ACID RECOVERABLE METALS S-17.1
Open Vessel Digestion and Dissolution

Scope and Application

The methodsemi-quantitatively determinesthe concentration of Al, Sb, As,Ba, Be, Cd, Ca, Cr, Co, Cu, Fe,Pb,P,Mg,Mn, Mo, Na, Ni,
K,Se,Ag,Na, Th, Ti,V,and Zninsoilmaterials utilizing anitricacid extraction/dissolutionin conjunctionwith heatingonahotplate.
Thismethodcloselyfollowsthat outline din EPAmethod 3050A. Digestanalyte concentrationsare determinedbyatomicabsorption
spectrometry (AAS)andinductively coupled plasmaatomicemissionspectrometry (ICP-AES). Phosphorus, S,and B,analysesrequire
anICP-AESwithavacuumspectrometer. Potassium, Ca, Mg, Na, Zn,Cu,Mn,andFe canbe analyzed by AAS orICP-AES. Nitricacid
digestsmaynotprovide 100%recoveryofAl, Si,Fe,and Se. Themethod hasadetectionlimitofapproximately 0.01%forP, K, Ca,
andMgand0.2mgkg*forB, Zn, Cu, Fe, Mnand Mo (sample dry basis). Themethod canalso be used forthe determination oftrace-
elements (Co, Cd, Ni, Pb, etc.) and is generally reproducible within & 7.0% for all analytes.

Equipment

Analytical balance: 100.0 g capacity, resolution & 0.1 mg.

Hot plate system, capable of 150 °C.

Repipette dispensers, calibrated to 0.5 & 0.05 mL and 2.0 & 0.08 mL

Polypropylene or teflon digest beaker, 50 mL volume.

AtomicAbsorption Spectrophotometer (AAS)and/or Inductively Coupled PlasmaAtomicEmission Spectrometer (ICP-AES),
vacuum or purged system.
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Reagent
1. Deionized water, ASTM Type Il grade.
2. Micro® clean detergent.
3. Concentrated nitric acid, trace metal grade, 12 N.
4. Concnetrated Hydrochloric Acid, ACS reagent grade.
5. StandardCalibrationsolutionsof Al, Sb, As,Ba,Be,B,Cd, Ca,Cr,Co,Cu,Fe,Pb,P,Mg,Mn,Hg,Mo,Ni,K,S, Se, Ag,Na,

Sr,Th,Ti,V,andZn. Preparefive multielementstandards: ofK,Ca, Mgrangingfrom5-500mgL 1-p,S,and Naranging
from1.0-100 mgL%;andB,Zn,Mn,Fe, MoandCu, rangingfrom0.10-10.0mgL "*. Dilute standard calibrationsolutions
with 5 % nitric acid.

Procedure

1. Weigh1000+5.0mgofofair-driedsoil pulverizedto pass 20meshsieve (<0.80 mm)soil material (See Comment#1,#2
and#3)and place inappropriate microwavevessel. Forhydrocaboncontaminated soilsuse nomorethan 200.0mg. Include
a method blank.

2. Usingrepipettesadd9.0+0.1 mLoftrace metal grade concentratednitricacidand 3.02=0.1 mLofconcentrated hydrochloric
acid. Ensure that the sample is completely wetted by the reagents.

3. Place digestion beaker on hot plate at 120 °C for 4 hours and allow to digest.
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6. Quantitativelytransferthe sampletopolypropylenelabware. Samplescontaining suspended particulateswillrequire
centrifugation or filtering.

7. Quantitativelytransferthe contents ofthe digestionvesselintothe centrifugetube, diluteto 15mL finalvolume, cap
centrifuge tube, invert three times and store (See Comment #5, #6 and #7).

8. Elementalanalysisofsoildigestscanbemadeusingatomicabsorptionspectrometry (AAS)orinductively coupled plasma
atomicemissionspectrometry (ICP-AES), or other methodologies. The method chosenwill determine specific matrix
modifications, calibrationstandards used, andthe needforinstrumentspecificsample preparationsanddilutions.
Determinationoftrace elementsbyICP-AES (Co, Cd, Ni,Mo, Pb) maybefacilitated by the use ofanultrasonic nebulizer
(Soltanpour, 1996). Adjustand operate instrumentsinaccordance with manufacturer'sinstructions. Calibrateinstrument
using calibrationsolutions. Determinetheanalyte concentrations ofamethodblank, unknown samplesandrecord
concentrations in mg L%,

Calculations

Report Elemental constituents to the nearest 3 significant digits as mg kg™*:

Analyte Content = (mg L™* - method blank) x (30) x (0.0001)
Sample Mass (mg)

Comments

1. TeflonPFA digestionvessel(liners)shouldbecleanedaccordingtothefollowing procedure: (1) soaklinersin 1% solution of
labware detergentforonehour; (2)rinse vesselsintapwater; (3) rinse in solution of 0.5NHCI; (4) three deionized water rinses
(ASTM Type | grade); and (5) dry for one hour at 80 °C. Do not brush containers to clean.

2. Sample material must be ground to pass a 20 mesh screen (< 0.40 mm opening), to ensure homogeneity.

3. Check repipette dispensing volume, calibrate using an analytical balance.

4. Whenaddingreagenttovesselsalwayswearprotective clothing(i.e.eyeprotection,labcoat, disposable glovesandshoes).
Always handle reagents and opening of vessels in an acid hood capable of high air flow, 100 cfm.

5. Centrifuging may be necessary to clear the digest.

6. Samples having analyte concentrations exceeding the highest standard will require dilution and reanalysis.

7. Place 3.0 mLof concentrate Micro® clean detergent(Baxter Scientific) in digestion vesseland allowto stand 30 minutes, rinse
out any particulate, and finish cleaning according to set vessel cleaning procedure.
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ACID RECOVERABLE METALS S-17.2
Microwave Digestion Dissolution

Scope and Application

The methodsemi-quantitatively determinesthe concentration of Al, Sb, As,Ba, Be,B,Cd, Ca, Cr,Co, Cu, Fe,Pb,P,Mg, Mn, Hg, Mo,
Ni,K,S,Se,Ag,Na, Sr, Ti,V,and Zninsoilmaterials utilizinganitricacid/hydrochloricacid extraction/dissolutionin conjunctionwith
microwave heatinginclosedteflonvessels. ThismethodcloselyflowsthatoutlinedinEPAmethod 3051A. Digestanalyte
concentrationsare determinedbyatomicabsorptionspectrometry (AAS)and inductively coupled plasmaatomicemissionspectrometry
(ICP-AES). Potassium,Ca, Mg, Na, Zn, Cu, Mn,and Fecanbe analyzed by AAS or ICP-AES. Microwave nitricacid/hydrogen peroxide
digests maynotprovide 100%recovery ofallmetals. The method hasadetectionlimitofapproximately 1.0 mg kg *mgforAl,Ca,
Fe,K,Mg,Na,P,andS;and0.01mg kg'lfoer,As, Ba,Be,B,Cd,Ca,Cr,Co,Cu,Pb Mn,Hg,Mo,Ni, Se,Ag,Na, Sr,Ti,V,and Zn
(sample dry basis). The method is generally reproducible within & 7.0% for all analytes.

Equipment

1. Analytical balance: 250 g capacity, resolution = 0.1 mg.

2. Microwavedigestionsystemandteflondoublewall digestionvesselsequippedwithacontrolled pressure reliefmechanism

and temperature and/or pressure feedback control (See Microwave Calibration, Comment #1).

Repipette dispensers, calibrated to 0.5 & 0.05 mL and 2.0 & 0.08 mL

Polypropylene centrifuge tube with cap, 15 mL graduated.

5. AtomicAbsorption Spectrophotometer(AAS)and/or Inductively Coupled PlasmaAtomic Emission Spectrometer (ICP-AES),
vacuum or purged system.

P w

Reagent
1. Deionized water, ASTM Type Il grade.
2. Micro® clean detergent.
3. Concentrated nitric acid, trace metal grade, 12 N.
4. Concentrated hydrochloric acid.
5. StandardCalibrationsolutionsof Al, Sb,As,Ba,Be,B,Cd,Ca,Cr,Co,Cu, Fe,Pb,P,Mg,Mn,Hg,Mo,Ni,K,S,Se,Ag,Na,

Sr, Ti, V, and Zn. Prepare five multi element standards: Dilute standard calibration solutions with 5% nitric acid.

Procedure

1. Weigh500+5.0mgofair-driedsoil pulverizedto pass20meshsieve (<0.800 mm)soilmaterial (See Comment#2,and
#3)andplace inappropriate microwave vessel. Foroilcontaminated soilsuse nomore than200.0mg. Includeamethod
blank.
2. Usingrepipettesadd9.0+0.1 mL oftrace metal grade concentrated nitricacidand 3.0+0.1 mL concentrated hydrochloric
acid (See Comments #4 and #5). Ensure that the sample is completely wetted by the reagents.
Place digestion vessel in outer body shell, cap and allow the sample and reagents to predigest for thirty (30) minutes.
4. Close vessel according to manufacturers directions and connect appropriate temperature and pressure sensors.

w
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5. Methodisperformanceisdesignedtoachieve asampletemperature of 175+ 5°Cforinapproximately’5.5+0.25minutes
andremainat175°C%for4.5minutesforatotal digestiontime often (10) minutes. Adjustmicrowave temperature
interlockstoachievethesedesiredlimits. The pressureshould peak betweenfive (5)andten (10) minutesformostsamples.
Atthe end of microwave digestionallowvesselsto coolforfive (5) minutes, removeand allowto cooltoroomtemperature
(optional - place in freezer to cool for thirty minutes).

6. Carefullyuncapandventeachvesselinachemicalfumehood. Quantitatively transferthe sampletoanacid-cleanedbottle.
Samples containing suspended particulates will require centrifugation or filtering.

7. Quantitativelytransferthe contents of the digestionvesselintothe centrifuge tube, diluteto 15mL finalvolume, cap
centrifuge tube, invert three times and store (See Comment #8, #9 and #10).

8. Elementalanalysisofsoil digestscanbe made usingatomicabsorptionspectrometry (AAS) orinductively coupled plasma
atomicemissionspectrometry (ICP-AES),orothermethodologies. The method chosenwilldetermine specificmatrix
modifications, calibrationstandardsused, andthe needforinstrumentspecificsample preparationsanddilutions.
Determinationoftrace elementsby ICP-AES (Co, Cd,Ni, Mo, Pb) maybefacilitated by the use ofan ultrasonicnebulizer
(Soltanpour, 1996). Adjustand operateinstrumentsinaccordancewithmanufacturer'sinstructions. Calibrateinstrument
usingcalibrationsolutions. Determinetheanalyte concentrationsofamethodblank, unknownsamplesandrecord
concentrations in mg L%,

Calculations

Report elemental constituents to the nearest 3 significant digits as mg kg™*:

Analyte Content = ( Digest mg L™* - Method Blank) < (Final Digest Dilution Volume in Liters)
(Sample Mass (mg)) > 1000

Comments

1. MicrowaveCalibration:Place1.00.1kg ofdeionizedwaterinteflonbeakeranddeterminedwatertemperaturetothe nearest
+0.5 °C. Microwaveat40% powerfortwo (2.020.01) minutes, vigorously stirsolutionforthirty (30) secondsandrecord
temperatureto+0.5°C. Repeatusing successive microwave power settings 0f50%, 60%, 70%, 80%, 90%, 95%, 100% with
afresh aliquotofdeionizedwatereachtime. Absorbed powerinwatts (P)canbe calculated usingthe changeintemperature

(AT according to Equation S-16.1-1:

P =(AT) x (34.86) [equ. S-16.1-1]

Plotmicrowave calibrationfunctionofappliedenergyasapercentversusabsorbed powerin watts.  Verifyandcheck
microwave calibration every three months.

2. TeflonPFA digestionvessel(liners)shouldbecleanedaccordingtothefollowing procedure: (1) soaklinersin 1% solution of
labware detergentforonehour; (2) rinsevesselsintapwater; (3)rinseinsolution of0.5N HCI; (4) three deionized waterrinses
(ASTM Type | grade); and (5) dry for one hour at 80 °C. Do not brush containers to clean.

3. Check repipette dispensing volume, calibrate using an analytical balance.

4. Whenaddingreagenttovesselsalwayswear protectiveclothing(i.e.eyeprotection,lab coat, disposable glovesandshoes).
Always handle reagents and opening of vessels in an acid hood capable of high air flow, 100 cfm.

5. Somematerialscontaining carbonatesororganic mattermayreactviolentlyandresultinrupture sealfailure. Whendigesting
these materialsreduce sample massto 200 mgofsample material. Ifavigorousreactionisnoted, allowsampleto predigest
uncapped until reaction ceases.
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6. Inspectvessel rupture seal in the cap for replacement.

7.  Followmicrowave manufacturer'sinstructionsfor microwave power calibration. Applying excessive microwave power mayresult
in rupture seal or vessel failure.

8. Centrifuging may be necessary to clear the digest.
9. Samples having analyte concentrations exceeding the highest standard will require dilution and reanalysis.

10.Place 3.0 mLof concentrate Micro® cleandetergent (Baxter Scientific)indigestionvesselandallow tostand 30minutes, rinse
out any particulate, and finish cleaning according to set vessel cleaning procedure.
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BOTANICAL SAMPLE METHODOLOGIES
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DETERMINATION OF DRY MATTER CONTENT OF BOTANICAL MATERIALS P-1.10
Gravimetric Moisture

Scope and Application

This method quantitatively determinesthe dry matter percentage inbotanical materials based onthe gravimetricloss of free water
associatedwith heatingto 105°Cforaperiod oftwohours. The methodis destructive withrespecttothe sample. Drymatterfraction
isusedto correctthe sample elementconcentrationtoanabsolutedry matterbasis. The method doesnotremove molecularbound
water and is generally reproducible within = 7%.

Equipment
1. Analytical balance: 250 g capacity, resolution £0.001 g.
2. Aluminum weight dish with handle.
3. Drying oven, preheated to 105 °C.
4. Desiccator, containing a desiccating agent.
Procedure

1. Weighapproximately 2 gof airdry botanical ssmple materialintoatared aluminumweigh pan(preweighedtonearest0.001
g) and record moist sample weight to the nearest 0.001 g.

2. Place sample and weigh pan in drying oven for a minimum of two (2) hours.
3. Remove and place pan in desiccator for one (1) hour.
4. Weigh sample and pan on balance, weigh and record mass to nearest 0.001 g.
5. Dispose of sample (see comment #1).

Calculation

Sample dry matter % = (1 - (Sample moist wt.) - (sample dry wt. - pan tare wt.) ) < 100
(Sample dry weight - pan tared weight)

Report dry matter content to the nearest 0.1 %.

Comment

1. Dryingsamplesat105°C may volatilize some carbon, nitrogenand sulfur compounds. Therefore, materialusedformoisture
content should not be used for inorganic analysis.

Literature
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TOTAL KJELDAHL NITROGEN DETERMINATION IN BOTANICAL MATERIALS P-2.10
Micro-Kjeldahl

Scope and Application

TheKjeldahlmethod quantitatively determinestheamountof nitrogen (@mmoniumand protein) in botanical materials based onthewet
oxidationoforganic matterusing sulfuricacidanddigestion catalystand conversion of nitrogentoammonium (lssacand Johnson, 1976).
Ammonium may be determinedby distillationintoboricacidandtitration(Jones, 1989); spectrophotometricmeasurement (automated
ormanual); ordiffusion-conductivity (Carlson, 1978). Themethod doesnotquantitatively recover nitrogenfromheterocyclicrings(such
asnicotinicacid) orfrom oxidizedformssuchasnitrateandnitrite. The Kjeldahl digestcanbe usedforthe determinationof planttotal
phosphorus. The methodisusedtoassess plantnitrogensufficiency levels (ChapmanandPratt,1961). Themethod detectionlimit
is approximately 0.05% nitrogen (dry sample basis) and is generally reproducible within = 8%.

Equipment

1. Analytical balance: 100 g capacity, resolution = 0.1 mg.

2. Acid fume hood and digestion heating block (400 °C).

3. Volumetric digestion tubes, 75 mL.

4. Repipette dispenser, calibrated 3.0 = 0.1 mL.

Reagents

1. Deionized water, ASTM Type | grade.

2. Digestcatalystaccelerator: prepared by mixing(100:10:1) 100gpotassiumsulfate (K,SO ), 10ganhydrouscoppersulfate
(CuS0O,),and1.0 gselenium(Se) metal powder. Thiscanbepurchasedasaprepared materialunderthe brand nameKjel-
tab, distributed by various chemical suppliers.

3. Concentrated sulfuric acid (H,SO,), reagent grade.

4. 30% hydrogen peroxide (H,0,); use fresh, as this material rapidly decomposes.

5. Standardcalibrationsolutions of NH,-N. Preparesixcalibrationstandardsrangingfrom0.2to40.0mgL " concentration,
diluted with 4% (v/v) sulfuric acid, prepared from 1000 mg L't ammonium nitrogen standard solution.

Procedure

1. Determine the moisture content of the botanical material on a sub sample, Method P - 1.10.

2. Weigh250.0 +5.0 mgofairdriedbotanical material (See Comment#1)andplaceinintoa75mLvolumetricdigestiontube
(50 ml or 100 mL digestion tubes may be substituted). Include a method blank.

3. Add Kjel-tab and 6.0 mL of concentrated sulfuric acid (See Comments #2 and #3).

4. Mixonavortexstirrerfifteen (15) secondstothoroughlywetthesamplewithacid. Note: itisessentialthatalldry sample
material be completely moistened by acid and well mixed to insure complete digestion.

5. Placethedigestiontube onadigestionblock, preheatedto370°C for thirty (30) seconds orlong e noughtoachievecomplete
botanical material breakup.

6. Removefromthedigestionblockand carefully( slowly)add?2-5 mLof30%hydrogenperoxidein1mLincrementstoeach
digestiontubeuntildigestsbegintoclear. Becausethisreactiontakesplace veryrapidly, slowadditions avoidexcessive
foaming.

7. Placethedigestiontubebackonthedigestionblock maintainedat370°C fortwo(2)hours. ifexcessivefoamingoccurs,
removefromheat,cooltwo(2) minutesandaddanadditional 1-2mLofhydrogen peroxide. Atcompletion,ablue-green
color may persist.

8. Removesamplesfromblockandleaveunderfumehoodfor5-10minutes. Thenadd10-20 mLofdeionizedwaterusinga

washbottletoeachtubeto preventhardeningandcrystalformation. Dilute digestiontubestovolumewithdeionizedwater,
cap, and invert three times.
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