Tolerance limit (mgt)
1 Mn™* 100
2 K*, Cr™*, Zn", Na, HCGy, CI, Cd™ 10000
3 As™ 75
4 Hydrazine 10C
5 Se™ 200
6 Ba* 5000
7 Fe*, NH,;", SQ;~ 12500
10 B~ 1000
11 Cu”* 12500
12 Hg"™* 50C
13 Al 250(
14 Ca++ 2000

3.8.1 In Analysis of real samples:

The paptode is applied asnsor to detect lead in cosmetic, food and biokdgiample. Using the calibration curve,
the concentration of lead in Sindoor (minium) whishused by Indian married women in the partinghefir hair
has red lead as a component; kumkum (vermillioniclwimay also have red lead as a component, edibEnd
urine samples were calculated. The analysis reh@alead can be determined quantitatively in #ggan assessed
(table 3).

Table: 3: Percent recovery of lead in environmentasamples

S. No. Sample Lead originally found Lead added Totd ead found | % recovery

Sindoor -1 <lug 10ug 10 ug 90.9

1 -2 >1ug 20ug 20 pug 90.9
-3 <lug 50 pug 48 ug 94.1

Kumkum -1 10 ug 10 ug 90.9

2 -2 | Below 3ng (below detection limit 20 pug 21 ug 100.5
-3 50 pg 50 pug 98.03

Urine- -1 10 ug 10 ug 100.0

3 -2 Not found 20 ug 19 pug 95.0
-3 50 pug 49 ug 98.0

Edible oil -1 1ug 100 pg 110 ug 110.0

4 -2 1ug 200 pg 210 pg 105.0
-3 1ug 500 pg 550 pg 110.0

3.8.2 In Removal of Lead:

The paptode is applied as filter to remove lead fnrm aqueous sample.

Heavy metal ions are highly toxic for animals andnfan beings. Presence of such toxic heavy metdfiitking
water system is a potential health hazard. Heavialniens pose a series risk to the environment emdanger
public health and the environment. Therefore, tisépuld be removed from water and wastewaters before
discharge. There is variety of techniques for remhaf metal ions. Adsorption has been widely stddés an
effective technique for removing toxic heavy metish as Hg, Cd*, and PB' from aqueous solutions [29-35].
Removal of lead through bio waste or plant materfdb-41] and microorganism [42-43] has also bemported.
However; these methods suffer from the completaielition of heavy metals at very low concentratiansl are
expensive as these require advanced equipmentighdehergy. Thus, there is a hunger need for a effsttive
method for removal of heavy metals from water. phaposed paptodes were also used as filter for vehus lead
from aqueous sample. To apply these paptodes ioval; batch removal is employed for each concéntrg100-
500 pg mLY) of lead which is allowed to be filtered throughppode filter. The spot developed on paptode were
scanned before and after adsorption to know thegé@ RGB values (figure: 4). It is also obsertieat increase

in size of filter increases the % removal, studies undergoing. Results of percent adsorptionegerted in Table
4.The paptode filter is allowed to remain in cohtic100pg mtead solution for an hour and change in B value is
observed at every 15 minute. It is found that laelstorption took place within 15 minute (Figure: Bhe analysis
indicates that the proposed disposable paptodesaaseto be utilized, do not require any skilldablaor operation,
removal of lead becomes instantaneous using treggeges.
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Table: 4: Percent Removal of Lead

S.no. | Conc. before adsorption| Conc. after adsorptio | % Removal
1 500 pg mt* 100 pg mt* 80.0
2 200 pg mt* 20 pg m* 90.0
3 100 pg mt 10 pug m* 90.0
4 50 pg ml™* 5ug ml? 90.(
5 10 pg mL-1 0.5 ug mL-1 95.0
100 - S0%
0%
95 - =
= 0%
% 20 £ o
~
E -
o B S0% A
e 85 - S
- =
5 = A0% 1
s 3
5 80 - Z 30% A
- =]
{ 20
75 - 2
10%
?0 T T T T 1 C"ré
10 50 100 200 400 15 30 45 80
Concentration of lead in pg ml-1 Time in minute

Figure: 4 Effect of concentration on removal

CONCLUSION

Figre: 5 Effect of Contact time on Removal

The new optical analytical method, “digital RGB bs&s” has remarkable advantages over the convegitioptical
method, “spectrophotometry” which is tedious, nelestive, less sensitive and time consuming. Theication of
flatbed scanner enables the use of non-transpaugmorting substrates in the proposed method wtalesparent
supporting substrates is of prime importance incspphotometry. The proposed method utilizes #fection
properties of strips, thus turbid samples can bealyaed without any interference unlike conventional
spectrophotometry. The developed method is foundbéo superior and produces quantitative results for
determination of Pb (V) over other existing metbdthble 5). Unlike other spot test it producesngjtetive results
[44]. The method described in present paper doé¢sneed any expensive instrument; it is simple asmpoid,
sensitive, selective and free from interferencemaftal ions i. e. Ci*, Hg?*. The developed paptode is also
applicable for effective removal of lead due to @idange of linearity for determination of lead.

Table: 5: Comparison of proposed method with othemethods

h

S. Range of Detection
No. Reagents Method determination limit Remarks
. : Graphite  Furnace  Atomi } 1 1 | pH sensitive, Skilled operatio
L TritonX-114 [12] Absorption Spectrometry 0.08-30 pgmt | 0.08 pgmt is required, complex procedurg
2-aminothiazole, . . 1 ) .
2 polystyrene-divinylbenzene Solid Phase extraction 0.0-5.0 pg mt: 2.5pug mt Skllleld labor  requirement
[15] complex
Feather modified carbon Anodic stripping voltametry I 1 1 .
paste electrode [16] 0.5-5.0 ug mtt | 0.121 ug mLc | Less sensitive and complex
4 EM Quant@®J[ 45] Spot test NA 20ug ML | Semi-quantitative
KI and starch (present MATLAB Assisted 0.018-9 g mt: 3ng mi Quantltat'lve, H_|gh|y sensitive
method) Spectrophotometry removal is possible.

34



Sulbha Amlatheet al J. Chem. Pharm. Res., 2015, 7(6):27-36

Acknowledgement

The authors are grateful to Director, MPCST (MadRyadesh Council of Science and Technology) foriging
financial assistance, AMPRI (Advanced Material Rasing and Research Institute, India), MSME MANITB
providing instrumental facility, Principal, Govt.a®jini Naidu Girls College Bhopal and Director, BU
Barkatullah University Bhopal, India for providitap facilities.

REFERENCES

[1] M J Mcintosh, M R Moore and A Goldberigev. Environ. Health,989. 8 (1-4), 87.

[2] R A Goyer,Environmental Health Perspectivd990,89,100.

[3] E K SilbergeldEnviron. Health Perspective$990,89, 49.

[4] K O Halloran and J T SpicketAsia-Pacific J. Publ. HealtH,992,6 (2), 35.

[5] World Health Organization (WHO)Guidelines for Drinking Water Quality, Health ar@ther Supporting
Information, vol. 2, § ed., WHO, 2011,Geneva, 1, 81

[6] M Shamsipur, M R Ganjali and A RouhollabAnal. Sci.,2001, 17, 8, 935.

[7] Z Marczenko Separation and Spectrophotometric DeterminatioklefmentsLondon Ellis: Harwood]986.

[8] B Welz Atomic Absorption Spectrometi@ermany, VCH1985,

[9] E Matoso, L T Kubota and S Cadof@lanta,2003, 60, 1105.

[10]V A Lemos, S L C Ferreirdnalytica Chimica Acta2001,441, 281.

[11]V A Lemos, M de la Guardia and S L C Ferreiralanta,2002,58, 475.

[12]J ChenaS Xiao, X Wu, K Fang and W Lid,alanta,2005,67, 992.

[13]K S Rao, T Balaji, T P Rao, Y Babu,. and G R KdNaSpectrochimica Acta Part 2002,57: 1333-1338.
[14]J Wu, and E A BoyleAnal. Chem.1997,69:2464-2470.

[15]Sh Abbasi, M Allahyari, Z Taherimaslak, D Nemadbil and F Abbasijnt. J. Electrochem. Sci2009.

[16]Y A Rabeay, | Hassan, H | Habib and N A Hasdah,J. Electrochem. Sc2008,3, 935.

[17]S Dutta, and A K Daslournal of scientific and industrial resear@007,66: 1025

[18]E M Elmer Rico, H M S Jose and L M Jose ReWéorld Applied Science Journ&007, 2, 5, 512-518.

[19]S Amlathe and V K Guptaicrochemical journal 1990,42, 331.

[20] S Amlathe and V K Gupta#nalyst,1988,113, 1481.

[21]A Abbaspour, M A Mehrgardi, A Noori, M A KamyabA Khalafi-Nezhad and M N Soltani Ra8ensors and
Actuators B2006,113, 857.

[22]H Tavallali and E NikeAsian Journal of Biochemical and Pharmaceuticald2esh 2011,3, 1, 91.

[23]R D Sharma, S Joshi., and S Amlatheal. Methods2011,3, 2, 452-456.

[24] AA Ensafi and M FouladgatEEE Sensors Journa2008,8, 4, 347.

[25]R D Sharma and S Amlath#&urnal of Chemical and Pharmaceutical Reseat,2,4 (2), 1097.

[26]R D Sharma and S Amlathieternational Journal of Research in Chemistry aBdvironment2012,2(2): 87-
95.

[27]E Hirayam, T Sugiyama, H Hisamoto and K Suzékial. Chem.2000,72, 465.

[28]A K Babko, and A TPilipenko Photometric Analysis, Moscow: Mir Pulalions,1976,354.

[29]E Erdem N Karapinar and R Donalpurnal of Colloid and Interface Scien@904,280, 309.

[30]J S Kim, J C Park and J Y$eparation Science and Technolo2900, 35 (12),1901.

[31]A E Alvarez, S A Garcia and X Quer®ater research?003,37, 4855.

[32] A E Alvarez and S A Garci&lay and Clay Minerals2003,51(5), 475.

[33]M | Kandah, F A Abu Al-Rub and N Al-Dabaybehdsorption Science & Technolo@Q03,1(6), 501.

[34] S Rengaraj, KH Yeon, S H Moaigurnal of hazardous Matter B2001.87, 273.

[35]A M Garcia, S V Gomez and A E Mansillzournal of Water Res1998,32, 1.

[36]K Chandra Sekhar, C T Kamala, N S Chary., A R Kti§aT Nageswara Rao and M Vairamdaurnal of
hazardous materiaR004,0304-3894/$ see front matte® 2004doi:10.1016/j.jhazmat.2004.01.013.

[37]A Kannan, S ThambidurailzJEAFChe2007, 6 (2), 1803.

[38]M Singanan, A Abebaw. and S VinodhiBiyll. Chem. Soc. Ethio@005,19 (2), 289-294.

[39]E S Z El-Ashtoukhya., N K Amin and O Abdelwahablgsalination,2008,223,162.

[40]N Kannan. and T Veemardj;-Journal of Chemistry2009,6 (2), 247.

[41]Y N Mata, E Torres, M L Blazquezc, A Ballesterd.,@onzéleze and J A MunozfAdvanced Materials
Research2007,20-21, 599.

[42]S Ruangsomboon., A Chidthaisong, B Bunnag., D imthand N W Harvey, Kasetsart J. Nat. S¢i2006,40,
784.

35



Sulbha Amlatheet al J. Chem. Pharm. Res., 2015, 7(6):27-36

[43]M S Abdel Hamee@006.5,19,1819.

[44] Fiegl and Anger, B edition, Spot Tests in Inorganic Analysis, Amsterdam, The eithirland: Elsevier,
2005,282.

[45]Lead Test Strips 20-500 ppm EM Quant (1 PK of 1M5DS (Material Safety Data Sheet), EM Quant® Lead
Test, Catalog No. 10077.

36



