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ABSTRACT

A simple and precise electroanal ytical method for the quantitation of nickel
and zinc simultaneoudly from an industrial effluent has been established
using differential pulse polarography. With this technique it was possible
to quantitate nickel and zinc simultaneously with a validated method. The
polarogram recorded for theindustrial effluent in potassium thiocyanate as
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asupporting el ectrolyte showed two cathodic peaksat -0.63 V and -0.93 V
vs. saturated calomel electrode which were confirmed to be of nickel and
zinc by the method of standard addition. The linear dynamic range for
nickel and zinc was 0.652 pg/mL to 13.5438 pg/mL and 0.7265 pg/mL to

13.078 pg/mL respectively.

INTRODUCTION

Rapid industrialization and abnormal population
growth has enhanced water pollution. Monitoring the
meta ionsand organic compoundsin aquatic environ-
ment has been asubject of great concern over thelast
few decades and will continueto be so, asincreasing
number of metd ionsinincrees ngamountsandadiverse
array of organic compoundsformapart of anindustria
effluent. Metd ionsarethemost common e ectroactive
gpeciespresentintheindudrid effluents. ‘Heavy metals’
isagenerd collectiveterm applied tothegroup of meta's
such as Pb, Cr, Cu, Ni and Zn which are commonly
associ ated with pollution and toxicity problems. Someof
thesed ementsmay bemicronutrientsfor many living or-
ganismsand arerequired in small amountsfor normal
hedlthy growth, but any meta ioninlargeamount will
adwayscauseacuteor chronictoxicity.
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Trace determinations of metals by voltammetric
methodswith modified el ectrodes has been reported™
231, Complexation of themeta ionsinwastewater was
also studied by differential pulse cathodic stripping
voltammetry'* %, Simultaneous determination of Zn(11)
and Ni (11) wasa so studied in the presence of crown
ethersby D.C. polarography!®. Metals presentinin-
dustrid effluentsand dudge sampl es have been sepa-
rated and concentrated by using other techniqueslike
dectrodiaysis, coulometry and photocatd ysis¥. How-
ever, lesswork hasbeen donein theareaof environ-
mental chemistry especially on separation and
quantitation of electroactive speciespresent inindus-
trid effluents

Objective
Themain objective of the study wasto providea
smple, rapid, efficient, precise and economica method
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for thesimultaneousdetermination of Ni(I1) and Zn(11)
fromanindustria effluent using differential pulse po-
larography. The devel oped method has been validated
asper ICH guidelines® .

MATERIAL SAND METHODS (EXPERI -
MENTAL)

Introduction tothewor kstation

o

All the measurementswere performed on afully
automated computerized d ectroand ytica workstation,
an electrochemical system PG STAT 30 with 663 VA
€l ectrode stand manufactured by Metrohm. It includes
3 electrode systemviz. hanging mercury drop € ectrode
asaworking electrode, saturated calomel eectrodeas
areferenceé ectrode and platinum el ectrode asan auix-
iliary eectrode.

Reagents

Merck A.RgradeNiSO,.7H,0O, ZnSO,.7H,0 and
KSCN were used.

Prepar ation of sandard solution

28 mg of NiSO,.7H.0 and 28.75 mg of
ZnS0O,. 7H,O were accurately wei ghed and dissolved
inminimum amount of doubledigtilled water and made
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up tothemark ina100 mL volumetric flask. Thesolu-
tion so prepared contained 58.69 pg/mL of Ni and
65.39 pg/mL of Zn respectively. All the other standard
solutionscontaining both Ni and Znwere preparedusing
thisstock solution.

Voltammetric method

18 mL of distilled water and 2.0 mL of 1M KSCN
were placed inthedry, clean cell. The solution was
purged with pure nitrogen gasfor 180s. The poten-
tial scan between 0.0 V to -2.0 V vs. S.C.E was
applied. Theoperational parameterswereasfollows:
1] Scanrate- 15 mVs?' 2] Pulse amplitude- 50mV.
After recording apolarogram of theblank, 0.4mL of
standard solution of Ni and Zn were added in suc-
cession and polarograms were recorded and peak
currentswere measured and calibration curveswere
prepared.

Prepar ation of samplesolution

The samplewasan effluent from an electroplating
industry. The sample sol ution was centrifuged and fil-
tered through Whatman paper no. 41. 50 mL of the
samplewas evaporated to dryness and extracted with
water containing 0.2 mL of conc HCI and diluted to 50
mL inavolumetricflask withdistilled weter. Polarograms
for the sample sol utionswere recorded under thesame
conditionsused for the calibration curve. Theamount
of Ni and Znwere cal cul ated from the measured peak
currentsand using the equation of thecdibration curve.
The equation of the calibration curve for Ni was
y=38.2699x+4.0742 and for Zn wasy = 96.5378x -
2.3310 wherey isthecurrent in nanoamperesand x is
theconcentrationin pg/ml.

ANALYTICAL METHOD VALIDATIONIS7

System suitability

System suitability testswere carried out to ensure
reproducibility of theinstrument. The system suitability
test was carried out by recording polarogram for Ni
and Zn at two different concentrations (2.257p.g/ml and
6.288pg/mlfor Niand 2.515 pg/ml, 7.006 pg/ml for
Zn) withfivereplicates and the mean current wasused
for theca culation. The% RSD in both caseswasfound
to belessthan 2%.
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Specificity

The specificity of method was confirmed by com-
paring the pol arograms of the combined standard solu-
tions containing Ni and Zn with the sample solution.
The peak potential srecorded for the sample solution
were found to be identical to those obtained for the
combined standard solution of Ni and Zn. Theaddition
of the standard solutions of Ni and Zn to the sample
solution did not changethe characteristics of differen-
tial pulse polarogram but enhanced the peak current.
Thisconfirmsthespecificity of themethod.

Robustness

The robustness of the method was examined by
observing the consistency of the peak height and the
peak shapewith thedeiberatedly madesmal changesin
the experimental parameters. It isameasure of theca-
pacity of themethod to remai n unaffected by small, but
deliberate variationsin method parameters and pro-
videsanindication of itsrdiability during normd usage.
To determinethe robustness of the proposed method,
thefollowing variationsweremadeintheandytica pa-
rameters. The Scan rate was changed by = 0.5 mV's
tand the Pulseamplitude+ 1.0 mV These parameters
weredeiberately changed oneat atimeand the effect
of these changeson the peak shape and peak currents
were studied. The proposed method wasfound to be
robust.

Linearity and dynamicrange

Thelinearity for Ni and Zninasolution containing
thetwo was determined. In the concentration range,
0.65 pg/mL to 13.54 pg/mL for Niand 0.73 pg/mLto
13.078 pg/mL Zn, a good linearity was obtained. The
equation of the calibration curves is presented in
(TABLEY).

L imit of detectionand limit of quantitation

Thelimit of detection (LOD) and thelimit of quan-
tification (LOQ) for Ni and Zn were fixed at signa
tonoiseratioof3:1 and 10:1 respectively. Twenty repli-
catesof theblank solution wererecorded and themean
current value at the peak potential of Ni (i.e. at -0.63
V)andZn(i.e. at-0.93 V) werecalculated. The con-
centration at which the peak current wasfound three
times of mean blank current wastaken asthelimit of
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detection and the concentration at which peak current
wasfound to be ten timesthe mean blank current was
selected asthelimit of quantification. The LOD and
LOQof Ni and Znwere0.25pug/mlLand 0.65pg/mL and
0.28 pg/mLand 0.73 pg/mlrespectively.

Intradayand interday precision

Thevariability of the method wastested with the
intra-day and inter-day precision. It was checked by
recording the polarogramsof standard solutionsof Ni
and Zn in the concentration ranges 1.1507 pg/mLto
8.095 png/mL for Niand 1.282 pg/mLto 9.019 pg/mL
for Zn. Intra-day precisionwastested by recording the
polarogramsat aninterval of four hoursand inter-day
precision twice a day with agap of three days. The
mean % RSD for intra-day and inter-day precisionfor
Ni wasfound to be 0.82% and 0.95% and for Zn 0.38%
and 0.54%, respectively.

Quantitation/Deter mination

Thevalidated method was used for the determina-
tion of Ni and Zn. Polarogramswere recorded under
the optimum experimental conditionsfor thesampleso-
lution. Resulting pesk currentsfor Ni and Znwere mea:
sured and theamount of Ni and Znwas cal culated us-
ing cdibration curveequations. Theresultsare presented
in(TABLE2).

Accuracy (Recovery)

Therecovery technique was used to eva uate the
accuracy of themethod. Themethod of standard addi-
tion wasemployed for the purpose. A fixed volume of
thestandard Ni and Zn solution wasadded tothesample
solutionsand themixed sol utions o obtained wereana-
lyzed by the proposed method. The percentagerecov-
ery was determined at different percentagelevelsi.e.
the added amountsranging from 40% to 200% of the
amount present inthe sample. Theresultsof therecov-
ery anaysisfor Ni and Znare presented in (TABLE 3)

RESULT AND DISCUSSION

The present study providesdetermination of Ni and
Znfromtheindustrid effluentsusing the technique of
differentia pulsepolarography. Themethod wasvali-
dated asper the ICH guidelines(TABLE 1-3). Before
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TABLE1: METHOD VALIDATION PARAMETERSFOR
NICKELANDZINC

Par ameters Values
Ni Zn
stem suitability (n=5
OS/E’RSD y (n=5) 0.75% 0.47%
Linearity range (ug/ml) 1.1507t08.095 1.2821t09.019
yrangelug pg/ml pg/ml
Slope (m) @ 38.2699 96.5378
Intercept(c) @ 4.0742 -2.3310
(CRozr)rel ation coefficient 0.9993 0.9992
LOD (ug/ml) 0.2527 ug mL™* 0.2815 pg mL™*
LOQ (ug/ml) 0.652 pg mL™* 0.7265 pg mL™

Intraday precision (n=5) 0.82% 0.38%
Interday precision (n=5) 0.95% 0.54%
Recovery 98%1t0102%  98% to 102%

a) Of the equation y = mx + ¢, wherey is peak current, misthe
dope, x is the concentration and c is the intercept

TABLE 2: RESULTSOF QUANTITATION STUDIESFOR
NICKELANDZINC

Name of Metal ions Ni Zn
Concin pg/ml 2141.84 1016.8
% RSD (n=5) 0.66 0.86

TABLE3: RESULTSOFRECOVERY STUDIESFORNICK EL
ANDZINC

Conc. of Conc. of
Standard Level std F(idnd F(Q(Z? Re(co%v)ery
g/mll (yomy (n=5)
50% 1.684 1.6723 0.58 99.30%
Nickel 80% 2.755 2.7959 0.57 101.48%
100% 3.2757 3.3185 0.47 101.30%
Mean 100.69%
40% 0.638 0.6422 0.25 100.66%
Zinc 110% 1.877 18749 0.69 99.88%
180% 3.0699 3.1179 0.58 101.56%
Mean 100.70%

validation, optimization of the conditionsi.e. pH, sup-
porting e ectrolyte,scan rate and pul seamplitude were
optimized. The polarographi c response of thesample
for Ni and Znin different supporting el ectrolytes has
been studied. With KCI asthe supporting electrolyte
the sample showed only one peak for both Ni and Zn.
However, two separate peaks were produced with
KSCN asthe supporting e ectrolyte.
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Figurel: POLAROGRAMSOFNICKELAND ZINC
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Pulse amplitude of 50mV was chosen asthe opti-
mum asthereislossof resolution at high pulseampli-
tude. The Differential Pulse polarogram of Ni and Zn
wererecorded a various scanrates. At scan rateshigher
than 15mV's? the width of peak increases, its height
decreases and peak shapewasdistorted. At lower scan
ratesthan 15mVs? peak current waslower. So ascan
rate of 15mVs! waschosen asabest for theanaysis.

ABBREVIATIONS
Ni- Nickel
Zn-Zinc
K SCN- Potassium thiocyanate
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