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ABSTRACT

A new reagent system for determination of zinc [0] and zinc [11] is proposed. Utilizing the developed reagent system
chemo sensor was constructed by immobilizing potassium ferri cyanide and diphenyl amine on Whatman filter
paper. The reaction is based on oxidation of potassium ferri cyanide by diphenyl amine and then complexation of
zinc to result into a greenish blue colored spot followed by scanner based detection. Changes in RGB values of
colored spots on Whatman paper strips create a pattern. The obtained pattern was analyzed using image processing
(IP) tool of MATLAB software to determine and remove zinc. The proposed sensor was linear in the range 0.3-
6.0pg mL* (6L of 50-1000pg ML {R?=0.9974}).The minimum detection limit was found 15ng mL™.The dye has
also been investigated under scanning el ectron microscope.

Keywords: MATLAB, chemo sensor, Whatman filter paper, imagecgssing.

INTRODUCTION

Zinc is a trace element which plays a vital roldhirman, animal and plant organisms. Small quastifezinc are
found in many types of meats and vegetables, sbithhumans, the daily requirement is adequatelyered.
Excessive concentrations of zinc, on the other haray cause sores, inflammation and vomiting. & daoticeable
metallic taste. Zinc is an essential element innttigition of animals, human beings, and plant]1Zinc plays an
important role in replications, gene expressiomg] the metabolism of nucleic acids and differertgins as it
activates large number of enzyme. In particulahds been recognized as a co-factor of superoxisimuiase
enzyme, which is involved in protection againstdative process [3]. However, zinc can be toxic wbgposures
exceed physiological needs. Zinc is present in fosoil, and water. Hence, determination of zinc (8
indispensable. The TLV for zinc &g mL™.

Spot test analysis has been extensively studiedualitative determination of materials on an absat material
[4]. Reflectance spectroscopy cannot yield prenigietter than 10% when used to obtain quantitatata directly
from spot test analysis [5]. Therefore, the resoitiined from spot test analysis were considenedliable but use
of MATLAB software in the present method resultedoi quantitative and reproducible spot test ansalyShe
authors have also developed sensors for arsenic [6]

The paptode (simply a paper or other ordinary penmaterial such as clay or cotton or Whatman fitteper or
ordinary filter paper or even TLC that can be ussda substrate support for reagent) has been dirded by
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Abbaspour et. al for speciation of iron (II) / ir¢il) [7] and disposable sensors for hydrazine [Bje ground for
work of Abbaspour et. al. was indicator tube amigh gireparation by Amlathe and Gupta [9, 10].

A Colored reaction product can be produced by glsidlrop of solution of analyte on the surface edgent
impregnated inert support, producing distinct siegattern. This local accumulation accompanyipgtseaction
enhances discernibility of colored reaction produespecially if they are insoluble in aqueous medr when
colored water soluble reaction products are adsbdrethe support and hence is very important [dferisity of
colored spot was found to be proportional to thecemtration of the analyte. The spots were scansid a flatbed
scanner and the obtained images have been traststercomputer for analysis and the intensity dbrespots was
determined.

This color analyzing program enables us to selespexific area for analysis. The number of pixékst tcan be
indicated by the specific area was about 10000-300@nd the program can average the pixels. Theretbe
signal to noise ratio can be increased dramaticBliythermore, the problem of inhomogeneous mewdéch was
problematic in reflectance spectroscopy, is notdrtgmt here due to averaging the intensity of eantbr-spot. Area
of the spots which were used to measure the cotensity was a square with 62500dpi (250x250 dgig spots
were not perfectly homogenous; therefore, we halected the central area of spot for analyzingctiier.

There are many methods for determination of zinchsas spectrophotometry [11-13], atomic absorption
spectrometry [14, 15], flame atomic absorption spscopy [16-17], graphite furnace atomic absorptio
spectrometry [18-19], inductively coupled plasmanat emission spectroscopy [20], inductively codpjg#asma
mass spectrometry [21], anodic stripping voltamgngP] and flow injection spectrophotometric metHaa] etc.

In the proposed method, we have described thefyssptode for analysis of zinc.

EXPERIMENTAL SECTION

2.1 Apparatus and software:JEOL JSM -6390 A SEM Made in Japan, JEOL JFC-168@t8r Coater unit. The
scanner (HP-SCANJET G2410).Resolution of scannarregulated at 300 dpi. For analyzing color vaineRGB
(red, green, blue) system, the MATLAB software, ethiwas written in Visual Basic 6 Media, was usedadbda
pipette was used for injecting samples on strips.

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

Zinc stock- A stock of 1000 pg mt was prepared by dissolving 196.81mg of, ZROy), in 100 ml of double
distilled water.

Diphenylamine—0.25% diphenylamine solution was prepared by di&isgl250 mg of diphenylamine in 100 ml of
alcohol.

2.3. Procedure:

The presence of zinc produces a light metallic tudeep metallic green colored spot on the sen3arsonstruct
the sensor strips for Whatman filter paper were @rsad in 3.5% solution of potassium ferri cyaniokofved by
immersing in 0.25% diphenylamine solution for feecends and then dried in a temperature controllesh dto
speed up drying). Aliquots of 6uL of solutions wéngected on these strips to develop the spot. §thps were
scanned and R, G and B values of spots were rettngd®ATLAB after development of the spdthe RGB color
model is an additive color model in which red, gread blue light are added in various ways to pceda broad
array of colors. Any color can be analyzed to abtts corresponding R, G and B value. Effectiveisity for any
color values of color spots was calculated by feifgy formulae:

A, =-Log (R/Ry)......... (1); Ag=-Log (G/Gy) ........... (2); Ab=-Log (B/Bp)...vveenvnnnn. 3)
Where, A, Aq, A, are effective intensities of red, green and bliercrespectively ,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 cotraéon.
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RESULTS AND DISCUSSION

3.1 Chemical reaction:Potassium ferri cyanide oxidizes diphenylamine potssium ferro cyanide is formed. The
developed ferro cyanide ion are collected by zimdarm zinc ferro cyanide which then adsorbs thenajdal
oxidation product of diphenylamine to result inght metallic blue to deep metallic green colorpdtg§24].

Photograph: Color variation before and after addingzinc sample.
Where, B- Blank; (a) - Color variation in solution; (b) - Color variation on strips

B 0006 06 12 24 36 48 6.0

b

B 0006 06 12 24 36 48 60

‘weight in microgram

Reaction: Potassium Ferri cyanide + Diphenylamine» Oxidized diphenyl amine + Potassium Ferro cyanide
Potassium Ferro cyanide + Zinc (acidic solution}»Zinc Ferro cyanide
Zinc Ferro cyanide + oxidized diphenylamine—~Complex (Light blue to deep metallic Green)

The dye has also been examined using scanningaieticroscope (SEM) after gold coating. In SEM ges dye
appears stony lump structure.

Micrograph: 1 Micrograph: 2
SEM Micrograph

3.2. Optimization of conditions:

3.2.1. Injection volume: The influence of volume of analyte which must bgdted onto strip was investigated.
The optimum sample volume was obtained to be 6jgtebsed volume injection leads to more diffusiorspdts
and thus consequently decreases the intensitylof (fgure: 1).

1099



Sulbha Amlatheet al J. Chem. Pharm. Res., 2012, 4(2):1097-1105

0.45 - 0.35 -
0.35 4 .
0.4 - 0.3 4
} - 03 -
b+ 0.35 g s
£ £ 0.25 £ 025
2 o3 2 E
‘g 0.25 g 0.2 g 02
T 02 Ar 2015 - Ar S 015 "
= = =
= Ag I+ A £} Ag
$ 015 o 9 01 e ] A
= — 5 & 0.1 - —e—Ab
= o1 * 0.05 ——Ab S
005 - 0 — _— 008
- E55858858%8 e
6pl  12ul  18ul  24pl  3o0ul o oM N el o= oo . 0.10% 0.13% 0.25% 0.50% 1%
Volume of Analyte Concentration of Potassium Ferri Cyanide Concentration of Diphenylamine
Fig.: 1 Fig.: 2 Fig.: 3
Optimization of zinc volume Effect fopotassium ferri cyanide Effa of diphenylamine

3.2.2. Effect of reagent concentrationin order to study the effect of potassium ferriruge and diphenylamine
concentration, solutions with various concentratiohreagents was prepared and immobilized on Wénatnpaper
strips and then allowed to dry. After drying 6pLaétandard solution containing 100pg hnbf zinc was injected
on each strip. Injection of analyte produces thierea spot immediately, the strips were scanneer aftying (2-

5minute) and their colors were analyzed by thewsn#, and the effective intensities of R, G andaugs were
plotted vs. concentration of potassium ferri cyanghd diphenylamine. Figure 2 shows the effectoofcentration

of potassium ferri cyanide on spot intensities.3%% concentration of potassium ferri cyanide maximcolor

intensity was observed and hence selected as aptiffigure 2). Figure 3 shows the effect of concatibn of

diphenylamine on effective intensities of spot,59&20f diphenylamine has been selected as optimumaxsmum

effective intensity was recorded at this concemnaffigure 3).

3.3. Drying Methods: We have employed different methods of drying suslliying at room temperature, in an
oven and hot air strips after injection of reagento strips but no considerable change in signas ebserved.
However, an oven is recommended for increasingatesof drying.

3.4. Effect of Temperature: The effect of temperature has been studied fronmroemperature to 7Q for
injection of zinc as well as after injection of zifNo considerable change in RGB has been observed.

3.5. Effect of Time:

3.5.1. Response TimeThe response time of the system was evaluated wpdienum conditions for 200pg niL It
is the time required to achieve maximum color istgn In the proposed method spot of maximum coitensity
develops immediately after the injection of analyte

3.5.2. Stability of spots:To study the stability of color spots, 200pg Tok zinc was injected under optimum
conditions on the sensor. Scanning of the senserdeae in the time period of 2, 5, 20, 40, 70,12, 150, 180
and 210 minute. No change at all is observed irmlBas for 70 minute, R and G values are also néaafjective.
A little decrease in RGB has been observed aftanifite but then after the values was found nearhstant till 3
hour. Therefore, the sensing spot is stable mdsttfely for 1 hour and 10 min after injection sdmple rather it
can be analyzed within 3 hour for good results.

3.5.3. Stability of sensor:For studying the stability of sensors, the senseese prepared using optimized
conditions and were stored at room temperaturejptepared sensors were then used periodically dagh No
significant change was observed within 15 daysrafirds spot of same intensity develops but vagighithin 15
minute. Therefore, the prepared sensors can betiglily used for 15 days.

3.5.4. Detection Limit (DL): For each RGB factor there is one DL [8].Theoreti2h} of the method were 0.06 g
mL™ (6uL of 10 pg mtY) for R, G and 0.03 ug mi(6pL of 5 pg mr) for B values respectively. Practical DL
determined was 15ng mi3uL of 5 ug mLY). The practical DL is the lowest concentration, whichgives color
on strip no matter falls in linearity range or not.

3.6. Calibration Curves: For obtaining calibration curve the effective irgities of spot were plotted against 50-

1000 pg mr* of zinc for all three values (R, G and B).The &mse in effective intensity with increasing
concentration has been observed and linearity ficiezft has been found 0.9922, 0.9785 and 0.96%s/ely for
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R G and B values (figure 5.1). From figure 5.1 &2 it is clear that rather B values are higher limgarity co-
efficient (R=0.9922, 0.9949) is higher for R values. When catibn graph was obtained for 200-500ug B

values were found with highest linearity coeffidigi®.9974) along with highly sensitive values (figu5.3).
Therefore, all R, G and B values can be equallysittered but G values are less sensitive. We recomirRevalues
for their consistent linearity and B values forithégh sensitivity and reproducibility.
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CALIBRATION CURVES
3.7. Reproducibility of the system:Reproducibility of sensor has been investigatexkaen sensors proposed in
similar fashion under optimum conditions for vagaroncentrations of zinc. The results are repartedblel and
conclude that the proposed method is reproducible.

Table: 1 Average, SD (standard deviation) and RSDrélative standard deviation) of repetitive analysis

S. ug mLof zinc Avg. SD RSD Avg. SD RSD Avg. SD RSD
No. solution A A Ar Ag Ag Ag Ap Ap Ap

1. 200 0.0932 0.008 9.51 0.0804 0.015 19.67 0.1441 0.01726 11.9
2. 500 0.1757 0.0047 2.67 0.144 0.0072 5.04 0.2199 0.01927 8.76
3 1000 0.3950 0.01672 4.23 0.3341 0.009p 2.85 82.4( 0.022 5.48

Wﬁere; A = -log of R value of sample/R value of blank
Aq = -log of G value of sample/G value of blank
A, = -log of B value of sample/B value of blank

3.8. Interference studies:

To study the selectivity of the proposed method, éffect of various species on the determinatiohGffopg mt*

of zinc was tested under optimum conditions withaaly masking. The tolerance limit was defined as th
concentration of the added species that cause¥® tddative error. The results are indicated in €&hl

Table: 2: Tolerance limit of various interfering species on determination of zinc

S.No. | Interfering specief  Tolerance limit (L]
1 Mn* 250(
2 K*, Cr', 7500
3 As 40
4 ca’ 5000
5 Sé°, 80
6 Fe', NH,", SQ*" 1000
7 Cv*, C®, Pt 40C
8 APF* 5000
9 N&, HCO> 2000
10 Hg* 300
11 B&', CI 800
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3.9. Application of Disposable Sensors:

3.9.1. In Analysis of real samples:

To check the applicability of the method the prambsensors were used to analyze zinc in real samplgaining
zinc i.e. rice, wheat, vegetables (cabbage, sp)haaitk, urine samples and laboratory effluent wagome heavy
metals are reported to be present in urine [25hyyshe calibration curve; the concentration of zincabove
samples was calculated. The results are givenliteTa

The results reveal that zinc can be determinedtiatively in the region assessed.

Table: 3: % recovery of zinc in environmental sampés.

S.No.| Sample Zinc originally foun Zinc added Tdatimc found | % recovery
Lab Waste Water
1 -1 Not found 200pg 190g 95.0
-2 Not found 1000ug 980ug 98.0
Grains --A. Rice -1 800 ug 100 ug 850 ug 94.4
-2 900 ug 200 pg 1000 pg 90.9
> -3 800 pg 500 pg 1250 pg 96.1
B. Wheat -1 700 pg 100 pg 800 pg 100.0
-2 750 pg 200 pg 900 pg 94.7
-3 750 p¢ 500 p¢ 1400 p¢ 100.:
Vegetable
A. Spinach -1 200 ug 100 ug 250 ug 83.3
-2 200 pg 200 pg 350 pg 87.5
3 -3 200 pg 1000 pg 1000 pg 83.3
B. Cabbage -1 100 pg 100 ug 190 pg 95.0
-2 100 pg 200 pg 280 pg 93.3
-3 150 pg 1000 pg 1100 pg 95.6
4 Milk 1 1000 pg 100 pg 1100 pg 100.0
2 1000 pg 200 pg 1150 pg 95.8
5 Urine -1 300 pg 100 pg 400 pg 100.0
2 200 pg 200 pg 400 pg 100.0

3.9.2. In Removal of Zinc:

Heavy metal ions are highly toxic for animals andnfan beings. Presence of such toxic heavy metdfifrking
water system is a potential health hazard. Heavialniens pose a series risk to the environment emdhnger
public health and the environment. The water comation by toxic metals through the discharge afustrial
wastewaters is a worldwide environmental probleine Thdustries responsible for the discharge of eveaters
containing metals are mining and mineral processigment manufacture, painting and photographitustries,
metal-working and finishing process&ince metals are non biodegradable, and may be baxcumulated in
living tissues, their removal from wastewaters is owadays legally imposed [26]. Thus, there is a huagneed
for a cost effective method for removal of heavy mals from water. Various methods have been reported for
removal of heavy metal ions. Separation througlomtatography [27] and adsorption on various low eastorbent
[28-29] are cost effective. The proposed sensoralsassuccessfully used for removal of zinc fromexmus sample.
There are various methods reported for removaliraf by plant/plant material/plant waste [30-33}ralfiltration
[34-35], electrocoagulation [36-37], membrane dilton [38], sorptive filtration [39], adsorbentsO42], phyto
catalytic removal [43] and by carbon nano fiber][4dowever; out of these methods some suffer froendomplete
elimination of heavy metals at very low concentiai , some are expensive as these require advagegament
and high energy others too have varied limitatidriee proposed disposable sensors are easy tolizeditido not
require any skilled labor or operation or instrutpémstantaneous to adsorb and remove zinc.

To apply these sensors for removal of zinc differemncentration are allowed to be filtered througland the
sensors were scanned before and after adsorptikmote the change in RGB values. It is observed &ldabrption
increases with decrease in concentration of anédgte 3000-800 g mt but then after decrease in adsorption has
been observed (Figure: 6). It may be due to saturaif filter because increase in size of filtecrieases the %
removal, studies are undergoing. The disposati i allowed to remain in contact of 1000pg hwinc solution

for an hour and change in value is observed atyebeminute. It is found that best adsorption tptdce within 15
minute. (Figure: 7)
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CONCLUSION

Many spot test methods were been reported by &) the proposed spot analysis is superior tmfathem in
terms of being quantitative and highly sensitive.

The method we have proposed in this paper is fearm superior over existing methods for deternmmadf zinc
being simple rapid, selective, sensitive and inaspe (table 5). The method is also applicable dffective
removal of zinc. Moreover, application of flatbezhaner enables the use of non-transparent supgatibstrates
and as in the proposed method the reflection ptiggeof strips were measured instead of absorbamce
transmittance, thus turbid samples can also beg/zedwithout any interference.

In the proposed method, it is possible to save @xm@atal data, as well as images of results (dvg.dolorful

complex) in the computer, and then they could éeveed for applying more powerful software on ittie future.
The porosity of support-based materials in thessas causes shorter response time as comparedheitiipical

response time in optodes; portability and easesafjent immobilization are considerable advantagks. sensor
can be used in for testing zinc in various graggetables, water and biological samples.

Table: 5 Comparison of proposed method with other rethods

S.No. Reagents Method Range o_f De.tec_:tlon Remarks
Determination limit
Flow injection } a 0.42pg .
1 PAN [23] spectrophotometry, 2-360pg mL mL Less sensitive
7-(4-Nitrophenylazo)-8- i Copper(ll), niqkel(ll),
2 Hydroxyquinoline-5-Sulfonic Spectrophotometry 0.05-1.Qug mL* 15 n? mb _cobalt(lllll), caddmlum(llll),
Acid [46] iron _( ) and iron(ll)
ions interfered
Differential pulse anodic 1 14.7ng .
3 Glassy Carbon electrode [47] stripping voltammetry 100-400ug mL mL Non selective
Zincon (2-carboxy-20-hydroxy- i .
4 50-sulfoformazylbenzene) [48] Spectrophotometry, 1.19uM-5.11uM 210nM Non selectivy
5 EM Quant Dithizone [49] Spot test 10-250 pg mt 10 “9 ml Semi quantitative
6 Merckoquant® [50] Spot test 10-250 pg mit 10 “9 mL Semi quantitative
. . . MATLAB assisted Quantitative, cheap,
7 giotr(]s\essn:?mingerncyanlde and spectroscopy  (Proposed 0.3-6.0pg mL™ 15ng mL? | rapid, highly sensitive,
pheny method) new approach.
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