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ABSTRACT

A very simple, selective and highly sensitive direct spectrophotometric method is presented for the rapid determi-
nation of cadmium at ultra-trace level using 1,5-diphenylthiocarbazone (dithizone) asanew micellar spectrophoto-
metric reagent(i, . =500nm) in aqueous solution. The presence of micellar system avoids the previous steps of
solvent extraction and reduces the cost, toxicity while enhancing the sensitivity, selectivity and the molar absorp-
tivity. The molar absorptivities of the cadmium-dithizone complex formed in the presence of the cationic
cetyltrimethylammonium bromide(CTAB) surfactant are a most ten timesthe val ue observed in the standard method
and the maxima of the absorption are shifted about 20 nm when compared with the standard method, resultingin an
increase in the sengitivity of the method. The reaction is instantaneous and the absorbance remains stable for over
24h. The average molar absorption coefficient and Sandell’s sensitivity were found to be 1.2x0° L mol*cm* and
5ngeme2 of Cd, respectively. Linear calibration graphs were obtained for 0.01-10mg L* of Cd; the stoichiometric
composition of thechelateis 1:2(Cd: dithizone). Themethod is characterized by detection limit of 3ug L of Cd. The
interference from over 60 cations, anions and complexing agents has been studied at 1mg L* of Cd. The method
was successfully used in the determination of cadmium in several standard reference materials(alloys and steels,
soil, bovineliver and human hair), environmental water samples(potable and polluted), biological samples(human
blood and urine), soil samplesand complex synthetic mixtures. Themethod has high precision and accuracy(s=+0.01
for0.ImgL?).  © 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Cadmiumisan extremely toxic metal and hasbeen
responsiblefor anumber of deathd?. It isalso respon-
siblefor pancreatic cancer even at tracelevelg2. In-
creasing cadmium pollution of theenvironment, result-
ing from the growth of cadmium based industriesand
theuse of fossil fuel's, poses danger to public heath®,
Ontheother hand, the nutrient roleof themetal ionis
also recently recognized®. Therefore, the separation,
preconcentration and determination of cadmiuminbio-
logica and environmenta matrices have become sub-
jectsof great interest.

Dithizone(diphenyitiocarbazone, H,Dz) isan organic
colorimetric reagent that providesbasis of sensitive
methodsfor the determination of large number of meta
ion®, Meta ionscombinewith dithizonetoyield non-
polar colored complexeswhose colorsdiffer signifi-
cantly fromdithizone. These non-polar complexesare
generally extracted into solventslikechloroform and
carbon tetrachloride. Extraction spectrophotometry
using dithizoneasacol or-devel oping reagent is sensi-
tivebut suffersfrom severa disadvantages. It istime-
consuming and tediousand involvestheuseof chlori-
nated sol vents. Carbon tetrachloride and chloroform
had been used as sol ventsfor these extractions, which
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can be classified as toxic and as environmental

pallutants®. They have been listed as carcinogens by
theATSDR!" and EPA® This problem has been over-
comein recent years by introducing ahydrophobic mi-
cellar system generated by a surfactant ssimilar to that
employedin phase-transfer reactiong®. Micdllar sys-
temsare convenient to use becausethey areoptically
transparent, readily available, relatively non-toxic and
stable®, Neverthel ess, the addition of surfactantsat
concentrationsabovethe CM C to an agueous medium
toformamiceller solutionisthemost commonly pre-
ferred proceduretoday. Micellesenhancethe solubility
of organic compoundsinwater by providinglocal non-
polar environments. Thisphenomenon of micellar solu-
bilization hasbeen used in the devel opment of many
new methodsand in modification of existing methods
of analys g2, Theuseof micdleformationispromis-
ingforimprovingtheandytica performanceof thespec-
trophotometric procedures®®. Organic micellar media
arevery useful in anayticd applications, includingthe
improved andyte sensitivity in UV-visible spectropho-
tometric methods*. Especially, the surfactantshave
been used toimprove UV-visble spectrophotometric
determination of metal ionswith complexing agents.

Generadly, the metal-chelate complexesformedinthe
surfactant mediaare more stablethan thoseformedin
the absence of surfactant(*®,

Theam of thepresent study istodevelopasmpler
direct spectrophotometric method for the trace deter-
mination of cadmium with dithizonein the presence of
inexpengvecationic micdles, such ascetyltrimethylam
monium bromide(CTAB), inagueous solutions. This
method does not requires a solvent-extraction step;
hence, the use of carcinogenic carbon tetrachloride or
chloroformisavoided. The method described herehas
recorded for thefirg timethenon-extractivedirect spec-
trophotometri c determination of cadmium in aqueous
mediawithout therecourseof any “clean-up” step. This
method isfar more selective, non-extractive, smpleand
rapidthan dl of the existing spectrophotometric meth-
0ds*¢%, Themethodisbased on thereaction of dightly
absorbent dithizonein acidic solution with cadmiumto
produce highly absorbent brownish-red-chel ate prod-
uct, followed by the direct measurement of the absor-
bancein aqueous solution. With suitable masking, the
reaction can bemadehighly selective.
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EXPERIMENTAL

Apparatus

A. Perkin Elmer(Germany)(Model:Lambda-2)
double-beam UV/V1S-spectrophotometer andaWTW
inolab(Germany)(Model:Level-1) pH-meter with a
combination of e ectrodeswere used for measurements
of theabsorbance and pH, respectively. A Hitachi Ltd.,
Model 180-50, S.N.5721-2 atomic absorption spec-
trophotometer with adeuterium lamp back ground cor-
rector, equi pped with graphitefurnace GA-3, with cad-
mium hollow cathode lampsof Hitachi, and aHitachi
Mode 056 recorder wasused for recording analytical
dataof themeta under investigation. Theexperimenta
conditionswere: dit width, 1.3nm; lamp current, 7.5
mA; wavelength, 228.8nm; cuvette, cup; carrier gas,
200mL min?; samplevolume, 10uL.

Reagentsand solutions

All chemicadsused wereof andytical reagent grade
or thehighest purity available. Doubly distilled de-ion-
ized water, whichisnon-absorbent under ultraviolet
radiation, was used throughout. Glass vessals were
cleaned by soakingin acidified solutionsof KMnO, or
K.,Cr,0,, followed by washing with concentrated
HNO, and rinsed several timeswith de-ionized water.
Stock solutions and environmental water
samples(1000mL each) were kept in polypropylene
bottlescontaining ImL of concentrated nitricacid. Bio-
logical fluidswere collected in polyethane bottlesfrom
affected persons. Immediately after collection, they
were storedinasalt-ice mixtureand later, at thelabo-
ratory, were kept at -20°C124, Morerigorous contami-
nation control was used when onecadmium levelsin
the specimenswerelow.

Cetyltrimethylammonium bromide (CTAB) solu-
tion 0.3M

A 500mL of CTAB solutionwasprepared by dis-
solving 54.67g of pure cetyltrimethylammonium
bromide(E.Merck Darmstadt, Germany) in 250-300mL
indoubly digtilled de-ionized weter, sonicated for 30min
and diluted upto the mark with de-ionized water when
it becametransparent.

1,5-Diphenylthiocarbazone(Dithizone) 1.95x10°M
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Prepared by dissolving therequisiteamount(0.05%)
of diphenylthiocarbazone(E.Merck, Darmstadt) ina
known volume of 2-propanol (Fluka, Germany). More
dilute solutionsof thereagent were prepared asrequired.

Cadmium standar d solutions(8.89x10°M)

A 100 mL stock solution(1mg/mL*) of cadmium
was prepared by dissolving 274.41 mg of cadmium ni-
trate4-hydrate Cd(NO,),.4H,O] (E.Merck, Germany)
inde-ionized water. Aliquotsof thissolution were stan-
dardized with EDTA using Xylenol Orangeasanindi-
cator. More dilute standard sol utions were prepared
from thisstock solution, asand when required.

Tartratesolution

A 100mL stock solution of tartrate(0.1% w/v) was
prepared by dissolving 100mg of potassium sodium
tartrate tetrahydrate(E.Merck, Darmstadt) in(100mL)
de-ionized water.

Aqueousammoniasolution

A 100mL solution of aqueousammoniawas pre-
pared by diluting 10mL of concentrated NH,,(28-30%)
ACSgradeto 100mL with de-ionized water. The solu-
tionwasstored inapolypropylenebottle.

EDTA solution

A 100mL stock solution of EDTA(0.1% w/v) was
prepared by dissolving 128mg of ethylenediaminetetra
acetic acid, disodium salt dehydrate(E.Merck, Darm
stadt) in (100mL) de-ionized water.

Other solutions

Solutionsof alarge number of inorganicionsand
complexing agentswere prepared from their AnalaR
grade, or equivaent grade, water-soluble sats. Inthe
case of insoluble substances, a specia dissolution
method was adopted .

Procedure

A seriesof standard solutions of aneutra agqueous
solution containing 0.1-100ug of cadmiuminalOmL
cdibrated flask wasmixed with 0.5-1.6mL (preferably
1.0mL) of 0.01M H,SO, and 175-350 fold molar ex-
cessof adithizonesol ution(preferably ImlL of 1.95x10°M)
followed by the addition 2-4mL (preferably 3 mL) of
0.3M CTAB. Themixturewasdiluted to themark with
de-ionized water. The absorbance was measured at
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Figurel: Aand B absorption spectraof Cd-dithizonesys-
temand reagent blank (A,__ =500nm) in cationic micellar
media of cetyltrimethylammonium bromide

500nm against acorresponding reagent blank. Thecad-
mium content in an unknown samplewas determined
using aconcurrently prepared calibration graph.

RESULTSAND DISCUSSION

Factor saffectingtheabsor bance
Absor ption spectra

The absorption spectraof the cadmium-dithizone
syseminalx10M sulfuricacid mediumwererecorded
using aspectrophotometer. The absorption spectraof
the cadmium-dithizoneisasymmetric curvewith the
maximum absorbanceat 500 nm and an average molar
absorption coefficient of 1.2x10PL mol*cnr(Figurel).
Thereagent blank exhibited negligibleabsorbance, de-
spitehavingawaveengthinthesameregion. Indl in-
stances, measurementsweremade at 500nmagainst a
reagent blank. The reaction mechanism of the present
method isasreported earlier,

Effect of surfactant

Of thevarious surfactantg nonionic{ polyoxyethyle
nedodecyl ether(Brij-35), polyoxyethylene sorbitan
monopal mitate( Tween-40), polyoxyethylene sorbitan
mono-ol eate(Tween-80), TritonX-100}; cationic
{ cetyltrimethylammonium bromide(CTAB)}; and
anionic{ cetylpyridinum chloride(CPC); and anionic o-
dium dodecyl sulfate(SDS)} ] studied, CTAB wasfound
to bethe best surfactant for thesystem. Ina0.3M CTAB
medium, however, the maximum absorbance was ob-
served; hence, a0.3M CTAB solutionwasusedinthe
determination procedure.
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Figure2: Effect of asurfactant on theabor bance of theCd-

dithizonesystem

0.5
0.4
04 M
0.2
0.1

0 ;
0 1 2 3

Volume of 0.01M H2SO 4/mL

Figure3: Effect of theacidity on theabsor banceof the Cd-
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Figure4: Effect of areagent [Dithizone: Cd molar concen-

tration ratio] on theabsor banceof the Cd-dithizonesystem.
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Figure5: Calibration graph: C,1-10mgL*of Cd

Different volumesof 0.3M CTAB wereaddedtoa
fixed meta ion concentration, and theabsorbancewas
measured according to the standard procedure. It was
observed that at 1mg L Cd-chelatemetal, 2-4mL of
0.3M CTAB produced a constant absorbance of the
Cd-chelate. Outsidethisrange of surfactant the absor-

= Pyl Peper

bance decreased (Figure 2). For all subsequent mea-
surements, 3mL of 0.3M CTAB wasadded.

Effect of acidity

Of thevariousacidy(nitric, sulfuric, hydrochloricand
phosphoric) studied, sulfuric acid wasfound to bethe
best acid for the system. Theabsorbancewasat amaxi-
mum and constant when a10 mL of solution(1mgL™?)
contained 0.5-1.6mL of 1x102M sulfuric acid(or pH
2.5-3.07) at room temperature(25+5°C). Outsidethis
range of acidity, the absorbance decreased (Figure 3).
For all subsequent measurements, 1mL of 1x102M
sulfuric acid(or pH 2.63) was added.

Effect of time

Thereactionisvery fast. Constant maximum ab-
sorbance was obtained just after dilution to volume,
and remained strictly unaltered for 24h.

Effect of temperature

The absorbance at different temperatures, 0-50°C,
of a10mL solution(1mg L) wasmeasured according
tothe standard procedure. The absorbancewasfound
tobedtrictly undtered throughout thetemperaturerange
of 10-40°C. Therefore, all measurements were per-
formed at room temperature (25+5°C).

Effect of thereagent concentration

Different molar excessesof dithizonewere added
to afixed metd-ion concentration, and the absorbances
were measured according to the standard procedure.
It wasobserved that at 0.1mg L Cd meta (optica path
length, 1cm), reagent molar ratios 1: 175 and 1:350 pro-
duced aconstant absorbance of the Cd-chelate (Fig-
ured). Theeffect of reagent at different concentration
of Cd(1mg L *) wasalso studied but similar effect was
observed. For all subsequent measurements, 1mL of
1.95x10°M dithizonereagent was added.

Calibration graph (Beer’s law and sensitivity)

Theeffect of metal concentration wasstudied over
0.01-100mg L%, distributed infour different sets(0.01-
0.1,0.1-1, 1-10, 10-00mg/L*) for convenienceof the
measurement. The absorbance was linear for 0.01-
10mg L* of cadmium at 500nm. From the dope of the
cdibration graph, theaverage mol ar absorption coeffi-
cientwasfoundtobe1.2x10°Lmal-/cn™. The Sandell’s
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sensitivity!?)(concentration for 0.001 absorbance unit)
was found to be 5ng cnmr2. Of the three calibration
graphs, theoneshowingthelimit of thelinearity rangeis
giveninfigure5; the next two werestraight-linegraphs
passing through the origin(R?=0.9965). The selected
analytical parameters obtained with the optimization
experimentsaresummarizedinTABLE 1.
Effect of foreignions

Theeffect of over 60 cations, anionsand complexing
agentsonthedetermination of only 1 mgL* of Cdwas
studied. Thecriterionfor interference? was an absor-
bance value varying by more than +5% from the ex-
pected valuefor Cd done. Therewas no interference
fromthefollowing: 1000 fold amountsof ascorbicacid,
thiocyanideor bromide; a200-fold anountsof EDTA,
chloride, iodide, nitrate, sulfate, sulfiteor ammonium(l).
EDTA prevented theinterference of 200-fold a uminum,
100-fold of indium, 50-fold of lead(I1), 25-fold of cobalt
(1 & 1V) or copper(ll), 20-fold of bismuth (I11) or
palladium(il), 10-fold of chromium(V1), cerium (Il &
IV), manganeseor zinc. EDTA & ascorbic acid remove
theinterferenceof 10-fold of molybdenum. A 10-fold
excess of Fe(ll & 111) could be masked with ascorbic
acid and tetrasodium pyrophosphate. Bromide could
be masked 5-fold excess of mercury(ll). However, for
thoseionswhosetolerancelimit hasbeen studied, their
toleranceratiosarementionedin TABLE 2.

Composition of theabsor bance.

Job’s method™ of continuous variation and the
molar-rati o method were gpplied to ascertainthe sto-
ichiometric composition of thecomplex. A Cd-dithizone
(1:2) complex wasindicated by both methods.

Precision and accuracy

The precision of the present method wasevauated
by determining different concentrations of cadmium
(each analyzed at | east fivetimes). Therel ative stan-
dard deviation(n=5) was2-0% for 0.1-100ug of Cdin
10mL, indicating that thismethod ishighly preciseand
reproduci ble. Thedetection limit*3(3sof theblank) and
Sanddl|’s sensitivity?(concentration for 0.001 absor-
bance unit) for cadmium werefoundto be 3ugL*and
5ng cm?, respectively. Theresultsof thetotal cadmium
inanumber of real sampleswerein good agreement
withtheexpected values. Therdiability of our Cd-che-

TABLE 1 Selected analytical par ameter sobtained with opti-
mization experiments

Parameter Studied Selected value
range
Wavelength, A/nm 200-800 500
- 1x10%3x10°  5x10*1.6x103
Acidity/M H,SO, 3 (preferably 1x10-3M)
2.5-3.07
PH 14 (preferably 2.63)
Surfactant/M
Cetyltrimethylammonium 0-0.21 ( re?e?gb(l)lg 09)
bromide (CTAB) P yo
. 1min-24h
Time/h 0-24 (preferably 5min)
o 10-40
Temperature/°C 0-60 (preferably 25z 5)
Reagent (fold molar excess, 11 1:175-1:350
M:R) 1:1-1:500 (preferably 1:220)
Linear range/mg L 0.001-100 0.01-10
Molar absorption 1.0x10°-1.4x 5
coefficient/L mol™ cm™ 10° 1.2x10
Sandell’s sensitivity/ng cm?  1-100 5
Detection limit/ug L™ 1-100 3
Reproducibility(%RSD) 0-5 0-2
Correlation coefficient (R®) 0.991-0.998 0.9965

TABLE 2: Tolerancelimitsof foreign ions®

Species x Tolerance Speciesx Tolerance
ratio®x/Cd ration” x/Cd

Ascorbic acid 1000 Cobat(l1&IIl) 25°
Ammonium(l) 100 Cdcium 100
Azide 25 Cerium(l11&1V) 10°
Acetate 50 Cesium 50
Bromide 1000 Copper (I1) 25°
Chloride 200  Indium (1) 100°
Carbonate 200°  Iron(ll) 10%
EDTA 200 Iron (I11) 10%
lodide 200 Lead (I1) 50°
Nitrate 200 Lanthanum 50
Phosphate 100 Manganese(l) 100
Sulfite 200 Manganese(VII) 10°
Sulfate 200  Mercury (I1) 54
Tartrate 100  Molybdenum(vl)  10°*
Thiocyanide 1000 Magnesium 100
Ammonium(l) 200  Nickd (1) 100
Antimony (111) 100  Potassium 100
Aluminum 20  Pdladium(ll) 20°
Arsenic (111) 100  Strontium 100
Arsenic (V) 100  Silver(l) 100
Beryllium (I1) 100  Sodium 200
Barium 100  Thalium(l) 100
Bismuth (111) 20°  Tin(ll) 100
Chromium (111) 100  Vanadium(V) 10
Chromium (V1) 10°  Zinc 10°

aTolerance limit was defined as ratio that causes less than 5
percent interference; "Tolerance ratio, [Species (x)]/Cd (w/w);
“With 25ug mL* EDTA; “With 25ug mL* ascorbic acid; With
25ug mL* tetra sodium pyrophosphate; ®With 25ug mL* bro-
mide
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TABLE 3: Deter mination of cadmiumin somesynthetic mix-
tures
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TABLE5: Deter mination of cadmium in someenvironmental
water samples

Sa Composition of Cadmium/mgL ™ Recg)voery
MP- mixturesmg L £5°(%)
Added  Found®
0.50 0.49 98+0.4
A Cd 100 100  100+0.0
g AsinA+Ca(20)+Na 0.50 0.495 99+0.5
(20)+K(20) 1.00 0.99 99+0.3
c Asin B+Cr¥*(20)+As®*  0.50 050 100+ 0.0
(20)+NO5 (20) 1.00 0.98 98+0.6
p AsinC+M g®* (20)+Sn**  0.50 052  104+07
(20)+Mg (20) 1.00 103  103+0.6
g AsinD+Ba(20)+ 0.50 054  108+15
Co?'(20)+EDTA (50) 1.00 106  106+1.0

3Aver age of five analyses of each sample. "The measure of preci-
sion is the standard deviation

TABLE 4: Deter mination of cadmium in certified reference
material

Certified reference material C tlf(;zdmlum R.S.D.
(Compasition) Srallule Found (n=5) (%)

BCR-397. Human hair a a

(Cd, Hg, Pb, Se and Zn) 0.521°+0.024 0.515%+0.021 1.2

BCR-185 R, Bovineliver (As, a a

Cd, Cu, Mn, Pb, Se and Zn) 0.544°£0.017 0.539*+0.015 1.5

BCR-483, Soil amended with

sewage sludge(Cu, Cd, Cr, Ni, 24.3%1.3 24.15%1.8 16

Pb and Zn)

GBW 01620- High-tensil stedl

(Cd, Ag, As, Bi, Ca, Ga, In, 4.60° 4.48°+0.05 2.2

Mg, Pb, Sb, Sn, Te, Ti and Zn)
aValue in mg kg "Value in percentage, This CRM obtained from
Beijing NCS Analytical Instruments Co. LTD., China

|ate procedure was tested by recovery studies. The
average percentagerecovery obtained for the addition
of a cadmium spike to some environmental water
sampleswasquantitative, asshownin TABLE5. The
method wasal so tested by analyzing several synthetic
mixtures contai ning cadmium and diverseions. There-
sultsof biologicd anaysesby the spectrophotometric
method werein excellent agreement with thoseobtained
by AAS(TABLE 6). Hence, the precision and accu-
racy of themethod were excellent.

Applications

The present method was successfully gppliedto the
determination of cadmiuminaseriesof synthetic mix-
turesof variouscompositions(TABLE 3), anddsoina
number of real samples, e.qg. severa standard refer-
encematerids, e.g. dloysand stedl's, soil, bovineliver
and human hair (TABLE 4). Themethod wasal so ex-
tended to the determination of cadmiuminanumber of
environmenta, biologica, food and soil samples. Inview

Cadmium/pgL™  Recovery sP
Sample Added  Found®  #s(%) (%)

0 0.0
Tap water 100 1020  102+0.1 0.31
500 504.0 100.8+0.2 0.25

0 45
Well water 100 1030 98.6:0.4 0.35
500 505.0  100:0.2 0.29

g Indus 0 14.8
8 ppor sream) 10 1150  100.2+0.5 0.36
2 500 5148 100+ 0.0 0.00

E Indus 0 155
% ower sream) 10 1150  99+0.5 0.39
500 5180  100.5:0.6 0.29

. 0 4.0
y, Airabian sea 100 1040  100+0.0 0.00
g (upper) 500 506.0  100.4+0.5 0.17

ﬁ Arabian sea 0 55
(lowe) 100 106.0  100.5+0.6 0.27
500 506.0  100:0.2 0.18

0 335
Lake water® 100 1350 10106 0.45
500 5400 101.2+0.5 0.23

Drain water 0 53.5
(Pulp indudry)’ 100 1550  100.9+0.7 0.32
500 560.0 101.2+0.8 0.46

aAver age of five replicate determinations; "The measure preci-
sion is the relative standard derivation (s); ‘The Manchar L ake,
Hyderabad, Sindh; YOriented Pulp Industry, Karachi.

TABLE 6: Deter mination resultsfor human fluids
Cadmium/pgL™

S.no. Sample AAS  Proposed Sample sour ce”
method®
1 Blood 55.7 56.5£1.5 Kidney disease patient
Urine  13.9 15.8+1.2 (Female)
5 Blood 488  49.5+1.3 Hypertension patient
Urine 122 12.5+1.2 (Male)
3 Blood 21.6 22.3+t1.4 Tuberculosis patient
Urine 55 5.8+1.0 (Male)
Blood 18.7 19.8+1.5
4 Utine 46 5112  Smoker(Mde)
5 Blood 12.8 13.5+1.3 Traffic constable
Urine 35 3.8+1.0 (Male)
6 D00 72 OBLL Norma adt (Mae)

aAverage of five replicate determination + s; *Samples were from
LUMHS Hospital, Hyderabad

of the unknown composition of environmental water
samples, the same equivalent portions of each sample
wereandyzed for cadmium content; therecoveriesin
both the “spiked” (added to the samples before the
minerdization or dissolution) and the*“‘unspiked’” samples
areingood agreement (TABLE5). Theresultsof bio-
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TABLE 7: Content of cadmiumin soil samples
Cadmium/mgkg™

S. no. Fond(n=5) RDS, % Sample source
S 135 15 (Hyder;\rt::fdﬁt():ugérminal)
s, 10.9 18 Lake soil é‘l};g; Zb?d?ar Lake
Sa 1.58 12 (Pakistarlwn(()]illljsr:iiﬁ S|—|O3i/|o|erabaolj
S 0.39 0.5 Marine soil (Arabian Sea)

aComposition of the soil samples: C, N, P, K, Na, Ca, Mg, Cu, Co,
Mn, Zn, Fe, Mo, Pb, Cd, Hg, Mo, NO,, CI- and SO/ etc.

logicd anaysesby the spectrophotometric method were
found to bein excellent agreement with those obtained
by AAS(TABLE 6). Theresultsof soil-samplesanaly-
ses by the spectrophotometric method werefound to
behighly reproducible(TABLE 7).

Deter mination of cadmium in synthetic mixtures

Severd synthetic mixturesof varying compositions
containing cadmium and diverseions of known con-
centrations were determined by the present method
using EDTA or ascorbic acid asamasking agent; and
theresultswerefound to be highly reproducible. The
results are shown in TABLE 3. Accurate recoveries
wereachievedinall solutions.

Deter mination of cadmiumin alloysand stedls, soil,
bovineliver and human hair (certified reference
materials)

A 0.1g amount of aalloy and steel, soil, bovine
liver or human hair samplewasaccurately weighed and
placedina50-mL Erlenmeyer flask followingamethod
recommended by Parker’®, To this, 10mL of concen-
trated HNO, and SmL of concentrated HCI was added,
carefully covering theflask with awatch glassuntil the
brisk reaction subsided. The solution washeated and
simmered gently after the addition of 5mL of concen-
trated HNO,, until al carbideswere decomposed. The
solution wasevaporated carefully to densewhitefumes
to drive off the oxides of nitrogen and then cooled to
room temperature(25+5°C). After suitabledilution with
de-ionized water, the contents of the Erlenmeyer flask
werewarmed to dissolvethe solublesdts. Thesolution
wasthen cooled and neutralized with adiluteNH,OH
solution. Theresulting solution wasfiltered, if neces-
sary, through aWhatman no. 40filter paper into a25-
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mL calibrated flask. Theresidue waswashed with a
smdl volumeof hot water and thevolumewas madeup
to themark with de-ionized water.

A auitablediquot(1-2mL ) of theabovesolutionwas
takenintoal0-mL calibrated flask and cadmium con-
tent was determined as described under aprocedure,
using EDTA or ascorbic acid as masking agent. The
resultsareshownin TABLE 4. The certified cadmium
vaueinadloysand stedls, soil, bovineliver and human
hair were obtained from acalibration graph. There-
sultsfor total cadmium werein good agreement with
certified values(TABLE 4).

Deter mination of cadmium in environmental wa-
ters

Each filtered (with Whatman no. 40) environmen-
tal water sample(100mL) evaporated nearly to dryness
with 10mL of concentrated HNO, inafume cupboard
following amethod recommended by Mitra®! and was
heated with 10mL of de-ionized water inorder todis-
solvesthe sdlts. Thesol ution wasthen cooled and neu-
trdized with diluteNH,OH solution. Theresulting so-
lution wasthen filtered and quantitatively transferred
into a25-mL calibrated flask and made up to themark
with deionized water.

Analiquot (1-2mL ) of this solution was pipetted
intoal0-mL cdibrated flask, and the cadmium content
was determined as described under aprocedure using
EDTA or ascorbic acid asamasking agent. Theanaly-
gsof environmenta water samplesfromvarioussources
for cadmium and theresultsaregivenin TABLEDS.

M ost spectrophotometric methodsfor the deter-
mination of cadmium in natural water and seawater
requirethe pre-concentration of cadmium(®. The con-
centration of cadmiumin natura water and seawater is
afew ug L%. The concentration of cadmium foundin
U.S. drinking water isfrom 0.4-60ug L33,

Deter mination of cadmium in biological samples

Human blood (5-10 mL ) or urine (10-20mL) was
collected in polyethane bottlesfrom the affected per-
sons. Immediately after collection, they werestoredin
asdt-icemixtureand later, at thelaboratory, werekept
at -20°C. Thesamplesweretakeninto a100-mL mi-
cro-Kjeldahl flask. A glassbead and 10mL of concen-
trated nitric acid were added and theflask was placed
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onthedigester under gentleheating following amethod
recommended by Stahr®. Whentheinitid brisk reac-
tion was over, the solution wasremoved and cool ed.
Fivemillilitersof concentrated HNO, wasadded care-
fully, followed by theaddition of 0.5mL of 70%HCIO,,
and heating was continued to dense whitefumes, re-
peating HNO, addition if necessary. Heating was con-
tinued for at least '2h and then cooled. The content of
theflask wasfiltered and neutrdized with dil uteammo-
nia. Theresultant solution wasthen transferred quanti-
tatively into a10-mL calibrated flask and made up to
the mark with de-ionized water.

A suitablediquot(1-2mL) of thefinal solutionwas
pipetted out into a10-mL cdibrated flask, and the cad-
mium content was determine as described under pro-
cedureusing EDTA, ascorbic acid and tetrasodium
pyrophosphate asamasking agent. Theresultsof bio-
logical (human fluids) analyses by the spectrophoto-
metric method werefound to bein excellent agreement
with those obtained by AAS. Theresultsaregivenin
TABLEG.

Deter mination of cadmium in soil samples

Anair-dried homogenized soil sample(100g) was
weighed accurately and placed in a100-mL micro-
Kjeldahl flask. The samplewasdigested inthe pres-
enceof oxidizing agent, following themethod recom-
mended by Jackson®®. The content of the flask was
filtered through aWhatman No.40 filter paper into a
25-mL calibrated flask and neutralized with dilute
NH,OH solution. It was then diluted up to the mark
with de-ionized water.

Suitablealiquots(1-2mL) weretransferredinto a
10-mL cdlibrated flask. The cadmium content wasthen
determined, asdescribed under procedure, usng EDTA
or ascorbic acid as amasking agent. Theresultsare
showninTABLE7.

CONCLUSIONS

Inthepresent work, asimple, sensitive, selective
and inexpensive micellar method with the Cd(l1)-
dithizone complex wasdevel op for the determination
of cadmiuminindustrid, environmentd, biologica and
soil samples. The presence of amicellar system (al-
tered environment) avoidsthe previous stepsof solvent
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extraction, and reducesthe cost and toxicity whileen-
hancing the sensitivity, selectivity and molar absorptiv-
ity. Themolar absorptivitiesof the cadmium-dithizone
complex formedin presence of the cationic CTAB sur-
factantsaredmost ten-times 3.99x 10°L mol‘cm* the
va ueobsarvedinthe standard method(1.9x10°L mol/
cnr?) and the maximaof absorption isshifted by about
20 nmwhen compared with standard method, resulting
inanincreaseinthesengtivity of themethod. With suit-
able masking, the reaction can be made highly selec-
tive. Cadmiuminenvironmentd and biologicd samples
has been determined by pulse polarography, NAA,
ICP-AES, ICP-MSand AAS. Thefirst four methods
aredisadvantageousin termsof costsand instruments
usedinroutineanaysis. AASisoftenlackingin sens-
tivity and affected by matrix conditionsof samplessuch
assdinity. The proposed method using dithizonein the
presence of agueous micellar solutionsnot only isone
of themost sensitive methodsfor the determination of
cadmium but dsoisexcdlentintermsof sdectivity and
simplicity. Therefore, thismethod will be successfully
applied tothemonitoring of traceamountsof cadmium
inenvironmenta, biologica and soil samples.
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