SOIL KJELDAHL NITROGEN S-8.10
Scope and Application

TheTotalKjeldahlNitrogen (TKN) methodis based onthe wetoxidation of soilorganic matter using sulfuricacidand digestion catalyst
and conversion oforganicnitrogentoammoniumnitrogen. Ammoniumisdetermined using spectrophotometric, diffusion-conductivity
ordistillationtechniques. Themethodisreadilyadapted tomanual orautomatedtechniques. The proceduredoesnotquantitatively
digestnitrogenfromheterocycliccompounds (boundinacarbonring), oxidized compoundssuchashitrate, orammoniumfromwithin
mineral lattice structures. The method has a detection limit of approximately 0.020% N and is generally reproducible within =+ ¢

Equipment
1. Analytical balance: 250 g capacity minimum = 0.1 mg.
2. Acid fume hood.
2. Volumetric digestion tubes, 75 mL and digestion heating block (400 °C).
3. Repipette dispenser, calibrated to 3.0 = 0.2 mL.
4. Spectrophotometer, diffusion-conductivity instrument or distillation apparatus.

Reagents
1. Deionized water, ASTM Type | grade.
2. Sulfuric acid, concentrated - reagent grade.
3. Digestion Catalyst (K,SO,, CuSO,, and SeOQ: ratio 100:10:1), Kjel-tab.
4.  StandardCalibrationsolutions(NH,-N). Prepare sixworking standards ofammonium, concentrationrange0.1-40mgL?,

made from 1000 mg L™t ammonium nitrogen standard solution and diluted to volume with 12 % sulfuric acid (V/v).

Procedure

1. Weight1.000+0.005gofairdrysoiltopass10meshsieve(<2.0mm)intoa75.0mLvolumetricdigestiontube (See
Comment #1). Include a method blank.

2. Adddigestioncatalyst,(200mgofmixed catalystorKjel-tab)and 3.0mL of concentrated sulfuricacid (See Comment#2and
#3). Note: itisessential thatalldry material be completely moistened by acid and wellmixedtoinsure complete digestion.

3. Placetubesonadigestionblockat 150°C and after thirty (30) minutes raise to 350°C fortwo(2) hours oruntilsamplesare
completely digested. At completion, mineral soils will be whitish-gray and organic soils blue-green in color.

4. Removesamplesfromblockand placeunderfumehoodfor5-10minutes. Add 10-20mL ofdeionizedwaterusingawash
bottletoeachtubetopreventhardeningand crystalformation. Dilute digesttovolumewithdeionizedwater, cap, invertthree
times, and allow digest to clear.

5. Determinedigestammoniumconcentrationusingthespectrophotometric, diffusion-conductivity instrumentsor distillation
techniquesusingstandard calibrationsolutions (See Comment#4 and#5). Theammoniumnitrogen contentofthedigest
solutioncanbedeterminedwitharapidflowanalyzer (Technicon Method No. 334-74A/A) oranflowinjectionanalyzer (FIA).
Thisdeterminationcanalsobe made usingtheKjeldahldistillationmethod. Adjustand operateinstrumentsinaccordance
withmanufacturer'sinstructions. Determineammoniumconcentrationofamethodblank, unknownsamplesandrecord
ammonium concentration as mg L™ of NH,-N in soil digest.
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Calculations
Report total Kjeldahl nitrogen results to the nearest 0.001% as:

%N = (mgL*NH,Nin digest - method blank) % (0.075) < (#0@) S -8.10-1]
(Sample size mg)

Comments
1. Use 250 mg of soil if sample is greater than approximately 10% organic matter.
2. Check repipette dispenser delivery volume, recalibrate using an analytical balance.

3. Whenaddingreagentstovesselsalwayswear protective clothing (i.e. eye protection, lab coat, disposable lab gloves,and shoes).
Always handle reagent and digestion labware in hoods capable of high air flow, 100 cfm.

4. The Kjeldahl method outline by Bremmer and Mulvaney (1982) is modified eliminating the water from the digestion step.

5. Kjeldahl soil acid digest is classified as hazardous waste and must be disposed of in a suitable manner.

Literature
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SOIL ORGANIC MATTER S-9.10
Walkley-Black Titration Method

Scope and Application

This methodquantifiestheamountofoxidizable soil carbonasdeterminedby reactionwith Cr,0,* and sulfuric acid. The remaining
unreacteddichromateistitratedwithFeSO,using Ortho-phenanthrolineasanindicatorandorganic carbon calculated by difference.
The methodisbaseduponthat describedby Mebius(1960)andisanestimate since notallthe organic carbon presentisoxidized.
Soilorganicmattervalues are usedto estimate potential nitrtogenmineralization, for pesticide managementandforcrop production
management. Chromiumdisposal costs haveforced manylaboratoriestoconsider Lossonlgnition (LOI, see Method 9.20)asameans
forestimating soilorganic matter content. The method detectionlimitisapproximately 0.10%andisgenerally reproducibletowith

in &+ 8%.

Equipment

NoakwdkE

Analytical Balance: 100 g capacity, resolution = 0.001 g.

Erlenmeyer flask 125 mL and 250 mL beaker.

Buchner funnel 11 cm.

Whatman No. 42 filter paper 11 cm, or equivalent highly retentive filter paper.
Repipette dispenser(s), calibrated to 5.0 + 0.1, 10.0 = 0.2 and 15.0 = 0.2 mL.
50 mL burette with graduations of 0.1 mL.

Magnetic stir plate and microsize teflon coated magnetic stir bar.

Reagents

1. Deionized water, ASTM Type | grade.

2. Potassiumdichromatesolution, 1.0 N solution: Dissolve49.04gofK ,Cr,O; (dried at 105°C) indeionized wateranddilute
to 1000 mL.

3. Ferroussulfate heptahydrate solution, 0.5N: Dissolve 140gofFeSO,.7H,0in500 mL of deionizedwater,add 15.0mL
of concentrated 16 N H,SO, and dilute to 1000 mL. (See Comment #1).

4. Concentrated sulfuric acid solution (16 N).

5. Ortho-phenanthroline-ferrous complexsolution,0.025M. Dissolve 3.71gofO-phenanthrolinemonohydrateand 1.74g of
FeSO,. 7H,0 in deionized water and dilute to 250 mL. Store in plastic bottle (See Comment #2).

Procedure

1. Weigh0.500+0.005gofairdry soil pulverizedto pass40 meshsieve (<0.42mm)(SeeComment#3)into 125mL
erlenmeyer flask. Include a blank solution.

2. Usingrepipettedispenseradd5.0mLof1.ONKLCr,O,solutiontothe flask containingsoil. Includeablankflask (See
Comment #4).

3. Usingarepipetteaddrapidly 10.0 mLof concentratedH,SO,acid, directingthe streamofliquidinto the center of soil
suspension. Immediately swirlforone (1) minute, coolonaheatresistantsurface for thirty (30) minutesandadd 100 mL of
deionized water.

4. Filter the suspension into 250 mL beaker and refilter if filtrate is cloudy (See Comment #5).
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5. Add0.30mLof Ortho-phenanthroline-ferrous complex0.025 Mindicator solution. Titrate the solutionwith 0.50N ferrous
sulfate from 25 mLburet(See Comment#6). Astheendpointisapproached, the solutiontakesonagreenishcastand
changesto darkbluegreen. Anadditional 0.20 mLofindicator may be usedtosharpentheendpoint. Atthispoint,addthe
ferroussulfate dropby dropuntilthe colorchangessharplyformbluetoorangered (marooninreflectedlight)andrecord
amount (mL) of ferrous sulfate solution used (See Comment #7).

Calculations
Normality (N) FeSO, = mL K,Cr,0, =< N K,Cr,0O,
mL FeSO,
meq FeSO, = mL FeSO, < N (FeSO,)
Organic Carbon (%) = ((meg K,Cr,0, - meq FeSO,) % 0.003 < 100
sample dry weight = 1.33 - blank
Organic Carbon (%) = ((5 - meqg FeSO,) % 0.399) - blank
sample dry weight (See Comment #8)
Organic Matter (%) = 1.72 < Organic Carbon %
Comments
1. Allow solution to cool to room temperature before diluting to standard volume. Store in pyrex bottle.
2. N-phenylanthranilicacid canbe substituted asanindicator: dissolve 0.100g of N-phenylanthranilicacidand0.107 g of Na,CO;
in deionized water and dilute to 100 mL. The endpoint proceeds rapidly from violet to gray to bright green.
3. Forsoilscontaining greaterthan8 mg of organiccarbonreduce samplesize. Soilsshouldbe pulverizedto pass30meshsieve
(0.5 mm).
4. Whenaddingreagentstovesselsalwayswear protective clothing (i.e. eye protection, labcoat, disposablelabgloves,andshoes).
Always handle reagent and digestion labware in hoods capable of high air flow, 100 cfm.
5. The filtrate is classified as a hazardous waste and must be disposed of in a suitable manner.
6. Flush burret with 0.5 N ferrous sulfate solution before titration, as it is light sensitive.
7. Ifmorethan75%ofthedichromateisreduced, repeatwithsmallersamplesize. Samplescontaininglargeamountsof manganese
or carbonates may give erroneous results and require pretreatment with 0.1 N HCI to remove.
8. Thevalueofl.33representsanaverage correctionfactorsince the dichromate does notcompletely oxidize all soil organiccarbon.

Thevalue may be replacedby amore suitable value found throughexperimentation. Multiply organiccarbonvalueby 1.72to
calculate organic matter (%o).
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SOIL ORGANIC MATTER S-9.20
Loss On Ignition Method

Scope and Application

This method semiquantifiestheamountofoxidizable organic matterasdetermined by the gravimetricweightchange associatedwith
hightemperature oxidationofsoilorganicmatterinamufflefurnace. The methodisbased ononedescribedby Storer(1984)andis
anestimate. Asaresultofchromiumhazardouswaste disposal costsassociated with Walkley-Black method (S-9.00), many laboratories
have chosentoswitchtolossonignitionasameansforestimating soilorganic mattercontent. The LOImethodis poorly correlated
withthe Walkley-Blackmethodforsoils containingless than 3% organic matter. Soilorganicmattervaluesareusedtoestimate
potential nitrogenmineralization, pesticide managementandfor crop productionmanagement. Themethodisgenerally reproducible
within = 20%.

Equipment
1. Analytical balance: 100 g capacity, resolution + 0.001 g.
2. High temperature, crucibles 20 cc capacity.
3. Drying oven, 105 °C.
4. Dessicator, containing desiccating agent.
5. Muffle furnace capable of heating to 360 °C.

Reagents

1. Calcium carbonate, reagent grade (See Comment #1).

Procedure

1. Weigh10.0+1.0gofairdry soilpulverizedtopass 10 meshsieve (< 2.0 mm)intoapreweighedcrucible(recordtothe
nearest + 0.001 g). Prepare a crucible containing calcium carbonate (See Comment #1).

Place in drying oven for two (2) hours at 105 °C. Place in dessicator for one (1) hour.

Record crucible + soil as Initial wt to the nearest == 0.001 g.

Heat in muffle furnace to 360 °C for two (2) hours (after temperature reaches 360 °C).

Place in drying oven at 105°C for one (1) hour and place in dessicator for one (1) hour.

Record crucible + soil as Final wt sample weight to the nearest + 0.001 g.

oakwn

Calculations

LOI % = (Initial wt at 105 °C - Final wt. at 105 °C) < 1[#hu. S -9.20-1]
(Initial wt at 105 °C - crucible wt)

Estimation oforganic matterby LOlisdone by regressionanalysiswithorganic matter. Selectfifty soilscoveringarangeinorganic
matterexpected, determine organic matterbasedonWalkley-Black method (Method S-9.10)andLOlvalue. Usethisequationto
convert LOI values to estimated percent organic matter (See Comment #2).
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Comments

1. Calciumcarbonateisincludedasamethodstandardtoevaluate potentialloss of carbonates ofalkalimetals. Ifappreciablelosses
(>0.05% weight change) are noted check temperature calibration of the muffle furnace.

2. Theregressionslope fororganicmatterforthe LOImethod onthe Walkley-Blackmethod rangesfrom0.68to 1.04for soils
reported in the literature. Regression intercept values range from -0.04 to -0.36, (Schultee and Hopkins, 1996).
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TOTAL NITROGEN AND ORGANIC CARBON S-9.30
Combustion Method

Scope and Application

This method quantitatively determinestheamountoforganiccarboninsoilmaterialsby combustionofthesampleinanO ,environment
usinganautomatedresistance furnaceandwithsubsequentquantification of nitrogenbythermalconductivity detectorand CO, using
aninfraredorconductivity detector. Forverylownitrogenanalysis (< 0.05%)specificinstrumentsare available with chemi-
luminescence detectors. SoilswithapH=>7.4(method S-2.10)and containinginorganiccarbon (carbonates), organiccarbonis
determined bythedifference betweentotal carbonby combustion minusthe quantity ofinorganic carbonasdetermined by Method
S-13.100rS-13.20.Themethodforspecificinstrumentsrequiresthat soilsbe pulverizedto pass 60 meshsievetoensure
homogeneity. Itisbased onthe method originally described by Dumaswhereby soilsamplesencasedintin (Sn)foil, areignitedin
afurnace inexcess of 1000°C, inaheliumand oxygenenvironmentinaquartzcombustiontube. Thecombustiongasispassed
throughacatalyst(instrumentmanufacturerde pendent)tocompleteconversionofCOtoCO,, scrubbedof moisture andCO,
determinedby aninfrareddetectorandfornitrogen by thermalconductivity detector. Specificinstruments provideforthe simultaneous
determination of H or S. Total nitrogenand organiccarbonisusedtoassess nutrientmineralization, water infiltration, soil structure
andabsorptionordeactivation ofagriculturalchemicals. The method hasadetection limitof0.03% Nand0.02% TOC (drysamplebasis
instrument dependent) and is generally reproducible to with in 27.0% for nitrogen and %5.0% for organic carbon..

Equipment

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

2. TotalNitrogenAnalyzer: LecoCHN-1000,CNS-2000, Elmentar, Carl-Erba, Perkin-ElmerorElementar, witharesistance furnace
with infrared and/or thermal conductivity detector and operating supplies.

Tin foil encapsulating capsules (See Comment #1).

4. Desiccator, containing a desiccating agent.

w

Reagents

1. Compressed Oxygen, 99.99% purity.

Helium carrier gas 99.99% purity.

3. TotalOrganic Carboncalibrationsstandards: EDTA, 9.57%=0.05%N; sulfanilicacid (CH/NO,S) 41.6%C; Leco part number
502-203 soil, 2.75% +0.09 %C; and Leco part number 502-062 soil, 0.85% +0.05%C.

N

Procedure

1. Determine the soil moisture content (See comment #2).

2. Weighofairdrysoil(quantityisinstrumentdependent) pulverized to passa30meshsieve (<250um) (See Comments #3
and#4 #5)and place ininto atarre dtinfoil container, encapsulate, close and record sampleweighttothe nearest0.1mg.

3. Initialize the instrumentfollowingmanufacturerssuggested protocol. Conductasystemleakcheckoncombustionsystem.
Performblankstabilizationtest, analyze consecutive blanksuntilthe blanks stabilize ataconstantvalue (See Comment#6).

4. Adjustandoperatetheinstrumentaccordingtomanufacturerinstructionsusing calibrationstandards. Entersampledry
matter contentand analyze unknownsamplefortotal nitrogen. Reportresultstothe nearest0.001%carbon (See Comment
#T7).
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Calculations
Report total nitrogen results to the nearest 0.001%

Report total organic carbon results to the nearest 0.01%

Comments

1. Tin(Sn)foilcapsulesisutilized ascombustioncatalyst. Capsulescanbe obtained fromthe manufacture’s, after marketvendors,
or fabricated from sheets of tin foil material.

2. Sampleslimitedinmaterial, should bedried overphosphorus pentoxide ormagnesium perchlorateforforty-eight(48) hoursand
analyzed with no correction for moisture content or reported on as received basis.

3. Sample particulate material mustbe groundto pass a 30 mesh sieve (< 600um) for macroanalysisinstrumentswhichrequire
samplesizesinaccessof250mg(i.e. LECO,CHN-2000and Elementar) inordertoassure adequate samplehomogeneity. For
instrumentsutilizingasample sizes 5-10mg(Carlo-Erbaand Perkin-Elmer) samples mustbe groundtopass 1000r140(106-150
um) mesh sieve.

4. Soilscontainingfree carbonates mustbeanalyzedforfree calciumcarbonateaccordingtoMethods S-13.100r S-13.20forthe
determination of inorganiccarbon. Total organic carbonis calculated by subtractingtheinorganic carbonfromthetotalcarbon
value determined by the combustion instrument.

5. Sample weight may be entered into instrument software using a balance interface.

6. Allsoilcalibrationsamplesshouldbe: (1) checkedforhomogeneity; and (2)nitrogenand organiccarboncontentverified using
standardaddition techniquesusingtwochemical standardssuchasEDTAandsulfanilicacid. Aquality control certified reference
sample (NIST SRM 2704,3.348% =+0.10% C)isavailable from the National Institute of Standards and technology,
see appendix B.

7. Toconverttotalsoilorganiccarbon (%C)tosoilorganic matter (SOM by Walkely-Blackmethod, S-9.10), multiply %Cby 1.724
toestimate soilorganicmatter. The conversionfactorrangesfrom1.6to2.5dependentonthesoilandcroppingsystem
management.
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