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Abstract : A spectrophotometric procedurefor the
determination of zinc(l1) by its quantitative displace-
ment with copper(11) from diethyl dithi ocarbamate com-
plex, Cu(DDTC), isdescribed. Subsequently, Cu(ll)
complex was extracted with CHCI /CCl, and the ab-
sorbance was measured at 435 nm. The molar ab-
sorptivity (¢) and Sandall’s sensitivity at this wave-
lengthare2.86 x 10° mole* L cmrtand 3.076 ng cm,
respectively. Reproducibility within 4% detection limit
was 0.029 ug mL* and linear calibration range was
0.2-14 ug mL* with the regression coefficient (r?)

INTRODUCTION

Zincismost commonly used asan anti-corrosion
agent, galvanization asan anode material for batter-
iedt? asasubstitutefor thetraditiona lead/tinalloy in
pipes, in the automotive, eectrical, and hardwarein-
dustried?. Zinc oxide has antibacterial properties, for
whichitisextensively used to treat anumber of skin
conditions, sunscreen|otion. Zinc compoundshavebeen
employed in dermatol ogy, mouthwashesand ophthamic
sol utions as anti septic and disinfectant agents. Zinc
oxideisadded in dietary or vitamin supplementsand
somefood products, asasourceof zinc. Zinc sulfate

0.998 for zinc determination. In the presence of asuit-
able masking agent (ascorbic acid and sodium thio-
sulfate) very good sdlectivity was achieved. Themethod
was extended to the determination of zincinanumber
of environmental water and soil samples, biological,
pharmaceutica, fertilizer and food samples.
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worksweéll to treat zinc deficiencies. Crystalsof ZnS
areused in lasersthat operatein the mid-infrared part
of the spectrumt®. Zinc ensuresahealthy immune sys-
temand takespartin DNA synthesisaswdl®®. Zincis
an essential micronutrient needed not only by people
but also by crops. Zinc dithiocarbamate complexesare
used asagriculturd fungicided”. Zinc sulfide (ZnS) is
used in luminescent pigments such ason the hands of
clocks, X-ray and television screens, and luminous
paints®. Dueto thetremendous applicationstheir ex-
posureto environment and thereby infood cycleisob-
vious. Therefore, trace determination of zincisof great
importance, assome of them havenutritional signifi-
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cance, whilst othersaretoxic.

Determination of zincwas carried out by differen-
tid pulseanodic stripping voltammetry®, ICP-AES Y,
ICP-M S, FAAS?2, Spectrophotometric methods
for the determination of zinc have beenreported afew
that use thiosemicarbazones®*4, dithiozone® or
hydrazones'¢17 as a sensitive colourful reagent.
Diethyldithiocarbamate (DD TC) iscommonly used for
spectrophotometric determination of Cu(ll), Ni(ll),
Mn(11), and V (V). Thecomplexesareinsolublein
water and are extracted for measurement. Ontheother
hand, severd dithiocarbamate reagentshave been used
as coprecipitating agentstogether with acarrier ele-
ment such as Cd(I1)12%, Cu(I1)1*8 and Bi(111)2% prior to
the FAAS determination to preconcentrate the trace
meta ions.

Zn(Il) giveswhiteinsol ublecomplexeswhichisless
stable than theyellow Cu(ll) complex thuszinc can be
indirectly determined by adisplacement reaction after
extractionwith CCl,. After displacement of zincthe
absorbance of Cu(ll) complex was measured. How-
ever, theuseof DDTC as spectrophotometric reagent
isthe most interesting one for the determination of
nontrangition metd likezincthough they form colourless
complexes. Finaly, theaim of this study wasto de-
vel op arapid spectrophotometric method for the de-
termination of zincwith sodium diethyl dithiocarbamate
(Na-DDTC) which has not previously been used for
the determination of zinc by a spectrophotometric
method. The present method was successfully applied
to thedetermination of zincin seriesof synthetic mix-
tures of variouscompositionsand a soinanumber of
real samples. The method was also extended to the
determination of zincinanumber of environmenta wa-
ter and soil samples, biological, pharmaceuticd, fertil-
izer and food samples.

EXPERIMENTAL

Chemicalsand reagents

High-purity carbontetrachl oride, variousacids, sdts
and reagent gradeNa-DDTC (Merck) wereused. The
standard stock solutions (1000 ug mL) were prepared
by dissolving appropriate amount of each sdtinwater.
Solutions of alarge number of inorganic ions and

complexing agentswere prepared fromtheir anal ytical
gradeor equivalent grade, water soluble salts. Doubly
digtilled deionized weter, whichisnon-absorbent under
ultraviolet radiation, wasused throughout. Suitable por-
tions of these solutionswere mixed to get the desired
pH. Stock solutionsand environmental water samples
(1000-mL each) were kept in polypropylene bottles
containing 1-mL of concentrated HNO,. Both
[Zn(NH,).][Hgl,] and [Zn(en),][Hal,] complex were
anayzed by proposed method. Experimentd zinc con-
tent was compared to theoretical values.
[Zn(NH,).][Hgl,] and [Zn(en),][Hal,] complex were
synthesized asfollowing procedure published by Uddin
et al.l?,

I nstrumentation

A Shimadzu UV Visible UV-1800 spectrophotom-
eter model with suitable settings equipped with 1-cm
quartz cellswas used for absorbance. The spectrd band
length was 1 nm, thewavelength accuracy was 0.5 nm
with automatic wave ength correction, and therecorder
wasacomputer-controlledinthewave ength range 350
600 nm. A Jenway (England, U.K) (M odel-30100) pH
meter were used for the measurementsof pH. A Varian
(Australia) ICP-M S spectrophotometer was used for
comparingtheresults.

Preparation of standards

Stock solutionsof Na-DDTC, copper, zinc were
prepared by dissolving an appropriate amount of each
compound inwater and were stored at 4°C, protected
fromlight and used within3months. A 0.1% (4.4 x 103
mol L) Sodium Diethyldithioarbamate, DDTC stock
solution was prepared by dissolving 0.1 g sodium
diethyldithiocarbamate reagent in gpproximately 80 mL
heated (60 0C) water. Afterwards, thevolumewasmade
up to 100 mL inavolumetric flask and filtered. The
filtrate solutionwastaken inal100 mL volumetric flask
and madeupto themark by adding distilled water. This
solution was stable for two weeks, at least. A stock
solution (13.06 g L) of zinc (2x103M) was prepared
by dissolving 5.7508 g of zinc sulphate heptahydrate
(Merck, Germany) in 100 mL of doubly distilled deion-
ized water. Theworking standard of zinc solutionwas
prepared by suitabledilutions of thisstock solution. A
stock solution (12.70 g L) of copper (2x10°M) was
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prepared by dissolving 4.992 g of copper sulphate
pentahydrate (Merck, Germany) in 100 mL of doubly
distilled deionized water inamixtureof 15mL of con-
centrated HNO,. Theworking standard of copper so-
lution was prepared by suitable dilutions of thisstock
solution. Thebuffer sol utionswere prepared by mixing
1M HCI and 1M sodium acetate (pH 1-3), 0.2M ace-
ticacid and 0.2M sodium acetate (pH 3.2-6.0), IM
sodium acetateand 0.2M acetic acid (pH 7.0), and 2
M ammonium hydoxideand 2 M ammonium chloride
(pH 8.0-12.0). The pH of these solutions as prepared
indoubly distilled water. Suitable portionsof these so-
[utionswere mixed to get the desired pH. A 100-mL
stock solution of tartrate (0.01%) was prepared by dis-
solving 10g of A.C.S. grade (99%) potassium sodium
tartrate tetrahydratein (100-mL) deionized water. A
100-mL solution of dilute ammonium hydroxidewas
prepared by diluting 10-mL concentration. NH,OH
(28-30% A.C.S. grade) to 100-mL with deionized
water. Thesolutionwasstored inapolypropylenebottle.
A 100-mL stock solution of EDTA (4000 mg L) was
prepared by dissolving 0.4 gm of A.C.S. grade (>90%)
ethylenediaminetetraacetic acid, dissodium salt dehy-
dratein (100-mL) deionized water.

General procedure

Todeterminezinc, asolution of (1-15mL) 2x10*
M Zn(1l) was placed in a25-ml separating flask dong
with0.5mL 0.05M H,SO,,and 1 mL of the reagent
6x10“M DDTC solution wasmixed. Themixturewas
stirred at 10 min. Thesolid product, Zn(DDTC), com-
plexessoformed, wasextracted carefully with the ad-
dition of 10 mL CCl, in two phases congaing 5 mL
each. Its pH value was adjusted to 5 using acetate
buffer. 1 mL of 2x10* M Cu(ll) solution was added
when immediate yellow colour wasformed, and or-
ganic phasewasfurther separated after vigorous stir-
ring for 10 min. The absorbance was measured by a
spectrophotometer at 435 nm against a blank. Opti-
mum experimenta conditionsfor acid and reagent con-
centration, stability, aqueous phase volumeand extrac-
tion period was studied. To determinethe one effect
other parameterswere kept constant and the general
procedure given abovewas applied.

Method validation
Method wasvalidated intermsof ICH!? anal yti-
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cd performance parameters; precison, accuracy, SPeci-
ficity, limit of detection, limit of quantitation, linearity
and range, suitability and robustness.

RESULTSAND DISCUSSION

M ethod optimization
(a) Absor ption spectra

Theabsorption spectraof the reagent and the com-
plex arerecorded inthewave ength range 350-600 nm
a pH 5.0 against CCl, (standard) or reagent blank (redl
samples). Thetypica superimposed UV-vis spectraof
Cu(DDTC), or Zn(DDTC), in CCl, and reagent blank
are presented in Figure 1. The spectra show that the
Cu(I1) complex sol ution has an aasorption maximum at
435 nm, whereasZn(DDTC), or the reagent does not
show appreciableabsorbanceat thiswavelength. It was
found that themol ar absorptivity () and Sandell’s sen-
stivity (for theabsorbance of 0.001) at thiswavelength
are 2.86 x 10° mole* L cm™ and 3.076 ng cm?, re-
spectively. Therefore, UV-vis spectrophotometric mea-
surementswerecarried out at awavel ength of 435 nm
for subsequent studies. Itsdetermination inthedifferent
matricesbased on thedirect measurement of itsabsorp-
tionfor ultraviolet light isnot susceptibleto potentid in-
terferencesfromthematrix excipients.

(b) Effect of acid

Acid effect was primarily tested for HCI, HNQ,,
H,SO, whilelast onewas supposed to be suitable for
Zinc-complexation. Theinfluence of acid concentra-
tion onthe reaction wasinvestigated by carrying out
thereactioninvaryingacid values. Test a different acid
concentration (xx10*M, H,S0,) for aconstant con-
centration (1.0 ug mL™?) of Zn(11) produced aconstant
absorbance for (0.1-0.8)x10* M, H_,S0,. Therefore,
0.5x10*M, H,S0, was sl ected as opti mized concen-
tration and all measurements have been peformed at
thisconcentration level.

(c) Effect of reagent concentration

Studying theeffect of DDTC concentrationonits
reaction with zinc reveal ed that the reaction was de-
pendent onthe DDTC concentration asthe readings
increased with theincreasein thereagent concentration
(Figure 3). Theabsorbance of the complex solution at
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435 nmismeasured according to the standard proce-
dureat different molar excesses(1:1-1:30) of sodium
diethyldithiocarbamate keeping Zn(11) concentration
(1.0 ug mL™) constant at optimized acid concentration.

Abs.

Absorbance

-0.287 1

0.7
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It wasrevea ed that zinc metal and (optica path length
1 cm), the reagent molar ratios of 1:10 to 1:40 pro-
duced aconstant absorbance of Zn(DDTC),. A greater
excess of thereagent was not studied. Therefore, al5
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Figurel: Thetypical superimposed UV-visspectraof (A) Cu(DDTC),
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Figure?2: Effect of pH ontheextraction of the Cu(l1)-DDTC complex in organic phase.
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Figure 3: Calibration curveconstructed by plotting absor bance agains corr esponding concentr ations (ug mL?) of zinc.
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fold molar excess of DDTC was optimized for con-
stant col or devel opment and wasused inal the subse-
quent experiments. Excess of the reagent has no effect
on the absorbance of the complex.

(d) Effect of temperatureand time

Theeffect of temperature on the reaction was not
sudied dueto thelakeof instrumental facilities. There-
fore, further experimentswere carried out at room tem-
perature (25 + 2°C). In order to determine the opti-
mum timethat isrequired for completionthereeaction, it
wasallowed to proceed at room temperaturefor vary-
ing periods of time. It wasfound that the reaction goes
to amost completionwithin 1 min, however for higher
precision readings, the reaction was allowed to pro-
ceed for quitelonger time; reactionsin all the subse-
quent experimentswere carried out for 10 min.

(e) Sability of the Cu(11)-DDTC complex

The effect of time on the stability of the Cu(ll)-
DDTC complex was studied by following the absorp-
tionintengity of thereaction solution (after dilution) at
different timeintervas. It wasfound that the absorbance
of thecomplex remainsstablefor at least 72 hrs. This
alowed the processing of large batchesof samples, and
their comfortablemeasurementswith convenience. This
gives the high throughput property to the proposed
method when applied for anaysis of large number of
samplesinquality control/anaytica |aboratories.

(f) Effect of pH on the extraction of the complex

ThepH isoneof themost important parameters,
andfirg of al pH must be determined. Theinfluence of
pH on the exchange reaction, replacement of Zinc by
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copper and subsequent extractionin organic phase, was
investigated by carrying out thereectionin buffer solu-
tion of varying pH vaues. The other parametersbeing
constant, the general procedure was applied and the
concentrations of metalswere measured by UV-VIS
spectrophotometer. Theeffect of pH onthecolor in-
tensity isstudied inthe pH range 2—11. The stability
constant of Cu(DDTC), is greater than that of
Zn(DDTC),. Experimental resultspresented in Figure
4 showsthat asthe pH increased, thereadingsincreased
rapidly. Theoptimum pH vauefor thereaction of Cu(ll)
andZn(DDTC), isattained at pH 5 and remains con-
stant upto 9 (Figure 2). At higher pH, sharp decrease
inthereadingsoccurred. The pH value should not be
lower than 4 dueto the fast decomposition of dithio-
carbamates at these experimental conditions. Onthe
other hand, pH vaue over 9 would accelerate the
Cu(OH), precipitation. Hence, pH 5.0 is chosen for
further studiesand as convenient. Acetic acid-acetate
buffer solution (pH = 5.0) was chosen for the subse-
quent studies. Inorder to investigate the effect of buffer
components on thereaction, different buffer solutions
of pH 5weretested and buffer was used as mentioned
inexperimenta section. Asthehighest absorbancewas
obtained it wasused in al the subsequent experiments.

(g) Effect of theaqueousphase volume

Thevolume of the agueous phaseisanimportant
factor for the extraction of metal ionsasCu(I1)-DDTC
issparingly solublein agueous phase?. Theeffect of
volume of the aqueous phase was also studied. The
solutionscontaining 1 ugmL of Cu(ll) weredilutedin
thevolumerangefrom 5 cm?to 30 cm? with deioni zed
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Figure4: Compar ative presentation of concentration obtained by proposed method and ICP-M S.
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water. Thegenera procedure given abovewas applied
and therecovery percentageswereca culated. There-
covery of Cu(ll) from agueous phase was plotted
against the aqueous phase volume. The recovery of
Cu(ll) from aqueous phase decreases when the ague-
ous phasevolumeincreases. It isindicated that the ex-
changereaction of metasisrapid, and theefficiency is
high. It isreved ed that agueous volumebeyond 15 mL
rapid decreasein absorbance was occurred henceto-
tal aqueousvolumewas dways confined to maximum
volume 15 mL throughout all experimentsfor conve-
nient of operation with confidence.
(h) Optimum extraction period

Theefficiency of Cu(ll) extractionin organic phase
depends on the extraction period. Optimum extraction
period was determined by extracting copper fromthe
solutions containing 1 ug mL* of Cu(ll) for various
periods of time according to the procedure described
previously. Then, theamount of Cu(Il) dissolvedin CCl,
was determined on the basis measurement of the ab-
sorbance using aUV-V IS spectrophotometer. After 10
min constant absorbance was obtained up to studied
period of 30 mins. Hence, reaction mixture was ex-
tracted at least10 min for getting maximum recovery.

Composition of thecomplex

Under theoptimum conditions(TABLE 1), thesto-
ichiometry of the reaction between Cu(ll) and DDTC
wasinvestigated by Job’si*4 and moleratio methods.
Experimental datahasbeen found and the stoichiom-
etry wasfound to be 1:2 (Copper: Ligand).

Validation of the proposed method

(a) Preparation of calibration curves

Thecalibration curveswere made asdescribedin
theexperimenta procedureand good corrd ation coef-
ficientswerefound. It was constructed by plotting ab-
sorbance againgt corresponding concentrationsfor ten
standard solutionscontaining 0.01-16.0 pg mL™* of zinc
or copper according to thegenera procedure. Thelin-
earity range, regression equation and correl ation coef-
ficient were obtained by the method of |east squares.
Theliner plot between the absorbance and theamount
of zinc(I1) ion corresponded to the Cu(I1) and Cu(ll)
adoneisdrawn and thestraight lineobeyed theequation
y=0.256x+0.079 and y=0.208x+0.075 for zinc and

copper, repectively having corre ation coefficient of (1?)
0.998 each (Figure 3). Linearity rangefor zinc accord-
ing to theBeer’s law corresponded to the Cu(II) con-
centrations of 0.2-14 ug mL* and Cu(ll) alone was
obtained of 0.2-12 pg mL™.

Theandytica sengtivity, thecalibration sengtivity,
whichisthedopeof theanalytical curve, thelimit of
detection, and thelimit of quantitation aswell asother
analytical characteristics of the procedure are calcu-
lated and summarizedinTABLE 1.

(b) Accuracy

Theaccuracy of the proposed method was evalu-
ated by therecovery studiesfor threedifferent concen-
trations (1, 5, 8 ug mL?) of sandardsby theanalysisof
spiked deepwell water. Therecovery valueswere94.77
—105.00%, indicating the accuracy of the proposed
method. The recoveries in both ‘spiked’ and the
‘unspiked’ samples are in good agreement. Higher re-
covery in spikedwell water isduetotheaverage pres-
ence of 0.041 ug mL. For an accuracy check of the
method, certified reference substances (dloy, andgam,
synthetic compound) and zinc spiked potable water
samplewereused. An aiquot of the solution of there-
spective certified substanceswas taken and the metal
contents were determined by the proposed method.
Therecovery values cal culated for the standard addi-
tionswerebetween 101.16-105.57% and for the cer-
tified reference material were 94.20—97.57%. The
resultsgivenin TABLE 3indicatethat the certified and
found val uesare very concordant.

(c) Precision

Theintra-assay precision of the proposed method
was determined on sample solutionsat varying con-
centration levels by analyzing 3 replicates of each
sample. Theinter assay precision wasdetermined by
analyzing the same samplesasduplicates(n=3) inthree
consecutive days. The relative standard deviations
(RSD) did not exceed 4.43% proving the high preci-
sion of the proposed method for theroutineapplication
intheanalysisof zinc.

(d) Specificity/Sdectivity
Application of the proposed method to analysis of

zincinpharmaceutica formulationsitisevident that the
proposed method gave satisfactory results. Specificity
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or sdlectivity wasdemonstrated showing that analytes
werefreeof interferencefromingredientsin pharma-
ceutica formulationsor excipientsin biologicd samples
by theanalysisof five blank matricesensuring that pesk
responseinthewaved ength isdueto examined compo-
nentsonly.
(e) Sensitivity

Theandyticd sengtivity, thecalibration sengitivity,
whichisthedopeof theanalytical curve, thelimit of
detection, and thelimit of quantitation aswell asother
analytical characteristicsarecalculated from the data
obtained for constructing calibration curve. Thecalcu-
lation method isbased on the standard deviation of the
response (Sxy) and the slope of the calibration curve
(8. Thelimit of detection werecd culated from cdibra
tion graph by theformula; LOD=3-S Xﬁ/a, andthelimit
of quantification; LOQ=10-S XJa Theresultsare pre-
sented in TABLE 1. The standard deviation of the
method for ten determinationsisfound to be not more
than 0.066. Thelower detection limit and quantification
limit of Zn(I1) were found to be 0.029 pg mL* and
0.098 ug mL*, respectively.

(f) Robustness

Robustnesswas examined by evaluating theinflu-
enceof smdl variaioninthemethod variables(DDTC)
concentration, buffer pH, reaction and extraction pe-
riod) onitsandytica performance. Intheseexperiments,
one parameter was changed whereasthe otherswere
kept unchanged, and the recovery percentagewas cal-
culated each time. It wasfound that small variationin
themethod variablesdid not sgnificantly affect thepro-
cedures, recovery valueswere 98.87 - 101.41+0.26
- 0.86%. Thisindicated therdiability of the proposed
method duringitsroutine gpplicationfor theandysisof
zinc.

(9) Ruggedness

Ruggedness wastested by applying the proposed
methodsto theassay of zinc us ngthe same operationa
conditions but using two different instrumentsat two
different laboratoriesand different elapsed time. Re-
sultsobtained from lab-to-lab and day-to-day varia-
tionswerereproducible, astherd ativestandard devia-
tions (RSD) did not exceed 2%. A pre-validated ICP-
M S method wasused asareference method for deter-

mination of zincinwholeblood and urinesamples. The
result obtained in proposed method for the determina-
tion of zincinwholeblood and urine sampleswas com-
pared with that obtai ned from the reference method by
statistical analysiswith respect to the accuracy (by t-
test) and precision (by F-test). No significant differ-
enceswerefound between the cal cul ated and theoreti-
cal values of t- and F-tests at 95% confidence level
proving sSimilar accuracy and precision inthe determi-
nation of zinc by both methods.
(h) System suitability

For standard at fivedifferent concentration levels
within 1.0-10.0 pg mL* maximum wavelength
(435.52+0.33) of absorption was checked and their
relative standard deviationswere ca cul ated wasto be
0.077%. For each concentration molar absorptivity was
cd culated and plotted agai nst respective concentration
levels(1, 5, 8 ug mL*t) and good linearity wasfound.
Bothindicatetheexcdlent system suitability for thepro-
posed method.

Effect of diverseions

Thetolerancelimit of variousanionsand cationson
thedetermination of Zn(I1) under optimal conditionsin
the present method. Thetolerancelimit of aforeignion
istaken asthe amount that caused an error inthe ab-
sorbanceva ueof <10%. Largeamountsof commonly
associated cations and anions do not interferein the
present method. Among thevariousionsstudied, dl the
anions and the cations Pb(11), Te(IV), U(V1), Na(l),
K(), Li(1), Th(IV), W(VI), C&VI), Ti(1V),Al(lll) do
not interfere even when present in morethan 100 fold
excess. Copper(l1), nicke (11), cobdt(I1), mercury(ll),
cadmium(ll), iron(111) andiron(Il) ionsinterfered seri-
oudy at al proportions. Interferencefrom Co, Ni, Cr,
Mn, Bi, Pb, Cd can bediminated usng EDTA asmask-
ing agent. Cyanide/thiocyanateisastronger complex-
ation agent for Zn(11) ionsthan DD TC ligand, therefore
Zn(Il) ionformsagtablecomplex withthecyanideligand,
thusdecreasing dramati caly the absorption. However,
selectiveextraction of zincfromthiocyanatesolutionin
HCI 0.5 mol L mediumfollowed by itsback extrac-
tion withan ammoniacal solution solvesthisproblem.
Iron and copper were the main interferencesfor the
anaysisof Zn by the proposed procedure. Thiseffect
was suitably avoided by prior addition of ascorbicacid
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and sodium thiosulfateto thesamples. If ironispresent
inthesample, itisnecessary to add 1300 pug mL NaF/
Nal beforethe zinc extraction. Theaddition of theacid
phosphate reagent inhibitsthereaction of ironisdueto
theformeation of theinsolubleiron phosphateindightly
acid solution. In presence of 950 pug mL of phosphate,
V(V) isdsotolerableupto 100 fold excess. Ni(ll) (up
to4 pg) can be masked by 180 pg of citrate/1860 pg
mL* of EDTA. However in the presence of 1860 ug
mL*of EDTA, Cu(ll) and Ni(ll) do not interfereeven
in 100-fold excess.

APPLICATIONS

The present method was successfully gpplied to the
determination of zincin seriesof synthetic mixtures of
various compositions and aso in a number of redl
samples. Themethod was al so extended to the deter-
mination of zincinanumber of environmenta water and
s0il samples, biological, pharmaceutica, fertilizer, food
samples. Theresultsof biological analysesby spectro-
photometric method werefoundto bein excdlent agree-
ment with those obtained by ICP-MS. Theresults of
pharmaceutical, fertilizer, food and soil samplesanaly-

ses by the spectrophotometric method shownintables
gavethesatisfactory RSD in analytical agreement.

Deter mination of zincin synthetic mixtures

Severd synthetic mixturesof varying compostions
containing zinc (3 pg mL?) and diverseionsof known
concentrationswere analyzed for zinc content and the
resultswerefound to be highly reproducibleas shown
iInTABLE 2. The accurate recoverieswere achieved
inall solutionswith maximum RSD valueof 1.36for
triplicate measurements. It isindicated that zinc can
be measured €liminating possibleinterferencesfrom
diverseions.

Determination of zincin alloys (Certified Refer-
ence Substances)

A 0.1gamount of Certified ReferenceMaterid scon-
taining different composition of metalswasaccurately
weighed and placed in a50-mL Erlenmeyer flask. To
it, 10-mL of concentrated HNO,and 2-mL of concen-
trated H,SO, were carefully added. The solutionwas
heated and simmered gently after the addition of an-
other 10-mL of concentrated HNO, until all carbides
were decomposed. The solution was carefully evapo-
rated to densewhite fumesto drive off the oxides of

TABLE 1: Summary for theoptimization and validation of variablesof the proposed spectrophotometric method

Optimization parameters

Validation parameters

Variables Studied range  Optimum Parameter Values
Acid concentration/M (0.2-1.2) x 10?  05x 102  Linear range (ug mL™) 0.20-14
Reagent Molar I ntercept 0.079
fo?ggexcess (M:L) 11-1:30 5 s opeep 0.256
Temperature Ambient Ambient  Standard deviation of the intercept 0.025
Time/min 1-20 10 Standard deviation of the slope 0.004
Stability 1min-72 hrs Correlation coefficient (r) 0.9993
Wavelength (nm) 300-650 435 Relative standard deviation (%) 4.43
Extraction variables Limit of detection, LOD (ug mL™) 0.029
Extraction period/min 1-30 10 Limit of quantification, LOQ (ug mL™) 0.090
agueous phase volume/mL 5-30 15 Molar absorptivity, & (L mol™ cm™) 2.86 x 10°
pH 2-11 5 Sandall’s sensitivity (ng cm™) 3.076

TABLE 2: Deter mination of zincin synthetic mixtureby the proposed spectrophotometric method

Solution lons

Conc. (ng mL™) Recovery (ngmL™) % Er RSD (%) n=3

A Zn**+Ni*+S0,”+ EDTA

Zn*+Ni*+ Mg*'+ SO,“EDTA

Zn*+Ni%+ Mg>+AlI**+ CI" + SO, EDTA
Zn*+Ni%+ Mg +AI*" +K*+ ClI'+ SO,Z +EDTA

mOQO W

Zn*+Ni%+ Mg>+AI* +K " +CaZ*+Cl” + SO, +EDTA

3.00 3.13+0.02 2.96 0.65
2.87+0.03 -5.83 1.06
3.1740.02 4.22 0.63
3.21+0.03 5.47 0.93
2.95+0.04 -3.31 1.36
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nitrogen and then cooled to room temperature
(25+5)°C. After suitabledilution with deionized water,
the contents of the Erlenmeyer flask werewarmed to
dissolvethe solublesalts. Based onfivereplicateanay-
ses, theaverage zinc concentration determined in certi-
fiedreferencematerids, aloy, amd gam, synthetic com-

pounds by spectrophotometric method wasin good
agreement with the certified values. Theaverage per-
centagerecovery of zinc obtained to somecertified ref-
erence substanceswas quantitativeasshownin TABLE
3 previoudy mentioned. RSD vaueobtainedindicates
reasonabl e precision of the measurements.

TABLE 3: Certified substancesanalysisfor the deter mination of zinc by proposed method

Certified Reference Zinc
substance Certified valuespg mL™  Expt.valuespgmL? RSD  Recovery (%)
Alloy 0.50 0.48+0.01 534 95.43
Amalgam 3.00 2.93+0.05 6.28 97.57
gynthetic  [Zn(en)s][Hgl.] 137 1.29+0.04 3.09 94.20
compounds  [Zn(NHa)e][HglJ] 1.49 1.42+0.02 141 95.03

Determination of zincin biological samples

Human blood 2-mL or urine 25 mL was taken
into beaker. 5 mL of concentrated nitric acid and 1
mL H,SO, were added and the beaker was placed
onthedigester under gentle heating. The solutionwas
heated to dryness. After cooling 1 mL of concentrated
nitric acid and 10 mL distilled water were added.
Heating was continued to reducevolume3-4 mL. The
content of the beaker wasfiltered and neutralized with
diluteammonia Theresultant solution wasthentrans-
ferred quantitatively intoa20-mL calibrated flask and
made up to the mark with de-ionized water. An ali-
quot (1-mL) of thisdigested biological samplewas
pipetted into acalibrated flask and the zinc content
was determined under the general procedure as de-
scribed using ascorbic acid and sodium thiosulfate.
Theresultsof thebiological sampleanalysesby the
spectrophotometric method were found to bein ex-
cellent agreement with those obtained by ICP-MS.
Theresultsare given in tableindicating the method
reproducible. Figure4indicatesthe comparative con-
centration obtained by proposed and ICP-M Smethod
and inter method variation of measurementswere cal-
culated and presented in TABLE 4 which was ob-
tained in the range -4.00-7.00%.

Determination of zinc in environmental water
samples

250-mL environmenta water samples(KY stedl,
PHP steel water, Berger paint, ship yard) was mixed
with 5-mL of concentrated HNO,, 2-mL of concen-
trated H,S0, and 2 dropsHCIO, acidin adistillation

flask. Thesamplewasdigested until apastewasformed.
Theresulting solution wasthen filtered and quantita-
tivdytrandferredinto a25-mL calibrated flask and made
up to themark with deionized water. Ammoniabuffer
solution was added (pH < 7) to precipitate excessiron
ashydroxideand the precipitate wasfiltered. Thisstep
iIsnot required for other potable water samples (tap
water, Deep Tubewall, Wasa) wastaken and pre-con-
centrated by thesimpleevaporation. Anaiquot (1-mL)
of pre-concentrated environmenta water wasandyzed
by proposed method and the zinc content was deter-
mined. Theresultsof analysesof environmenta water
samples from various sources for zinc are given in
TABLE 5. High concentration of zincwasobtainedin
Chittagong WA SA water whileremaining potablewa:
ter samplescontain reasonablelevel. All industrid wa
ter sampleshigher zinc level asexpected except that
fromKY sted. Triplicate measurements possess good
precision (RSD not greater than 7%).

Deter mination of zincin soil samples(Acid Diges-
tion)

Soil samplesweredriedwdl insunlight. 1 g of each
soil samplewas placed into a250 mL flask. 0.2 mL of
sulfuricacid, 1 mL of nitricacidand 1 mL of perchloric
acid wereadded. The soil and acid mixturewas heated
to 180°C for 3 h on a hotplate to dryness. After cool-
ing, 1 gof ammonium chlorideand 20 mL of 0.5N HCI
were added. Sampleswerereheated to 180°C for one
hour and evaporated to approximately 10 mL. After
cooling, theextractswerefiltered into 100 mL plastic
bottlesthrough an ashless 5B filter paper (Advantec,
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Tokyo, Jgpan). Ammoniabuffer solution wasadded to
this solution to precipitate excessiron as hydroxide.
Afterfiltration 5mL of thissolution wastaken to deter-
minetheconcentrationsof Zn by usng UV/Vishlespec-
trophotometer followed by general procedure using
ascorbic acid and sodium thiosulfate asamasking agent.
Resultsof triplicate measurements of soil samplescol-
lected fromindustrial areato determinethezinc con-
centrations by using proposed method are given in
TABLE 5that indicate RSD well.

TABLE 4: Biological sampleanalysisfor thedeter mination

with deionized water asrequired. An aliquot amount
was analyzed according to the genera procedure. Ac-
curacy of themethod in termsof percentage recovery
comparedtolevelled vaueof zinc. Resultsof pharma:
ceutical samplesandyzed according tothegenera pro-
cedurearesummarized in TABLE 6. Accuracy of the
method interms of percentage recovery compared to
levelled vaueof zincwasfound to beexcel lent.

TABLE 6: Pharmaceutical, fertilizer and food sampleanaly-
sisfor thedeter mination of zincby proposed method

Claimed Expt.

- Pharmaceutical  Brand value value Recovery RSD
of zincby proposed method samples name LY (ugmL) (%) (%)
Proposed M ethod Inter Tablet ACME 10.00 9.56+0.05 95.62 193
Conc. of ICP-MS Method
Sample Patients %ri]ﬁco ROSD (ng mL'l) Variation SK+F 10.00 9.99+0.14 99.88 5.21
emLy (%) (%) S ACME 0.0 0.098+0.005 9814 476
ru
Pragnent 0.054+0.002 2.81 0.05 7.41 P SK+F 0.10 0.10+0.004 101.78 3.83
Blood Harnia 0.12£0.09 755 0.13 -4.321 Ointment Softi 0.10  0.098£0.003 97.69 257
Intment
Gestroistestinal  1.18+0.03  7.15 111 5.841 Itech Guard 0.10  0.099+0.005 99.40 4.99
Urine  OOSroistesinal 146:0.002 274 149 2171 Ferglizer Mak Gold 100  093:0.02 931 215
Heart 0.93+0.003 6.59 0.96 -3.671 samples Padma 1.00  0.930.04 934 428
TABLE 5 : Determination of zinc in some environmental Boost 138 131:0.02 9489 446
samples samples Horlicks 042  0.40:0.007 9568 4.03
- Dano Milk 0.802  0.064+0.01 69.40 4.07
Zinc
Sample Source Concentration RSD  Determination of zincin fertilizer
(ngmL™) (%) tertili - % of 7 g
Barzer Paint  24.91+0.01  4.08 0.028 gfertilizer containing 36% of zincwasdis-
Industrial PHPStedl  337.16:005 221 Solvedinwater ta_llla nginal00mL volumetricflask to
KY Stedl 1043£0.01 721 trnake 100 pg mL dsez: uti 8;3 Theslg)l uti otr;] V\:cz_aﬁfélttered
Ship breaking Water 1 5754002 331 0Smovesuspended Substances. Fromthetitrate So-
Water lution 1 mL wastakenin 10 mL volumetric flask and
yard Water 2 9.55+0.01  7.10 N .
Sooo Wall 001200l 713 made up to the mark to make 10 pg mL* solutions.
Potable She:lf) ol 0.03:& '01 7'71 From this solution 1 mL wastaken to determine Zn
Water oww 030, '+ followed by general procedureusing ascorbic acid and
WASA,Clg 5072001 104 g45m thiosul fate asamasking agent and it was ana-
PHPSteel  9.31x0.01 625 |yzeq for zinc content according to general procedure
Industrial K Stedl 10.24£0.01 297 of the proposed method. Results presentedin TABLE
il Berzer Paint  7.38:0.01 403 6 showslower recovery aslevelled values.
Elite Paint 10.24+0.01 2.98 L .
, Zincinfood nutrients
Ship Soil 1 123.93+0.3 2.80 _ _
Yard Soil 2 6.88:001 5.71 A 1gamount of food nutrients (Boost, Horlicks,

Deter mination of zincin phar maceutical samples
Each zinc tablet (20 mg of zinc) or 5mL syrup (10

mg zinc) or required weight (0.252 gitch guard, 0.191g
softi) ointment was dissolved in water asto prepare
200 pg mL* solution. Necessary dilution was made

Milk) containing different composition of metalswas
accurately wel ghed and acid decomposition wasdone
as previous experiment. A suitable aliquot (1mL) of
the above solution wastaken into acalibrated flask
and the zinc content was determined as described un-
der generd procedure using ascorbic acid and sodium
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thiosulfate as masking agent. Based onfivereplicate
analysesof food nutrients (Boost, Horlicks, Milk), the
average zinc concentration determined by spectropho-
tometric method wasin good agreement with thelev-
eled valuesaspresented in TABLE 6. In case of milk
samplezinc content was obtai ned about 70%for Dano.

Theresults of the estimation of Zn contentinreal
and environmental samplespresented show good ac-
curacy and precision. For comparison, theZn(I1) con-
tent inthe biological sampleswasdetermined by ICP-
M S showing agood agreement withthe new analysis
method. To assess the useful ness of this method, its
accuracy was checked using certified reference mate-
rials. Theresultsgivenin TABLE 2 indicatethat the
certified and thefound va ueswerein good agreement.

CONCLUSION

Among thetechniquessuitablefor the quantifica
tion of metd ions, ICP-MS, ICP-AES and atomic ab-
sorption or emission spectroscopiesarelikely to bethe
most widely employed. However, dthough thesetech-
niquesarereliable and sensitive, they suffer fromthe
limitation of being rather cogtly (consideringingtrument
acquisition and maintenance), time-consuming (with
respect to samplepreparation), and not alwaysreadily
available. Thus, simple spectrophotometric (or spec-
trofluorometric) techniques, which tend to belesscogtly
and labor-intengive, areviabledternativestothosemeth-
odsrequiring more sophiticated instrumentation. The
method described herein has many advantages: itis
simpleand rapid, it has high accuracy and sensitivity,
use of inexpensivereagents availablein any ana ytica
|aboratory. Therefore, themethodispractica and valu-
ablefor itswide application. Theresultsshow agood
agreement with certified valuesin alloysand pharma:
ceutical preparationsand with the results obtained by
|CP-AESmethodsfor biologica samples. Cu(DDTC),
ismore stablein acidic agueous mediathan precipi-
tated Zn(DDTC),. Dithiocarbamatesaremoresuitable
than other compl exing reagents because of their selec-
tivity towardsZn(l1) and Cu(ll).
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