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ABSTRACT

A new microwave assisted pressure bomb digestion method employing an
almost saturated potassium chlorate solution acidified with nitric acid, has
been introduced for the digestion of plant and food samples, which permits
to use up to 4 times the usual sample weight within some shorter time. The
digest is especially suitable for the analysis of non- metals (boron, silicon,
germanium, total sulphur, iodine), but also for other trace elementslike Al-
Ba-Be-Cd-Co-Cr-Cu-Fe-Li-Mn-Mo-Ni-Pb-Sb-Sn-Tl-V-Zn, aswell asfor main
elements Ca-Mg-Na-P after dilution. For |CP-OES measurements, calibrants
have to be matched with the same amount of digestion solution. ICP-MS
measurements were done after dilution and addition of internal standard
indium. ICP-OES determination of iodine determination is interfered by
phosphorus, and could be done in the ICP-M S by standard addition as the
iodate. Dueto salt matrix and blanks, K and Cl, aswell asRb and Br, cannot
be determined, whereasblanksfor B and Si arelowered. Inthe ICP-MS, the
isotopes V-51, Cr-52, As-75, Se-77 and M0-95 are positively interfered.
Arsenic can bedetermined by hydride AAS. The digestion efficiency versus
some aromatic compounds may be lower than from concentrated HNO,,
thereforeintermediate degradation products of phenylalanine, tyrosine, and
sdlicylic acid were studied in detail. The proposed method was checked in
ring tests of various plant and food samples.
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INTRODUCTION

Theneed of multi-element methods

In a modern trace analytical laboratory, multi-
element techniqueslikel CP-OES (optical emission
spectroscopy) or ICP-M S (mass spectrometry) can
be used to get most elementsof interest in onerun, or
at least within afew suitabledilutions. The number of
available dements, however, islimited by insufficient

dissolution, volatilization of andytes, or blanksinthe
preceding digestion. In particular, non-metals get
frequently lost by volatilization. Sulphur may bevoldile
asS0, or H,S, or remain asinsolubledemental sulphur.
Siliconisproneto theintroduction of blanksfromglass
and dust, as well as from incomplete dissolution.
Germaniumisvolatileastheanhydrouschloride, even
from hydrochloric acid, and recovery, particularly from
sulfides, ispure. lodineisvolatile astheelement or as
akylated compounds.
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Microwave-assisted pressuredigestion

Microwavesinteract with dipolemoleculesor with
ionsin solution to get them moving, which means
formation of heat. Microwave ass sted pressure bomb
digestions are very clean with respect to trace
elements, becausethereislimited amount of reagents,
handling, andinput of dust. At elevated pressure, higher
temperatures than the normal boiling pointscan be
reached, leadingtoincreased reaction ratesand sample
decomposition. Teflon as an inert material is
trangparent to microwaveradiation. After initial power
input, abreak in the program should be maintained,
becauise some organic matrices (e.g. oyster tissue, rice
flour) might causeadditiona temperatureand pressure
attributed to an exothermic reaction™. Theabsorption
of microwave energy of conc. HNO, was measured
to be 80%, of HF 57%, and of H,SO, 45 % with
respect to purewater, but salt solutions absorb much
more energyt®.

Using nitric acid or aquaregia, however, sample
weight islimited to about 200 mg of dry substance,
becausethereislimitation from evolved pressure.

Meritsand limitationsof pressuredigestionswith
HNO,

In case 65% HNOQO, is heated by microwavesin
tightly closed vessels, theinside pressureislessthan
heating pure water, but additional CO, and possibly
NO from the degradation of organic compounds have
to be considered®*.

In pressure compositionwith HNO, (2ml HNO,
+ 90 mg organic carbon) at 180°C, some components
of biological matricesres sted complete mineralization,
likephenyldanine, histidine, tryptophaneor methionine,
due to the determination of residual carbon in the
resulting digest™. VVoltammetric svegpsaswell asmass
gpectra indicated the presence of nitro- benzoic
acidg21y,

Digestionswith HNO, or thelike are suitableto
produce clean digests for the analysis of metalsand
semi- metals, but volatilization of some non-metals
(boron, sulphur, germanium, iodine) may occur. In
particular, iodineiseasly lost inthedigestion step, if the
element can beintermediately formed. In sampledigests
containingnitricacd or nitrite, iodideispartialy oxidized
toyieldjust J,. Elementary iodineiseasily volatileand
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aso strongly adheresto plastic surfaces.

Boric acid isvolatile with hot vapour from acid
solution. When sulphur goesto SO, it leavestheacid
digest asagasimmediately. Silicon may be precipitated
assliciousacid fromacid solution, and germaniumis
volatileasthe GeCl, (boiling point 84°C).

Selection of K CIO,, acidified with HNO,

A method had to be developed to enable the
determination of non-metals, main and trace e ements
inonerun, or at least from the samedigest. Organic
compoundsfregquently should be oxidized asmuch as
possi ble, becausethey produce carbon soot in or after
the plasmatorch. To achieve suitable sample digests
for cations, they should be acid enough to avoid
hydroxide preci pitation or coprecipitation. Thisexcludes
dkdinereagentsliketetraammonium-hydroxide, which
hasbeen used for the extraction of iodidg¥. Amongthe
non- metal s, sulphur should rapidly goto sulphate, and
iodinetoiodate.

A mixtureof chloric/nitric acid in open vessalgY,
and later with HCIO,/HCIO, in microwave-assisted
pressure bombs¥ readily destructed organic meaterials
except fatty samples, yiel ding completerecovery of any
iodine asthenon- volatileiodate. Toxic and thermally
|abilefumesof CIO,, aswell asresiduesof immiscible
fat were, however, disadvantageous. Currently, the
chloric acidisnot commercially available any more
because of safety reasons. Thisled totheuseof KCIO,
instead. Solid potassium chlorate hasbeen known for
longtooxidized ementd sulphur to sulphate, andiodine
toiodate.

For the first experiments, bread crumbs were
selected asatest material . Heating with neutral 10%
KClO,-solution (whichisadmost at saturation) yielded
black tar. Withinaseriesof experiments, moreand more
nitric acid was added, until compl ete dissol ution was
achieved.

Thisled to thefinal procedure, to mix 200 ml of
10% K CIO,-solution with 80 ml concentrated nitric
acid.

Microwave energy absorptionin salt solutionsis
knownto besignificantly higher thaninwater, e.g.in
0,5M (molar) NaCl solutionitis4-timesmore?. The
KCIQO,- solution proposed inthismethod is 0,58 M,
which means a much more efficient absorption of
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microwave energy thanin conventional HNO,/H,O,
digests. Therefore, the power-time program was set
lower than usudl.

Theamount of digestion solutionwasincreased from
theusua 4 ml HNO, toavaueasmuch aspossibleto
ensurethetightnessof thevessels. Water inthe system
presumably dissolvesthe emerging CO,, NO, etcto
yieddmuchlesspressure, sothat 8 ml of digestion solution
werepossible.

MATERIALAND METHODS

Reagents

Potassium chlorate KCIO,, Merck p.a. Art 4944
Potassiumiodate KJO,, Merck p.a. Art 5053
Boron - cdibrant solution’5,000g B/L, Merck Titrisol
Art 9923
GermaniumAtomic Spectroscopy Standard Solution,
FlukaNr. 48843
Sulfate standard solution 1000 mg/l SO,*, Merck
Certipur Nr. 1.19813
Silicon standard 1000 mg, Merck Nr. 9947
Phosphate standard 1000 mg, Merck Nr. 9870
Various other standard solutionsfor main and trace
cationicdements
Nitric acid, 65% suprapure, Merck 1.00441.1000
Test substances: L-phenylaanine, FLUKA Nr. 78019
L-tyrosine,FLUKA Nr. 93830
Sdicylicacid: Merck Art. 635, extrapure
L-Arginine, FLUKA 11010
L-Iso-leucine, FLUKA Nr. 58880
Saccharose Merck Art 7651, for biochemistry and
microbiology
Digestion reagent solution: dissolve20 g of KCIQ,in
200 ml ultrapure water, add 80 ml 65% HNO,, and
storeinaplastic bottle.

Equipment

Microwave digestion unit: mls 1200 mega high
performancemicrowavedigestion unit, MLSGmbH,
D-88299 L eutkirch

ICP-OES: Perkin Elmer Optima3000X L with axia
plasma

ICP-MS: Perkin Elmer Sciex |CP mass spectrometer
ELANDRCII

HydrideAAS: Perkin ElImer MHS 10 at Perkin Elmer

—— Fyll Peper

3030

NMR: Bruker, 600 MHz

Milli-Qplusultrapurewater purificationunit, Millipore
Procedureof digestion

1 g of solid dry plant material is weighed into
digestionvessals and mixed with8ml digestion solution.
2 blanksarerunwith each batch.

For samples containing fat, 0,5 - 1,0 g sample
weight dueto fat or aromatic carbon content istaken.
For milk or uring, 3ml of milk + 5ml of digestion solution
wereoptimum; for serum, 2ml need 6 ml of digestion
solution.

After closing, the subsequent programwasrun:

I1min250W/2min0/5min250 W /5 min400
W/5min500W /15 minventilation

Sampl es containing appreciablefat content were
run 2 timeswithout intermediate opening

The power-time program was shortened with
respect to the routinely used program for the HNO,
resp. HNO,/H,O, digestions, due to an estimated
increased uptake of microwave energy by the salt
solution; it wasnot varied throughout.

After openingthepressurevessdl, 1ml of digestion
solutionisadded, and the contentstransferredto a25
ml volumetric plagticflask throughaplasticfunnd. This
prevents formation of gas bubbles, which might
extinguishthel CP-torch.

After every sampledigest, acleaning procedure
wasrun using 2ml of digestion solution, and the same
energy-time microwave program, to be sureto clean
the pressure vessels. Thevessels have high memory
foriodine.

Procedureof thecharacterization of intermediate
productsfrom test substances

Residual carbon in the obtained digest was
determined by ICP-M S reading the counts of C-13,
after 1+9 dilution with 2M-HCI to expel CO,,. For
calibration, 1g/L carbon equals 250 mg saccharosein
100 ml 0,1% HNO,.

0,25 —1 g of the test substances were digested
according to the proposed procedure, but finally not
made up to themark just with water, but thevessel was
cleaned with 5ml of di-isopropylether pluswater, and
made up to the mark in glassvolumetric flasks. The
organic solvent dissolved most of the precipitates
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formed, of any. The remaining agueous phase was
extracted with ethyl acetate several times, theorganic
phases combined, and the solvent evaporated. The
residuewas characterized by NMR (nuclear magnetic
resonance) spectrain CH,OH-d, and compared with
known substances.

Reaction conditionsinthe KClIO,- HNO, mixture
might be complicated, therefore experimentswererun
inwhich nitric acid was substituted with equival ent
sulphuric acid, and vice versa, KCIO, was omitted.

RESULTS

Organiccarbon degradation and recovery studies

There might be complaints about incomplete
destruction of organic materias. Digestsof green plants
(ALVA ringtest 2009 and animal feeds) had <till 1-5%
residual carbon with respect to sampleweight. 1g of
cdlulose, glycing arginineand iso-leucineeesly yid ded
colourlessdigests; thelatter contained just someiso-
butyric acid. Aromatic compounds are moreresi stant
towardsdegradation (TABLE 1). 1 gof saycilicacid
turned into an orange precipitate plusyel low solution,
and 0,2 g of 3,4 dimethoxy benzoic acid evenyielded a
black precipitate, whereasfrom pyrocatechol -disulfonic
acid (“tiron”), colourless digests were obtained.

TABLE 1: Residual dissolved carbon

‘meq needed Carbon
for oxidation content
to CO+N>

197
155

Carbon found

Test substance after digestion

755 mg phenylalanine
595

494 mg C 20,2 mg residual C
389 175

224 56 147 48

117 29 76 47
758 mg tyrosine 172 452 170
482 109 288 99

169 38 101 38

516 mg sdlicylic acid 90 314 26

8 ml of thedigestion sol ution contain 181 megy (milli-
oxidationa equivaents) from HNO, and 23 meq from
theK ClO,, making 204 meq together, which should be
sufficient togoto CO, + N,,.. Thus, the mechanismis
more complicated, and intermediate oxidational
products have been isolated and characterized (see
section 4). If thereisno compl ete degradation of the
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sample, lesssampleweight and doubletimeishel pful;
but high levelsof aromatic amino acidsliketestedin
TABLE 1, are hardly encountered in food or
environmenta samples.

Therewasquantitative recovery of 10 ug B/J/Ge +
25ug Sn+100 ug SO, andof 20 ug B/J/Ge+ 50 pg
Sn+200ug SO,, added to 1g of bread crumbs. Also,
completerecovery of 5/10 pug of B and Ge was obtained
from mixed feed. Sulfur wascompletely recovered from
s f-prepared mixturesof 1%eementd sulfurincdlulose
Recovery of 4-20 ug Fe-Mn-Mo-Sn-Sb-V-Zn added
to 0,4 g of pumpkin seed oil was within 100-110%
(sample 08020430). Recovery of 100 ngAsaddedto
milk (3,5% fat content) was 89% after doubletime of
digestion.

Blanks

In trace element analysis, salt solution reagents
should be generally omitted because of blanks.
Surprisingly, theK ClO, wassufficiently pureto permit
determinations of all trace elements requested. Two
blankswere run with any series, and they were clean
evenfor ICP-MS. Just K and CI (matrix), aswell as
Rb and Br cannot be analyzed. The suprapure HNO,
issuppliedinglasshbottles, thus, incaseof Band S, the
blanksarelowered, because just 1/3 of the suprapure
HNQO, is used for 4 times the sample weight. The
detectionlimit of B isestimated at 0— 0,3 mg/kg, but it
isnot limited by the blank but by the memory of the
ICP-torch; therefore, after calibration, H,O and 2
blanks are run twice before the samples. For meat and
egg samples, however, sampleswere below detection
limit for B and Si. Milk samplesmight dissolve some
boron from glassand should bekept in plastic bottles
prior to anaysisof boron throughoui.

Application tovariousmatrices

1gof high- carbohydrate samples, likegreen plants,
cereds, bread and animal feeds, can bedigested with 8
ml digestion solution. For milk and urinesamples, 3ml
sample+ 5ml digestion solutionisstill possble, or 2ml
serum sample+ 6 ml digestion solution. Fat needsmore
oxidants and more vigorous conditions. Therefore,
sampleweight hasto bereducedto /2 g, and the time-
power-program inthemicrowave oven hasto runtwice
without intermediate opening. In case of chocolate,
freezedried liver, eggwhiteand egg yolk samples, the
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samplewel ght wasreducedto 0,5ginorder to achieve
compl etedissolution. Samplesof high fat content (e.g.
liver samples) wererun twicewith the same program,
without intermediate opening the vessels. For ready —
made commercial meals, about 1,5-2,5 g wet sample
wastaken.

For theandysisof biowaste samples(water content
72,3£6,5 %), 2-3 g of wet sample were digested the
sameway. Thisturnsal sulphur into sulphate, al iodine
intoiodate, and hydrolyzessilicaup to about 0,2%in
thesample. Rock silicates, however, precipitatefrom
thefind solution, and totd silicon had to be determined
gravimetricaly as SF, —loss. Sometimes, a black film
gopearedingdethepressurevessd, which canbefindly
removed with acetone.

Use of the digests for ICP- and hydride-AAS
measur ements

Calibrant solution for ICP-OES multi-element
measurements should contain the same amount of
digestion solution asthesample. Thiscopeswithsigna
depression (till 30% of thesignd) andyieldsexactly the
same spectral background. For the main elements,
dilutions 1+19 or more can be calibrated versus
aqueouscalibrants. For determination of boron, silicon
and germanium, contact with glass hasto be avoided,
and dilutionsto be done by hand. Compared with the
conventional procedure, just 1/3 of nitricacidisused
whichissuppliedinborosilicate bottles. Thislowers
the blank to about 0-0,3 mg/kg for B and 0— 1,4 mg/
kgfor Si, if 1g sampleendsup in 25 ml, without the
need touseacleanroom. Theiodinelineat 178 nmis
severly overlapped by aneighbouring P-lineand can
only beusedinlow-Psamples(e.g. tablesalt).

For ICP-M S measurement, 1+9 or 1+19 dilution
of the digest and addition of indium as an internal
standard hasled to correct resultsfor Pb, Cd, Tl, Bi,
CoandMo (Mo-98 only). Theisotopes Cr-52, V-51,
As-75and Se-77 yield far too high results because of
chlorideor chlorateinterference (equimolar amountsof
chlorideand chlorateresult inthesameinterferences).

Inflame-AAS, matrix effects of the KCIO, were
lesspronounced (Cu, Fe, Naweretested), but matrix
matched calibrantsare recommended.

For hydride-AAS (inthebatch mode), upto2ml
of thedigest could be used directly for thedetermination

—= Fyll Paper

of arsenic. Resultswerecorrect, but therearelimitation
dueto foaming and signal depression from residual
oxidantsin the samplesolution. Recovery of selenium
inthe hydride AAS was incomplete (about 70%), it
might belost during conversionto Se(1V).

Quality checks

The proposed method has been used to analyze
sampleswithintheframeof Internationa Plant Exchange
(IPE), organized by WageningenAgricultural Universty
(The Netherlands) since2007.1. Withinthisprogram,
4 times 4 samples are sent each year, theresults are
collected and evaluated. Theresultsarepublishedina
booklet open to al participants; my codeis WELE-
136. From the digests obtained with KCIO,/HNQ,,
datafor (in aphabetical order) Al-Ba-Be-Cr-Cu-Fe-
Mn-Ni-V-S-Zn, aswdl asB-S-S (from asecond run)
were successfully taken from | CP-OES measurement
versuscdibrantsprepared in KCIO/HNO, matrix. Car
Mg-Na-Pwere obtained from |CP-OES after dilution
1+19 versusaqueouscalibrants. For theelements Bi-
Cd-Co-Mo-Pb, the ICP-OES was not sensitive
enough toreach thelevel of non-contaminated green
plants, thus| CP-M Swasused utilizing In-115 asinterna
standard. lodine was determined by ICP-MS and
standard addition. Arsenic was obtained correctly by
hydrideAAS (IPE 2008.3), but not submitted to the
ringtest.

For Geand Tl, completerecovery inthedigestion
procedure was obtained, but they arenot includedin
theIPE ring test yet, and all resultswere at or below
detection limits (0,2 mg/kg for Gein ICP-OES and
0,001 mg/kgfor Tl inthe ICP-MS). Mercury wasnever
tried.

lodinein animal feedswere analyzed withinthe
frame of ring tests organized by the ALVA (Austria)
andVDLUFA (Germany). Contrary to theconventiond
extraction of iodide with tetramethylammonium
hydroxide (TMAH), total iodineisobtained, and the
results are higher, except for mineral mixtures.
Comparison of data obtained for human urine by
traditional Sandell-K olthoff method, however, gavethe
sameresults(paper in preparation).

Before 2007, awet digestion of green plant samples
withHNO/HCIO, in openglassErlenmeyer flaskswas
used in this lab, which yielded many good results.
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Improvements of the proposed method were noted for
Al-Ba-Cr-Fe, which weresometimestoo low because
of either incompl ete dissolution or interactionwith the
glass. Fromthe open digests, As-B-Ge-I-Si-Seaswell
aslow Nadataarenot avallablebecause of volatilization
or blanks. The proposed method, however, is not
suitablefor determinationsof K and Cl (matrix), aswell
asRb and Br (blanksfrom thereagent).

In the IPE program, the silica data were very
scattering, thereforeexchange of sampleswithaGerman
lab to achieve compatibledatafor (biogenic) silicais
il inprogress.

Inaddition, the proposed method was checked by
theinternationd referencematerid sSNBS-1566aOyster
tissue and BCR-CRM 129 hay powder 1, which are
certified for P-S-| aswell asan appreciable number of
cations. To check for theresultsof non-metas, IAG-
feed samplesweretaken which containknown amounts
of P-S-I-B.

DISCUSSION

Materia smainly consisting of celluloseand other
carbohydrates, yield clear solutionsand less pressure
thanthe HNO,- digests, even starting from 1 g sample
weight, but somemoreresidua carbonremainsinthe
sample digest as well. When e.g. liver samples,
chocolate or egg yolk were tried, sometimes white
precipitates appeared, which hardly dissolved in the
resulting aqueous acid solution. Asthese precipitates
might occlude parts of the analytes, this has to be
avoided, which could be achieved by reduction of
sampleweight to 0,5 g, andin caseof highfat content,
by running time-power program two times without
intermediate opening.

Nevertheless, experiments were made to check
which kind of substanceswereformed which resisted
the degradation to CO, or at least to water soluble
compounds.

Whereas chloric acid resp. CIO, are known to
degradeor at least solubilise carbohydrates (including
cdlulose) andlow molecular diphatic organic substances
eadly, aromatic compoundsmight bemorestable. Thus,
the aromatic amino acids phenylal anineand tyrosine,
aswdl assdicylicacid, werechosen aschemicadly pure
test substances. Egg yolk may contain phenyldanineat
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high levelsasan essential amino acid. 200— 1000 mg
of test substance were reacted according to the
proposed procedure, whichismuch morethan expected
to bepresent in an environmental sample.

Inorder to e ucidate the mechani sm of degradation
and thelimitsof the method, ashort literature survey
wasmade about thereactionsof chloricacid, nitricacid,
and their mixturetowardsorganic materias.

Reactionswith dilutechloricacid

When thevessd scontaining the blanksare opened,
afaintly green solution and the characteristic smell
indicatetheformation of CIO,,

Reactionswith chloric acid have beeninvestigated
mainly about 170 yearsago, but at thistime, no exact
characterization methods for the resulting organic
productswereavailable. Dilute chloric acid oxidizes
e.g. ethanol toyield acetic acid and chlorinegas. Sugars
get easily oxidized, they yield CO, at 130°/24h*. In
dilutesulphuricacid solution, oxdicacidreactstoHCIO
+CO,, in presenceof manganese asacataysttill CO,
+HCI. Inneutrd aqueoussolutionschloratetheaddition
of OH to C-doublebondswithout C-C- cleavage. Thus,
ethylenegetsglycol, allyl dcohol getsglycerol, malen
acidsgetstartaric acid, and acetylene getsacetic acid.
Chloricacidsalsodirectly reactswithNH_andNOto
yield N, or nitrate. CIO, directly reacts with amines
under cleavage of C-N bonds, yielding d dehydesand
subsequently the respective carbonic acids. Identical
ratio of benzyl to methyl cleavage by CIO, was
observed(l,

Inwater potabilization, the use of ClO, asapre-
oxidant instead of Cl, isknown to have abeneficial
influence of minimizing thetrihalomethaneformation
fallowing pogt-chlorination. During thereaction of amino
acidswith CIO,, indiluteagueous solutions, acid gets
formed. Tryptophan reacts with excess CIO, to
unknown brown compoundsbesidesoxdicacid, fumaric
acid, andlesser 2- aminobenzoicacid. Theindolering
undergoesoxidativeringopeningviainitia hydroxylaion
and formation of a carbonyl group. The amino acid
nitrogen forms hydroxylamines, oximesand iminesand
find oxidetive C-C bond bregkinginthedphapostions
to hetero-atoms. The benzene structure remainsmore
stable. Histidine gets preferably attacked by ClO, at
the amino N- atom, leading to the corresponding 4-
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imidazolyl acetic acid, and further on, to hydroxylated
heterocyclic compounds besides opening of thering.
Tyrosinereactswith excess ClO, in presenceof O, to
short —chain, highly functionalized carboxylic acids.
Hydroxylation of thearomatic ring rupturestheringto
yield carboxylicacids. Tyrosinefinaly losesthelateral
chain by decarboxylation, and formsphenolic carboxylic
acidg?.

Chlorination of dissolved amino acidsin agueous
solutions leads to the formation of mono- and
dichloramines, further on to specific aldehydes and
nitriles, aswell as halogenated byproducts, some of
them mutagenic. Chlorine finally oxidizes alcohol
functionsto ketoneand acid groups, and thiol sto sulfons
and sulfoxides, whereasamidelinkagesremain largely
untouched. Thechlorinedemand of thearomaticamino
acidstyrosineand tryptophan was 5 times higher than
of phenyldaning”.

Unlikethereaction mixtures of agueouschlorine
with amino acids and humic acids, in which
trihalomethanes areformed, the reactions of aqueous
CIO, with organic compoundsare primarily oxidative
and do not producetriha omethanes. Ingenerd, amino
acidsin agueous medium undergo oxidationwith ClO,
toformiminetypeinterdediates, which arehydrolyzed
followed by decarboxyl ation to produce al dehydes®

Reactionswith dilutenitricacid

Amino groups get lost by reaction with nitrite.
Sdlicylicacid reactswith nitritetowards 2-nitrophenol.
Tyrosinegetsnitrated toyield p-nitro-tyrosineindilute
nitricacid, and picricacid + 3,5, dinitro-hydroxy benzoic
acidin 1+1 nitric acid. Phenylaaninegetsnitratedin
1+1 nitricacid to p-nitro-phenyldaning®3.

Reactionswith chloricacid + nitricacid

In the sample digestion mixture, chloric acid is
intermediately formed. Either thenitricacid actsasan
oxidant, and resulting nitrousacid or NO arere-oxidized
by thechloric acid, or thechloric acid reactsitsdlf with
the various organic molecules of the sample. Chloric
acidrgpidly oxidizesdementd sulphur and seleniumto
sulphate and selenate.

Resultsof thedigestion of test substances by the
proposed procedure

In case of phenylalanine, a white precipitate

—= Fyll Paper

appeared in the digest, which was soluble in di-
isopropylether and ethyl acetate. NMR (nuclear
magnetic resonance) spectroscopy reveal ed that this
was a mixture of p-chlorobenzoic acid (about 56
mole%), benzoic acid (about 37 mole%, and o-
chlorobenzoic acid (about 6 mole%o). Thus, thediphatic
side chain got completely lost. After an experiment
starting with more than doubl e the phenyl alanine, p-
chloro-benzoic acid and p-nitro-benzoic acid could be
identified. Withinafurther experiment, nitricacidinthe
reaction mixturewassubgtituted by an equivaent amount
of sulphuric acid. Thisyielded mainly abrownish tar
bes des 34 mol €% benzoic acid and 17% phenyl-acetic
acid. If, on the other hand, the KCIO, isomitted, and
the digest is done with 1+2 HNO,, thisresultsin a
greenish tar and maybewater soluble compounds.

Tyrosnewasnitrated in partstill picricacid, besides
other water-sol uble compounds of orange col oration.
Without HNO,, theKCIO, inequivaent H,SO, yielded
mainly brownishtars, and minor amountsof p-hydroxy-
phenylacetic acid, plus o-chloro-p-hydroxy-benzoic
acid. Therewas definitely no second chlorineadded to
thearomaticring.

Salicylic acid immediately reacted to an orange
product with the digestion mixture, from which o-
chloro-p-nitro-benzoic acid (11 mole%6), and picricacid
(3,5mole%) could beisolated and identified. KCIO, in
diluteH_SO, formed p-and o- chloro-sadlicylicacid (10
mole%) resp. 4 mole%), and major amounts of
brownish tar. 1+2 diluted HNO, yielded orange
productsaswell, fromwhich 16 moleYowereidentified
aspicricacid and 10% asdinitro- salicylic acid.

Dimethylamino- benzaldehyde and 3,4
dimethylamino benzoic acid yielded just blackishtar,
whereas pyrocatechol-3,5-disulfonic acid (commonly
known as“‘tiron”’) degraded completely.

All the produced tarswere solublein acetoneand
aqueous ammonia, which wasimportant for cleaning
pUrpoSes.

CONCLUSIONS

Microwave assisted pressure digestion with
KCIO/HNQ, solutioncanbeamost universdly applied
to digest up to 1g of green plants, feed and food
samplesin order to screen for various metalsand non-
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Full Peper ——
meta sby e.g. ICP- multi-element techniques.
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