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ABSTRACT

A simple, rapid and sensitive spectrophotometric method has been devel-
oped for the determination of chromium in industrial effluents and natural
water samples. The method is based on the reaction of chromium(V1) with
potassium iodide in acid medium to liberate iodine. This liberated iodine
bleaches the violet color of the thionin. The decrease in absorbance at
600nmisdirectly proportional to the chromium(V 1) concentration and obeys
Beer’slaw inthe range 2-14 ugmL * for chromium(V1). The molar absorptiv-
ity, Sandell’s sensitivity, detection limit and quantitation limit of the method
werefound to be0.967x10* L mol-*cm?, 1.08x102pugem?, 0.034 pgmL-tand
0.105 pgmL respectively. The optimum reaction conditions and other ana-
Iytical conditionswere evaluated. The effect of interferingion on the deter-
mination isdescribed. The chromium(111) can be determined after oxidation
to chromium(V1). The developed method has been successfully applied to
theanalysisof the chromiuminindustrial effluentsand natural water samples.
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INTRODUCTION

Chromium isone of the most widely distributed
heavy metalsintheearth’scrust. Itisnormally found
intwo oxidation stateie Cr(I11) and Cr(VI). Most of
thebiological tissuescontain Cr(I11) whichisusualy
nontoxic, whereasCr(V1) isahighly toxicform of the
metal totheorganisms. Itisknownthat anincreasein
the content of thiselement in soilsmakestheminfertile
and that thetoxic effect dependsto some extent on
the chromium oxidation state. On the other hand, the
introduction of chromium saltsinto soilshave some
positiveeffectsdueto activation of somebiochemical

processes™. Cr(I1) isan essential nutrient for main-
taining normal physiological functioni?, where as
Cr(VI) istoxic¥. Thedetermination of chromium by
spectrophotometric method based on oxidation of
organic compounds*® and on formation ion associ-
ates” havethe disadvantage of producingahigh blank
va ue. Themost widdy used reagent for chromium(V1)
determination isdiphenylcarbazide®d, but it suffers
seriousinterferencefrom Fe(l11), Mo(V1), Cu(ll), and
Hg(11)*% and also the formed complex is stablefor
30 minutesin the presence of aphosphate buffertt,
Other reagents have been suggested for spectropho-
tometric determination of chromium includes 4-(2-
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pyridylazo)resorcinol*?, phenylarsenazo!*®,
gallacetophenone oximel*4, citrazinic acid™®,
trifluoroperazine hydrochl oride*, leuco xylene cynol
FF, variamine blug*® and azure-B*9. Of thesere-
agent, some have been reported to be carcinogenic,
while few others are less selective. The need for a
sengitive ssimplereliablemethod for the determination
of chromiuminindustria effluentsand natural water
samplesistherefore clearly recognized.

Inthe present investigation, afacile, sensitiveand
sel ective method has been reported for the determina
tion of chromium(V1) with a new reagent thionin.
Chomium(l11) is determined after it is oxidized to
chromium(V1) by brominewater. The proposed method
has been used to determine chromiuminindustrial ef-
fluentsand natural water samples.

EXPERIMENTAL

Apparatus

A secomamAnthelieNUA 002 UV-Visible spec-
trophotometer with 1 cm quartz cell wasused for the
absorbance measurementsand aWTW pH 330, pH
meter was used.

Reagents

All chemicasused wereof andytica gradeand dis-
tilled water was used for dilution of reagents and
samples. Standard chromium (V1) stock solution
(1000ugmL 1) was prepared by dissolving 0.2829g of
K.,Cr,0, in 100mL of water. The stock solution was
further diluted asneeded. Standard chromium(111) stock
solution(1000ugmLt) was prepared by dissolving
0.2829g of K,Cr,O,in 50mL of water, adding 1mL
saturated sodium sulfitesolution, acidifyingwith ImL of
2.5molL* sulfuric acid, and then boiling for 2minto
removeexcess SO, and diluting with water to 100mL.
Suitablevolume of this solution wasdiluted to obtain
the working standard. HCI 2 molL-, K1 2%, acetic
acid 2 molL* and saturated agqueous bromine were
used. A 0.1% solution of thionin wasprepared by dis-
solving 0.1g of thionininwater containing HCI(2 molL-
1, 1mL) and made up to 100 ml with distilled water.
Methyl isobutyl ketonewas used for the extraction of
iron.

Hnalytical CHEMISTRY o

PROCEDURE

Deter mination of chromium(VI)

An aiquot of a sample solution containing 2-
14ugmL -t of chromium(V1) wastransferredinto ase-
ries of 10mL calibrated flasks. Potassium iodide
(2%,1mL) and hydrochloricacid (2 molL%,1mL) were
added and mixturewas gently shaken until the appear-
anceof yelow color indicating theliberation of iodine.
Thionin (0.1%, 0.5mL) wasthen added and the reac-
tion mixturewas shaken for 2min, for maintaining pH
4, 2mL of acetate buffer wasadded. The contentswere
diluted to 10mL with distilled water and mixed well.
The absorbance of theresulting sol ution was measured
at 600nm against reagent blank.

Deter mination of chromium(l11)

Analiquot of asample solution containing 2-14
ugmL* of chromium (111) wastransferred into aseries
of 10mL calibrated flasks. A volume of 0.5mL satu-
rated brominewater and 0.5mL of 4molL* KOH solu-
tionwere added to each flask and al owed to stand for
5 minutes. Then 0.5ml of 2.5molL* sulphuricacid and
0.5mL of 5% sulphosalicylic were added and then
aboveprocedurefor chromium(V 1) wasfollowed. The
absorbance of the resulting sol ution was measured at
600nm against reagent blank.

Analysisof mixturecontainingchromium (I11) and
chromium(VI)

Analyse separately, an aiquot (2ugmLt) of amix-
ture according to the procedurefor chromium(V1) and
established the concentration of chromium(V1), Andyse
another aliquot (2ugmL 1) according to the procedure
described for chromium(l11) to establish the concen-
tration of total chromium [ Cr(111) + Cr(VI)]. Thedif-
ference between thetwo val uesisthe concentration of
chromium(l11) inthemixture.

Analysisof industrial effluents

Tannery effluent wasdiluted 10timesand chromium
plating effluent wasdiluted to 50timesbeforeandysis.
Suitablediquot of samplesolutionswereanalyzed ac-
cording to the procedurefor determining chromium(lll)
and chromium (V1). Solutionswere a so analysed ac-
cording to thestandard diphenyl carbazi de method.
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2Cr* + 3L+ 7H,0

S \iH,
Z 3
P =
H,N N
THIONIN
[ VIOLET ]

Determination of chromium in natural water
samples

Analiquot of the natural water samplescontaining
not morethan 12 pgmL-*chromium wastreated with
0.5mL of ImolL* NaOH and 0.5mL of 0.2molL™*
EDTA. Any precipitateformed was centrifuged off. The
solution wastransferredintoa10mL standard flask and
the chromium content determined by theabove method.

RESULTSAND DISCUSSION

Effect of iodide concentration and acidity
Theeffect of iodide concentration and acidity onthe

+
S NH,
HoN” : N :
H

LEUCOTHIONIN
[COLORLESS]

decol orization was studied with 5ugmL * of chromium
solution. Theoxidation of iodidetoiodinewaseffective
inthepH range 1.0to 1.5, which could bemantained by
adding ImL of 2molL*HCl inafind volumeof 10mL.
Theliberation of iodinefrom Kl inan acid mediumwas
quantitative. The appearanceof yellow color indicates
theliberation of iodine. Although any excessof iodinein
thesolution will not interfere. It wasfound that 1mL of
2% K| and 2mol L *HCl weresufficient for theliberation
of iodinefromiodide by chromium(V1) and 0.5mL of
0.1% thionin wasused for subsequent decol orization.

Effect of pH
Thevariation of absorbance of known concentra-

TABLE 1: Deter mination of chromiumin natur al water samples

Proposed method Reference method®

cr(l)

in ug Cr(III_)l Relative Std - °F- Cr(III_)l Relative Std % PR
sample pug mL o gmL o

mL*t error deviation test test error deviation test test

added found found
Natural 4,00 3.99 -0.25 0.019 117 1.90 4,01 0.30 0.02 112 167
water 6.00 6.01 0.21 0.03 0.74 2.00 6.02 0.33 0.05 196 1.66
samples 8.00 8.02 0.25 0.027 165 135 8.03 0.37 0.025 1.78 2.08

aTabulated t-value for four degree of freedom at P (0.95) is 2.78; "Tabulated F-value for (4,4) degree of freedom at P (0.95) is 6.39
TABLE 2: Determination of chromiuminindustrial effluents

Chromium found in pgmL™

Proposed method Refer ence method®
Samples . 5
t-test °F-test t-test ‘F-test
Cr(l1)*  Cr(VI) Cr(I11) Cr(Vvl)
Cr(l11) Cr(VI) Cr(ll1) Cr(Vvl) Cr(l11) Cr(VI) Cr(ll1) Cr(Vvl)
318.22
Tanner 318.42
Effluent + npd 112 npe 170 +0.03 149 20
0.02 -
Chromium
: 31.2 69.32 3174  69.64
Elffaltl;r;gtf £ 015 40419 1.49 141 150 158 1016 +025 0.56 12 1.33 2.08

3 Mean + standard deviation; ® Tabulated t-value for four degree of freedom at P (0.95) is 2.78; ¢ Tabulated F-value for (4,4) degree

of freedom at P (0.95) is 6.39; ¢ ND ,not detected
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tion of thechromium with pH of the medium was stud-
ied. A seriesof buffer solutionsdiffering by pH 1 was
prepared, and using each of these buffers, systemwas
studied. Themaximum absorbanceva uewasfound at
pH 4. Hence, the solution was maintained at pH 4
throughout the study using acetate buffer (pH 4).

Choice of oxidixing agent.

Chromium(l11) wasdetermined after it wasoxidized
to chromium (V1). Variousoxidizing agents® wereused,
persulfateinthe presenceof asilver ion asthe catayst
inanacid solution, permanganatein an acid medium,
and hydrogen peroxideand bromineinanakaineme-
dium. For dl thesemethods, excessoxidizing agent must
be destroyed before the determination of Cr(VI) to
avoidtheinterferencewith the determination. Usually,
excess persulfate and peroxide wereremoved by boil-

pugmL-tand 0.105 ugmL trespectively.
Effect of interferingions

Theeffect of variousionsat ugmL*levelsonthe
determination of chromium(V1) wasexamined. Thetol-
erancelimitsof interfering specieswere established at
those concentrationsthat do not cause morethan 2.0%
error in absorbancevauesof chromium(VI1) a 5ugmL-
1(TABLE 3). Theresultsindicated that Cu(ll), Fe(l11),
CelV) interfere severdy. However, thetolerancelevel
for theseions may beincreased by theaddition of ImL
of 1% EDTA.

Applications
The proposed method was applied to the quantita:

TABLE 4: Effect of interferingionson the deter minations of
5ugmL* Chromium(VI)

ing and permanganate was destroyed by adding so- lons ”rTn?lef 821‘3'_9_1 lons li;?iﬂagcl_e_l
dium azide. Inthe present investigation, brominewater — '1‘3 e ;3
inan alkaline medium was used to oxidize Cr(I11) to N&' 1000 MoO.Z 250
Cr(VI1) and the excess oxidizer wasremoved by the . o
addition of suifosalicylic acid (5%) N roF 1000
' cu® 10 COy” 1000
Analytical data Cd?* 500 PO, 1000
Beer’slaw wasobeyed in therange of 2-14ugmL- HQZ: 100 Citrate 1000
1. Themolar absorptivity and Sandel|’s sensitivity for Bi 1000  Tatarate 1500
the col ored system wasfound to be 0.967x10¢ Lmol- ~ BI™ 1500  Oxdate 1000
'cm, 1.08x102ugcm? respectively. The detection  M™ 500 Sulfate 1000
limit(D, =3.30/S) and quantitation limit (Q =10c/S) A" 500 Chloride 1000
(where & is the standard deviation of the reagent Ca22 ) 50 Nitrate 750
blank(n=5) and Sistheslop of thecalibrationcurve) ~ ©° 75 Acetate 1000
for thechromium determinationwerefound to be 0.034 EDTA 2500
0.32
0.30 A
0.28 A
o 0.26 4
§
g 0.24 +
_‘% 0.22 A
0.20 A
0.18 A
0.16

T T
540 560 580

T I T
600 620 640 660

wavelength(nm)
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tivedetermination of chromiuminindustria effluents
samplesand water sampl es, theresultsare presented
iINTABLES 1& 2 respectively. Satistical andysisof the
results by F and t-tests showed no significant differ-
ence in accuracy and precision of the proposed and
reference method®. The precision of the proposed was
evduated by replicate andysisof samplescontaining
chromium at threedifferent concentrations.

CONCLUSIONS

The proposed method for determining
chromium(V1) isfacile, rapid, sengitiveand hasawide
andytica rangewithout theneed for extraction or heat-
ing. The devel oped method does not involve any strin-
gent reaction conditions and offersthe advantages of
high bleached color stability (5hr) comparedtothestan-
dard diphenyl carbazide method (30min). Themethods
has the added advantage of determining individual
amountsof Cr(VI) and Cr(l11). The proposed method
has been successfully applied to the determination of
traceamountsof chromiumin sted, industria effluents
and water samples.
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