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Introduction

There is substantial interest in

speciation of chromium in water.

Chromium（III） and chromium（VI） are

foundinaqueousmedia.Thechromium（III）

species are chiefly present as hydroxo

complexes.Thechromium（VI）speciesare

dominatedbychromateandarehighlytoxic.

Speciation of chromium（III） and

chromium（VI） on the basis of

coprecipitationhasbeenwidelyinvestigated

because of its simplicity. Selective

coprecipitation of chromium（III） was

studiedusingironhydroxide,1�5 aluminium

hydroxide,6 gallium hydroxide,7 gallium

phosphate,8hafniumhydroxide9andyttrium

hydroxide.10 Forselectivecoprecipitationof

chromium（VI）,reagentsemployedwerelead

sulfate11,12 and zinc-diethyldithicarbamate.13

In somecases,sincethepresenceofa

coprecipitantaffectsthedetermination of

chromium,itisnecessarytoremovethe

coprecipitant5ortoaddachemicalmodifier7

priortothedetermination.

Althoughrareearthhydroxidessuchas

lanthanum hydroxide,14,15 terbium hydrox-

ide16anderbiumhydroxide17werealsoapplied

to the coprecipitation of chromium,

speciation of chromium（III） and

chromium（VI）hasnotbeenachievedexcept

for yttrium hydroxide. We have been

studyingthesystematicsofcoprecipitation
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Abstract

Chromium（III）wasseparatedfrom chromium（VI）bythecoprecipitationwithscandium

hydroxideanddeterminedbygraphitefurnaceatomicabsorptionspectrometry（GF-AAS）.In

thepresenceof0.28moldm－3 sodium sulfateand0.28×10－3 moldm－3 disodium hydrogen

phosphate,chromium（III）upto10・gdm－3wasquantitativelycoprecipitatedwithscandium

hydroxideatpH9.8,while50・gdm－3ofchromium（VI）washardlycoprecipitated.Underthis

condition,chromium（III）wasseparatedfrom chromium（VI）when theconcentration of

chromium（VI）waslessthanfivetimesthatofchromium（III）.Thesumofchromium（III）and

chromium（VI）wasdeterminedinasimilarwayafterthereductionofchromium（VI）to

chromium（III）with2.5gdm－3ofhydroxylammoniumchlorideat0.12moldm－3ofhydrochloric

acid.Thiscoprecipitationmethodwasappliedtothedeterminationofchromium（III）and

chromium（VI）inawatersamplecollectedfromanurbanriver.
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withrareearthhydroxides.Inaprevious

study,wefoundthatscandiumhydroxideis

promisingforthecoprecipitationoftrace

metalspriorto graphitefurnaceatomic

absorptionspectrometry（GF-AAS）,18,19since

scandiumdidnotinterferewiththeGF-AAS

determinationsofsomemetals.Inaddition,

wefoundinpreliminaryexperimentsthat

the coprecipitated percentage of

chromium（VI） was lower for heavy

lanthanoidandscandium hydroxides,while

chromium（III） was quantitatively

coprecipitated.

Inthispaper,wedescribetheconditions

ofcoprecipitationwithscandium hydroxide

fortheseparation ofchromium（III）and

chromium（VI） and thedetermination of

chromium（III）andchromium（VI）inwater

samples.

Experimental

Apparatus

AShimadzuAA-660Gatomicabsorption

spectrometer with a GFA-4A graphite

furnaceatomizerwasusedforthechromium

determinations.Thegraphitetubeusedwas

a high density graphite tube （not

pyrolyzed）. The optimum operating

conditionsforchromiumaresummarizedin

Table1.Thebackgroundwascorrectedusing

aD2 lampthroughouttheexperiments.A

PerkinElmerOptima2000DV inductively-

coupled plasma atomic emission

spectrometer was used for preliminary

experiments.A Hitachi-HoribaModelM-5

pHmeterwithaglass-electrodewasusedfor

pHmeasurements.

Reagents

Reagentsofguaranteedreagentgrade

were used except for scandium oxide.

Deionized water （Elix-5-Gradient-A10,

Millipore）wasusedforthepreparationofall

solutions.

Chromium solutions. Chromium（III）

solution（1 g dm－3） was prepared by

dissolving770mgofchromium（III）nitrate

nonahydrate（NacalaiTesqueInc.）witha

smallamountofconcentratednitricacidand

dilutingto100cm3 withdeionizedwater.

Chromium（VI）solution（1g dm－3）was

preparedbydissolving283mgofpotassium

dichromate（WakoPureChemicalIndustries,

Ltd.）in100cm3of0.1moldm－3nitricacid.

Phosphatesolution.Phosphatesolution

（0.28moldm－3）waspreparedbydissolving

1.246g ofdisodium hydrogen phosphate

dihydratein25cm3ofdeionizedwater.

Scandium solution.Scandium solution

14

Table1 OperatingconditionsofGF-AAS
forchromium

Samplevolume/mm3 20

Analyticalwavelength/nm 357.9

Lampcurrent/mA 10

Slitwidth/nm 0.50

Argongasflowrate

Innergas/dm3min－1 1.5

Outergas/dm3min－1 1.5

Drying Ramp,150℃,50s

Ashing Step,600℃,30s

Atomizing Step,2500℃,4sa

Cleaning Step,2800℃,2s

a.Innergaswasstopped.
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（1.5gdm－3）waspreparedbydissolving230

mgofscandium oxide（99.9%,WakoPure

ChemicalIndustries,Ltd.） in 8 cm3 of

concentrated nitricacid on heating and

dilutingto100cm3withdeionizedwater.

RecommendedProcedure

Determinationofchromium(III)

Analiquotofsamplesolution（200cm3）

wasplacedinaPyrexglassbeaker,and8gof

sodium sulfateanhydrous（0.056molas

sulfateion）,0.2cm3 ofphosphatesolution

（0.056×10－3molasphosphateion）and2.7

cm3ofscandiumsolution（4mgasscandium

ion）wereadded.ThepHwasadjustedto9.8

with sodium hydroxidesolution toform

scandium hydroxide.Freshwatersamples

werekeptforseveralminutesandseawater

sampleswerekeptforten minutes.The

precipitatewascollectedona3G4sintered-

glassfilter,washedwithasmallamountof

deionizedwater,anddissolvedwith0.8cm3of

concentratednitricacid.Thesolutionwas

madeupto10cm3withdeionizedwaterand

theatomicabsorbanceofchromium inthis

solutionwasmeasuredundertheoperating

conditionsgiveninTable1.Thecalibration

curveforchromium（III）waspreparedby

usinganaqueoussolutioncontaining1.2mol

dm－3nitricacidand0.4gdm－3ofscandium.

Determinationofchromium(VI)

Anotheraliquotofthesamplesolution

（200cm3）wasplacedinaPyrexglassbeaker,

0.5gofhydroxylammonium chlorideand2

cm3ofconcentratedhydrochloricacidwere

added,anditwaslefttostandforanhourin

order to reduce chromium（VI） to

chromium（III）.Thecoprecipitationmethod

forchromium wasthesameasthatfor

chromium（III）mentionedabove.Chromium

inthefinalsolutionwasdeterminedbyGF-

AAS,givingtheconcentrationforthesumof

chromium（III） and chromium（VI）. The

concentration for chromium（VI） was

obtainedbysubtractingchromium（III）from

the sum of chromium（III） and

chromium（VI）.

ResultsandDiscussion

DeterminationofchromiumbyGF-AAS

In theseexperiments,solutionswere

prepared by mixing the solutions of

scandium, chromium and nitric or

hydrochloricacidwithoutacoprecipitation

procedure.

Theconditionsforthedeterminationof

chromiumbyGF-AASwereexaminedinthe

presence of scandium.The presence of

scandium（upto7.4gdm－3）didnotinterfere

withthedeterminationofchromium.The

backgroundabsorbanceat357.9nmwasnot

affected by scandium. Therefore, the

presenceofscandiumdoesnotcausespectral

interferenceforchromium.Itisthoughtthat

scandiumdoesnotcauseanyinterferencein

theashingoratomizingstepssuchaslossof

chromium or changes in the atomizing

efficiency.

Theeffectoftheconcentrationofnitric

andhydrochloricacidson thechromium

absorbancewasexamined.Although the

15
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absorbancedecreasedwithincreasesinthe

acidconcentration,itwasalmostconstantin

therangeof1-2moldm－3fornitricacidand

1.5-2moldm－3forhydrochloricacid.Thus,

1.2moldm－3ofnitricacidwasusedinthe

subsequentexperiments.

Theabsorbanceand concentration of

chromium showed a linear relationship,

passingthroughtheorigin,upto200・g

dm－3.Therelativestandarddeviationwas

4.1%forthefivereplicatemeasurementsof

100・gdm－3chromium.Thedetectionlimit,

which wascalculatedasthreetimesthe

standarddeviationfortheblank（containing

0.4gdm－3ofscandiumand1.2moldm－3of

nitricacid）,was0.2・gdm－3.

Theoptimum conditionsforcoprecipitation

ofchromium(III)

As reported in a previous paper,18

scandium hydroxide quantitatively

precipitatesabovepH 8.Theprecipitateis

readily filterableand dissolveseasily in

dilutedmineralacids.

In these experiments, sulfate and

phosphate ions were not added to the

aqueoussolutioncontainingchromium（III）

orchromium（VI）beforeeitherchromium

wascoprecipitatedwithscandiumhydroxide.

TheeffectofpHonthecoprecipitationof

chromium（III） or chromium（VI） was

examined with 200 cm3 ofthe solution

containing4mgofscandiumand1μgofthe

analyte.TheresultsareshowninFig.1.

Chromium（III） was quantitatively

coprecipitatedwithscandiumhydroxideina

pH rangeof8.3-11.3.Thecoprecipitated

percentageofchromium（VI）was11%atpH

8anddecreasedathigherpHvalues.Onthe

otherhand,itispossibleforwatersamples

that precipitates such as magnesium

hydroxideareformedathigherpHvalues.

Thus,wedeterminedtheoptimumpHtobe

9.8 for selective coprecipitation of

chromium（III）.

Theeffectofthescandium amount（1-

80mgdm－3）oncoprecipitationof5・gdm－3

chromium（III）wasexamined.Morethan1

mg dm－3 ofscandium wasnecessary for

quantitative coprecipitation of

chromium（III）. Thus, 20 mg dm－3 of

scandium was adopted as the optimum

condition.

Interferenceofdiverseions

Theeffectof28diverseionson the

coprecipitation and determination of

chromium（III）wasexaminedusingasample

solution（50 cm3） containing 1 ・g of

chromium（III）and4mgofscandium.Table

2showsthatlargeamountsofsodium,

16
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Fig.1 EffectofpH oncoprecipitationof
1・g/200cm3 ofchromium（III）（●）
andchromium（VI）（○）with4mgof
scandium.
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potassium,magnesium andcalcium didnot

interferewith thecoprecipitation.Itwas

foundthattheotherionstesteddidnot

interferewhentheion（mg）/scandium（mg）

ratiowaslessthan0.25.

17

Table2 Toleranceratioofdiverseionstoscandiumforthecoprecipitationanddeterminationof
1・gofCr（III）

Toleranceratioa

Ion［mg］/Sc［mg］
Ion

600 Na＋b

260 K＋b

250 Ca2＋c

50 Mg2＋c

0.25 Li＋,bSr2＋,cBa2＋,bAl3＋,cLa3＋,bTh4＋,cZr4＋,bMoO2－
4 ,dWO2－

4 ,e

Mn2＋,cFe3＋,cCo2＋,cNi2＋,cPtCl2－6 ,fCu2＋,cAuCl－
4 ,fZn2＋,cCd2＋,c

Ga3＋,bIn3＋,cSn4＋,bPb2＋,cSb3＋,bBi3＋c

Coprecipitationwascarriedoutwith4mgofscandiumin50cm3ofthesamplesolutionatpH9.8.

a. Theerrorsinthedeterminationofchromiumwerewithin±5%,whentheratioofthediverse

ionswaslessthanthevalue.

b. Counterionwasachlorideion.

c. Counterionwasanitrateion.

d. Counterionwasanammoniumion.

e. Counterionwasasodiumion.

f. Counterionwasahydrogenion.

Table3 Coprecipitationofchromium（VI）inthepresenceofanions

Anion Cr（VI）

Species
Added
moldm－3

Added
・gdm－3

Coprecipitated
%

None 0 50 20.6±4.8

Cl－ 0.028 50 18.8±1.4

NO－
3 0.028 50 16.3±2.2

SO2－
4 0.028 50 4.3±0.6

SO2－
4 0.28 50 3.2±0.1

CO2－
3 0.70×10－3 50 6.0±0.5

PO3－
4 0.28×10－3 50 3.7±0.0

SO2－
4 ＋PO3－

4 0.28＋0.28×10－3 50 0.9±0.1

SO2－
4 ＋PO3－

4 0.28＋0.28×10－3 5 1.6±1.2

Theresultsaretheaverageandstandarddeviationforthreereplicateexperiments.ICP-AESwas

usedforthedetermination.

Coprecipitationwascarriedoutwith4mgofscandiumin200cm3ofthesamplesolutionatpH9.8.

Theanionswereaddedassodiumsalts.
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Separation of chromium(III) and

chromium(VI)

Inordertofindthebestconditionfor

separating chromium（III） from

chromium（VI）, the coprecipitation of

chromium（VI） with scandium hydroxide

wasinvestigatedinthepresenceofavariety

ofanions.The anions such as sulfate,

phosphate,carbonate,nitrateandchloride

wereaddedassodiumsalts.Theresultsare

showninTable3.Twentyonepercentof

chromium（VI） wascoprecipitated in the

absence of anions. The coprecipitated

percentagewassuppressedinthepresenceof

anions.Thesuppressioneffectincreasedin

theorderofCl－ ＜NO－
3 ＜SO2－

4 ＜PO3－
4 ・

CO2－
3 .Intheexperiments,phosphateand

carbonateionswereexaminedat0.28×10－3

and 0.70× 10－3 moldm－3,respectively,

becausetherecoveryofscandium decreased

whentheconcentrationsoftheseanionswere

higher than these values.Adding both

sulfateandphosphateionswasthemost

effectiveinsuppressingthecoprecipitationof

chromium（VI）.

Inthepresenceofbothsulfate（0.28mol

dm－3）andphosphateions（0.28×10－3 mol

dm－3）, coprecipitation of 5 ・g dm－3

chromium（III） with scandium hydroxide

was tested. The average recovery and

standarddeviationwere96.3±5.0%（n＝3）.

Thus,thiscondition wasadoptedasthe

recommendedprocedure.

The separation of 5 ・g dm－3

chromium（III） from chromium（VI） was

triedfollowingtherecommendedprocedure.

TheresultsareshowninTable4.Fourratios

ofchromium（VI）/chromium（III）,namely,0,

1,5 and 10,weretested.Theobserved

concentrationsofchromium didnotshowa

significantdifferencewhentheratiowasless

than 5.Thus,itcan beconcluded that

chromium（VI）doesnotshow significant

interference for the determination of

chromium（III） when the

chromium（VI）/chromium（III）ratioisless

than5.

18

Table4 Separationofchromium（III）fromchromium（VI）followingtherecommendedprocedure

Added Found

Cr（III）
・gdm－3

Cr（VI）
・gdm－3 ・gdm－3

Percentageof
addedCr（III）

5 0 4.81±0.25 96.3±5.0

5 5 4.83±0.13 96.7±2.5

5 25 5.05±0.05 101±1

5 50 5.35±0.32 107±6

Theresultsaretheaverageandstandarddeviationforthreereplicateexperiments.ICP-AESwas

usedforthedetermination.

Coprecipitationwascarriedoutwith4mgofscandiumin200cm3ofthesamplesolutionatpH9.8.
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Recoveries of spiked chromium(III) and

chromium(VI)fromwatersamples

Therecoveriesofspikedchromium（III）

from riverand sea watersampleswere

examined.Theriverandseawaterswere

collected from the Uji River, Kyoto

Prefecture and Nanao Bay, Ishikawa

Prefecture,respectively.Thesesampleswere

filteredthroughanAdvantecquantitative

filterpaper（No.5C,diameter300mm）and

acidifiedwith0.12moldm－3ofhydrochloric

acid.Thiswasdonetodissolvecolloidal

chromium adsorbedonmanganeseand/or

iron oxide. The coprecipitation of

chromium（III）wascarriedoutjustafterthe

additionofhydrochloricacid.Asshownin

Table 5, spiked chromium（III） was

quantitativelyrecovered.

19

Table5 Recoveriesofchromiumfromspikedwatersamples

Sample Cr（III） Cr（VI）

Sampling
date

Found
・gdm－3

Added
・gdm－3

Recovery
%

Found
・gdm－3

Added
・gdm－3

Recovery
%

Riverwater

Jul.19 0.15 0.37

5 105±2 5 103±9

10 101±4 10 101±3

Seawater

Aug.6 0.20 0.09

5 105±8 5 102±1

10 102±8

Jul.24 － 0.91*

10 97.2±1.8

Theobtainedrecoveriesaretheaverageofthreereplicateexperiments.

Chromiumwasdeterminedbyacalibrationcurvemethod.

TheriverandseawaterswerecollectedfromtheUjiRiver,KyotoPrefecture,andNanaoBay,Ishikawa

Prefecture,respectively.

*Thesumofchromium（III）andchromium（VI）.

Table6 DeterminationofchromiumintheKanameRiverwater

Cr（III）
・gdm－3

Cr（III）＋Cr（VI）
・gdm－3

Cr（VI）
・gdm－3

Calibrationcurvemethod 26.0±1.8 29.4±0.2 3.4±2.2

Standardadditionmethod 23.2±1.9 29.0±0.8 5.8±2.5

TheresultsforCr（III）andCr（III）＋Cr（VI）aretheaverageandstandarddeviationforthree

replicatesamples.

Theconcentrationforchromium（VI）wasobtainedbysubtractingchromium（III）fromthesum

ofchromium（III）andchromium（VI）.
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Theprocedureforthedeterminationof

chromium（VI）wasalsoinvestigatedusing

the reduction of chromium（VI） to

chromium（III）priortothecoprecipitation.

Thereductionconditionwasdesignedonthe

basisofthepaperofKagayaetal.8Tothe

sample solution（200 cm3） containing

hydrochloricacid（0.12moldm－3）,0.5gof

hydroxylammonium chlorideasareducing

agentwasaddedanditwaslefttostandfor

anhour.Chromium（VI）addedtotheriver

and sea water samples was reduced to

chromium（III） and quantitatively

coprecipitated with scandium hydroxide

（Table5）.

Blankrunswerecarriedoutusing200

cm3ofdeionizedwaterasasample.Theblank

valuewas0.22±0.03・gdm－3forchromium

（n＝3）.

Application to the determination of

chromiuminriverwater

Therecommendedprocedurewasapplied

tothedeterminationofchromium inriver

water.Theriverwatersamplewascollected

fromtheKanameRiver,IshikawaPrefecture

on17August2005.TheKanameRiverisa

tributaryflowinginanorthwestresidential

areaofKanazawaCity,wherethereareafew

factoriesincludingametalplatingfactory.

Thepretreatmentoftheriverwatersample

wassimilartothatmentionedabove.The

finalsolutionoftherecommendedprocedure

wasdilutedtentimeswith1.2moldm－3of

nitric acid, since the concentration of

chromium wasveryhigh.Theresultsare

showninTable6.Thedeterminationwas

carriedoutbyacalibrationcurvemethod

andastandardadditionmethod.Forboth

chromium（III） and chromium（III） ＋

chromium（VI）,theconcentrationsobtained

with thetwo methodsdid notshow a

statistically significantdifferenceon the

basisofat-test（p＝0.05）.
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