EXTRACTABLE SOIL SULFATE-SULFUR S-11.10
Calcium Phosphate - Turbidimetric Method

Scope and Application

Thismethod semiquantitatively determinestheamountofsulfate-sulfur (SO,-S) in soils by extractionwith Ca(H,PO,),-H,Owith
subsequentdetermination of SO,-Sbyturbidimetriceasurement. Calciumphosphateis utilized tosupressthedissolution oforganic
matterandforthe removal of sulfate that maybeabsorbed. TurbidimetricanalysisisbasedontheformationofBaSO,crystalsina
suspensionandsubsequentmeasurementofoptical density. Theturbidimetricmethodwillrequire practiceto become proficient. It
issensitivetohighconcentrations of dissolvedsoil organic carbonwhichmaylead toanunderestimation of SO S (Ajwaand Tabatabai,
1993). Sulfate-sulfurcanalso be determinedusingionchromatographyusingan AS4Acolumn. Soil SO Sisonlyanindexof plant
availablesincesulfurisalsoavailablefromthe mineralization of organic matter, irrigationwaterandatmosphericdeposition. The
method has a detection limit of 2.0 mg kg™ (dry basis) and is generally reproducible to with in == 15%.

Equipment
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Analytical balance: 250 g capacity, resolution = 0.01 g.

Reciprocating horizontal mechanical shaker, capable of 180 oscillations per minute.
Erlenmeyer flasks, 125 mL.

Magnetic stirrer.

Whatman No. 42, S&S 597 or equivalent highly retentive filter paper.

Repipette dispenser calibrated to 25.0 + 0.2 mL

Pipette 10.0 mL.

Nephelometer, Turbidimeter or spectrophotometer 420 nm filter.

Reagents

1. Deionized water, ASTM Type | grade.

2. Calciumphosphateextractionsolution,0.08 M (containing 500 mg L *PO,-P): Dissolve 2.03gofanalyticalgrade Ca(H,PO,),
- H,0 in 1000 mL of deionized water (see Comment #1).

3. ActivatedCharcoal (See Comment#2). Mix100g of Darco G-6 activated carbonwith calcium phosphate extractionsolution
andthoroughlywetcarbon. Capcontainer,shake,andfilter slowly through buchnerfunnel. Washthreetimeswithdeionized
water and verify removal of SO,-S.

4. Acid“seed”solution,20 mgL*Sin5.8NHCI: Dissolve0.1087ganalyticalgradeK ,SO,in 500 mL of deionizedH,0and
add500mLofconcentrated HCI. Add Tefloncoated magneticstirbarand place onstirrer. Add 5.0g of poweredgumacacia,
or gelatin (See Comment #3) suspension agent slowly add 400 mL of 40°C deionized water, dissolve lumps and bring to
500 mL. Bring to 1000 mL final volume with acetic acid, CH;COOH (99%), slowly stirring.

5. Bariumchloride crystals. Parrturbidimetricgrade, BaCl»-2H,Ocrystals20-30mesh. UsehighpurityBaCl, , aslow purity
may result in low recovery of SO,-S (See Comment #4).

6. StandardSO,Scalibrationsolutions. Prepare100mgL™*SO,-S calibrationsolution, dissolve 0.5434 gof ovendry K,SO,

in500 mL of deionizedwateranddilutetooneliter. Prepare six 100mL calibrationsolutionsof: 0.5,1.0,2.0,4.0,6.0,and
8.0 mg L' SO,-S and diluted to final volume with calcium phosphate extraction solution.
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Procedure

1. Weigh10.0+0.1gofairdrysoil pulverizedto pass 10meshsieve (<2.0mm)into 125mL Erlenmeyerextractionflasks (See
Comment#5). Add 25 mL of calcium phosphate extractionsolutionusing repipette dispenserandplace onreciprocating
mechanical shaker for thirty (30) minutes. Include a method blank.

2. AddO0.15gofactivated charcoalandshakeforanadditionalthree (3) minutes. Repeatwith25mLaliquotofSO,-S calibration

solutions.

Filter extract through paper, refilter if filtrate is cloudy.

4. Place 10.0 mLaliquotof soilextractin 25 mL flask,andadd 1.0mL ofseedsolutionandswir. RepeatwithSO,-S calibration
solution and method blank (See Comment #6 and #7).

5. Placeflaskonmagneticstirrerandadd0.3gofBaCl,.2H,Ocrystals. Stirforfive (5)minutesandthenread optical density
(orpercenttransmittance) onanephelometer, turbidimeter or spectrophotometer at420nm(See Comment#8). Zerooptical
densitywithdeionizedwater. Repeatwith SO, Scalibrationsolutionsandmethodblank. Usingstandard calibrationsolutions
determine SO,-S concentration of soil extractsand method blank by plotting log of transmittance versusstandard
concentration. Record as mg L of analyte in extract solution to the nearest 0.5 mg L%,
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Calculations

Report soil sulfate-sulfur (SO,-S):

mg kg™ = (mg L™ SO,-S in soil extract - method blank) x (2.5)
Comments

1. Foracidicsoils(pH<5.5)add 10mLofconcentrated HCltoextractantsolution. Acidified phosphate extraction solutionsare
more reliable for use on acid soils which may contain absorbed sulfate.

2. Forsoilscontaininglowconcentrationsof SO,-S labile organic matter may preventthe formation of bariumsulfate crystals
resultinginalow bias SO,-S concentration. Labile organicmattermay be removedby theaddition of activated charcoal or
hydrogenperoxide. Fororganicsoilsthe volume of extraction (1:5) solution mustbeincreased toaccountfor high potential
SO,-S concentrations.

3. Anumberofsuspensionagentshavebeenreportedintheliteraturewhichinclude: gumacacia, gelatin, glycerol, PVP-K30
(polyvinylpryrolidinone),and Tween80whichhave proveneffective inturbidimetricanalysis. Each ofthesewillrequire
experimentationandpracticeusingSO,-S spikingtofully refinethetechnique. Foruse of PVP-K30 (polyvinylpryrolidinone)add
10 g to 700 mL and dilute to 1000 mL final volume.

4. UseBaCl,specificallydesignatedforturbidimetricdetermination of sulfate-sulfur. Sources: J. T.BakerCat. Parr Turbidimetric
BaCl,, JT0974-5; VWR JT0974-5; and GFS Chemicals Reagent Grade ACS #602.

5. Pre-rinse all extraction flasks, turbidimetric and spectrometer cuvette in hot water followed by 0.5N HCI rinse.
6. Check repipette volume, calibrate using an analytical balance.

7. HClisincludedintheturbidimetric*“seed” solutionto preventthe precipitation of alkalimetalswith carbonateand phosphateand
provide nucleus for initiating precipitation.

8. DevelopmentofBaSO,suspensionrequirescontinuous mixingand developmentmayrequirefrom 1-10minutes. Itisessential
that time of development be equivalent for both standards and unknown samples.
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