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ABSTRACT

N ne wet digestion nethods were used on two guava sanpl es and ei ght
tonatoe sanples for the purpose of elemental determination. These sanpl es
"belong to the group of fruity vegetables. Acid and acid m xtures were
used to digest the sanples; these include HNG., HNOY HSQ,, , HNOQY/ HCLO,,
HNO3/ HC104/ H,S04 , HNO3/ NH; NO3, and HO / HNG;. Sel eni umwas used as
a catalyst in one of the procedures. El even netals were determ ned.
These are sodi um potassium cal cium mnagnesi um iron, zinc, copper,
manganese, |ead, cobalt, and cadmum Aton c Absorption
spectrophot orretry and flame photonetry were used to deternmine the netals.

The reliability of each digestion nethod, for the determnation of
each, netal in each sanpl e was assessed, by cal culating the nean and
standard devi ation, and by performng the miltiple range tests on the
result of each nethod.

It was found that, no one single nethod of digestion could rel ease
all the nmetals of interest quantitatively and reliably fromeach sanpl e.
A mninmumof three digestion nethods for each sanple was found tt be
needed for the determnation of these netals, each nethod being reliable
for a group of netals. Sone methods such as these involving the use of
perchloric acid in the digestion mxture and those using nitric acid
alone were found to lead to partial or total losses in certain trace
elenents like Co, Cd and Pb. The three nost val uabl e di gestion met hods
that are recomrended for the types of biol ogical sanples studied are
nmet hod A ( H,SO,/ HNG;) , met hod B (nodification of A), nethod F
( HNOs/ NH;NO3) .
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INTRODUCTION

1,0  DISTRUPTION OF SAMPLE MATZ1L'.LS

The ever growing interest in trace metals, whether as elements
espmotiel to normal biological development or as a potential source of
d:nor to health, has resulted in the pablication of numerous papers
dealin; with methogs for the determination of such traces in matrices
of orgonic matter (1), Trace elémints oceur in bialogical materials in
voricd "orms, ranging from contaminants in inorg&nic form, having no
rglation to the organic matrix (e,;. through interactions with the
enviromment during grewth, storage or curing), to those 'ombined with
the m-trix of the material or closely associated with ité(e.q. magnesgium
ir chlorophyll or cobalt in vitamin 312)' However, the incrganic content
of most foods is only a minor constituent and in most instances it is
necessary to remove all, or most, of the erganic matter before the final
deternination of the elements, Thie vequires the destruction of the
organic matter by oxidation, with the metals finally being brought into
solvtion in their ienie forms,

The requirements for the destruction of the organic matter in

metollic element determination are:.-

i, Oxid tion of the organic component of the material in a reasonable
time peried without hazard ~nd without need for undue attention or

anecisl apparatus,

ii} ‘devuste recovery of metal, This can be accémplished by little or

ne vol-tilization, and or negligible losses to the vessels employed
in the destruction procedure, There should alse be little or no
rerctions leading to incomplete solution of the metal or te formation
of cpgeies interfering in subsequent estimation study by the methods

such ns Atomic Absorption spectrophotometry, Flame photometry etc,




iii, ‘Tere should be no contaminition of the analyte by the material of

the vessel,

iv.  “pplicability to a wide vange of materials,

‘0 method has been repoarted to be wholly ideal, and in practice,
losses ol metals and some contamination of the analyte occur in some
degrec, There is also the problem of incomplete exidation of the material,
due to csome resistant erganiec components and problems due to the matrix
of Uhe orgenie material in releasing the metals for subsequent
deternin-tiens, The direet determination of mebtals, by atomic-absorption

.
specirophotometry, witheut prior gestruction of organic matter have been
reported by Gegiou and Botsivali, (2), 1In the above example, the flame was
uscd o destroy the organic matter, but the matrix problems remained, The
choice of method to be used depends to some extent on the element, or
elemcnts, to be determined and on the nature of the organic material,

fhe methods available for the destruction of organic materials fall
into three groups:-

S Hethods invelving gaseous oxidants, usually air or oxygen (ie dry

ashi :1{.4') .

ii Methods involving the use of liguid oxidants, or oxidants in solution

{ie wet digestion) (3).
iii)  Metheds involving solid oxidants, which are made active by fusion,

The most important destruction methods inelude the first two methods,
je wet digestion and dry ashing., Neither of these two general methods is so
superior, that it eliminates the other from consideration. However, it is
probably fair to say that wet oxidation, in one form or anather is more
reliabls than dry ashing for most metals and for a wider variety of organic

moterialg, particularly when the sample is small (L)



lafe DY ASHING

™is is particularly valuable for trace metal determinations, when
itg ability to handle large samples with minimum of added reagents is most
desi=ble (3). In dry ashing, the organic matter is decomposed at a high
temperature in the pregence of atmospheric oxygen., In a fypical procedure,
the duy somple is weighed into n ¢lean siliea or platinum dish, and placed
in a muffle furnaee, usually at SODDC, until ashing is complete, After
eoolin, the ash {2 taken up in dilute mineral acid (5). There is general
agrecrent that the mest important factor to be controlled is the temperature
~o recoveries fall as the temperature rises (3), Some elements, e.g. zinc,
lecd, iron, ohromium are prone to volatilization in presence of halogens (6),
‘1lnline metal, become volatile nbove hSOq}(3). In addition to
volatilization there is alse the risk that insoluble silicates of the metals
mew be Tormed (6).

Nry ashing is relatively simple, It can accomodate large samples and
does not require the addition of lirge amounts of potentially contaminating
reagents, However, its principal disadvantage is the serious losses of trace
elements that can ocour because of (1) volatilization, (1i) retention on the
woliz of the ashing dish, (i1ii) retention in the acid - inscluble fraction
of the ash, Loss due teo volatility is especially serioug for mercury and
selenium (5).

Retention by the wall of the erucible has been found to be a problem,
especinlly with cobalt, copper, iron, manganese when using silica dishes (7),
Thesc louses are usually attributed te the formation of complex silicatee,
T™is mey arige through combination with the silica wall of the crucible and/
or the wiliceous residue of the sample itself (7)

"o avoid losses through volatilization and wall retention, many

wor-ecrs use ashing aids, such as magmesium oxide, magenesium nitrate,



nitric aelid, or sulphuric acid, which is added to the sample before or during
ashing, These ashing acids act in various ways, HN03 acts as an coxidizing
agent, apeeding up the destruction of organics or allewing lower temperatures
to Lo used, H?Soh can convert chlorides into less volatile sulphates,
“ﬂ(‘vgfz has a double action. It decomposes to nitrogen oxldes, which hasten
oxid tion, and Mg0 which dilntes the ash and reduces the total area of contact
betireen the sample ash and container walls, thus reducing losses due to
retention (5).

It is therefore evident that inspite of its advantages and apparent
gimnlicity, dry ashing cannot be universally recommended for sclution

preporotion and its choice will be governed by the elements required and the

type of material (7).

1¢2s 0T - DIGESTION

Oxidation procedures which employ liquid oxidants are preobably the most
verasatile of all procedures, They tolerate large variations in sample size and
can be used prior to the determination of a wide range of elements,

They are characterized by the comparatively low temperatures developed,
and loxrze quantities of oxidizing agents added, The low temperature is usually
acvnicgeons in that losses by volatilization or reaction of the sample with
the container are much less likely (3)., Most oftem, the mixture is heated to
100 - 200°C to aid the digestion process, Wet = digestion is fast, but more
atlenwvion may be required, Risk of atmospheric contamination is less than in
dry oxidation, The major disadventage is the possibility of contamination from
e large excess of reagents employed (5).

Thie oxidations can be carried out in either open or clesed vessels. The

best known closed oxidation system is the sealed procedure {3). This method

hoo the disadvantage of explosion due to development of high pressure in the tube,
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The vest majority of wet oxidotion of organic matter are carried out in
vessels open to the atmosphere. Kjeldahl flasks ave commenly used for such
direstions, the long neck giving some degree of refluxing,

Uerxlv all wet oxidation proccduraes involve the use of one or more of
three strong aeids -~ nitric, sulphuric and perchloric - although many involve

the ~ddition of ether agents also,

1e201s  CXIDATION WITH NITRIC ACID

Nitric aeid is the most commonly used #xidant for the wet— digestion of
orgeaic mettery It reacts readily with many types of materialf, particularly
those conteining alcoholic = OH groups {3). The normal concentrated acid
(sv,. “.1.,12) boils at about 12000. Thisg enables it to be removed readily
when recction is i;mplete. but also greatly reduces its effectiveness in
oridotion reactions in open systems, The decomposition can be catalysed by
the prosence of certain compounds such as silver nitrate, selenium dioxide and
auro dum vonadate., In spite of these improvements to this basic procedure,
the deconrosition of organic matter with nitric acid alcne remains
uns~tinl clory for mest materials, and is therefore seldom used (8).
vet21lic elements, in general, form soluble salts with nitric acid but not all
org nic matrices are decompesed by this acid alone {6). However, HN03 is most

comnonly used in conjunction with sulphuric or perchloric acid;(ﬁ).

12,2, C/IDATION WITH SULPHURIC :CID

Dilute sulphuric acid has virtually no oxidizing power, cther than
thot of the hydrogen ions which can be reduced to hydrogen gas by metals
discolving in the acid, The concentrated acid (sp. gr. 1.84) will, when
woxm or hot, oxidize many elemente, being itself reduced to sulphur dioxide,
elencnil sulphur or hydrogen sulphide, The destruction of organic matter

by hot oxidstion with concentrated sulphurie acid is a widely used practice,
-




ingpitc of the slowness of the renction, and tendency to form
indestmictible charred residues (8),

Ls conplete destruction of mnny organic materials by heating with
Vzﬁob nlone is slaw, one attempts to speed up the reaction either by
raisfay the working temperature above the beiling peint of the
conc ntrated acid (33000}, or by adding a catalyst such as copper
suloliote, mecuric sulphate and selenium oxide or both (8), The working
tewper ture ean be raised by using secnled tubes or addition of sodium

or poiesginm sulphate to the mixture, Digestion with sulphuric acid

often resrlts to loss of hydride - forming metals (34).

16243, OVIDATION WITH NITRIC ACID PLUS SULPHURIC ACID

Tre mixture of nitric and sulphuric acids is very valuabdble for
the d:struction of organic matter ~nd is the most impotant and versatile
of t'we wet oxidation mixtures (8), This mixture oxidizes mest organic
gan les, although some may require long digestion time and a few cannct
be gneecessflly decomposed, Carbohydrates are most easily destroyed
thon wroteins and fats, In genercl, plant materials are cxidized more
easily thon animal material (L). Destruction of organic matter with
gulpim~ic -~ nitric acid at atmespheric pressure usually proceeds without
dangerously vlolent reactions,

Concentrated sulphuric acid (ev, gr. 1.8L) having high boiling point
(33UOCT serves to raise the temper-ture of the oxidation mixture, thereby
incvernsine the oxidizing power of the nitric acid, Sulphuric acid is
also vilunble in degrading the complex organic matter and so rendering
them susceptible to attack by the oxidizing agent (3). Tt is necessary
to nireus, the necessity for constantly maintaining oxidizing conditions.

Wherever charring takes place, reduction occurs, and appreciable losses
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miht therefore be expected if the digest is heated vigerously to fuming
(9)s 'nulysts avoid this danger by keeping the temperature relatively low
with frequent addition of nitric acid,

. disadvantage in the use of sulphuric acid is the relative
inzolinbility of many metal sulphotes, 1In digestion of materials
corinining large euantities of, for example calcium, the formation of a
bulky vrecipitate of calcium sulph-te can very readily cause the loss of
sm21l cimounts of lead by co-precipitation (3). This however limits the
ehcice of this digestion method, tut in certain casrs the sclubility
pro‘hct,(Ksp) values of these compounds are not exceeded at trace levels
(5., "hic method also leads to production of resistant compounds e.g.
gnlphonic reid (33).

he decomposition is usually considered to be finished when the
soluiion becomes clear, It is then allowed to cool, a little, water is
added to hydrolyse the nitrosylsulphuric acid which may interfere in
subsequent determination of trace clements, Gould (10) added urea to
the fin~1 seclution to destroy the oxides of nitrogen remaining in the
golution,

hig method is considered to be particularly suitable for the

deterninction of metals such as Cu, Fe, Zn, Mn, Al, Pb and Co (k).

1+2.ts  CXIDATION WITH PERCHIORIC ACID

Perchloric acid ig an extremely valuable and efficient oxidizing
agent for destruction of organic matter, yet its use is widely regarded
with susypicion, Tt has many advintages for this work, It is stablej; it
has o very high oxidation potential; as the water azeotrope (72% w/w
perehloiic ncid), beils at 203°C; it is fully miscible with water and
other sirong acids; when cold or dilute it has no oxidizing'pgwer, and

majority of metal perchlorates are highly soluble in water (3).



Decnuse of .he danger of explosions with orgonic substances,
percinloric neid i$ rarely used on itz own for destruction ef orgenic
mttor, Nixtures|with sulphuric nnd/or nitric acid are normally used,
which not only seﬁve to dilute the perchloric acid, but also to
ensure thet easil% oxidizable compourds are broken down by reaction with
the oilir aeid, fjrst at low temporntures, beforc the perchloric acid
begins Lo oxert iﬁs oxidizing power above 16000, Compounds containing
hydroxy groups re%ct with HCth to mive unstable perchlornte esters that
decomn o&e explosi@gly (8). Porchloric acid digest shoild net be heatced
to dryness 18 even lnorganic perchlorntes are explosive (6).

Whe productibn of hydrochloric acid during the reduction of
verchlovic neld rajises the possibility of losses of some elements through

formrtion of volatile chlorides {3).

-

12,5, OXIDATION, WITH PERCUIORIC PLUS NITRIC ACIDS

An importanb point of this method is thnt by the ommission of
HESOQ* the higher %emperature and dehydrating conditions associated with
the preszence of this acid cannct ensily arise., This according to some
worlcrs, tond to rﬁduce the hazZards sometimes commected with HCth
combustiong, On the other hand there is considerable risk, that in the
absence of H2SOh the digest may boil qry, thus increasing hazards,

Me method has been found to be particularly suitable for the
destruction of profein and carbohydrate material (11}, Its use for
samnlan oonsistingfalmost entircly of fat is not recommended, because of
the ungtiblc perch%orate esters formed, which decompose explosively.

The methed ié gpeedy in most instances and 1s easy to control. The
tempe whire used afe lower than in most of the wet- digestion procedures

{120 .- 1h000), and losses by volaililization are expected to be small,
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some types of orvgnnic materials, notably these containing heterccyelie
nitrogcn nre not completely destroyed (8), This is a fault that the method

shercs @it some other wet - combustion procedures, and for such materials

dry ashing is recommended,

10246, O IDATIOM WITH PERCHLORIC, SULPHURIC AND NITRIC ACIDS

This method is particularly vlunble in oxidation of stubborm
moteicls, One of its disadvanges is the presence of sulphuric acid during
recovery of elements such as lead, cspecially when the material contain
1nroe amonnts of ealeium, The combination of these acids would seem to be
most effective when they are present in the proportions 1:1:3, i.e.
pereilloric = Sulphuric - nitriec respectively. It has been reported that
the deutrvetion of organic matter by this method ecan be accelerated

mckedly Dy addition of catalyst such as selenium oxide (8).

1e2¢7e  OXIDATION WITH NITRIC ACID - AMMONIUM NITRATE

The method was originally devised for determination of Ca, Mg, Na,
K and 5 211 on one sample (11), It can also be applied when Cu, Fe, and
gimiloar elements are to be determined in samples in which the amount of
org.aiic motter is small and easily decomposed, The initial digestion is
followed by expulsion of the nitric acid and continued oxidation in a melt
of mmonium nitrate. When reaction is complete, the ammonium nitrate is
expelled by stronger heating,

Oxidntion is steady and rapid, 2nd any residue can easily be freed
from excess oxidizing agent by evaporntion and the elements are cobtained in
form onitnble for determination,

Ocensionally substances are encountered which are very difficult to
o:idcise completely by the wet - digestion methods, or which contain

compounds which interfere with the oxid-tion of the element, With acid
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f1.c. nnoj/nzsoh), digested tobacco, CGross (12) experienced difficulty
iliich v 2ttributed to the presence of pyridine, This difficulty might
cceur  in moterinlg rich in protein, The effectiveness of nitric and
percihrloric neid mixtures for wet oxidizing organic materials was
evalu ted by Martinie and Schilt (13)., After wet oxidation, each sample
was screened for organic residue by proton magnetic resonance,
specirephotiometry, ultra-viclet ~nd carben microanalysis, Most samples
were found to exhibit some U,V, absorption and about one half retained
meagvr:ble carboneous matter in solution, Compounds containing N-methyl,
Seetinyl, C-methyl and pyridyl groups proved to be resistant to wet
oxil tion, Most nitrogen containing samples were also found to yield
procipitote of ammonjum perchrorate on cooling., The identity was
confiimed by elemental analysis and infra-red spectra.

11 the most difficult cases, no ecombination of stoh with HNO, or

3
HGlﬂl or Loth is effective in producing a colorless digest, and nothing

is @geined by addition of hydrogen peroxide, ammonium oxalate or other

simil-» oxidants (1)
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1.3 RECOVERY OF ELEMTNT'

When organic matter ic o be deutroyed as a preliminary step do
the determination of traccs of metals the choice of method will depend
ong -

a) The nature of the orgmnic meterial and
b} The metal that is subneguently Lo be determined and the analytical

method to be used for its determination (11).

Analytical technigues cre availoble for the determination of

inorganic substances, and most hove heen applied successfully. Yo one

technigue, however, will solve 2.1 of the problems likely to be

encounntered (6). The selection of technique to be used often depends on

factors such as equipment ovailoble, number of samples to be analysed,

staff,; space anditime corgiderations, ¢ |
‘The aim ofhthis section is <o survey analytical methods used in

destyuction of organic matter oud techniques used for the determinations

of the trace metdls. |
The elements commonly found in food samples can be conviniently

divided into threg groups vizg.e

i) Essential bulk elements
ii1) EBssential trace elements and

i11) Non-essential trace elemonts.

4.3.1. ESSENTIAL BULX BLEIITS

The element§ which are ncces;ury.for bioclogical functiou or for
good health but wiﬁhout which iife con s1t11l exist at some level are
¥rnown as essential elements {17)., These elements include caleium,
sodium, potassium,lknd magnesitm.

Sodium and ptassium ave prezent in large gquantities in organic
matrices of biological sampler, In nmony determingtions it is not necessary

to carry out an oxidation of “he orgrnic material, a simple extraction
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beiny quite sufficient (3). Wet oxidation with nitric, sulphuric and
percliloric acid mﬁxtures have been used, with success prior to flame
Prio home tirle deterﬁinﬂtion. 411 oosential bulk metals including sulphur
hive been determi%ed after using nitric acid - ammonium nitrate mixture
in dcztroying the:organic materinl by Milton and co-workers (14). |
Destreuriion of organic matier in plant material uging nitric - perchlorié
nelid mixlure was fiound to be rapid ond the metals left in a condition in
which thoy are soﬂuble in dilute acids by Gieseking and co-workers (15).
The scme acid mixdure was used by Cerritz (16), on feed concentrates and
granves, He repoﬁted that, the method permits a snaving of time on the
prrt oif the analys& and a saving of cquipment and reagents in determination
of crlcium, Gerri%z algo reported the possibility of determining magnesium
gince it does not form inscluble perchlorate salts. More perchloric acid
v cequired to prevent the precinitotion of potassium perchlorate.

Jet oxmidntion of organic matter before determination of bulk metals;
should be without homplication, althoush it is probably desivable Lo avoid

|

the use of sulphuch acid so ag to remove any pessibility of the formation

of inscluble alkalkne earth sulph-tes (3).

143+%.  ESSBNTIAL TRACE METALS

This group df metals occur in minute amounts in living organisms,
1
The csiontial trace metals ineluder iron, manganese, zine; cobalt, and
copper, They are needed in different concetrations in metabolism, and
become toxic when fhe optimum concentrations tolerated by the organism is
exceeded {17), Various wet digestion methods have been used to destroy
the orgonic mattericontaining thege metals prior to their determinations

by eiuher Bpectropﬁotometric or atomic- absorption methods,

Gorsnch (18) carricd out survey experiments with cocoa as organic
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matericl, in the study of the recovory of Fe, Zn, Co and Cu, From the
resvlis obtnined, stoh/HN03 method of wet digestion gave good recoveries

for "c, 2n ~and Co. Losses were observed from HNOB/HCIOM, and HN03fﬁzsoh/
HCth mcthods of digestions, For Cu however, recoveries were good and
conp rable for all three methods, Losses were also reported for Fe, Co,
7n, M when a biolegical sample wes digested with nitric acid alone (8),
The use of HQSOthN03/501Gh was recommended by Jackson (19), for the
determinntion of Fe in cornstarch nnd dried spinarch, Wet digestion
methods uring nitric acid alone, nnd in usunl mixtures with sulphuric and
perchlo ic acids have been described (20), The use of Hwoafnzsoh to
determine 'm in some teas using a tintometer have been reported (21)., As
reported, the method gave a consist@nt result with low standard deviations
and high recoveries. Wetoxigation methods using acid mixtures have been
founl excellent for the determin-tion of Zn (3). Many workers prefer to
uce ntouic - absorption methods for the determination of zinc in foeds
following the acid oxidation of the organic matter (6). Allan (22)
reported good recoveries of Zn and small standard deviations when HNOB/H010h

wns used to digest apple and gross srmples,

1e3¢3e NON-ESSENTIAL TRACE ELEMTNTS

These are elements that, when accumulated in the body of living
organisi'n, ocause physiological disorders which may enventually lead to
de~th, CJome of these elements includes: mercury, cadmium, and lead, Various

-

digeotion methods have been used to destroy organic matter prior to the
deternincotion of these metals.
Becruse of the volatility of most mercury salts digestion of organic

m tter for determination of mercary is oftem carried ocut in closed systems

or "n efficient refluxing asgembly vsing HNO 5 /HQSOh mixtures (6).
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Knauver and Millimon (23), reported that stoh/i'.t.’OJ pixtuve gove good
results when digesiion wns carried out in a closed system, Gorsuch (18),
also reported Lot the presence of sulphuric acid in digestion mixtures
inereased the vzcovery of mercury, Also in his survey, he found the
presence of HRH'h, cousing low recovery of lead content this he explained
was due to co-prociniiation of lead sulphate with ocaleium sulphate.
Hoover (24), wveporiad thot addition of a strontiun salt, reduces the lose
of lead, USpeciroucapic, electrochemical, and atomic absorption teehniques
have all been use for the determination of lead, Gorsuch (18), in his
survey, reporic! thot JVOB/stoh mixture gave good recovery for eadmium
while losses were observed from H‘NOB/HCth and :—moa/uzsoh/mmh mixtures,
Atomic absorption, nnodic - stripping veltanmetry and palarography have
been used for the [in~)l determination of cadmium,

Prom the foct thot even with all these digestion methods, organic
components of the original sample might not be completely destroyed and
also the fac. +iv.1 zone metals are lost when cerinin digestion methods are
used, an attemri wnt made o choose a good method for the distruption of
organic matter in vepetoble Fruits for elemental analysis, This method
should be applicable o 211 samples analysed and those that fall into such
group, it should J12o be rapid, keepp most of elements in solution and in
a form which they could be determined., ¥Finally the method should be
reproducible, Reproducibility of each method wng determined by gtatistical
analysis of regults obiained from each digestion methed used, Statistical
methods used inclule caleulation of Standard deviation and muliiple range

tests,

1.4 DESCRIPTION O CPTICAL METHODS USED IN MET.L DETEAMIN.ATIONS

- —

Variocus methods have been used for the determination of metals after

the destruction of crganic matter in the sample, For all these methods
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it is important that the elements desired are in cencentrated form, and
devoid of =8 many sources of interferences ns possible, In the present

study, ~tomic absorption spcctrophotometry was used for the determination

i

of the troce elements of interest i.e, iron, lead, cadmium, zine,

mengmr oo, copper and cobalt, Flome photometry was used for the

deteomine tion of bulk metals i,e, cenleium, potassium, and sodium except

for marmesium which was determined by natomic absorption spectrophotometry,
heee two metheds were used becnuse of the ease in preparing the test

solntions for subgsequent elemeninl determinations, little or no interference

“pon ollvr metals, and sensitivity to part per million (ppm) levels,

lelis1  LTOMIC ABSORPTION SPECTROPIOTOMETER,

Ltomic absorption spectromctry has proved to be one of the most
widely uned nnd successful techniques for trace elemental analysis, It is
qurniitntive, sensitive, specific, simple, rapid and relatively inexpensive,
It cair be used to determine most of the metnls in the periodic table, based
on tho nboorption of their frec atoms, When the solution containing
a meitllic snlt ie aspirated into the flame e.g. air - acetylene flame,

o. voour which contains atoms of the metal in their ground states mny be
formed, If radiation of resonince wavelength of the metal being determined
is possced through the flame contrining these atoms, part of the light would
be nbsorbedy and the amount of radi~tion absorbed is proportional to the

mmber of nbsorbing atoms, This is given by the Beer - Lamberts law:-

A= log 10/1t= ¢c1 Where I = Intensity of incident
radiation,
It = Intensity of
transmitted radiation,

=‘molar absorptivity
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C = concentration of

solution.

o]
]

path length

Abserbance.

=
fl

1042  TFLAME PHOTOMETER

Mame photometry is concerncd with the emission of characteristic
radi~tion in flames by individunl clements and the correlation of the
emizsion intensity with the concentrotion of these elements as it should
olso obey Neer - Lambert's law, Tike any cother optieal method,
detemination of metal concentrations is made relative to some standards,
in uhich ense construction of calibration curve i8 necessary, It is used
in delermining sodium, potassium, lithium ond calcium mainly. The
solution containing the metallic snlt is drawn into a non-luminous flame,
iouizes -nd emits radiation of a charccteristic wavelength, The emitted
light is isolated into the characteristic wave band by an opticnl filter
beforc passing on to energize the photocell, the output of which is then

applied to deflect the galvanometer,
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CHAPTIR_TWO

EXPERIMENT L

231,  MANIRIALS: SAMPLE COLLECTICY, DESCRIPTION AND PREPARATION

(]
- -

The two guava samples analyscd were supplied by Dr. J.Y. Clayemi,
from liis brckyard garden situated in irea A, at the Ahmadu Bello
Uriversivy, Zaria., The guava samples were from two different trees, not
more thom tOm apart, These gueva samples, though different in their sizes,
minoxnal contents, and appearance were said to have the same botanical nomes,
The lomrtoe samples were kindly sunplied by Dr, Turc Olarewaju of the
Horticulture Section of the Institute for Agricultural Research (TAR Y,
Jomern of the Ahmadu Bello University, Zaria, The guava samples were
collected in the month of August, whilec the tomntoe scmples in the month of

October of the same year,

241¢1s  3+MPLE DESCRIPTION

Somple
G31 Local or English name: Guava

Botanieal name: Peidium guajava (large)
Location: Area A,

G35, Tiocal or English name: Guava
Botanical name: Psidium guajava (small)
Locationt Area A,

T1 Local or English name: Tomatoe

Rotanical name: Lycopersicon
Esculentum,
Variety name: Cirio 56

Location: I.A.R.
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Locnl or English name: Tomatoe

Botanieal names: Lycopersicon Esculentum,
Variety name: Pevabo.

Location: T.A.R.

Local or ¥nglish name: Tomatoe
Botanical name: Lycopersicon Esculentum,
Variety names Harvester

Loention: I.A.R,

Loc~1l or English name: Tomatoe
Botanical name: Lycopersicon Esculentum,
Variety name: Ronita

Loention: T.AWR,

Local or English name: Tomatog
Botanicnl name: Lycopersicon Esculentum,
Veriety nnme: Ife 1

Location T,A.R.

nglish or Local name: Tomatoe
Botanical name: Lycopersicon Esculentum.
Variety name: Gamad,

Location:s T.AR,

nglish cr Locnl name: Tomatoe
Botanical name: Lycopersicon Esculentum,
Voriety name: Marsanino.

Locntion: 1.A.R,

English or liocal name: Tomatoe
Botanicnl name: Lycopersicon Esculentum,
Varicty name: La Bonita.

Loentions: Xy a‘-oRl
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2,7.2, PREPARATION COF SAMPLE

Uofore the actual analysis, it is necessary to get the sample in
n» suitnble form, This ensures homogeneity of the sample, and creates
n bigrer surface area on which the reaction ocecurs, This has the
sdvontoge of making the actual experiment fast and reducing the sources
of error duc to the non-homogencity of the analyte in the sample,

“he fresh samples were washed with distilled water, and cut inte
some clean petridishes, These were then transfered into an air oven,
gset ~t cbout 60°C as recommended by Ovenuga (25), Drying was complete
withiin 2 - 3 days, The dried sample were ground to powder using a

mortor, »nd stored in air tight serew-capped bottles.

2,2, DRTTRMINATICN OF MOISTURE CONTENT

T™e method generally used for the determination of moisture content
in plont materials is measurement of the loss in weight due to drying at
n temperiture just above 100°C (7)., The important factor in thermal
drvin- is the maintenance of a differcntial between the vapour pressure
of the substance to be dried ~nd thet of the atmosphere of the drying
chomber {26), Other methods have been described for the determination of
moisture in foods, One of these methods (27) involves reflux distillation
of ihe s mple with 2 solvent immiscible with water and having a higher
beiling point and a lower spreific gravity than water e,g, heptane,

toluene ete,

PROCIDURT: A petridish was hented to dryness, cocled in a descicator
and weirhed, The fresh sample wohs eut, and spread in the container and
weighed rapidly, The petridish and its content was transferred to the air

oven oper~ting at 10500. The s~mple was dried to a ¢onstant weight,



----------

Toisture (%) = loss in weight on dxying (g 100
Initinl Gemple wt. (&) X

lemlis for the moisture content of all samples are given in appendix A,

2,2« 171 DIGESTION METHODS USTD,

i

The procedures used for digesting the samples are as follows:

2,341, EHOD A, (11)
“bout 1z of the dried sanple was accurately weighed into 1oocm3

ijeldahl flask and a mixture of 8dn’ cunpentrated sulphuric acid
(upy '1e 1,84) and 10¢h> of nitric ncid (sp. gr. 1,42) were added, The
mixtuire wormed cautiously until the reaction subsided. The mixture was
then heated Yo a temperature of 12000, until the solution just began to
dnrken, This took about LS min, The mixture was cooled and 56m3 of
concentroted nitric acid was added, and the mixture was again heated over

ibe he ting mantle at about 120°¢ until the solution was clear, The
mixivre o8 not allowed to char, ‘“‘he golution was ccoled and 1Ocm3 of
dictilled deionized water was added feollowed by gentle boiling to fuming,
Nimaaniion wae ~rampleted in 2 hre,, and the volume left after digestion was
rejuccd to about three-quarter of the initial volume, The solution was then

3

cooled and transferred quantitatively to a2 50€m” volumetric flask and made

to mal: with distilled deionized woter,

2.3.2, MRTHOD B, (L)
‘bout 1g of the dried sample was accurately weighed inte 100€m
3

3

"jeldonl flagk. The sample was sonked in 10€m~ of 1:2 water-nitric acid

3

for abont 1Shrs., after which 100m” of concentrated sulphuric acid

(spe 20 1.8L) was added at such a rate as not to cause excessive frobhinge
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The mixture wu: heried al a temperature of about 120°C over a heating
mantle, until the liounid darkened appreciably. Scm3 of concentrated niteic
acid (sp. gr. 1,12, was ndded to the solution., Heating was continued for
about 50min, ‘Jen the solution became clear. 1Ocm3 of distilled deionized
water was adde’, nd heoting was continued until the final volume of the
golution was oboul tlre~quarters of the initial volume., The solution was
cooled and tronuferred to 500m3 volumetric flusk and made to mark with

digtilled deicnized water,

2.3.4.  METHO) ©, (16,

About 17 of the dried sample was accurately weighed into 1000m3
Kjeldahl flaslk, 10cm3 of distilled delonized wnter was added, followed by
10cm3 of concentrnted nitric acid (sp. gr. 1.42). The mixture was swirled
and transferred on Lo o heating mantle, The contents were boiled at about
100°C for about LOmin when the sample passed into a colloidal solution.
The solution was ccoled and 50m3 of T8¢ w/w percloric acid wasg added,

The flask and “he contents were agaln heated over a heating mantle, Heating
was continucd ot n temperature of about 140°C, for about 20min, when

dense white fumec of perchloric acid were noticed, The solation was
allowed to cocl, nnd later transferred quantitatively into a 500m3

volumetric flosls, ond mnde to mark with distilled deionized water,

2.3.5. METHOD D, (115,
About 17 of the dried sample was accurately weighed into ‘TOOcm3
Kjeldahl flask, 10cm> of eoncentrated nitric reid (sp. ar. 1.42),

S of concentrated sulphuric acid (sp. gr. 1.8L) were added.

fellowed by Eem
The mixture wos swirled gently and transferred to a heating mantle. The
sample was digeste’ Tor about L4LBmin at a temperature of about 12000.

The solution w~s cooled, and Scm> of 72% w/w perchloric acid was added.



22
Hordings was continued at about 140°C for about 20min after the appearance
of white fumes. The solution was gset aside to c¢ool, The digest was
diluted with about 100m3 of distilled deionized water and boiled for
10mir, It was transferred quantitatively to a 500m> volumetrio

flepl, and made to mark with distilled deionized water,

29306, JETHOD E, (28

About 1g cf the dried sample was accurately weighed into 1000m3
Kjeld hl flask, About 100mg, of selenium powder was also weighed into
the Kjeldahl flask, and mixed thoroughly, Sem’ of distilled deionized
water was added, followed by 150m3 of {1:1) concentrated nitric acid
{ep., &=, 1,42), and concentrated sulphuric acid (sp. gr. 1.84) slowly and
inteimittently taking care that the mixture at no time froth appreciably,
The conltent was swirled from time to time, A furthetr Scm3 of concentrated
nitric acid was added. The mixture was heated at about 120°C for 30min.
The polution was allowed to cool, und 50m3 of 72 w/W perchloric acid was
alded, Heating was continuved at about 1h0°c far 20min, The solution was
agein cllowed to cool, and transferred quantitatively into a 500m3
volumetric flask and made to mark with distilled deionized water,
23,7, WEWD P, (11)

Lbout 1g of the dried sample was accurately weighed and transferred
into & 100cm3 Kjeldahl flask, ‘1Ocm3 of concentrated nitgic aeid
(ope g2 1,1i2) was added and the mixture was heated at a temperature of
about 100°¢ f!r thr, 1Ocm3 of the oxidising agent (a solution containing
50y of cmmenium nitrate in 25g of nitric acid.). It was heated at the same
tempercture for 30min, to expel woter, so that oxidation proceeded in a
melt of amionium nitrate. More reagent was added (SQmB.Qf oxidizing

reasen’’ from time to time until no browning of the gqlution was observed
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time, until no breowiing of the solution was observed and a clear melt was
obtained, “Ther ine oxidation was complete, the clear melt was heated more
strongly to vol-tilize the excess ammonium nitrate, The flask was held
over a free {lome to expel salt subliming on the side, The residue wag
dissolved in 2CHL of concentrated hydrochloric acid (sp, gr. 1.18) and
evaporated to alrmosl dryness, The residue wis fused as to remove all
nitric acid. It wos dissclved in about 100m3 of 1M HC1 and evaporated to
a small bulk to ersure conversion of my metaphosphate to orthophosphate.
It was evaporoted to dryness, and the residue was dissolved in 1Scm3 of
warn distille! deionized water and a few drops of 1M HCl. The solution
was transferred sunntitatively to a 500m3 volunetric flast and made to

mark with distilled deionized water,

.......

About 1g of the dried sample wns accurately welghed into 1000m3

Kjeldahl flask :nd Lo it was added 16cm> of concentrated nitric acid
(sp. gr. 1.L42), The flask was allowed to stand for one minute to allow
any vigorous renction to subside, The mixture was transferred on to a
heating mantle, ond digested at about 100°C for one hour, The solution
was cooled and Sc33 of concentrated nitric acid (sp. gr. 1.42) was again
added, Heating u-s continued at the same temperature for about LiSmin,

2

About 10cm” of distilled delonized water was added to the selution and

heating was dene to fuming, within about 10min, The solution was cooled
and transferred quoatitatively in to a 50cm3 volunetric {lask and made
to mark with Jdictilled deionized water,

About 1 of the dried sample was weighed accuratelj into 1000m3

3

Kjeldahl flask, 10cm” of concentrated nitric acid {sp. gr. 1.42), was
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added, followed by 20m” of concentrated hydrochloric acid (sp. gr. 1.18).
After mixing, it was set aside for about 20min,, and then heated at about
80°C for hOmin, .Clier the brown fumes of nitrogen oxides had disappeared,
the temperature wou inercnsed to about 120°C, to allow for gentle boiling,

3

The solution was cooled, and Sem” of concentrated nitric ncid was added,

Heating was continucd until the digest was almost dry {about 5cm3).

1Dcm3

of distilled deionizcd water was added snd the solution was brought
Just to boiling, It wns allowed to cool, and tronsferred quantitatively
to a 504:!1!'13 volum: tric flask, and made to mark with distilled delonized

water,

2,3.10, METHOD I, (MCLIFICATION OF METHCD G)

About 1g of the dried samplec was acecurately weighed into 1000m3
Xjeldah flask, 150m3 of concentrated nitric acid (BP- £gTr. 1.h2) was added
and it was sct nside fcr about 15hes, to allew proper soaking, The mixture
was transferrcd on fc o heating mantle, and was digested at about 100°C for

1thr., The solution wns nllowed to cool, and 50m3

of concentrated nitric
acid was added, Ies~ting wns continued at the some temperature for about
LSmin, About 10(::!1j of distilled deilonized water was added to the solution
which wag he~tel to fuming for about 10min., The golution was allowed to

3

cool, and trinoferred quentit-tively into a SOom” volumetric flask and made
to mark with distilied deionized water,

Replic~tes Tor coch method of digestion was prepared. Measurecments
of Absorption were corried out with SP1900 PYE Unicom Atomle Absorption
spectrophotomcter or the Evans Electroseleniwn flome photometer as the case

may be,

2.3.11. PREPARATION OF BLANK SCLUTIONS

Blank solutions were prepared for each method that was used., This
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was to correct the errore from contamination due to the large cxcess of
reagents that woe uscd in the oxid:tion procedurcs,

The blan's goluticns were prepared by using equal wvolumes of reagents,
minus sample for ench digcstion method, These wer: honted in 1000m3
KJeldahl flosk wnder the same experimental conditions as the sample

(1.e. temperaturc ~nd digestion time),

2,4, QBSERV.TIONS
The obscrveitions made while carrying out the digestion of the samples
are in tablcs 2,1 ond 2,2,

Remarks on eoch method are given in table 2,3,
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METHOD R T

L d - .- -

M h " K

92

Dizestion with H?Soh - Hﬂh? mixture was in most cnses speedy 2nd
ensily controlled, Becnuse of the high boiling point of HQSOL'
It nllowed for an increasc in the oxidation temperriture used,
thus incrensing the oxidizing power of nitric acid, However, the
-~ srmple might be charred (i.u. 1 reducing condition) due to the
dchydrating power of sulphuric necid, Presence of sulphuric acid
might lead to co-precipitotion of heavy metals on insoluble

sulphates of alkaline Earthmetals,

>

P
L

onme ag in method i,

Digestion with HNO, - HCth was speedy in mogt instances and

3
ensily contrelled, The temperature used wns low and perchlorates
C are genernlly easily scluble, Losgses of heavy metals using this
nethod might be significont, due to formation of volatile

perchlorates,

Digegtion with HHEB - npaoh - HClGh was also speedy, but prior
digestion with HNuj - 1, ﬂﬁh was nccessary due to fear of
cxplogsion, It hag the ability to destroy many substances

0 {c.gs fat)., The presencc of sulphuric aeid creating a dehydrnting
condition necessary for perchloric ncid éxidation, It also helped
in minimizing the loss of certain metals, The presence of
sulphuric acid might nlso wouse losses of metals such as lead from

coleium rich samples,

Hn

fme oxidntion was the f-stest of all the methods used “we Yo the
B presence of selenium powder as catalyst. The reaction was

vigorous and rccovery of metnls was simila to method D,
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The oxidation was rapid compared to when HNO3

wng used alone,

The residue could casily be freed from excess reagent hy

volntilization and elemonts were obiained in form

suitable for

dcterminﬁtion. Losses it some hHenvy metals might be anticipitated.

Digestion

with nitric aci’ nlone was slow, the organic matter wns

not completely destroyed -nd losses of volatile compounds of Fe,

Ca, 2n o

disestion

nd Mn were expected ns previously reported (31).

Low

temperaturce nseced in this method due to low boiling point

of nitric acid (120°C for HNO,, sp. gr. 1.42) could have led to

the incom

Digestion

cormon, Hh

metals due to tho formation of their valatile chlorides.

method is

bwever the method wasn

lete oxidation of ocrgonlc matter ﬁuch ns FPot and protein,

with HN03-HCl Tor the determinntion of metnls i not
fast, but led to loss of certain
This

gnld to be valunble in the determination of phosphorus

~nd mercury {8)

Doclkking of

mde subseduent digestion foster.

organic matter in concentrated nitric acid (sp.gre 1.42)

TLosses of volatile compounds of

certnin métala might ~lse be conecountered as in method G
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2,5, IREPRATION OF ST'ND'RD DOLUTIONS

The use of optical methods of nnalysis oftem requires the use of
standord colutions, prepared by dissolving known amount of metal salt in
wvater, The metal concentration in the sample is determined relative to
this stondnrd solution, A calibr tion curve is constructed, from the
~beorb nce rendings of differeni concentrations of this standard solution,
Lreon wiileh the amount of metal present in the sample soluticn is read off,
The most volatile inorganic s2li of 2 metal is often used, especially in
ctomic ~bsorption spectrophotometry ~nd flame photometry., This is to
ensure moximum vaporization of the metnl salt, which inturn affects the
exteni of atomization and absorbonce in case of atomic absorpticn and
omission in case of flame photometry,

Utendard curve for gnch metal analysed is given in Appendix B.

+11 metal salts used for the preparation of ealibration curves were
of mn-lytical reagent grade (ANAL'R), obtained from British Drug House
(oAt
2,541 S0DIUM

Sodium was determined with Bvong Electrosclenium Flame photometer,
Ar pressurc of about 1,2 atmosphercs was used. The air - butane flame
e uned.

A stock solution was preporcd by dissolving 2,5420g of sodium
ehloride in 1OOCm3 of distillcd duionized water, This was then diluted
o 1“000513 with distilled deionized water. This solution contained 1mg
per 1tn° of sodium, (i.e. 1000ppm).

Lppropriate dilutions of the stock standnrd solution were made to

give C,0, 005; 1.0, 2,0, 3.0, hlo’ 5.0 (PP!T') of sodium,
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. ealibration curve was constructed and the metal concentration in

the 2omple solution wns determined,

2,5.2 POT.SSIUM
Totrgsium was detormined using the Evans BElectro selenium flame
phoson:ter, The air pressure wos adjusted to nbout 1,2 ntmospheres., The
air -- butone flaome was used,
A stock solution was prepared by dissolving 1.9068g of potassium
chloride in 1OOCm3 of distilled deionized water, This was then diluted

o 10000m3

with distilled deionized watcr, This solution contained 1mg
poer 1Cn3 of petassium (i,e. 1000 ppm),

Appropriate dilutions of the stock standary solution were made to
give 0,0, 2,5, 7.5, 10,0, 15,0, 20,0(ppm). of potassium,

A ealibration curve was constructed from where the metal

concontr-tion in the sample solution wns determined.

2,5.3. C.ICIUM

Cnlcium was determined using the Evang Flectroselenium flame
photomcicr, The air pressure wes ndjusted to about 1,2 atmospheres, The
air - mirne flame was used.

A stock solution wns preporcd by dissolving 2.7693g of calcium
chloxride in 1OOCm3 of distilled dcionized water, Concentrated
hyrochloric acid (sp.gr. 1.18) wns added dropwise to effect complete
solution, This was then diluted io 10000m3 with distilled deionized
water, This solution contained 1mg per 1Cm3 of calcium, (1000ppm).

Lppropriate dilutions of the stock standard solution were mnde to
give 0,0, 10,0, 30.0, 40.0, 50.0, 60.0 70.0{ppm). |

L enlibration curve was constructed, from where the metal

concentr~tion in the sample wazs determined,
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2e54l1s  M.GNESIUM
Magnesium was determined using the PYE Unicam /itomic /bsorption

zpectroshotometer, SP1900, The 285.3ﬂm resonance line of Magnesium was
used, The air - acetylene flnme wos used.

stock solution was prep-red by dissolving 10,0135g of Magnesium
sulphate heptahydrate, Mgsoh.Hzo, in 2OOCm3 of distilled deionized watcr,
Cbout 1.50m3 of concentrated nitric acid (sp. gr. 1.42) was added, This
s then diluted to 10000m3 with distilled deionized water, This solution

contoined 1mg per 1Cm3

of Magnesium, (i,e, 1000ppm).
.opropriate dilutions of the stock standard solution were made to
ive 0,0, 0.104 0.20, 0.0, 0,60, 0.80, 1.00(ppm) of magnesium,

L ealibration curve was constructed from where the metal concentration

in the snmple solution was determined,

2,55, ZINC

%inc was determined, using the SP1900 Mtomic .Absorption
gpectrophotometer, The 213.9nm resonance of zinc was used, Airacetylene
“lome wng used,

A stock solution was prepared by dissolving 1g of zine metal, in
206n3 of 131 hydrochloric acid-watcr mixture, This was then diluted to
1OOOCm3 with distilled deionized wnter, The solution contained 1mg per
101 of zine (i.e. 1000ppm).

"ppropriate dilutions of the stock standard soluticn were made to
ive 0,0, 0.2, 0,5, 1.0, 1.5, 2.0, 3.0(ppm) of zinc.

calibration curve was constructed from where the metal concentrotion

in the gsample solution was determined,
2:506 C.'.DMIUM
Cndmium was determined ~t 229,0nm resonance line, using SP1900 Atomic

“bsorption spectrophotometer, The air-acetylenc flame was used,
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L stock solution was prepared by dissolving 2.1032g of Cadmium nitrate
in 1OOCn3 of distilled deionized water, This socluticn was then diluted to
1OOOCu3 with distilled deionized water, This solution contained 1mg per
1Cm3 of Cadnium (1000ppm).

Appropriate dilutions of the gtock standard solmntionss were made, to
give 0,0, 0.2, 0.4, 0.5, 1,0, 1.5, 2,0{ppm),
A calibration curve was constructed from which the metal concentration

in the sample solution was determined,

2,5.7. COBALT

Cobalt was determined at 2l;1,0nm resonance line, using the SP1900
Atonmic Absorption spectrephotometer, The air-acetylene flame was used,

A ntock solution was prepared by dissolving L,9379¢ ef cobaltous
niirote hexahydrate in 200m3 of 3M hydrochloric acid, This was then
diluted to 1OOOCm3 with distilled deionized water. This solution contained

3

1z per Cm” of Cobalt (i.e. 1000ppm).
Appropriate dilutions of the stock standard sclution were made to
give 0,0, 0,5, 1.0y 2,0, 3.0, 4,0, 5,0(ppm).

A ealibration curve was constructed from which the metal concentration

in the sample golutien was determined,

2.5,0,  IRON

Iron was determined at 240,3mn resonance line using SP1900 Atomic
Absorption spectrophotometer, Air-acetylene flame was used,

L stock solution was prepared by dissolving l,8400g of ferric
olovide hexahydrate in 2OCm3 of 31" hydrochloric acid, This was then
diluted to 10000m3 with distilled deionized water to give 1mg per 1Cm3 of

iron i,e, (1000ppm),
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anpropriate 'dilutions of the stock standard selution were made to
give 0,0, 1.0, 2,0, 3.0, L.0, 5.0(ppm).
A calibration curve was constructed, from where the metal

concentration in the sample solution was determined,

2a5494 COTPIR

Copper was determined at 32];,8nm resonance line, using SP1900 Atomic
\broeption spectrophotometer, Air —acetylene flame was used,

i stock solution was prepared by dissolying 3,7980g of cupric nitrate
in 20Cn° of 3M hydrochloric acid, This was diluted to 1000Cm> with
dAictilled deionized water, to give 1mg per 1Cm3 of ccpper, (i.e, 1000ppm).

Appropriate dilutions of the stock standard sclution were made to
give 0,0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0(ppm).

L enlibration curve was constructed from where the metal

concontrntion in sample solution wazs determined,

2,510, HANGANESE

Mangonese wag determined at 279,5nm rescnance line, using SP160C
Atonic “boorption spectrophotometer, Air-acetylene flame was used,

. slock solution was prepared by dissolving 44,0600g of manganous
sulphiie tetrahydrate in 200m3 of distilled deionized water., About 1.5'Cm3
of conecutrnted nitic acid (sp, or, 1.,42) was added, This was diluted to
10:‘0(!m3 with distilled deionized water to give 1mg. per ﬁCmB of manganese,
(iecs 1000pM).

Appropriate dilutions of the stock standard solutions were made to
sive 0,0, 0,2, 0.5, 1.0, 2,0{pmm),

A enlibration curve was consircted; and metal concentration from the

snple wos determined,
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2,5,11 L&D

le~d was determined at 213,9mm resonance line, using SP1900 Atomic
Absorniion spectrophotometer, Air-icetylene flame was used,

A stock solution was prephred by disscolving 1.5980g of lead nitrate
in 200m3 of 3m hydrochloric acid, This was diluted to 10000m3 with
distilled deionized water, to give 1mg per 1Cm3 of lend,

Apnropriate dilutions of the stock standard solution were made to
give 0,0, 1.0, 2.0, 4.0, 6,0, 8,0, 10,0{ppm).

A ealibration curve was constructed, from where the metal

conecentration of the sample solution was determined,

2iby ST ND.RDIZATION OF STOCK SOLUTICNS

The stendardization of 2 solubion is knowing the exact amount of
ions or materials present in that solution, This aspect is important
becouse cstimation of metal ions nrce mnde relative to the standard
solutions prepared from the stock solution, The exact concentration of
thie stondard should alse be known, In wvery accurate determinations, the
amount of salt weighed should agrec very closely with thnt determined

from this jprocess, This also gives the percentage purity of n salt,

M 3D

Dircct titration of the diluted stock solution with the aodium
srlt of Bthylenediaminetctracetic acid, (EDTA) wae used (32). For
potossium nd sodium, back titration was used, Though it gave reasonable

result, it is sald to be unreliable,
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CHART }_THREE

3.0, Hesu%ﬁgiand Discussion,

It should have been pleasant, if one general methed could be
foun that is suitable for the destruction of erganic matter in all
biolegical materials prior to the determination of as many metals as
possible, This iIs hewever nect possible, at least fer now, as shown
by the results ebtained by @sipitan(38),and the present study. The mean
values ond standard deviations for each methed of digestion of the
various bdological samples analysed are shewn in tables 3,1 to 3.10,

In this section, attempts have been made to find the most
relinble of all the wet digestion methods used, in making available for
determination, mest of the metals of interest, from each sample, The

most suitable and best methods were determined on the following basis:

i: iflust be highly reproducible i.e, small standard deviation.
ii)  “hould have the highest mean of all the values obtained from

different digestion methods,

iii; GShould preferably have the lowest reagent blank absorption reading,

-

iv, Should be fast and safe,

or the purpose of finding a moet suitable method for each metal,
from each sample calculations of the mean values of some metals in the
samplec and standard deviations were done, Multiple range tests were

also performed by means of a computer,
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T. 218 3.1: RESULTS OF ELEMENT'L ANALYSIS OF GS,.
CONCENTRATION OF ELIMENT MEAN WITH S.D(ppm)

37

N =

.........

¥ Mg Ca Zn Cd Fb Mn Ve Co

503,33 21,67 52,83 3,18 Q45 5.92 040 3,18 2,15
+7.53 2,58 +2.1L 10,24 40,00 40,38 40,00 40,1k +0,16
409.17 14,17 52,58 3,48 0,90 6.20 0,45 3,02 1.,L8
+14.63 2,04 #1.62 0.38 40,06 +0.28 £0,03 0,12 40,04
555,00 20,50 37.42 3.67 0.00 0,00 0.07 1,50 0,00
45.48 40,00 2,73 0,33 +0,00 40,00 40,03 0,17 +0.00
517.50 23,33 39.67 14,15 0,25 3.58 0.46 2.53 1.70
403433 16.25 38,83 2,65 0,69 B.L0 0439 2,72 1,47
685,00 23,75 54,50 3,72 0,00 0,00 0,08 1,53 0,00
+29.49 1,37 #1.22 +0,04 +0,00 40,00 40,02 40,21 40,00
573.33 20,00 57,00 L,20 0,00 0,00 0.11 1,43 0,00
426,01 +0,00 40,63 .0,27 40,00 40,00 +0,02 40,05 +0.00
353.33 20,00 56,83 3,67 0,00 0,00 0,15 1,47 0,00
+ 8,13 40.00 40,75 20.20 40,00 +0.00 +0.03 0,05 +0,00
LO7.83 19,58 57,17 2,06 0,00 0.00 0,14 1,53 0,00
#7.36 +1.,02 40,75 40,27 40,00 40,00 40,02 40,18 40,00

oix determinations,




T.DPIE 3,2¢  RESULTS CF ELEMENTAL ANALYSIS CF GS,.
CONCENTRATION OF ELEMGNT MR.N WITH S,D{ppm)

- .Die_. - ry = - .
e ila K Mg Ca 70 cd Pb Mn Fe Co

| 1.23 398.33 32,92 48,83 0,37 0.61 L.95 0,50 2,48 1,63}
L 0,0 + 4,08 #4,08 +1.17 20,05 +0.0L 10,18 10,01 10,13 10,16

1,13 381,00 30,83 L7.67 0,87 0,66 6,23 0,65 2,35 1,87
+13.72 #1.29 1,03 0,03 0,02 40,26 +0,01 40,16 +0,12

-y
-
o
-

a 139 353.33 28,50 38,70 oO,L2 0,08 0,00 0,39 0.90 0.0
20,06 45,16 #1.37 0,45 40,0 40,02 40,00 40,02 40,12 40,00

1.12 340,00 30,42 L5.50 0,60 0,42 2,45 0.51 1,69 1,12

)
20,03 #6,32 1,02 40,84 +0,06 40,02 40,17 30,00 0,15 40,12
3 1.20 437.00 28,00 41,90 0,79 0,59 L.12 0,53 2,28 1,46
2040 48,37 +3.26 #1.95 40,05 40,02 40,15 40,01 30,16 0,06
& 2,83 L73.33 26,50 51,33 0,45 0,00 0,006 0,43 0,65 0,00
. 20,1 47,53 #1.37 0,82 40,08 40,00 40.00 40,03 40,09 40,00
4 | 209 341.67 28.33 L9.83 0,47 0,00 0,00 o0.4,2 0,85 0,00
| 10405  +7.53 #1.29 +0.41 0,07 40,00 10,00 +0,02 40,05 40,00
'y 1456 330,00 30,00 51,33 0,37 0.00 0.00 oO/41 0,78 0.00
i1 40409  45.48 40,00 40,52 40,02 40,00 40,00 +0,02 40,06 40,00
N 1.23 L67:50 26,67 51,87 0.2 0.00 0,00 041 0,79 0,00
n
40,05 46,12 42,04 +0.50 +0,06 40,00 +0,00 #0,02 +0,08 40,00

N = 8ix determinations




TABLE 3.3: RESULTS CF ELEMENTAL ANALYSIS OF T1
I[CTRATION OF ELEMENT MEAN YITH S,D(ppm)

Col

39

e
Meth| le K Mg Ca Zn cd Fb Cu Fe Co
A 3|3 / (r{-)loo LL’D.OO 35.67 OOC.J’ L’n‘61 )4083 095 20?0 2013
0,10 410,00 #0,00 +0.58 40,03 +0,05 +0.14 0,05 0,10 40,06
B 3. 3 51'1.6? 141 .6? 35.33 0.61l 0058 5.30 0-18 2.0? 1-88
20412 27,34 a1l 20,58 40,01 40,03 0,35 +0,03 40,06 +0,06
2,.3 610,00 141,67 26,00 0,5 0,09 048 0,27 1,72 0.25
C 10,06 8,66 1.1k 40.87 40,01 .0,0L 40,12 40,03 40,08 40,00
2,07 615,00 L2,50 26,50 0,59 OLh 2,70 0,13 2,13 1,42
D 0,06 410,00 2,50 40,87 40,03 10,01 +0,05 40,03 0.15 10,03
1.83 523,33 39,17 23,00 0,61 0,58 4,20 0,17 2,67 1,80
Y a0.21 27,64 #1.LL 40,87 40,01 40,03 40,26 40,03 0,15 40,09
L,%7 636,67 L1.67 L2,00 0,61 0,13 0,80 0.28 1,07 0,25
¥ 0406 20,21 3,82 41,73 40,00 0,00 40,17 +0.06 +0,15 +0,09
Jo5T 626,67 39.17 L0.33 0,50 0,05 0,32 0,20 1,77 0,13
G 150,15 5,77 2143 40,58 40,05 20,01 40.10 40,00 40,15 40,03
3433 616,67 40.83 137,00 0,50 0,00 0,25 0,17 1.67 0,10
B ] 0,12 212,58 31,4 42,6k 40,00 40,00 40,15 40,06 30,15 30,09
3.53 620,00 41,67 38,33 0,53 0,04 0,25 0,20 1.73 0,00
. 20,06 48,66 #1.,43 +1.,4L4 40,02 0,02 40,10 40,00 0,21 40,00
N = 8ix determinations
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TABLAE 3.0li2  RESULTS OF BELEMENTAL AN/LYSIS OF T,
CONCENTRATION OF ELEMENT MEAN WITH S.D{ppm)

DLg. . | | ‘
: He, X Mg Ca % cd Pb Cu Fe Co
HMetl, e
3.07 755,00 40,83 L1,00 0,59 0.53 LJASs 0,37 3,13 2,15
& 20421 #B,66 . +1.43 40,00 10,03 0,02 40,33 10,06 40,06 40,30
3,00 753,33 [42.50 39,17  0.65  0.56 5,08 0,33 3,07 2,03
B o _ -
#0220 45,77 140,00 11,44 +0.02 0,04 10.69 10.05 10.12 40,06
o 1,90 733,33 L1.67 28,00 0.58 0,00 0,57 Q.22 1,73 0,15
0,00 48,77 41.4h 40,87 40,02 0,00 40,29 40.03 40,12 0,00
D 1,93 770,00 40,00 24,00 0,60 0,27 2,55 0,18 2,67 1,50
40,06 - 48,66 10,00 41,50 0,00 40,03 40,15 0,03 +0,15 20,09
E i
3 1,73 726,67 'H0.00 24,00 0,53 0,38 3,10 0.27 2,65  1.62
o . : .
T 20415 52.89 40,00 30,86 40,11 0,08 40,20 40,06 10,09 40,06
3,30 760,00 %3?.50 b1.67 0,58  0.00 0,65 0,30 1,70 0,00
T 40,10 415,00 ?_-_i-_0.00 +1.1%5  +0,02 _-1_{).00 +0,09 40,05 +0,26 40,00
30,12 48,66 [+0,00 #1.15 30,02 40,00 +0,03 40,06 +0,10 10,00
3,40 763433 039.17 L3.33  0.65 0,00 0,27 0,20 1,80 0,00
1 :
! 20,700 410,41 :11.1;0 #0.58 40,09 30,00 40,08 40,00 0,20 40,00
. 3,07 765,00 |L2.50 L3.67 0,56 0,00 0,22 0.13  1.67 0,10
20,12 510,00 142,50 40,58 40,01 10,00 40,06 40,03 0,15 40,09

N = ix determinations



T/BLE 3,5:

CONCENTRATION OF ELEMENT MEAN WITH S.D(ppm)

Dig,
e th.

. St <

=

-

REGULTS OF ELEMENTAL

AN LYSIS OF T

L

ITa X Mg Ca Zn cd Ph Cu Fe Co
3.17 753433 L42,50 39,00 65,97 043 6,40 o040 2,73 2,33
40,15 #1041 40,00 +0.86 0,12 0,01 +0,46 40,10 +0.12 40,12
€293 753433 42,50 37.00 5,93 0,54 6410 0,38 2,97 2,45
-::,1'.'".‘:. —:‘11.[;{; +£.SC 10.8? i—(‘.1r ..tCI‘Oh :.O.h[; 10‘03 :0.15 +0.09
53 7h0.00 L0.8B3 26,50 6,07 0.00 0.59 0,22 1.53 0.63
10,15 410,00 41,44 +0,87 40,06 +0,00 40,17 40,03 40,15 +0,06
17T 726,67 UL42,50 22,67 6,10 0,38 3,75 0,32 1,90 1.65
30,06 42,89 40,00 40,29 10,10 #0,03 0,15 0,06 +0,20 40,09
13 660,00 L1,67 23,50 6,00 043 L, 70 0,30 2,13 1.60
40406 215,00 +1,Ll #0.87 40,26 40,03 0,36 +0,00 +0,23 40,09
5610 753,33 37.60 L0.17 6,13 0,00 4,05 0,33 1,40 0,10
#0410 25,77 £0,00 #1.L4 40,15 10,00 #0,13 0,08 30,17 +0,09
h.43 745,00 LO,00 43,00 6,07 0,00 0,55 0.30 1.L3 0.20
0,127 5,00 40,00 +1.73 _—1_-0.-‘45 40,00 +0,13 +0,05 +0,06 40,09
500 Th8433 39,17 L2,66 6,17 0,00 0,17 0,30 1.53 0,20
0,10 22,89 +1,LL +1.53 0,06 +0,00 0,08 +0,05 40,15 +0.09
he23 753433 L2,5¢ Ll1.00 6,10 0,04 0,27 0,22 1,63 0,18
0625 411455 #1.50 +1.73 0,17 10,02 0,08 40,03 40,21 +0,10
N = ©Slx determinations




“ABLE 3,6: RESDLTS OF ELEMENTAL ANALYSIS OF T,
CONCENTRATION CF ELEMENT ME\N WITH S.D(ppm)

5
!
i

r
i\ g
¢
L)
]
i

I
|
i

L2

T Na ¥ Mg ea Zn cd Pb Cu Fe Ce
3.07 761,67 L2,50 37.67 0,65 0,52 5,70 0,27 2,23 2.03
0,11 410,41 20,00 #1.Li 20,04 50,04 40,18 10,03 +0.15 0,06
3,00 773,33 42,50 35,33 0,69 0,60 6,77 0430 2,13 2,23

2017 412,58 42,50 40,58 0,02 0,01 0,23 40,00 +0.06 +0.25
2,27 Th3,33 L0.83 26,00 0.58 0,00 1,07 0,22 1,33 0,70
20412 27.6h #1.Lk #2.29 40,03 0,00 0,06 0,03 +0.15 10,10
2,10 726,67 42,50 24,00 0,60 0.30 L.63 0,28 2,30 1,80
0410 47464 40,00 +1.50 30,00 0,04 10,12 40,06 40,17 +0.09
2,63 660,00 43,33 22,93 0,62 0,43 65.80 0,33 2,3 2,13
40412 513423 1,40 40,92 40,02 0,02 +0,26 40,03 +0,18 +0.06
Le57 780,00 41,50 36,50 0,63 0,00 1,03 0,20 1,73 0,38
40,06 5,00 1,00 +0,87 +0,02 40,00 +0,15 0,00 +0.12 40,22
150 770,00 40,83 37.90 0,58 0,00 0.23 0.27 1.50 0.50
2020 48,66 40,58 +1,68 40,02 40,00 40,03 40,03 40,10 40,17
La70 768,33 L41.67 38,450 0,60 0,00 0,25 0,26 1,60 0,37
0,20 116,07 #0,76 +0.95 40,01 40,00 40,00 40,06 +0,20 +0.12
L1 778.33 L2.,50 36.67 0,61 0.00 0,22 0,27 1,50 0,37
20001 22,89 41,32 0,58 10,03 40,00 $0,12 40,83 40,40 40,12
N = 8ix determinations,




TALLF 3-T:

RESULTS C¥ EL=MENT.L AN'LY3

1T

(5 OF T

5

CONCINTU.TION OF ELEMENT MEL! VITH §.D(ppm)

L3

i —— -
i K Mg Ca Zn cd Pb Cu Pe Co
_Noth,, . o o
| i
| . 1 3,07 626,67 37.00 U43.33 0,63 U.56 5,72 0,38 2,86 2,23
! l 40,11 47.6L +1,00 +1,53 40,02 40,05 +0,%0 +0,06 40,77 +0.15
1 3,93 618,33 36,67 29.33 0,6 0,58 6,06 0,35 2,87 2,20
B ] 20417 210011 40,29 #1.15 40,01 40,06 10.28 40.05 20,21 40,00
i ;
| 500,00 37.17 23.33 0,62 0,04 0,50 0,32 1.67 0,25
Yoy 40,100 413,23 40,29 42,56 40,07 0,01 30,10 0,06 10,15 19,09
P [
| 2,10 578433 37.50 21417 0,65 0,28 4,17 0,28 2,40 1,50
| Dol L0.17 5077 40,00 $1.15 20,02 40,01 30,46 40,03 40,43 40,08
2,7 520,00 LO.50 24,00 0,67 0,38 5,30 0,38 2,60 1.93
. 0, .-;;'..-‘-. .00 0,50 +1, 50 +0,02 40,02 +0, 26 _4_4).08 +0,09 10, 1l
"l.\" 50 u’s?.' 14:.". 33 ].".f;fj 01( i ()o"“’nr C‘oh} 0.}3 10-30 0020
* 1 =0, 4746 40,58 +1.73 40,30 :0.03 40.12 40,03 +0.20 +0.09
Lie60 570,00 36,67 LO.6T 0,52 0,0 0,28 0,38 1,60 0,10
% 40,10 10,00 40,76 40,58 +0,0h 0,01 +0,06 40,03 +0,20 +0,09
1,77 653,33 37.17 L42.33 0,61 0,02 0.22 0,32 1.73 0,00
o 2012 4T.6L #0,29 1,15 0,01 40,00 10,12 10,06 0,15 0,00
150 616,67 39.17 41,00 0,50 0,02 040 0,32 1,60 0,00
%
N :—_’{IITY ':‘E cTT :_‘:ﬁ Q“-il—b :':1 -?3 j'f:"v(..f- _':;0400 +0 .09 iU'()S i(-’010 i’0.0C
." —-:__.
N = 8ix determinations




Ll
TABLE : | RESULTS OF ELEMENTAL iNALYSIS OF T,
CONCENTRATION OF ELEVMEM MEAN WITH S,D{ppm)
. y X " o .
tethl {i L Mg Da Zn sa b Cu e Co
I - - . .
. N 3,15 688,33 L1.17 35.67  0.61 .98 6,35 0.35  3.07 1.98
20,21 21h,h3  #0,58 40,58 10,00 10,12 10,38 40,05 10.58 40,12
.93 038,33 42,33 36,10 0,63 1,95  6.12 0,37 2.67  1.95
B 0,06 412,58 +0,29 +1.15 10,02 10,08 +0.33 40,03 +0.58 40,09
2,10 572,50 40.83 26,00 0,A3 043 0,33 0.32 1.70 003
o g
. 20,10 316,39 40.76 10,87 0,01 40,15 +0,08 40,03 40,10 +#0,15
j D 1,97 598,33 L0.,00 2U.50 0,69 1,50 L2 0,30 242 1,50
; A0.12 2 2,89 20,00 £0.87 40,01 0,17 40,12 10,00 10,18 40,17
. 2,27 550,00 LO,83 26,00 0,68 1,65 85,92 0,30 2,60 1,65
40,12 425,000 #0076 30,86 10,02 40,09 40,10 40.05 40,17 . +8.09 |
L,10 605,000 39,17 39,50 0.60 0,35 0,67 0.28 1,95 0,35
P _
0017 410,000 40,58 4087 10,00 10,23 40,08 4006 30,15 40,23
20,17 412,58 40,77 ~+0,58 +#0.03 10,00 40,08 +0,06 0,23 10,00
a 1,07 636,67 40,17 L1.00  0.52 0,00 0,33 0.32 2,07 ° 0.00
i 0.7 215,28 40,29 +0,00 0,01 40,00 +0,08 40,08 10,18 40,00
: . 100 640,001 LO.6T 39.83 0,58 0,00 0.28 0.27 1.8, 0,00/
| 404700 410,000 41,15 41,26 40,02 40,00 +0.12 40,03 0,20 +0,00

¥ & 8ix determinationg




TABLE 3.9:

-

RESULTS OF ELEMENTAL ANAIYBIS OF T

7

CONCENTRATION OF ELEMENT MEAN WITH S.D{ppm)
CEY

L5

L
2t ey
ERETWL ]

Tit: 110,

g s — o A n % A A

B

G

B¢

[

Hn

3437
40415
3.4
R TN
2433
40,12

2417
0,06
200
20410
J;,-LEO
39.10
e 20
0,17
Ll-lz‘?

40,15

?.',.a 10
_-:_-.0.20

P

K Mg~ Ca “n ca il o . Cu Fe Co
751,67 L0,00 42,33 0.59 2,20 L.93 0,27 2,40 2,20
, adeBly #0J000 £1,15 30,02 40,00 10,32 0,08 40,30 40,00
768,33 L1.67 39183 0,63 2,10  5.17 0,30 2.30 2.18
216,07 20,29 +1.26 40,02 40,10 +0.15 +0.05 30,09 10,10
T16.6T L1.00 23.83 0,61 0,77 0,65 0.25 2,05 0477
21041 £1.00 0 1,25 +0,01 40,06 40,17 40,05 +0,17 +0.06
740,00 L0.83 24,50 0,62 1.65 2,68 0,32 230 1465
13423 #1.4L 40,87 40,03 +0,17 +0.03 #0.03 +0.08 40,17
TOO.Bi Bh1.00 23,50 - 0.58 1,90 3,53 0,32 2,25 1,90
28478 40,87 0,86 +0.01 +0,17 +0.28 40,03 40,00 +0.17
750,00 L1,00 4[41.,33 0,60 0,40 045 0,30 2,20 0,40
210,00 +0.87 #1.53 +0,01 40,10 10,13 40,05 +0,09 40,10
770,00 38,83 39,83 0,5 0,05 0.33 0,25 2,13 0,00
SBe66 1,26 42,02 40,02 10,00 40,08 10,00 40,10 40,00
753433 L0.33 42,33 0,60 0,12 0,32 0,32 2,18 0,12
18498 40,58 £1.15 10,00 20.06 10,06 40,06 40,12 30,06
761,00 L0.50 41,33 0,60 0,10 0,33 0,33 1,90 0,07
412,77 40,87 30,58 40,02 10,05 40.08 +0,03 40,17 0.03
¥| = 8ix determinations




T.BIE 3,10: RESULTS OF ELEMENT\L ANALYSIS OF TB

CONCENTRATION

—

CF_ELEMENT MEAN WITH S.D(ppm)

L6

e A L [ 4 [ . ;
Pig.
o 1in X Mg Ca Zn cd Pb Cu Ye Ce
Mc :-.I“*.‘—‘. - -
A 2,97 6h3,33 L1.17 39.50 0,59 0,52 4.83 0,23 gu23 2,27
40421 211,55 1,26 41,80 0,04 40,02 40,31 40.03 0415 40,23
B 3,07 631,67 41,33 40,33 0,64 D45k 547 0.18 2,03 1.98
i 20412 423,63 1.26 20,58 40,01 10,02 40,35 40,03 20,21 40.12
L]
. 2,27 585,83 L1,00 28,83 0,59 0,0 0,57 0,23 1,67 0,17
40,21 410,10 +1,00 +3.51 10,03 40,01 40,06 40,10 40,23 +0,08
2,13 591,67 L0.17 25,50 0©O,5L4 O.l1 2,68 0,23 1,77 1.50
D1 10,12 415,28 40,29 +1.50 40,02 10,0l 40,03 40,03 +0.06 40,13
33 620,00 39.33 22,83 0,57 0,51 3.85 0,28 1,93 1.80
Bl 20471 513,23 41,15 42,02 40,0 40,02 $0,33 40,08 40,06 40309
3,93 633,33 LO.,00 39.50 0,63 0,02 0,62 0.33 1.67 0,22
F 10, 45477 +1.50 +1,80 40,02 0,02 40,12 40,12 40,23 40,06
1,60 611,67 L0.50 L1.33 0,61 0.03 0,27 0.25 1.66 0,13
G | 50,20 211,55 40.50 +1.53 40,03 +0.00 +0.03 +0.05 40,18 30,03
3o 90433 U41.60 L4017 0,6 0,02 0.23 0,25 1,67 0.12
B Y .0,21 42,89 30,66 42,75 40,03 20,01 #0.21 0,05 +0.23 40,10
3e23 613,33 41,33 L2,00 0,63 0,001 0,28 0,28 1,73 0.22
3 40,06 4l b3 41,26 #1.73 0,06 +0,00 40,03 40,10 0,35 +0.10
—J ............

S5ix determinations
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3.1 50 MISCAL TRELTMENT OF DATA

-------

3.1,1. Sitenderd deviation (36)

“his is a simple statisticol process. It shows how reproducible
a set of meagurements is, It can be expressed in percentage er the unit

of measurement, and is given by:;-

-2
{xi - %

Sp ‘= ¥ =1

= Standard deviation

Mean of all Individual

i
"

measurenents
x1 = Any measurement in the set

N = Number of measurements,

The st ndord deviations for the methods in determining each metal are

given in tables 3,1 to 3,10,

The objective of using these methods is to help arrange the
digestion methods inte comparable subsets, A computer, Cyber T2, was
used “or this purpose,

The multiple range test is a systematic procedure for comparing
all nossible pairs of groups means, The groups are divided into
homogzenoug subsets, where the difference in means of any two groups in
~ subset is not significant at some prescribed level.

The procedure is based on the teat:-

(x; - %)  R(alpha, g, 1) * 55
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‘here R{alphay g, £) 1s a ranze based on a significance level
(aloha) , the number of groups in the subset (g), and the degrees of
frecdon (1), S; is the standard error in the combined subset,

A simmi©icance level, alphn may 2lso be considered as an error
rate i.e, declaring two means to be unequal when they are infact equal,

‘our out of the seven available tests are used, and they differ in
how they deline error rate.

Pre = comparison definition of error rate:

Alpha = number of errors
number of comparisons

ixperimentally, error rmtc is defined as:-

Alpha = number of experiment with error
number cf experiments.

e multiple range tests used for treating the results includes-
i’ Least significant difference, (LSD) procedure,
ii.  llodiried least significant diflerence, (MCDLSD) procedure,
iii  Duncan's procedure,

iv.  Btudent — Newman - Kemls, (%) procedure.

The ISD is essentially a stadent's t - test between group means,
It hold: the pre—~ comparison error rate to alpha but is usually not
recommended, since as the number ol groups increases, so does the
exveprimont wWise error rate. LSD should not be used if the analysis
ol verisnce is not significant. IS5D is exact for unequal group sizes,

The JODLSD uses a single range value for testing all differences,
which in derived (as in LSD) from student's t - test, MODLSD
however, uses a third definition of error rate given asi

Alpha = number of errors
number of experiments

an. tronsforms t, accordingly MODLSD is exact for unequal group sizes,
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Ducon precedure attempts to avoid the difficulty in LSD by using
a “iflerent range value for subsets of different sizes. The larger
the potential subset, the larger the difference in means must be,
in ox’'cr to be declared significont, The Duncan procedure also uses
the coacent of a special protection level rather than a significant
levael: the probability of finding 2 significant difference given that
the tuvo groups are infact equal, iz less than or equal te the
gpecified significance level, Duncan procedure may be used whether or
not the onnlysis of variance is simmificant, Duncan . procedure is
onrly ooproximate if group sizes ore equal,

OITI is very similar to Duncen, in that different range values are
used Tor different size subsets, The SNK holds the experimentwise
error rate to alpha for each stage of testing, procedure for tests
involvins the same number of means, The alpha iIs neither experimentwise .
nor pre-comparison, SNK is only approximate if the group sizes are
equnl,

The results of the treatment of the data using these procedures
arz showvn in tables 3.11 to 3.14, The digestion methods included in
the subzets considered to be best by each multiple range test procedure
are tabulated. The tests were performed using alpha = 0,05, for each
procedurse, The érder of how severe these procedures are in comparing

dat. is ~na follows:~

LSD > Duncan > SNK > MODLSD (37)
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3.2, DISCUSSION

For the purpese of discua.sion, frequency tables have been
constructed from Tables 3,11 to 3,14, as shown in Tables 3,15 to 3.18.
These tables are constructed on the basie of the number of elements in
a sample which a particular digeation method is capable of
determining reliably i,e, as recommended by the multiple renge testa.
Hesults fPom this treatment ocre different for each procedure, The LSD
procedure which is the most commonly used of all the procedures, is
used for discussing the data obicined, This is because the 1.50 is the
most gevere in comparing dntr, "nd the simplicity of the procedure,
The other methodg MODLSD, Duncon ~ad SNK, appear to be more liberal in
their comparisons, more methods of digestion are recommended for
each metal determined, However, the order of how reliable these
methods are still remains the scme for all the procedures, Therefore
the procedure that is striciest i its comparison may be considered
asg the best, since it narrows doini the number of recommended

digestion methods.

Sample GS1

For sample GSZ' five digestion methods are recommended for
reliably determining all the met~ls, Methed A is recommended for
Co, Fe, Mn, method B, for Pb and Cd, method » for Mg, Zn, M, method F
for Na, K, Mg, and method I for MNa -nd Ca, OCn the basis of the
Standard deviation and menn walues in table 3.1, method F is more
suitable for the determinsticn of ¥Wo nnd Mg than methods T and D
respectively, Also, method O i= morc suitable for the determination
of Mn than methad A. For samjle FS1 therefore methods A and 1
determined the essential trace uei~ls (Pe, Co, Mn, Zn), while methods

F and I determined the bull® cosertisl metals (Na, K, Ca, Mg).



i i i 9 i 2 L g h
g 9 4 L £ £ 8 9 by
¢ U S 2 L 2 9 2 %1
¢ 1 J € J w ] R B
¢ 7 ¢ i : ¢ g 7 g
¢ 7 £ g 2 2 g L ‘L
£ g 1 Ui 0 z L 9 o5
L 1 L 5 ¢ L S 9 "L
Z L 0 £ 0 ! 9 ¢ sp
2 2 Z £ 0 € 2 £ Fag
I H . D ! i i . T ) € v a1dweg
.mﬁoﬂpwﬁ usiisadig |
JUeWLEaI} (91 o4t Aq DPPDUSLMIONSI ST poyzll ®
s UoTuM J0F STEISW JO JI8qUMIU JUTAOUS SPOURSU UOTES8FTD B8Yl J0J 188) AYTIIQRT[eY 517t TIAVL




__ﬁ |
m 9 9 L L 9 £ i 6 6 L
9 L S L 1 g 1 6 6 L
¢ . 5 ¢ L ¢ ¢ g : %
S 7 N 1 : ¢ 2 8 3 &
9 5 S ki 5 € b 6 9 ke
¢ 9 S 9 £ ui € 8 8 ‘2
£ 5 1 i 2 z 2 ) 9 g
n z g 9 S z 1 L 3 i
z -z 3 £ ¢ ! 0 ) £ s
2 N” 2 S L 2 0 2 S fen
||.m e o SPOUISW UCTLSATI

TUSW 28X} GSTONd 22Uz AY POPUSIMIODIT ST PeULLW B
“98 UOTYM TOJ STE}IW JO Isqumu SUTMOUS SpOYoE UoT}S0dTp ouyf JI07 3893 KITTqeEIo0 "w_,um SIaYL




ﬂ q f f 9 n 2 £ L 3 %

- L J L ¢ f ¢ g 3 Ly

¢ f 5 € z ¢ 3 ) L %1
¢ 5 J ¢ 1 2 2 5 L %5
g S n f g ¢ 1 6 5 %
¢ 5 S S ¢ ¢ ¢ 8 L ‘z
i £ L i 0 2 g L 9 °
L L 2 9 ¢ 2 Z S 9 o
z 1 0 £ 0 | 0 9 ¢ %59
z Z 2 € 0 A 0 U ¢ ban
I H 9 g - H 1 0 q K a1durag

- oo uoTysediq

JUSU} TaX} UBoUn( aUl Ad popusWacosl ST poyjsu ©

YOTUR X0J S1e30W JO XeqWau SUIAOGS SPOU3sW UOL1350857p oUF 10J 350F A3 T114eTLoH 411 ¢ @14Vl



ac
\

¥ j - a ‘
¢ 9 5 9 L 9 £ | 9 8 ! 5 1
: : ) !
" 9 L S L t S " 6 i
- 9.
o i 9 t 3 £ £ /] L “
) i
5 S 1 1 G L 6 L L
f g G 3 £ £ £ 3 L "L
2
£ 2 £ _ 2 2 } L 9 L
2 L i 9 S 2 2 B 3 L
~ A
2 & O t 3] L 0 9 _ s
by
PA S L f 0 ¢ 0 2 q
I H H . C a 5 a1dueg
spoyjam uoT3sadiq
- |

e Th

dddd

ayl Aq

O3 3UW UOT4S

=
3]
ord
=
12
Q

J S1E30W JO I



59

Method ¥ detcimined Pb and €Cd reliably. These methods are fast, except
for method I vhere soaking for about 1% hrs prior to digestion was
necessery, The methods are safe and did not produce any insoluble

precipitate,

Sample 332

-

athod B was oble to determine most of the trace metals (Mn, Zn,

Cos Pe 2nd Cd, and Mg in sample GS Method ¥ also, was able to

ot
determine the bulk metals Na, XK, and Ca relinbly and method 4 was able
to determine Po, Mg ~nd Fe reliably. PFrom table 3,2, method B has

a higher mean volue for Mg and Fe compared with method A, this means
that method 7 wos more suitable for these metals, Method A could be
used specificnlly for Pb, Combination of methods A, B and F should
determine ~11 the metals analyzed reliably in sample G854. No
precipitate wos formed with methods A and B, but C precipitate which
was soluble in concentrated HN03 was formed with method P, The methods

are fast and hrve low reagent blank values,

Sample T1

- -

Methods 4, B and F are recommended for the determination of all

metals nnalyzed in sample T Method A is recommended for X, Mg, 2n,

1
Co, Cu and C&, Mcthed B is recommended for X, Mg, Zn, Pb, and €4, and
method F for ¥Na, Cn, Mg, Zn and Cu., From table 3.3, method B,
determined ", TL and Zn most reliably and therefore could be used for
the determination of these metals, Method i determined Co and Cd most
reliably, while method ¥ determined Na, K, Ca and Cu most reliably,
Methods Ay B, and Iy if used should determine reliably, all the metals

analyzed inr scmple T1. These digestion methods are safe, fasgt and

have low recgent blonk values,
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Sample T,

Method B is recommended for the trace metals (Co, Fe, Cu, Cd, Pb,
Zn) incluliny Mg, Method £ is recommended for five trace metals,
(Zn, Co, Cu, 7e, Cd) and Mg, while method I’ is recommended for Na, K, and
Zn, However, from table 3,L, method A shows the highers mean for Co, Cu,
and Fe, wi'ile neihod B shows the highest mean for Mg, Zn, Cd, and Pb,
Method I shows the higheat mean for Ca. The combination of these methods,
A (for Co, Cu, Ve), B (for Mg, 2n, Cd, Pb), F (for Na, K) and I (for Ca),
should detcrmine these metals reliably in scmple Tz. These methods arve
fast, except “or method I, where the sample wns gcaked in concentrated
nitric acid for about 15hrs. before digestion. They also have low

reagent blank vnlues,

Sample T

R |

Pour digestion methods are recommended for this sample, Method A
is recomnen.cd "or the determmination of ¥, Mg, 2n, Co, Cu, Fb and Fe,
Method B is recomweended for K, Mg, Zn, Co, Cu, Pb, Fe and Cd, Method F
is recommended for Ha, K, Mg, Cu and Z2n, Method H appears to be specific
for Ca, However, from results in tabls 3,5, method A determined Mg and
Pb most reli~btly, method B determined Co, Cu, Fe and Cd most reliably
and method 7 Cetermined Na, K, and Zn most reliably, based on the results
of the mean and standard deviation values, Combination of these four
digestion methods should determine metals analyzed reliably in sample T3.
These methods »re fast and safe., They have low reagent blank values,

Samplejﬁi

Method 4 ic recommended for five metals, (Ca, Mg, Zn, Co, and Fe).
Method B is recommended for eight metals, (X, Ca, Mg, Zn, Co, Cu, Fe, Pb),

method E for Mg, Co, Cu, Fe and method F for Na, K, Ca, and Mg,
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Frem table 3,6, Na, K and Ca were determined most reliably by method B
comprreld bo other recommended methoas. [etually method H had the highest
mean for Co only, Method B determiuncd Zn, Co, Cu, Pb, Fe and Cd reliably,
while metiiod A determined Mg reliably., Method B determined Fe and Cu
relinbly, Method B and E determinced Cu equally well and can be used as
alterni.tives to each other 1f Cu is to be determined in sample Th' of
all ithe methods recommended for T, , method E was the fastest and it gawve
the clecrest solution, though a precipitate which was soluble in water
was formed, All the methods have low reagent blank values,
Semple 1

Tor this sample, methed A is recommended for Mg, Cu, Zn, Co, Cu, Pb,
Pe and Cd, Method B is recommcnded for 2Zn, Cu, Pb, Fe, Cd, method G for K,
No, Cu, method E for Mg, Zn, Cu and method H for Na, K, Ca and Cu, From
table 3,7, ond considering the menn nnd reproducibility of each method,
Co w~g dotermined most reliably by method A, Method B determined Pb, Fe,
ané Cd nost reliably. Method H was found most reliable for Na and Ca,
while methed G was most suitable for K and Cu., Combination of metheds A,
B, 2, G, opd H should determine these metals relirbly in sample TS.
A1l the recormended methods are s.fe, the mothods are fast, except for
methol &G that was slow and that contained apparently indestructible
fatty lissue,

Sonple T,

— W —

Por this sample, method A is recommended for the determination of
K, Cu, iig, Co, Cu, Pb and Fe; method B for X, Mg, Co, Cu, Pb and Cd.
Neilhod G is recommended for Na, X, Ca, Mg and Cu. From table 3.8,
metiicd A wos found most suitable for K, Ca, Co, Pb and Pe, Method B was
found moct reliable for Mg, Cu, and Cd, while method G was found to be

gpeciic for Na, Combination of thege digestion methods should determine
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all meiale analyzed reliably in samnle T6' These methods apart from G,
are fast without any insoluble components,

Samle TT

B

Mive digestion methods are recommended fer this sample, Method A
iz veromnended for K, Ca, Coy, Cu, Pb and Fe, Method B is recommended
for I, Iy Zn, Coy Cu, Pb, FPe and Cd, Method H is recommended for
Na, X, Ca, Mg, Cu, Fe, and method 1 for Na, K, Cu, Mg and Cu. Though
metof ' ‘o rocopmended for seven met~lt:, but on the basis of the mean and
gtanc »d deviatien values in table 3,9, for these metals, method F cannot
be rccommended for the determination of these metals i.e, Na, X, Ca, Mg,
Zn, Cu,y and Fe, Method A was found to be the most reliable for Co and
Tes, ’cthod B was found most suitnble for X, Mg, Zn, Cd, and method H for
Na ond Ca, Method I was specific “or Cu., Combination of these methods
sheuld determine the metals reliably from sample TT' All these methods
arc fant, safe and have low reagent blank values,

Samnle TB

- L

Por this sample, method A is recommended for K, Ca, Mg, Zn, Ce,
Pe, €O, ond methed B fer K, Ca, Mz, Zn, Pb, Fe and Cd, Method F is
recommended for Na, K, Ca, Mg, Zn, Cu, and method I for Ca, Mg, Zn, and
Cu, Trom the results in table 3,10, methed A was mest suitable for K,
Co, e and method B for Mg, 2n, Pb and Cd, Method F was most suitable for
Na. ond Cu, while method I was most suitable for Ca, These digestion
methols have the highest mean for the metals they are recommended for,
even vhen the standard deviation is subgtracted from the initial mean,

The other procedures of statistical treatment of results i,e,
MODLID, €MIU and Duncan appear to be less severe in the treatment cf data,

compred with the LSD procedure, as shown in tables 3,15 t» 3,18.
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Tsing the MODLSD procedure, methods A and ¥ are rccommended for the

determin- tion of five metals each in somple GS Methed B is recommended

40
Tor e, In sample GSQ’ methods A nnd B are recommended for the
determinotion of three and seven metals respectively. Methed B which has
no metel recommended to it by the TOD procedure has three metals
recommended to it by MODLSD., For all tomatoe samples i.e, T1 té TB’ more
methods are rec%mm%nded by MODLSD. The Duncan procedure ig the next most
severe, The resul%s obtained from this treatment are similar to LSD
proceduie, but more metheds are recommended for certain metals in some
canen, 'he resultsiobtained fir samnle G52 are the same for both the
Duncan and. LED prochures, but they dilffer from the remaining twi'
procedures, The results ecbitained from SNXK pr;cedure are similar to those
obtained from MODLSD, The samples for which each method éfhdigestion 1w

|

recommended. by miltiple range tesio are gilven in table 3,19, The metheds

that conld determine at least five out of the eleven metals in a given

sample cre considered,

|
i
|
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Prom the discussion so far, and from table 3,19, method A, B, and F
proved to be the mest versatile of all the digestion methods used for the
deternination of the group of metals studied, For convenience of further
discvnsion, these metals are divided into three categories viz:-
egsetial bulk, essential trace and non-essential trace metals,

It wo:1ld De noticed from tables 3,11 to 3.1k, that method F was the
beat Tor the determination of the bulk metals i,e, Na, K, Mg and Ca in
almost all tle samples, This method uses z mixture of NHhN03 and HN03'
This re w1l is consistent with the results obtained by milton and
Hosl:ins (1h:, who recommended the method for the determination eof bulk
metals in bioleogical samples that are not too rich in erganic matter,.
Other alternative methods include those that use nitric acid alone er in
combination with hydrochloric acid, i,e, methods G, H and I, These
methods including F lead to the formation of the metal nitrates except
for I wihich may contain some chlorides, The nitrates of these metals are
very soluble, as shown in the solubility table given by Stark and Wallace
(39}, ‘he chlorides of these metals aré alsc soluble Wut not.zd.#GIuble as
the nitrntes, The nitrates are not volatile at the temperature umed for
these digestion methods, The methods involving the use of gerchloric
acid i,c, methods C, D and E led to losses of the bulk metals especially
Caleina, This may be due to the formalion of volatile perchlerates of
these melals. Gerritz (16) however, reported that the use of
mvo}’ncm;“ was reliable for the determination of ealcium in feed
concentrates and some grasses. Perchloric acid however, did not affect
the regovcery of Magnesium in most of the samples, This may be due to
the foct that magnesium perchlorate is soluble and stable to heat belew
250°% (1,00, Mo precipitate of calcium sulphate was sbserved when

sulpruric acid was included in the digestion mixture, This is prebably
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becouce Co woe not present in a concentration that ceuld cause
preciitation of caleium sulphate. In other words, the solubility
product of CaSOil was not exceeded,

The essential trace metals i.e, ™e, Zn, Mn, Co and Cu were
determined most reliably by methods A and B, for all the samples,
These two methods use sulphuric acid together with nitric acid,
These mel~ls may be present in different forms in the organic matrices,
Depending on the forms in which they are in the matrix, they may or may
not be easily released for subsequent determination. The use of
sulvhuric aeid in these methods may help the gigestion mixture by:
(i, desradins the organic matter, (il) creating dehydrating conditions
necessary for oxigation, and (1ii) increasing the oxidation
tempercture, In the methods where nitric acid was used alcone, partial
or total losmses in Co, Mn and Fe were observed, This may be due @ the
formation of organometallic derivatives of these metals, which are
elther volatile or resistant to further oxidation by KNC3 at the
tempereture used i,e. 100°C, With melhod H (HNGB/HCI), for instance,
Fe 013 may be formed, This may then combine with nitric acid we form
Pe (110 .21 which is volatile, This compound is prepared under laboratory
conditions by heating FeC13 and HNO3 together (L®), It is doubtful if
the nitootes of the essential trace metals are formed, when methods
Gy I ond Il are used. This is because the nitrates of these metals are
goluble " not volatile at the digestion temperatﬁres. The explanation
to the inability of digestion methods G, H and T te determination these
metsls relinbly, may be the formation of wveolatile or indestructible

ersanic derivatives,
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Agin metheds A and B determine’ the non-essential trace elements, Pb
and Cd o0t reliably, One would expect the precipitation of PbSOh from
solucion, 'ut this was not observed “or all the samples studied. Lead
sulph~t~ 72 only sparingly seluble in acidic medium, and it tends to
co-preciitnte with Casoh in calcinm rich materials, Losses of lead was
observe . for the remaining digestion methods, The reasons are similar to
those given for essential trace metals, 1lost cadmium salts are volatile,
and they can be lost as volatile nitro .. complexes, Losses of Cd was
reported by CGorsuch {18}, when stoh was not present in the digestion

mixture used to destroy organic matter in cocoa samples,
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3.3, CONCLUZIONS AND RECOMMENDATIONS

oooooo

Te results obtained from the treatments of data in tables 3411 to
3,10 hav~ ghowm that no single method o wet digestion is able to release
all the met~ls studied in a sample quantitatively and reliably. Various
methods lvve to be used, The choice of methods to be used for digestion
depends on ‘he type of material to be digested and the metals to de
determined, ‘he results also show that losses of lead may not be due to
co-spreei itation cf PhSOh on ca.SO,4 alone, but alsc by other means like
volotilizntion or formation of resigtant organolead compound, Perchloric
acid, thevgh a powerful oxidizing agent, led to losses of many metals,
From table 3,19, methods involving the use of perchloric acid i.e. é; D and .
E =re the lengt recommended by all multiple range tests perf‘oméa en the
aata,

Trom results obtained from this study, it is recommended that, more
than o 2 dizestion methed should be used in the determination of metallie
elements: "rom bioclogical samples, TFor vegeiable samples such ag those
annlyued, methods Ay B and F are most —eliable for the determination of
metrls rlviied, Methods A and B could be used for trace metals while

mevhod ' is suitable for the bulk metals,
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MOISTURE CONTELEW AND STANDARD DEVIATION
IN THRCENTAGE
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