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ABSTRACT

The advantages and uses of non-flame cells are reviewed.
The determination of lead by the carbon filament atom reservoir
(CFAR) is described. Its application to the analysis of lead
in soluble, and hetercgeneous foodstuffs, is described.
The determination of cadmium by tﬁe CFAR, and the analysis of
cadmium in foodstuffs is reported. Methods for the removal of
cadmium from reagents used in the analysis, are described. The
determination of arsenic using 3.2 mm diameter filaments is shown,
whiéh was not possible using the 2 mm diameter rods. Interference

studies relating to arsenic absorption are described, and some

suggestions for future work are proposed.
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CHAPTER I

11 HISTORY OF THE TECHNLQUE

Atomic absorption spectrometry (AAS) has become in the last fifteen

years one of the most important of all fechniques for the determination of

1)

elements in solution ‘. That atomic absorption has become important is
not nearly as surprising,as is the fact that it took so long to do sc. The

phenomenon has been knowvm since the early 19th century,when Wollaston
(2)

observed dark lines in the enission spectrum of the sun. Fraunhofer was

able to determine accurately the wavelength of several hundred of the lipes,

(3

Brewster (1332 explained these absorption lines in the spectrum of the

o

sun,and correctly deduced the relatiorship of atomic absorption.

(5)

Lo

atomic emission., In 1955 Walsh; Alkemade and Milataz (6, 7), vublished
papers describing the application of atomic absorption to chemical analysis.
Walsh's paper surveyed the theoretical factors involved in atomic absorwtion
analysis, and discussed the advantages to be expected in the use of
absorption rather than emission measurements. One of the advantages was

that it would be less subject to temperature variation,and interference

from extraneous radiation or energy exchange between atoms.

THEORY

1.2. ABSORPTION LINE AND ABSORPTION COEFFICIENT

The fundamental theory of atomic absorption spectrometry haé been well

(8-15)

documented by many authors , but for the purposes of background to

the research, a short review will be included.

~ AAS is based on the measurement of the absorption of resonance
radiation by free atoms in the gassous state, that is of spectral lines
corresponding to the transition of atoms between the ground,and excited states.
Considering for the case of steady states i and k, with energies Ei and Ek’

when Ek> Ei’ the i— k transition results in the absorption of light,



the frequency of which is given by

i E}{ = Ei (1-10)
e . TE _
‘where h = Planck's constant.

AAS Sollows an exponential law for the intensity I of transmitted
light against absorbing volume length 1, and this law is similar to
TLambert's law in molecular spectroscopye.

I = I e'v o (1.2.)
where I0 is the intensity of the incident beam of lignt

kv is the absorption coefficient of the frequency V.

The absorption coefficient characterises absorption lines just as
intensity characterises emission lines, and for the purposes of making

measurements, a useful parameter is absorbance (4),defined as
A = log (I /1) (1.3.)

Using equation 1.2. we get

A

,F@l 1ogpﬁ\

0.4343 k 1 : ‘ (1.4.)

It follows that the absorbance is directly proportional to the absorpticn

coefficient.

The degree of absorption will depend on the extent to which the lowex
levels of a particular transition is perulated. With thermodynemic
equilibrium in a system,the level population will be determined by Boltzmann's
law, which can be expressed mathematically as

gy <
N. = i, Ei/KT

i‘“o"‘

(1.5)
go '



where N, is the number of atoms at the level with energy Ei
i

No is the number of atoms at the ground state (uncxcited state

with an energy E_ = 0)
8; and g, are the statistical weights of the i th, and ground states

respectively.
K = Boltzmann constante

The excited population is small in comparison with the ground state,
and the population has been calvulated for variouvs elements, with various
distances between the first excited level and ground level. This is shown

in table 1.1(16).

TABLE 1.1,

. VALUES OF Ni/N6 FOR VARIOUS RESONANCE LINES

Line g;/8,| 2000°K 2000°K 5000°K
Cs 85241 1m 2 bobox 10t | 7.zt x 1073 | 2.98 x 1072
- 2 -
Na589.61m | 2 |9.86x 1070 | 5.88 x107F | k.l x 107
Ca B22,7 nm 3 1.21 x 10~7 3.69 x 10"5 6.03 x 10“1*
7n 21%.9 mm 3 | 7.29x 10" | 5.58 x 1070 | 1.48 x 1077

The rafio of Ni/No increases expunentially with temperature and wave-
length., Thus it can be sc¢en that at flame temperatures of 2~ hOOOOK,
effectively 100°/. of the atoms are in the ground state. Absorption is

therefore greatest in lines resulting from transitions from the ground stzte.
12 g



Te3e OSCILLATOR STRENGTH

Another factor which determines the degree of absorption is the
oscillator strength of the transition. The cscillator strength (£f) of a
spectral line is the measure of the average mmber of electrons per atom
vhich can undergo a given transition. That is to say, the oscillator strength
is a measure of the inherent intensity of the spectral line. Typical values
of £ are 0.7 for the group I atoms, 2.0 for group Ii and 0.1 to 0.5 for the
strongest lines of many common metals. Atomic absorption spectrometry is less
sensitive for elements with very complex spectra because the oscillator
strength of the most intense line-is lower than for elements with simpler
spectra. A discussion of oscillator strength, and how it is measured is

(17).

given by Robinson

1.4, ABPSORPTION LINE PROFILE

The absorption coefficient expressed in equation 1.2. applies to the
spectral line resulting from an atomic transition between i and X energy
levels. However, the line is not infinitely narrow, but covers é definite
although relatively narrow fregquency interval. If we relate the absorption
.coefficient to unit frequency interval,and plot the so called spectral
absorption coefficient kv against frequency, the absorption line profile

results. This is shown in Figure 1.1.

The total width of the curve at the place where kv has fallen to one

half of its maximum value kmax is called the HALF WIDTH of the absorption

line and is denoted by &v,
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1.5. FACTORS AFFECTING LINE WIDTH

For the purposes of AAS a source having a narrow line width is
essential. Broadening of the line width may occur, and can be accounted
for by the following factors.

(4) WNatural Broadening

(2} Doppler Boradening

(3) Lorentz and ﬁoltsmark Broadening

(4) Zeeman Droadening

(5) Stark Broadening.

(1) Natural Broadening

The natural width is associated,frcm the point of view of
quantum electrodynamics, with the degree to which energy levels are
roadened. The broadening is the result of the finite lifetime (1)
of the levels between which a transition takes place. The ground level
' is stable (T =o9), and the width of the ﬁpper level is therefore the
only width of significance for resonance radiation. Thus, the natural

wvidth of a resonance line can be dafined as

1 (1.6.)
V, T e
2n 7T
Ir most cases, the natural width.Avn does not exceed 10™° mm

and in comparison with other causes of broadening, the natural width

can therefore be ignored.

(2) Doppler Broadening

Deppler broadening is associated with the random thermal motion

(18)

of atoms relative to the observer e« Mathematically, the half width

due to Doppler broadening can be expressed

p s 2\F2mna,v:/g (1.7.)

M
c



where

~J

On substituting mathcmatical figures we have;

-6
bvy = 0.716. 10 7. V_ (1.8J
R = pgas constant
M = 4tomic weight
T = absolute temperature
¢ = velocity of light.

Thus, {rom this equation it is evident that the Doppler line width

is, therefore, greatest for elements with low atomic weight and becomes

larger with increasing temperature.

(3) lorentz and Holtsmark Broadening

Both Lorentz and Holtsmark broadening are often referred to as
pressure-broadening (Drauckverbreiterung), since the first is due to
collisions with foreigh atoms, and the second is due to collisions

with atoms of the same species.

The magnitude of Lorentz broadening is proportionzl to the amount
of foreign atoms present,and depends upon the nature of both the foreign
atom,and the atom whose line is being measured. The magnitude has

been found to be in the order of 10~

mm  for the strongest resonance
lines. The overall effect of Lorentz broadening is to produce a
broadened unsymmetrical line whose absorption maximum has shifted

from the parent line, usually to higher wavelength.

Holtsmark broadening is manifested in the same way as Lorentz

broadening,and is of the same magnitude.

Detailed studies of both types of broadening have been investigated

by Weisskoff(19).
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(4+) Zeeman Effect

As early as 1897 Zeeman (20)

was able to show that a strong
magnetic field produced a broadening of atomic lines,and that the
broadening was dependent upon the magnetic field strength. In 1898,

(21)

Preston showed that the lines were, in fact, split into multiplets

and were not symmetrical.

There are two types of Zeeman effect. There is the normal Zeeman
effect, which is only observed in the special case of itransitions
involving singlet states 8 = 0, wihere S is the spin number. The
second is the anamalous Zeeman effect, and is obeserved where S has a
non-zero value; This means that the angular momentum (L) set up by
- the spin of the electron must be teken into consideration. The
intensity of the Zeeman lines have been measured, and the degree of

broadening has been previously reported(aa‘EB).

(5) Stark Broadening

Another factor which contributes to line broadening is the Stark
effect. This effect causes the lines to be broadened in strong
electric fields. The original experiments shoﬁed that the emission
line of an element splits irto several comporents,when the emitting
source is placed in a strong eleciric field. The separation,and tﬁe
number of the various components depended on the line in question,and
on the strength and direction of the electric field. For light atoms,
the separation of the Stark effect components is measurable with
apparatus of ordinary resolving power. The method of measuring the
splitting of heavy atoms_e.g. Na and Hg has been determinedﬂﬁy

Ladenberg(au). :



The overall effect of all broadening factors has been investigated
by Winefordner, Parsons and McCarthy(25), who calculated the
theoretical maxdimum and minimum values o6f the total line widths of

60 elements.

For most elements the average total line width lay in the range

-2

-7 . .
107 « 1077 mm tending to increase with increasing wavelength.

The effect of line broadening in relation to AAS has been reported
by a number of workers. The effects include a loss in sensitivity,

and a reduction in the linear range of calibration graphs(26’27).

1.6 USENSITIVITY" AND DETECTION LIMITS

These terms are used frequently in AAS literature; and deiine the
capability of an instrument to determine a particular element. The detection
limit was originally defined as the amount of/or concentration of the element
measured in g, or parts per million (ppm) producing a signal equal'td
twice the background noisc level. The origin and the reduction of noise
background in measuring transient signals has been reported in the
literature(28). More recently, a new definition has been proposed by the
Atomic Absorption Spectroscopy Group of the Society of Analytical Chemistry,
and the 1imi£ of detection has been defined as the minimum concentration of
the element that can be detected with 959 certainty. This is the
quantity of the element that gives a reading equal to twice the standard

deviation of a series of at least ten determinations at or near the blank

level.

The "Sensitivity" also measures the capability of an instrument, and
is defined as the concentration of an element which would produce 1%
absorption. This is a theoretical number and will vary with the efficiencies

of the lamp, atomiser, monochromator and photomultiplier tube.
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Its greatest drawback is that the sensitivity for 1% absorption takes

no account of noise level, so that it is quite a valueless guide to the

least quantity of an element that can be determined.

1.7

COMPARISON OF AAS WITH ATOMIC EMISSION AND ATOMIC

- FLUORESCENCE SPECTROSCOPY

A) Atomic Emission Spectrometry (AE)

This is one of the oldest techniques in spectroscopy, and its theory

(29,30

has been well documented In this technique, thermal energy
received by the atoms in this process is returned afterwards in the
form of radiation of a characteristic wavelength. The wavelength of
the radiation is qualitatively characteristic of the analyte, and the
intensity is mainly a function of the concentration of the analyte
species undergoing excitation. The radiation emitted by an analyte
under these conditions produces a spectrpm which is disperssd, selected
and measured by the instrument. The nature of the spectrum;and the
intensity of the different emissions will depend on the excitation
energy available, the nature of the entities excited and the concentra-
éion,and nature of other components in the flame gas. The fraction

of the atoms excited will be largely determined by the flame
temperature and Poltzmann's distribution law. The intensity of the
radiation depends upon the probability of the transition from the

excited state to a state of lower energy, the number of neutral atoms

and on the fraction of the population of atoms which are excitrd.

B) Atomic Fluorcscence (AF)

' 2
This phenomenon was first observed by WOod(‘1)

in 1904 but like
AA3 a long time lapsed before its usefulness as an analytical
tool was realised. Atomic fluorescence is caused by the absorption

of light of frequencyv , by an atomic species which re-emitts the
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light at the same frequency or at a different ffequency than V.
The manner in which the light is re-emitted will give rise to various Jorms
of fluorescenceyand at present five distinet forms of fluorescence have

been observed. These forms are represented schematically in figure 1.2.
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Resonance Direct Stepwise Thermal

FIGURE 1.2. VARIOUS FORMS OF FLUORESCENCE

(i) Resonance Fluorescence

This occurs when a radiation of a given frecuency excites an electron
from its ground state So to an excited state 5p¢ Subsequently, the evcited

electron transits back from S to So,and emitts energy of the same frequency.

2

Thus, in this type, fluorescence frequency is equal to that of the absorbed

radiation. Moot elements are known to exhibit resonance {luorescence.

(ii) Direct Line Fluorescence

Direct line fluorescence.occurs when an excited atom represented by
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the energy level S., undergoes an electronic transition to an intermediate

27
-energy level 31,which is of higher energy than ground state So. Hence,
the emitted radiation is of lower frequency than that of the absorbed

radiation. This type of fluorescence has been observed in As, Th and Se.

(iii) Stepwise Fluoresceuce

When an atom is excited tc some high energy state such as 82,
collisional de-activation may occur to some state of lower energy such as S1,
The atom then returns to the ground state to give rise to stepwise

fluorescence,and this phenomenon occurs in sodium.

(iv) Thermally Ascisted Direct Line Fluorescence

This type of fluorescence was first reported for As, Bi by DagnallEBZ’
33)

and is due to atoms absorbing not only the incident radiation but also

thernal energy to make two electronic transition.

(v) Sensitized Fluorescence

This is a rare phenomenon involving interaction between atoms of
different elements. An atom of an element absorbs its own resonance
fluorescence radiation.glgz'Hg at 235.7 nm then collides with a ground state
atom of other species‘2=§z (T1) and an energy transfer cccu;s. This results
in the second atom becoming excited,and opens up the possibility of

de-activation by radiation. Thallium exhibits this behaviour by emitting

at 538,0 nm and 376.6 nm.

The application of AF as a method of analysis has been reported by

{nd
a number of authors(34’3J).

OVERALL COMPARISON OF 84S, AE AND AF

The instrumentation of the three techniques is shown in Figure 1.3.

Before any specific comparisons are made between the three techniques
a few general comments are necessary. Firstly, that all three techniques
should be viewed as being complimentary,but each technique does possess

its own specific limitations.
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Secondly, too often in the past somé analytical chemists appear
be totally obsessed with detection limitssand using this as a sole criteria
in comparison with other techniques. In some cases the detection limits
are subject to cuspicion,and the writer feels that voodoo influences may

not be totally absent.

Thirdly, before any objective comparison can be made btetween techniques,
the following criferia should be included; (a) sensitivity, (b) selectivity
(c¢) cost, (d) freedom from matrix effects and (e) ease of use as a routine

method of analysis.

COMPARISON OF AAS WITH AE

During the development of AAS in early 1960's, meny suthors compared
this technique with the long established technique of flame emission
z 3\ .
spectroscopy()6’ 37, At that period of time, the advantages of AAS,

could be sumimarised as follows:

1) In AAS measurements it is almest impomsible for the resonance
lines of different elements to be superimposed. That ic to say AAS, offers
excellent selectivity whereas in emission methods, lines of fcreién elements
vith any appreciable concentration may well be superimposed on the analysis
line. This spectral interferencé may also take the'form of molecular

bands e.g. CaOH, CuOH.

2) Hollow cathode lamps and radic-frequency discharge lamps, which
are used az light sources, provide a sufficiently intense spectrum of any
element be determined with little background. The required resonance line

can therefore be isolated by instruments of low resoiving power.

3) 1In emission spectrochemical analysis, small variations in temperature

may have a great effect on the concentration of excited atoms,and

consequently also on the intensity of the analysis lines. In AAS, the



mumber of atoms in the unexcited state is important,and this number is

not greatly affected by small changes of temperature.

L) The sensitivity of emission metnods depends greatly on the
energy of the levels corresponding to the analysis lines, especially with
low temperature excitation sources, such as flames. Consequently, thcre
is a great reduction in the sensitivity of deteriuining meny elements,
whose emission lines are in the short-wave ultra-violet region of the
spectrum ( 300 nm). In AAS,the absorption is governed by the pépulation
of the ground state and, as a result, the energy of the transition
producing the most sensitive line is not important. In the past two years
some research woxlkers have tried to overcome these difficulties associated

(38,39)

with flame emission spectroscopy The problem of sensitivity below
300 nm has been partially overcome by the use of hotter Ylames. This is
particularly so in the case of radio~frequency plasmas, which are capable
of exceeding tempreratures of 600000(40). By using plasmas the problem
of molecular bands has been overcome. The problemvof spectral overlap of
foreign elements with the analysis has been overcome by the use of high-
resolution echelle sPectrometers(41’42). These spectrometers offer
resolution down to 10-2nm, and may help fiame emission to achieve the

specificity, which is characteristic of AAS.

All the above mentioned developments are fairly recent,and their
impact on emission spectroscopy is too early to assess. Thus, in the
immediate future AAS is still likely tc retain many of its advantages,

which has made it such an attractive method for routine analysis.

AAS WITH AF

The advantages and disadvantages of AAS in relation to AF have

(43, 44)

been surveyed by Thompson and others These can be summarised as

follows : =



AT - Advantages in relation to AAS

(a) Since AF is essentially an emission technique, the sensitivity
can be increased by either increasing the source intensity,or the gain of
the instrument. In AAS the gbsorbsnce is a ratio of intensities
(eq. 1.2 ), and hence any increzse in the source intensity Io is accompanied

by a corresponding increase in I. This ratio, therefore, remains

unaltered.
(b) . AF requires somevhat.less sophisticated equipment,and the cost
can be reduced by dispensing with the monochromator(QS). This has been

achieved in the non-dispersive technique by use of solar-blind photo-

multipliers.

(c) 1In general, for nost elements there are more fiuorescence lines
than absorption lines. This gives a greater choice in the wavelength of

measurenent e.g. the main arsenic resonance lines are 189.0 nm, 193.7 nm

and 197.2 nm . wvhere absorption by optics,and flame gases can be guite serious.
Alsc,the photomultiplier response is poor at these wavelengths, especially
for thé most sensitive line 189.0 nm. Although, these resonance lines

must be used in absorption measuremenis, the fluorescence resulting from

absorption of the 189.0 mm line can be measured at 228.8 nm or 235 nm.

AF . - Disadvantage in relation to AAS

(i) 1In flame cells the high intensity background can be more of a
problem in AF than AAS. This is becguse much larger slit-widths and
high amplifier gains are employed in the former, especially at low concentra-
tions. Source modulation preveats the background from being amplified,but |
this can nevertheless seriously overload the photomultiplier,and increase

the noise level.
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(ii) Iight scatter is a greater potential source of interference
at the resonance lines of AT than the resonance lines of AAS., At

non-resonance lines it is less than for AAS.

{iii) The sensitivity of AAS is almost independent of the source
intensity. If only a low intensity souvece is available AF is not very

sensitive,

Overall, the rate of develorment of AF wer.t. tc numbers of papers
published has not been as fast as AAS. This may particularly refiect
on the usefulness of AAS, but partly due to the failure of commercial
instrument makers to utilize the technique without radical changes to the
geometry of the instruments. Another factor may be the lack of co-ordinated
information of intense spectral sources; but recent and determined research
is beginning to overcome this problem(ké). Again, as with AE, AAS

presently retains many advantages, but in the future AF may become an

attractive alternative, especially with the advent of non-flame cells.

1.8. TYPES OF ATOM CELL RESERVOIRS

INTRODUCTION

Over the past five years, considérable advances have been mnade in
AAS, These have been mainly in the development of ron-flame atom cells
and better spectral sources. Both these developments have stimulated new
interests in AAS, and in this section ihe need for non-flame cells is

traced.

FLAMES

When AAS was first tried as an applied technique, the flames used
in flame emission spectroscopy seemed a natural and autcmatic choice as
atom reservoirs. Today, flame technology has produced a number of flames,

ranging from low temperature €.5e air-propane to the hotter nitrous-oxide
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flame, the transmission of which was increased By the introduction of a
nitrogen shield. Despite the advances of flame technology, some research
workers in the 1960's soon realized the disadvantages of flames. This
applied particularly in the casze of L'vov, who looked for non-chemical
means of generating atoms. The advantages and diSadvantages of flames

(47, 48).

have been summarized by many authors The disadvantages associated

with flames may be summarized as follows:-~

(a) The conventional methods of sample introduction are hiéhiy
inefficient, and require relatively large volumes (1-5 cm3) to operate.
The nebuliser is designed to supply a fine aerosol of solution to the burner
at a uniform rate; and in these systems larger sample droplets condense on

(49

the walls of the spray chamber, hence only 3 - 1 of solution reach

the flame. Attempts to improve the efficiency of premix nebulisers by

(50,51) (52,53)

using ultrasonic nebulisation y heated spray chambers ;5 or hot

gases have been reported, but generally, operation of the apparatus tended to
lack simplicity. Recent developments in this department have led to more
(54)

efficient nebulisation, and increased sensitivity has been reported
(b) Atom concentrations in flames are limited by the dilution affects

of the relatively high flow-rate of unburnt gas used to support the flame,

and the flame gas expansion, which occurs in combustion. It is estimated

(55)

that an atom spends *10"LP second in the analysis volume s while it is

practicaily difficult to record the equilibriwa signal in less than
10 seconds.

(¢) In many instances, the efficiency of frce atom formation from
the sample introduced into the flame is low. The process of solvent evapora-
tion from the aerosol proceeds rapidly (because the temperature of the flame
is much higher than the solvent boiling point; but the vaporisation of

clotlets may be incomplete due to the short residence time. Due to the



presence of oxygen and hjdroxyl species in the flame, the efficiency of
elements forming stable oxides e.g. (AL, Si, B and Ge), will be low. This

problem may be minimised by the use of a nitrous oxide acetylene flame.

(d) TFlames exhibit a background radiation and absorption which
consists of a band and continuous spectra. The banded spectra results
from the excited molecules,and radicals in the flame gases,and: the continuous
spectra from the dissociation, iconisation and recombination of these species.
In AAS and AF, problems associated with flame emission can be minimised
by use of synchronous modulation and amplification(56). The flame back-
ground can be considerably reduced by separating the primary reaction zone
from the secondary diffusion zone with ar inert gas,and viewing the
interconal zone. Using this technique, it is possible to make 2nalytical

(57-58)

measurements below 200 nm:

(e) The flam> which produces the greatest freedom from inter-element
effects may also in atomic fluorescence produce lower. filuorescence
efficiency than the cooler hydrogen flames. This may be partially due to the
appreciable concentrations of molecular quenchers such ss co, N waich are

2
undesirable in AF.

(£} Precise control over flame conditions is difficult. Varying the
chemical composition of the flame (by varying fuel: oxidant ratio) invariably
affects the flame temperature,and its spectral characteristics.

(g} In some locations it may be inconvenient to use high-pressure
cylinders of support and fuel gas, and in closed automated systems where no
operator is in attendance, it may not be desirable to use a flame as the

atom cell.
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(h) Finslly, flames arc not easily adapted to accept samples
other than aqueous or organic solutions. Thus, when samples are in the
form of viscous liquids or solids, it is difficult to effect samples

introduction without samples pre-treatment.

In order to put the discussion of flames on a rational basis, it

is worthwhile mentioning the advantages of flames, These include:

(1) They are convenient to use, reliable and relatively free
from a tendency to memory elfectc, Most flames in common use can be

made safe to operate.

(2) Most burner systems ars small and durable. Sample solutions
are easily and rapidly handled by the use of relatively simple nebuliser

assemblies.

(3) A wide variety of flames is available to allow the selection

of optimium conditions for different anaiytical purpozes.

(4) The signal to backgroundsand signal to noise raiios obtainable
are sufficiently high to allow adequate sensitivity and precision to be
obtained in a wide range of analyses at different wavelengths between

200 and 800 nm.

NON-FLAME CEILJS

Introduction

For the purposes of convenience thie majority of non-flame cells can ke
subdivided into two main categories viz. furnaces and filaments. The major
difference belween these two classes is that,in the case of the filaments
no further thermal energy is available wlien the atoms leave the surface,

while in the case of the furnaces some thermal energy is available from the
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sides of the furnace. Thus, in the case of filaments, it is desirable in

AAS, to restrict the field of viewing, so that the largest concent:ation

of atoms is seen. Among the devices which are included in the filament

category.are electrically heated rods strips or boats.

FURNACES

One of the earliest furnaces used in atomic spectroscopy was designed
by King(sg), and it ccnsisted of a graphite tube in a vacuum chamber heated
to by an A.C. to over ZQOOOC. This tube was used for physical studies
and was modified by many workers(éo).

One of the best known modification of the King's furances was achieved
by L'vov, who used it widely in AAS studies. A diagram of L'vov's

modification is shown in Figure 1.k.

Graphite Tube

2% : |
Light %\ (ALELALALELRALRARERRARARNNY %

Path . _____.5

ANANARRARARASARRTAANY \\\\\\\\\\‘%

o

&— Sample Electrode

We.ter Cooled
Grapnite Contact

FIGURE 1.4. _ L1VOV'S CUVETTE




TABLE 1.2,

Sensitivities with L'vov furnace

Element Line S(?nsitivity
nm picogramns

Ag 328.1 0.1
Al . 309.3 1.0
Au 2l2.8 1.0
B 249.8 200
Bi 306.8 L
Ca Lo2.7 0.4
cd 228.8 0.08
Co 2ho.7 2
Cu 32L.7 0.6
Mg 285.2 0.04
Mo 213.3 3
Ni 2%2.0 9

Pb 283.3 2
Pt 265.9 ' 10

Si 251.6 0.05
Sn 286.3 2
Zn 213.8 0.03
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- In this method a sample is applied pnio the tip of a carbon electrode
and introduced inte the heated furnace through the transverse aperture at
the centre of the tube. The furnace or cuvette is heated to the desired
.température (10-20 seconds) electrically (A.C.) from a 4 Kw transformer

at up to 10V,

The clectrode is introduced into the apertwre,and immediately heated
to enable efficient atomisation to occur. Measurements made using radio

{(61)

active tracers'" ' indicsted that up to 40% of the sample was lost through
the tube walls by diffusion. However, this problem was overcome by lining

the tube with tantalum foil, and later by the use of pyrolytic graphite.

L'vov and co-workers have reported detection limits for 46 different
elements using the cuvette with absolute sensitivities largely in the range
10™? to 10-13g shown in table 1.2. This includes the determination of
traces of mercury, iodine, phosphorous and sulphur using the resonance
lines in the vacuun ultra-viclet. The reader is referred to L'vov's own
reviews of the work carried out with graphite cuvette and various otlher
more detailed descriptions of the apparatus(62’63).

The main difference between L'vov's device,and most other furnaces
is that atomisation takes place into a constant temperature enclosure.

Other furraces are heated from ambient temperature to working temperature
with the sample inside them so that the sample is submitted to a temperatufe
ramp. Also in other furnaces the inert gas usually flows through the
furnace. L'vov claims that these other furnaces devices cannot achieve

the sensitivities obtainable with his apparatus because of these

differences.

(64,65)

Massmann has described the use of a modified cuvette in both

AAS and AF, which is showvm in Figure 1.5.
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In this type of furnace the auxillary electrode is dispensed with,
and the sample is micropipetted directly into the graphite tube zii_a
small orfice. The AAS furnace is 55 mm long, 6.5 mm i.d. and 1.5 mm
thickness. The AF furnace is 40 mm long, 6.5 mm i.d. and 1.5 mm

wall thickness. A slit cut in the side of the tube allows the

fluorescence radiation to emerge.

Both furnaces are enclosed, and have dynamic inert gas flushing
systems. Liquid or solid samples can be used in both furnaces. Samples
are inserted, dried and ashed at different temperatures as necessary. The
furnace is then heated to over 2000°C in a few seconds by a power supply
capable of delivering 400A. The sample is atomised,and the atomic
absorption or fluorescence measurements ére made on the transient atomic
vapour in the furnaces. Improved sensitivities for AT over AAS were
found for zinc and cadmium, only and this was attributed tc insufficiently

intense sources.

(66)

Winefordner has also reported the construction of a graphite cell
similar to that of Massmann, but designed for atomic fluorescence studies
using a 150-% ienon arc lamp as a continuum source, as yet no analytical

results have been published.

A graphite furnace for AAS measurements, similar to that designed -
(67)

by Massmann is available commercially e« This has been used by a

number of workers to determine various elements in a variety of matrices.

(67) (68)

These include copper and strontium in milk

(79), lead in air (particulate matter was
(70)

, iron in sea~water

vanadiun and nickel in oils

collected on millipore filters
(71)

urine « This technique is not completely interference free,and workers

y and chromium in blood plasma and

have sought to overcome this by removing the unwanted matrix by

(68)

selective volatilisation or solvent extraction.
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(72)

Khan and Slavin have shown that it is possible to increase the
sensitivity of the anzlysis by a factor of 2 - 5 by stopping the flow of
purge gas through the tube during measurement,so:that atomisation occurs
in a static system. This partially tends to substantiate L'vov's
criticism of other furnaces. The standard deviation of measurements using
the graphite furnace is normally 4 -12%, although this can be improved
upon, particularly when organic sclvents are used by the use of a grooved
tube(73), which is designed to prevent spreading of the sample. Pickford
and Rossi(74) has described an automated sample introduction system, which,

by virtuaily eliminating errors in the sample transfer improves the

precision of the method by 1 - .

Woodriff and co-workers(75m79)have developed a well insulated
constant temperature furpace, which has been used in AAS studiec. The
tube is machined from graphite with a wall thickness of about 1 mm, the
length is 150 mm - and the internal diémeter 7 mm. The tube is heated by
a:current of 100 - 156 A from an arc A.C. welder, temperatures up to
300000 can be reached,but most elements give maximum sensitivity below
250000. The sample is introduced either as an zerosol after conventional
nebulisation or in a carbon sample boat, which is inserted into the pre-
heated tube via a side-arm. Because of the 1ongvpath length of the tube,
the residence time of the sample is one, two or three minutes,and some
memory effects were observed with less volatile samples. As well as
determining some fifteen elements in pure solution, the technique has been

(78 Jead in £ien'7? ana

applied to the determination of silver in snow
lead in air. In the latter case, air was filtered through & graphite cup
vhich was introducded directly into the tube. To compensate for non-specific
absorption, a background correction incorporating two polarizing filters

was employed(SO).
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Norval(81) has described a much simplified Mazssmann tubes.which has
a reduced wall thickness at its centre to increase tihe heating raote. The
tube is used for the determination of lead in blood. After atomisation of
the sample, the tube is removed,and a fresh tube is inserted. The tubes
used in a set of determinations must be made from the same batch of graphite,

and rpachining must be highly producible.

An induction furnace for the determination of cadmium in solubtions
aad zinc-base metals by AAS has been described by Headridge and'Smith(82)
The furnace is similar to that of -L'vov's ,and is heated inductively-yp to
130000 for routine use, although the masdmum attainable temperature is
1900°C. The use of this furnace to determine trace elements in volatile
materials in the 10 - 1000 ng range appears promising, but calibration

curves so far repcrted .exhibit marked curvature, but the majer disadvantage

is that the low temperature restricts its use to the velatile eclements.

Besides graphite, other materials have been used to coustruct furnaces.

(83)

Pemsler and Rapperport Getermined zinc in copper alloys by sealing a
known weight of the alloy in a quartz tube, and measuring the zinc abtzorption
at various temperatures. The vapour pressure of zinc¢ could be calculated

from this data,and correlated to the amount of zinc in the sample., Levels

of zinc down to 0.08 vpm were measured.

]
Winefordner and Shull o™

have described a metal tube furnace. The
heating eleuent is made of platinum and the sample is introduced as an
aerosol. Although less porous than graphite, the platimwm has an upper
temperature limit of 150000 compared to 2700°C for graphite,and due to this

reason the detectior limit for invelatile elements (¥e) was poor.

(85)

The nickel absorption tube used by Delves for the determination
of lead in blood can be.considered as a non-~-flame device, although the

tube is heated by a flame, of an AAS spectrometer, where lead is atomiced,



28

The optical path is along the axis of the tube and this technique can
be used for samples which are difficult to aspirate into a flame., The
use of other tube materials, the effect of different flames and the
(86)

. . ' . &)
determination of fourteen more elements have been also described f

o Khan(
has used the absorption tube to determine ilead and cadmiun in soils and

leaves.

FILAMENTS

In these '"open" deviees the atomic vapour released from the surface
pesses into an unconfined volume in the absorption or fluorescence light
path. The atoms usually cool quickly as they ehter the colder gas layers
above the filaments,and condense out rapidly. Such devices tend to be
prone to gas phase interference because of this marked temperature gradient.
Signals are transient,and do not have the lifetimes of those from furnaces,

but unlike furaaces, memory effects are rarely observed.

Several workers have published(sgngo) methods for determining nonogram
amounts of mercury by collecting it as an amalagam on a wire,and then
heating the wire to vaporise the mercury into the optical path of an atomic

absorption spectrometer.

(91)

Brandenberger as well as derositing mercury on a copper where
by spontaneous amalegation or electrolysis, has isolated Cd, Zn, Pk, TL,

Cu, Ag, Au and Pt on platinum or tungoten sampling wirese.

Bratazel, Dagnall and Winefordnerggz)have described the use of platinum

wire atomiser for determining cadmium, mercury and gallium by atomic
fluorescence spectroscopy. For these three elements detection limits of

10‘14g, 10-18

g and 10'73 respectively have been reported with standard
deviations of about 5%, Electrodless discharge lamps were used as the

excitation source,and interference studies were also carried out.
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Much of the interest in filaments in the past few years has
been partially due to the work carried out by WVest and co-workers at
Imperial College. This work was first reported by VWest and Willimns(gz)
and took the form of a carbon rod 2 mm in diameter, clamped between
stainless steel supports via which electrical connection wes made. The
effective length of the filament was 22 wm and it couvld be heated to over
2000°C in 1.5 - 2 seconds. Liquid samples (1pd. o» 5ul) were placed in a
recess in a filament, and the assembly was housed within a chamber with
quartz windows for argon purging.- The filament was used for AAS a#d AT
studies, good sensitivities for Ag and Mg was reported. A modified

carbon filament was used in this work,and is reported in detail latex.

A number of elements have now been determined by West and co-workers

both by AAS and AFCOHT100)

Interference effecte have been frequently
encountered, but it has been shown that these can be reduced by viewing
the atomic vapour as close to the heated filament as possible. This,

technique has been used for a variety of matrices and include oil, soils,

organic matrices,and metals.

A similar device was reported by Winefordner and co-workers. These

(101)

groups of workers have determined copper in serum and zlsc various

metals in oils(102)

o By using a monochromator with a sufficiently wide
band-pass,and a dval hollow cathode lamp, advantage has been taken of the
Cu 324.7 nm and Ag 328.1 nm lires to determine these two elements

similtaneously. This was also due to the verying atomisation temperature

of Ag %000°C and cu 1800°c{ 103,

The basic device of West was modified by the Vardian Techiron
laboratories, and has led to the carbon rod atomiser. Basic differences
from the West filament atomiser were (a) the rod geometry was altered to
accommodate either a sma2ll hole or allow the sample to be placed on top

of the rod (see Figure 1.6).
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FIGURE 1.6 (b)  CAREON ROD FOR AAS OR AF

(b) a chizney placed beneath the rod permitts the introduction of a laminar

flow of argon, nitrogen or hydrogen.

When nydrogen was introduced into the inert gas etream, it ignited
spontaneously when a sufficiently high temperature was reached. The
resultant reducing flame was highly effective in reducing inte#;element
interferences, and non-atomic absorptipn, and in giving an improved atomi-
sation, particularly for less volatile elements, This modified Wesc

type of rod has been used in the determination of metals in petrol<1ou),

(105)

selenium in natural waters and silver and gold in metallurgical

samples.

Recently, the Varian Techtron Company have added two further fonmé
of filaments., These are the carbon tube atomiser (Figure 1.7) and the

carbon cup atomiser (Figure 1.8).
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FIGURE 1.7 .  CARBON TUEE ATOMISER

FIGURE 1.8

" CAREON CUP ATOMISER

t

- The tube atomiser is the standard miniature furnace for all general
applications, where high sensitivity and small volumes are the major
considerations. The cup atomiser is in*ended for those aralysis in which
the high sensitivity of the tube,is not required or where reduced

sensitivity is desirable.

(106)

Steele and Guerin have described a carbon rod atomiser in
which the sample is placed in a groove machined along the centre portion
of a 45 mm diameter rod. The groove is 20 mm long and accomodates 50 wl

of solution. By aligning the rod so that the light path is parallel
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with groove, these workers found a tenfold increase in the determination

of gold by AAS. .

(107)

Donega and Burgess have assembled a filament device similar

to that used by West and co-~workers, but in which the sample boatls-are
cut from graphite sheet or tantalum on tungsten foil to be 50 mm long
and 6 mm in width. The sample boat is heated electrically with a current
of 30 to 50 A at 12V, which is sufficient for the boat to reach 2000°¢
in less than 0.1 scconds. The filameni: assembly is enclosed in a

quartz tube 50 mm diameter, which has an optiéal guartz window sealed on
one end and an O ring flange on the other. The device can be used with
volumes of liquid samples as large as 50 - 100 pi, The mode of

operation is similar to that used by West for the carbon filament cell.

and Takeuchi’ 110

Hwang et a1(108’109)

SR CEL,

have reported a similar
arrangement employing an electrically heated tantalum strip to atomise
the sample. In both cases the device was enclosed within a pyrex

cell, which could be flushed and with an inert gas. Hyang® 00)

reported
the determination of 37 elements by AAS, and has used this method

for the determination of lead in blood after the extraction of the lead

into MIBK. Takeuchi determined six elements with szensitivities in
the range 10~10 _ 10‘12g.
Cantle and West' V1 Mhave used a modified form of the West Willism

cell, in which the carbon rod is replaced by 2 mm tungsten rod., A
comparicon of these two filamentis materials indicated simiiar
sensitivities and interference effects for a number of elements by AAS
the main advantage of the tungsten rod is its much longer life, but it

is not capable of delermining as many elewents e.g. Mg.
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OTHER NON-FLAME CELLS

The sputtering action which is responsible for the production of
atomic vapcur within a hallow-cathode lamp can be exploited for the
atomication of samples for AAS. - This has heen done by Walsh and co-
workers(q12’113)whc constructed a sputtering cell in which the metal
samples were machined in the form of a cathode. The chamber was then
evacvated, filled with argon at the required pressure, and a discharge
was initiated as in a conventional hollow-cathode source. This sputtering
chamber was fitted with silica windows,and placed in the light path of
a conventional atomic absorption spectrophotometer. The determination
of silver and phosphorous in copper,and silicon in aJuminium and steels,
with this device has been reported(114). A disadvantage of this techrnique

is the need to prepare the cathode from the sample jtself, which tends

to restrict the technique to metal samples.

Y
Golob and Brody’11>

overcame the limitation of using a solid sample
by evaporating liguid samples onto the inner wall of an aluminium hallow
cathode lamp. Microzram amounts of sodium, caleium, magnesium, berylliﬁm'
and silicon were determined by AAS. A number of interference effects
vere studied and these were found to be severe (e.g. a fivefold excess

. oreteensme
of lithum reduced the absorption signal by approx 50%)s  Also,
to ensure reproducible results it‘was necessary to take great care during
evaporation of the sample. A similar hoilow cathode sputtering cell

employing a carbon cathode has been described by Ivanov{ 1190,

i |
(1175 used a hot hollow sathode for the determination of

Massmann
solid samples. The cathode is in the form of a graphite cylinder in which
the sample is placed,and the cathode can attain temperatures just under
2000°¢C. Spectral interference due to emission from the electrical discharge

is minimised by careful synochronisation of the light source, discharge

source and detector. Because of the relatively low temperature of the



discharge, only volatile elements can be determined. The vaporisation
rate of samples in which metals such as iron, nickel and copper are
fhe major elements,and is too slow to allow their effective analysis

by this technigque.

The use of arcs and sparks for atomisation and excitation in

__(118)

emission spectrochemical anslysis has a long history . Robinson(119)
first used the D.C. arc for atomisation of solutions for atomic
absorptions The samples was nebulised by a Qonveniional total consump-

tion burner which was insulated, the aerosol passed between two

electrodes between which the D.C. arc was struck.

(120)have used a time resolved A.C. arc spectra

Kantor and Erdey
for AAS. An A.C. arc and a rotating sector to shield the detection

system from emission was used.

A focussed laser beam has been used to atomise directly small
areas of solid samples, but as the vaporisation process is only ycorly
reproducikle, results have been of a qualitative nature. Webb and

Webb(121)

excited the plume of atcms produced by the laser pulse with
a cpark,and monitored the resulting atomic emission. By use of an
emperical equation they were able to analyse semi-~-quantitatively for a

aumber of metals in various alloys and ceramics.
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CHAPTER IT

 OCCURRENGE OF TRACE ELEMENTS IN FOODSTUFES

= INTRODUCTION

In the past five to ten years, great concern has been felt by
world health authorities in relation to the levels of traces of toxic
elements found in the environment. This concern has been ménifested
in a number of ways,and one of the results has been the creation of
powerful environmental lobbies in many countries. Numerous papers .

(122,123)

have been published in the scientific journals relating the

levels, and cccurrence of these trace elements.

The need for censtant,and effective menitoring is highlighted by
the often belated discovery of diseases associated with trace element
pcisoning. Perhaps one of the greatest indiciments of the scientific
establishment is that invariably people suffer first,and only then
does effective monitoring take place, a somewhat pathetic state of
affairs! This is illustratéd by the two recent disasters associated

with trace element poisoning, which occurred in Japan and Iraqe.

The results of metal poisoning in Japan were observed in Toyama
City, and were attributed to cadmium. The effects observed have been

well documented\124)

» and only brief details will be given here. The
epidemic was related to exposure to cadmium released from a neaxrby
mining complex,.which resulted in contamination of water and rice
paddies. It was known as itai-itai (ouch-ouch) disease,because of
the painful symptoms from multiple fractures arisiung from ostemalacia.
Initial symptoms were lumbar paing,and myalgia in the legs,and latexr
skeletal deformation took place with marked decrease in body height,

pfoteinuria and glaucoma. The disease is known to follow a prolonged

course, rerhaps lasting more than twelve years.
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The disease found in Iraq was partly due to a series of
unfortunate mistakes, and resulted in mercury poisoning. Mercury, in
a variety of inorganic and organic (alkoxy and aryl) compounds is
used as a fungicide for seed potatoes, flower bulbs, and especially

grain seeds (wheat, rice, barley, oats. ete), The mercury poisoning

was a direct result of the preparation of home-nade bread from wheat,
which had been sold for plarting,and not for human consumption. Thc
result of this error has reportedly caused the deaths of over two

hundred people. (New York Times 1972).

Dealing specifically with lead and cadmium there are a number of
sources vhich can effect the levels found in foodstuffs. They include:-

(a) Air, (b) Soils, (¢) Water and (d) Cooking utensils.

2026 AIR

Lead in the environment comes mainly ffcm-ﬁhe products of petrél
engines. Approximately 10,000 tons of organic tetra~ethyl lead is
used in the United Kingdom anmually as o petrol additive,and of this
7,000 tons comes out of the exhausts. The distribution of lead in

(125,126), and

the atmosphere has been published by a number of authors
some values are quoted in Table 2,1. Values rercrted, included an annual
average of 10"4ppm found in Greenland te a high cencentraticn of

175 ppm found near Tokyo garages.



THBLE 2

Levels of Tead Found in the Atmosphere

37

Site Period Lead Levels found in Air
Tokyo garages Daily up 175 ppm
Los Angeles n 71 "
Mersey Tunnel " 10.5 "
Fleet Street n 6.3 "
Greenland Annual 0,005 %
South Pole " N.004 n

Assuming that the average amount of air dreathed is 15 m?/day,

2
and average lead level is 1 pg/mJ, then the amount of lead inhaled

daily is 15 ug,

This scurce of lead in petrol as a pollutant is widely recognized,

and by 1976 the British legal mavimum limit will be lowered from

0.8%4 ppm to 0.45 ppm. What this conceals is that the actual averaze

lead content at the moment (1974), is only about 0.49 ppm!

likely that by 1976 this average will drop to.about 0.39 ppm, a much

more modest reduction, that will almost certainly be effectively cancelled

out by the greater number of vehicles on the road by then.

ther countries are being more drastic.

cut out lead in petrol by 1974 and 1976 respectively.

Japan and Sweden plan to

Germany and

Austria have already gone down to O.4 ppm, and Germany will be down
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to 0.15 ppm by 1976. Russia has already banned lead altogether from
major cities and the U.S.A. hoped to have lead free grades by 1974, .

but difficulties have arisen.

Relating to cadmium,average daily levels of 0.002 ppm have been
reported in the atmosphere by United States Health Department (1966).
Much higher values, up to 0.3 ppm were recorded in Sweden, near
factories using copper cadmnium alloys. Similar values were recorded

in Japan in the neighbourhcod of a zone smelter.

243 SOILS AND WATER

The levels of trace elements found in the soils will be partly
related to concentration found in the atmosphere. The levels of lead

(127)

in soils have been published by a fewsntthors y and the repocrted

values are shown in Table 2.2.

TABLE 2.2,

Lead Content of Various Soils

Location Pb (ppm)
Moscov (Lomonosov Park) 19
Cambridgeshire (Cambridge) 200
Amsterdem (Museum Park) 893
Hawaii (Irwin Park) 1,088
Antartic (King David Valley) 5
New York (Central Park) 8z




Table 2.2 shows the levels of lead in seils from various locations
in the Antartic, America, Asia and Europe. The Antartic soils show
an average lead concentraticn of about 5 ppm, which is the natural
occurrence of lead. Samples from various metropolitan areas contained
larger amounts of lead ranging from 100 to 1000 ppm, which tended
to be provortional to their proximity to the traffic. The surface
soil from the Lcomonosov University grounds contains only 19 ppm of
lead, in agreement with the fact that U.S.S.K. does not use: lead

additives in petrol.

The levels of cadmium reported in soils tend to be largely a
function of location, but levels as high as 50 ppm have been
(127)

reported « As to date, very little documented evidence is

available for the levels of cadmium in soils.

Regarding drinking water supplies, lead levels ag low as
0.01 - 0.03 ppm have been found, The estimated average dai;y intake
of lead from water (0.01 ~ 0.1 tg) is small, however, as ccmpared
with the total average daily intake from all sources including urban

air (0.3 - 0.4 ug).

Cadmium levels rénging from less than 107~ fpm (in areas not
known to bhe polluted) up to more than 10"2 ppm have been reported
both in natural waters, and in water for human consumption. Like
other metals in solution, cadmium tends to be absorbed by suspended
particles,and in bottom sediments. For this reason, even in
polluted rivers the cadmium levels in the water phase may be below

the detection limit of most analy:ical technigues.



TABLE 2.

Lavels of Lead in Foodotufis

Average Pb , Average Pb Rough Amount Average Lead in - Total Pb
FoOD Tevels found | levels found | of food eaten | total lead | diet in worst | intake in
poil anywhere per day intake area of survey| worst area
— hepead kg np/day g/day
Cereals
Bread, flour 0.17 1.81 0.27 Lg 0.81 219
Meat and Fish 0.17 0.70 0.18 31 0.30 54
Fats
Butter, Margarine, Oils etc. 0.08 1.60 0.08 6 0.0k 3
Fruits and Preserves Co12 4,80 0.25 20 0.47 117
Root Vegetables 0.20 1.50 C.21 L2 1.50 315
Green Vegetables 0.2h 1,00 0.11 26 0.1 12
Milk 0.03 0.08 0.40 12 less than 0.01 -
TOTAL 0.13 - 1.5 20C - 700

O%



2.k, LEVELS OF TRACE ELEMENTS IN FOODSTUFFS

The concentrations of lead and cadmium in foodstuffs are largely
related to the factors mentioned in 2.2 and 2.3. A survey was
undertaken in the United Kingdom relating the levels of lead found

Q
in foodstuffs and this is shown in Table 2.3.(12°2

This is an interesting survey and shows that the highest levels
of lead are found among root and green vegetables. This may be due
to a high concentration of lead found in the air. The lowest levels
were found in dairy productslzig: milk and butter, On the basis of
this table 3.2 , the average daily lead intaxe was 230 pg, which is
calculated on the basis of fcod eaten. The highest level found
was 700 ug 4 which was found in Edinburgh. These figufes should be
viewed in relation to a W.H.O. report which reckoned that a tolerable

average daily intake of lead is 430 pg.

The cadmium levels of foodstuffs have been studied by a number
of workers, particularly in Japan and the levels reported are shown

in table 2.k, <129

TABLE 2.4,

Levels of Cadmium in Foodstuffs

Foodstuff Level
Flour 0.07 ppm
Milk 0,004
Rice 0.16 #
Oysters Q.76 n
Shell fish 0.5 "
Cuttle fish 420 L




The interesting point in Table 2.4 is that some marine aunimals
are reported to be capable of concentrating cadmium more than 4,500
fold from water. Thus, in non-polluted areass shell fish have been
shown to contain 0.5 ppm, whereas in polluted waters values of

420 prm bave heen reported in the livers of shell fish and cuttle
£isnl 139,

2e5e COOKING UTENSILS

This is another important pdathway for contamination of foodstuffs,
A British Standard has been introduced Whi;h sets legal limits
relating to the levels of lead,and cadmium permitted from glazes and
ceramic ware of all kinds. The test for caszeroles iuvolves two thirds
filling the pot with four percent acetic acid, beiling for two hours,
and leaving to stand for a further twenty twe hours. Fexr the purpones
of legal limits, the lead in the acid should not excecd 7 ppm while

that for cadmium should be less than 0.7 ppm.

Tests were conducted(131)and the levels obtained are shown in
Takle 2.5.
TABLE 2.5
Lead and Cadmium Analysis of Cooking Utensils
Casserole Acid Compesition
A 8 ppm lead
B oo w i

C 6.75 " Cadmium




Besides the well knowvn toxic trace elements e.g. Hg, Pb, Cd and
As, other less known elements are found to cause poisoning through the

food pathway.

In Quebec in 965, 4 people develcped symptoms of cardiac
insufficiency, and there were 20 deaths from cobalt poisouning. A
similar outbreak with 16 deaths developad in Omaha. The disease was
characterized by severe myocardial fajilure appearing usually 3=l veeks
after the first appearance of cardiac symptoms. All tﬁe patients |
drank 3-7 litres of beer daily, but also had poor dietry habits,and
displayed thiomine deficiency(132). The outbreaks were traced to
the use of cobalt in beer in amounts not exceeding 1.5 ppm to improve

stability and prevent gushing. The use of cobalt has since bheen

prohibited.

Similar effects have been reported for manganese. Certain
mérine animals tend to concentrate this element and levels in the
range 0.1 - 0.3 ppm have been reported(133). Although an essential
ingredient of the human diet in trace amounts, manganese is toxic

at higher concentrations. Chronic exposure is characterised by

neurclogical liaisons,and results in a Parkinsonian-like syndrome.
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CHAPTER ITT

APPARATUS AND TNSTRUMENTATION

Introduction

The fundamental instrumentation used in these AAS studies is
shown in Figure 1.3 The major changes in this system as compared to
a conventional flane atomic absorption instrument are in the design of

the atom cell, and in the method of recorcding the signal.

3ete THE CARBON FILAMENT ATOM RESERVOIR (CTFAR)

The early part of the work was done using an atom cell very similar
to the type designed by Williams and West 9. A mmber of minor
modifications were made, and the actual cell uséd is shown in Figure 3e.1.
The cell was designed to take the smaller diameter of rods (2 mm) and

for the latter work the cell was re~designed to take the lavger

diameter (3.2. mm) rodse.

The first type of atom feservoir used consisted of a carhon
filament, (type WWS Morganite Carbon Ltd),which was 2 mm diameter and
effectively 25 mm in length. The filament itself is clamped between
two stainless steel pillars, vwhich have a hollow section to enable them
to be water~cooled. The filament is attached to the pillars by means
of stainless steel caps, and any minor expansion of the caps is reduced
by the water ceoling of the electrodes. Any corrosion or malfunctioning
of these contacts greatly reduces the efficiency of atomisation. The
pillars are fixed rigidly to a brass case plate,and one of them is
insulated from the base by means of tufnol collar, Electrical contact
is maintained to the pillars by means of screw termina’ls located at their
lower ends, and this contact gnables the filament to be heated. A notch
of suitable size to accommodate 1 pl or 5 pl samples is cut in the

centre of the filament.
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The filament is surrounded by a flow ¢f inert gas either
nitrogen or orgon. In special cases hydrogen may be vsed to form
a more reducing atmosphere. The inert gas protects the rod from
atmospheric oxidation,snd helps to reduce the formation of oxides.
The shielding gas flow is from a Ubox located irmediately beneath
the filament,and this box is constructed Ifrom copﬁer sheet with
dimensions approximately 3.2 mm * %.0 mm x 1.0 pm. Laminar flow cf
the sheathing gus is achieved by tightly packing the box with
zlternative layers of plain and eorrugated metal strips, To ircrease
the lifetimes of the rod the entire cell is surrounded by a glass
envelope and for easier handling is fitted with a removable gluss 1id,
The glass envelope is fitted with silica windows which allows transmission

of UQVQ 1]..8}.1'0-

The smaller diamcter rods were found to be unsuitablie for use
with solvents that have low surface tension values e.g. organic solvents.
For this reason the clectrodes of the existing cell were altered,
50 thﬁt the iarger diameter of rods (3.2 mm) coulé be employeds On
the basis of Ohm's law,the heating rate H across the filament is

expressed in equation 3.1.

H. = I1°R | | (3e14)

Hencejon using larger diameter rods the resistance R (ohms) increases
end the current I (amps) decreases, and in order to maintain a maximumn

heating rate, the rods were shortened in length.

The need for maximum heating rates was forseen by Jackson and

Vest, who used a shorter type of rod to determins the involatile

(134).

elements such as chronmium and vanadium



Jackson achieved masmimum heating by clemping a 2 min rod between
two tantolum plates,so that the effective length of The rod vas

reduced to 10 mme

One major disadvantage cf Jackson's désign was thal no comnenso-~
tion was allowed for expansion of the filament at higher temperatures.
This vas a major problem in that expansicn of the filament Jed to
constant snapping of the rods. This problem was recognized by Oborne

: . . . . (135
and West ,wno redesigned the {ilament to allow for this lateral expanslon( {,)c

The design deQeloped by Oborne is shown in Figure 3.2., and this

[

type of cell was used in the latter half of the research.

In the cell used in this work, the length of filament was 'ZOlmn
and vas 3.2 mm in diametexr. This shortening of the filament waﬁ
achieved by attaching 3 square brass blocks to the columns of the
original c2ll. Holes were drilled in the brass blocks to alliow a set
of Filament holders to slide frecly in them. The holders were driliec
to accommodate the filament, and the two halves of the clamping portian
were held together by two bolts, threading into the lower Fixed halves,
The riéht hand filament holder was clamped in position, while the lef{
hand one remained'free to allow for the expansion of the filament.
Electrical contact on this side was via {wo copper braids, which
connected the pillar extension.to the filament hblder. This was
necessary to prevent arcing caused by the locse fit of the filament

holder in the pillar extension hole.

This atom cell has been showa to work satisfactorily, but as
a potential netheod for -routine analysis suffered from two main
disadvantages., Cne of these was that the filament reguired a relati-
vely long period of time {o reach temperature equilibrium between

each firing. The other problem was that of corrosion of the
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filament holders which gave rise to poor electrical contact.

Both these problems were recognized by subsequent workers.
Oborre redesigned the geometry of the rod so that the cooling was

directed more to the filament holders(136)e

Presently, (1974),a new cell has been redesigned to overcome
both these problems. The cooling of the filament has been achieved
by the use of hollow electrode blocks. ZElectrical contact of the
filament has bheen schieved Ly the use ¢f carbon ringé, which have
taken the place of metzl caps. Recént work has indicated that both

these problems may now be solved.

Se2e FILAMENT POWER SUPPLY

The current required to heat the filament was supplied from a
Zenith Variac transformer (O - 270v output rated at 8A) via a
Keston step-down transformer. This enabled the voltage across the
filament to be contimiously varied from O - 12V A.C,, and the maximum

current generated is ca 100 amps.

Se3e SPECTROPHOTOMETER

Much of the early work was done using o Unicam SP ©00A flame
emission/atomic absorption UsV. and visible spectrophotometer. This
monochromator is based on the Czerny system and has a high light

gathering power.

The monochromator was the only part of the Unicam instrument
used; the internal chopper was held in fixed position and the output

from the photomultiplier was fed directly to an external anmplifier,
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Later work was done using an A.A.4 (Techtron Melbourne)
monochromator. It employs a 2" square grating ruled with 16,200 .
lines/inch and gives a linear dispersioa at the exit slit of 33A/mm

in the first order.

3., SPECTRAT, SOURCE

Except where mentiorned, all the work dors was by using a
hollow cathode lamp as a spectral source, The power supply for the

lanps was from the appropriate modular units of the Techtron A«Ad.

3eDe DETECTION SYSTEM

In the case of the Pye Unicam instrument, a gensitive U.V.
E.M.I. 9601 B eleven stage photomultipler with a Corning glass window
was used. This was sensitive in the 200 -~ 700 mm range where most of
the measurements were made. The photomultipler was powered by a

Brandenberp E.H.Te unit supplying O = 1100 volts.

With the A.A.U monochromator,'the standard R213 photomultiplier
was replaced by a 213A Hamamatsu tube,which was more sensitive in
the U.V. region. The E.H.T. supply for the photomultiplier which was
part of the standard Techtron equipment was capable of supplying

0 - ooV,

When non-flame systems were first introduced, the read-out
systems associated with flame techniques were found to be inadequate.
This was due to the fact that the signals were transient and
frequently were less than O.1 second in duration. This is particularly
s0 in the case of the filaments where the resonance times of the

atoms is much shorter than in furnaces. ZEarly resesrch workers tried
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to use standard chart recorders with [ilament atomisers ]37). They
reported that signal distortion was groduced in the form of
reduction of absorption peak heights which was evident when high

filament voltages were used.

To avoid such problens & storage osclliloscope was used as a
racorder (Telequipment type DM 53A). Thic was fitted with a type k
amplifier,and phtomultipl@er outpnt vas taken directly to the Y axis
input of the "k!' type.amplifier.The response time was upto 300 v seconds,
and this was more than adequate to monitor the abscrption signals

obtained using the CFAR,

To remove any shori term noise a 0905}3F capacitor was placed
across the outpvt terminal of photemultiplier. The time constant for

the capacitor was 0.0015 seconds, well below the time of the transient

signal.

3.7.  INSTRUMENTAL ARRANGEMENT

This is shown in Figure %.3. Light from the spectral source was
focussed onto the filament by means of a condensing silica lens. The
light was re-focussed cn the morochromator slit by mcans of a second
lens. Any modifications to this arrangement will be reported in the

‘relevant chapters,
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CHAPTER IV

DETERMINATION OF LEAD IN INSTANT COIFEE AND TEA POWDERS

L1, INTRODUCTION

The anslysis was carried out in three stages, the first stage of
which invoived the estsblishment of optimium conditionsz for the
determination of lead using aqueous lead standards. The second and
third stages involved the determination of leazd in various matrices

based on a direct method, and by solvent extraction respectively.

The determination of lead has been widely reported using flames,
but only a few papers have been published using non-flame techniques.

Using flames, a variety of matrices have been studied, and have

(138-140,85)

insluded oil, steel, soils and blood samples « This intensive
study probably reflects the wide concern about lead poisoning. Most
of the work has been done using the theoretically less sensitive 283.3 mm

line, due to the absorption of the 217.0 nm line in an air-acetylene

(141)

flame. Scott and Roberts have reported a sensitivity of 2 ppm

(142)

using the 283.3 nm line. Chakrabarti has reported a detection

limit of 0.01 ppm and 0.05 ppm for the 297.0 mm, and 283.3 mm lines
respectively, and used an sir-acetylene flame. Using flame atomic

fluorescenze, detection limits in the 0.5 ppm to 0.01 ppm range have
‘ (34)

been reported.

WVith the advent of non-flame cells, increased sensitivity was
found, and Massmann has reported a detection limit of 3.5 x 10'q1g
(47)

using atomic fluorescence o« L'vov has reported a detection limit of

- L
118(1 £3)

3x 10 by atomic-absorption, and West obtained a detection

1M (1)

g using a non-flame cell « A detection limit

(145)

limit of 5 x 10~

of 0,001 ppm has been reported using r.f. plasma emission



Very few epplications of non~flame cells have been reported
in the literature. Those which have been published, have included
(116) (147)
-

the determination of lead in oils , and in blood

k.2.1,  OPTICAL ARRANCTMENT

The apperatus vhich ves used,has been described in a previous
section. A nuumber of optical arrvangements vere tried, to obtain a
highest signal to noise ratlio. ﬁighﬁ frem the hollow cathode lamp was
br&ught to a focus over the notch of the filameuk, by meens of a
fused silica lens. The emerging light was refocussed by another lemns,
onto the exit s£1lit of the monochromator. Attempts were made to use
a pin~hole glit in froat of the filoment, but this was foumd greatly
to reduce the intensity of light reaching the photomultiplier tube.
This reducticn in light could bLe compensafed partly by the use of a
high amplifier gain in the Scope. The use ¢f o uigh amplifier gain,
resulted ir high signal ncise, which in effect reduced the detection
limit. This loss in intensity was greater in the case of the 217.0 mm

Lline, then with the 285%.3 mm line,

A1l the components were mounted on an optical bar, which was
attached firmly to the bench. The CFAR assembly was mounted so that its
height was adjustable, and thus variation of the position cf the

filament with respect to the light beam could be varied,

ho2,2,  FIL&HTINS AND DELIVIRY SYSTTH

A A T MR T PO T

Initially, most of the lead work vas done using the smaller
diameter filaments (2 nm), Later studies were carried out using larger

diemeter rods (3.2 mm), vsing the modified CPAR, previously described.



A smadl notch (3 rm, 1.0 mm) wos cut in the centre of the filament
to accommodate 51 samples. The samples were applied, by the use
of glass vipsttes, which were coated with Repellcote to reduce
ahsorption of lead on to the gless surfacs. .Also, the use of
Repellcote helped the drop formaztion at the end of the capillafy,

enabling the solution to be placed more easily onto the filament.

h.2.3.  REAGENIS

A1l reagents wexre of AR grade, except vhere stéted to the conﬁrary.
A stock solution of 41,000 ppm vas made up by dissolving 0,400 g of
lead nitrate Pb(N03)2 in 250 cn3 of de~ioniscd water. The water was
de-ionised using a Permutit de~ioniser unit (Permutit Co.lLtd., Middlesex),
vhich contained a mixture of Zeolite 225 cation exchange resin, and

Zerolite IT anion exchange resin.

4o2.k. ORTGIN OF STGHAL

Before sny quantitative work could be attempted, the origin of
the signal was investigated. In oxrder to discount the possibility that
the lead signals were due to molecular absorpticn, or scattering of
the incident radiation, 5 pl of 1,000 ppm of Mn solution (as the €17 )
were placed on the reod, and the sample was atomised. No signal was
seen, whicn indicated that absorption by atomic sbecies had taken pluce.
Secondly, the atomisation was carried out using the 220.2 nm Pb ion line,
and no signal was observed for 1,000 pom of lead. This was conclusive

evidence, that atomic absorption signals were seen.

4,2.5.  FILAENT VOLTAGE

The variation of filament voltage with absorbance wvas studied

using a 0.1 ppm lead solution and is shown in Figure k.1.
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The absorbance was found to increase, with incressing applied voltage
until an optimium value was reached, beyond which, the absorbance
decreased. The reducticn in the absorbance, at the lower voltage can
be accounted for by incomplete atomisation. At voltages greater than
8V, the rate of atoms entering the viewing area, wxs greater than the
response time of the instrument. Thus, for the entire lead studies, =2n

atomisation voltage of 8V was used.

k.2.6. SHIELDING GAS

The shielding gas in the CFAR plays an important role. It not
only prevents the rod from being oxidized at high temperature, but
also help to promote the formation of atomic species, by reducing the
formation of oxides. The gas also helps to carry the atoms to the

viewing area.

Initial work was done using an open cell system, but two main
problems were encountered. These were, (1) poor precisiocn, and (2) short
lifetime ¢f the rods. Both these problems were eventually attributed
to the ineffectiyeness of the ghielding gas. Different types of
shielding arrangements were tried, and this included the use of a
fish-~tail type of shielding. This proved unsuccessful as also, did a
box with perforated top, but eventually an efficient method of shielding
was found. The successful design consisted of a box, which contained
layers of corrugated and plain metal strips. This type of layering
forms capillaries, vp whicn the gas flows so that it emerges with
a laminz> flow. The success of this system was measured by the fact
that the precision was reduced from a previous 15% to 4%. A plot of
absorbance versus gas-flow is shown in Figure 4.2, and this was done

using a 0.1 ppm standard lead solution at 217.0 nm.

Despite the improvement in precision, the lifetime of the rod

was found to be inadequate, and approximately on 20-30 shots per rod
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‘could be obtained. Lifetimes of the rods were found to increass

by a factor of three, when a glass envelope fitted with a removable
dome, was placad around the CFAR, A plot of absorbance versus gas-flow
for the enclosed system, is also shown in Figure 4.2. This plot

was found to nave a somevhat longer plateau region than the open
cell, and thus the cell was less prone te any minor changes in gas-
flov rates. The optimium value was 4.5 1 minf1. The dependence of
the absorbance on the flow rate can be explained by the fuct that at
low flow rates, ( 21 min"1), the shielding gas was ineffective,

and the filament rapidly became oxidized. At higher flow rates

( 81 min~") a decrease in absorbance was due to the turbulence of
the gas stream. This decrease was due to the fact, that the
turbulence caused some of the atoms to be carried outside the vieving

area, thus giving rise to a dilution effect.

The use of argon as a shielding gas was tried, and no difference
in absorbance could be detected. Thus all subsequent work was done

using N2 as the shielding gas.

4.2.7.  VARTATTON OF HEIGHT OF OBSERVATION

As previously mentioned, the sheathing gas acts, parlly as a means
of carrying the atoms to the viewing area., Thus, the variation of
absorbance with the height of observation above the filament was studied
by applying 5 pl of 0.1 ppm lead solution, and measuring the peak

heights for three or four replicate atomisations (Figure 4.3).

A decrease in absorbance with increasing height above the filament
was observed. This variation can be accounted for by two processes
viz. (i) expansion of the cloud of the atoms, which causes fewer atoms

to be seen by the detector. (ii) Possible condensation of the atomic
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species, to form molecular species as they enter the cooler regions

[h]

ahove the Filament. The formation of molecular species is likely to
be an importent factor in thé atomication of involatile elements 2Y:03
Co, V, vhere a shayp temperature gradient is involved. In the case
of lead, and other volatile elements, the expsnsion of atoms is more
important. Also, it was found that at heighis equivalent to b5 mm
above the filament pcor precision was found, probably caused by the
turbulence of the gas~flow., Hence, all measurenents were carried out

vesing grazing incidence of the light at the surface of the filament.

In swmary, atomisation of lead was carried out at SV, using N2
as the purging gas (4.5 1 nin~1) and grazing incidence. A lamp
current of 6 mA, and an EHT of 800 volts were usede A slit width of
0.3 mm ,coxriesponding to & 4 nm band pass was uged in ?he case of the
217.0 nm line. A smaller slit width (0.2 mm) which is equivalent to
C.6 mmn bendpass was used for the 283,3 mm line,

4.2.8.  CHOICE OF LINES

A study of the Grotrian diagram for lead reveals, that there are
two main reconance lines i.e. 283.3 m and 217.0 nm. Two other lines at
Lo5.7 nm and 2614 mm, which are 0.5 eV above the ground states were
elso investigated, to determine the anaslytical potential of these
lines. The usefulness of these lines, and their respective detection

limits will be reported later in the chapter.
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Before any quantitative work could be attempted, the precision
of the signals yas investigated. Studies revealed poor precision
Qgg 2072) o A number of factexrs were investigated, 828 reproducibility
of volume from pipette, and the time interval between evaroration of
solvent,and atomisation was found to Le critical. Also, the iime
between each firing was found to affect the precision. Thus, for high =
precision, a time lapse of forty-five seconds was necessary between
evaporation of solvent and atomisation, and a further three minutes were
necessary betweer each atomication voltage. The standard deviation

(SD) was caleulated on the basis of 13 succeesive results, and using

the formula.
(m, - )2
SoD. = -n.-—lna-v—m
H -1
where N = Totzl number of samples

m

5 individual reading

m

average reading

Thus, using the above procedure a RSD of 3% was obtained, in
comparison to a previous 20f%, The need for a definite timing sequence
may be explained by tﬁe fact, that the rod had not reached temperature
equilibrium. This canesed changes in the heating rate between
shots,and resulted in a variation of ccucentration of atoms resching
the viewing area. This need for a constant timirg segquence has been

(148).

reported by a number of workers

The detection limits of the various lines were investigatedsand

values obtained are shown in table 4.1.
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TABLE 4.1,

Detecticn Limits. Data for Lead in Pure Solution
tUavelengih Detection Limit
217.0 nn 2.5 x 10~ g
" -10
285.3 m 1% 10" 9
2614 na ’ . 2.5 x 10'83
1057 o 7.5 % 1077g

Trom table 4.1 , it is evident that the sensitive lines are
the lines originating frcm the ground state. The 217.0 nm was found
to be the most sensitive. Thus, using 5 pl samples, and the 217.0 ma
and 283.% mm lines, detection limits of 0.005 ppm and 0,02 ppm
respectively were found. These correspond in absolute detection limits,

1 103 respectively. As a

to values of 2.5 x 107 'g and 1.0 x 10~
comparison with flames, detection limites of 0,03 ppm and 0.08 ppm

have been reported for the 217.0 and 283.3 nm lines respectively. The
261.% nm and 405.7 nm lines yielded detection limits of 5 ppm and

150 ppm respectively. Although these lines are snalytically unsuitable -
for trace elements analysis, they may re useful for matrices with

a high lead concentration €.g. metél analysise. Thé detaction limits
obtained for the resonaance lines, were found to be different to values

1597

quoted by Anderson’ who found the 283.3 nm line to be more

]
sensitive than the 217,0 m1 linec.This may be due to differing responses
in the detection systems, but the results are in close agreement with

oscillator strengths. and sensitivities quoted by L'vov, - But the
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results in agreement with work cerried out by another member of the

(150) |

research team

Calibration graphs were obtained using the 217.0 nm and 283.3 nn
lines, and both were found to have differing linesr ranges.
(Figure 4.k and Figure &.5). The 217.0 mm calibration graph was found
to be linear up to 0.5 ppm, while the 283.3 nm curve was found to be
linear up to 1 ppm concentration. Both these lines were found to .
intersect the y axis aund consideraple effort was concentrated.in studying
this protlem. This pheromenon has been reported by a few workers,
but mostly ignored by the majority. Variation of band pass, and use of
slits placed in front of filament failed to soive the problem. A
numnber of suggestion‘ggéz particulate carbon absorbance have been put
forward to account for this phenomenon, but as yet no satisfactory

explanation can be offered.

k.3, DEVELOPMENT OF MBIHOD FOR THE ANALYSIS FOR LEAD IN INSTANT
COFFEE POWDERS

This analysis was carried out in three stages. The first of
these involved the establishment of pyrolysis voltages. The second
end third stages involved the measurement of recovery rates of ''spiked
coffee blanks, and the analysis of the cuffee powders respeétively.

In the initizl stage of the amalysis, pyrolysis voltages were established
using 1%, 5% and 10% coffee powder solutions. These coffee blanks

were pre-analysed by colorimetric analysis, and were found to contain

no lead. A certain amount of foaming was associated with these

solutions which made the samples not only difficult to handle ,but

greatly hindered the preparation of standards. This foaming was

greatly reduced by the addition of a few cn3 of anti-foaming reagents

(an aqueous emulsion containing 20% w/w silicone).



From the pyrolysis studies it was found that most of the
matrix could be removed by applying a voltage of 3V for a period
of 5 seconds. On applying an atomisation volfage of 8V no peak was
observed. Also, it was found that a meximum concentration of 5%
could be used, and higher concentrations caused severe blockage of
Jight, which resulted in variation of 100¥ trancmicsion. It was
possible to pyrolyse a €% solution, but the rod required cleaning

with a blade after each atomisation.

Having established the voltages mnecessary for pyrolysis, recovery
rates were measured at the 217.0 nm linee. This was achicved by

3

dissolving 5 g of coffee powder ir 20~35 ct1” of hot de~ionised water,
and adding 10 cm3 of 1 ppm lead solution. The coffee matrix was
made to ﬁolume (100 cm3), vhich yielded a 5% of the sample sclution.
Two main problems were encountered. Cne of these, was low recovery
rates, which were found to vary from 50% to 90%.. The other was poor

precision. Two possible factors were put forward to account for this

loss in sensitivity. These are as follows:=

(1) Possible absorption of the lead standard onto the surface of
the coffee matrix. Hénce, removal of the matrix could result in a
loss of the lead standard. This could possibly account for the initinl

50% loss ,in sensitivity.

(2) DPossible corresion uf the filament, which might cause the lead
to be trapped in interstitial spaces in the rode Since atomisation
was carried out at a constant voltage, this could lead to a

progressive loss in sensitivity over the space of a few determinations.
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The second factor was investigated, by atdmising lead at a
higher Variac setting. Increased peak heights were found, but on
further investigation, these were found to be scatter peaks caused
by the evaporation of less volatile coftfee matrix not removed at
the initial pyrolysise. The presence of this matrix vhich was near
the atomizztion voltage (8.5V ¢f. atomisation voltage &V), was
likely to interfere with the eventual anslysis.cf the coffee samplecs,
This problem was most likely to increase with the lifetime of the
rod, when fluctuations in, temperature and resistance of the
filament may be expected to occur. Thus, attempts were made to

remove this involatile matrix.

The use of hydrogen peroxide for destroying organic matrix has
been reported in the literature(Bs),.and 55 this was examined.
After the initial evaparation of the solvent, 5 pl volumes of peroxide
vere applied to the remaining coffee matrix. Nermal pyrolysis

voltages were then used, bubt the pyrolysis was more inefficient, and

Jled to bleockage of incident light.

The use of trichloroacetic acid (TCA) has been used extensively,
in enzymic studies, for the removal of trace elements e.g. Mg. The
addition of TCA to the coffee blanks aided the removal of the matrix,

but losses in sensitivity up to 20-30% was found,

The use of strong oxidizing acids LB, HZSOA, and M0, were

3

tried in an effort to aid pyrolysis. These acids were applied in

a similar manner, but this approach was also unsuccessful.

The addition of alkalis to the coffee powders was found %o be
successful in removing the involatile matrix, but low recovery
rates of lead were found. This can be accounted for by the formation
of lead hydroxide, and the presence of sodium, wvhich is known %o

depress lead absorbance.
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The use of allkaline medium for solubisation of the coffee
powders was further pursued. Concentrated NH? (10 cma) was added
to the coffes blanks, and all the matrix was removed by applying
3V for a period of five seconds. On spiking with lead standards,
good recovery rates were obtained, but a gradual loss of the lead
signal vas observed during an interval of fifteen minutes. The

phenomenon could be accounted for, by the formation of lead hydroxides.

The problem was now,. one of finding a solvent which would
solubulise'the coffee matrix, and be capable of preventing hydrolysis
of lead in solution. The use of ammoniwm citrate (00% citric
acid made pH9, by the addition of NH3) was tried, and recovery

rates in excess of 90% were obtained.

The question of rrecision was overcome,by ailcwing the rod
to reach temperature equilibrium. Hence, a precision of % was
obtained. Thus ammonjiunm citrate, has a dual. role, and cne of these
is to hydrolyse the coffee matrix. This is best understood by
considering the composition of coffee matrix shown in Table 4.2.
This shows that coffee contains a high concentration of "éster
type products', all of which are capable of partisl hydrolysis by
alkalis,
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TABLE 4.2,

Composition of Coffee Powders

COVMPOUND . % COMPOSITION
Caffeine » 1.28
Water Extract ) 306 i}

Fats and Oils (heterocyclic mevecaptans) 14,18

Protein 9.57
Crude Fibres 8.56
Mineral Elements 15.4
Moisture 3.6

The other role of the ammonium citrate is to keep {the legd in
solution. Also the use of citrate reduced the foaming caused by the

dissolution ¢ the coffee powders,.

During the analysis of the coffee samples, some variation in
the recovery rates were observed.s This was aue to the analysis being

pH dependent. Thie variation is shown in Figure L.6.
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This dependence can be'accounted for by incomplete solubisation
of the coffee powders at low pH values. Al higher values, €.8. pH 11,

hydrolysis of the lead occurred.

4,  METHOD OF ANALYSIS OF COFFEE SAMPLES TOR LEAD

The coffee powders were analysed using a calibration graph, and
by means of standerd addition, using the following procedure, Coffece
extract powder (5g) were dissolved in hot de-ionised wvater (25 cmB),
and 20 cm3 of emmonium citrate were added. This wuas then made up
to 100 cm3,'which gave a 5% coffee solution. Similarly, a lead free
coffee blank solution was prepared. When the samples were analysed
by the standard addition technique, the coffce powdexrs were "spiked!
with 5 em® of lead standard solution, so that the final lead

concentrations were in the range 0.01 - 0.1 ppm.

All the samples were analysed by applying 5 11 volumes onto

the filament , and using the following Variac voltiages:=-

(i) Drying 0.5V 10 seconds
(ii) Pyrolysis 2.0V .5 nu
(iii) tomisation 8.0V

The mean of five absorbance velues were taken, and in the
case of the standard additioﬂ technique, these absorbance vélues were
plotted as a function of concentration of lead added. (See Figure 4.7.)
A "blank" absorbance value was subtracted from each reading to account

for lead contamination of reagents.

The results obtained are shown in Table 4,3,
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k.5. ANATYSTS OF T{ISTANT T7A FOWDER SANPLES

2 AT A A S T Y A

These camples were anslysed by nmeans of standard addition,
since lead free instunt tea powders were not available., To each,
of four volumetric flasks were added 5 g of instant tea powders, and
the samples were dizcolved in 20 - 25 cm3 of hot de-ionised water.

3 of ammoniwvm citrate were added to all the flssks, and

Twenty cin
5 cm3 of lead soluticns wers added to three of the flacks, so that
the fingl lead concentrations were in the range 0.01 - 0.1 ppm.

3

To the fourth flask were addsd 5 cm” of de-icnised water, and all

the flasks were diluted to 100 e to yieid 5% tea solutions.

A1l the samples were anclysed on the filament using the
217.0 nm lead resomance line. The following voltages were used
(a) Evaporation of sclvent 0.5V {10 seconds), (b) Pyrolysis voltage

2.0V (6 seconds), and (c) Atomisation voltage €V

An absorbance value was subtracted from each result: to

compensate for any lead contamination of reapgents.

The results obtained are shown in Table ‘.3



- TABLE 4,3,

Analvsis of Lead in Coffee Extract Powder and Instant Tea Powder

Independent Colorimetric Analysis
AAS - (Dithizone Procedure)
Ppam ) Dpm
1.6  +_ 0,06 1.7
1.1 + 0.06 i
0.65 +. 0.05 0.7
0.62 + GC.06 0.6
0.64 + 0.03 0.7
0.5 +  0.03** O k¥
0.5 4 0.02%* O Lxx

#¥  Instant Tea Samples

k6. ANATYSIS OF COFFER POWDERS BASED ON EXTRACTION METHOD

Introduction

Using the direct method described in the previous section,
0.2 ppm Pb was the lowest concentration that could be deteminea in
the solide In order to obtain lower detection limits, a number of
alternative approaches were exsmined, and one change in the

instrumentation was made.



L.6.1. DOUBLING SPOTTTNG

e i d

This method of approach involved the anplication of two separate,
5 pl volumes of lead solution onto the filament., The first volume of
sample was applied, and the water was evaporated using 0.5V. On
evaporation of the water, a second 5 i1 volume wns applied, and on
evaporation of the solvent,;an atomization volinge of 8V was applied.
Using this approach, a detection limit of 0.00% ppm was cbtoived, an
jincrease of 20% in the previous value of 0.005 ppme This increase
vas found to be insufficient, for the purposes of the colffce analysis,

and hence a solvent extraction metliod wuas necossary.

L. 6.2, INSTRUMENTATION

The one change in instrumentation,was in the CFAR assembly. The
electrodes in the cell wvere changed, so that the larger diometer recas
(7.2 mm) could be used. This type of electrode has been previcusly
described, and was necessary to enable orgauic solvents to be more

easily applied.

L.6.3,. CHOICE OF EXTRACTANT

The determination of elements in organic sclvents by the use of
the CFAR has been previously reported(97). A number of chelating
systems are available for lead, and included are diethyldithipcarbamate
and dithizone. The use of some organic chelating reagents e.g.
diethylditﬁiocarbamate vas rejected because of their low volatility, and
a8 a result, atomisation does not readily take place. A separation
based upon the extraction of an inorganic salt was used. Although
this extraction is ideally suited to AAS studies, it does not lend

itself to a direct colorimetric procedure, since the lead salt did

not produce a highly coloured organic phase. This type of extraction



has been used extensively throughout the research, Besides being
suitable for the extraction of lead, this extraoction procedure can

also be used for Ca(II), Au(ITI), In(IIT), Tl(I), Su{III) and Hz(II).

No theory relating to solvent extraction will be given here, and

e (150,451)
the reader is referred to a number of bocks .~ "’51 , and = »eccent

(152)

review

L.6.5.  EXTRACTION OF LEAD USING AQUFGUS SCLUTTONS

The extraction procedure devéloped was based on the formation of
a Pqu? complex, which is extracted inlo an organic solvent as
HéPbI4. Before this extraction could be used in application analysis,
the method was tested using pure agueous lead solutions.
Experimentally, this was achieved by "spiking' lecad standaris (2.5 pg Pb)
with acidified KI solution (!t cm3), and 1 cm’ of councentraiod HCL, aund
diluting to 25 ¢ 3. The efficiency of the extraction was tested by adding
differing ratios of organic solvent gepe 1 cm3, 2.5 cm3, or 5 cmBo
On shaking, the organic solvents, were allowed to undergo pliase
separation. The concentration of lead extracted was determined, by
analysing 5 pl volumes on the filament. The efficiency of extraction
was measured using a calibration graph, prepared from aqueous solutions
at.the 283,3 mm resonance line. The following Variac voltages

were used: (a) Evaporation of solvent 0.5V(5 seconds),and (b) an

atomisation voltage at 8V,

In the course of the development of the extraction procedure,
é number of organic solvents were tried. Amyl acetate, and methyl
isobutyl ketone(MIBK) gave extraction efficiencies of 50% and Sl
respectively. The djiffering degree of extraction of the two solvents
nay possibly be explained by the differing values of polarity of
the solvents, vhich are approximately in the ratio of 2:1. The efficicncy

of the MIBK was further increased to 96% by acidification with
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concentrated HCL (5% Wel'«t o MIBK). Hence, for subsequent analysis

MIBK iras used.

L,7, ANALVSIS OF T.EAD IN COFTFEE POWDERS

P uturay

REAGENTS
All the reagents were of the Aristar quality, and the MIBK was &f

low lead concentraticn.

ll'o? . 1 o mmm OF M:EI‘IHOD

The efficiency of the extraction of Pb as PbIhé, in the presence
of ammonium citrate was tested. This was done by adding ammonium

citrate (10 cm3) to 5 cm3

of a lead standard solution (5ug), followed
by the addition of I cm3 of saturated KI; and 1 cm3 of concentrated
hydrochloric acid. This volumne was then diluted to 25 cm3, and

1 cm3 of MIBX was added. The same procedure was repeated in the absence
of a lead standard, so that compensation for lead, in *the reagents

could be made, The MIBK phases were analysed on the filament, and the
lead extracted was determined by means of calibration grapk prepared

at the 283.3 um resonance line. Recovery rates in excess of 95% were

obtained.

The next stage in the analysis involved the "spiking" of 5%

coffee soluvtions. with lead standards. This was done by dissolving 5 g

3

of coffee powder in 25 cm’ of hot de-ionised, and adding 20 cm’ of
amoniun citrate. On diluting to 100 cm3, a 5% of the coffee solution
was obtained. To 15 cm3 aliquots of this 5% solution were added

L em” 3

of saturated KI, 1 cm” of concentrated HCl, and differing
concentrations of lead standards (5 - 20 pg were added. MIBK (2.5 cm3)
was added to the aqueous phase, and the solution was shaken. The

lower aqueous phase was found to contain a certain amount of sediment,
and wes discarded., The upper MIBK was also found to contain small

amounts of sediment, and the solid was separated from the MIBK by



centrifugntion. The lead extracted in the organic layer was
determined by the procedure previously described. Recovery rates in

the range S0 ~ 95% were obtained, and the samples were analysed using

1

L,7.2. :KQRYQJS qufTﬁJRL FOV LEAD IN FO i POWDERS

A series of 5% coffee solutions were made up by dissolving 5 g

> of hot de-ionised water, and adding 20 cm3

of coffce powders in 25 cm
of ammonium citrate. Three of the coffee solutions were "spiked"
with 5 cm ol lead standard solutions, so that the final lead

concentrations were in the range 0.01 = 0.1 ppu. A fourth sample

vas lef? "unspiked!.

To 5 cm3 of the 5% ceffee solutions were added & cm3 of

saturated XI, and 1 cm3 of concentrated ICl. On diluting to 25 cmj,

3

2.5 .cm” of MIBK were added to all the samples, and the solutions
were shaken. The lower aqueous phase was discarded, and the organic

layer was centrifuged to separate smell traces of organic sediment. -

The MIBK phases were all analysed om the filament using 5 pl

volumes, and the following voltages were employed:w

(a) Evaporaticn of Solvent 0.5V "5 geconds
(b) Pyrolysis of matrix 3V 6 seconds
(¢)  Atomisation 8v

A b5 seconds time interval was emplcyed between the evaporation
of solvent and the pyrolysis stagc. A further one minute interval
vas used between pyrolysis and atomisation. Both these time intervals

were necessary for improved precision of the results.
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In the actual auslysis o wno2on of three absorbance values
was taken, these were plotted as a function of lead added to the
samples. A Ublank!" abhsorbance was subtracted from each of the results
to compensate for lead contaminstiion of the resgents. The blank
,.

absorvance vas approximately one third of the "unspiked! ccffee

sanples.

s

The experimental, procedure described above produces a
calibration curve which extends over the linear range from 2 x ’IO"3 ool
to 4077 prm Pb in the solution. A lower detection limit can be
obtained for lead in the coffee povder, by using a larger volume of
the 5% coffee solution, &.p. 20 cm3 whilst maintaining the same volume
of HC1, KI, and MIBK, but eventually a compromise must be made between,

linear range, reagent blank levels, and lead concentration in the coffee

powder. Thus, for the the cofiee samples of known lead content that
were available, the sanples were found to be more eusily handied
using the 283%.3 mm line, rather than the more sensitive 217.0 mm. The

regults obtaired by the solvent extraction technique are shown in

Table li‘ol}‘o

The relative standard deviation obtained for all the analysis
vas 5 = 7%, the lowest possible concentration of lead in the solid
coffee powder, that would be capable of determination by this
3

procedure would be 0.C2 ppm, using o 20 cm” sample :of 5% coffee

solution ac mentioned above, and measuring at 217.0 mm .,
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TABLE L. b,

Analysis of Coffee Powders By the Extraction Technigue

Independent Colorimetric Aralysis
AAS Analysis (Dithizone Prucedure)
Fb concentration (ppm) Pb Concentratién‘(ppﬁ)
1.65 + 0.08 1.75
0.65 + 0.03 ' 0.6
Q.45 + 0.64 C.kt
Te1 + 0.02 Te1
0.56 + 0.02 0.6
0.6 4+ 0.03 0.7
CONCLUSION

The cdirect analysis procedure for lead in coffee powder extraci is
simple and rapid. It involves dissolution of the samples in amnonium
citrate, and requires no further pre-treatment for atomic absorption
at 217.0 m. Coffee powders containing down to 9.2 ppn Fb can be
analysed in this way. This is considerably lower than can be obtained
in a flame, and the non-flame technique avoids the problem 6f blocked
nebulisers, which is inveriably associated with flame techniques, and

solutions with high solid content.

The direct precedure is very much more rapid than conventional
colorimetric procedures, since it only takes thirty minutes to obtain a result
for each sample. The extraction technique takes considerably longer
ca 1% - 2 hours, but offers equally good precision, and permits samples

to be analysed for lead concentration down to 0.02 ppu v/u.
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CHAPTER V

DETERMINATION OF LEAD IN FOODSTUFFES

5.1 INTRODUCTION

The instrumentation used in the present study has been described
in chapter 3, and the filament technique of analysis has been fully
reported in chapter 4. 1In this pert of the research, a wide range
of foodstuffs were studied, but the initial work was done on baby
foods. The method which was eventually developed for baby foods, was

applied to a wide range of heterogencous matrices, which varied

“widely in their compositicn of protein, carbohydrates, and fats.

As regards the legel limits of lead in foodstuffs, this is related

to the matrix in question. Thus, the legal limit for lead in

major protein foods e.g. meat products is 2.0 ppm (w/w), while 0.5 ppm
{w/w) is the maximum level allowed in baby foods. Both these limits
are likely to be lowered, ovwing tc the world wide concern, rslating

to the pliysical and phychological effects of lead poisoning.

5 L] 2 - E){PFRB'IEI\ITAIJ

De2ele INTERFTERENCE STUDIES

The composition of baby foods is showm in Table 5.1 and £.2, and this
reveals wide variations in composition of carbohydrates, fats and
sodium chloricde. The main elemental interferences expected would
be due to sodiua and tin, and the effect of these two cations on
the absorbance at the two main lead resonance lines was investigated.
The level of sodium in a sample is largely dependent on the matrix, and
can be as high as 3,000 ppm e.g. -turkey dinner. For other matrices,

€sffo Strained fruit salad, the sodium level can be as low as

20 ppme



The variation of tin levels is alsc dependent on the matrix,
but an additional factor is the age of the storage vessels. This

(153,150 g

last factor has beexn investigated by a few workers
levels as high a 148 ppm have been reported for feodstuffs which
have a high acid content e.ge (junior orange snd pineapple juice).

Thus, the interference studies were performed in relation to the

levels found in the food samples.,
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TYPICAL ANATYSIS OF STRAINED FOODS

i . Fat Protein | Salt % Sugar % Carbohydrate Calories ver
Strained Varieties o o (NaCl1) (as invert) % 1C0 grammes
Apples Nil 0.3 Nil 6.2 1602 62
Appvle Dessert Nil 1.0 Nil 164 19.9 7c
Apple and Prune Custard 1.2 243 0.3 18.6 22.8 105
Apricot Custard 3e2 2.4 0.2 12.9 20.5 105
Apricot & Rice Dessert Ce1 0.5 Nil 19.7 24,8 86
Banana Dessert Nil 0.2 Nil 15.5 19.3 74
Beef Dinner Se7 5.5 Ce5 3.3 6.2 L
Beef and Liver Soup 249 L5 C.5 2.k 8.2 76
Beef and Vege table Broth 1.2 2-5 0.2 3.5 1001} 60
Beef Broth with Barley 3e1 3,0 0.5 0.5 L8 58
Caxrrots C.2 008 OoLi' 501 50_—7-' 27
Cheese and Egg Supper 3.2 3.2 0.6 1.3 k.o 59
Cheese Savoury 5.3 5.1 0.5 24 10.3% 107
Chicken and Vegetable Broth 0.7 %e5 0.6 11 6a2 14
Chocolate Pudding 28 2.9 0.1 17.0 20.2 122
Creamed Rice Milk Pudding 25 Z01 . 0.5 111 15.2 92
Creamed Semolina Pudding 3.8 3e7 0.2 10.4 1.9 106
Egg Custard with Rice 3.0 2R 0.3 11.0 15.0 g3
BEgg and Bacon Breakfast 2.2 2e3 0.3 1.9 745 66
Fruit Cereal and Honey Breakfast Nil 07 Nil 20.5 2640 108
Mixed Vegetables 03 2.0 Oolt 222 8.6 50
Lamb Dinner 8.0 5.5 0.5 . 0.9 Se1 117
Orange and Cereal Breakfast 0.3 11 0.2 13.5 2247 g2
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TABLE 5.2
TYPICAL ANALYSIS OF JUNIOR BABY FOODS

. o Fat | Protein | Salt % Sugar % Carkohydrate. Calories per
Junior Varieties % A (N2C1) (a5 invert) % 100 grammes
Apricot and Rice Dessert 2.7 201 0.1 13.4 18.5 i 402
Banana Rice and Rose Hin Dessert 2.2 0.k 0.1 14,0 20,2 79
Beans with Ham 2.5 15‘90 003 200 8.5 86
Bone and Vegetable Broth 0.8 2.5 0.3 2ol 1343 60
Cheese Ham and Egg Supper 2.7 3.6 0.5 1.3 50 57
Cheese Savoury with Rice k.5 L1 Ol 1.9 0.7 Sh
Chocolate Pudding with Tapioca 1.4 1.8 Nil 145 18.5 89
Creamed Porridge 3okt 2.3 0.2 7.0 1.3 82
Creamed Tapioca Mille Pudding Lo 2.3 0.2 1141 1645 105
Egg Custard with Tapioca 341 2.0 0.5 Mt 15.0 92
Egg and Bacen Breakiast be3 3.0 0.6 2.1 75 78
Erg, Tomato and Potato Breakfast 2.6 2.0 0.6 0.9 k.6 50
Lamb and Tiver Broth with Vegetables 2.6 2.8 0.5 101 G 7
Mocaroni and Beef in Tomato Sauce 2.0 2.9 0.5 3.0 8.5 62
Mixed Vegetzbles 0.3 1.6 0.6 1.9 8.k liq
Orange and Apricot Dessert with Tapioca 0.4 0.9 0.1 16,0 22.0 67
Orange and Rice Dessert 2.6 2.3 0.1 16.6 2647 127
Peaches il 0.6 Nil 1¢.4 19.% 5
Pears Wil 0.4 il 1.7 Uo7 57
Pineapnles and Rice Dessert 0.3 143 U3 13.2 18.6 54
Pineapples and Orange Dessert 0.2 0.3 Ca1 17.2 23e3 ok
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Experimentally, the interference studies were carried out by
"spiking" lead standards (0.2 ppm) with differing concentrations
of the two interference cations. The sodium (Na) interference was
in the form of NaCl, and the tin (Sn) was made by dissolving tin
metal in a few cm3 of concentrated hydrochloric acid. The
interference studies were carvied out at 217,0 1m and the 283.3

lines, and results are reported in Table 5.3%.

TABLE 5.3

Interference Studies using Tin (Sn)

% Depression

Ratio of Sn:Pb
283.3 nm . 217.0 xm

4,000 27 27

3,000 - 23 22
2,000 3 Nil
1,000 Nil . Nl

500. | M1 ©om




TABLE 54544

Ratic of Na: Pb % Depression
285 3nm 2120 m
8,C20 Peake rnot resolved
2,000 | Peaks not resolved
1,000 ' Nil 11
500 | M1 il

From the Table 5.3, it is seen, that no depression of signal
wes observed at a 2,000 fold excess.of tin; at either resonance

line. At 4,000 fold excess a 27% depression of signsl was observed.

In the case of sodium, the extent of depression was greater than
that for tin. As with tin, the presence of sodium chloride caused
dual peaks. One of these was due to melecular scatter, and the
other to an atomic absorption. The atomic absorption signal was
identified by increasing the lead concentration, and observing
increased peak height, while the molecular absorption remained
constant. At 1,000 fold excess no decrease of signzl was found at
the 283.2 na line, but 11% depressiop was found at 217.0nm. At
5,000 fold excess the two peaks merged to form a single peak, and

resolution of the atomic signal was not possible.
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Both these interferences can be explained by a 'condensing
mechanism", whereby the lead atoms condense on the interfering species(gs).
This condensation is partly due tc the aloms being no longer subjected
to further heating on leaving the filament surface. These inter-
ferences can be reduced by limited field viewing, and this will be
demonstrated in the cadmium studies. Both these interferences can

be overcome by use of solvent extraction of tiie lead, and is described

in the next few sections.
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5e2.26 USE OF PYREX BEAKERS FOR DISSOLUTION CF SAMPLES

The use of pyrex beakers for the dissolution of organic

(155’156)to cause high lead results during

matrices has heen reported
the analysic of samples. This may be due to the possible leaching
of the lead from the sides of the vessel, and hence a study was

undertaken, to observe any such effects.

3

From a stock, concentrated nitric acid solution', 50 em” of

the acid were added to a gix beakers. The beskers vere covered

> by heating

3

with watch-glasses, and the volumes reduced to 10 cm
on a hot plate. The gcid solutions were diluted to 50 cm”, and
the lead concentration determined using the filament. Five microlitre

samples were placed on the filameant, and the following voltages used:

(i) Evaporation of Solvent 0.5V 5 seconds

(ii) Atomisation voltage 8v

The 217.0 om line was ﬁsed, and four absorbance values were taken
for each suinples The corresponding lead concentration for each
was absorbance values was obtained using a calibration graphe. A
relative standard deviation for twenty-four concentration values
was calculated, and a 5% precision obtained. The lead concentration
in the stock solution was also analysed, and no significant

difference in levels were observed.

From this study no leaching of lead via the teaker surfaces
could be observed. Later studies also showed, that there was little
evidence to indicate any removal of traces of lead had taken place
from the surfaces of the beakers. Hence for subsequent work, all

the samples were dissolved, in pyrex beakers.,
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5.3, ANATYSTS OF LEAD T FOODSTUFFS

Three metheds were developed for the analysis of lead i the
samples. Each method will be described in detail, and the advontages

and disadvantages associated with each method will be discuscsde

S5e¢3e1. FIRST METHOD OF ANALYSIS OF LEAD I FOODSTUNES

PROCEDURE

In this methad, 10 g of the sample were placed in a pyrex
beaker, and 5 em” of Aristar concentrated nitric acid (HNO5} were
added. The besker was heated, and 1imited dissolution of the sample
was found to occur. For the purposes of the analysis, complete
dissolution of the matrix was not necessary, and the mixture was
filtered using No 42 filter paper. The filtrate wes then made

to volunme, to yield a 100% solution.

Srall velumes (5 pl) of the 100% solution werc anxiysed on the
filament, using a drying process (1V 5 seconds), a pyrolysis ctage
(3V 5 seconds), and finally atomisation et 8 voitis. The 217.C mm

lead resonance linc was used.

The foodstuffs were analysed using the above procedure, and by
the use of the standard addition technique, which has been described
in the previous chapter. As before, a riegular time sequenée between
the various voltages was employed, to ensure a good precision in the
results, Also, to compensate for lead contamination of the reagents,

blank absorbaace value was subtracted from each reading.

As an alternative to nitric acid, concentrated hydrochloric acid
was considered as the ashing medium. This was rejected owing to

(157)

the reported lower volatility of lead chloride. Direct analysis
of the heterogeneous mixture, prior to filtering was tried, but

was unsuccessful due to blockage of the delivery pipette.
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Thva, voing nitric acid au the ashing medium, results
produced were found te be in good agreement with independent analysis
(Table 5.6.), but this method was found to be suitable only‘for those
samples, which had low levels of sodium chloride ca 0.1%. Since
these samples form only a emsll rart of the baby food range, an

alternative method of analysis wes necessary.
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Selte SECOND METHOD FOR THE ANALYSIS OF LEAD TN FOODSTUITS

Lan W S E Y

In order to remove the limitations found in the firstAmethod,
a solvent extraction technique was developed tc overcome the sodium
chloride interference., Initial work was concentrated in developing
an extraction method, suitable for a strongly scidic medium.

.............................

Seltete FXTRACTION HFTHOD USING A NITRIC ACID MTDIUM

PROCEDURE

The extraction method developed, was based on the formation of
the complex iodide of lead, PbIhf. This system was used in the
analysis of lead in coffee powders, and similar experimental. conditions
were employede.

The efficiency of the extraction prccedure vas investignted by
"spiking" volumes of concentrated nitric acid (40 cmB), with lead
standards. The nitric acid was heated on a hot vlate, and the volume
reduced to 10-15 cm 3 On reduétion of volume, the solution was

3.

filtered, and the filtrate made to volume (50 cm

To 15 cm3 aliquots of the acid solution, 5 cm3 of concentrated
smmonis (NH3) vere added to reduce the acidity. The solution was
now at pH 9, and for the purroses of the lead extraction, a minimum
of pH 3-l was necessary. The reduction in pH was-brought about by
the addition of acidified saturated KI solution (3 cmB), end
concentrated HC1 (2 cmB). To the aqueous solution, MIBK, which had
been previously equilibraﬁed with concentrated hydrochloric acid
was addeds On separation of the two phases, the lead extracted in
the MIBK layer was analysed by the filament technique. An evaporatioﬁ
stage (0.5V 5 seconds), a pyrolysis stage (3V 5 secconds), and

atomisation at 8V were used. The 283.3 nm lead line was utilized

and the recovery rates were measured using a calibration graph



prepared from agueous lead standards.

The above procedure was repeated, vsing differing concentrations
of lead, and larger ratios of organic solvent. In all cases,

efficiencies ranging from 90~$6% were observed.

The variation of pH of the aqueous solution; (prior to pre~
concentration) against the efficiency of the exiraction was investigated.
Efficiencies of over 90% were obtained betwsen values of pH 1 and pH 4,

and at higher pH's recovery rates as low as 20% were obtained.

The extraction system was slso investigeted using HCl as the
acid medium. Since HCl is not a strong oxicdizing agent, the addition
of ammonia was not necessary, and the extraction efficiency was
investigated using the following procedure, Lead standards were
added to a volume (49 cm3) of concentrated HCl, and the besker was
heated on a hot plate. On reduction of volume (10 cms), the acid
%)

solution was filtered, and the filtrate made to volume (50 cm To

3

20 cm3 aliguots of this solution were added 5 cm” of acidified
saturated KT and the lead iodide formed, was extracted inte a MIBK
phase. The lead extracted was measured using the techniques
previously described. Recovery rates ranging from 70-75% were
obtained. This low efficiency rate may be due to the lower volatility
of the lead chloride, some of which may be lest in the heatirg stage.
Also, the hydrochloric acid may act as a complexing agent for. lead
(PbCluzz), and cause a reduction in the efficiency of the extraction.

Thus, on the basis of this evidence, ritric acid was used as the

ashing medium for the dissolution of samples.
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5.4.2,  APPLICATION OF EXTRACTION TECHNIOQUE TO ANATYSIS OF

T3AD TN FOODSTUFFS

EXPERTIINTAL PROCEDURE

Having developed an extraction method suitable for an acidic
medium, the technique was extended to measuring the recovery rates

of Uspiked" food samples.

Experimentaily, this was achieved by adding lead standards, to

5 g samples, and partly dissolving the matrix in 20 cm3

of Aristar
'concentrated nitric acid. For the purposes of the analysis, it

was found that complete dissclution of the sample was not necessary,
and the mixture was heated for only 10 to 15 minutes. The volume vas

7 .
reduced to 10 cm’, and the filtrate was wade to volune, (50 cm3)

to yield a 10% solution of the sample.

3

An excess of concentrated NH3&1O cn) was added to 20 cm
aliquots of the 10% sample solution and at this stage the solution
was at pH 9. Hydrochloric acid (5 cm3) was added to lower the
solution, to pH 1, and saturated KI solution (5 cm3) was added for
the generation of hydrogen iodide. The final volume was diluted to
50 cm3, and to this was added 1 cm3 of MIBK. The solution was
shaken up and on settling the organic phase was analyscd by the

filament technigue, and the levels of lead extracted were determined.

These recovery rates are shown in Table 5.5.

The samples were analysed using the above procedure, and by the

standard addition technique. The following voltages were employed:

(2) Evaporation of Solvent 0.5V 3 seconds
(b) Pyrolysis 3y 5 n

(¢) Atomisation 8v



As before, a blank absorbance was subtracted from the readings,
to account for conteamination of the reagents. The lead ¢oncentration
for the reagents was usually one third of the "unspiked" food

sanmple.

In the course of the analysis two main difficulties were encountered.

They were:

(a) A low success rate (70%) was obtained in the early stage
of the analysise.

(b) Often the blank gave a higher absorbance value than the

"unspiked!" food sample,

Various rarameters were studied ec.g. volume of NH?, volume of

HCl, the various pfl parameters involved, and molaxrity of HN03°

The reascn for both these phenomens was attributed to +he
differing rates of removal of nitric acid from the blank and "unspiked
sample over the same peried of time. Thus, more ammonriz would have
been neeced for the "spiked" sample. To compensate fof the ciffering
rates of heating, all the samples were reduced to 5=10 cm3, and the
same procedure as before was followed. Satisfactory results were
obtained.and these are shown in Table 5.6.

Thus, by usz of the extraction technique, the detection limit in
solution was extended down to ‘lO'J+ Yrm,; which enabled concentration

as low as 5 x 1073 ppn to be determined in baby foods. This limit is

well beyond the limit set legally (i.e. 0.5 ppm)

An objective study of the technigque, showed that there was one
major disadvantage associated with this method. This was, that
filtering was exceedingly slow, and was largely dependent on the

matrix involved.



Hence,for a sample which contained a low concentration of fat
&.5s strained apples, filtration took only ca 20 miﬁutes. Strained
meat products took up to twe hours to filter, owing te the lavper
percentage of fat. Thus, in relation, to being a routine method of
analysis, thls long filtratlon time was considered to be a great

disadvantagea



5.5, THTRD METHOD FOR ANALTSTS OF LEAD Ti FOODSTUITS

JINTRODUCTION

One method of overcoming this filtering sté;ée1 is by complete
dissolution. A homogeneous solution can be achieved by the
introduction of a second oxidizing agent. This oxidizing agent
normally takes the form of a second oxidante. Perchloric, sulphuric,

or hydrogen peroxide are the most popular additives.

The use of perchloric acid as an oxidizing agent; has been

a point of controversy for several years.

This debate is periodically revived by the occurrence of
occasional violent explosions and consequently the acid, is viewved
with suspicion. Research, concerning the use of perchloric acid
has been carried out in recent years, and this has shoun that the
risk of explosion is increased, when the oxidation of carbohydrate
and fatty vroducts (EL&: milk powder) is attempted. This iuncrease
of risk, ic accounted for by the fact, that when perchloxic acid
is heated with hydroxyl components, it gives rise to formation of

unstable perchlorate esters,

In connection with perchloric acid, the SAC has issued a
guideline, for those intending to use it(158’g As a point of

interest, the more important features are:

(a) The acid should not be brought ir contact with materials
containing hydroxyl groups. This included items, such
as paper tissues, which should not be used for mopping

up spills, etc.
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(b) When oxidizing hydroxylic materials, adequate
preliminary oxidation shéuld be caxrried out using
nitric acid.

{¢) If the oxidizing mixture chars, or there is any sign
of difficully, the mixture should be diluted, and
cooled.

(d) Increased fire hazard has been observed, and this is
due to the impregnaticn of wooden fume cupboards by the

. acido

The advantages and disadvantages of the use of perchloric acid
are evenly balanced. Some workers and some orgauisations will not
use it under any circumstances. Others claim that where complete
freedom from residual orgamic matter is essential,; as when preparing
samples for polarovgraphic investigation, there is no comparable

reagent available,.

Due to the prasence of hydroxyl components in the fcod ssmples,
it was decided to avoid using perchloriec, acid as an oxidizing mediun
in these studiess The use of perchloric acid has besn used successiully,

(159).

in the department, to dissolve titanium matrix

The use of hydrogen peroxide, for destroying organic matrix has
(160,161)

been widely reported in the Lliterature This has been used,
in conjunction with sulphuric acid, and is an excellent oxidizing

agent.

Nitric acid, in conjunction with sulphuric acid, also offers
another uceful means of destroying organic matter. This mixture of
acids is widely used in industry, and for this reason it was decided

to use it as an ashing agent for food samples.
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5e5.71s MEASURTIENT OF RECOVERY RATES

The measurement of recovery rates was achieved by adding
10 cm3 of concentrated Aristar sulphuric acid o 5 g of a weil
homogénised sample, Studies showed that good homogenisation was
| essential, for an elfficient, and quick method of destroying the
organic matter. This homogenisation was found to be critical for
solid matrices e.g. baconburgers, rather . thahn the baby food

samples, which were already homogenised,

On the addition of sulphuric-acid, charring of the magtrix ﬁas
seen, and this carbonaceous residue was further oxidized by the
additon of concentrated Aristar nitric acide The volume of nitric
acid needed, depended largely on the type of organic matter being

destroyed, but approximately equal volumes of acids were used.

On the formation of a homogeneous straw coloured solution, the

3

final volume was made to 50 cm”, which yielded a 0% solution.
Attenpts were made to extract lead iodide from this 0% solution,

but oxidation of the iodide was seen to take place.

A number of methods are available to reduce the oxidizing
nature of nitric acid. One of these, is the addition of perchloric
acid (2-3 cm3), which destroys any potentially oxidizing species
.which may be present. This approach involved the use of a third

reagent, which invariably increases the lead blank in the énalysis.

An alternztive possibility, of overcoming the problem was
investigated, and this involved the introduction of a second
heating stage. A study of the equilibrium involved in the first

heating stages reveals the following:=
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” - i F
2 HZSOli- + }ﬂ\l’OB —> 2 H30 L + 33?”' + 'NOZ €Ge Dela

This eguilibrium, in relation to the probable oxidizing

. qs ... (162
species has been reported in the organic literature. Lev1tt( )
has shoun that the most likely oxidizing species present is N0é+, and

the least probable oxidant is NO.~, No;, HS0,” or 50,

Thus, if a means can be found of removing the I\IOZ'+ Irom solution,

then oxidation of KI may be prevented. One method, invelves the
addition of water to the acid mixture, which should bring about. the

following equilibrium:
& ©qQ

3 S, - 3| - ’I
B0 + HSO, —> H,00 + IS0, eqe 5.2

Thus, by heating, the equilibrium in equation 5.1, should

R P g ~ + .
move to the ieft hand side,and hence the NO2 is converted o

nitric acid, which is removed by the second heating stage.

Since this mechanisﬁ has been used extensivaly throughout the
analysis, it is worthy of further comments. The removal of the
NOé+ is dependent on the volume of de-ionised water added, and a
few minutes are need for the equilibrium in 5.2, to occur. This

method avoide the introduction of lead ccntamination from reagents.

3

Thus, for the purpose of analysis 20=25 c¢m” of lead free water
waere added to the acid mixture, and the sclution was stirred end
allowed to stand for a few minutes. The beaker is then re-heated,

until vhite fumes of sulphuris acid are evolved, and on cooling,

the mixture is diluted to yield a 10% solution.

To 20 cm® of the 0% solution, 5 cm” of acidified saturated

KT solution were added. The KI was acidified using H $0,,, instead

2
of HCl, which had been used in the second method of analysiss
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To the aqueous phase was added one cm3 of MIBK, and the two
layers were sheken for a few minutes., Good separation of the
phases was obtainodj on allcwing the solution to settle for a two
or threc minutes. The lead extracted into the MIBK was analysed on
the filament. Five microlitre volumes were epplied onto the

filament, and the following Variac settings used:

Evaporetion of Solvent 0.5 (V) 5 seconds
Pyrolysis ) v 5 1
Atemisation - 8v

The recovery rates were determined using a calibration graph
_preparved from agueous .standards. The 28%.3 mm line was used. The

values cbtained are shown in Table 5.5.

5.5.2. ANALYSIS OF SAMPLES

The following procedure was used in the determination of lead
in the foodstuvffs. Into four pyrex beakers were placed 5 g of

3 of lead

samprle, and to three of these beakers were added 5 om
standards. The lead standards varied in concentration from 0,041 pmm
to 0.1 ppme 'To the fourth beaker was added 5 cm3 of de~ioniced
water, Volumes (10 cm3) of Aristar sulphuric acid were added to
each of the beokers; as well as to a fifth beakef which allowed
compensation foxr lead in the reagenfs to be made, Arvistar nitric

. acid (10 cm3) wos added to all the beakers, vhich were covered with
watch glasses,and heated until complete dissolution of the samples
had taken place. Coriplete homogenisation of sample took up

£a 20 minutes. Vater (25 cmz) was added to the hermogeneous
solutions, and the contents were siirred, and allowed to stand for

~a few ninutes. The beakers were re+heated for ten to fifteen minutes,
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until the evolution of white acid fumes, and on cooling the acid
mixture was made to volume {50 CmB), which yielded 10% solutions

of the original samples.

To 20 cm3 of the 10% solutions were added 5 cm3 of acidified
saturated potassium iodide solution. To ali the volumetric flasks
was added one cm3 of MIBK, and the two vhases were shaken, On
separation of the two layers, the differing MIBK phases weire anslysed

on the filament. TFive microlitre samples were placed on the rod,

and the following Veriac settings wers used:-

(a) Evaporation of Solvent 0.5V 5 seconds
(b) Pyrolysis 3.07 5 _u
(c) Atomisation voltage &v

A mean of four absorbance values were taken for each sample, and
a "blank! absorbance was subtracted from the results to compensate
for any lead contomination of reagents. The blank absorbancs was

approximately one third of the 'wnspiked" food sample.

A standsrd addition graph, of the absorbance values against the
corresponding concentrations of lead added was drawn. Tha levels fouﬁd
are shown in Table 5.6. The actual line chosen for the analysis was
dependent largely on the matrix involved. For baby foods the 217.0 wa
line was used, but for other foodstuffs the 283.3 mm line was utilized,

because it gave a larger linear concentration range.

The third method developed was found to have a number of

advantages, in comparison with the second method. These are:-
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(a) The method was much quicker, since the use of a
 filtering stage was avoided. The time for analysis
vas reduced by one third, compared to the time taken
by the second method. The time for analysis c¢f oune
sample took ca 2 hours.

(b) The number of reagents were kept to a miniﬁum, znd the
level of lead blanks minimised.

(¢) Roughly, the same detection limits as before ave
obtained. The samples available for analysis were
easily determined using an corganic ratio of 1:25, but a
1:50 ratio (org:ag) can be utilized, provided the
linear range ¢f the calibration zraph is not exceeded.
Thus, by employing a 1:50 ratiq,levels as low as‘10'3 ppu

can he detected in the foodstuffs,



TAELE 5.5

Recovery Rate of Lead in Varicus Fnodstuffls

Sample

Recovery Rate

Strained Beef2

Tomato Soup2

Lamb Dinner2

Fruit Cercal, Honey Breakfast2

App1e52

Cheese Savoury3

Z
Beang and Saunsagas”
Beefbul'ger3
3

Beans and Mince

Chocolate Pudding”

90%
95%
9%
X%
-
1%
0%
96%
kg

92%

Notes:~ (2) Refers to analyscis by second method

(3) Refers to anclysis by third method

‘
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TABLE 5.6

Seample Analysis by CFAR .. ... . . . ,Indegsngizi eAzaéysis
Apple and Prune Custa:g’d1 0.4 ppm 0.2 Dppn
Ovenge Cereal Breakfast 0,08 0.07 ©
Strained Pears’ C.5 M 0.55
Strained Apples’ 0.5 " 0,11 M
Fruit Dessert® 0.04 0.05
Egg and Bacon Breal;fasta 0.00L " Zero
Cheese ,Savouryz 0.028 ¢ 0.03 ©
Fruit Cereal, Homey,Breakfast 1.8 " 1,06 0
Lomb Dinner? 0.06 v 0.6
*Beef Dimners 0.04 " -
Chicken Vegetable Broth3 017 " 0.2 L
Lamb Dinner” 0.2 ® 0.k ©
Boef L‘inneI} Ce12 u 015 W
Sevoury Rice Chicken” 0.18 " 0.16 ®
Fruit Cereal, Honey, Breakfusi 0.03 " 0,015 o
*Beans and Sausages Ce3 " | -
*Beefburger Colty  m -

/Coﬂtj.nued enreseeuvoceec

S0L



Continuation of Table 5.6

Tiead Annlvsis of Foodstuffs

Sample

i
Analysis by CFAR

Independent Arelysis
by flame AAS

*Beans and Mince

*Beans and Pork Sausages
*Beans and Baconburgers
*Beans and Mincemeat

*Beans and Beefburgers

0.3 ppm

01 "
0.08
005 111
0.15 M

Not es.:

(0
(2)
(3)

*

Refers to aralysis by first methed
Refers to analysis by second method
Refers to analysis by third method
Iio indepsadent data asvailable

—h

(62
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CHAPTER VI ) ‘

DETERMINATION OF CADMIUM BY AAS

6.1, INTRODUCTICN

Cadmiun has been extensively studied by a number cf workers,

(163)

vho used both AAS and AF, Dagnall et.al. obtained a detection
limit of ©.25 ppm by AAS, using an air-acetylene flame. DBy.AF, the
same type of flame, gave a detecticn limit of 0.005 prme. Ramakrishna

used an air-hydrogen flame, and obtained a sensitivity of 0.0Z prm

(169 4 very low detection Limit of

(165)

by AAS, at the 228.8 ym line

10~V , who determined

ppm has been reported by Winefordner
cadmium by AF using a turbulent air—hjdrogen fisne, and a cadmium

EDI, as the excitation source.

As with most elements the use of ncn-flame techniques, brought

about an increase in sensitivity. Using AAS, L'vov has reported

& sensitivity of 8.10_14g (46), while for 1% absorption, Massmann
has reported a value of 10"13g(64). By non-flam~ AT, West and

) -
co~workers obtained a detection limit of 3 x 10 '33 for both the

228.8 mm and 326.1 mm lines(95).

Numerous applications of cadmium determination by flame AAS,

have been repurted in the literature. These have included the

£
analysis of a wide range of matrices.e.g. soils\166);dmetals(167)

and paints(168).
As to date (1974), very few applications have been reported

using non-flame devices. The only matrix that has been studied

(95),

widely are lubricants, in which low lewvels of cadmium were found
L
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6e2. INSTRUMENTATTON

The instrumentation used in the determination of cadmium was
slightly modified, as compared to the apparatus used in the lead
analysis. The lead lamp was rerlaced by a« high in£ensity cadmiun
hellow cathode lamp, which ensbled a pin-hole collimator to be
placed in front of the filament. The use of a ccllimator was noté
rossible in the lead stvdies, owing to the higb loss of light
reaching the monochromater. The atom reservoir and the detection
system was the same, as described in the lead studies. A somewhat
similar optical arrangement as before was employed.

6.3.  REAGENTS

All reagents were of the AR grade, except where stated otherwise.
4 1,000 ppm stock Cd solution was made up by dissolving 1.61% z
Cd (as the Cl) in 1 1 of de~ionised water. Concentrations of
cadmium below 10 pp, were prepared prior to usage.

6eols CHOICE OF LINES

A study of the Grotrian diagrams, reveals that éhe two main
cadmium atomic absorption lines, are at 228.8 nm and 326.4 vw. Other
lines are available, but are at least 4-&V above'the ground state,
Both lines were investigated for their analytical poterntial,and the

detection limits obtained will. be reporied later.

65, EXPERTMENTAT, PROCEDURE

6e5.1«  FTILAMENT VOLTAGE

Before this parameter could be studied, it was necessary to
establish the origin of the cadmium signals. Besides these signals

being caused by atomic absorption, there was e possibility of them



-
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being caused by molecular absorption;or scattering of the incidenf
radintion., Both these possibilities were discounted by the
atomisation of 5 pl of 4,000 ppm of Mn (as CL) and Pb (as No;)

at 326.,1 end 228.0 nm lines. Ne evidence of scattér signals could
 be found, which vas indicative of the fact that Cd atomic species
were present. Cadmium (1,000 ppm) was also atomised using the
220.2 nm Pb line, from a lead lamp, and no sigpals could be
absexrved. Hence, this was conclusive evidence for the existence

of cadmium atomic species.

Thus having established atomic cadmiuvm ebsorption was taking
place, the change of absorbance w.r.ts. voltage was studied. This
vas done by appliying 5 gl of 0.01 ppm Cd, and atomisiﬁg .
at differing voltages using the 288.8 mu line. The mezn of three

or four absorbances at each veliage was noted, and this variatiocn

is shown in Fipgure 6.1.

Maxrdimum absorbance was obtainad on applying 7V across the
filament. At voltages lowexr than 7V the ineffectiveness of the
atomisation was reflected in lower absorbance. At higher voltages
&egs 9V, a decrease in absorbance was alsc noted. This can be
accounted for, by the expansion of the atom cloud on leaving the
filament surface. This expansion caused a dilution of atoms

reaching the viewing area, and a decrease in absorbance was observed.

6e5424 SHIELDING GAS

The xole of the shielding gas in CFAR studies has been
previously explained in relation to the lead studies. The effect
of varying the shielding gas on the sbsorbance, is shovm in
Figure 6.2. Optimal absorbance was obtained, using a shielding

gas of 4.0 - 4,51 min~t. A higher flow rate of shielding gas
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Lofs 71 minf1, turbulence occurred above the viewing area, which
causea a decline in sbsorbance, No variation in absorbance could
be seen, when argon was used as the shielding gas, and hen&e all
nmeasurements were carried out using nitrogen. Avgon has been
(95)’

reported to be a better purging gas in fluorescence studies

whereas nitrogen quenches the fluorescence.

6.5.32. HEIGHT OF OBSERVATION

This paramster was investigated by altering thé vertical
position of the filament werst. £§ the incideunt beam of light.
The variation of height was measured using a travelling microscope
focussed onto the surfasce of the filament. The mean of three
'absorbance values was plotted for each of the distances above the

filament. (See Figure 6.3).

Absorbencz decreased with increase of viewing diétance
above the filament. This may be due to a combination of (a) turbulence
associated with the shielding gas, and (b) an expansion of the
atom cloud above the filament. In swimary, atomisation was carried
out at 7V, using nitrogen as the purging gas (4.5 1 min-1), angd
grazing incidence. A slit width 0.2 mm (band pass 0.6 nm) wac uzed.

An EHT of 800 V was used,

6.6. DETECTION LIMITS AND CALIBRATTON GRAPHS

Having established optimal conditions for cadmium determination,
detection limits and calibration graphs were established. The
detection limits obtained for the 228.8 and 326.1 m lines are showvn
in Table 6.1 Thus using 5 pl samples, 0.001 ppm and 1.0 ppm could be

detected at 228.8 and 326.1 nm respectively.
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TABLE 6.1e

Detection Limits: for Cadmium

Line Detection Limit .
228.8 nm 5.0 x 10" '“g

. o) .
326.1 nm 7 5.0 x 107 8

12@ at 228.8 mm

In absolute terms this corresponds to 5.0 x 10”
and 5.0 x 10'93 for the 226.1 rm sbeorption line, In comnarison
to conventional flame AAS, detection limits of 0.02 ppm (228.8 nm)
(163)

and 20 ppm (326.41 nm) have been reported « The resulis cbtained
by the writer are approximately two order of magnitude less than
that quoted for non-flame AF, where values of 10"193 have been

reported(165).

Calibration graphs were produced for both absorption Lines.
For the 288.8 nm resonance line, the curve was linear between
concentrations of 0.001 ppm to 0.10 ppm (Fige 6.4 and 6.5). The useful
enalytical range for the 326.1 rm line was between 1 vpn aad 50 ppine
It is evident that, for the purposes of trace analysis the 228.8 nm
line is the more suitable. The 326.1 nm line is ideally suited
for samples containing larger concentirations of cadmium 13:03

metal matrices.
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6.7.  INTERFERENCE STUDIES

In the determination of cadmium in foodstuffs, any inter.
element effects on cadmium absorbance, would be egpécted from
sodium and tin. The levels of these cations found in foodstuffs
have been discussed in Chapter ¥, and the interierence studies
were studied, in relation to these reported levels, Interference
studies using tin were carried ont at both cadmium resonance.lines,

but the sodium studies were confined to the7228.8 nm line.

Interferences on the filsment have been long recognized as
being due to condensation of the atomic species$95). This-ﬁrqgess
is further aided by the presence of other elements, vwhich can
provide an additional surface area for the atomic cadmium species.
A reduction in inter-element effscts caa be brought about by the
use of limited field viewing, and is experimentally schieved by
placing a pin=hole collimator in froant cf the carbon rod.,and
level with the notch of the filament. A high intensity épectral
source is needed for this technique, for which EDL's are ideally
suited, but in the present studies a high intensity lamp wes
used. The tin (Sn) interference was in the form of fhe metai
dissolved in a minimum of concentrated hydrochloric acid, and the
sodium (Na) was in the form of sodium chloride. ‘The effect of tin
on the cadmiun absorbance at 326.1 mm was carried out using
10 ppm standard solutions. At 228.8 nm the interference studies were
carried out using 0.05 ppm cadmium solulions, and the devression

of signal, at both these wavelengths is shown in Tables 6.2 and 6.3

Under limited field viewing conditions, nc depression of
cadmium absorbance at 326.1 nm in the presence of 800 fold excess
of tin. In contrast by open field viewing, the same levels of

tin gave 30% depression of signal.
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At the 228.8 nm resomance line, no depression of cadmium

signal was observed in the 40,000 fold excess of tin, using limited

field viewing. In contrast open field viewing, a 20% degrease

was found. Hence these studies showed that interference by other

cations could be reduced by limited field viewing.

TARLE 6.2

Tin (Sn) Interference Studies at 326.1 mm

Ratic. of Sn: Cd

Depression of Signal

Limited Field Cpen Field
Viewing Viewing

800 Nil -30%

600 Nil A

400 Nil Nil

200 Nl

Nil.-

TABLE 6.3

Tin (Sn) Tnterference Studies at 228.8 nm

Rgtio of Sn: Cd

Depression of Signal

Limited Field Open Field

Viewing Viewing
0,000 ’ Nil ~20%
30,000 Nil -10%
20,000 Nil Nil
10,000 Nil Nil




The effect of sodim chloride in cadmium absorbance vas carried
out by "spiking" cadmium standards (0.05 ppm) with excess 1e§els of
the sodium cation. Dual peaks were obtained, but it was still
possible to identify the cadmium absorbaice signels. This was
achieved by Yepiking™ the solutions with inqreasing cadmium concentra-
tions. An increase in the cedmium abscsrbance was obsérved, wnile
the other scatter peak height remained constént. It was found
during the course of these studies, that improved resolution of the
peaks was obtaiped by using-a regular time sequence between voltages.
Also the use of an efficient laminar gas flow, greatly aided

resolution of the peaks.

The extent of depression by sodium, on the cadmium signal is

shown in Table 6.k
TABLE 6.4

Sodium Interference Studies at 228.8 mm

- Ratio of Na:Cd Depression of Signal
Limited Field Open Field
Viewing Viewing
20,000 . 10% 6095
10,000 : Ni1 20%
1,000 Nil Nil

From both the sodium and tin studies it is seen that limited
fold viewing reduced inter~clement effects. This observation has
been previously reported(gs), and in some commercial non-flame

atomisers, a pin~hole collimator is incorporated in the instrumentation.
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CHAPTER VII

DETERMINATION OF CADMIUM IN FODDSTUNES

Zele INTRODUCTION

The analysis of cadmium was carried out using a solvent
extraction technicque, the details of which, will be reported later.
Despite the reduction of inter-clement effects reported in
Chapter 6, a direct method of analysis was not attempted, due to
the low levels of cadmium-anticipated. The low levels weXe
expected, on the basis of the differing amount of lead and cadmium .
intakes via the food chain. Human intake of cadmium islgg Lo pe/day,
vwhile the average daily lead intake is ca 300 pg/éay. On the
basis of these two figures, the concentration of cadmium in foodstuffs
would be approximately one eighth of th2 lead levels. Using the
values obtained in the lead studies, the anticipated cadmium levels
in the foodstuffs would be in the range 0,002 « 0.2 ppime Since
no pre-analysed samples were available, the levels of cadmium may
have been below the detection limit, and so a direct method of

analysis was not attempted.

Initial work involved the development of an extraction method
for pure aqueous cadmium solutions, Later studies involved the

measurement of recovery rates of ''spiked" food samples.

7e2¢ EXPERTMENTAL

A number of chelating reagents are available for the extraction
of cadmium, and included are; diethyldithiocarbamate, dithizone, or

(169)

pyridine~thiocyanate. /In innrganic separation was chosen,
for reasons stated in Chapter 4, and the extraction procedure was

in some aspects similar to the method used in the lead studies.
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The cadmium onalysis vas based on formation of H20d14’ which was

extracted into an organic solvent.

7e2e1e DEVELOPMENT O EXTRACTION METEOD

The efficiency of the extraction system was investigated, using
opproximately the same experimental conditions, as were used in the

3

lead analysis. This was achieved by adding'E cm” of acidified
saturated KI to 50 ug of cadmium, and diluting the final vclume

to 25 cms. Various volumes of MIBK were added to the aqueous
solutions, and on separation of the two phases, the cadmium extracted,

was examined,

This was done by epplying 5 pl samples onto the filament, and
using 0.5 V (5 seconds) for solvent evaporation. Atomisation was
at 7 V. Consistently low recovery rates ca 5%%. - 57% were obtained,

and a mumber of possible causes were investigated.

The percentage of KI w.r.t. the fibal aqueous volume was increased,
but no significant variation in extraction could be observed. The
time interval between the addition of the KI, and the MIBK phase was
investigated. Time intervals, up to two hours were employed, but

the percentage extraction efficiency was found to be low. |

The effect of solveﬁts having differing dieiectric covstants,
on the extraction efficiency was investigated. Xylene and ether.whiéh
have dielectric values of 2.3 pD and 4.8 pD respectively, were tried
as the organic extracting medium. Using xylene,an efficiency‘rate
of 20% was found, while ether gave a value of 30%. The use of mixed
solvents e.g. Xylene/MIBK were tried, but low efficiency rates

were obtained. Hence, on this evidence, the possibility of
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- pelanisability _of the solven{:g being o critical factor in the

extraction was eliminated, and for subszsquent work MIBK was used.

At tﬁis stage of the anzlysis, effrciency rutes were found to
vary randomly from 50 ~ 0%, znd no zatiszfactory explanation could
be offered. The acidity of the KI was investigated, and some
increase in efficiency was observed. Az a result of this observation,
the normality of the aqueous solution prior to extraction was
investigated. This was done by varying the volume of concantrated

hydrochloric acid, added to the agueous phase, and recording the

normality prior to extracticn.

A definite dependence was found, and the varistion of rormality
against percentage efficiency is shown in Figure 7.1 This shows
that SN t(H*) wae the optimivm normelity, end 98% efficiecry
obtained. This dependence on normality hésbeen.reported by

170
another worke§ ! )‘.

7e2e26 PROCEDURE
In summary, maxinum efficiency of the cadmium extraction was
obtained using the following experimental procedure. To 20 pg of

3

cadmium were added 5 cm” of écidified saturated potassium iodide,
followed by the addition of 15 cm3 of concentrated hydrochloric acid.
One cm3 of MIBK was added, and the cadmium cxtracted into the
organic phase was analysed on the filoment, using a voltage for
evaporation (0.5V 5 seconds), and an atomisation voltage (7V).

The recovery rates were calculated, using a celibration graph,
prepared at the 326.1 nmm line. By this procedure,recovery rates

exceeding 95% were obtained.
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7e3e ANALYSIS OF SAVPLES

This determination of cadmium in the samples was ‘carried out
in a manner, similar to the lead analysis. Preliminary work was
done in recording recovery rates of 'spiked" samples, and then the
analysie of samples was attempted using standard addition

technique.

7e3ele = MEASUREMENT OF RECOVERY RATES

This was achieved experimentally by adding 50 pgof Cd to 5 g
of a well homogenised sample. The nesed for using finely homogenised
samples has been previously stated in Chapter 5. In order to maintain
optimum normality, a maximum of 15 cm3 of concentrated H2804 were
added to the sample. Immediate charring of the sample was ohserved,
and this was oxidized by the addition of concentrated nitric acid.
As with the lead studies; the volume of nitric acid was related to

the matrix under analysis. In most cases, complete dissolution was

obtained by using equal volumes of nitric snd sulphuric acid.

Once the initial dissolution of the sample was obtzinted, the
next stage involved the removal of the oxidizing species from the

3

acid mixture. This was achieved, by adding 20 cm” of de-ionised
water to the acid mixture and then re-heating the beakers, until
the evolution of white acid fumes. On cooling, the remaining

3

solution was diluted to 50 cm”, which yeilded a 10% solution cf the

sample.

To 20 cm” aliquots of the 10% solution were added 5 em of
acidified potassium iodide. This was shaken for a few minutes,
and 1 e of MIBK, which had been previously equilibrated with
concentrated hydrochloric acid, was added. Good separation of the

vhases was obtained,



- The concentration of cadmnium extracted into the MIBK phase was
analysed on the filament, using 0.5V (5 seconds) for solvent
evaporation, and a pyrolysis stage at 2 volts (5 seconds).
Atomisation was at 7V and the less sensitive 326,17 rm triplet
line was used. The recovery rates were recorded,.using a
calibration graph prepared from aqueous cadmiwn standards.

The recovery rates obtained for a wide range of matrices is showm

in Table 7.1

An alternative means of removing the.cxidizing species was
successfully tried, and involved the use of sodium sulphite
(Na2503). Hence, once an initial homogencous solution was obtained,
this vas diluted to yield a 10% solution of the samples To 10 e
aliquots of this %o% solution were aaded 5 cm3 of KI, and resulted

in the oxidation of the potassium iodide to iodine i.c.

KI + [o} —_— I, (7.1.)

By adding 10 cm® of a 1M Na S0 solution, the oxidation is

reversed according to the following equation:-

Nazso + HO + IZ-———} Nazsou + 2 HI (7.2.)

3 2

One om® of MIBK was added, and the cadmium extracted, was analysed
by the filament technique. The recovery rates c¢btained are shown

in Table 7.1.

\n
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Having obtained satisfactory recovery rates, the samples were
analysed using the more sensitive 228.8 mm cadmium line. A major
problen was that of cadmium contamination of the reagents, a problem
increased by the samll linear range of the 228.8 nm line, Thus,

much effort was concentrated in trying to overcoming the problem.

(a) JIBK

The MIBK vas fouﬁd to contain approximately 0.05 ppm
cadmium, and this was removeé by careful distillaticn. Frior
to distillation, the glassware was scgked in Decon 90, and
washed to remove all grease. The distilling apparatus was

then baked in an oven overnight.

In the distillation of the MIBK,the first and final
distillate volumes were discarded, and the rest cf the
distillate was re-cycled three times. Using this technique

the cadmium concentration was reduced to 0,005 prum.

(b) DOTASSIUM IODIDE

The cadmiuvm from the potassium iodide was removed, by
adding ca 7M H2804 to an equal volume of a saturated KI
solution, and the resultant H20d14 formed, was extracted into
and MIBX phase, In the actual analysis the KI.was extracted

tvice to ensure maxdimum removal of the cadmium.

(¢) NITRIC ACID
A rwmber of methods were tried for the purification of

nitric acid.

Electrolysis was tried, and has been used to remove

Zn, Cd, Pb and Cu from sodium acetate solutions.



This is achieved by keeping one of the electrodes at a fixed
voltage of «1.5V, and a SCE (saturated calomel electrode)

as the other electrode. Metals having an electrode potentiesl
less =1.5V will be deposited on the mercury electroded surface.
This method was unsatisfactery, due to the formation of a
passive lajer by the nitric acid, which prevented efficient

electrolysis.

Repeated distillation of nitric.acid vas also found to
be unsuccessful. An attempt was made to prepare the nitrie
acid from KN'O3 and stoh’ but the resultant acid wes found
to contain approximately 0.5 ppm cadmiume

(d@) TSE OF HYDROGEN PEROXIDE

Analar hydrogen peroxide was also tried, as an alternative

to nitric acid, using the following procedure.

To a pyrex beaker containing 5 g of sample was added 52 L
of cadmium solution. Concentrated sulphuric acid wos added
(10 cm3), and charring of the sample was observed. Hydrogen
peroxide (50 Vol, 15 = 20 cu’) was added, and the besker vas
ﬁeated until a homogenecus solution was obtained. This heating
_wasléohtinued for a further five minutes to remcve any excess |
hydrogen peroxide. The contents of the beaker was nmow diluted

to 50 cm3, and yielded a 10% solution of the sample.

To 20 cm3 aliquots of the 10¥% solution were added 50 cm3 of
acidified potassium iodide. One cm” of MIBK was added, and the
two phases were shaken. On separation of the two rhases, the

cadmizm in the organic phase was determined, using the filament.



The 326.1 nn resonance line was used. The recovery rates
obtained are shown in Table 7.1. But despite the good recovery
rates, a higher cadmium blank value was found. Eventually,
nitric acid of low concentration was obtained from BDH (Poole,

Dorset)o

(e) SULPHURIC ACID

Revoval of cadzmium from sulphuric acid was achieved by
diluting the acid to 7 M, and adding acidified potassium
iodide, On the addition of MIBK thg cadmium was extracted
into the organmic phase. The lower aqueocus phase was re-~heated

to from a emaller volume, to yield a concentrated acid volume,

Despite all these efforts, the contaminationmof the
. reagenfs vas found to restrict the maximum 1evelsicf

cadmium that could be detected in the foodstuffs. The
problem of high blanks were further minimised by extending
the upper linear range of the 228.8 mm calibration curve.
This was achieved by using a smaller volume of samples
(1 p1) and by viewing slightly higher above the surface of
the filament. Thus the linear range of the graph was from
0.01 ppm to 0«5 ppm in contrast to the previous maximum

upper limit of 0.1 ppm (Figure 7.2).

" Te3e3e ANATLYSIS OF SAMPLES

Having minimised the cadmium blank levels, the samnles were

analysed by the standard addition technique.

This was achieved by 'spiking" 5 g sezmples with standard cadmium
solutions. Sulphuric acid (10 cm’) was added, and the resultant

carbonaceous solution was oxidized by the addition of nitric acid.
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The acid mixture was heated until a fuming homogeneous scoluticn

was obtained, and to this vas added 30 cu”

of de~ionised water. The
bezker was then re-heated until the evolution of vhite acid Tumes.
The resultant volume was diluted to 50 cm3, which yielded a 10%

solution.

To 20 cm3 aliquots of the 10% solution was added 5 cm3 of
aciditfied potassium iodide, followed by 1 cm3 o.r MIBK, Fof the purposcs
of the cadmium extraction, it was not nccessary to acidify the organic
phase with HZl. On separation of "the two phases, the MIBK was
anelysed on the filament, using the 228.8 nm line. The following

voltages were used:-

(a) Solvent Evaporation 0.5V 3 seconds
(b) Pyrolysis oy L secords

(¢) Atomisation v

A mean of three absorbance readings were taken, and these
values were plotted as a function of added cadmium concentraticns.
A blank absorbance was subtracted from each resuit, zo as to
compensate for reagent contamination. The blank level was ca

oxe third of the absorbance value for the "unspiked" sample.

As sn alternative to the second heating stage, the oxidizing

species can be removed by the addition of sodium sulvhite Na SOB'

2
Thus, once the sample was initially discolved, the acid mixture
was diluted to yield a 10% solution of the sample. To 10 cm3
aliquots of this solution were added 5 cm3 cf kI, foliowed by the
addition of 10 cm” of IM sodiun sulphite. One cm of MIBK was

sdded, and the cadmium levels analysed as before.
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CONCLUSIONS

R TR L AV W ATC M t A

The oxnly acventage, in using sodium sulphite was that it reduced
the time involved in the annlysis, but increased the cadmium blark
levels by one third. A much beiter idea is to compromise between the

strength of swiphite needed, and the time needed. for the mecond

heating stage.

The resulis obtained are shown in Table 72, and the coefficieht

of variation is 5 - 7%,

Thus using the solvent extraction technique, the detection
limit in solution was extended 10-# prm, which enabled levels as

low as 1077 prm in the foodstuffs to be determined.



TARLE 701

Measurement of Recovery Rates of Cadmium in Foodstuffg

Matrix % Recovery Rate
Beans and Sausages : 97?7
Macaroni and Beef | 98
Bone and Veé,e’cable Broth 100
Beef and Liver - 100
Orange and Rice 98
Beefburger , 97
Tomato Soup* 95
Baconburger® ) 96
Apricot Decsert** o4
Lamb Dinner## 95

*  Using IIa2503

** Using H20 5

-
st

v




TABLE 7024

Analysis of Cadmium in Foodstuffs

Cadmium concentration

Matrix

rp
Orange and Rice 0.02
Tomato Soup 0.025
Milk Rice Pudding 0.12

Beans and lMince 0.
Cheese Savoury 0.04
Beans and Pork Sausages 0.02
- Tomato Soup 0,25
Apricot Dessexrt 0.03
. Beans and Baconburgers 0.05
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CHAPTER VIIT

DETERMINATION OF ARSENIC BY AAS

8ol INTRODUCTION

The determination of arsenic by conventicnal flgme AAS has
vroved to be fairly difficult. This is due to the main aresenic
resonance lines (189.0,193.7,and 197-3mm) being in the UsVe., and
are absorbed by molecular oxygen. Also,at these wavelengths, the
arsenic lines exhibit poor transmissien through conventicnal AAS
flames., Khan and Schalles(171 ) used a fairly transparent argone
hydrogen flame for arsenic determination at 19%.7 nm, and obtained
a detection limit of 0.05 ppm. Using this cooler flame severe

inter-element efects were observed.

By using a hotter but less transpareat airmacetylenekflame,

Slavin (172

obtained a detection limit of 0,25 ppm at 193.7 nm.
Kirkbright et.al used a nitrogen separated nitrous oxide - zcetylene

(57)

flame , and obtained a detection limit of 1 pom at 193.7 nm.

{(173=174)

A number of workers have txied to determine arsemic, by
reduction lo arsine, andaspirating the gas into a conventional air-
acetylene flame. By this technique, Fernandez obtained a

detection limit of 0.15 pp at the 193.7 nm resonance line.

Using flames, arsenic atomic fluorescence has been observed at
188.2, 193.7, 197.2 mm, and also at twelve other non-resonance lines.
A thorough investigation of the determination of the elements has
been reported by Dagnall, Thompson and West(175 ). These workers
used a nitrogen-diluted, hydrogen-entrained air flame, optimium
sensitivity at low concentration was obtained using the 189.0 mn
resonance line, and a detection limit of 0.2 pprm was obtained at this
wavelength. Dagnall, Taylor and West(1?6)have reported detection

limits of O.4 ppm and 0.6 ppm at the 193.7, and 189.0 nm respectively,
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in a pre-mized alr-hydrogen flame. Mamming and Heneage
have obtaiuncd a detcction limit of 1 ppm for arsenic in an aire

hydrogen flame, using a high intensity hollow cathode lamp.

Using pon-flams devices, absorption ¢f the resenance radiation,
found in flame AAS, was avoided. A1l the ron-flame work concerning
arsenic, has been done by AAS, and to date (1974), AF by flaneless

techniques has not been reported. L'vov by use of hisz cuvette

9 “15)

g at the 189.0 zm resonance line o
M

obtained a sensitivity of 10~
' Massnann obtained a detection limit of. 1,90 ' 'g for arsemic at
193.71m# 47). By means of a mini~Massmann furnace a detecticn

10 (1k3)

limit of 10" g has been reported at 193.7 mme

82 APPARATUS
A number of changes were made in the apparatus, as compared

the instrumentation used in the previous studies. Because of its
relatively low intensity output, a hollow cathode lamp vas

considered unsuitable as the spectral source, and instead an
electrodless discharge lamp (EDL) was csed. The construeticon and
operation of the EDL will be described in the next section. The

main arsenic resonance lines (193.7 197.3%, and 189.0 nn)arein the
-UsVe and because of absorpticn by molecular OXyBeN, purging of the
optical path was necessary. An enclosed optical path was constructed
by positioning glass tubing between the source, lens, CFAR, and

the monochromator. The glass tubing was fitted with inlet points,
through which the entire optical path could be flushed with ﬁa. A

similar inlet wac available with the monochrematesr, *hrcugh which

N2 purging was carried oute A schematic representation of the

apparatus is shovm in Figure 8.1,
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When purging was carried out, a 15% incresze in transmission
of the 189.0 nm line was observed. A 5% increase was observed at
193.7 and 197.% nme. Hence all arsenic studies were carried out

using a purged system.

8e3a EXPERIMENTAL

8eZelo OPLRATION OF LDL

In the past few years, the preparation and use of EDLS
for most elements used in spectroscopy, has been widely reported in

the literature’170-179)

« Generally, EDLS for most elemerts are
cheap, easy to prepare, and exhibit intense spectral output. The‘
only majer expense inyolfed is the use of awdlleary equipment needed
vto operate the lamps. Because of their high intensity output,

EDLS have found a wide application in AF studies, where fluorescence
signals are largely dependent cn the intensity of the source.

(34)

A review on the subject has bheen recently published « Electrodless

AY
discharge lamps have also been used in AAS studies below 200.nm(180'o

The EDL used in the present arsenic studies was prepared by a
member of the research team (Mr A. Kiug), who has worked widely in the
area of their preparation and operation. The aréenic IDL was made
from silica tubing (8 mm bore, 1 mm thickness), to form a bulb of
length of 60 mme After the ususl cleaning and degassing of the quartz
"blank", a small amount (1 mg) of metallic arsenic was introduced.
This was volétilised, under vacuum onto the walls of the quartz tube.
A small fraction of the arsenic introduced was re-sublimed into
the bulb portion of the quartz "blank!, the weight of this fraction
was estimated as a few micrograms, The 'blaxk!" was then filled with

arpgon at atmospheric pressure, and removed from the vacuum line.



A small crystal of iodine was introduced into the bulb3 and reacted

with arsenic (by gently heating) at atmospheric pressure, to form

the nmetal iodide. Excess iodine was removed from the bul? by sublimation
under vacuume The "blank'" was flushed a number of times with argon,

and finaily sealed under a pressure of 3 Torr.

The lamp was then oberated in a 3/U4 wave resonant cavity
(Model 210L, Electromedical Supplies, Wantage, U.K.), powered by a
2150 Mz Microtron MK I Hicrowave generator (Electromedical Supvlies)

Wantage U.K).

The stability and the intensity of the EDL was investigated, by
attaching the output of the photomultiplier to a chart recorder, and
recording the base line drift in sigual over é period ¢f four hours.
A 2% variation was found. The intensity of the emitted light for
differing microwave power was studied at all three resonance lines.
Maximum spectral output at all thrée wvavelengths was cbtained at an
operating power of 20 watts. At higher power, the spectral intensity

increased, but the EDL became unstable.

8e3e24 REAGENTS
A1l the reagents were of the AR grrde except where stated. A
1,000 ppm stock arsenic solution vas made up by dissolving 1.320 g

arsenic trioxide (As 03) in 50 cm3 of concentrated hydrochloric acid,

2
and diluciag to 1 1.

8e3430 ORIGIN OF SIGNALS

In view of the difficulties experienced by early rescarch workers
in determining AS by the CFAR, considerable effort was concentrated

in determining the exact origin of the arsenic signals obtained.
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A recent publication(181? has reported the existence of molecular
arsenic bands in the region of 200 mm. These spectra are shown in

Figure 8.2.
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FIGURE 8.2,  MOLECULAR ABSORPTION SPECTRA  FOR ARSENIC

Hence, to eliminate the possibility of the arsenic signals being
caused by scatter or molccular absorption of the incident radiation,
the following procedure was used. A scan of the EDL was carried out,
and a number of useful non-resonance arsenic lines vere found, which
are shown in Table 8.4. These non ~resonance lines were used to

determine the existence of molecular absorption.



40

TARLE 8.1

Some Spectrel Lines Fmitted from the As, EDL

Arsenic Resonance Lines Other Lines Imitted
189.0 nm 187.6 nm (iodine resomance line)
193.7 nm 4 19%,1 nm {non-arsenic line)
197.% nm . 199.0 nm (arsenic non-resonance

Five microlitre volumes of an arsenic standzird (10 ppm) were
placed on the filament, and the water was evaporated by applying a
small voltage of 5V (10 seconds). After an interval of orne minute,
the samples was atomised at 8V, and the arsenic signal was recorded.
This procedure was repeated for a minimum of ten consecutive resulis,

for cach of the arrenic resonance lines.

Arsenic standards (500 ppm) were now atomised at the nearest

non-~resonance lines, and no scatter signals could be observed.

. . . + - .
Five microlitre samples of 100 ppm K (as KCL™) were also atomised
et the arsenic resonance lines, but no evidence of scatter could be

found.

This was conclusive evidence that the atomic absorption was

taking place,



8eZoke MIHORY EFFECTS

Memory effects were found o cccur alfter the atomisation of
10‘ppm or 100 ppm arsenic. This effcct'wés more pcoticeable at low
nitrogen flow rates, esge 3 1 mine™?, although it was also observed
at higher values of the shielding gas gego 10 1 minn"1, These
signals were found to occur, when no further arsenic standavrds were
appiied to the rod, but the peaks were found to disappear after
the applicaticn cof a second or third atomisation voltage. The sante
memory effects were observed, on application of higher initial
atomisation voltages c.g. 10V or {1V, and the possibility of incomplete

atomisation causing the memory peaks was discounted.

These "ghost" signals were found to be caused by arscnic vapour
condensing on the edges of the glass tubing. This tubing was
approxinately 10 mm from the filament,‘and formed a part of the
purging system. The arrangement for removing cxygen from the light -
path vas then altered, so that the N2 gas used for shieldirg the

filament was independent’ - from the rest of the purged system. In this

way further memory effects were not observed.

8.3.5.  FILAMENT VOLTAGE

This par=meter was investigated by épplying 5 pl samples of an
arsenic standard (2 ppm), and atomising at different voltages. These
studies were carried out at the 189.0 nm arsenic line, and the mean
of four a%corbance values was taken, for each Variac setting.

Optimal atomisation was at 8.5V (Figure 8.3). A%t values less than
8.5V, lower absorbance was accounted for, by inconplete atomisation.
At higher voltages e.g. 10V, the decrease in absorbance was caused by

a dilution of atoms reaching the viewing area.
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8.3.6.  NITROGEN FTOY RATE

The effect of the nitrogen flow rate on the arsenic absorbance
was investigated using 2 ppm arsenic standard solutions. TFive
microlitre of the standard were atomised (8.5V) at differing flow
rates, and the corresponding absorbance values recorded at 189.0 mim.
This parameter is shown in Figure 8.4. At flow rates less than
5.1 minf1; lower absorbance was probably due to insufficient atoms
being carried to the viewing arez. At higher fldw rates €ef.

8.1 min."1 the turbvlence of the shielding gas caused some of the atom

population to be distributed outside the viewing area.

Arsenic atomisation was also carried out using argon as the
shielding gas, and no significant change ix absorbance could be
observed. Hence for subsequent work, all the arsenic studies were

carried out using N2 as the sheathing gas.

8e3.7. HEIGHT OF OBSERVATTON

' The position of the fildment we.r.t. to the incident radiation

was altered, and the distances of the light beam above the filament
notch, were measured using a travelleling microscope. Five microiitre
volumes of an arsenic standard (1 ppm) weres atomised on. the filament,
for various positions of the light beam above the filament. The

189.0 nm resonance line was used, and the variation in absorbance

is shown in Figure 8.5. This reveals that optimal sensitivity was
found using incident grazing, and that absorbance decrecased with
increasing height above the filament. This decrease may be 'possibly

due to the formsiion of molecular arsernic species above the filament.
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8.3.8.  STUDIES USING 2.0 rm DIANMETER RODS

The determination of arsenic, was attempted using 2.0 mm carbon
Tods. The brass blocks from the CFAR were removed, and the type
of cell used is showm in Figure 3.1. A rod (25 mm 1ength.and
2 diameter) was'clamped between the two electrodes. Ip,order to
accormodate a 5 pl volume, a notch 4 mm long 2 mm‘wide, and 1 mm deep
was cut in the centre of the filament. The cell was then adjusted

until incident grazing of the lighf was obtained.

Five microlitre volumes of an arsenic standard (100 ppm) were
now atomised, separately, at 189.0, 198.7 and.197.3 nm. Voltages in
the range 6 -~ 12 volts were applied., and some signals were seen at
Variac setting greater than 8V. These signals were found to persist
at all the resconance lines- for 41 - 2 seconds after the initial
atomisation. On applying a further voltage, no.signal could be
seen, vwhich excluded the possibility of memory effects. The arsenic
standards were now atonised at the non-resonance lines (187.6,
193.1, and 199.0 nm), and similar peaks were found. This was
indictative of the fact, that molecular absorptien, and not atomic

[

absorption was taking place.

The failure to obtain-arsenic atomic absorption using 2 mm diameter
rods, may have been due to a surface area effect. This was
investigated using, the 3e2 mm diameter rods, where notches (0.5 mm
length, and 1 mm deep) were cut. The surface area isca 5 mma,

c.fe to 8 mma for the 2 mm rods.

e

Five microlitre samples ( 2 ppm) were atomised, and arsenic
atomic signals were obtained with the larger diameter rods. Notches
of different lengths (0.5 mm = 4 mm) were used with the larger

diameter rods, and in all cases atomic absorption was obtained.
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Using the samller diameter rods no atomic signals could be
obtained, irrespective of the notch sizes. Hence on the basis
of this study, it was found that arsenic could not be atomised.
using 2 mn dismeter rods. This may be due to the fact that the
3e2 It have a slight slower heating rate, and results in a
slightly longer contact time between arsenic salt and the

filament. Hence no molecular species are formed.

Subsequent AAS studies were carried cut using 3.2 mm diameter
filaments. The length of the filament was 20 mm, and a notch

(3 m long x 3.2 rm wide x 1 mm deep) was cut in the rod.

8+3.9. PREPARATION OF CALIBRATTCN GRAPHS AND DETECTION LIMITS

In view of the high background emitted by the arsenic IDL, a
study of slit width against absorbance was necessary. This was
done by atomising 2 ppm arsenic standards, at 189.0 mnm at
differing band~widths. The water was evaporated by applying a
emall voltage (0.5V 10 seconds), and arsenic was atomised at 8.5V.

A plot of arsenic absorbance against slit width, is shown in

Figure 8.60

Optimal absorbance was obtained using a slit width of 25 pm
(band pass of 0.07 nm). At smaller values €.g. 5 pm or 10 1
a reduction in absorbance was caused by an increase in signal noise,
This noise results from the higher amplifier gain needed at
smaller band widths. At wider slit widths e.ge 50 pm, the lower
absorbance was due to an increase of non~resonance radiation

" reaching the photomultiplier.

The calibration graphs were prepared using the following
conditions: (a) EDL 30 watts, (b) slit width 25 pm, (¢) EHT

1200 V, (d) Nitrogen shielding gas 4.5 1 min.~71,
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" (e) incident grazing of the light beam, and (f) atomisation 8.5V.

Calibration graphs were prepared for all three resonance lines
(Figure 8.7). All the graphs were found to exhibit marked curvature,
and methods of overcoming this phenomenon will be discussed in the
next section. The detection limits obtainesd for arsenic lines will

be also reported.

8.k, METHODS OFF OVERCOMING I.OW CURVATURE

8oltete INTRODUCT'ION

One of the evident features associated ﬁith the calibration
graphs was, that of severe curvature. Frﬁm the calibration grephs,
all arsenic concentrations atove 20 ppu gave the same absorbance
values. Hence if the arsenic studies were to be of any analytical

use, this problem nesded deeper study.

Two possible factors were thought to be responsible for the
curvature. These were: (a) Incomplete atomisation (b) High
background from the spectral source. These factors were studied

at 189.0 mm and 193.7 mm arsenic resonance lines.

8elie2e ATOMISATION STUDIES

TNTRODUCTION

In order to eliminate the possibility of low curvature, being
caused by incomplete atomisatioﬁ, the AAS studies were carried out
using a mini~-Massmann furnace. This non-flame device was different
from the filament, in that the arsenmic was heated in a closed systen,

and further energy was supplied from the walls of the furnace.



By contrast, the arsenic on leaving the filament was no longer

subjected to further heating.

8olta3.  DESCRIPIION OF MINZ-MASSHANN FURINACE

The type of atom reservoir used is shown in Figure 8.8, and was

made by turning 6.15 mm diameter graphite (Ringsdorif).

I

i 0

| M o P »
:oi Twice full size
1

LL~

HGLAE 888. L’Il‘v —MA (VSIL;\QSI

The furnace was approximately (4 mm Jong x 3 mm wide, 2 mm deey)
and,‘two holes (2.5 mm) were drilled centrally in the graphite cell,
through which the light was focussed. A hole (2 mm) was drilled in
the top of the furﬁace, vhich enabled 10 pl samples to be applied.

To enable the mini-lassmann to be ﬁsed the CFAR assembly, the ends

of the furnace were reamed out to 3.2 mm dizmeter ends.
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8ltlt,  OPTIMISATION OF MINI-MASSHANN

Because of the differiug geometry of the furnace as compared
to the‘filament, a fewer number of parameters were involved in
its optimisation. The only important factor in the operation,
was the Variac voltages needed for atomication. This was in
contrast with the filament, wherg the shielding gas, and the height

of observation were also critical factors for ophimal absorbance.

Optimal conditions fér atomisation were obtained using the
following prccedﬁre, Ten microlitres of an arsenic standard (10 ppm)
were placed in the mini-Massmaan via 2 =mall hole in the top of
the furnace. This is twice the volume, that could be used with

the filament.

The 169.0 nm iine was used in the atomisation studies.
Differing Variac voltages were applied to the filament, and in

each case the corresponding absorbance was recorded.

A flow rate of N, (4 1 min™ ") was used for shielding the
filament. The graph of absorbance against voltage is shown in
Figure 8.9. Optimal absorbance was obtained in applying 8V,
and at higher values of voltage, no decline in absorbance could
be seen. This is due to the fact that arcenic atomic vapour was
contained within the furnace, vhich resulted in a longer resonance

time.

8.4.5. PREPARATTON OF CALIBRATICH GRAPHS AND

DETECTION LIMITS USING THE MINT-HASSHANN

PROCEDURE
- A calibration graph was prepared only at the 189.0 nn line, but
. detection limits were established for the other two arsenic

resonance lines. Ten microlitres of differing arsenic concentrations
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vere placed in the furnace, and the water was evaporated by applying
a voltage of 0.5V (20 seconds). This relatively longer period of
time was recessary, to ensure complete removal of any water

vapour. The arsenic was then atomised at 9V,

Calibration graphs obtained by the mini-Massmann, and the
filament,are shown in Figure £.10. The calibration graphs produced
using the mini-Massmann were found to ecthibit the same marked
curvature, as those prepared using the filamenit. Hence on this

evidence further arsenic studies were carried out using the filament.

The detection limits obﬁained for both non-flame devices
are shovn in Table 8.2.
.PABLE 8.2

Detection Limits for Arsenic Using Mini-Massaann and CFAR

Wavelength (um) 1890 19367 1973
Mini-Massmann 2 x 10-9g = 10"93 1x 10-8g
CFAR 245 % 10"98 2 x 10"'9g 3 x 10"8g

In absolute terms, similar detection limits.were obtained for
both devices. In both cases the 193.7 nm was found to be the most
sensitive, and detection limits in the region of 10'95 were obtained.

\

‘has reported the 189.0 mm to be the most sensitive
arsenic line, vwhich was in agreement, with the relative oscillator
values of the lines. Most other workers have not used the 189.0 nm

line for AAS measurements, because of its low intensity, and

absorption by molecular oxygen.
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The higher signal t6 background ratio at the 193.7 nm in

the present studies, may account for this deviation from

theoretical values, . .
5.5, METHOD OF TIPROVING SPECTRAL QUTPUT
INTRODUCTION

Having eliminated the possibility of atomisation being responsible
for the markad curvature of the calibration graphs, attention was

concentrated on improving the spectral output of the EDL.

All the calibration graphs prepared so far, have been done
using a slitewidth of 25 um(band pass 0.07 vm), and a sigual to background
ratic of 20. The background was measured by recording the
background signal at a wavelength a few nm either side of the
resonance lines. The use oan emaller slit-widih resulted in an
increase in background, caused by a higher amplifier gain in the

scopes

One method of improving the spectral intensity output is by
caveful temperature control of the EDL enviromment in the cavity.
In this way a more stable and higher intensity spectral output

is achieved,

8.5.1., USE OF THERMOSTATTED EDL

The use of thermostatted EDLS has been a fairly recent

development. Much of the work has been done by ‘dinefordner“g2 18F),

and also in this department( 46).

In the present arsenic studies, the EDL was thefmostatted by
blowing hot nitrogen gas around the bulb of the lamp. This was
achieved by pass%ng the N2 over a heating element, which was

contained in an aesbestos box. Attached to the box was a quartz



tube side-arm, which was placed inside the 3/4 vwave cavity. The
bulb of the EDI was now placed inside the quartz tube, s0 a

constant thermal enviromment was maintained inside the cavity.

The effect of differing temperatures on the spectral output
wvas studied., The cavity was operated at a constant power (30 watts),
and the signsl 1o background ratic gi differing temperatures of

the N2 strear inside the cavity were recorded. This was carried
out at 189,0 2nd 193.7 mm, and the variation found is showa in

Figure 8.11.

Improvement in the signal to baclground ratios were found at
both resonance lines, In the case of the 189.0 nm line, a
three fold improvement was observed at an optimal temperature of
11000. At greater teniperabures the EDL became unstable. At 19%.7 mn
signal to background ratio-was doubled at the sams optimal. Lomperature.
All the measurements were carried out using a 10 ym slit-width
(0.,0% nm band pass). At higher temperatures self-reversal of the
EDI: occurred. This was caused by the abscrptiocn of the radiation
emitted from the central portion of the EDL by the arsenic atoms
in the oﬁter portion. These, being near to the tube walls, were
cooler, and hence have & narrower absorption file. The effect was

to remove the central portion of the emission line.

8.5.2, PREPARATION OF CATLTBRATION GRAPHS USING THE FILAMENT

The calibration graphs were now prepared using the following
conditions (i) Slit-width 10 ym (ii) IDL temperature 110°C,
(iii) N, flow rate 4 = 5 litres. {(iv) Incident grazing, aud
(v) a fully purged optical path.



-
n
[S)

SISNF}( /,Z?F?C/(g:?ourm
J /?H TIo-
o
: ' : (937 6
by ‘
. / N
30
15
ho 60° g0°. 1o’ _iie” i2c'c

_ 7f/7’Per?TU/.’£ °c.
JCI'_QL 8. 11 wgchmx./z’ﬁcxszﬁougn ?@_ﬁo z
ﬁﬂPéﬁﬁTﬁ!({g__fO,? H_o AT __[890 awo [93-7nm .,




Differing arsenic standards were applied to the filament,
and wakter was evaporated at a Variac setiing of 0.5V (10 ceconds)..

Arcenic was atonisad at 8.5V.

The calibration graphs obtained axre shown in Figure 8.12.
The graphs were found te exhibit curvature at 0.6 absorbance.

Previously, curvature was found at 0.35 absorbance.
The detection limits obtained under fhese conditions are showm
in Table 8.3.
TABLE 8.3.

Improved Detection Limits Using CFAR

Line 189.C nm 193.7 nm
Letection '5x 10-105 2.5 % 10-105
Limit.

Using a thermostatted EDL system, the detection limits were
found to increase by a factor of 5. This is due mainly to
the increase of signal.to background rotive. The values obtained were

found in-close agreement with Ehose found by cther workers(h7>.
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8.5.3,  TIIFRFEREHCE STUDIES

The effect of sodium and tin on arsenic absorbance at 189.0 nm
and 193.7 nm was studied. The sodium cation was in the Tform of sodium
chloride, and tin solution was made by dissolving the metal in a

43

Tew cm3 of concentrated hydrochloric acid. The investigation was
carried outv using 1 ppm arsenic standard and different excess levels

of the interfering cations. The results obtained are showvn in

Table 8.4,
TABLE 8,4
Interference Studies Using Tin
Ratio As:Sn ‘ Depression
193.7 1 189.0 nn
10 - Wil Hil
50 ' Nil b
100 2065 055
200 50% i
Loo -  Absorption Peak not resolved
TABLE 8221
Interference Studies Using Sodium
Ratio As: Na Depressicn

193.7 nm  189.0 rm

10 Nil Nil
20 Nil 10%
50 20% 28¢

100 Absorption Peak not resolved




The presence of the interference calions resulted in the
formation of dual peaks. The arsenic signal was ideantified by
increasing the arsenic concentration, and on large arsenic signals

were observed. The other scatler pesk remained constant.

Both cations were found to devress the arsenic absorbance.
At 40O fold excess of tin, the arsenic peak could not be resolved
at both lines. At 100 fold excess of Naf, a single scabter peak
was obtained at 189.0 and 133.7 nm. The derression of signals found
are similar to the effects observéd by workersﬁ85) determining

arsenic by flame AbS.

CCNCLUSTON

The determination of arsenic by the CFAR has been demonstraied
The interference studies showed, that arsenic absorption was
depressed at low levels of sodium aund btine. HMethods of overcoming
this depression of absorbance are given in the ncxt chapter, Also

scme suggestions for future work are outlined.



Chapter 9

Some Suggestions for Future VWork

Ideas for future work can be divided into two main sections viz.

(a) Short term work and (b) Iong tcrm studies.

9.1 Short Term Sugrestions

These can be briefly outlined as follows;
(1) Future AAS studies should be carried out using the new cell
designed in the department. This CFAR has a more efficient cooling
system and avoids the nroblem of corrosion of electrical contacts by use

of carbon rings.

(2) A thorough investigation of the physical parameters involved in
the CFAR e.g. optimal length, diameter of filaments, in relation to atom
efficiency ought to be initiated. It has been shown that arsenic cannot
be determined using 2mm diameter rods, and this needs further investigatidn.
A recent publication (186) has suggested that there is scope for improvement

in the eificiency of filament atom reservoirs.

(3) One of the problems found in the arsenic studies was the poor
signal to background ratio (ca 40). In the lead and cadinium studies,
ratios up to 200 were used. One reason for the low arsenic ratic mey be
due to impurities present in the argon and arsenic metal. Most workers
have failed to mention any purification prccedure of the salts, prior to

introduction into the EDL blank.

(4) A solvent extraction procedure to overcome inter-element effects

ought to be developed for arsenic e.g. Diethyldithiocarbamate. (187)
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(5) The last few years have seen a major gfowth in interest, in non-
flame techniques, but are often the subject of ignorant and mis~directed
criticism. Non flame techniques are a much slower method of analysis than
flame AAS, but are essential where low detection level are required e.g.
As, Cd. Also non flame devices are useful, where sample size is limited
e.g. blood, hair, matrices.

Cne application of non-flame techaiques fhat ought to be considered
is in their use in monitoring large numbers of samples. Any matrix effects
cculd be overcome by dilution of sample, while still being able to detect
at or near the legal limits for most elements. A method of analysis based
on the comparison of peak heights with pre-snalysed samples could be

devised.

(6) One of the problems found during the course of the research was the
poor linear range offered by AAS. The baby food samples could only be
analysed at 217.0 nm, while the 283.3 nm was needed for foodstuffs having
larger amounts of lead. One approach of overcoming this problem by use of
AF, which offers at least 3 or 4 orders of magnitude linear range. Also AF
is not affected greatly by changes in line widths or signal to background

ratios.

(7) The exact nature of trace elements in foqutuffs ought to be
investigated. Oniy 10% of inorganic lead is absorbed by the body while
over 80% of organic lead is retzined. Hence any lowering of the legal
limit may not have the desired effect, of reducing the danger of trace
metal poisoning. Similarly for mercuric chlordide, and mercuric actetate
the absorption of dietary mercury is about 2% and 50% respectively. For
phenylmercury the absorption may range from 60 - 80% and for methyl mercury

exceed 90% (188-189).
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9.2. Long Term Studies

Introduction

Much of the long term studies ought to be directed towards multi-
element analysis. fThis is particularly desirable in the food industr
vwhere the following elements; Se; Pb; Hg; Mn; Coj; As; Cd; Zn; and Sn, have
been reported to cause trace metal poisoning.

'All the specﬁroscopic techniques AR, AAS and AF, are capable of
multi-element analysis, but each technique possesses itsvown particular
problems.

In AAS the problems associated with multi-eiement aralysis are
two fold viz (a) Spectral source, and (b) Kead-out system.

The first problem is one of focussing three to six lamps at one
point, without severe loss of light.

One method of cverceming this problem may be by the use of a flow
through hollow cathode lamp system. When szlts of different elements‘are
placed in the cathcde of the flow through system, it can act as a multi-
element source. A flow through system avoids a build-up of atoms around
the cathode, and the use of this lamp kas been demonstrated in this
laboratory. (190)

The read-out problem is one of simultanéously recording, the
signals. But one advantage of AAS is thét non fl;me cells are capable of
atomising most elements by simple temperature control, Iead and vanadium
can be atomised by the CFAR, while vanadium can only be determined using
and nitrous-oxide acetylene flame.

In AF, the problem of focussing the light source zre even greater.
This is because the cavity and microwave generator nceded for multi-element
work are difficult to arrange in the correct optical positions. The use of
multi-element EDLS have been tried, but the choice of elements is severély

limited. Arsenic ADLS gives optimal spectral output at a temperature of

110°C, while an optimal temperature of 200°C is needed :for a manganese EDL.
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In AE,kthe geometrical problem of focussing’the light is avoided.

The disadvantages which were associated with AE viz (a) low
temperéture of flame, and (b) spectral interference, have been overcome
by the use of the r.f. emission plasma. This plasma can achieve a
temperature over 6OOOOC, and combined with an echelle manochromator can
avoid spectral over-lap.

Many worhers have talked enthusiastically about this technique,
but as yet very few appliCations of R.F. emission spectroscopy have been
published. Hence it is difficult to evaluate its use as a possible routirne
laboratory method of analysis.

The main disadvantage of this technique.” are (a) its initial high
cost of equipment (up tc £30,000), (b) its expensive c¢perating cost viz.
argon, and (c) its inability to handle small samples e.g. hair.

One chemical method of multi-element analysis, is by use of
chelating reagent, which will extract with a maximum nuwsber of cations.

A recent publication (191) has described the simultsneous extraction of

Pb (II), Ag I, Sb III, Th III and Bi (II) with zinc dibenzyldithiocarbamate.
Good recovery rates were obtained. This system could be used in analysis
of tréﬁe metals in foodstuffs; and most modern AAS instruments have

turrets for six hollow catﬁode laimps, which would facilitate easier
operating conditions.

Finally non-flame devices are now beginning to form an integral par
of modern AAS instruments. This is indicative of the fact that non-flame
methods will play an increasiﬂgly important part in trace analysis,
especially where low detection limits are required. This is particularly
so in the food industry where legal limits for more elements may be
introduced e.g. Hg, Se, Cd.. Presently (1974) leéal limits exist only foxr
Pb and As. Flame techniques will always be used, where a quick but leés

sensitive Method of analysis is required.
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Plancks constant
Inergy

Frequency

Wavelength

Boltzmann Constant
Absorbance

Statisical weight
Universal Gas Constant
Oscillator Strength
Absorption Coefficient
Doppler VWidth

Natural Width

- Lorentz Width

Velocity of Light

Symbols

Szmbol

4
.63 x 10'J4 J. sece.

1.60 x 10 Je eV"1

-1
sec

8.31% J.K™" mol

cm
nm
nm

3 x 108 | s“1
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