
Spectrophotometric analysis of phosphate

concentrationinagriculturalsoilsamplesandwater

samplesusingmolybdenumbluemethod

Introduction
Thechemistryofsoilindicatesthatitcontains

severalchemicalcomponentsrangingfromorganic

toinorganiccompounds.Scientifically,itisdefined

astheoutermostorweatheredsuperficiallayerof

theearth’scrust.Theyareconsistsmainlyof

decomposedparentrockmaterial(organicmatter),

mineral(inorganic)matter,water,airandorganisms

(Weier,1973).Soilisacomplexsystemwhich

includesSoilandwaterisoneofthemajor

constituentsoftheearth.Geographically,theearth

crustcontains70%ofwater(hydrosphere)(Oladeji

etal.,2016).Fromrecentresearches,scientists

discoveredthatsoilandwatercontainsmany



metals,chemicalconstituentsorcompounds.Some

oftheseincludephosphates,nitratesandsulphates

amongstothers.Fromsoilplantabsorbswaterand

solutesnecessaryforitscontinuedwell-being.

Phosphorusisanimportantnutrientthatoccurs

widelyintheenvironment.Itisthekeyelements

necessaryforthegrowthofplantsandanimalsand

also,assistsinmetabolism.Intheearthcrust,itis

theeleventhmostabundantelementonthesurface

oftheearthandismostcommonlyfoundas

phosphate(ChaubeandGupta,1983).

Eutrophicationofsurfacewateriscausedby

increaselevelofphosphateinwaterandthis

increasesthegrowthofalgaetherebyreducethe

lightintensityandlevelofdissolvedoxygeninthe

water.Researchesandrecentreportindicatesthe



highutilizationofphosphatesindetergents,

fertilizers,sugarindustriesamongstothers,thusthe

determinationofphosphorusisimportanttowater

analystandlimnologist(KharatandPagar,2009).

Duetothesereports,variousphosphate

determinationprocedurestitrimetry,

complexogravimetry,colorimetry,atomicabsorption

spectroscopy,flowinjectionanalysis,and

spectrophotometrymethods(Verma,1988;Bøtker

etal.,1994).Intheattempttoquantitatethe

phosphatelevel,spectrophotometricmethodshave

beenpreferredbecauseitinvolvesnoextraction,

sosphicatedinstrumentsandeasilyaccessible.The

commonestspectrophotometricincludes

molybdovanadateandammoniummolybdate

methods(Vogel,1999).Inammoniummolybdate



spectrophotometricmethod,reducingagentssuch

astin(II)chloride,ascorbicacidand1-amino-2-

naphthol-4-sulfonicacidareoftenpreferred.Italso

involvestheformationofmolybdophosphoricacid

fromorthophosphateandanexcessofmolybdate

inacidicsolutionfollowedbyreductiontogive

molybdenumblue.Theconcentrationsor

phosphatelevelsinthesampleisproportionalto

theintensityofcolourproducedandtheabsorbance

ismeasuredspectrophotometricallyatacertain

wavelength.Intheattempttoreducethehealthand

environmentalhazardsbyphosphatecontamination,

spectrophotometricallyanalysisofphosphatein

soilandwatersampleisinevitable.

Materialsandmethods

Chemicalsandreagents



Allthechemicalsandreagentsusedwereanalytical

reagentgradeunlessotherwisestatedandthe

solutionswerepreparedindoubledistilledwater.

Instruments

Theabsorbanceweredeterminedusingultraviolet

visiblespectrophotometer,modelWPAS104UK

with1cmmatchedquartzcells.

Preparationofstandardsolutions(stocksolution)

About0.717gofpotassiumdihydrogenphosphate

(KH2PO4)wasaccuratelyweighedanddissolvedin

doubledistilledwaterandthevolumewasmade

500mLinavolumetricflask.Theworking

phosphatesolutionsofdifferentconcentrations

werepreparedbyserialdilutionofthestock

solution(Oladejietal.,2016).

Preparationofworkingsolutionofammonium



molybdate

About1.7081gofammoniummolybdatewas

accuratelyweighedanddissolvedin100mLof

warmwater;amilkycolourationwasobserved,

cooledandtransferredinto250mLvolumetricflask.

Preparationofdilutehydrochloricacid

Ameasuredamountofconcentratedhydrochloric

acidsolutionwasdilutedandmadeuptomarkina

100mLofvolumetricflask.

Preparationofdilutetrioxonitrate(V)acid

A measuredamountof50mLofconcentrated

trioxonitrate(V)acidsolutionwasdilutedandmade

uptomarkina100mLofvolumetricflask.

Preparationofhydrazinehydrate

About0.125gofhydrazinesulphatewasaccurately

weighedanddissolvedwithdoubledistilledwaterin



acleanbeakerina100mLstandardflaskandmade

uptocalibratedmark.

Soilsamplecollectionandpreparation.

SoilsamplewastakenfromGoddexandLinkway

FarmsinOgbomoso.Thesamplewasdriedfor10

days,sievedandstoredforfurtheranalysis.

Watersamplecollectionandpreparation

About50mLofwatersampleswerecollectedin

March,2016fromthreemajorrivers(Arowomole,

OdojeandAlapataRivers)locatedintheSouthern

partofOgbomoso,Nigeria.Thewatersampleswere

filteredusingfilterpaperNo.42.Thefiltered

sampleswasthenstoredincleansamplebottle.

Soilsampleanalysisforphosphates

About2gofthesoilsamplewasaccurately

weighedandplacedina250mLconicalflask,60



mLofHClandHNO3(ratioof3to1)wasaddedand

shakeninamechanicalshakerfor30min.The

digestionwasdonefor6h:30min.Thiswasthen

filteredusingfilterpaperWhatmannNo.41.About

15mLofthefiltereddigestedsamplewastaken,3

mLofammoniummolybdate,2mLofhydrazine

sulphatewasaddedandkeptinawaterbathfor30

min.Thebluecolourobservedwasmeasured

spectrophotometrically(Amponsahetal.,2014).

Watersampleanalysisforphosphates

About15mLofthefilteredwatersamplewas

accuratelymeasured,3mLofammonium

molybdate,2mLofhydrazinesulphatewasadded

andkeptinawaterbathfor30min.Thebluecolour

observedwasmeasuredspectrophotometrically

(Amponsahetal.,2014).



Resultsanddiscussion

Determinationofmaximumabsorbance

Theabsorptionspectraldataofthepotassium

dihydrogenphosphateusedasstandardagainstthe

reagentblank(water)exhibitthewavelengthof

maximumabsorbancearound740nm.

Calibrationcurveforthestandard(KH2PO4)

Themolybdenumbluemethodisbasedonthe

formationofphosphomolybdate.Ateffective

analyticalconditions,theamountofphosphatesis

proportionaltotheintensityofcolour(blue)inthe

stocksolution(KH2PO4).Thecalibrationcurveof

theabsorbancefromtheUV-visible

spectrophotometerofconcentrations0.5-3.0mg/L,

respectively,isgivenbelowinFigure1fromTable1.

Phosphateanalysisinsoilandwatersamples



Theanalyticalresultsofphosphateanalysisinsoil

andwatersamplesareshowninTable2.The

phosphatesconcentrationinsoilandwaterwas

obtainedbyinterpolatingthecalibrationcurveinFig

1.Thehighestconcentrationofphosphatewas

obtainedfromGoddexFarms(SF1)witha

concentrationof2.80mg/L,thelowestbeingOdoje

Riverwithconcentration(W2)of1.480mg/L.The

usesoffertilizers,detergents,fungicidesandeven

paintshavebeendiscoveredtobethemajor

pollutantsinOgbomoso,Nigeria.Thereisnohealth-

basedguidelineproposedforphosphate

consumption,thou,medicallyhighintakeof

phosphatecancausehealthproblemslikecancer,

ulcers,kidneyproblems,braindamageand

gastrointestinaleffects.Theuseoffertilizers,



herbicides,fungicidesinfarmhelpimprovethe

qualityoffarmproduce.Theenvironmental

protectionagencyhasarecommendedlimitfor

phosphateslevelsinsoilandwaterbodies.For

streamsandriverstheEnvironmentalProtection

Agencyrecommendedlimitis



1.1mg/L.Thefollowingrecommendationsarealso

given for phosphate consumptions: total

phosphorus;nomorethan0.1mg/Lforstreams

whichdonotemptyintoreservoir,0.05mg/Lfor

streamsdischargingintoreservoirsand0.025

mg/Lforreservoirs(Oladejietal.,2016).Itis

recommendedthathealthauthoritiesbenotified

ofsourcesofdrinking.Manmadesourcesof

phosphateincludehumansewage,agricultural

run-offfromcrops,sewagefromanimalfeedlots,

pulp and paperindustry,vegetable and fruit

processing,chemicalandfertilizermanufacturing,

anddetergents(McCoy,2011).

1.2Thehighestconcentrationofphosphatesat

GoddexFarms(SF1)couldbeattributedtothe

mixedfarmingactivitiesinthefarm.Therewas



anindicationthattheuseofmanure(cowdung)

andinorganicfertilizers(phosphatefertilizers)

wastheusualpracticeinthisfarm.Theuseof

fertilizers in agriculture is paramountwhen

compare with herbicides, fungicides and

nematocidesuses.Thehighlevelofphosphates

insoilsamplestakenfrommaizefields(SF1and

SF2)couldbeduetotheuseofphosphates

fertilizersandhavehigherlevelwhencompared

tosoilsamplestakenfrom landssprayedwith

phosphatesfungicides.Inwatersamples,the

high levelof phosphates was recorded in

ArowomoleRiver(W1).Thiscouldbeduetothe

industrial,humanandfarmingactivitiesinthe

community.The dumping ofrefuse,sewage,

humanwastecouldalsobeamajorfactor.The



laundryactivities,car-washing,blockindustryand

alsofarmingactivitiesarealsomajorcontributing

factors(McCoy,2011).Also,inAlapataRiver,W3,

residents close to this watersource uses

phosphatecontainingdetergents.





Conclusion

Thespectrophotometricanalysisusingammonium

molybdateasreductantsprovedeffectiveanalytical

forthedeterminationofphosphate.Itinvolvesthe

reductionofphosphomolybdatebypotassium

dihydrogenphosphate.Thephosphate

concentrationinthesampleswasmeasuredat740

nm.Thephosphateslevelsarehighinallthe

sampleswhencomparedtotheEnvironmental

ProtectionAgency.Thiscouldbeduetonatural

suchaserosionandweathering,agriculturaland

alsohumanactivities.Intheattempttopreventthe

effectsofhighphosphates,theuseofphosphate

containingmaterialssuchbereduceandthepeople

intheseareashouldbeenlightenonthehealth

effectsonthesephosphatelevelscancause.


