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DETERMINATION OF TRACE_EKEMENTS IN FERTILISERS

By F. Nouyrigat
(Ets. Kuhlmann, France)

'he value of trace-elements in agriculture is
reqularly confirmed year after yrax, and international
bodies of which ISMA is ome, have far from lost interest
in this problem which has already heen the subject of
several papers delivered at previous meetings (1-2).

By and large, howover, Lhe studies made have
remained an the qualitative level and it is much rarer
to find information giving precise figures in respect of
soils before and after treatment and the feriilisers used
when bthese various elemcnts are missing.

The mutusl interaction of concentrations of these
metals at trace level have nonetheless frequently hean
stressed,‘su that it is now considered dangerous to add
them without sufficient care.

It would appear that there is much work still to be
done on the guantitative level:in this field irn order to
specify agronemically the sctual range accéptable in
terms of the exact composition of the s0il (macro and
micxo constituents) considered ami, later, to enable an
industrial study to be garried out pn the homogeneity of
various products treated with trace elements.

Analytical difficulties seem to lie behind the slow
rate of progresc in this ?ield, in which one is freguently
reduced tp using semi-guantitative. methods {arc spectiro-
graphy in particular).

Moreover, the CENTHE INTERNATIONAL DES ENGRAIS
CHIMIGQUES (C.I.E,C.) only recently (3) drew our éttentiun
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to the lack of dataz on contrel procedures, stating that the
studies undertaken in Ireland (where tracc-element .
deficiencies assume tremendous proportions) had had to be
"abandoned, &t least for the time being, owing to this lack
of references",

The problem of standardising the analysis of trace and
secondary elements (S - Mg - Ca) has thus been entered on
the agenda of this Body's next Congress (Zurich - May 1964),
It would be abnormal if manufa:turefs of superphosphate,
which may quite rightly be considered as a particularly well
balanced fertiliser in this field, shoeuld be disinterested
in this problem, |

Analyfi:al progress over the last few years haslbeén'
sufficient to ensure that axperimentars are no longer short
of control equipment. . h

Without wishing to examine all the method= poasible, let
us briefly run over the technigues which we feel to be of
special interest from the paint of view of their rapidity,
simplicity and accurarcy,

Aithuugh direct physical examination (of the fertiliser
or. 50il) may affurd speedy information on the nature of possible
deficiencies {arc sﬁE:trmgraphy — zometimes radiochemical
activation methods), accuracy is generally obtained nﬁly after
the solids havé been placed in solution.

One has only to summarise the principal modern techniques
to realise the wide range of possibilities available to the
analyst fnday in the field of trace elements.

Before making a detailed examination of some examples which
actually occurred im our laboratories, let us look quickly at
the prineciples amd characteristics of the ﬁhief methods more
usually employed by us.

In each case, these have been selected with thé friple‘aim
of precision, specificity and méximum éenﬂitivity, thlélavnid-
.iﬂg the lomg and difficult classical separations that are more
or less iﬁcuﬁpatible with the content level envisaged and the

grbwing number of checks called for Iin a1l fields.



Sufficient specificity ean, however, be attained
only by combining two or more tECHniquEE, themselves
already selective, which then play the part of punched
cards superimposable in a 5inglé.ﬁhemical operatian.

The main cards at present availsble to the analyst allpw
for am almost infinite variety-of combinations, although
it is becoming increasingly rare to have to resart to

prior separations, more or less in groups, as character-

ised the traditional methods of 2 few years ago.

1 - METHODS OF TRACC-ELEMENT ANALYSIS

1. - LCOMPLEXDMETRY AND THE GENERALISED USE OF COMPLLEXES

with various, mainmly axgaric, molecules.

There scarcely exists anm inorganic ian which cannot
under certain ceonditions be selectively cemplexed to a
greater or lesser degree. There is a very wide choice of |
reagents which is increasing every day. Parallel to this, -
grest progress is being made in studying the specificity
of the bonds and determining.disauciatinh‘Cuﬁsﬁantsa We
may therefore hope that it will soon hecome possibld te
connect the almest infinite number of pessible reactions
by means of a few general rules that are clearer and mere
precise than the qualitativé indications at present pIDVidEd
by the radius, charge and electro-negativiity of the in-
organic ion under study and the acidity of the organic
reagent.

It should be stressed that the zelectivity of each
reagent can generally he impraoved by modifying the res-
pective cunCEntratiﬁns in solution throvgh a careful
choice of the pH factor (working on the dissociation
constant of the complexing compound or complex, or an the
solubility product of ithe hydroxide currespnnaing to the

~element present or of .the Redox factor (change in the
state of oxidstioen of certain ions ,.). |

Although a large number pf functional organic groups

b R S oo : e : ) Coa



characteristic of various ions have so far been specified
it is still too early to classify reagents on the basis
of this imcomplete data. It is still only possible to
group them im restricted homologous series within which
they differ only in various substitutions, Some of them
deserve gpecial mention pwing to the frequency with which
they =re used and their wvalue din determining trace-
elements.

A - Polyacid amine group - Complexons

These reagents =re very often used to suppress trouble-
some interference by enmabling the ions involved ta be
complexed. In general, they have been subjected to very
sgarching study and, through our knowledge of all the dis-
sociation constants, it is now a simple matter to define
the ideal canditions of use in each case, particularly for
limiting the concentration af a. troublesome ion to 2 level
below that at which interference begins. Numarous reagents
of the same type have been in common use for several years.

Firstly, there is ethylenediaminetetraacetic (EDTA)} {Com-
plexon II), the best known and one of those which give the
most stable complexes. .

Diethylenetriamine pentaacetic acid (DTPA) is found
capable of complexing Fe", Fe’”; Co, Ni, Cu, Zn, Cd, Pb, Hg
and o still better,

Interferahcé by alkaline-earth metals may generally be
reduced by using ethylene diaminEdiprnpianidiaceti:
(EDDPDA) and ethylenediaminetetrapropionic (EDTP) acids in
which enlaxrgement of the chelation ring is less compatible
with the formatipn of aikaline-earth complexes.

Other comppunds of the zame type deserve particular
gttention in certain special cases :

thus, ferric cumplexesluF HEDTA {N-hydroxyethylethylene-
diamine triacetic écid) and HEDDA (NN’- dihydroxyethylethy-
lenediamine diacetic acid) are not, contrery te the corres-
ponding EDTA complex, hydrolyzed with precipitations of Fe
(DH)3 at alkaline pH values,



We-shall not enlarge any further upen this list,
which is growing longer every day and thus affords & gfeat
- number of possibilities, | |

B - Dithizong qroup -

O w-m-ponen-C
g

As dithizones have been known for gver 50 years and
are fairly wniversally used, there is no need to list their
p;nperties in great detail. Let us simply stress that
their use may now be justified 3 prioxi by the logical use
of disspciatign calculatiuné particularly in relation to
the pH factor. Deep theoretical study has in fact been
made,. and there are now severél books available giving all
the useful constants. We should mention hawever that they
aTe Very diffi:ul£ to use in spectro photometry owing to
their high oxidisability. |

We frequently use dithizone as a means of separation;
it is & particularly selective and cenvenient =plvent asa
its subsaquent decomposition takes place very quickly upon
simple evaporation in the presence of H2D2 and HESDA'

Sensitiveness may be even further inecreacsed by using

di{g_naphthyl%hiucarhazuﬁe

' _NH_NH—%_N=N—w
-l S \

particularly for Zn, Cu and Hg.
Finally, thanks to its great stahility as a feagent,
O-ditolylthiocarbazone shaows great prospects fer develep-

mant,

£ -~ Oxime group EH3 - NOH

NOH ({(dimethylglyexime)}

. Dimethylglyoxime was one of the first organic re-
agents to he used in anslysis,
The possibility of solvent extractien of the coleured

complexes formed with verious metals has fostered its
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development in the field of trace«element analysisf

The nickel compound may be extracted. by chlarmfnrm‘in
an alkaline or slightly acid medium. '

Then agsin, Pb may be separated in an acid ‘medium. The
use of this reagent is not restricted to these slemants;
indeed, it has given great service im the determination of
Rhenium.

We should also stress that a water-soluble compound more
sensitive than Ni2+ may be formed with ERAE

‘ The sensitiveness, and particularly the extractability
of the Ni?+ may SE improved by using oximes like furil
dipximeuur cyclohexane dienedioxime, although this reduces
selectivity.

Selectivity may also be improved with®< benzoineoxime in
the case of trace-eiements Mo and W,

D - Bxine group

Like githizone, oxine (B-hydroxyquinaoline) is well known
to analysts, although it =eems tp have been used wuch less in
the field n% trace-elements. This relative disaffection may
be explained by the insolubility of the complexes fozmed in
water, and by their generally rather dull coloration.,  How-
ever, it is pussible to extract them more or less zelectively
by organic solvents on which it is becoming possible to carry
out either spectro-photometzy (not very specific as a rﬁle,
except in the.case of iron and vanadium which‘arézthe only
elements to give colerations other than yEllDw} or fluor-
imetry.

| Sensitivity may be improved by wsing substituted deri-
vatives: '

5- iodo-8 hydrexygquinoline. chiefly for Cu, Mn, Co, Ni and Fz -

5 (or 7} = methyl = & - hydraxyguinoline for Zn, Mn and Lo |
in the case of extraction by carbaon tetrachleride o# bahzens,
dibrowe hydroxyouinplire for copper.

5 -« methyl =7 = nitroso:-'8"'- hydrexyfuinoline eic.
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Generally, however,.this improvement in the:sensitive-
ness often goes hand in hand with decreased selectivity. -
The opposite effect (improved specificity at the cost of a
slight reduction in semsitivity} is obtainad by substitu-
tion by 3 nitrose group as in E-Hitrnsﬁ—ﬂuhydrnxyquinuline,
@r by steric hindrance in the case of 2Z-methyl-8-hydroxy-
guinoline which does nat react with Al, Y, Ga, In ax T1.

E - Dithiocacbamate group - REN - Céﬁ g -

Although less classical, these reagents are nonethe-
less particularly interesting due to their relatively
highef specificity. Diethyldithiocarbamate has proved to be
the favourite reagent in determining traces of copper in
most cases. It can also be used a2t the same time to deter-
mine Ni and Bi. Hawever, it cannot be used in the presénée
of high Fe, Bi, Ni, Co and Mn contents. o

‘Better specificity is sobtained by using homologous
compounds capable of introducing a steric factor uf‘ﬁﬁe"n
acetenilide dithioearbamate, phthalimidedithincarbamsté;"“
succimide dithiocarbamate and pyrrolidinedifﬁi&@égﬁéhafet
types. o

Finally, it iz possible te work aon the pH extractiaon
as with the preceding reagents. 'We should stress that we
"use diethyldithiocarbamate in sﬁecific conditions for coppex
by effecting the extraction with iscamyl alcohol in the
presence of EDTA and in an smmoniacal medium.

Let us now leave this list, which could in itself
provide the subject of several books. We have vpluntariiy
restricied ourselves to & fewlexamples which represent only
a fractional part of the range of choice availsble at
present in this field.

3) - EXTRACTION BY SOLVENTS

- Complexes formed with the various resgents are MpTE Or

. lsss soluble in water or other seclvents. The often very
great difference in the selubility of various complex ions
freguently enzhles one to plan their separation by ex-

tracting one of them with a suitable solvent in a simple
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separatihg*FunhEl.‘Suitable pH and Reddk-factdra mey -also
favour the results at this stage. In a fsir propertien of
bordex-line cases, howsver, simple Extractinn-is\ndf enough,
although it is possible to separate the undisspeciated:
elements by o simple extraction, in effect, 5‘fractinnal
separation in accordance with the attached drawing, for
axample: .

This method (the .Crzig
method} is well adspted to : .
automation and mechanised }Lﬁ ‘ ‘ ;
equipment is =zlready on the -i!‘i{ﬁ%_m-_.‘-“:ggggg
market, . . : { .

When the various tubes i ?
Lo
|

are examined at the end of

the operation the various

camplexes are Fqur{d to he A ' B /O

distributed in the shape.af
a bell. o
3) - SPECTRO-PHOTOMETRY

RV

Based on the selective absorptiaon of the chrumogeniﬁ
groups of some complexes, this technique is stiil‘ana‘n%
the most dmportant in the field of trace-element aﬁalysis;

Az the maximum zbsorption freguencies zre ofien
cHaratteriStic af the complexed elemsnt, it is freguently
possible to determine o . |
séveral fons simultan-" . AtMJD“
eously, | |
For. example, diethyld-
ithiﬁcarbamate with Nj-

Cu - B3 may give complexes
that can be extracted

under the same .

conditions.

v




By measuring the optical
densities at the three
wave=lengths )\ Ni,

)\ Bi, )\ Eu,‘wa can
calculate the three
cnncentratiunslby means
of a system of 3 equat-
ions with 3 unknouwns.
However, this method

holds good only when

the respective eoncen-
trations are of the =ame
order

Thus, it is pussibia to determine more easily, more
scgurately and more freguently traces of B in the presence
of titanium by carminic acid.

Apart from the. choice of wave-length, it is often
possible to incresse sensitivity by modifying the medium
addition of miscible solvents, alteratien of the prop-—
ortion of reagents or extraction by means of a suitahle
solvent. Similarly, the specificity may be modified by

altering either the pH factor or the | _ potential.

It would appear that one of the principal factors
behind the progress made iﬁ recent methods has been the
precise fixing of the pH factor ( 2 0.1 pH J. In the
pld methods, undue confidence was often placed in the
stabilisation of the pH factor by the addition of wvarious

huffer solutions.

4) - FLAME PHOTOMETRY

In its most general sense, there are two variants
of flams photometry
©L y The emission method used chiefly in determin-
ing aikalis; and )
;] )~ The shsorption {atomic absorptien) method,
still largely undeveloped in Gthe chemical industry.

This method is found to be very sensitive, rapid
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snd accurate. Moreover, the equipment required is relatively
cheap, We have sought to develop this particularly promising
technique teo the full, for it semms destined for wide
application., Although still in the development stage, it has
already been of great service to us and we feel that.it should
b= given special emphasis in this general report.

A - Emission

The apparatus depicfed F

here consists of an . atomizer
for the solution to be

analysed, a burner snd a

device for analysing the

&———  [Combustible gas

radiation emitted, a.
(HutanE—C H_-H, etc.

monochromator (or asimple 222
phntu-elg:tric cell fitted 2t
with a filter in certain or thﬁg' Splution aralysed

simple cases (alkalis -

alkaline sarths)

At the temperature of tHE flame, a number of atoms present
in the atomized solution are excited by the movement of an
external electron freom energy level.s .to levels p and d. This
corresponds in fact to an abrupt deformation of the electronic
orbit, which takes on A cirecular form with stronger pmteﬁtial
ENBIYY.

In falling back to its original = level,. the electron
emits this energy in the form of radistion with the eorrespond-
ing frequency. Because only the external electron levels are
involved the enexgy liberated is relatively small, so that ‘the
:Dr;esppnding freguency falls witﬁih the visible or near-
visible spectrum. .

| This giuas'flame spectro photometry an advéntage OVET Brc
or spark spectrography which, pwing to the grester amounts of
Energy liberated work ma;nly in the ultra-violet. The
Dptlcal Equlpment may consist entirely of glass, this afford-
ing a reduction in cht

Another more 1mpnrtant aduantage lleq in the small number
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of rays emitted (only the outermost level or levels being
invbived); this-giyea"greater specificity and simpler
applicatiun by doing away with the use of the very large
resolving powers which chiefly account for the high cost
nf‘spactrugraphic equipment, ‘

This is a tremendous simplification in the special
case where the major element is one of the transition
metals which give ery elabprate arc spectra.

A third advantaye lies in the fact that the. flame is
geasier to stabilise, so thet precision is greatexr (e.g.,
see the AFNOR Standard for the macrodetermination of
KED in fartilisers,‘whi:h affords relative precision of
the order of 0,.5%).

On the pther hand, the product analysed muet be
placed im a solution beforehand. Thern again, as the
concentration of the solution is limited by the risk of
biocking the atomizer, sensitiveness is often somewhat
lower, partieularly with "cold" flames (butane + aixr)

Sufficiént sensitivity is only ebtained by using &
hotter flame (nxygEhnacetylene or oxygen-hydrogen instead
of butare and air), but it is then poseible to determine
concentrations of from 1 ppm to about 5% provided that
essantial precautiohs are taken to avoid interference.

Thigs interference, zlthough less serious than in
spectrography, becomes of vitzl importance when the flames
used sre very hot, owing to parasite mutual enhancement
causeﬁ by collisions with foreign atoms. It is then
gsgential to refer to disl-readings obtained in the
presénce of similar concentrations of the majer slements;
as solutions are involved, this gEﬂEIaily entails no
practical difficulty,

B - Absorption |

The apparatus is similar to that used in the emission

process, but includes a monochromatic source currESpunding

tp the emission of the element to be determined{hollow
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cathode lamp). However, the

burner is larger ami an ] -

additional system of
medulation may in certain
cases be connected to the

maasuring equipment to

enable the phenomena of

absorption and emission to
be separated, thus cerving to improve sensitivity. .

The unexcited. atoms in the flame may become excited not
only under the effect of the temperaturc of the fleme, but
gven more readily when they are ircidisted by a radiation at-
a frequency which corresponds to the principal ray emitted.

This process affords great sensitiveness in the case of
atoms which it is difficult to excite by means of the flame.

This,methud does not give rise ta the mutual interfer-
ence which may exist in the emission method,

Such interference by the muajor compounds ﬁresent”is
relatively important in the emission process as it affects
the percentaée of excited atoms measured,

With atomic absorptien on the other hand, it is the
strength af the unexcited =toms present in the flame which is
messured; Ag the percentage not excited is generally very
high, the above error Qill be negligible in terms of relative
value,, . l, .
This, coupled with the greater reproducibility of the
absorption phemomznon (which is less sensitive tu‘lpcal‘tempw
erature fluctuations within the flame), affords greater
pIEcisinn in most cases., ) ‘

Without going into detail on the results obtained by
Mr, THILLIE?, Instrument Engineer in the Analytical Department
of Ets. KUMLMANN's Central Laboratory, we wuu;d‘jugﬁnmantiun
that this method is of graat‘service to us in determining
magnesium, both as regards its sensitiveness {0.01 ppm in
solution), and.its.accuracy (nearer than !fbrelative with

solutions of 2 ppm) and epecificity.
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The same prospects arise, except as regards sensiti-

vity, for the trece-clements, zine and copper, to mentian

only the main ones studied.

This methed is,

will no doubt enable

in fact, grnerallybused and, in future,

most ceries checko to be advarntage-

ously worksd out wilh great precision.

5 ) - ANALYTICAL ELECTRO-CHEMISTRY

Irrespective of
nlayed by the pH and
chemistry oallows for
ation, despite their

In particylar, these

Classicel palarogrsphic methods

are recommended, but

nobk dwell on the principle

invalved.

the zssential selective role constantly

Redox factors, =nalytical electro-

fairly gereral methods of date:mind

high mpecificity. I

arn as followss

we shall

G
=

tet us simply mention

thuat the electrolysis current A
produced by the discharge of
the ion to be determined at a

given potential, is measured

Id

at the point of equilibrium, —nC

This current is limited by the diffusion of the ion

towsrde the electrode, and is thus pooportional to its

chnehtratinﬁm With

normal sguipment, sensitivity is

generally‘hetween 0.1 and 1 ppm.

The preciainn afforded is also very high (2 to 5%

relative). As rach ion has its own characteoristic dis-

charge potential, this method is highly specific and

trace interference fairly infrequent.

We chould stross that sensitivity may be even

"?ﬁfﬁhér improved in the case of ilons capable of being

deposited 4n the metallic state and amalgamated, by means

of the Hahqihq drop procedure. The impurtities to bs

determined arte concentrated on & fixed drop of Hg and then

redissolved by inverting the palarity of the mercury. Far
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2 given pre-electrolysis time, the current produced in this
anodic redissolution is proportional to the concentration in
the initisl solution, which may thus be measured to 1D-BM
without difficulty,

This teohnique, which has been studied in the Analy-
tical ' Department by Mr. BOURROUILM, the Emgineer respon-
sible for electro-chemical methods, is particularly suitable
for checking Phb, Bi, Cd, Zn and Cu.

6 ) - INTERCHANGE OF IDNS

We shall deal briefly. with these methods.

However, let us mentiaon that, on the industrial plane,
the practical use of radio-elements is somewhat limited by
the special precautions required and the high cest of irrad-
iation at the present stage of development of the sources,

Nonetheless, emphasis should be laid on the extrteme sen-
sitivity of these methods, which are still by far the most

advanced in this field.

11 - DETERMINATION OF THE MAIN TRACE-
ELEMENTS #&

Lo, V, Se and W, to memtion anly thé elements most fre-
" quently referred to, have now been added to the list of six
micro-elements (Fe-Mn-B-Zn-Cu-Mo) considered since 1955 as
being essential,

In view of the analyticsl experience acquired by Ets,
KUHLMANN' 2, Anaslytical Department in the field of trace-
elements, particularly during its studies of pure metals,
nueclear products and pigments, it has been a relstively
simple matter to select suitasble procedures for checking them
accurately and rapidly, whether in fertilisers, soils or

~plants.

¢ Ws would emphasize that the eensitivities mentioned in this
article for spectro~-photometric methods are for cells 1 cm
thick; im practice they may be improved by a factor of 5,
by using a 5 em cell.
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In the following pages we shall endeavour, without
trying te cover the subject too thorsughly, to restrict
ourselves teo setting out, elemert by element, the con-
clusions we have drawn and the chief methods we finally
had to chuose in practice. |

DETERMINATION OF BORON -

Although micre-chemical determination is relstively
simple and conventional {acidimetry efter distillation),
the micro-determination of Boron aften presents a diffi~
cult problem, particuléarly when very high sensitivity is
required,

Apart from spectrographic technigues
which enable splids to he
checked rapidly and with AD-I}.
great sencitivity (= few \,
tenths of & ppm) but often
with a lack of precision,
the analyst has numerous

B

wet-test methods at his

\

[
i
: |
disposal (spectro photo- t
{

matry, flame photometry: - e
etc.,). OFf these we have too 650 "“f* A

come to prefer spectro photometry of the complex obtained

in a sulphuriec nedium with carminic acid&, which gives
ressonahle sensitivity (o.1 to 1 ppm in solution depend-
ing upon the case involved), acceptable precision (10%
on 10 ppm) =nd & wide .range of application {4).
Nitrate and nitrite interference is eliminzted by

heating with HCl heforehand.

. As mentioned earlier, the influence of the titanium
was simply removed by taking a double spectro-photemetric
measurement, The same applies to yapadium 1if the

measurement is effected at a suitable wave-length {=ee

%. ODther spectro-photometric methods have not the
simplicity ofmuse of carminic scid: marked effect af
H-30, concentration (guinalizarin) or delicate and
not very specific application (curcumin} requiring
difficult distillation befarehand,
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- abpve drawing). This method is therefore highly specific.
In particular, no interfefencé is causea by : U=Cr-Al-Zr-
‘NifFe+W-Nb-Ta-Si-Ge—Mudcedpod"' , F=Ca-ClaMg-Na—K. .

When applied to sulphuric acid, one attains a limit of
the erder of B.1 ppm; on soils and fertilisers, ! ppm is
gasily detected. . l

In the rcase of pure waters; we have been able, thanks
to this method, te determine up to 0.01 ppm to nearer than
* 0,005 ppm by concentrating 50 ml beforehand in a plétinum'
capsule.

In fertilisers themselves, which may through intentional
addition contsin high proportions {(at least 1%), it méy he
detexmined by conventional methods of distillstion; however,
we prefer the simpler, gquicker and less tricky methad con-
sisting of simple extraction by water saturated with carbon-
dioxide st wbout BOC {not more, or Boron is iust), followed
by cenventional titretion with mannitol after the phosphate
ions havanbean separated by means of Bismuth nitrate amd
the NHa removed by beiling in an alkaline medium (5),

This method can be applied teo fertilisers rich ip . .
Flusrine (superphosphates) if one takes the precaution of

_starting the extraction process cold with a few milli-
litres of a concentrated acid solution of aluminium.
chloride which enablez thiz element to be complexed, thus
avaiding the formation of Boron trifluoride, which is
particularly volatdile,
DETERMINATION OF CORALT -

So far, this element has chiefly been determined in

s0ils by means of arc spectrography fellawing variecus more

or less long and difficult processzes ef enrichment aften

baged on.vrganic precipitations that freqﬁantly reguired

- the addition of coprecipitating agents. . ' '
However, this element may be determined with.preecisiaon

in .3 selutipn, by using a reagent which is of .particular

interest in cobalt spectro-photometry. - Nitreso R Salt

has for q‘runj time beeﬁ.Held by‘og:'labbratories ko be
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‘the ideal reagent for determining this element, both in
pigments and in various materials of & nuclear structure,

This upinihn is today shared by numerous authors,
including the team of Prof. MONNIER in Geneva, who wrote
in 1961 that this method is "the most semsitive, the
most precise and one of the fastest known" (6).

Spectro-photometry may be made completely selective
if separstion is effected beforehand, either by an
interchange of ions ar by extrscting the dithizonate
with EElA. The uge of dithizone as a separating process
has been found by us to be entirely satisfactory, as the
dithizonate is readily and cumplefely decomposed by the
gsimultaneous action of cancentrated HESU‘{1 and H2D2;

Now perfectec, this method of operation enables
stremgths as low as 1 ppm in solutien to be determined
within an accuracy of about 10%, and within an accuracy
of a few per cent in the case of sltrengths of the order
of 50 ppm. If the fertiliser or soil studied is rich in
precipitable elements with = pH factor of 7, at which the
dithizonate is most easily extracted, the method may still
be =pplied by effecting the extraction in a medium con-
taining citrate at about pH 6.5.

This method is particulsrly well suited to the
analysis of sails or rocks containing strengths of bet-
ween O and 50 ppm, with an average of about 10 ppm, but
it is also applieable to products which contribute trace-
elements to agriculture, such as fertilisers and various
gilicates specially manufsctured for the purpose.

& second method based on colorimetry of the extract
(by isoamyl acetate) of Z-nitroso-l-naphtholate of. cobalt
may alse be applied teo products which do not cantain too
much { 4% 1%) Copper, Manganeze, Nickel or Tin, as is
generally the case in agriculture (7). This process does
away with the need for prior extraction by dithizone, but
requires numerous washings of the organic layers extrac-

ted, either to improve the stability of the complex or to
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reduce interference from the variuus{heavy metals‘(particu_
larly copper). |
DETERMINATION DF IRON L

We do not propose to go too desply into the methods of

determining this element as they are sufficiently well known
and 211 the more numerous as the iran content of fertiliser
and soil is always relatively high.‘ \

This often enabies us to make an oxido-reduction
titration (we recommeri that the hydroxides be precipitated,
dissolved in concentrated HL1 and then titrated, after redu-
cing with ClESn and the =slight excess aliminated by adding
mereuric chleoride, with potassium bichromate solution using
barium diphenylamine sulphenate as the indicator, This
method is applicable and extremely accurate (1% relative) for
strengths of more than 0.01%.

Below this figure, a wide rgﬁge of colorimetric methods
may be used; in making special zeference to the ¢, A bipy-
ridyl method, we would mention that this conventional system
may be vitiated‘by nUmMErou s Elementsland that,‘under th;sa
ﬁnnditinns, when dilution is not very great, it may be bstter
to use the more specific and sensitive Eathnphehanfh;olgne.
DETERMINATION OF ZINC - |

Thiz element gives anly a few selsctive coloured com-
plexes; only zincon andﬁﬁa"s‘ - tetraphenyl-porphine are

capable of b51ng used it spectro-photometry, but prior sep-

dration is generally necessary owing to numerous interferences.
We have manaéEd to perfect a method éensitive tﬁ 1 ppm
in solution, giving a degree of precision of the ordex of a
few %lralative, with strengths of about 50 ppm,chnsiéting
of separation by innlexchange followed by, sﬁectrﬁfphutqmetry.
of the zincon complex, .' N
The anion exchange resin (DUWEX l) used leeb thg zing
selectively in a hydrochlorie medium of SUltEblE_CDHFEHFIEtan.
It has then only to be waéhed out by a Véry dilutehhydrn-
thloric aﬁid to qbtéih.a pure énlutinn of ziﬁc tﬁat_igltreated

by the Zincon direct.
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No trouble is given by the ions generally Fnund in
spils and fertilisers, such as Mn- Mg—Al EaaP U ND -Ku
Na-N Hd—Tl ~Fe-Cr- Vlv egtc. ‘

Lopper only begins to give trouble when its presence
is between 5 and 10 times greater than that of the zinec.
Vanadium is troublesome in the 5+ state, but may easily
be reduced to Vlv heforehand by GUHNEE

Finally, we also have thrEE ofther fast and hlghly
sensitive methods, all of which afford sotisfactoxy pre-
cision. .

Flame absorption has Enaﬁleﬁ uz to resch, prAacticelly
without inmterference, 0.01 ppm in solution, i.c. we have
had no difficulty in attaining 1 ppm in =spil or fertiliser,
and an accuracy of 2 to 3% Dn.l tul2 ppm in solution, A
recent article alsu relates to simila# perfarmances (sen-
sitivity of 0.03 ppm) (9). Hanging drxop polarography is
capable of affording even greater‘SEnsitivity if regquired
(particularly for determinatiom in plants)., A second
advantage is that coppexr may also be determinad simul-
téneuusly. | ‘ |

Conventional pelarography, .although less sensitive
{:jh-l ppm in solutian), makes it pnagible to determine
zinc, copper and manganese, in a mgdiumlnf ClNH, +

4

NHdﬂH, simultaneously in one and.the‘same Dperatinﬁ (@),
In reality, and contrary to the EEEEItiDHS of literaturs,
the déterminatinn iz effected not by thé ziﬁc but by the
sum of the zine plus the :Dﬁalt.. One hés uniy to mzke a
second polarogramme in a sodium tartrate medium with =
pH factor of B8 to obtain the zinc aluneuanﬂ! by compari-
son with the pnlarugram‘aFF9cted in the ClNH4 + NH4DH
mediym, find the respective concentriatiorns of zinc -
Co - Cu - Mn. N ‘ |

In :nnclu51nn, we wnuld stress that 1mpnrtant tIaCESl
of zinc are founmd again in numBrous reagents, partlcularly
pure HLL, thus making it necessary to systematically

prepare blank tests.
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DETERMINATION OF CORPER

Extragtion of the complex with diethyldithincarbamafs
or dibenzyldithiocarbamate {arazate) (12) can be made
specific in the presence of EDTA; thus, the spectro-photo-
metric treatmenmt of these complexes in imuamyl alcohol is
a favourite method, fast, accurate (5% at the 10 ppm level)
and highly sensitive {1 ppm) ' S

Similar performances are obtaimed by using oxalyl dihy-
drazide, despite the higher wvalue pf its cosfficient of
molecular extinction (10), as the complex is net extractable,
This lack of extraction sccelerates determination but may
frequently limit the method's application (unfilterable
cloudy solutions - presence of conlloidal or highly coloured
organic matter, ete.,). We g2lso note that this method is
impaired by over-strong concentrations of Co or mntt,

Finally, we would mention two other colorimetic re—
agents : ‘

‘:uprminé {2-2" diguinoline) and neocuproine {(2-9-dimethyl
1-10-phenanthroline); though both very specific, it appsars
that they sre less sensitive (2 to 5 ppm) (11).

Numergus other colorimetric methode written sbout so far
are of less interest than the three described above, either
because they lack sensitivity (aminmes—ammonis-benzpin oxime-
complexons - Tirom, etc.,) of becsuse of their lack of
specificity (biocylcohexenoneoxalyldibydrazone: interfer
ence of Co =-T.E.T.R.A, - 0,0-diisopropylphosphoredithiaate,
etc., ). '

Spectro-photometric methods used on solutions are not the
only ones possible for this element, however.

We must emphasise the poseibilities of flame phntumétry
(by emission and, above all, by ahsorption), which gives a
sensitivity limit of 0.1 ppm in solution, i.e., 1 ppm on the
product, as well as those of cenventional pnlérngraphylar the
hanging drop method.

In the two last-mentioned techniques, the same splution

may be used for determining several other elements :



8 - 21

| by flame absorption : Cu-Zn-Mg-Mn and Co.with
slightly lower sensitivity; i
by conventienal polarography {=ee Chapter on Cobalt
above) : Cu =Co ~Mn -ZIng and - |
by hanging drep pnlarmgraphy=;.ﬂu ~Zn.
DETERMINATION OF MANGBANESE -

Traces of Manganese may be determined by :polarography
simultanesusly with To-Zm and Copper, as explained in the
Chapter on the determinatien of Zinc, It is also very
easy to make accurate and sensitive determinmations by .
flame absorption.

Fimally, it is possible to make specific colerimet-
ric déterminatians by using oximes (formaldoxime - carboxy
4-isonitro~ispacetanilide, etc.,), which, with Mn++ in an
alkaline medium, give red/bruwn‘ﬁnmplexes of the ien
Mn3++: Eghsitivity to traces of Fe makes separation
necessary; this may be effected simply by the use of anm
ion exchanger,

Formaldoxine in an ammoniacal medium seems to be the
maost sensitive reagent available at present (D.UE.ppm-in
golution}. We normally use it, 'sfter separating the
Mn on DOWEX 18 X — 50/100 mesh, if the Iron content is
high; {in .12 N HCl medium the Mn-hydrochloric complex is
fixed; it is washed selectively with 6 N HC1 Fe-Co and Cu
remaining fixed on the resin; Mg and calcium are elimina- -
ted with the effluent of the. 12 N-HCl’during‘tha fixing
process and canﬁut‘therefnre precipitate subseguently in
the ammpgniacal medium},

The =same mathdd has been applied with henzohydroxa-
minic acid, which seems to give a similar reactien {13).

A recent method alse appears to he attractive; in’
this, the resin sepsration process is done away with
thanks to the selectivity of the coloured xeaction uh—.
tained by extracting the tetraphenylarsonium chloride
+ permanganate complex with chloroferm. Potassium peri-

pdate i= used to axidize the Mn++ beforehand "(14), It
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should be streesgsed, however, that this methad is less

sensitive than the formaldoxime reaction (limit of 5 pam if

1 cm spectro-photometer cells are used : 0,5 ppm in solution).
Finally, it is aslso possible o carry out colorimetzic

determinatinn with benzidine after oxidisation by pericdate,

slthough the semsitivity is limited. (0.25)4 /ml} and the

instability of the memsurements calls for very exact timing

which is applied only with difficulty.

DETERMINATION OF MOLYBDENUM -

As ip the case of mpst of the preceding elements, moly-
bdenum may be determined by means of polarogzaphy and flame
spectro-photometry.

The polaregraphic method (in 2 nitric or perchloric
medium) requires that the molybdenum be separated beforehand
by®h benzoin oxime and chloroform and is not very sensitive
with the conventional apparatus {10 ppm). ‘

According to the literature, flame =sbsorption affords a
limit of 0.5 ppm in solutign (i.e., a maximum of 5 ppm in
fertiliser or soil), We have made no measurements by this
technique 3o far, in this particular case.

Much greater sensitivity is in fact obtained by spectro-
photometry of the complex formed with dithiol {4ﬁmethyl‘l-25
dimercaptobenzene) (18) (0.04 ppm in solution) extracted in
carbon tetrachleoride or isvamyl acetate. This highly speci-
fic methad is commonly used in our laboratories for determin-
ing traces of Mo in all types of products (ezxth - fertilisers-
ores -~ steels - refractory metals, etc.,).

The conventional thiocyanate method is also sensitive and
relatively specific (17), but its semsitivity to Pt makes it
impossible to make the solution in a Pt cxrueible and the in-
stability of thiocyanate adds to the difficulty of the method,
Other spectro-photometrie processes are generally much less
sensitive aﬁd/ar less specific, particularly the following :

z) Ophenanthroline and ok Uh{dipyridyl are gemnsitive

to Cu-Lo-Al-Cr~Fe, etec., =nd are limited to '0.25

ppm in solution
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h) Polyhydric phenols (catechel-pyrogallol-Tiron,
etc.,} msre sensitive tn.Fea+ - Eg++ -W-U -

V - Ti, etc., and sensitivity is limited to
about 0.2 ppm in Enlutinn.:ldeenver,;tha
instability of these products in air makes
these methods fairly difficult,

c) Oxins and,substituted‘mxinss such ag 8-
hydroxygquinoline-5-~sulphonic acid cannot be
applied, particularly in the presence of Fe -

V, ete., and senzitivity is limited.ta 1. ppm

in solution, However, a new prnceés eliminates
interferén:e from irnn‘by operating in the -
presence of fluecides (19).

d) Unithipl (sudiﬁm 2,3 dimercapto propanesul-
phonate), fairly similar te dithicl, gives a
very specific reaction although its sensitivity
seems limited to 1 ppm in solution (16),

E) The methods wsing hydrogen peroxide, trion
(Sodium 1,2-dihydroxy J-benzene E-diéulphn-
nate), mercaptwmacetic acid and 3 Eydrnxy 1,
p=phenylsulphonate 3-phenyl triazens are
particularly low inm specificity and of limited
sensitivity. ‘ _

f) The quercetin method may he made almost specific
by a prior separatimn withF® _benzoin oxime
and chloroform, but.W amd V always give trouble.

DETERMINATION OF VANADIUM

Although thi=s element can also be determimed by conven~
tional polarography without great difficulty, 'and by flame
emission, spacfrn—phutmmétri: methods seem to provide the
simplest course in this case. ‘ _

We usually use oxinate gpectro-photometry after selec-
tive extraction at a ceonvenient pH factor by means af
chloroform; interferenece from mulyhdenqm, titanium and iren
in particular, is aliminatgd.by taking a.measurement at two

different wave lemgths : vanadium oxinate is, in fact, the
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only red-colaured ﬁxinats in'this solvent, It is obtained
fram EithEI'V4+ or‘V5+.

The sensitivity limit is of the srder of 0.2 ppm in
solution, so that 5 ppm is reached without dlfflculty in the
case of the preduct (fertiliser or aull)

Thiz methed is unrelisble, however, if the Fe/V ratio
is vexy high ( ® 100 for example), as it them becomes
clearly imprecise. It is still possikle to decrea=ze the
warking limit by adding a high concentration of zlkaline
fluexide. which complexes the inmterfering clement.

An aguesus colorimetric methpd was develnﬁed in 13359
(20), using pyrocatechol; it is slightly lsss sensitive as
there is no concentration by extraction {1imit of 0.5 ppm in
sDiutiun, i.e., 50 ppm on the product analysed]  However,
this method unfurtunafely entails the use of cyanlda as the
agent for complexing possible 1nterference.

The conventional heterupnlyacid mathodﬂ (phosphovana-
dotungstic and vanadotungstic) are. lacking in specificity and
require lshorigus sepsrations befarehand, the éimpléat af whiéh
consigts of at least one electruiysis on a meregry cathode.
Indeed, the Extractlnn of +hese :nmplaxea by ketones has still
to he 1mprnved if sufflclenf pre:151nn is to be .obtained,

The newest methods invelve the use of more or less sub-
-~ OH
= 0

stituted hydroxaminic 861db R

l_l'-Z

1
. . 2“ ' .
One of the simplest of this type of reagents, benzohyd-
roxamic acid (BHA) H- N OH enables 0,2 ppm to be determined‘iﬁ ;
| QZZ%- =0 solution in hexanel (Fe-U-Ti and Su
ihterferenca‘Eainqleliminétéﬂ by '
wééhing the extract with a phosphate
solution (21) or 0.5 ppm te be determined after a moze select-
ive extraction with‘daiéﬁbﬁtjlkétune, which does not extract
Fe-U-Ti (22), - | |
-However, it should be nDtEd that these reagents are qenblt-
ive only to the vanadate ion, which means that vanadium must

firet be oxidized by adding a low ‘concentration of bichromate.
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More highly substituted hydroxamic acids often remove
the need for washiihg the extract, owing to their greater
selectivity, and offer greater‘senaitiuity as extraction
may be performed with a non-polar solvent such as
chloroform : these include N Benzoyl N Phenylhydroxy-

lamine, which are lesy

4;:::5"N aH sensitive to iron interfer-
> -
ence and afford 2 sensitivity
wee = .
qu::z of the order of 0.1 ppm in
, PP

|:HE1:1 solution.
However, these advantages are compensated by lower stahility
of the reagent, paxticnlarly upon oxidisalion. Thus, the

most. complex molecules

of pliHA {} - !\{J-EIH and  PTHA @_CHE_N_UH
e C=0 =[]
A )

are sensitive to bichromate which can then no fnnger be
s 4+
used to oxidize V .

DETERMINATION OF SELENIUM -

Although no conclusive action has thus far been demon-
strated in the vegetable field, the important part played
by this element in the growth of animals has recently led
to its being added to .the list of more standard trace-
elements.

The problem of its deterxminatieon is relatively little
known, yet it offers very good prospects both as regards
sensitivity and precision, not to menbion its opecificity.
At the present time, piaénaalenul formation by rezction
with aromastic orthodismines is by far the best method of
determining traces of this element.

3,3'diaminnbenzidinﬂ is the most commonly used cesgent;
after extraction by toluene, it‘enables gne to attain a
limit in solution of 0.1 ppm by absorption spectrophoto-
metry and of less than 0,01 ppm by measuring the spectro-
fluorescence (23),

'

Rare interference from cations may be practically
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glimimated by the use of EDTA (complexon) and the possible
g2dditipon af ammgnium chloride removes interference from high
contents pf =ulphate.

As this methgd is specific, we use it in sbsorption
spectrophotometry for determining 5e to within a few ppm
in metals and chromium in particular.

Even grester sensitivity (0.001 ppm and less with fluor—
escence) can be obtaimed by using 2,3 diaminonaphthalene (24).
DETERMINATION OF W -

This element was the last to he addEd‘tn the list of trace-

elements and its impartance is =still a matier for discussion,

The problem of determining it in trace smounts has already
arisen in our laboratories ir the field of pure metals
(Nipbium} and nuclearly pure products, Although we have
scarcely had an opportunity of practical application our-
sglves in the case of fertilisers and solls, the specificity
of the method we use enables us to recammend it without risk
of undue diffieulty. |

Like Molybdenum, Tungsten gives with dithiol a highly’
coloured complex which may be extracted with carbon tetrach-
loride; hnweuér, the extract is a much more bluish green and
the reaction takes place only in a sufficiently diluted scid
medium (SEIAH2 i; EN). Moreover, it reguires the prior reduc-
tion of W to the W' state., It is a simple matter to effect
bhis reduection by means of a titanous chloride solutian.

In practice, Molybdenum iz firstly determined in =
moderately acid medium; - after this element has been extracted,
the agueous layer is cnﬁ:entrated, reduced by adding‘TiCl3 and
hydrochlorie acid under heat and, fimally, the Tungsten is
extracted by I:I:_'L‘:1 after a fresh addition of dithiol and a
suitable dilution.

opecificity is excellent, with sensitivity of the order aof
0.1 ppm in solution,

A similar method has since been published hy HOBART &
HURLEY (25). R

The traditional method using thiocynate is found tao be
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less sensitive..snd, more important, less selective apd
far less precise owing to the lDW‘EtaEility of the com-
.plex and more or less well-defimed intexaction with
numerous ions.

Other possible reagents are even less sensitive and
not even as precise.

Flame emission or absorption canmot be used with
sufficient sencitivity, at least in the case of the
- butane/air flame, although in = tartaric acid medium .
polarography affords a limit of sensikivity of the order
of 0.2 ppm in solution,

COMCLUSIONS

The precise determination of ftrace-elements presants
hardly any very difficult problems at the present time;
three types of methods in particular may be used after
the s0il or fertiliser being analysed has been placed in
solution,

The most general method is spectro-photometry; for
this one must have & precision spectrp-photometer with
a fairly wide wave-length band; such equipment is avail-
ahle at prices inm the order of 5,000 Francs, However,
these processes reguire a minimum of manipulations
(usually esxtraction by salvent) which mazy add te the cost
price. :

The polarographic method affords an appreciable
saving in time if & recording polarograph is used, but
this eguipmént is double the cost of the preceding type
and difficulties must be expected in the case of deter-
mining wolybdemum and selenium and, finally, it is praRc-
tically impossible to determine boran.

Finally, the flame emission and absorpbion techni-
ques‘ara extremely fast and thus enable the cast of
analysis to be greatly reduced if the latter's output
enables the equipment te be‘written off at an acceptahle
rate, This equipment is four times more expensive than

the simple spectro-photometexr mentioned above., However,
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this technigue doe= not afford very sensitive determinations
of selenium, boron or cobalt.

We maintain that it is possible to deal with-all piublems
concerning trace-elements with egquipment representing a
fairly low amortisation cost, and that grest pessibilities
are thus open to agronomists to improve our knowledge ‘in
this sphere. . ‘

However, we must point out thast we have tackled only the
determination of elements after they have bean‘placad in molu-
tiom, and dintentionally igneored the stete in which they are
found in the product to be examimed and their actual assimil-
sbility, Although there is no special analytical preoblem
invplved in determining the total strength, the speed of
action of the principal fertilising elements has still to be
determined, 5o far, little study has been made of this problem
(26) which, to be opvercome, will reguire close collaborstion
between chemists and agronomists.

We would peint out from the start that a distinction
should be made between, at least, the total content, the con=-
ternt soluble in water and, probsbly for want of anyihing better,
the content spluble in one ar more of the mere or less conven-
tionzl reagents,

The first two formg sre being checkedi as a matter of
course, particularly in the United States, not only in -sodls
bhut also in fertiliser products that.are devised specially to
prevent any undue immediate solubility which might poison the
crops. Such a rEquiremént restricts the use, on an industrial
scalg, of products that are very rich in trace-elements,

from this puiht of view, it is far better fo supply these
within fertilisers in which they are highly diluted.

This may be the case with superphosphates when the trace-
element is addedito the acid used for the solubilisation of
phosphate rock, but in fact is =lways unsvoidably the case
gwing to the apprecisble amounts of B-Mo-Cu-Mn-Zn+Co-3e-V,
etc,, in the original phosphates.

We would emphasise that there is good reason to believe
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that these traces are in a relstively assimilable form and
that, ac may be seen from the feollowing wnelyses, the amounts
contained are Tinally at least aé‘great 45 in organic sub-
stances that are considered to be of particularlintereat from

this point of view,.

ppm of "B | Mg Cul  Mn Zn Co | V |} 5e
Lucerne Compast 70 2 42| 260 D,11
Peat Compost 13 il 7 110 20 0.02

2
Corn straw Compost 15 F0.5 a8y 47 32 0.02
0

Maize stalk Compost| 15 0.4 | 12 25 &6 -

U. 5. Phosphates 151 2! 20! 600 | 40} i
: - ‘ : {
to| to} %o to to 10} to
average figure 50 4 30 700 50 ‘ >
North African 100) very 1Dd
low ta 50
Phosphates ' 1 ppm 200
18% Superphosphate
180 40

(Marocean phasphate)

To sum up, it would appear to bhe in the interests of super-
phosphate manufactueres to periodically check Lhe strength of
traca-glements in théir.prnducts, 2s the presence of these may
in fulure prove to be of much grester interest when compared

to fertilisers with higher concentrations af P, M and K,

& Lavmllay '~ Fruits - VYol. 11 No. 3 - 1956.
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