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ABSTRACT

Forty three sanpl es of Kanwa were anal ysed for their
sodi um and pot assi um content using flane photonetry and
atom c absorption spectroscopy. Both nethods gave simlar
results; the sanples showed about 30% of sodi umand 0. 1-4%
of potassium a fewresults were outside these ranges. The
ani ons, carbonate, chloride and sul phate were detected in
the sanples; sul phide was not indicated in any sanpl e.
Inthe brightly coloured sanpl es, sanple nos. 5, 13, 28,

29, 38, and 40, nanganese was detected and determ ned by
t he ammoni um per sul phat e oxi dati on nethod. The proportion

of nmanganese in these sanples was of the order of 10 %
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T. INTRODUCTION

tKanwa' is the Hausa name for natron, a dried lake salt
which is largely hydrated sodium carborate (1), It is a
product of the salt industry in many parts of Northern Africa
(2), having a high sodium content but very little potassium
(1). It is taken as a medicine for all sorts of minor
ailments in Northern Nigeria (3). It is common practice in
the areas of Hausa majority in Northern Nigeria to administer
large quantities of ‘kanwa', in the form of a porridge of
guinea c¢orn or millet, to nursing mothers as a wedic¢ine to
increase the quantity and improve the QUality of breast milk.
This practice is continued daily for periods extending to
six weeks and as much as 30g of the salt is consumed d%ily
(1). Davidson and his co-workers (1) have associated the
incidence of peripartum cardiac failure, a type of heart
failure observed in nursing mothers, also in the areas of
Hausa majority in Neorthern Nigeria, with this practice of
taking 'kanwa'!, They have, however, not given the sodium and
potassium levels in the salt although they have explained
the illincss in terms of high sodium intake associated with the
tkanwa' diet. - Although the analysis of 'kanwa' has not
been reported in the 1iterature}two varieties of it in
Nigeria have been described - a variety containing about
20% of sodium carbonate with 27% of sodium'sulphate and
another containing about 88% of sodium sulphate. They
both contain little or no potassium, All varieties marketed

show much variation in composition, possibly due to adulteration

(3)..
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The plan for this work then was tc carry out an analy-
tical survey of 'kanwa' samples with an aim to determine
the proportions of sodium and potassium in them and also to
qualitatively identify the anions present in the samples.
It was plammed to analyse the samples for these alkali
elements by both flame photometric and aztomic absorption
methods ao that the results would mutually check one another,
The presense of a nice pink colour in some of the samples
suggested the presence, in them, of some transition elements.
This suggestion was based on the general observation that
transition elements exhibit colours in their condensed
states. To attempt to detect the transitioh elements to
which the observed ceolours wculd be ascribed it was also
planned to perform selected chemical tests on those samples
which had colour, It was then hoped that some colorimetric

method would be employed to determine the colouring element.



THE FLAME METHODS

In practical flame photometry the substance to be
analysed is introduced into a flame so that the element to
be determined gets excited and emits a radiation of a charac-
teristic frequency., The ehission intensity is measured and
related to the concentration of the emitting element in the
analysis materialt In atomic absorption spectroscopy the
analysis material is also introduced into a flame in which it
yields a population of free atoms of the element to be
determined, The atoms are irradiated with radiant energy\Bf“mHmH‘
a frequency which is characteristic of the element so that
they get excited by absorbing part of the radiant energy. The
diminution in the intensity of the radiation after it traverses
the flame is measured and related to the concentration of the
absorbing element in the analysed substance. The two methods
are therefore similar inm principle: the element to be determined
is made to undergo a change in its electronic energy state and
subsequently either emit radiant energy or absorb radiant energy
supplied by an external source. |

In both methods the analysis material, usually in a
suitably diluted solution, is initially atomized to produce
the element to be determined in an uncombined state: In
flame photometry it is critical that the elemeﬁf atoms must
initially be reddered in some excited electronic energy state;
they then get de-excited and return to lower electronic
energy state by emitting the characteristic frequency of the

element. The flame serves the dual function of aiding the
3.
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atomization and exciting.the analysed element to a high
electronic energy state (4). 1In atomic absorption spectroscopy,
on the other hand, the flame only aids the atomization of the
sample and provides a wedium Jor containing the ground state
atomic population which is reguired., The excitation of the
ground state atoms to higher electronic energy states and the
attendant absorption of radiation are induced by the radiation
from an external source (5). In either case the total intensity
- of radiation either emitted or absorbed usually varies as the
number of particles of the element contributing to it. When
thermal equilibrium is maintained in the flame the intensity,
I, either emitted or absorbed from an externally supplied
spectral line, shows the relationship

T gpe- DE/XT .

where N

H]

ne, of particles of element either emitting or
absorbing the radiation.

A = probability of transition from an initial to a
final energy state.

AE = energy differcence between the intial and final
energy states.
K = Boltzmann constant '

T = absclute temperature of the flame medium,
For a given chemical specie either emitting or absorbing

- AE/KT {1 e

radiation in a particular flame the term Ae
above equation remains constant, Therr the intensity, I,
depends only on the number, N, of the emitting or absorbing
species when the introduction ¢f the chemical specie into the

flame 1s accomplished in a constant wayi so the intensity
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depends on the concentration of the element in the sample
solution, everything else being equal. (4,6)

In practice the parameter measured is some function of
the inténsity: typically the emission from the flame (flame
photometry) or the exciting radiation after it traverses the
flame and recombines with a reference beam, is gathered onto
a photosensitive device which generates a current of a
magnitude corresponding to the emission or absorption intensity.
This current is subsequently fad into‘a measuring device to
incite a response which is directly proportional to the
emission or absorption and to the concentration of the emitting
or absorbing element in the sample., To permit the determination
2f unknown concentrations a calibration of the method is first
performed by measuring the response for known concentrations of
the element to be determined. A calibration curve is then
prepared and used to deduce concentretions of the unknown

s3lutions from their measurements,

INSTRUMENTATION

As shown in the flow diagram in Fig.1, similar components
are involved in the design of equipments for both flame

photometry and atomic absorption spectrophotometry.

Atomizere- monochromator Detector Recorder
burner

Fig, 1
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In the atomizer-burner uait some combustible gas is mixed
with an exidant gas and lighted to produce a flame above the
purner (6, 7); the flow of the oxidant gas to the flaﬁé is
utilized to aspirate the sample solution through the atomizer
and carry the atomized particles sprayed into it to the flame
(6, 7). Suitable provision in the design of the burner and
apropriate control of the flow of the flame gases and of the
sample solution through the atomizer and burner (4,6,7,8 ) are
adopted to ensure stability of the flame, In fi~me photometry
normal cooking gas, a propane-bhutane mixture, is dominantly
employed as fuel gas and air/ggygen as oxidants; 1in atomic
absorption spectroscopy acetylené is the usual fuel gas
while air, oxygen or nitrous oxide are used as oxidants in
variocus situations. (9,10 )

Monochromators are employed for differentiating the
radiation from the flame into narrow lines for measurements.

8 wide range of interference filters is currently available for
monochromatic photometry and they are widely employed in
combination with colour filters to eliminate background and
oTther unwanted radiations in flame photometry. Izterference
filters produce a narrower spectral line width(11) and are
prefered to coloured glass or gelatin filters which depend on
absorption, reflection, or poldrization effects{(12). In

flame photometers where the source has a large emitting surface
and a very large fraction of its emission must be collected,

filter monochromators are generally more efficient than -

dispersing elements which are prefered in systems, like
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atomic absorptien flames, as‘they can utilise light from a
Very small area of the source(&,s), So in atomic absorption
Spectrophotometers grating monochromators are employed and,
by dispersion of the absorption line, they isolate the
analytical Spectral line, from others which Iie close to it,
for measurement. These other lines could originate from the
Source where a composite Source, like g vapour discharge lamp,

is employed,

monochromator impinges on a detector ang incites g response
from it which varies as the intensity of the line, Ig'flame
Photometry the detector is some kind of photocell (13) which
changes the radiant intensity falling on it to some measurable
form of energy, usually electrical energy, Tﬂ; detector in
atomic absorption Spectrophotomsters is usually a photomyl-
tiplier (5) which permi%s very high amplification and makes
the method Specially Suitable fopr determining trace concen-
trations of elements, In either case the response incited in
the detector is displayed on the recorder, This could be a
Simple linear Scale, measuring results like galvanometer

deflections, in the flame Photometer or g chart, scale op

absorption Trequency of the element, Hollow cathode lamps are

dominantly employed as Sources but fop liquid and soft elements

[T T —




8.
like the alkali elements which possess high vapour pressures
at comparatively low itemperatures vapour discharge lamps are
used (14), The best sources for these more volatile elements,
however, are microwave discharge lamps which give increased
sensitivity put they require a separate power supply (7, 14,
9,10). These sources are line sources with emissions which
closely approximate the absorption lines of their respective
elements, Their narrow band widths, about 0.001 nm at half
height, places less demand on the monochromator for high

resolving power (15).

Interferences

Literature account of interferences in flame photometry
does not reflect agreement between the various reports.
Sodiun and potassium have been reported to mutually increase
(16) their emissions in certain cases while in other reports
they are reported (17) to mutually decrease their respective
emissions, Excess sodium has been reported (18) to lead
aiternately to high and low results for potassium determination
depending on the concentration of potassium while other
reports (19} indicate that sﬁgum does not affect the determi-~
nation of potassium. The conflict in the literature reports
has been attributed to wrang deductions arising from poor
selection of wavelength for measurements and neglect of the
background radiation {4). It is, nowever, believed that the
conflict in the cbservations would be resolved if a sufficiently
selective monochromator wég'used to select for measurement that

narrow band containing the appropriate spectral line and by
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Measuring the line intensity above background level, The
line intensity above background does not change significantl;
in the presenceor other cations cventhough there ig g marked
increase in background intensity (4).

Where an efficient monochromator has bheen utilized and -
Suitable adjustment made to allow for background fluctuation,
any correctly identified interferencs could arise from

fluctuations in the pressures of both the fuel gas and oxidan-

Process, lead to non-constant flane Characterigstics including
its temperature and non-constant rate of introducing the
atomized particles into the flame (4,6).ﬁpThe emission of a
metal excited in gz flame is, within certain limits,
independent of the nature of the rnon-metal with which it ig
combined and of the other metals present in the same solution.
In certain cases and above certain concentration limits,
interferences in these emissions have been observed and
attributed to variation in the aormal emission of the flame
i.e, background, 4 superposition of band spectra due to
compounds present or formed in the flame over the line
Spectra of interest, ang reactions oCeuring in the flame (6).
In the Particular case of the alkali metals background
Correction is often not required because the higrest
Sensitivity fop these elements is obtained in very cool
flames, in witich othepr elements do not emit efficiently.
Moreover, these elemcnts exhibit an inherently high Sensitivity
compared to others; their spectra are Simple and do not

overlap one another, A type of cation interference reported
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for these elements arise from their generally low ionization

potentials, so that at higher flame temperatures a large
proportion of any one of them may be in the ionic form. If at
least two of tﬁem occur together in the same sample, mutual
enhancement of their emissions may be observead (19). This is
particularly true for cesium, rubidium, and potassium. The
ionisation of an extrancous 21kali element raises the
concentration of electrons in the flame and reverses the
ionization of the analysis elemcnt. This amounts to reversing
the equilibrium | N

M;__§M+ + e

which has the effect of increasing the amount of the analysis

element, M, in the flame. A correction for this type of
interference is usually approximated by introducing a
sufficiently large quantity of the interfering element into
the analytical gampie 2nd reference so that maximum spectral
enhancement is provided in bhoth: then emission intensity does
not vary with small changes in sample composition (1-:»,20)Ib The
interference of chloride, which has also been reported for the
alkali elements, may be reduced by suitably adjusting the
flame to maintain optimum composition or temperature (7) .

| Interference effects cncourtered in atomic absorption
methods and measures to correct them are similar to those
relating to flame photometry., To prevent interferences
agsociated with fluctuations in them the pressure of the
flame gases, the efficiency of atomization and rate of flow

of atomized particles to the flame are regulated by suitable
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settings of the instruments, The flame always acts ag a
Source as well as an absorber of resonance radiation; the
emission of the analytical line by the flame constitutes an
interference, With a photomultiplier detectorja modulated
light source andg 2 tuned amplifier can be used to minimise
the effects of any unwanted enission or varying background
from the flame. Nearly aljl instruments (7) provide this type
of modulation either by Supplying the lamp with pulsed current
or by chopping the light beam with a rotary shutter, then the
emission from the flame will not bProduce g response in the
~detector, A major chemical interference in atomic absorption,
encountered particulariy in analyses for alkaline earth element
results from the formation of refractory compounds of the
element to be determined: these could be the oxide of the
element op some compound containing an OXyanioh like
silicate, Phosphate, or Sulphate, Thig type of interference
is usually overcome by using a hotter flame for the determina~
tion, to enhance the breakdown of the stable compound into
the element, Alternatively another element which is known to
form a more stable oxide than the element analysed for is
added to serve asg a4 releasing agent, The releasing agent,
M', normally introduced in excess of the analysed element, M,
accepts the anion from the analysed element, thereby

1

M e Oy + M - M' - O0X + M

releasing it +o be determined, Strontium I angd lanthanum I17T
are commonly used ag releasing agents, Another chemical

interference, which charactiriges the determination of alkali
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elements, arises from the ionization of the metal atoms in
the flame and is allowed for by adding lanthanum III to act

as ionization buffer (9,10 ).

Levels of Analysis

Flame phﬁtometry is intensively applied to the determi-
nation of the alkaline elcments though the method has alsc been
used to determine other elements (4,6)., The method is
sensitive enough for the ppyp range of concentrations, given
optimum efficiency of the atomizer system and photocell. With
a more effective excitation method, the high amplification
of the photomultiplier detector (13) and more effective
ways of accounting for interference effects, atomic absorption
mebhods are prefered for much lower concentrations of analysis
elements, Atomic absorption spectroscopy is the method of
choice for trace element analysis and gencrally where the
concentration of the element of interest is ménor. In this
range of application the technique has measures for improving
the sensitivity of the method: these include tuning the
machine for higher sensitivity when concentrations are very
low, a scale expansion device which permits a higher level
of discrimination between similar concentrations and methods
aimed at increasing the cffective concentrations of the element
of interest.* To use atomic absorption spectrophotometry for
determining major compounents, which is not the usual applica-
tion, the sensitivity of the instrument has to be reduced,

This is effected by selecting a spectral line which gives



13.

the lowest sensitivity for the relevant element, reducing
the pathlength by turning the burner head through 907 and
by suitable dilution of the sample solution (9’%0,15) .

In addition to the above, other merrits of atomic
absorption which commendits use for determining low concen-
trations of elements include the following:- ;

Since it deals with free atoms in the ground state it is a
very scnsitive method compared with the emission method in

- which the flame must raise the free atoms to an excited
.state after dissociating the molecules to release them;

only the dissociation is required in the absorption method,
A consequence of this difference is that while the absorption
is independent of the flame temperature the emission depends
critically on it (5). *Interference between the analytical
spectral lines and background emigssion is more effectively
controlled in atomic absorption methods and superposition

of molecular band spectra over the atomic line spectra is of
no significance since only the narrow absorption line of the
modulated emission from the hollow cathode is measured by
the instrument; any emission from the flame being without

effect. : |
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11, MATERIALS AND METHODS

Preparation of Samples

The samples were collected from different sources as
listed in Appendix I. FEach was visually observed with the
aid of a hand lens to establish its properties as listed in
Table I. The entire sample was ground fine with mortar
and pestle, mixed thoroughly, and stored in a stoppered
bottle., Sample specimens for qualitative analysis were
taken from the ground bulk without further treatment. For
gquantitative analysis, however, the bulk of ground sample
was coned and quartered to obtain a sample from which the

specimen for analysis was weighed. The weights were taken

on a mettler balance,

Qualitative Analysis (21,22)

A, Solubility Properties of Samples

To disceover a suitable solvent for the samples the
solubility behaviour of each was observed in water; dilute
nitric acid (2M) was tried in cases where the solution in

water was not clear. Results were observed as in Table II.

B. Anion Analysis

Classical methods of analysis were used to establish
the presence in the samples of the anions C05=, s~, C1°, and
SO,~. The reagents used were prepared to conform with
specifications for normal qualitative anion analysis.

Results were as listed in Table II.
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C. Flame tests (22)

Flame tests were performed on the ary sample to esta-
blish the presenceof sodium and potassium; this was to
present the introduction of these elements in the solvent.

fesults were obtained as listed in Table I1IT.

D. Qualitative Analysis for Transition Elements

The tesgstsfor transition elements were performed on
only those samples which exhibited a colour: these included
samples Nos.5, 13, 28, 29, 38, and 40, The following tests
were performed for the respective elements using freshly

prepared reagents and results were obtained as in Table II,

Titanium

(a) The most common method for detecting titanium is
based on its reaction with hydrogen pertxide, -which forms a
complex with it giving a yellow to orange colour by which it
is identified. This colour which is bleached by fluoride is
also given by vanadium but the vanadium complex is not
bleached by fluoride, The limit of detectfion is 2 ug of
titanium in a limiting dilution of 1:25,000 (23,24).
Reagents: 3% hydrogen pergxide; &M, H2 SOA
Procedurc: A small amount of sample was dissolved in 4M
sulphuric acid in a test tube; 1 ml of hydrogen peroxide
(3%) was then added., The test was performed on a solution
of titanium chloride as reference,

(b) In the Pavelka test, titanium produces a red-violet

colour when mixed with alizarin and cxposed to ammonie fumes.
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The colour deppens onh drying the mixture on fitter paper (25).

Reagents: An alcoholic solution of alizarin was made by
dissolving 0.5 g of the reagent in a litre of rectificd spirit;

ammnonia sclution,.

Procedure: A filter papcer was treated with the alizarin
reagent, a drop of the sample solution was then placed on
the filter peper and cexposed to ammonia fumes, Titanium

chloride was tested as reference,

(¢) Reagents: Thymol was dissolved to make a 2%
solution in a 1:1 mixture of ethanol and acetic acidy 5 ml
of conc, H, 80, was added in making 100 ml of the solution,
Procedure: About 1 ml of the reagent solution
Was added to 1 ml of the sample solution in a test tube.

The test was performed on a solution of titanium chloride as
reference. 4 pale red colour indicated titanium (21).

{d) With agueous chromotropic acid the detection
limit is 0.1 ug at a dilution of 1:500,000,

Reagent: 5% aquoeous chromofropic acid

Frocedure: A drop of the sample solution was placed
with a drop of the reagent on a filter paper. Titanium
chloride was used as referende; a red«brown colour developed.

(e) With morin the detection limit is 0.01 ug at a
dilution of 1:500,000,

Reagent: A saturated solution of morin in methanol;
0.5 MHCL
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Procedure: The samplc powder-was ‘dissolved in 0.5 M
HCl. One drop of the morin rcagent was added onto a drop
of the sample solution on a filter paper. The test was
performed on titanium chloride solution as reference; a

pale brown colour was formed.

Vanadiun

(a) A vanadium solution acidified with sulphuric acid
turns red-brown to blood red upon addition of hydrogen
peroxide. Excess sulphuric acid or hydrogen peroxide causes
the colour to become yellow-gold. Interference from ferric
iron and peroxy complexes of titanium and chromium may be
¢liminated by the addition of phosphoric acid, an alkali
fluoride, and extraction with ether. Then the aqueous phase
is tested. The limit of detection is 2 ug at a dilution of
1:160,000 (24,25,26)
Procedure: To 1 ml of the sample solution in a test tube
ene drop of 6M sulphuric acid was added followed by a few
drops of 1% hydrogen peroxide a few minutes later., Vanadium
nitrate was tested as a reference; a red colour was
produced (27).

(b) Detection through Reduction of Iron III by
Vanadium IV

The reaction of ferrous iron with dimethylglyoxime is

utilised in the equilibrium

3+ L+

i V5+—--—)- Fe + V

Fe +

which goes right in an acid solution and to the left in
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alkaline solution, to detect vanadium., Any oxidant or
reductant that attacks iron intorferes in this test,; so
cobalt, nickel, manganese, cerium, and copper should be
removed by a sodium hydroxide separation. Interference by
excess ferric ion is prevented by adding an alkali phosphate,

The 1limit of detection is 1.0 ug at a dilution of 1:500,000.

Reagents: The sample solution for this test was obtained

by adding 2M sodium hydroxide and filtering out any precipitate,
the filtrate was neutralised by adding hydrochloric acid;
concentrated hydrochloric acid; 1% aqueons ferric chloride

solution; 1% ethanolic sclution of dimethylglyoxime.

Procedure: 1In a micro test tube one drop of the sample

solution was boiled with 3 drops of conc., HCl and reduced

to half volume to reduce any vanadium present, The mixture

was cooled, 3 drops of the 1% ferric chloride solution and

3 drops of the dimethylglyoxime solution and 1 drop of
saturated disodium phosphate solution were added and the
mixture made ammoniacal by adding 2 drops of conc. ammonia
solution, A deep red colour was expected if vanadium was
present; this was obtained when vanadium nitrate was tested

as a refercnce. A strip of filter paper dipped in the solution
indicated the red colour more obviously (24,27).

(c) Detection with 3, 3'= Dimethylnaphthidine (24,27,28,29)

Reagent: 1% solution of 3, 3'-dimethylnaphthidine in glacial
acetic acid., Limit of detection is 0.1 ug at a dilution of

1:500,000., (28)



Procedure: 1 drop of the sample solution was rendered normal

in sulphuric acid and treated with one drop of the reagent
solution. Vanadium nitrate was tested as reference and the

expected reddish violet colour was obtained. (24,28%)

(d) Detection with ec-benzoinoxime (23,26)

Reagent: A saturated solution of ®-benzoinoxime in ethénol.
Limit of detection is 1 ug at a diluticen of 1:50,000,
Procedure: 4 drop of the sample solution was taken in a
test tube followed by 2 drops of the reagent solution and

1 drop of 1.5M H, SOQ-Vanadium nitrate was tested as

reference and the expected yellow colour developed. (24,27)

Cobalt (25)
Various colour producing reactions were used to test for wmhalt.
Cobalt c¢hloride was used as reference in these tests.

(a) Detection with DMG

Reagents: 1% ethanolic sclution of dimethylglyoxime.
Procedure: To 1 mi of the sample solution in a test tube a
few drops of 6M H2 50, were added followed by a few drops
of the reagent solution. A brown colour developed for

cobalt chloride as expected when cobalt is present.

(b) Detection with Potassium Xanthate

Reagent: A 2% aqueous solution of potassium xanthate
Procedure: The reagent solution was slowly added to 71 ml
of the agueous sanple golution, & green precipitate diagnostic

of cobalt was obtained for cobslt chloride as reference.
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(c) Detection with sodium bisulphite

Reagent: A 2% aqueous solution of sodium bisulphite
Procedure: To 1 ml of the sample solution in a test tube
was added 0.5 ml of conc, ammonia and a few drops of the
reagent solution. 4 yellow, orange, or red colour was
expected for cobalt.

(d) Detection with Potassium nitrite

Procedure: To 1 ml of thé sample solution in a test tube
was added 0.5 ml of a 2M agueous solution of potassium
nitrite and a few drops of ggetic acid. A yellow
precipitate was expected if cobalt was present in the sample.

(e) Detection with Sodium Thiosulphate (27,30)

A neutral cobalt solution produces a blue colour with
a concentrated solution of sodium thiosulphate. Limit of
dection is 8 ug at a limiting dilution of 1:6,250.
Reagents: Solid sodium thiosulphate;
Procedure: Several centigrams of solid sodium thiosulphate
was made into a paste with one drop of the neutral sample
solution., For cobalt chloride solution an intense blue

colour developed as expected if cobalt was present,

Manganese
a etection by benzidine tost ’
(a) Detecti by benzidi (25,27)

Manganese and other oxidizing agents convert benzidine
and its water soluble salts (27) intoc benzidine blue. In
an alkaline medium the manganesc is first precipitated as

manganous hydroxide which by autoxidation in air forms some



hydrated manganese dioxide

2 Mn(OH)2 + O 2 Mn02.H20

2
It is this dioxide which oxidizes benzidine to the benzidine
blue, This reaction series has been employed in the form of
a spot test on filter paper to detect manganese. To infer
manganese from this test. interference by other oxidizing
substances need be eliminated. Possible interferences arise
from chromates, ferricyanides, cobalt, thallium III, silver,
and cerium III salts. Limit of detection is 0,15 ug at a
limiting dilution of 1:330,000.

Reagents: benzidine solution made by dissolving 0.05g of
benzidine in 10 ml acetic acid, diluting to 100 ml and
filtering. (27)

Procedure: One drop of the sample solution was added onto

a drop of 0,05M sodium hydroxide on a filter paper. Then

a drop of the benzidine solution was introduced., A blue
colour after some time indicated manganese, Manganese
chloride was tested as a reference,

Possible interference by cerium was checked by
precipitating and filtering out any cerium as the fluoride.
The sample solution was treated with acetic acid and warmed
in a hot water bath with a little calcium fluoride. Then
the excess calcium fluoride and any cerium fluoride formed
was filtered out and the filtrate tested for manganese as

above, The results were the sane.
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Sedium chloride solution was added to the sample
solutions to precipitate out any silver and thalium which
interfere in the benzidine test, No precipitate was produced.

(b) Detection with Potassium ghlorate

When the sample sclution is shaken with potassium
chlorate in a dispersion of ether in conc. HCl, a green
colour in the ether layer indicates manganese (25).
Reagent: Solid potassium chlorate
Procedure: To 1 ml of the sample solution was added 2 ml.
cone, HC1l, &4 ml of ether saturated with HCl and a particle of
potassium chlorate. The mixture was chaken to mix and allowed
to settle. Manganese was indicated by a green colour in
the ether layer when Manganese chloride was tested as a
reference.

(c) Detection with Sodium Oxalate (25)

In an alkaline medium mangenese treated successively
with a few drops of sodium oxalate and a few drops of
acetic acid forms a persistent rose colour.

Procedure: 1 ml of the aqueous sample solution was made

alkaline by addition a few drops of 2M sodium hydroxide.,

To it were added a few drops of 2M sodium oxalate solution and
a few drops of acetic acid. The pink colour was obtained

for manganese chloride which was tested as & reference.

{(d) Detection with 8-hydroxyquinoline

A useful field test for détecting manganese in minerals
and rocks involves spotting the sample solution on filter

paper which has been impregnated with 8-hydroxyquinocline.
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When the test paper is exposed to ammonia fumes a brown
stain indicates manganese (31).

Reagent: 2g of oxine was dissolved in 100 ml of 2M acetic
acid; ammonia solution was added dropwise until a turbidity
started to appear. The sclution was rendered clear again
by adding a little more acetic acid (21).

Procedure: A filter paper was impregnated with the reagent
solution and allowed to dry. A drop of the aqueous sample
solution was then added to the filter paper and exposed to
ammonia fumes. A brown stain indicated manganese (31).
Manganese chloride was tested as reference and distilled
water as blank.

(e) Detection by Oxidation to Permanganate by
Ammonium Persulfate

When heated with alkali persulphates in the presence
of small amounts of scoluble silver salts manganous salts,
in faintly acid solution, get oxidized to permanganate and can
be detected by the violet colour which results. The limit
of detection is 0.1 ug at a dilution of 1:500,000. (27)
Procedure: A drop of the sample solution was mixed with
a drop of conc. H2504 in a micro crucible, A drop of 0.1%
silver nitrate solution was stirred in followed by a few
milligrams of ammonium persulphatej; the mixture was then
heated gently. A red-violet colour was obtained when

manganese was present.
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(E) Detection of Transition Elements by visible
Spectrophotometry.

In this method the visible absorption pattern of the
sample was compared with that of authentic compounds of
transition elements, performing measurements on the same
instrument for both samples and standards.

Instrument: A unicamUV-visible spectrophotometer SP 1700

with recorder and a digital display unit

Materials: Various concentrations of aqueous solutions of
titanium chloride, vanadium nitrate, cobalt nitrate, nickel
chloride, manganese chloride and chromium nitrate), suitably
diluted solutions of the coloured samples.

Procedure: The visible spectra of the standard substances
were recorded and their peak frequencies (Table III) noted.
This was repeated for various concentrations of each
compound to check on any shift in peak frequencies (Table III*),
The visible spectra of all the coloured samples were also
recorded for various concentrations of each sample and their
absorption frequencies (Table IIIa) noted. The séhple
spectra were compared with the spectra of the standard

compounds for any similarities.

Quantitative Determinations

Determinations of sodium and potassium were performed
by both flame photemetry and atomic absorption spectroscopy.
' Manganese was determined colorimetrically, measuring the

colour both with a colorimeter and a spcctrophotometer,
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+ An attempt was also made, though unsuccessfully, to measure
manganese in the samples spectrophotometrically without the

prior development of colour.

A. Preparation of Sample Solutions

The same solution of each sample was =mployed to
determine sodium and potassium by both flame photometry
and atomic absorption spectroscopy.
Procedure: In each case a weight of the powdered solid
sample required to give a concentration of 1g per litre of
solution was weighed out. In some cases, where water alone
gave a clear solution, the sample was shaken to dissolve in
water in a volumetric flask and made up to mark with water,
In other cases a clear solution was obtained by shaking the
weighed sample with water and dilute hydrochloric acid in
a volumetric flask and making up to mark with water. 1In
some other cases (Table II) the sample was boiled with
hydrnggifluoride to dissolve and made up to mark with water,
v A clear solution with a concentration of 1g per litre was
obtained for each sample.

B. Preparation of Standard Stock Solutions

The same stock solutions were employed for flame photometry
and atomic absorption 8spectroscopy.

Sodium Stock Solution., Analar sodium chloride was dried in

the oven at 90°C for several hours and cocled in a dessicator.
From this 0.6503g was weighed and dissolved in distilled

water and made up te 250 ml in a volumetric flask. This
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solution contained 1000 ppm of sodium.

Potassium Stock Solution: 0.4767g of Analar potassium

chloride which had been dried and colled in the dessicator
was dissolved in distilled water and made up to 250 ml in
a volumetric flask., This solution contained 1000 ppm of
potassium,

C. Determination of Sodium and Potassium by Flame
Photometry.

Instrument: The flame photometer employed for analysis was

a Gallenkamp, Mark II, F 500,having an interference filter
system, a detector of selenium barrier layer cells and a
direct reading meter as measuring apparatus; the combustive
gas was air supplied at a constant pressure by a compressor,
cooking gas, a propane butane mixture, was the combustible gas.
Materials: The stock solution of each sample containing 1g

of sample per litre was suitably diluted to obtain the

sample solution used for analysis. FEach standard stock
solution containing 1000 ppm was appropriately diluted to
obtain a set of standard solutions containing 0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 ppm of its element. The distilled water
used for making solutions was used as blank (0.0 ppm) for both
elements,

Procedure: To obtain a dilution factor of 100 a 0.2 ml

volume of the stock solution of the sample was taken with

a graduated pipette and made up to 20 ml with distilled

water, For a two hundred fold diltition 0,1 ml of the stofk
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solution was made up to 20 ml., For some samples a three
hundred fold dilution was similarly obtained before analysis,
The flame photometer was connected to the gas and air supply
and lighted at the burner. The appropriate controls were
adjusted to provide optimum flow of air and gas and produce
the recommended shape {(Instrument Manual) of flame, Distilled
water was aspirated to flush the instrument for some time
before the analysis samples were introduced; then the flame
should approximate the colourless bunsen flame, To calibrate
the instrument for determining sodium the filter for sodium was
selected; the sodium blank was first aspirated and the

scale adjusted to read zero; then the most concentrated
standard (this should be more concentrated than all the samples)
solution was aspirated and the scale adjusted to read 100
(i.e. full scale reading). This procedure was repeated

until zero reading was cxactly obtained by simply presenting
the blank and 100 reading by simply presenting the standard
with highest concentration, without having to adjust the
knobs, Then the standards with intervening concentrations
were aspirated one at a time, and their readings were
recorded. {Table IV) Distilled water was aspirated in
between the standards to flush the instrument., The standards
employed for the calibration were 0.0, 0.5, 1.0. 1.5, and 2.0
ppm in sodium and gave a ealibration curve as in Fig. II. The
diluted sample solutions were then aspirated, one at a time,

and their scale readings recorded (Table IV(a). Frequent



28,

zero and full scale checks were made during the measurements.
For the determination of potasgium the instrument was flushed
with distilled water for about 1 hour; then the flame turned
colourless and no sodium was indicated. The filter for
potassium was insertsd and the calibration performed as
before using a blank and standard solutions 0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 ppm in potassium (Table V), these gave

the calibration curve in rig. IIL. With frequent zero and
full-scale checks as before the diluted sample solutions

were measured in order for potassium, Results were rccorded
as in Table V(2a). The sodium and potassium contents were

derived as in Table IV(a) and Table V(A).

An Interference Check

To observe the extent to which sodium and potassium
might mutually interfere in their determinations in the
same sample solutions a calibration was repeated for sodium
using a stock solution containing 1000 ppm sodium and 100 ppn
potassium together., This solution was diluted to obtain

standards'having the concentrations of sodium and potassium

shown:-
0.5 ppm Na + 0,05 ppm K
1,0 0 " + 0,10 " n
1"5 " 11 + 0015 " Li]
2.0 n h + 0,20 " K

Readings were obtained as in Pable IV(b) which gave the

calibration curve in pig IV,
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The effect of hydrochleoric acid-and hydrogen fluoride on
the valucs obtained for the sodium standard solutions was
investigated by adding 10 ml of each in making 200 ml of the
standard solution. Readings werc obtained as in Table IV(b).

D. Determination of Sedium and Potassium by
Atomic Absorption Spectroscopy

Instrument: The determinations were performed on a Perkin

Elmer atomic absorption spectrophotometer, model 306,
measuring absorbances read out on a digital display and
operated on an air-acetylene flame, This was a double beam
instrument with the reference beam bypassing the flame
rather than traversing a blank flame, the detector was a
photomultiplier system.

Materials: The sodium and potassium stock solutions were
appropriately diluted to obtain standard solutions with
concentrations of 0,10, 0,20, 0.30, 0.40 ppm of sodium and
1.0, 2.0, 3.0, 4.0, and 5.0 ppm of potassium. In making

the sodium standards 1 ml of 0.2% lithium chloride solution
was added to make 50 ml of the diluted sodium solution. The
lithium chloride solution was prepared by dissolving 0.2g of
analar lithium chloride in distilled water and making up to
100 ml. The lithium so introduced in the standard sodium
solution functioned as an ionization buffer to reduce ioniza-
tion of the sodium, Fach sample stock solution was suitably
diluted to bring their concentrations within the range of the

concentrations of the calibrating solutions.
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Procedure: The instrument was adjusted for optimum fiow of
flame gases and test solutions, flushing initially with
distilled water. The lamp f8r sodium was selccted and the
instrument sct to obtain the appropriate absorption line.
The calibration involved aspirating the blank solution and
setting to obtain zero reading, then the most concentrated
standard was aspirated and the instrument adjusted to get the
appropriate absorbance. Intermediate concentrations were then
measured and the readings (Table IV)used to construct a
calibration curve (Fig V). Each sample solution was
aspirated in turn and the readings (Table IV(2) used to
teduce their concentrations (Table IV(a) from the calibration
curve, Similarly potassium was determined by flushing the
instrument, selecting the filter and adjusting to obtain a
monochromatic spectral ling for absorption., The calibration
gave readings as in Table V which yielded the calibration curve
in Fig VI. The readings for the sample solutions (Table V(a)
were interpolated in the curve to obtain their concentra-

tions (Tabie V(a)

E. Colorimetric Determination of Manganese

For manganese a number of coloured compounds and
éomplexes have been made the bases of colorimetric analysis.
The major method of determination, however, is as permanganate.
In this method, manganese, in whatever form it occurs in the

analytical sample is first oxidised to permanganate and the
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colour intensity is measured colorimetrically. The most
common oxidising agents used in the treatment to produce
colour are persulphate and poriodate, but bismuthate and lead
dioxide arc still used for certain types of samples, The
absorption peaks are located at 526, 546&, and 566 nmn,
Standard permanganate solutions are cmployed for calibration
As much as five percent copper does not interfere but colours
due to nickel and cobalt interfere regardless of the method

of oxidation (32).

The Persubphate Oxidation Method

The permanganate colour produced by tha persulphate method
does not pcraist as long as that produced by periodate {31,32)
but the¢ colour is stable for, at least, twenty four hours if
excess persulphate is present and organic matter is absent
(31). Silver is used in this method to prevent the preci-
pitation of manganese oxide, The concentration of silver
can be kept so low that if caloride is present no visible
precipitate is formed., Phosphoric acid prevents the
precipitation of manganese dioxide and ensures smooth
oxidation to permanganate; its concentration should be,
at least, 0.1 M. Nitric acid should be present to about
0.3 M but no higher., Interference by chloride can be
avoided by adding mercuric sulphate to form slightly
dissociated complexcs. Bromides and iodides -do interfere even
in small amounts,., Iy thepresence of 2% sulphuric acid small

amounts of titanium do not interfere (32) but with much
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titanium persulphate oxidation of manganese ié not complete
and the periodate method is prefered, Reasonable amounts
of organic matter are tolerated if the period of heating is
increased and more persulphate added (31), The minimum
detectable amount by this method is 9 ug of manganese,
Materials: A mercuric sulphate solution was prepared (31)
by dissolving 75 g of analar mercuric sulphate in a mixture

of 400 ml of conc, HNO, and 200 ml of water. To this were

3
added 200 ml af 85% phosphoric acid and 0,035 g of silver
nitrate. The mixture wasg cocled and diluted to one litre,

0.1 N potassium permanganate solution was prepared
by dissoling 3.1606g of analar permanganate in water and
making up to one litre in a volumetrie flask. This solution
was aged by heating for 3 hours near the beoiling peoint and
then filtering through a scintered glass crucible, It was
then standardized against sodium oxalate (34); a 0,0998N solu-
tion was obtained.

The measurements were taken on a spectronic 20 colorimeter
of Bausch and Lomb, Analytical Division and also on the

unicam SF 1700 uv~visible spectrophotometer.

Procedure (31): 3.0 g of the powdered sample was dissolved

in water, adding dilute nitric acid to obtain a clear solution
and keeping the volume below 50 ml. 5ml of the mercuric
sulphate solution was added and the mixture diluted to

about 90 ml in a graduated conical flask., 1 g of analar

ammonium persulphate, which had been exposed to moist air,



204
was added and the mixture brought to boil in about 3 minutes
over a bunscn flame. The flask was then removed from the
flame, allowed to stand for 1 minute, and then cooled under
the tap. The mixture was transfered quantitatively into a
100 ml volumetric flask and made up to mark with distilled
water., Photometric readings were then taken at 525 nm on
both a spectronic 20 colorimeter and on the uv=visible
spectrophotometer (Table VI). In either case the readings
were taken against a blank solution obfained by treating
pure distilled water as in the procedure. To calibrate the
instrument a set of five graduated conical flask were
charged with 50 ml of water and 5 ml of 85% phosphoric acid.
To one conical flask in turn was added 0O, 0.5, 1.0, 1.5, and
2.0 ml of the 0,0998N potassium permanganate solution from
a graduated pipette, The mixture in each flask was diluted
to about VY5 ml and treated as in the above
procedure for the samples., The photometric reading (Table VIa?}
obtained on the colorimster were used to prepare the
calibration curve (Fig. VII) which was used to derive the
concentrations (Table VIa) of manganese in the samples by
interpolation. Similarly readings obtained for th:se standards
on the uv-visible speoctrophotometer (Table VIa) gave the
calibration curve (Fig. VIII) in which samplc measurements
were interpelated to obtain mangénese concentrations (Table

VI) in the samples.
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F. Determination by Visible Spectrophotometry

To determine 'a coloured element quantitatively from
its specctra the absorbancc of a solution of the sample
containing it is measured at a fixed wavelength which
characterises the elemcnt and the concentration is deduced
by calibrating the instrument used. The calibration pequires
a solution of a pure salt of the elcment determined: the absor=-
bance is mcasured for solutions containing various concentrations
of the salt; the values are used to prepare an absorbance
versus concentration calibration curve,
Procedure: Solutions of various concentrations of analar
manganese chloride were prepared in water. For each
solution the wavelength of maximum absorption was found by
scaning the spectrum on the uv-visible spectrophotometer.
Then the absorbance of cach solution was measured at this
wavelength both on the spectrophotometer and on the spectronic
20 colorimeter., The above procedure was repeated for known
concentrations of the coloured samples, FEach absorbance
was measured against a distilled water blank, The attempt
here was to usc the absorbance values of the standard
manganese solutions to prepare a calibration curve from
which the concentrations of the sample solutions could be
deduced; the measurements did not reflect a satisfactory

dependence of absorbance on concentration (Table VII).
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Table I: Results of Preliminary Observation

Saﬁgle Appearance Colour
1 Mixed range of large to micro white-orange bulk
crystals with black-grey stains
2 Cluster of small microcry- Dirty whitewgrey
. stalline particles .
3 Crystalline particles of mixed| Dirty white-grey
grain sizes ~
4 Crystalline sheets Grey
5 Crystal aggregate White containing
rose pink stains
6 Microcrystalline shects White
7 Crystalline Grey having orange
. patches
8 Crystal aggregate White
9 Crystalline grains White
10 Crystal agregate- White
11 Crystal agregate Dirty white
12 Microcrystalline particle Grey
agregate
13 Microcrystalline Mixed white and
rose pink
14 Crystal agregate White
15 Mixed crystalline and earthy White mixed with grev-
mass dark brown zones
16 Microcrystalline sheets Grey
17 Microcrystalline Shesets with Grey

mixed grain sizes
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Saﬁgle Appearance Colour
18 Microcrystallinc agregate White containing
grey stains
19 Crystal agregzate Grey
20 Microcrystalline agregate Grey
21 Crystal agregate Grey=-black
22 Crystalline agregatc showing Grey=light brown
layering
25 Crystalline crush Grey
24 Amorphous-microdrystalline white
lump
25 Amorphous crush Dirty white
26 Crystalline crush Grey
27 Microcrystalline agregate with] Grey
layering
28 Crystal agregate Rose pink
29 Microcrystalline agregate Rose pink with
white patches
30 Crystalline lump Brown
31 Lump of crystals White
33 Agregate of transparent needle
shaped crystals in earthy matter Grey
23 Crystalline sheets pather like
clay Grey
34 Microcrystalline sheets irey-black
35 Crystal agregate Dirty white=-grey
36 Crystalline clayish sheets Grey
¢ Crystalline clayish shects Grey
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Sa;gle Appearance Colour
38 Crystalline Rose pink/white
39 Crystalline - White
"y Crystalline Pink
iy Fracturced transparcont Sheets Colourless
42 Agregate of Octagonal crystals White
43 Microcrystalline sheets rather
like shells White
TABLE 11
Results of fualitative Analysis
Sample Sol N Ani Indicated E{gi%iés Resmtrts——of
olven “Anions Indicate ne 5
No licated flames tests
1 | water COz;3 C1™ 5 50, both sodium
= - - potassium
2 | water Co3 C17 5 80, were observed
t = - in all
3 | water CO3 and CL samples.
4 | water CO§ and C1~
5 | water wC03 53 €17 ; sop Mn
6 water CO% s 17
7 water Cl_; C"OZ
8 water c1”s SOZ
9 water CO% s C1”
10 water CO; : Cl"
11 [ water Co3 5 C17 5 SO
12 | Water + acid co; ; C17
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Table II {(Contd)

ST Sonve, ‘ : g;g;;ﬁts 'RESUTLT of
No olvent Anions Indicated Indicateqd flames tests
13 { water coy 3 €17 ; SO, " Mn
14 | water cog 3 C17 5 S0,

15 | water + acid cog s C1”

16 | water + acid CO? ; CLl7

17 | water + acid cog 3 C17 3 S0,

18 | water Cl” only

19 | water + acid¥ cog 5 C1” )

20 | water + acid® cog ; C17 so;

21 | water + acid* CO? : C17

22 | water + acid¥ Co3 5 C17 5 s0j

23 | water + acid¥ CO? . CL”

24 water + acid CO? s C1”

25 water + acid CO; s C1”

26 | water + acid# CO% s 17

27 water + acid CO% . ¢1”

28 | water co§ CL™ 5 SO Mn
29 | water cog 3 C17 5 S0 Mn
30 | water* acid CO§ ;s C17

31 | water C1” only

32 | water *acid _cog ;1

33 | water + acid CO? s C1l™

34 | water + anidX CO; s C17 SOZ

Ty
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TABLE II (CONTD)

Trans.

oaﬁgl Solvent Anions Indicated E%g?igggd ?ii;égstggts

35 | water - CO% s C17 SOZ

36 ] water + acid* CO§ ;3 C17

37 | water + acid* cog s C17

38 | water ' c1” SOZ Mn

39 | water ' c1” SOZ

40 | water co; s C17 s SOZ Mn

41 water + acid* 804 anly

42 | water S0; only

43 | water C1™ 5 S0,

* Dil nitric acid could not effect complete solution in
these cases.

NOTE

The Pavelka test with alizarin was positive for sample

nos. 13 and 40 but it was also positive for the blank

sclution.
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TABLE TII

Visible Absorption freguencies of reference
Transition element.

Clement compound Used | o 0 R Tee )
Chromium chromium nitrate 304 3 470
Cobalt ' cobhalt nitrate 302 3 491 3 634
Nickel nickel chloride 428

* Manganese Manganese chloride 404 3 804
Titanium Titanium Chloride 280 3 486 ; 520
Vanadium Vanadium nitrate 472 3 646

solytion . . s
*Measurements on ? 87 various concentrations indicated

a negligibly small shift in absorption frequency.

TABLE III(a)

Vigible abzorption freguencies of
Coloured Samples

Sample No. Observed Peak Frequencies (nm)
5 4oL 3 804
13 392 3 800
28 ' 404 3 804
29 : LOB 3 804
38 : 404 3 BOL
40 - : - 408 3 808
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TABLE IV

Calibrations for determining sodium by flame
nhotometry and atomic absorption spectroscopy

Concentration of Flame Fhoto- Atomic absorption
standard seclution (ppm) { meter readings [spectrophotometer
reading

0.00 , 0.0 0.00

0.10 ' 0.10

0.20 0.20

0.20 -1 0.30

Q.40 | 1 o.s0

0.50 | 26,0 |

1.00 49,0

1.50 74,5

2.00 - 100.0

Calibration curves were obtained as in fig II and fig V.

TABLE Iv(a)

Determination of sodium -« results for
sample soiutions

Sample | Photo Corresporn- % in A.4.5,

[Sr A
No meter (ing concen= | Sample Readinggf. ga;gle
readings* ftration{(ppm) | by flame | Correspon- by
photometry| ding concen- ALAS
tration(ppm)

1 38,0 0.762 15.2 0. 161 16.0
2. 70.5 1.413 28.3 0.27 27.0
3 70.0 1 0L 28,1 0.27 27.0
4 1.0 1.422 28.4 0.28 28,0
) 80.5 1.611 52.2 0.31 31.0
6 7765 1.550 31.0 0.29 29.0
7 79.0 1.584 "31.7 0.29 29.0
8 78.0 1,562 31,2 0.31 31.0
9 80.0 1.605 32,7 0.33 53.0
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TABLE IV(a) (CONTD)

Sample| Pnoto Correspone % in AJALS, x* % 1n
No meter ding concen-} Sample Readings/ 3ample
readings*| tration{ppm){ by flame Correspon- by
photometryjding concen- AAS
tration{ppm)
10 86,0 1.722 34,4 0.34 34,0
11 70,0 1.404 . 281 0.27 27.0
12 70.5 1.413 28.3 0.27 27.0
13 79.0 1.584 31.7 0.51 31.0
14 74.0 1.484 L5 0.17 42,5
15 55.0 1,105 22,1 0.20 20.0
16 25.0 0.504 10,7 0.08 8.0
17 71.0 1.422 28,4 0.28 23.0
18 40.5 0.816 16,3 0.16 16,0
19 54,0 1.085 21.7 .22 22,0
20 50.0 1.002 20.0 0.18 18,0
21 69.5 1.395 27.9 0.27 27.0
22 85,0 1.703 34,1 0.34 34.0
25 46,0 0.922 18.4 0.18 18,0
24 79.0 1.584 31.7 0.30 1 30.0
25 75.0 1.501 30.0 0.30 50,0
26 40,0 0.800 16.0 0.15 15.0
27 70.0 1.403 28,1 0.26 26,0
28 80.0 1.602 22.0 0.32 32.0
29 85.0 1.702 34,0 0.33 33,0
30 70.5 1.413 28.3 0.27 27.0
31 92.5 1.855 37.1 0.35 35.0
32 75.0 1.501 30.0 0.30 30.0
33 21.5 0.435 8.7 0.06 6.0
34 68,5 1.372 27 .4 0.26 26,0
35 79.0 1.584 31.7 0. 31 31.0
36 41,5 0.830 16.6 0.16 16,0
37 31,0 0.623 12.5 0.10 10.0
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TABLLE IV(a) CONTD

Sample Phote JCorrespon- % 1n AaAaSs w% % in
No meter lding concen-|Sample Readings/ Sample
- readings*|[tration{(ppm){by flame correspon- by AAS
B photometry|ding concen-
tration(ppm)
38 73.0 1,462 29.2 Q.31 31.0
39 80.0 1.605 52.1 .31 31.0
40 80.0 1.605 32471 0.32 32,0
41 2.5 0.050 1.0 0.08 0.8
Lo 83.0 1.663 33.5 0.32 32,0
43 76.5 1.533 30.7 0.32 32.0
* For the flame photometric measurements the dilution

factor was 300 for sample MNo. 14 and 200 for all others.

*® For atomic absorption measurements the dilution factor
was 2,500 for sample No.14, 100 for sample No.41
and 1,000 for all other samples.

TABLE IV (Db)

Interference check in flame photometric measurement
- for sodium

CoHicentration Photometric readings
{ppm sodium) In presence of K¥ | In presence of HE
0.0 . 0.0 0.0
0.5 1 25.5 26.0
1.0 50.5 : 49,5
1.5 75.5 o 75.0
2.0 100.0 100.,0

¥ The Calibration curve in fig. IV was obtained.
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Calibrations for determining potassium by
flame photometry and atomic absorption spectroscopy

Concentration of Flame Photometer Atomic Absorption
Standard Solution readings spectrophotometer
(ppm) readings
0.0 0.0 0.0
0.5 16.0
1.0 33.0 1.0
145 49.0
2.0 66.0 2.0
2.5 83.0
3.0 100.0 3.0
4.0 4,0
2.0 5.0
Calibration curves were obtained as in Figs III & Fig. VI.
TABLE Va
Determination of potassium - results for sample. solutions
sample| Flame Photo-] Corresponding| % in  [concentration]| % in
No meter read- concentration|Sample |read from A8S] Sample
ings * by Fla- ** by AAS
me Photse
netry
1 5.0 @.%50 1.5 0.18 1.8
2 8.0 0.245 2¢5 0.28 2.8
3 9.5 0.290 2.9 0.29 2.9
L 1.0 0.025 0.3 0.08 0.8
5 50 0.150 19 0.15 15
6 1.5 0.042 0.4 0.04 0.4
7 15.5 0.470 4.7 0.44 Lob
8 Ow 0.004 0.04 0.09 0.9
9 0.1 0.002 0.02 0.06 0.6
10 0.2 0,004 0.04 0.04 0,4
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TABLE V(a) CONTD

11 3.0 0.086 0.9 0.1 Te1

12 3.5 0.102 1.0 0.1 1.1

13 1.0 0.025 0.3 0.04 0.4
14 0.5 0.012 0.1 0.04 0.4
15 65.0 1.960 19.6 1.89 18.9
16 2.0 0,057 0.6 0.07 0.7
17 15.0 0.394 3.9 0.38 3.8
18 12.0 0,365 36.5 3.05 30.5
19 13.5 0,410 4,1 0.4k A
20 12.0 0.365 3.7 0.38 3.8
21 9.5 0.2996 2.9 0.26 2.6
22 8,5 0.260 2.6 0.20 2.0
23 5.0 0.150 1.5 0,11 1.1

24 7.0 0.210 2.1 0,17 1.7
25 8,0 0.245 2.5 C.20 2.0
26 8.0 0.245 2.5 0.20 2.0
27 9.5 0.290 2,9 0.20 2.0,
28 2.5 0,075 0.8 0.06 0.6
29 3.0 0.102 1.0 0.07 0.7
20 5.0 0.086 0.9 0,04 0.4
31 1.5 0.042 0.4 0.09 0.9
32 10,0 0.205 3.1 0.26 2.6
33 4,0 0.119 12 0.06 0.6
34 5.0 0.150 1.5 0.13 1.3
35 3.0 0.086 0.9 0.27 2.7
36 11.5 0,352 3.5 0.34 3.4
37 4.0 0.119 1.2 0.13 1.5
38 . 1.0 0.025 0.3 - 0.04 O.h
39 . 3.5 - 0,102 1.0 - 0.09 0.9
40 4.0 0.119 1.2 - 0.04 0.4
41 0.5 0.012 0.1 0.04 O.h4
L2 1.0 0.025 0.3 0.04 0.4
43 14,0 0.424 4,2 0.36 3.6
* For flame photomettic measurements the dilution factor was

1,000 for sample No. 18 and 100 for all others,

* %

For atomic absorption measurements the dilution factor
was 100 for all samples.
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TABLE VI(a)

Colorimetric determination of manganese -
calibration of the colorimeter and spectrophotometer.

Volume Standard Colorimeter Spectrophotometer
permanganate (ml, )} readings readings

0.0 0.000 - 0.149

0.5 0.250 0.380

1.0 0.500 0.612

1.5 0.750 0,842

2.0 1.000 1,073

Calibration curves wesre obtained as in Fig, VII andFig. VIIE.

TABLE VI

Colorimetric determination of manganese - results from
the colorimeter and spectrophotometer.

Sample [Colorimeter| Equivaient |% Mn in] Spectro- [Equiv, [% Mn in
No readings vol,{ml) of Samplg photometerfvol. of}{Sample
standard pe® (x10”) |readings standard (x107)

manganate perman-

gan%ﬁe
5 0.060 0.,1200 4,388 | 0.205 0.12251 4.479
13 0.069 0,.1425 5.211 0.217 0.15001 5.485
28 0,022 0.0439 1.604 0,171 Q.0475%F 1.737
29 0.0&67 0.1375 5.025 0.212 012375 5.025
38 0.062 0.1250 4,571 0.207 0.1250| 4.571
L0 0,062 0. 1250 4,571 0.207 0.1250| 4.571




TABLE VII

Absorbance measurements for untreated manganese cloride
Sclutions.

Concentration of Colorimeter Spectrophotometer
Selution {(g/1) readings readings
0.025 0,002 0.014
0.050 0,002 0.013
5,000 0.001 0.014
100.000 0.002 ‘ 0.016
CALCULATIONS

The following are specimen calculations to show how the
percentages in samples collected in Tables IV(a), V(a), and
VI{a) were obtained:-

Sodium and Potassium Percentages

" Absorbance reading from instrument = A
Corresponding ppm concentration from Calibration curve = C
Dilution factor applied = D
Then T'
Concentration of element in undiluted sample solution =
CxD ppm
Wt. of element in 1 litre of sample solution = C x D x 10°
. 108 g/l
. -3
i.e. CxDx 10 g/1
But B
Wt. of Sample in 1 litre of sample solution = 1,0000 g/1
% Element in dry sample = C x D x 1072 x 100%
71,7000
= Cxovox 107y
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Percentage of manganese:

Absorbance reading from instrument = A
Correspondéng volume of standardized permanganatec = V ml.
Wt. of manganese per ml., of standard permanganate = 1097 ug
« o Corresponding wt. of manganese analysed = 1097 V ug
Wt. of sample analysed = 3.,0000 g
% manganese in sample = V x 1097 x 100 %

3 x 10°

4

i.e. V x 365.67 x 107 %



Determination of Sodium by flame photometry,
Calibration curve (Table IV).
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FIG. IV: Determination ~f Sodium in presence of
Potassium by flame photometer - calibration
curve (Table IV b) .
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Determination of Sodium by AAS
Calibration curve (Table IV)
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Determination of Manganese using

| FIG. VIII:
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DISCUSSION

The results of qualitative tests (Table II) have shown
that every sample of *kanwa' analysed in this survey contained
sodium and potassium together, that these elements occur in
the samples probably as their carbomates, chlorides, or
sulphates, that in those samples which possessed a bright pink
colour, this colour was due to manganese. The Pavelka test
for titanium was not effective; only this test suggested
the presence of titanium in samples Nos. 13 and 403 this dis-
agreed with all the other four tests which gave negative
results for these two samples also. Results of quantitative
analysis indicate a generally high proportion of sodium
(Table IV(a) in a great majority of the samples and a very
low content of potassium (Table V(a) in most of them; in
all coloured samples manganese was found to occur to the
same erder of magnitude (Table VI(a).

In the determination of sodium and pobassium by flame
photometry and atomic absorption methods it was critical to
get all sodium and potassium in the analysed samples into
solution. It has.been recommended (21) that the treatment
of the sample with hydrogen fluoride would induce complete
dissolution of the alkaline elements even if the sample
was not completely soluble; then any residue could be
filtered out and washed to leave the alkaline elements in the

filtrate., In these analyses, however, complete dissolution
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of sample was achieved in all cases. In both methods a
majority of the samples had a sodiuﬁ content of about 30%
though few contained a much lower percentage. Both methods
gave 2-4% of potassium for many samples and values of 1%

and less for a significant number of samples; few samples
contained over 10% of potassium, Except in very few cases
the percentages of sodium determined by flame photometry

and those determined by atomic absorption spectroscopy showed
agreement within 0.5 - 2,0 %; the percentage difference in
values obtained by the two methods was generally within

5%. In samples nos. 7, 15, 16, 33, 37, and 41, however, the
percentage differences were rather high with values ranging
from 10% to 30%. The cause for these high differences was
not known. These differences were, however, mixed: the
results from atomic absorption were higher in some cases,

but in other cases they were lower than results ohtained

by flame photometry. In the determination of potassium, on
the other hand, the agreement between the two methods was not
as good as in the determination of sodium. Here (Table V(a)
rather few results agreed exactly (sample nos. 3,5,6); about
90% of results agreed within 0,5% including many that

agreed within 0.1%., These excluded sample nos. 8, 9, 15, 18,
27, 33, 35, 40, and 43 where the difference was 0.6 - 6,0%.
The percentage differences between the values obtained by

the two methods was generally between 10% and 20% but were much

higher in about 25% of the cases. In these cases marked
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differences occured in the order of magnitude of the
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measured values. The cause of these high differences
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also not known. § f <8
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A common method to correct for interferences in thg E;‘ ;

[ .

flame methods is the addition of substances known to be\, o N

0@ o8

present and to cause interference in the samples to the “\_;gfi_
standard solutions so that the standards closely match the
samples to be determined in composition. This method is
encouraged only in cases where the sample compositions are
accurately known and do not vary significantly from those of
the standards; other measures are recommended because

of the difficulty involved in this matching and the chances
created for cross contamination from a mixture of salts
involved in the process. In these analyses the samples were
not analysed for other elements and this matching of standards
was not performed. Other measures were, however, adopted

to minimise mutual interference between sodium and potassium
and that arising from other elements if any. One of these
measures was to select a range of dilution at which these
interferences were negligible (4,6,20). In the procedure
included to assess the extent/aﬁich potassium might interfere
in the determination of sodium by flame phé&tometry the
measurements (Table IVb) gave a calibration curve (Fig IV)
which has the same slope as the curve (Fig. II) obtained with

measurements in the absence of potassiumj; either calibration
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curve would yield the same results for the samples. This
suggests that potassium would not interfere in the determi-
nation of sodium, at least in this range of concentrations,
The performance of the analysis at the experimental flame
temperature ranges, in which the excitation of the alkaline
elements selectively occured to the exclusion of other
elements with higher excitation energies, provided on
interference check intrinsic in the the procedure itself,
The standard solutions were collected to yield a linearcalibra=-
tion curve and the sample solutions suitably diluted to
concentrations that fell within this linear range.

In the qualitative tests for the transition elements
which could give colour to the coloured samples most of the
elements tested for were absent; only manganese was present
in all the coloured samples. The literature suggestion (21)
of transition elements which could occur with sodium and
potassium in natdre dictated the elements which were tested
for in this group. Those suggested included titanium,
zireonium, vanadium, cobalt, chromium, manganese; those
tested for werse titanium, vanadium, cobalt, manganese. Tt
was unlikely that chromium and zircomium would be the cause
of colour in the samples, as chromium salts are generally
green in colour; chromates are yellow and Jd{ichpohafes red
(35). Zirconium compeunds are characteristically colourless

(36). The colour of the samples did not also suggest nickel;
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chromium and nickel were not suggested by the visible absorp-
tion spectra of the coloured samples., As titanium, nickel,
and cobalt were not indicated in the samples,interferences
due to them werec not relevant in the determination of
manganese by the persulphate oxidation method.

In the determination of manganese, results obtained
from measurements on the colorimeter and spectrophotometer
agreed exactly in half the cases; in other cases agreement
was obtained within 0.0001% and within 0.0002% 1n some other
samples.

The measurement of the absorbance of the solutions of
coloured samples on the uv-visible spectrophotometer or on
the colorimeter without first developing a colour raises
doubts when two or more absorbing elements occur in the
same sample, Difficulties arise when the colour exhibited
and the abscorption intensity are very weak, then the relation-
ship between the concentration and absorption is not linear and
comparison between samples and standards not satisfactory.
In the special case of manganese II, which is usually in the
form of the octahedral aquo ion (Mn(H20)6)2+, in neutral or
acid solutions, the pink colour is very weak and gives
correspondingly weak absorption bands in the 300-570 nm region
(37), the band at 400 nm being characteristic. The weakness

of the abscorption and colour result from the fact that the

d- d transitions which induce them are of the forbidden type.
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This method for evaluating the level of manganese in the
samples was considered unsatisfactory as both the colorimeter
and the spectrophotometer could not discriminate between stan-
dard ceoncentrations even for very concentrated seolutions of

manganese chloride (Table VII}.

Cenclusion

Lvidence from these analyses would establish that
most samples of “Kanwa" contain about 30% of sodium, 0.1 -
L,0% of potassium and that certain samples contain trace
amounts of manganese, The problem of peripartum cardiac
failure could be re-examined against the above composition
of tkanwa', On the basis of a daily 'kanwa' intake of
about 50g suggested by Davidson and his coworkers a nursing
mother consumes about 10g of sodium and 0.3-1,2 of potassium
daily; in addition a trace amount of manganese is also
taken in, It would be interesting to know the medical

implications of these results,



556

APPENDIX

SALT SAMPLES, Mumber refers to sample, each of which is
identified by market, date of purchase, and place of origin

if known.

1, Farar kanwa, white natron, obtained in Kano market.
Origin is from Gashua or Nguru market. 12 March 1976,

2, RBalma, salt from Pilma in the Kawar (Gases, Niger,
Obtained in Kano market, 12 March 1976.

3. Gari, powdered farar kanwa, obtained in Kano market,

.12 March 1976, but imported from Gashua.

4, Farar kanwa, obtained in Geidam market, 17 March 1976,
but came from Chilluma salt works, and bought initially
in Togia market,

5. Jar kanwa, red natron, obtained in Geidam, 17th March
1976, but came from Kaeitawa in Niger.

6. Ungurnu, obtained in Maiduguri market, 15 March 1976,
brought from Kanem across Lake Chad.

7o Tsumbur tsumbur, obtained Kano market, but brought
from Tahoua in Niger -- probably from Teggida N'tessoum.
12 March 1976.

8. Gwangwarasa, obtained in Kano market, 12 March 197¢€,
brought from Gashua.

9, Beza, obtained in Kano market, 12 March 1976, claimed
that this was brought from Mirria in MNiger, but
probably from Bilma.

10, Gallo, obtained in Kano market, 12 March 1976, but
brought from Tahoua in Niger, and probably from Tegida
N'Tesgsoum.

11. Kantu from Fashi, in Niger; obtained in Kano market,
12 March 1976.

12. Ungurnu, obtained from Kano market, 12 March 1976, but
brought from Maiduguri and ultimately Lake Chad.

13, Jar kanwa na Auzin, obtained in Kano market, 12 March

1976, brought from Auzin ~ either from Tegidda
N'Tessoum or from Bilma,



14,
15.

16.

17.
18.
19,
20,
21.
22,
25,

24,
25.

26,

27

28.

29.

56.
Gwangwarasa, obtained in Geidam market, 17 March 1976,

brought from Adebur in Niger,

Manda chu or kigu:; obtained in Maiduguri; Dbrought
from Geidam; 15 March 1976,

Bakin manda, obtained in Kano market, 12 March 1976,
brought from Maigatari on Niger border, but probably
brought from Washa market in Niger.

Manguli, ebtained in Kano, 12 March 1976, brought from
Gashua or Geidamn,

Manda chu or kigu, obtained in Geidam, 17 March 1976,
Brought from Dakindiri, close to Geudamari in Niger.

Manguli, obtained in Geidam, 17 March 1976, produced
at Fannamiram and brought from Togia market.

Manguli, obtained in Geidam, 17 March 1976, produced
at Waderam in Niger.

Manpull, obtained in Maiduguri, 15 March 1976, _
., brought from Geidam or Gashua. &

Manﬁuli, obtained in Geidam, 17 March 1976, produced
at Tatekutu, brought to Togia market - from Niger.

Farar Kanwa, cobtained at Jajimaji market, produced
at Gatilla to the nerth: 20 March 1976.

Details of this sample were not cortain.

Parar Kanwa, obtained at Jdajimaji market, produced
at Karagu, to the north, 20 March, 1976,

Gari, called tsumbar, obtained at Nguru but brought
from Niger; 20 March 1976,

Bakin Manda, obtained at Jajamaji, brought from Karagu
in the north via Mandaram in Niger, 20 March 1976.

Jar Kanwa, obtained from Maiduguri market but brought
from Geidam, 15 March 1976.

Jar Kanwa, obtained in Tahoua, Nijger, produced at
Dirkou in the Kawar 0Oasis, 17 January 1976.
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31.

32.

33.

34,

55.

36.

7.

39.

40,

41,

L2,

43.

57

Red Salt from Tegidda N'Tessoum, obtained at Tahoua
market, 27 Januarv 1976,

T=oudeni salt, obtained from Tahoua, brought from
Thoudeni, 27 January 1976,

Ungurnu, obtained in Kano Market, brought from Baga,
12 March 1976.

Bakin Manda, obtained at Nguru, 20 March 1976,
brought from Wacha in Ziger.

Manguli, obtained at Nguru, 20 March 1976, brought
from Karagu.

Balma, obtained at Nguru, 29 March 1976; probably from
Bilma.

Mangul, obtained at Nguru, 20 March 1976, from Tgumbar.

Mangul, obtained at Geidam, 17 March 1976 produced-at
Malaka, .

Jar Kanwa, obtained at-Jéjimaji, 20 March 1976, from -
the north.

Gwangwarasa, obtained at Mziduguri, 15 March 1976, from
Geidam,

Jar Kanwa, obtained at Kano, 12 March 1976, from Geidam,
Gajimarai, from Camercons, from near Jimaita, an

eye medicine; not known if this is salt, obtained

17 March 1976,

Gwangwarasa, from Geidam market, 17 March 1976;
produced at Adebur in MNiger.

Manguli, from manguli production; obtained at Geidam
market, produced at Rizar, near Dara, 17 March 1976,
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