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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 heterogeneous foodstuffs, is described. 

The determination of cadmium by the 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, 

which 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 

1.1. HISTORY OF THE TECHNIQUE 

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

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

elements in solution(1) 	That atomic absorption has become important is 

not nearly as surprising, as is the fact that it took so long to do so. The 

phenomenon has been known since the early 19th cPntury,when Wollaston 

observed dark lines in the emission spectrum of the sun. Fraunhofer (2)  was 

able to determine accurately the wavelength of several hundred of the lines. 

Brewster(1832)(3)  explained these absorption lines in the spectrum of the 

sun,and correctly deduced the relationship of atomic absorption,()  to 
 

atomic emission. In 1955 Walsh (5) Alkemade and Milataz (6 7), published 

papers describing the application of atomic absorption to chemical analysis. 

Walsh's paper surveyed the theoretical factors involved in atomic absorption 

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 COEYFICIENT 

The fundamental theory of atomic absorption spectrometry has been well 

documented by many authors(8-15), 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 

radiatiorrby free atoms in the gaseous 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--4 k transition results in the absorption of light, 



the frequency of which is given by 

	

ski 	= 

Where h = Planck's constant. 

AAS follows an exponential law for the intensity I of transmitted 

light against absorbing volume length 1, and this law is similar to 

Lambert's law in molecular spectroscopy. 

I = I ev1 
	

(1.2.) 

where Io is the intensity of the incident beam of light 

k
v 

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 (A),defined as 

A = log (III) 
	 (1.3.) 

Using equation 1.2. we get 

A =%v1 loge 

= 0.4343 kvl 
	

(1.4.) 

It follows that the absorbance is directly proportional to the absorption 

coefficient. 

The degree of absorption will depend on the extent to which the lower 

levels of a particular transition is populated. With thermodynamic 

equilibrium in a systemIthe level population will be determined by Boltzraatmis 

law, which can be expressed mathematically as 

gi e  -E /KT i 

	

1 	a
go  
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where N. is the number of atoms at the level with energy E. 

N.c) is the number of'atoms at the ground state (unexcited state 

with an energy Eo  = 0) 

gl . and go are the statistical weights of the i th, and ground states 

respectively. 
K = Boltzmann constant. 

The excited population is small in comparison with the ground state, 

and the population has been calculated for various 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/No  FOR VARIOUS RESONANCE LINES 

Line gl/go  

-----..........;.- 

2000°K 0_, 3000°K 5000°K 

..._-_ 

Cs 852.1 nm 2 4.4 x 10-4  7.24 x 10-3  2.98 x 10-2  

Na 589.6 nm 2 9.86 x 10-6  5.88 x lo-4  444 x 10-3  

Ca 422.7 nm 3 1.21 x 10-7  3.69 x 105  6.03 x 104  

Zn 213.9 nm 3 7.29 x lo-15  5.58 x 10-1°  1.48 x lo-7  

The ratio of N./No  increases exponentially with temperature and wave-  

length. Thus it can be seen that at flame temperatures of 2- 4000°K, 

effectively 1007. of the atoms are in the ground state. Absorption is 

therefore greatest in lines resulting from transitions from the ground state. 



1.3. 	OSCM,ATOR STRENGTH 

Another factor which determines the degree of absorption is the 

oscillator strength of the transition. The escillator strength (f) of a 

spectral line is the measure of the average number of electrons per atom 

which 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 f 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 

given by Robinson(17) 

1.4. 	ABSORPTION LINE PROFILE 

The absorption coefficient expressed in equation 1.2. applies to the 

spectral line resulting from an atomic transition between i and k energy 

levels. However, the line is not infinitely narrow, but covers a definite 

although relatively narrow frequency 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 k
max 

 is called the HALF WIDTH of the absorption 

line and is denoted by 4v. 
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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) Natural Broadening 

(2) Doppler Boradening 

(3) Lorentz and Holtsmark Broadening 

(4) Zeeman Broadening 

(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 

broadened. The broadening is the result of the finite lifetime (T) 

of the levels between which a transition takes place. The ground level 

is stable (T = °), and the width of the upper level is therefore the 

only width of significance for resonance radiation. Thus, the natural 

width of a resonance line can be defined as 

Vn  = 

 

(1.6.) 

  

arr T 

In most cases, the natural width Av
n 

does not exceed 10-5run  

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

can therefore be ignored. 

(2) asmierLBroasleninz 

Doppler broadening is associated with the random thermal motion 

of atoms relative to the observer(18). Mathematically, the half width 

due to Doppler broadening can be expressed 

Av  = 2yr2TEri.VT  o T1  

 

(1.7.) 



On substituting mathematical figures we have; 

Ay
D 	= 0.716. 10

-6 
v
o 

T 

• 

where R = gas constant 

M = Atomic weight 

T = absolute temperature 

c = velocity of light. 

( 1 . 8 .) 

Thus, from 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 proportional to the amount 

of foreign atoms precent,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 3  nm 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, 

Preston(21)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 transitions 

involving singlet states S = 0, where S is the spin number. The 

second is the anamalous Zeeman effect, and is observed where S has a 

non-zero value. This means that the angular momentum CO set up by 

the spin of the electron must be taken into consideration. The 

intensity of the Zeeman lines have been measured, and the degree of 

broadening has been previously reported(22,23). 

(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 showed that the emission 

line of an element splits into several comporents,when the emitting 

source is placed in a strong electric field. The separation,and the 

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 determined by 

Ladenberg(24). 
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The overall effect of all broadening factors has been investigated 

byWinefordneri Parsons and McCarthy(25), who calculated the 

theoretical maximum and minimum values of the total line widths of 

60 elements. 

For most elements the average total line width lay in the range 
7 

10
-2 - 10.1  nm 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(26127) 

1.6. 	"SENSITIVITY" AND DETECTION LIMITS 

These terms are used frequently in AAS literature, and define the 

capability of an instrument to determine a particular element. The detection 

limit was origivIlly defined as the amount of/or concentration of the element 

measured in g, or parts per million (ppm) oroducing a signal equal. to 

twice the background noise 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 limit of detection has been defined as the minimum concentration of 

the element that can be detected with 955.5 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 an 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 AM WITH ATOMIC EMISSION  AND ATOMIC 

FLUORESCENCE SPECTROSCOPY 

A) Atomic Emission  Spectrometry (AE) 

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

has been well documented(29?3°). 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 spectrum which is dispersed, selected 

and measured by the instrument. The nature of the spectrumiand the 

intensity of the different emissions will depend on the excitation 

energy available, the nature of the entities excited and the concentra-

tion,and nature of other components in the flame gas. The fraction 

of the atoms excited will be largely determined by the flame 

temperature and Roltzmann'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 excitr:d. 

B) Atomic Fluorescence (AF) 

This phenomenon was first observed by Wood( '1)  in 1904 but like 

AAS a long time lapsed before its usefulness as an analytical 

tool was realised. Atomic fluorescence is caused by the absorption 

of light of frequency v , by an atomic species which re-emitts the 
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light at the same frequency or at a different frequency than v. 

The manner in which the light is re-emitted will give rise to various forms 

of fluorescence,and at present five distinct forms of fluorescence have 

been observed. These forms are represented schematically in figure 1.2. 
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FIGURE 1.2. VARIOUS FORMS OF FLUORESCENCE 

(i) Resonance Fluorescence  

This occurs when a radiation of a given frequency excites an electron 

from its ground state So  to an excited state S2• Subsequently, the e-xited 

electron transits back from S
2to So'and emitts energy of the same frequency. 

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

radiation. Most elements are known to exhibit resonance fluorescence. 

(ii) Direct Line Fluorescence  

Direct line fluorescence_occurs when an excited atom represented by 
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the energy level S2, undergoes an electronic transition to an intermediate 

energy level Sywhich 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) Zeswise Fluorescence 

When an atom is excited to some high energy state such as S2, 

collisional de-activation may occur to some state of lower energy such as S1. 
1 

The atom then returns to the ground state to give rise to stepwise 

fluorescence,and this phenomenon occurs in sodium. 

(iv) Assisted Direct Line Fluorescence 

This type of fluorescence was first reported for As, Bi by Dagnall(32, 

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

thermal energy to make two electronic transition. 

(v) Senoitize Fluorescence 

This is a rare phenomenon involving interaction between atoms of 

different elements. An atom of an element absorbs its own resonance 

fluorescence radiation e.g. Hg at 235.7 nm then collides with a ground state 

atom of other species e.g. (T1) and an energy transfer occurs. 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 

a number of authors(34'35)  

OVERALL  COMPARISON OFPAS  AE AND  AF -------- 	 .1.04. • 

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 2but each technique does possess 

its own specific limitations. 
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Secondly, too often in the past some analytical chemists appear 

be totally obsessed with detection limits,and using this as a sole criteria 

in comparison with other techniques. In some cases the detection limits 

are subject to suspicion,and the writer feels that voodoo influences may 

not be totally absent. 

Thirdly, before any objective comparison can be made between techniques, 

the following criteria 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, many authors compared 

this technique with the long established technique of flame emission 

spectroscopy(36' 37). At that period of time, the advantages of AAS, 

could be summarised as follows: 

1) In AAS measurements it is almost impossible for the resonance 

lines of different elements to be superiTposed. That is to say AAS, offers 

excellent selectivity whereas in emission methods, lines of foreign elements 

with any appreciable concentration may well be superimposed on the analysis 

line. This spectral interference may also take the form of molecular 

bands e.g. CaOH, CuOH. 

2) Hollow cathode lamps and radio-frequency discharge lamps, which 

are used tls 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 resolving power. 

3) In 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 



15 

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

not greatly affected by small changes of temperature. 

4) The sensitivity of emission methods depends greatly on the 

energy of the levels corresponding to the analysis lines, especially with 

low temperature excitation sources, such as flames. Consequently, there 

is a great reduction in the sensitivity of determining many 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 population 

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 workers have tried to overcome these difficulties associated 

with flame emission spectroscopy(38,39).  The problem of sensitivity below 

300 nm has been partially overcome by the use of hotter names. This is 

particularly so in the case of radio-frequency plasmas, which are capable 

of exceeding tempreratures of 6000
0
C 4°) By using plasmas the problem 

of molecular bands has been overcome. The problem of 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
-2

nm, and may help flame emission to abhieve 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 AY 

The advantages and disadvantages of AAS in relation to AF have 

been surveyed by Thompson and others(43,44) These can be summarised as 

follows : - 
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AF Advantama_in relation to AAS 

(a) Since AP is essentially an emission technique, the sensitivity 

can be increased by either increasing the source intensity,or the gain of 

the instrument. In AAZ the absorbance is a ratio of intensities 

(eq. 1.2 ), and hence any increase in the source intensity I0  is accompanied 

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

unaltered. 

(b) AF requires somewhat-less sophisticated equipment,and the cost 

can be reduced by dispensing with the monochromator(45). This has been 

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

multipliers. 

(c) In general, for most elements there are more fluorescence lines 

than absorption lines. This gives a greater choice in the wavelength of 

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

and 197.2 nm_ where absorption by optics,and flame gases can be quite serious. 

Also,the photomultiplier response is poor at these wavelengths, especially 

for the most sensitive line 189.0 nm. Although, these resonance lines 

must be used in absorption measurements, the fluorescence resulting from 

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

AF_ - Disadvantage in relation to AAS 

(i) In flame cells the high intensity background can be more of a 

problem in AF than AAS. 	This is because much larger slit-widths and 

high amplifier gains are employed in the former, especially at low concentra-

tions. Source modulation prevents the background from being amplifiedl but 

this can nevertheless seriously overload the photomultiplieriand increase 

the noise level. 
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(ii) Light scatter is a greater potential source of interference 

at the resonance lines of AF 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 source is available AF is not very 

sensitive. 

Overall, the rate of development of AF w.r.t. to numbers of papers 

published has not been as fast as AAS. This may particularly reflect 

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(). 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, considerable advances have been made in 

AAS. These have been mainly in the development of non-flame atom cells 

and better spectral sources. Both these developments have stimulated new 

interests in AAS, and in this section the 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 automatic choice as 

atom reservoirs. Today, flame technology has produced a number of flames, 

ranging from low temperature e.j. 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 case of L'vov, who looked for non-chemical 

means of generating atoms. The advantages and disadvantages of flames 

have been summarized by many authors (47' 48) The disadvantages associated 

with flames may be summarized as follows:- 

(a) The conventional methods of sample introduction are highly 

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 

, the walls of the spray chamber, hence only 3 - 1Zo(49)  of solution reach 

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

using ultrasonic nebulisation(50,51),  heated spray chambers(52'53), or hot 

gases have been reportedi but generally, operation of the apparatus tended to 

lack simplicity. Recent developments in this department have led to more 

efficient nebulisationi and increased sensitivity has been reported(54) 

(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), while it is that an atom spends 10 4 second in the analysis volume 

practically difficult to record the equilibrium signal in less than 

10 seconds. 

(c) In many instances, the efficiency of free 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 
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presence of oxygen and hydroxyl 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) Flames 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 gasesland,  the continuous 

spectra from the dissociation, ionisation 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 an inert gas,and viewing the 

interconal zone. Using this technique, it is possible to make analytical 

measurements below 200 nm (57-58)  

(e) The flam:! which produces the greatest freedom from inter-element 

effects may also in atomic fluorescence produce lower fluorescence 

efficiency than the cooler hydrogen flames. This may be partially due to the 

appreciable concentrations of molecular quenchers such as CO, N2  which are 

undesirable in AF. 

(f) Precise control over flame conditions is difficult. Varying the 

chemical composition of the flame (by varying fuel: oxidant ratio) invariably 

affects the flame temperature land 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 aflame as the 

atom cell. 
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(h) Finally, flames are 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 effects. Most flames in common use can be 

made safe to operate. 

(2) Most burner systems are 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 analytical purposes. 

(4) The signal to backgroundland signal to noise ratios 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 CELLS 

Introduction 

For the purposes of convenience ne majority of non-flame cells can be 

subdivided into two main categories viz. furnaces and filaments. The major 

difference between these two classes is that,in the case of the filaments 

no further thermal energy is available when 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

A}£, to restrict the field of vievrlng, so that the largest concentration

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

categorJ~are electrically hea~ed rods strips or boats.

FURNACES

One of the earliest furne.ces used in atomic spectroscopy Was dssigned

by King(59), and it consisted of a graphite tUbe in a vacuum chamber heated

oto by an A.C. to over 2000 C. This tube was used for physical studies
.)

and was modified by many \</orkers(60) •

One of the best known modification of the King's furances was achieved

by L'vov, "rho used it widely in AAS studiesc A diagram of Lf'VO"'s

modification is shown in Figure 1.4.

Graphite Tube

Light
Path

)

\'Ie.cer Cooled
Graphite Contact

(

)

Sample Electrode
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TABLE 1.2.  

Sensitivities  with Lvov furnace 

Element Line 
nm 

Sensitivity 
picograms 

Ag 328.1 	i  0.1 

Al 309.3 1.0 

Au 242.8 1.0 

B 249.8 200 

Bi 306.8 4 

Ca 422.7 0.4 

Cd 228.8 0.08 

Co 240.7 2 

Cu 324.7 o.6 

Mg 285.2 0.04 

Mo 313.3 3 

Ni 232.0 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 onto the tip of a carbon electrode 

and introduced into the heated furnace through the trannVerse aperture at 

the centre of the tube. The furnace or cuvette is heated to the desired 

temperature (10-20 seconds) electricaily(A.C.)from a 4 Kw transformer 

at up to 10V. 

The electrode is introduced into the apertereland immediately heated 

to enable efficient atomisation to occur. Measurements made using radio 

active tracers(61)indicated 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. 

',Ivor and co-workers have reported detection limits for 46 different 

elements using the cuvette with absolute sensitivities largely in the range 

109 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 vacuum ultra-violet. The reader is referred to L'vov's own 

reviews of the work carried out with graphite cuvette and various other 

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 furnaces are heated from ambient temperature to working temperature 

with the sample inside them so that the sample is submitted to a temperature 

ramp. Also in other furnaces the inert gas usually flows through the 

furnace. Lvov claims that these other furnaces devices cannot achieve 

the sensitivities obtainable with his apparatus because of these 

differences. 

Massmann(64'65)has described the use of a modified cuvette in both 

AAS and AF, which is shown in Figure 1.5. 



1 71.77g 	NN t>14 s-  5 	5 
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In this type of furnace the auxiliary electrode is dispensed with, 

and the sample is micropipetted directly into the graphite tube via a 
■•••■•■••■.■ 

small orfice. The AAS furnace is 55 mm ionc, 6.5 mm i.d. and 1.5 mm 

thickness. The A? 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 200000 in a few seconds by a power supply 

capable of delivering 400A. The sample is atomised land the atomic 

absorption or fluorescence measurements are made on the transient atomic 

vapour in the furnaces. Improved sensitivities for Al? over AAS were 

found for zinc and cadmium, only and this was attributed to insufficiently 

intense sources. 

Winefordner(66)has also reported the construction of a graphite cell 

similar to that of Massmann, but designed for atomic fluorescence studies 

using a 150-W -.tenon arc lamp as a continuum source, as yet no analytical 

results have been published. 

A graphite furnace for AAS measurements, similar to that designed • 

by Massmann is available commercially(67). This has been used by a 

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

These include copper and strontium in milk(67)  iron ron in sea-water(68) 

vanadium and nickel in oils(79), lead in air (particulate matter was 

collected on millipore filters(701)  1  and chromium in blood plasma and 

urine(71). This technique is not completely interference free,and workers 

have sought to overcome this by removing the unwanted matrix by 

selective volatilisation(68) or solvent extraction. 
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Khan and Slavin(72)  have shown that it is possible to increase the 

sensitivity of the analysis 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 -1Z, although this can be improved 

upon, particularly when organic solvents 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 virtually eliminating errors in the sample transfer improves the 

precision of the method by 1 - 2. 

Woodriff and co-workers(75-79)have developed a well insulated 

constant temperature furnace, which has been used in AAS studies. The 

tube is machined from graphite with a wall thickness of about 1 mm, the 

length is 150 min' and the internal diameter 7 mm. The tube is heated by 

h, current of 100 - 150 A from an arc A.G. welder, temperatures up to 

3000°C can be reached,but most elements give maximum sensitivity below 

2500°C. The sample is introduced either as an aerosol after conventional 

nebulisationf or in a carbon sample boat:  which is inserted into the pre-

heated tube via a side-arm. Because of the long path 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 

applied to the determination of silver in snow(78) lead in fish(79)  and 

lead in air. In the latter case, air was filtered through a graphite cup 

which was introduded directly into the tube. To compensate for non-specific 

absorption, a background correction incorporating two polarizing filters 

was employed(80). 
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Norval(81) has described a much simplified Meeomann tubsowhich hoo 

a reduced wall thickness at its centre to increase the heating rate. 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 machining must be highly producible. 

An induction furnace for the determination of cadmium in solutions 

and zinc-base metals by AAS has been described by Hcadridge and Smith(82)  

The furnace is similar to that of-Livov's,and is heated inductively up to 

1300
0C for routine use, although the maximum 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 reported .exhibit marked curvature, but the major disadvantage 

is that the low temperature restricts its use to the volatile elements. 

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

Pemsier and Rapperport(83) determined zinc in copper alloys by sealing a 

known weight of the alloy in a quartz tube, and measuring the zinc absorption 

at various temperatures. The vapour pressure of zinc could be calculated 

from this dataland correlated to the amount of zinc in the sample. Levels 

of zinc down to 0.08 -opm were measured. 

Winefordner and Shull(84) have described a metal, tube furnace. The 

heating element is made of platinum and the sample is introduced as an 

aerosol. Although less porous than graphite, the platinum has an upper 

temperature limit of 1500°C compared to 2700°C for graphite,and due to this 

reason the detection limit for involatile elements (Fe) was poor. 

The nickel absorption tube used by Delves(85) for the determination 

of lead in blood can bo_considered as a non-flame device, although the 

tube is heated by a flame, of an AAS spectrometer, where lead is atomised. 
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The optical path is along the axis of the tube and this tecKnique 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 

7 ) determination of fourteen more elements have been also described
(86). Khan (8 ' 

has used the absorption tube to determine lead and cadmium in soils and 

leaves. 

FILANEVTS 

In these "open" devices the atomic vapour released from the surface 

passes into an unconfined volume in the absorption or fluorescence light 

path. The atoms usnally cool quickly as they enter 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 furnaces, memory effects are rarely observed. 

Several workers have published(88-90) methods for determining nerogram 

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. 

Brandenberger(91)as well as depositing mercury on a copper where 

by spontaneous amalagation or electrolysis, has isolated Cd, Zn, Pb, Tl, 

Cu, Ag, Au and Pt on platinum or tungsten sampling wires. 

Bratazel, Dagnall  and Winefordner(92)have described the use o4: platinum 

wire atomiser for determining cadmium, mercury and gallium by atomic 

fluorescence spectroscopy. For these three elements detection limits of 

10
-14g, 10

-18g and 107g 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 West and co-workers at 

Imperial College. This work was first reported by West and Williams(g3)  

and took the form of a carbon rod 2 mm in diameter, clamped between 

stainless steel supports via which electrical connection was made. The 

effective length of the filament was 22 mm and it could be heated to over 

2000°C in 1.5 - 2 seconds. Liquid samples (10. or 5111) 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 aryl  AF 

studies, good sensitivities for Ag and Mg was reported. A modified 

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

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

both by ASS and AF(94-100) • 	Interference effects 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 

groups of workers have determined copper in serum(101)and also various 

metals in oils(102).  By using a monochromator with a sufficiently wide 

band.-pass,and a dual hollow cathode lamp, advantage has been taken of the 

Cu 324.7 nm and Ag 328.1 nm lines to determine these two elements 

simultaneously. This was also due to the varying atomisation temperature 

of Ag 1000°C and Cu 1800°C(/03). 

Tha basic device of West was modified by the Varian Techtron 

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 small hole or allow the sample to be placed on top 

of the rod (see Figure 1.6). 
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FIGURE 1.6 (a) CARBON ROD ClaNI-MASSMANN1 FOR AAS ONLY 

Sample 

FIGURE 1.6 (b) CARBON ROD FOR AAS OR AF 

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

flow of argon, nitrogen or hydrogen. 

When hydrogen was introduced into the inert gas stream, it ignited 

spontaneously when a sufficiently high temperature was reached. The 

resultant reducing flame was highly effective in reducing inter-element 

interferences, and p,,n-atomic absorption, and in giving an improved atomi-

sation, particularly for less volatile elements, This modified West 

type of rod has been used in the determination of metals in petrol(104)  

selenium in natural waters(105) and silver and gold in metallurgical 

samples. 

Recently, the Varian Techtron Company have added two further forms 

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 TUBE AT01,11SM 

FIGURE 1.8 	CA: ''N  CUP ATOMISM WM■•■=i. 

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 intended for those aralysis in which 

the high sensitivity of the tube,is not required or where reduced 

sensitivity is desirable. 

Steele and Guerin(106)have described a carbon rod atomiser in 

which the sample is placed in a groove machined along the centre portion 

of a 1F5 mm diameter rod. The groove is 20 mm long and accomodates 50 

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. , 

Donega and Burgess have(107)assembled a filament device similar 

to that used by West and co-workers, but in which the sample boats are 

cut from graphite sheet or tantalum on tvngsten 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°C 

in less than 0.1 seconds. The filament assembly is enclosed in a 

quartz tube 50 mm diameter, which- has an optical quartz window sealed on 

one end and an 0 ring flange on the other. The device can be used with 

volumes of liquid samples as large as 50 -. 100 pa. The mode of 

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

_008 109) Hwang et al 	' 	and Takeuchi(11U)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 inertgas. Hwang(108) 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 NIBK. 	Takeuchi determined six elements with sensitivities in 

- 10 the range 10 	- 1012g. 

Cantle and West(111)have used a modified form of the West William 

cell, in which the carbon rod is replaced by 2 mm tungsten rod. A 

comparison of these two filaments materials indicated similar 

sensitivities and interference effects for a number of elements by I= 

the main advantage of the tungsten rod is its much longer life, but it 

is not capable of determining as many elements e.g. Ng. 
.rtrallot.mlia• 
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OTHER NON-FLAME CELLS 

The sputtering action which is responsible for the production of 

atomic vaucur within a hallow-cathode lamp can be exploited for the 

atomisation of samples for AAS. - This has beer_ done by Walsh and co-

workers(112,113)who constructed a sputtering cell in which the metal 

samples were machined in the form of a cathode. The chamber was then 

evacuated, 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 aluminium 	 steels, 

with this device has been reported(114).  A disadvantage of this technique 

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

to restrict the technique to metal samples. 

Golob and Brody(115)overcame the limitation of using a solid sample 

by evaporating liquid samples onto the inner wall of an aluminium hallow 

cathode lamp. Microgram amounts of sodium, calcium, magnesium, beryllium 

and silicon were determined by AAS. 	A number of interference effects 

were studied and these were found to be severe (e.g. a fivefold excess 
0.41101■1/1114 • 

of lithum reduced the absorption signal by approx 50%). Also, 

to ensure reproducible results it was necessary to take great care during 

evaporation of the sample. A similar hollow cathode sputtering cell 

employing a carbon cathode has been described by Ivanov(116) 

) Massmann(117 ' has used a hot hollow cathode for the determination of 

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 synchronisation 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 

the major elements,and is too slow to allow their effective analysis 

by this technique. 

The use of arcs and sparks for atomisation and excitation in 

emission spectrochemical analysis has a long history(118).  Robinson(119) 

first used the D.C. arc for atomisation of solutions for atomic 

absorption,: The samples was nebulised by a conventional total consump-

tion burner which was insulated, the aerosol passed between two 

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

Kantor and Erdey 2°)have used a time resolved A.C. arc spectra 

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 poorly 

reproducible, results have been of a qualitative nature. Webb and 

Webb(121)excited the plume of atoms produced by the laser pulse with 

a spark,and monitored the resulting atomic emission. By use of an 

emperical equation they were able to analyse semi-quantitatively for a 

number of metals in various alloys and ceramics. 
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CHAPTER II 

OCCITRREVCE OF TRACE  37.Za"NTS IN FOODS= 

2.1. 	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 manifested 

in a number of ways,and one of the results has been the creation of 

powerful environmental lobbies in many countries. Numerous papers 

have been published in the scientific journals(122,1Z3) relating the 

levels, and occurrence of these trace elements. 

The need for constant, and effective monitoring is highlighted by 

the often belated discovery of diseases associated with trace element 

poisoning. Perhaps one of the greatest indictments 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 illustrated by the two recent disasters associated 

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

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 nearby 

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 arising from ostemalacia. 

Initial symptoms were lumbar pains,and myalgia in the legstand later 

skeletal deformation took place with marked decrease in body height, 

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

course, perhaps 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-. etc). The mercury poisoning 

was a direct result of the preparation of home-made bread from wheat, 

which had been sold for planting, and not for human consumption. The 

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 which can effect the levels found in foodstuffs. They include:-

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

2.2. 	AIR 

Lead in the environment comes mainly frcm the products of petrol 

engines. Approximately 10,000 tons of organic tetra-ethyl lead is 

used in the United Kingdom annually as c petrol additive, and of this 

7,000 tons comes out of the exhausts. The distribution of lead in 

the atmosphere has been published by a number of authors (125,126),  and 

some values are quoted in Table 2.1. Values reported, included an annual 

average of 10-4ppm found in Greenland to a high concentration of 

175 ppm found near Tokyo garages. 
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TABLE 2.1 

Levels of Lead Found in the Atmosphere 

Site Period Lead Levels found in Air 

Tokyo garages Daily up 175 ppm 

Los Angeles it 71 " 

Mersey Tunnel II 10.5 " 

Fleet Street II 6.3 " 

Greenland Annual 0.005 " 

South Pole n o.004 II 

Assuming that the average amount of air breathed is 15 m3/day, 

and average lead level is 1 pg/m-", then the amount of lead inhaled 

daily is 15 pg. 

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

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

0.84 ppm to 0.45 ppm. What this conceals is that the actual average 

lead cor,tent at the moment (1974), is only about 0.49 ppm: It is 

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. 

Other countries are being more drastic. Japan and Sweden plan to 

cut out lead in petrol by 1974 and 1976 respectively. Germany and 

Austria have already gone down to 0.4 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 cadmium alloys. Similar values were recorded 

in Japan in the neighbourhood of a zone smelter. 

2.3. 	SOILS ANDWATER 

The levels of trace elements found in the soils will be partly 

related to concentration found in the atmosphere. The levels of lead 

in soils have been published by a fewattllors(127),. and the reported 

values are shown in Table 2.2. 

TABLE 2.2. 

Lead Content of Various Soils 
••••••••••■•••4■• •••0■HY,0.7.1.02.6.41,-1... •MMINNIROMI 

Location Pb (ppm) 

Moscov (Lomonosov Park) 19 

Cambridgeshire (Cambridge) 300 

Amsterdam (Museum Park) 893 

Hawaii (Irwin Park) 1;088 

Antartic (King David Valley) 5 

New York (Central Park) 834 
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Table 2.2 shows the levels of lead in soils from various locations 

in the Antartic, America, Asia and Europe. The Antartic soils show 

an average lead concentration 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 proportional to their proximity to the traffic. The surface 

soil from the Lomonosov University grounds contains only 19 ppm of 

lead, in agreement with the fact that U.S.S.R. 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 

reported(127).  As to date, very little documented evidence is 

available for the levels of cadmium in soils. 

Regarding drinking water supplies, lead levels as low as 

0.01 - 0.03 ppm have been found. The estimated average daily intake 

of lead from water (0.01 - 0.1 pg) is small, however, as compared 

with the total average daily intake from all sources including urban 

air (0.3 - 0.4 pg). 

Cadmium levels ranging from less than 10-3  ppm (in areas not 

known to he 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 analytical techniques. 



TATITT4 

Ie.tel&atlitAja,Foodstuffs 

F 0 0 D 
Average Pb 

leV..eir d 
ppm 

Average Pb 

revels found 
anywhere 

----ME 	..... 

1.81 

Rough Amount Average Lead in Total Pb 

— of food eaten 
per day 
k 

total lead 
intake 
1 /da 

diet in worst 
area of survey 

intake in 
worst area 

da 

Cereals 

0.17 0,27 46 0.81 219 Bread, flour 

Meat and Fish 0.17 0.70 	' 0.18 31 0.30 54 

Fats 

0.08 1.60 

• 

0.08 6 0.04 3 Butter, Margarine, Oils etc. 

Fruits and Preserves 0.12 4.80 0.25 30 
_ 

0.47 117 

Root Vegetables 0.20 1.50 0.21 42 1.50 315 

Green Vegetables 0.24 1.00 0.11 26 0.11 12 

Milk 0.03 0.08 0.40 12 less than 0.01 - 

TOTAL 0.13 - 

IN.1.0.1.1••••••alaW.I.O. 

1.5 200 - 700 
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2.4. 	LEVELS OF TRACE ELEMENTS IN FOODSiukS 

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 

in foodstuffs and this is shown in Table 2.3 (128)  

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 products viz. milk and butter. On the basis of 

this table 3.2 , the average daily lead intake was 230 pg, which is 

calculated on the basis of food eaten. The highest level found 

was 700 pg , which was found in Edinburgh. These figures 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 2.4.(129) 

TABLE 2.4.  

Levels of Cadmium in Foodstuffs 

FoodstlIff Level 

Flour 0.07 ppm 

Milk 0.004 	if 

Rice 0.16 	" 

Oysters 0.78 	" 

Shell fish 0.5 	" 

Cuttle fish 420 	n 



The interesting point in Table 2.4 is that some marine animals 

are reported to be capable of concentrating cadmium more than 4,500 

fold from water. Thus, in non-polluted areas shellfish have been 

shown to contain 0.5 ppm, whereas in polluted. waters values of 

420 ppm have been reported in the livers of shell fish and cuttle 

fish(13°). 

2.5. 	COOKING UTENSILS 

This is another important pathway for contamination of foodstuffs. 

A British Stanaard has been introduced which sets legal limits 

relating to the levels of lead,and cadmium permitted from glazes and 

ceramic ware of all kinds. The test for casseroles involves two thirds 

filling the pot with four percent acetic acid, boiling for two hours, 

and leaving to stand for a further twenty two hours. For the -our:)07,s's 

of legal limits, the lead in the acid should not exceed 7 ppm while 

that for cadmium should be less than 0.7 ppm. 

Tests were conducted(151)and the levels obtained are shown in 

Table 2.5. 

TABLE 2.5 

Lead and Cadmium Anal sis ouaallinamaTlaal  

Casserole Acid Composition 

...-- 

A 

B 

C 

8 ppm lead 

600 	" 	if 

6.75 " 	Cadmium 
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Besides the well known toxic trace elements e.g. Bg, Pb, Cd and 

As, other less known elements are found to cause poisoning through the 

food pathway. 

In Quebec in 1965, 48 people developed symptoms of cardiac 

insufficiency, and there were 20 deaths from cobalt poisoning. A 

similar outbreak with 16 deaths developed in Omaha. The disease was 

characterized by severe myocardial failure appearing usually 3-4 weeks 

after the first appearance of cardiac symptoms. All the patients 

drank 3-7 litres of beer daily, but also had poor dietry habits, and 

displayed thiomine deficiency(152).  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 been 

prohibited. 

Similar effects have been reported for manganese. Certain 

marine animals tend to concentrate this element and levels in the 

range 0.1 - 0.3 ppm have been reported(13). Although an essential 

ingredient of the human diet in trace amounts, manganese is toxic 

at higher concentrations. Chronic exposure is characterised by 

neurological liaisons, and results in a Parkinsonian-like syndrome. 
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CHAPTDR III 

APPARATUS AND INSTRUMEITATION 

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 flame atomic absorption instrument are in the design of 

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

3.1. 	THE CARBON HAJAMENT ATOM RESERVOIR (CFAR) 

The early part of the work was done using an atom cell very similar 

to the type designed by Williams and West(93). A number of minor 

modifications were made, and the actual cell used is shown in Figure 3.1. 

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 larger 

diameter (3.2. mm) rods. 

Ths first type of atom reservoir used consisted of a carbon 

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, which 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 cooling 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 terminals located at their 

lower ends, and this contact enables the filament to be heated. A notch 

of suitable size to accommodate 1 111 or 5 µl samples is cut in the 

centre of the filament. 
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The filament is surrounded by a flow of inert gas either 

nitrogen or argon. In special cases hydrogen may be used to form 

a more reducing atmosphere. The inert gas protects the rod from 

atmospheric oxidation, and helps to reduce the formation of oxides. 

The shielding gas flow is from a box located immediately beneath 

the filament, and this box is constructed from copper sheet with 

dimensions approximately 3.2 mm x 3.0 mm x 1.0 mm. Laminar flow of 

the sheathing gas is achieved by tightly packing the bpx with 

alternative layers of plain and corrugated metal strips, To increase 

the lifetimes of the rod the entire cell is surrounded by a glass 

envelope,and for easier handling is fitted with a removable glass lid. 

The glass, envelope is fitted with silica windows which allows tranmission 

of U.V. light. 

The smaller diameter rods were found to be unsuitable for use 

with solvents that have low surface tension values e.g. organic solvents. 

For thid .reason the electrodes of the existing cell were altered, 

so that the larger diameter of rods (3.2 mm) could be employed. On . 

the basis of Ohm's law,the heating rate H across the filament is 

e;tpressed in equation 3.1. 

H _ 	12R 
	 (3.1.) 

Hence; on using larger diameter rods the resistancsR (ohms) increases 

and the current I (amps) decreases, and in order to maintain a maximum 

heating rate, the rods were shortened in length. 

The need for maximum heating rates was forseen by Jackson and 

West, who used a shorter type of rod to determine the involatile 

elements such as chromium and vanadium (134) 
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Jackson achieved maximum heating by clamping a 2 mm rod between 

two tantalum plates, so that the effective length of the rod was 

reduced to 10 mm. 

One major disadvantage of Jackson's design was that no compensa- 

tion was allowed for expansion of the filament at higher temperatures. 

This was a major problem in that expansion of the filament led to 

constant snapping of the rods. This problem was recognized by Oborne 

and West who redesigned the filament to allow for this lateral expansion(139)  

The design developed by Oborne is shown in Figure 3.2., and th5i 

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

In the cell used in this work, the length of filament was 20 ran 

Enid was 3.2 mm in diameter. 	This shortening of the filament was 

achieved by attaching *in square brass blocks to the columns of the 

original cell. Holes were drilled in the brass blocks to allow a set 

of filament holders to slide freely in them. The holders were drilled 

to accommodate the filament, and the two halves of the clamping portion 

were held together by two bolts, threading into the lower fixed halves. 

The right hand filament holder was clamped in position, while the left 

hand one remained free to allow for the expansion of the filament. 

Electrical contact on this side was via two copper braids, which 

connected the pillar extension to the filament holder. This was 

necessary to prevent arcing caused by the loose fit of the filament 

holder in the pillar extension hole. 

This atom cell has been shown to work satisfactorily, but as 

a potential method for  routine analysis suffered from two main 

disadvantages. One of these was that the filament required a relati-

vely long period of time to 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. 

Oborne redesigned the geometry of the rod so that the cooling was 

directed more to the filament holders(136). 

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, Electrical contact of the 

filament has been achieved by the use of carbon rings, which have 

taken the place of metal caps. Recent work has indicated that both 

these problems may now be solved. 

	

3.2. 	FILAMENT POWER SUPPLY 

The current required to heat the filament was supplied from a 

Zenith Variac transformer (0 — 270v output rated at 8A) via a 

Keston step—down transformer. This enabled the voltage across the 

filament to be continuously varied from 0-- I2V A.G., and the maximum 

current generated is ca 100 amps. 

	

3.3. 	SPECTROPHOTOMETER 

Much of the early work was done using a Unlearn SP 900A flame 

emission/atomic absorption 170. 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 amplifier. 
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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 dispersion at the exit slit of 33A/ram 

in the first order. 

	

3.4. 	SPECTRAL SOURCE 

Except where mentioned, all the work dog:, was by using a 

hollow cathode lamp as a spectral source. The power supply for the 

lamps was from the appropriate modular units of the Techtron A.A.4. 

	

3.5. 	DETECTION SYSTEM 

In the case of the rye Unicam instrument, a sensitive V.V. 

E.M.I. 9601 13 eleven stage photomultipler with a Corning glass window 

was used. This was sensitive in the 200 -.700 rmi range where most of 

the measurements wore made. The photomultipler was powered by a 

Brandenberg E.H.T. unit supplying 0 - 1100 volts. 

With the A.A.4 monochromator, the standard 8213 photomultiplf.er 

was replaced by a 213A Hamamatsutubel 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 - 800V. 

	

3.6. 	READ-OUT SYSTEM 

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 0.1 second in duration. This is particularly 

so in the case of the filaments where the resonance times of the 

atoms is much shorter than in furnaces. Early research workers tried 
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to use standard chart recorders with filament atomisers(137). They 

reported that signal distortion was produced in the form of 

reduction of absorption peak heights which was evident when high 

filament voltages were used. 

To avoid such problems a storage oscilloscope was used as a 

recorder (Telequipment type PM 55A). This was fitted with a type k 

amplifier, and phtomultipiier output was taken directly to the Y axis 

input of the "k" type.,amplifier.The reslionse time was upto300 seconds, 

and this was more than adequate to monitor the absorption signals 

obtained using the CFAR. 

To remove any short term noise a 0.05 FY capacitor was placed 

across the output terminal of photomultiplien; The time constant for 

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

signal. 

3.7. INSTRUMENT.U.: ARRANGE', ENT 

This is shown in Figure 3.3. Light from the spectral source was 

foCulsed onto the filament by means of a condensing silica lens. The 

light was re-focussed on the monochromator slit by means of a second 

lens. Any modifiCations to this arrangement will be reported in the 

relevant chapters. 
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CI .TER IV 
IlealaaM21.6.1.14marzal■ 

DETERMINATION OF LEAD IN INSTANT COQ''/'Ur; MID TEA POUDERS 

4.1. 	INTRODUCTION 

The analysis was carried out in three stages, the first stage of 

which involved the establishment of optimium conditions for the 

determination of lead using aqueous lead standards. The second and 

third stages involved the determination of lead 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 

included oil, steel, soils and blood samples(138-4°185).  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 nm 

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

flame. Scott and Roberts(141)have reported a sensitivity of 2 ppm 

using the 283.3 nm line. Chakrabarti(142)has reported a detection 

limit of 0.01 ppm and 0.05 ppm for the 217.0 nm, and 283.3 nm lines 

respectively, and used an air-acetylene flame. Using flame atomic 

fluorescence, detection limits in the 0.5 ppm to 0.01 ppm range have 

been reported.(34) 

With the advent of non-flame cells, increased sensitivity was 

found, and Massmann has reported a detection limit of 3.5 x 10 11g 

using atomic fluorescence(7). Ltvov has reported a detection limit of 

3 x 10-11g(143)by atomic-absorption, and West obtained a detection 

limit of 5 x 10-11g using a non-flame cell(144). A detection limit 

of 0.001 ppm has been reported using r.f. plasma emission(145) 
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Very few arJplictic:ns of o;_': fl 	cells-have been reported 

in the literatui7e. Thoe which leve been published, have included 

the determination of lead in oils(16), and in blood
(147) 

4.2. 	EX?).2;Tr .7_77AL 

4. 2 I 	OPTICAL p.p,ANcr7.0:Trp 

The apparatus which was used,has been described in a previous 

section. A number of optical arrangements were tried, to obtain a 

highest signal to noise ratio. Light from the hollow cathode lamp was 

brought to a focus over the notch of the filaJnent, by means of a 

fused silica lens. The emerging light was refocussed by another lens, 

onto the exit slit of the monochromator. Attempts were made to use 

a pin-hole slit in front of the filament, but this was found greatly 

to reduce the intensity of light reaching the photomultiplier tube. 

This reduction in light could be compensated partly by the use of a 

high amplifier gain in the scope. The use of a :sigh amplifier gain, 

resulted ir high signal noise, which in effect reduced the detection 

limit. This loss in intensity was greater in the case of the 217.0 nm 

line, than with the 283.3 nm line. 

All 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. 

4.2.20 	FILA3.117.72S ANDDt 	SYSTFM -------------- 	---------" 

Initially, must of the lead work was done using the sms3l  er 

diameter filaments (2 mm), Later studies were carried out using larger 

diameter rods (3.2 mm), using the modified CFAR, previously described. 
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A small notch (3 mn, 1.0 mm) was cut in the centre of the filament 

to accommodate 5 11,1 samples. The samples were applied, by the use 

of glass pipettes, which were coated with 2epellcote to reduce 

absorption of lead on to the glass surface. Also, the use of 

Repellcote helped the drop formation at the end of the capillary, 

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

	

4.2.3. 	REAGENTS 

All reagents were of AR grade, except where stated to the contrary. 

A stock solution of 1,000 ppm was made up by dissolving 0.400 g of 

lead nitrate Pb(NO3) in 250 cm3 
 of de-ionised water. The water was 

de-ionised using a Permutit de-ioniser unit (Permutit  Co.Ltd., Middlesex), 

whicb contained a mixture of Zeolite 225 cation exchange resin, and 

Zerolite FF anion exchange resin. 

	

4.2.4. 	ORIGIN OF SIGNAL 

Before any quantitative work could be attempted, the origin of 

the sigma was investigated. In order to discount the possibility that 

the lead signals were due to molecular absorption, or scattering of 

the incident radiation, 5 pl of 1,000 ppm of Mn solution (as the Cl-  ) 

were placed on the rod, and the sample was atomised. No signal was 

seen, which indicated that absorption by atomic species had taken place. 

Secondly, the atomisation was carried out using the 220.2 nm Pb ion line, 

and no signal was observed for 1,000 ppm of lead. This was conclusive 

evidence, that atomic absorption signals were seen. 

	

4.2.5. 	P.T.T...,A=  VOLTAGE 

The variation of filament voltage with absorbance was studied 

using a 0.1 ppm lead solution and is shown in Figure 4.1. 



A 5 so 

1,4 

• 7V 	8 	(A/ 

FT.LAuifi,ir Vo.t. Tit g 	Vo  c) 

- FI 11". I  3  S o  i3 	E 	 2L 

    

. 	A -r 	17- 

4V 6V 

FOR -FOR 



57 

The absorbance was found to increase, with increasing applied voltage 

until an optimiuni value was reached, beyond which, the absorbance 

decreased. The reduction 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, ttias greater than the 

response time of the instrument. Thus, for the entire lead studies, an 

atomisation voltage of 8V was used. 

4.2.6. 	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. Those were, (1) poor precision, and (2) short 

lifetime of the rods. Both these problems were eventually attributed 

to the ineffectiveness of the shielding 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, up which the gas flows so that it emerges with 

a laminar 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 urecision, 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 increase 

by a factor of three, when a glass envelope fitted with a removable 

dome, was placed 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 have a somewhat longer plateau region than the open 

cell, and thus the cell was less prone to any minor changes in gas- 

. -1 flow rates. The optimium value was 4.5 1 mini. The dependence of 

the absorbance on the flow rate can be explained by the fact that at 

low flow rates, ( 2a min71), the shielding gas was ineffective, 

and the filament rapidly became oxidized. At higher flow rates 

( 8 1 min-1) 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 viewing 

area, thus giving rise to a dilution effect. 

The use of argon as a shielding gas was tried, and no differende 

in absorbance could be detected. Thus all subsequent work was done 

using N2  as the shielding gas. 

4.2.7. 	VARIATION  OF HEIGHT OF OBSERVATION  

As previously mentioned, the sheathing gas acts, partly 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 

above the filament. The formation of molecular species is likely to 

be an impe:ctcnt factor in the atomisation of involatile elements 

Co, V, where a sharp temperature gradient is involved. In the case 

of lead, and other volatile elements, the expansion of atoms is more 

important. Also, it was found that at heights equivalent to 4-5 mm 

above the filament poor precision was found, probably caused by the 

turbulence of the gas-flow, Hence, all measurements were carried out 

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

In summary, atomisation of lead was carried out at 8V, using N2  

as the purging gas (4.5 1 min71) and grazing incidence. A lamp 

current of 6 mA, and an EHT of 800 volts were used. A slit width of 

0.3 mm,cor:,:'esponding to a I  rim band pass was used in the case of the 

217.0 nm line. A smaller slit width (0.2 mm) which is equivalent to 

0.6 nm bandpass was used for the 283,3 nm line. 

4.2.8. 	OHOICE OF =HES 

A study of the Grotrian diagram for lead reveals, that there are 

two main resonance lines i.e. 283.3 nm and 217.0 nm. Two other lines at 

405.7 nm and 261.4 rm, which are 0.5 eV above the ground states were 

also investigated, to determine the analytical 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 was investigated. Studies revealed poor precision 

(ea 20i). A number of factors were investigated, e.g. reproducibility 

of volume from pipette, and the time interval between evaporation of 

solvent,and atomisation was found to be critical. Also, the time 

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 between each atomisation voltage. The standard deviation 

(SD) was calculated on the basis of 13 successive results, and using 

the formula. 

(n. 	)2 
S.D. = 

N - 1 

where 	N = Total number of samples 

mi  = individual reading 

m = average reading 

Thus, using the above procedure a RSD of 3% was obtained, in 

comparison to a previous 20%. The need for a definite timing sequence 

may be explained by the fact, that the rod had not reached temperature 

equilibrium. This caused changes in the heating rate between 

shots,and resulted in a variation of concentration of atoms reaching 

the viewing area. This need for a constant timing sequence has been 

reported by a number of workers(1 48) 

The detection limits of the various lines were investigated,and 

values obtained are shown in table 4.1. 
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TABLF: 4.1. 

Detectien Limits- Data for Lead in Pure Solution 

VrkvelenRth Detection Limit 

217.00 2.5 x 10-11g 

283.3 nm 1 x 10
-10g 

261,4 nm 2.5 x 10
-8
g 

405.7 nm 7.5 x lo 7g 

From 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 5µl samples, and the 217.0 nm 

and 283.3 nm lines, detection limits of 0.005 ppm and 0,02 ppm 

respectively were found. These correspond in absolute deteotion limits, 

to values of 2.5 x 10-11g and 1.0 x 10 1°g respectively. As a 

comparison with flames, detection limiter of 0.03 ppm and 0.08 ppm 

have been reported for the 217.0 and 283.3 inn lines respectively. The 

261.4 nm and 405.7 nm lines yielded detection limits of 5 ppm and 

150 ppm respectively. Although these lines are analytically unsuitable 

for trace elements analysis, they may te useful for matrices with 

a high lead concentration:sta metal analysis. The detection limits 

obtained for the resonance lines, were found to be different to values 

quoted by Anderson
t149), 

who found the 283.3 nm line to be more 

sensitive than the 217.0 inn linc.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 Lvov. 'But the 
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results in agreement with work carried out by another member of the 

research team (150) 

Calibration graphs were obtained using the 217.0 nm and 283.3 nm 

lines, and both were found to have differing linear ranges. 

(Figure 4.4 and Figure 4.5). The 217.0 um 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 REA concentration. Both these lines were found to 

intersect the y axis and considerable effort was concentratedin studying 

this problem. This phenomenon 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 solve the problem. A 

number of suggestion 	particulate carbon absorbance have been put 

forward to account for this phenomenon, but as yet no satisfactory 

explanation can be offered. 

4.3. 	DEVITIDPMENT OF METHOD FOR THE ANALYSIS FOR LE.AD IN INSTANT 

COFFEE POWDERS 

This analysis was carried out in three stages. The first of 

these involved the establishment of pyrolysis voltages. The second 

and third stages involved the measurement of recovery rates of "spiked" 

coffee blanks, and the analysis of the coffee powders respectively. 

In the initial stage of the analysis, pyrolysis voltages were established 

using 190, 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 lbut 

greatly hindered the preparation of standards. This foaming was 

greatly reduced by the addition of a few cm3  of anti-foaming reagents 

(an aqueous emulsion containing 30% 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 voltage of 8V no peak was 

observed. Also, it was found that a maximum concentration of 5% 

could be used, and higher concentrations caused severe blockage of 

light, which resulted in variation of 100% transmission. It was 

possible to pyrolyse a 6% solution, but the rod required cleaning 

with a blade after each atomisation. 

Having established the voltages necessary for pyrolysis, recovery 

rates were measured at the 217.0 nm line. This was achieved by 

dissolving 5 g of coffee 'powder in 20-35 cm3  of hot de-ionised water, 

and adding 10 cm3  of 1 ppm lead solution. The coffee matrix was 

made to volume (100 cm3), which yielded a 5% of the sample solution. 

Two main problems were encountered. One 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. Hence, removal of the matrix could result in a 

loss of the. lead standard. This could possibly account for the initial 

50% loss ,in sensitivity. 

(2) Possible corrosion of the filament, which might cause the lead 

to be trapped in interstitial spaces in the rod. 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 atomising 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 coffee matrix not removed at 

the initial pyrolysis. The presence of this matrix which. was near 

the atomization voltage (8.5V of. atomisation voltage 8V), was 

likely to interfere with the eventual nrnlysis,cf the coffee samples. 

This problem was most likely to increase with the lifetime of the 

rod, when fluctuations in, temperature and resistance of the 

filament may be exnected 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
(85)

, and so this was examined. 

After the initial evaporation of the solvent, 5 µl volumes of peroxide 

were applied to the remaining coffee matrix. Normal,  pyrolysis 

voltages were then used, but- the pyrolysis was more inefficient, and 

led to blockage 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 e.triz.  H2SO4, and HNO3  were 

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

a similar manner, but this approach was also unsuccessful. 

The addition of alknlis to the coffee powders was found to 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, which is known to 

depress lead absorbance. 
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The use of alkaline medium for solubisation of the coffee 

powders was further pursued. Concentrated NH3  (10 cm3) was added 

to the coffee 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 was 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 ammonium citrate (50% citric 

acid made pH9„ by the addition of NH
3
) was tried, and recovery 

rates in excess of 90% were obtained. 

The question of precision was overcome,by allowing the rod 

to reach temperature equilibrium. Hencey a precision of 5% was  

obtained. Thus ammonium citrate, has a dual role, and one 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 "ester 

type products", all of which are capable of partial hydrolysis by 

alkalis. 



Caffeine 1.28 

Water Extract 30.44 

Fats and Oils (heterocyclic mercaptann) 14.18 

Protein 9.57 
Crude Fibres 8.56 

Mineral Elements 15.4 

Moisture 3.6 

Ift111.0. 
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TABLE 4.2. 

ConmsitZon of Coffee Powders 

COMPOUND 	 % COMPOSITION 

The other role of the ammonium citrate is to keep the lead in 

solution. Also the use of citrate reduced the foaming caused by the 

dissolution of the coffee powders. 

During the analysis of the coffee samples, some variation in 

the recovery rates were observed. This was due to the analysis being 

pH dependent. This variation is shown in Figure 4.6. 
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This dependence can be'accounted for by incomplete solubisation 

of the coffee powders at. low pH values. At higher values, ejx. pH 11, 

hydrolysis of the lead occurred. 

4.4. 	METHOD OF ANALYSIS OF COletikJe SAMPLES FOR LEAD 

The coffee powders were analysed using a calibration graph, and 

by means of standard addition, using the following procedure. Coffee 

extract powder (5g) were dissolved in hot de-ionised water (23 cm3), 

and 20 cm3  of ammonium citrate were added. This was 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 coffee powders were "spiked" 

with 5 cm3 of lead standard solution, so that the final lead 

concentrations were in the range 0.01 - 0.1 prmo 

All the samples were analysed by applying 5 	volumes onto 

the filament , and using the following Variac voltages:- 

(i) Drying 
	

0.5V 
	

10 seconds 

(ii) Pyrolysis 	2.0V 
	

5 

(iii) Atomisation 
	

8.ov 

The mean of five absorbance values were taken, and in the 

case of the standard addition technique, these absorbance values 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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4.5. 	ANAIYSIS OP TiTSTAITT 	370',/Dr2 SAI.L.LES 

These samples were analysed by means of standard addition, 

since lead free insti.Ant tea rowders were not available. To each, 

of four volumetric flasks were added 5 g of instant tea powders, and 

the samples were dieselved in 20 - 25 cm3  of hot de-ionised water. 

Twenty cm3 of ammonium citrate were added to all the flasks, and 

5 cm3 of lead solutions were added to three of the flasks, so that 

the final lead concentrations were in the range 0.01 - 0.1 ppm. 

To the fourth flask were added 5 cm3  of de-ionised water, and all 

the flasks were diluted to 100 cm3  to yield 5% tea solutions. 

All the samples were analysed on the filament using the 

217.0 nm lead resonance line. The following voltages were used 

(a) Evaporation of solvent 0.5V (10 seconds), (b) Pyrolysis voltage 

2.07 (6 seconds), and (c) Atomisation voltage 8V. 

An absorbance value was subtracted from each result to 

compensate for any lead contamination of reagents. 

The results obtained are shorn in Table 4.3. 
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TABLE 4.3. 

Ara7-rsis of Lead in Coffee Extract Powder and Instant Tea Powder --------- 

AAS 

Mom 

Independent Colorimetric Analysis 

(Dithizone Procedure) 

ppm 
som/wOosiba....ae 0.-sawsvarolows.oraNdIPOIMIrele.SLO, 0101•M••••■••■•■■• 

1.6 4. 0.06 1.7 

1.1 + 0.06 

0.65 +. 0.05 0.7 

o.62 + 0.06 0.6 

0.64 + 0.03 0.7.  

0.5 + 0.03** o.4** 

0.5 + 	0.03** 0.4** 

** Instant Tea Samples 

4.6. 	ANALYSIS OF COEPT2, POWDERS BASED ON 7TRACTION METHOD 

Introduction 

Using the direct method described in the previous section, 

0.2 ppm Pb was the lowest concentration that could be determined in 

the solid. In order to obtain lower detection limits, a number of 

alternative approaches were erzmined, and one change in the 

instrumentation was made. 
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4.6.1. 	DOUBLING SFOTTIVG 

This method of approach involved the , 	cation of two separate, 

5 pi volumes of lead solution onto the filam7,1t. The first volume of 

sample was applied, and the water was evapora',ed using 0.5V. On 

evaporation of the water, a second 5 	volt -11c was applied, and on 

evaporation of the solvent, an atomicat3on vol'L.ne of 8V was applied. 

Using this approach, a detection limit of 0.004 ppm was obtained, an 

increase of 20% in the previous value of 0.005 p2m. This increase 

was found to be insufficient, for the parposea of the coffee analysis, 

and hence a solvent extraction method was necessary. 

4.6.2. INSTRUMTATION 

The one change in instrumentation,was in the CFAR assembly. The 

electrodes in the cell were changed, so that the larger diameter rods 

(3.2 mm) could be used. This type of electrode has been previously 

described, and was necessary to enable organic solvents,to be more 

easily applied. 

4.6.3. 	CHOICE OF EXTRACTANT 

The determination of elements in organic solvents by the use of 

the CFAR has been previously reported(97). A number of chelating 

systems are available for lead, and included are diethyldithiocarbamate 

and dithizone. The use of some organic chelating reagents e.. 

diethyldithiocarbamate was rejected because of their low volatility, and 

as 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 
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has been used extensively throughout the researoh ,  Besides being 

suitable for the extraction of lead, this extraction proocao-4'e can 

also be used for Cd(II), Au(III), 	Sb(III) ana Hg(II) 

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

the reader is referred to a number of books . ° 151) (1.50 	anI a recent 

review(152)  

4.6.4. 	EXTRACTION OF LEAD USING AQ1a0US SOLUTIONS 

The extraction procedure developed was based on the formation of 

a PbI47 complex, which is extracted into an organic solvent as 

H2PbIh. Before this extraction could be used in application analysis, 

the method was tested using pure aqueous lead solt'tionz. 

Experimentally, this was achieved by "spiking" lead standards (2.5 pe Pb) 

with acidified ha solution (4 cm3), and 1 cm3  of concentrated HC1, and 

diluting to 25 cm3. The efficiency of the extraction was tested by adaing 
differing ratios of organic solvent e. . 1 cm3, 2.5 cm3, or 5 cm3. 
On shaking, the organic solvents, were allowed to uadergo phase 

separation. The concentration of lead extracted was determined, by 

analysing 5 	volumes on the filament. The efficiency of extraction 

was measured using a calibration graph, prepared from aqueous solutions 

at. the 283.3 run 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, 

a number of organic solvents were tried. Amyl acetate, and methyl 

isobutyl ketone(NIBK) gave extraction efficiencies of 50% and 84% 

respectively. The differing degree of extraction of the two solvents 

may possibly be explained by the differing values of polarity of 

the solvents, which are approximately in the ratio of 2:1. The efficiency 

of the HIBK was further increased to 96% by acidification with 
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concentrated HCl (5% 	MIBK). Hence, for subsequent analysis 

MIBK was used. 

4.7. 	ANALYSIS OF LEAD IN CO.I.T12, POWDERS 

REAGENTS 

All the reagents were of the Aristar quality, and the MIBK was Of 

low lead concentration. 

4.7.1. 	DEVELOPMENT OF METHOD  

The efficiency of the extraction of Pb as PbI/17, 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 (5 Pg), followed 

by the addition of 4 cm3 of saturated KI, and 1 cm3 of concentrated 

hydrochloric acid. This volumewas then diluted to 25 cm3, and 

1 cm-7   of MIRK 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 NIBK phases were analysed on the filament, and the 

lead extracted was determined by means of calibration graph prepared 

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

obtained. 

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

coffee solutions with lead standards. This was done by dissolving 3 g 

of coffee powder in 25 cm3  of hot de-ionised, and adding 20 cm3  of 

ammonium citrate. On diluting to 100 cm37 a 5% of the coffee solution 

was obtained. To 15 cm3  aliquots of this 5% solution were added 

4 cm3  of saturated KI, 1 cm3  of concentrated HCl, and differing 

concentrations of lead standards (5 - 20 lig) 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 was discarded. The upper MIBK was also found to contain small 

amounts of sediment, and the solid was separated from the NIBK by 
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centrifu 	The lead extracted in the organic layer was 

determined by the procedure previously described. Recovery rates in 

the range 90 - 95% were obtained, and the samples were analysed using 

the following procedure. 

4,7.2. 	EgALYSIS PROCEDURE FOR rEAD  IN  COT ':t POWDERS 

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

of coffee powders in 25 cm3 of hot de-ionised water, and adding 20 cm3 

of ammonium citrate. Three of the coffee solutions were "spiked" 

with 5 cm3  of lead standard solutions, so that the final lead 

concentrations were in the range 0.01 - 0.1 ppm. A fourth sampler  

was left "u spiked". 

To 5 cm3  of the 5% coffee solutions were added 4 cm3  of 

saturated KI and 1 cm3  of concentrated IIC1. On diluting to 25 crag, 

- 3 2..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 small traces of organic sediment', 

The MIRK phases were all analysed on the filament using 5 pl 

volumes, and the following voltages were employed:- 

• 
(a) Evaporation of Solvent 	0.5V 	5 seconds 

(b) Pyrolysis of matrix 	57- 	6 seconds 

(c) Atomisation 	8V 

A 45 secoads time interval was employed between the evaporation 

of solvent and the pyrolysis stage. A further one minute interval 

was used between pyrolysis and atomisation. Both these time intervals 

were necessary for improved precision of the results. 
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In the actual analysis a eeean of three absorbance values 

was taken, these were plotted as a function of lead added to the 

samples. A "blank" absorbance was subtracted from each of the results 

to compensate for lead contamination of the reagents. The blank 

absorbance was approximately one third of the Ittnspiked" coffee 

sample..1. 

The experimental procedure described above produces a 

calibration curve which extends over the linear range from 2 x 103  ppm 

to 10-1 ppm Pb in the solution. A lower detection limit can be 

obtained for lead in the coffee powder, by using a larger volume of 

the 5% coffee solution, eat. 20 cm3  whilst maintaining the same volume 

of HC1, KI, and NIBK, but eventually a compromise must he made between, 

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

powder. Thus, for the,the coffee samples of knovin lead content that 

were available, the samples were found to be more easily handled 

using the 283.3 nm line, rather than the more sensitive 217.0 nay. The 

results obtained by the solvent extraction technique are shown in 

Table 4.4. 

The relative standard deviation obtained for all the analysis 

was 5 - 7%, the lowest possible concentration of lead in the solid 

coffee powder, that would be capable of determination by this 

procedure would be 0.02 ppm, using a 20 cm3  sample of 5% coffee 

solution as mentioned above, and measuring at 217.0 nm. 
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TABLE 4.4., 

Anal- sis of Coffee PowdematIeMdractioaTmlaime 
IM9.10 .1s 	 W.* area laies0a*,11. 

AAS Analysis 

Pb concentrati rtratian 

Independent Colorirnetric Analysis 

(Dithizone Procedure) 

(13Pni) 
<1.1•187.CM•rillwa 

1.65 + 	0.08 1.75 

o.65 ± 	0.03 0.6 

0.45 + 0.04 o.4 

1.1 + 0.02 1.1 

0.56 + 0.02 0.6 

0.6 ± 0.03 0.7 

CONCLUSION 

The direct analysis procedure for lead in coffee powder extract. 5s 

simple and rapid. It involves dissolution of the samples in ammonium 

citrate, and requires no further pre-treatment for atomic absorption 

at 217.0 nm. Coffee powders containing down to 0.2 ppm Pb 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 of blocked 

nebulisers, which is invariably associated with flame techniques, and 

solutions with high solid contents 

The direct procedure is very much more rapid than  conventional 

calorimetric procedures, ulnae it only takes thirty minutes to obtain a result 

for each sample. The extraction technique takes considerably longer 

ca 1i - 2 hours, but offers equally good precision, and permits samples 

to be analysed for lead concentration down to 0.02 ppm u/w. 
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CHAPTER V 

DETERMINATION OF LEAD IN FOODSTUFFS 

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. In this part 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 heterogeneous matrices, which varied 

- widely in their composition of protein, carbohydrates, and fats. 

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

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

major protein foods arit  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, owing to the world wide concern, relating 

to the phyBical and phychological effects of lead poisoning. 

5.2. 	EXPERIMENTAL 

5.2.1. 	INT Of 	DI ICE STUDIES 

The composition of baby foods is shown in Table 5.1 and 5.2, and this 

reveals wide variations in composition of carbohydrates, fats and 

sodium chloride. The main elemental interferences expected would 

be due to sodium 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 eta 'turkey dinner. For other matrices, 
emirs  strained fruit salad, the sodium level can be as low as 

30  ppm. 
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The variation of tin levels is also dependent on the matrix, 

but an additional factor is the age of the storage vessels. This 

154) last factor has been investigated by a few workers (1539154), and 

levels as high a 148 ppm have been reported for foodstuffs which 

have a high acid content stilt  (junior orange and pineapple juice). 

Thus, the interference studies were performed in relation to the 

levels found in the food samples. 



TYPICAL ANALYSIS OF STRAINED FOODS 

Strained Varieties Fat 
% 

Protein 
% 

-------- 

Salt % 
(NaC1) 

Sugar % 
(as invert) 

Carbohydrate 
% 

-- 

Calories per 
100 grammes 

-----.----.. 

Cr%
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Apples Nil Nil 16.2 16.2 62 
Apple Dessert Nil Nil 16. 19.9 79 
Apple and Prune Custard 1.2 0.3 18.6  22.8 105 
Apricot Custard 3.2 O.? 12.9 20.5 105 
Apricot & Rice Dessert 0.1 Nil 19.7 24.8 86 
Banana Dessert Nil Nil 15.5 19.3 74 
Beef Dinner 5.7 0.5 3.3 6.2 47 
Beef and Liver Soup 2.9 0.5 204 	. 8.2 76 
Beef and Vegetable Broth 1.2 0.2 3.5 10.4 60 
Beef Broth with Barley 3.1 0.5 0.5 4.8 58 
Carrots 0.2 0.4 5.1 5.5 27 
Cheese and Egg Supper 3.2 0.6 1.3 4.9 59 
Cheese Savoury 5.3 0.5 2.4 10.3 107 
Chicken and Vegetable Broth 0.7 0.6 1.1 6.2 14 
Chocolate Pudding 3.8 0.1 17.0 20.2 122 
Creamed Rice Milk. Pudding 	. 2.5 0.5 11.1 15.2 92 
Creamed Semolina Pudding 3.8 0.2 10.4 14.9 106 
Egg Custard with Rice 3.0 0.3 11.0 15.0 93 
Egg and Bacon Breakfast 2.2 0.3 1.9 7.5 66 
Fruit Cereal and Honey Breakfast Nil Nil 20.5 26.0 108 
Mixed Vegetables 0.3 0.4 2.2 8.6 5o 
Lamb Dinner 8.0 0.5 0.9 6.1 117 
Orange and Cereal Breakfast 0.3 0.2 13.5 22.7 92 



TYPICAL ANALYSIS OF JUNIOR BABY FOODS 

. ../....1■0 MONIMME....11.1M ..........( 

Junior Varieties 
Fat 
5 

Protein 
c //0 

Salt % 
(NaCl) 

Sugar % 
(as invert) 

Carbohydrate, 
% 

Calories per 
100 grammes 

Apricot and Rice Dessert 2.7 2.1 0.1 13.4 18.5 ', 102 
Banana Rice and Rose Hip Dessert 2.2 0.4 0.1 14.0 20.2 79 
Beans with Ham 2.5 4.0 0.3 2.0 8.5 86 
Bone and Vegetable Broth 0.8 2.5 0.3 3.4 13.3 60 
Cheese Ham and Egg Supper 2.7 .3.6 0.5 1.3 5.0 57 
Cheese Savoury with Rice 4.5 4.1 0.4 1.9 0.7 54 
Chocolate Pudding with Tapioca 1.4 1.8 Nil 14.5 18.5 89 
Creamed Porridge 3.4 2.3 0.2 7.0 	. 11.3 82 
Creamed Tapioca Milk Pudding 4.1 2.3 0.2 11.1 16.5 105 
Egg Custard with Tapioca 3.1 2.0 0.5 11.4 15.0 92 
Egg and Bacon Breakfast 4.3 3.0 0.6 2.1 7.5 78 
Egg, Tomato and Potato Breakfast 2.6 2.0 0.6 0.9 4.6 50 
Lamb and Liver Broth with Vegetables 2.6 2.8 0.5 101 6.1 57 
Macaroni and Beef in Tomato Sauce 2.0 2.8 0.5 3.0 8.5 62 
Mixed Vegetables 0.3 1.6 0.6 1.9 8.4 /11 
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 26.7 127 
Peaches Nil 0.6 Nil 19.4 19.4 75 
Pears Nil 0.4 Nil 14.7 14.7 57 
Pineapples and Rice Dessert 0.3 1.8 0.3 13.2 18.6 54 
Pineapples and Orange Dessert 0.2 0.3 0.1 17.2 23.3 94 



Ratio of Sn:Pb 
% Depression 

283.3 nm 	217.0 nm 

kl000 

3,000 

2,000 

1,000 

AIWANOW■MOUVF.1141.1.-, 111.0041111111044.M 	W.1.4.414 	  
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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 NaCli  and the tin (Sn) was made by dissolving tin 
7 

metal in a few cm' of concentrated hydrochloric acid. The 

interference studies were carried out at 217.0 nm and the 283.3 nm 

lines, and results are reported in Table 5.3. 

TABLE 5.3. 

Interference Studies usin Tin (Sn) 
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Interference Studies usin Sodium 

Ratio of Na: Pb 	% Depression 
... 
283 •3nim 	217010 nm 

8,000 Peaks not resolved 

2,000 Peaks not resolved 

1,000 Nil 11 

500 nil Nam 

From the Table 5.3, it is seen, that no depression of signal 

was observed at a 2,000 fold excess.of tint  at either resonance 

line. At kowo fold excess a 27/ depression of signal 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 molecular 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 signal was found at 

the 283.3 nn line, but 11% dePression 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(95). 

This condensation is partly due to the atoms 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 the lead, and is described 

in the next few sections. 



89 

5.2.2. 	USE OF PYREX BEAKMRS FOR DISSOLUTION OF SAMPLES 

The use of pyrex beakers for the dissolution of organic 

matrices has been reported(155056)to  cause high lead results during • 

the analysis 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. 

From a stock, concentrated nitric acid solution , 50 em3 of 

the acid were added to a six beakers. The beakers were covered 

with watch-glasses, and the volumes reduced to 10 cm3 by heating 

on a hot plate. The acid solutions were diluted to 50 cm3, and 

the lead concentration determined using the filament. Five microlitre 

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

(i) Evaporation of Solvent 	0.5V 	5 seconds 

(ii) Atomisation voltage 	8v 

The 217,0 rm line was used, and four absorbance values were taken 

for each sample. The corresponding lead concentration for each 

was absorbance value was obtained using a calibration graph. 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 beaker 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. 	ANALYSIS OF LEAD IN FOODSTUFFS 

Three methods were developed for the analysis of lead in the 

samples. Each method will be described in detail, and the advantages 

and disadvantages associated with each method will be discuseed. 

5.3.1. 	FIRST METHOD OF ANALYSIS OF LEAD I FOODSTUFFS 

PROCEDURE 

In this method, 10 g of the sample were placed in a pyrex 

beakerl and15m3 ofAristarconcentratednitrioacid(MOs
)
) were 

added. The beaker was heated, and limited 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 was then made 

to volume, to yield a 100% solution. 

Small volumes (50.) of the 100% solutionyere analysed on the 

filament, using a drying process (1V 5 seconds), a pyrolysis stage 

(3V 5 seconds), and finally atomisation at 8 volts. The 217,0 nm 

lead resonance line 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 r.;gular time sequence between 

the various voltages was employed, to ensure a good precision in the 

results. Also, to compensate for lead contamination of the reagents, 

blank absorbance value was subtracted from each reading. 

As an alternative to nitric acid, concentrated hydrochloric acid 

was considered as the aching medium. This was rejected owing to 

the reported(157)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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1.u:dug nityie acid 	the fishing medium, results 

produced w,s-J:e found -ho 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 O. 	Since 

these samples form only a small Dart of the baby food range, an 

alternative method of analysis was necessary. 



544. 	SECOND METHOD FOR THE ANALYSIS OF LEAD IN FOODSTUYFS 

In order to remove the limitations found in the first method, 

a solvent extraction technique was developed to overcome the sodium 

chloride interference. Initial work was concentrated in developing 

an extraction method, suitable for a strongly acidic medium. 

5.4.1. 	EXTRACTION METHOD  USING A  NITRIC ACID MEDIUM 

PROCEDURE 

The extraction method developed, was based on the formation of 

the complex iodide of lead, 	This system was used in the 

analysis of lead in coffee powders, and similar experimental conditions 

were employed. 

The efficiency of the extraction procedure was investigated. by 
7 

"spiking" volumes of concentrated nitric acid (4o cm-)), with lead 

standards. The nitric acid was heated on a hot plate, and the volume 

reduced to 10-15 cm3. On reduction of volume, the solution was 

filtered, and the filtrate made to volume (50 cm3). 

To 15 cm3  aliquots of the acid solution, 5 cm3  of concentrated 

ammonia (NH3) were added to reduce the acidity. The solution was 

now at pH 9, and for the purposes of the lead extraction, a minimum 

of pH 5-4 was necessary. The reduction in pH was brought about by 

the addition of acidified saturated I solution (3 cm3), and 

concentrated HC1 (2 cm3). To the aqueous solution, NIBK, which had 

been previously equilibrated with concentrated hydrochloric acid 

was added. On separation of the two phases, the lead extracted in 

the MIBK layer was analysed by the filament technique. An evaporation 

stage (o.5v 5 seconds), a pyrolysis stage (3V 5 seconds), and 

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

and the recovery rates were measured using a calibration graph 
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prepared from aqueous lead standards. 

The above procedure was repeated, using differing concentrations 

of lead, and larger ratios of organic solvent. In all cases, 

efficiencies ranging from 90-96% were observed. 

The variation of pH of the aqueous solution, (prior to pre-

concentration) against the efficiency of the extraction was investigated. 

Efficiencies of over 90% were obtained between values of pH 1 and pH 4, 

and at higher pHIs recovery rates'as low as 20% were obtained, 

The extraction system was also investigated using HC1 as the 

acid medium. Since HCl is not a strong oxidizing agent, the addition 

of ammonia was not necessary, and the extraction efficiency was 

investigated using the following procedure. Lead standar"s were 

added to a volume (40 cm3) of concentrated HC1, and the beaker was 

heated on a hot plate. On reduction of volume (10 cm3), the acid 

solution was filtered, and the filtrate made to volume (50 cm3). To 

20 cm3  aliquots of this solution were added 5 cm3  of acidified 

saturated KI and the lead iodide formed, was extracted into 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 lost in the heating stage. 

Also, the hydrochloric acid may act as a complexing agent for-lead 

(PbC142=), and cause a reduction in the efficiency of the extraction. 

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

aching medium for the dissolution of samples. 
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5.4.2, 	APPLICATION OF EXTRACTION TEC1HI UE TO ANALYSIS OF 

IL'f0 IN POODST  ul S 

EXPERI1E11TAL PROCEDURE 

Having developed an extraction method suitable for an acidic 

medium, the technique vas extended to measuring the recovery rates 

of Yspiked" food samples. 

Experimentally, 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 dissolution of the sample was not necessary, 

and the mixture was heated for only 10 to 15 minutes. The volume was 

reduced to 10 cm', and the filtrate was made to volume, (50 cm3) 

to yield a 10% solution of the sample. 

N An excess of concentrated NH3'(10  cm3) was added to 20 cm3 

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 p11 1, and saturated la 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 HIM. The solution was 

shaken up and on settling the organic phase was analysed by the 

filament technique, 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: 

(a) Evaporation of Solvent 	0.5V 	3 seconds 

(b) Pyrolysis 	3V 	5 17 

(a) Atomisation 	8V 
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As before, a blank absorbance was subtracted from the readings, 

to account for contamination of the reagents. The lead concentration 

for the reagents was usually one third of the "unspiked" food 

sample. 

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 analysis. 

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

"unspiked" food sample. 

Various parameters were studied e «  volume of NH3, volume of 

HCl, the various p11 parameters involved, and molarity of HNO
3
. 

The reason for both these phenomena was attributed to the 

differing rates of removal of nitric acid from the blank and "unspiked" 

sample over the same period of time. Thus, more ammonia would have 

been needed for the "spiked" sample. To compensate for the differing 

rates of heating, all  the samples were reduced to 5-10 cm', and the 

same procedure as before was followed. Satisfactory results were 

obtained,and these are shown in Table 5.6. 

Thus, by use of the extraction technique, the detection limit in 

4 solution was extended down to 10-  ppm, which enabled concentration 

as low as 5 x 103  ppm 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 technique, 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. 
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Hence, for a sample which contained a low concentration of fat 

au. strained apples, filtration took only ca 30 minutes. Strained 

meat products took up to two hours to filter, owing to the larger 

percentage of fat. Thus, in relation, to being a routine method of 

analysis, this long filtration time was considered to be a great. 

disadvantage. 
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5.5 	TIMM IMTHOD FOR ANALYSIS OF LEAD I FCODSTUITS 

INTRODUCTION 

One method of overcoming this filtering stage, 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 oxidant. Perchlorio, 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 viewed 

with suspicion. Research, concerning the use of perchloric acid 

has been carried out in recent years, and this has shown that the 

risk of explosion is increased, when the oxidation of carbohydrate 

and fatty nroducts (It  al  milk powder) is attempted. This increase 

of risk, is accounted for by the fact, that when perchloric 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). As a point of 

interest, the more important features are: 

(a) The acid should not be brought in 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 should be carried out using 

nitric acid. 

(c) If the oxidizing mixture chars, or there is any sign 

of difficulty, the mixture should be diluted, and 

cooled. 

(d) Increased fire hazard has been observed, and this is 

due to the impregnation of wooden fume cupboards by the 

acid. 

The advantages and disadvantages of the use of perchioric acid 

are evenly balanced. Some workers and some organisations will not 

use it under any circumstances. Others claim that where complete 

freedom from residual organic matter is essential, as when preparing 

samples for polarographic investigation, there is no comparable 

reagent available. 

Due to the presence of hydroxyl components in the food samples, 

it was decided to avoid using perchloric, acid as an oxidizing medium 

in these studies. The use of perchioric acid has been used successfully, 

in the department, to dissolve titanium matrix(159)  

The use of hydrogen peroxide, for destroying organic matrix has 

been widely reported in the literature(16°7161).  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 useful 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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5s5. to 
	MEASUREMENT OF RECOVF2Y RATES  

The measurement of recovery rates was achieved by adding 

10 cm3 of concentrated Aristar sulphuric acid to 5 g of a well 

homogenised sample. Studies showed that good homogenisation was 

essential, for an efficient, and quick method of destroying the 

organic matter. This homogenisation was found to be critical for 

solid matrices ela baconburgers, rather than the baby food 

samples, which were already homogenised. 

On the addition of sulphuric-acid, charring of the matrix was 

seen, and this carbonaceous residue was further oxidized by the 

additon of concentrated Aristar nitric acid. 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 

final volume was made to 50 cm3, which yielded a 10% solution. 

Attempts were made to extract lead iodide from this 10% 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 analysis. 

An alternative 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 fist 

heating stages reveals the following:- 
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2 H2SO4  + HNO3  --4 2 1150 	+ H301-  + 	eq. 5.1. 

This equilibrium, in relation to the probable oxidizing 

species has been reported in the organic literature. Levitt/62) 

has shown that the most likely oxidizing species present is NO2  and 

the least probable oxidant is NO2-, NO3+ HSO4-  or SO4=. 

Thus, if a means can be found of removing the NO2 from solution, 

then oxidation of NI may be prevented. One method, involves the 

addition of water to the acid mixture, which should bring about.the 

following equilibrium: 

H2O 	H 
2
so 	H304 + HS047 	eq. 5.2. 

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

move to the left hand sideland hence the NO
2 is converted to 

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

Since this mechanism hhs been used extensively throughout the 

smalysin,  1.t is worthy of further comments. The removal of the 

NO2
+ 
 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 avoids the introduction of lead contamination from reagents. 

Thus, for the purpose of analysis 20-25 cm3 of lead free water 

were added to the acid mixture, and the solution was stirred and 

allowed to stand for a few minutes. The beaker is then re-heated, 

until white fumes of sulphuric acid are evolved, and on cooling, 

the mixture is diluted to yield a 105 solution. 

To 20 cm3 of the 105 solution, 5 cm' of acidified saturated 

KI solution were added. The la was acidified using  H2 SO
4'  instead '  

of HCl, which had been used in the second method of analysis. 
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To the aqueous phase was added one cnr' of MIDK, and the two 

layers were shaken for a few minutes. Good separation of the 

phases was obtained. on el-lowing the solution to settle for a two 

or three minutes. The lead extracted into the NIBK was analysed on 

the filament. Five microlitre volumes were applied onto the 

filament, and the following Variac settings used: 

Evaporation of Solvent 	0.5 (V) 	5 seconds 

Pyrolysis 	3V 	5 ft 

Atomisation 	- 8V 

The recovery rates were determined using a calibration graph 

.prepared from aqueous :standards. The 283.3 in line was used The 

values obtained are shown in Table 5.5. 

5.5.2. 	ANALYSTS OF SAMPLE'S 

The following procedure was used in the determination of lead 

in the foodstuffs. Into four pyrex beakers were placed 5 g of 

sample, and to three of these beakers were added 5 cm3 of lead 
standards. The lead standards varied in concentration from 0.01 ppm 

to 0.1 rpm. 'To the fourth beaker was added 5 cm3  of de-ionised 

water. Volumes (10 cm') of Aristar sulphuric acid were added to 

each of the beakers, as well as to a filth beaker which allowed 

compensation for lead in the reagents to be made. Aristar nitric 

acid (10 cm3) was added to all the beakers, which were covered with 

watch glasses, and heated until complete dissolution of the samples 

had taken place. Complete homogenisation of sample took up 

ca 20 minutes. Water (25 cm-3) was added to the homogeneous 

solutions, and the contents were stirred, and allowed to stand for 

a few minutes. The beakers were reheated 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 cm3), 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 all the volumetric flasks 

was added one cm3   of NIBK, and the two phases were shaken. On 

separation of the two layers, the differing MIBK phases were analysed 

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

and the following Variac settings were used:- 

(a) Evaporation of Solvent 	0.5V 
	

5 seconds 

(b) Pyrolysis 	3.07 
	5 _ II 

(c) Atomisation voltage 	&V 

A mean of four absorbance values were taken for each sample, and 

a "blaze absorbance was subtracted from the results to compensate 

for any lead contamination of reagents. The blank absorbance was 

approximately one third of the "unspiked" food sample. 

A standard addition graph, of the absorbance values against the 

corresponding concentrations of lead added was drawn. The levels found 

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 nm 

line was used, but for other foodstuffs the 283.3 nm 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:- 



103 

(a) The method was much quicker, since the use of a 

filtering stage was avoided. The time for analysis 

was reduced by one third, compared to the time taken 

by the second method. The time for analysis of one 

sample took ca 2 hours. 

(b) The number of reagents were kept to a minimum, and the 

level of lead blanks minimised. 

(c) Roughly, the same detection limits as before are 

obtained. The samples available for nnnlysis were 

easily determined using an organic ratio of 1:25, but a 

1:50 ratio (org:aq) can be utilized, provided the 

linear range of the calibration graph is not exceeded. 

Thus, by employing a 1:50 ratio, levels as low as 103  ppm 

can be detected in the foodstuffs. 



TABLE  „5 

Recovery Rate 	Varicus Foodstufrs 

Sample Recovery Rate 

Strained Beef2  90% 

Tomato Soup2 	 . . 	95% 

Lamb Dinner2 
916 

Fruit Cereal, Honey Breakfast2 90% 

Apples2 
90% 

Cheese Savoury3  91% 
7 

Beans and Sausages' 90% 

Beefburger3  96% 

Beans and Mince3 94% 
7 

Chocolate Pudding" 94% 

Votes:- (2) Refers to analysis by second method 

(3) Refers to analysis by third method 
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Lead Anal sis of Foodstuffs 

  

    

— 

Sample 

_.---- 	-- 

Analysis by CFAR 
------- - 

___--------- 
Independent Analysis  by flame AAS 

Apple and Prune Custardl  0.14 ppm 0.2 ppm 
Orange Cereal Breakfast'  0.08 u 0.07 u 
Strained Pearsl  0.5 It 0.55 " 
Strained Apples/  0.15 " 0.11 " 
Fruit Dessert2 0.04 " 0.03 " 
Egg and Bacon Breakfast2 0.004 " zero 
Cheese savoury 	, 0.028 " 0.03 " 
Fruit Cereal, Honey,Breakfast 1.8 It  1.06 " 
Lamb Dinner2 0.06 " 0.6 " 

*Beef Dinner2 0.04 u - 
Chiecen Vegetable Broth3 0.17 " 0.2 " 	, 
Lamb Dinner3  0.12 " 0.14 " 
Beef Dinner3 0.12 u 0.15 " 
Savoury Rice Chicken3 0.18 " 0.16 u 
Fruit Cereal, Honey, Breakfast 0.03 " 0.015 " 
*Beans and Sausages 0.3 II  

*Beefburger 0.44 " .. 

continued ****** 004000 



Independent Analysis 
by flame AAS 

••• 

.1.11.0111111•1115 SYNOMICISINIMMINSI 

Analysis by CFAR Sample 

.0•11•103mIromas• Mew.. 

4.11.61. 711110 =NW 0.11,10111.110iNION 

*Beans and Mince 

*Beans and Pork Sausages 

*Beans and Baconburgers 

*Beans and Mincemeat 

*Beans land Beefburgers 

0.35 
0.1 
0.08 

0.15 

11 

it 

11 

It 

BOOMMIle•NONOMMO 

nuation  of Table  5.6 

aIAmidibIuyiazEaojeafal 

Notes: — (1) Refers to analysis by first method 

(2) Refers to analysis by second method 

(3) Refers to analysis by third method 

No indepeadeat data available 



107 

CHAPTER VI 

DETERMINATION OF cmaum BY AAS 

6.1. INTRODUCTiCil 

Cadmium has been extensively studied by a number cf workers, 

63 
who used both AAS and AF,Dagnsll et.al.(1 -) obtained a detection 

••■.-- I.-n..01.- .1. 

limit of 0.25 ppm by AAS, using an air-acetylene flame. By.AF, the 

same type of flame, gave a detection limit of 0.005 ppm. Ramakrishna 

used an air-hydrogen flame, and obtained a sensitivity of 0.02 ppm 

by AAS, at the 228.8 rim line(16/ 	A very low detection limit of 

1015 ppm has been reported by Winefordner(165),  who determined 

cadmium by AF using a turbulent air-hydrogen flame, and a cadmium 

ED?, as the excitation source. 

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

about an increase in sensitivity. Using AAS, LIvov has renorted 

a sensitivity of 8.10-14g  (46) , while for 1% absorption, MaRsmann 

has reported a value of 10-1 3g(64). By non-flame AF, West and 

co-worker-e obtained a detection limit of 3 x 1013g for both the 

228.8 nm and 326.1 nm lines(95). 

Numerous applications of cadmium determination by flame AAS, 

have been reported in the literature. These have included the 

analysis of a wide range of matrices %. soils(166),Jnetals(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 

widely are lubricants, in which low levels of cadmium were found(95) 
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6.2. 	INSTRUIENTATION 

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 replaced by a high intensity cadmium 

hollow cathode lamp, which enabled a pin-hole collimator to be 

placed in front of the filament. The use of a collimator was not 

possible in the lead studies, owing to the high loss of light 

reaching the monochromator. 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. 

A 1,000 ppm stock Cd solution was made up by dissolving 1A14 g 

Cd (as the Cl) in 1 1 of de-ionised water. Concentrations of 

cadmium below 10 ppm, were prepared prior to usage. 

	

6.4. 	CHOICE OF LINES 

A study of the Grotrian diagrams, reveals that the two main 

cadmium atomic absorption lines, are at 228.8 nm and 326.1 nm. Other 

lines are available, but are at least 4-eV above the ground state. 

Both lines were investigated for their analytical potential,and the 

detection limits obtained will be reported later, 

6.5. 	MERDIENTAL PROCEDURE 

6.5.1. 	FILAMENT 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 a possibility of them 
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being caused by molecular absorption, or scattering of the incident 

radiation. Both these possibilities were discounted by the 

atomisation of 5 pl of 1,000 ppm of Mn (as C1) and Pb (as N037) 

at 326.1 and 228.8 nm lines. No evidence of scatter signals could 

be found, which was indicative of the fact that Cd atomic species 

were present. Cadmium (1,000 ppm) was also atomised using the 

220.2 rim Pb line, from a lead lamp, and no signals could be 

abserved. Hence, this was conclusive evidence for the existence 

of cadmium atomic species. 

Thus having established atomic cadmium absorption was taking 

place, the change of absorbance w.r.t. voltage was studied. This 

was done by applying 5µl of 0.01 ppm Cd, and atomising 

at differing voltages using the 288.8 nm line. The mean of three 

or four absorbances at each voltage was noted, and this variation 

is shown in Figure 6.1. 

Maximum absorbance was obtained on applying 7V across the 

filament. At voltages lower than 7V the ineffectiveness of the 

atomisation was reflected in lower absorbance. At higher voltages 

eza gv, 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. 

6.5.2. 	SHIEIDIEG GAS 

The role 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 absorbance, is shown in 

Figure 6.2, Optimal absorbance was obtained, using a shielding 

gas of 4.0 -- 4.5 1 min-1. A higher flow rate of shielding gas 
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eaa  7 1 min  1,  turbulence occurred above the viewing areas  which 

caused a decline in absorbance. No variation in absorbance could 

be seen, when argon WES used as the shielding gas, and hence all 

measurements were carried out using nitrogen. Argon has been 

reported to be a better purging gas in fluorescence studies(95)  

whereas nitrogen quenches the fluorescence. 

6.5.3. 	HEIGHT OF OBSERVATION 

This parameter was investigated by altering the vertical 

position of the filament w.r.t. to the incident beam of light. 

The variation of height was measured using a travelling microscope 

focussed onto the surface of the filament. The mean of three 

absorbance values was plotted for each of the distances above the 

filament. (See Figure 6.3). 

Absorbance decreased with increase of viewing distance 

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 summary, atomisation was carried 

out at 7V, using nitrogen as the purging gas (4.5 1 min 1), and 

grazing incidence. A slit width 0.2 mm (band pass 0.6 nm) was used. 

An EHT of 800 V was used. 

6.6. 	DETECTION LIMITS AND CALIBRATION 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 nm lines are shown 

in Table 6.1. Thus using 5 la samples, 0.001 ppm and 1.0 ppm could be 

detected at 228.8 and 326.1 nm respectively. 
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TABLE 6.1. 
wormramauransowitexemomitme 

Detection Limits for Cadmium 

Line Detection Limit .  

228.8 nm I 	5.0 x 10-12g 

326.1 nm 5.0 x lo
- I0 g 

In absolute terms this corresponds to 5.0 x 10-12g at 228.8 nm 

and 5.0 x 10
r9

g for.  the 326.1 nm absorption lines In comparison 

to conventional flame AAS, detection limits of 0.02 ppm (228.8 nm) 

(16) and 20 ppm (526.1 nm) have been reported ' 	The results obtained 

by the writer are approximately two order of magnitude less than 

that quoted for non-flame A?, where values of 1015g 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 (Fig. 6.4 and 6.5). The useful 

analyt4cal range for the 326.1 nm line was between 1 ppm and 50 ppm. 

It is evident that, for the purposes of trace analysis the 228.3 nm 

line is the more suitable. The 326.1 nm line is ideally suited 

for samples containing larger concentrations of cadmium e. 

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 expected from 

sodium and tin. The levels of these cations found in foodstuffs 

have been discussed in Chapter V, and the interference studies 

were studied, in relation to these reported levels. Interference 

studies using tin were carried out at both cadmium resonance,lines, 

but the sodium studies were confined to the 228.8 nm line. 

Interferences on the filament have been long recognized as 

being due to condensation of the atomic species(95). This process 

is further aided by the presence of other elements, which can 

provide an additional surface area for the atomic cadmium species. 

A reduction in inter-element effects can be brought about by the 

use of limited field viewing, and is experimentally achieved by 

placing a pin-hole collimator in front of the carbon rodland 

level with the notch of the filament. A high intensity spectral 

source is needed for this technique, for which EDL's are ideally 

suited, but in the present studies a high intensity lamp was 

used. The tin (Sn) interference was in the form of the metal 

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 cadmium absorbance at 326.1 nm was carried out using 

10 ppm standard solutions. At 228.8 nm the interference studies were 

carried out using 0,05 ppm cadmium solutions, and the depression 

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

Under limited field viewing conditions, no 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 228.3 nm resonance line, no depression of cadmium 

signal was observed in the 4o,0oo fold excess of tin, using limited 

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

was found. Hence these studies showed that interference by other 

cations could be reduced by limited field viewing. 

TABLE 6.2 

Tin (Sn) Interference Studies at  26.1 nm 

Ratio 	of Sn: Cd 	Depression of Signal 

Limited Field 

Viewing 

Open Field 

Viewing 

800 

600 

Lioo 

200 

Nil 

Nil 

Nil 

Nil 

-30% 

-4% 

Nil 

Nil 

TABLE 6.3  

Tin (Sn) Interference Studies at 223.8 nm  

Ratio of Sn: Cd 	Depression of Signal 

Limited Field Open Field 

Viewing Viewing 

40l000 , Nil -20% 

30,000 Nil -10% 

20,000 Nil Nil 

10,000 Nil Nil 
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The effect of sodim chloride in cadmium absorbance was carried 

out by "spiking" cadmium standards (0.05 rpm) with excess levels of 

the sodium cation. Dual peaks were obtained, but it was still 

possible to identify the cadmium absorbance signals. This was 

achieved by "spiking" the solutions with increasing cadmium concentra-

tions. An increase in the cadmium absorbance was observed, while 

the other scatter peak height renained constant. It was found 

during the course of these studies, that improved resolution of the 

peaks was obtained 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 6.4. 

TABLE 6.4, 

Sodium Interference Studies at 228.8 nm 

Ratio of Na:Cd Depression of Signal 

Limited Field Open Field 

Viewing Viewing 

20,000 10% 60% 

10,000 Nil 20%  
1,000 Nil Nil 

From both the sodium and tin studies it is seen that limited 

fold viewing reduced inter-element effects. This observation has 

been previously reported(95), and in some commercial non-flame 

atomiserst a pin-hole collimator is incorporated in the instrumentation. 
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CHAPTER VII 

DR2EM,1INATION OF CADMIUM IN PODDSTUFFS 

	

7.1. 	INTRODUCTION 

The analysis of cadmium was carried out using a solvent 

extraction technique, the details of which, will be reported later. 

Despite the reduction of inter-element effects reported in 

Chapter 6, a direct method of analysis was not attempted, due to 

the low levels of cadmium anticipated. The low levels were 

expected, on the basis of the differing amount of lead and cadmium 

intakes via the food chain. Human intake of cadmium is ca 40 µg/day, 

while the average daily lead intake is ca 300 pg/day. On the 

basis of these two figures, the concentration of cadmium in foodstuffs 

would be approximately one eighth of the 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 ppm. Since 

no pre-analysed samples were available, the levels of cadmium may 

have been below the detection 'Omit, 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. 

	

7.2. 	ITCPERDENTAL,  

A number of chelating reagents are available for the extraction 

of cadmium, and included are; diethyldithiocarbamate, dithizone, or 

pyridine -thiocyanate. Ln innrganic separation
(169) 

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 analysis was based on formation of H2CdI
, which was 

extracted into an organic solvent. 

7.2.1. DEVELOPMENT OF EXTRACTION METHOD 

  

The efficiency of the extraction system was investigated, using 

approximately the same experimental conditions, as were used in the 

lead analysis. This was achieved by adding 5 cm3 of acidified 

saturated KI to 50 pg of cadmium, and diluting the final volume 

to 25 cm3. Various volumes of !1IBK were added to the aqueous 

solutions, and on separation of the two phases, the cadmium extracted, 

was examined. 

This was done by applying 5µl samples onto the filament, and 

using 0.5 V (5 seconds) for solvent evaporation. Atomisation was 

at 7 V. Consistently low recovery rates ca 53%.r  57% were obtained, 

and a number of possible causes were investigated. 

The percentage of KI w.r.t. the final 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 solvents having differing dielectric constants, 

on the extraction efficiency was investigated. Xylene and ether which 

have dielectric values of 2.3 10 and 4.8 pD respectively, were tried 

as the organic extracting medium. Using xylenelan efficiency rate 

of 20% was found, while ether gave a value of 30%. The use of mixed 

solvents Iti xylene/MIBK were tried, but low efficiency rates 

were obtained. Hence, on this evidence, the possibility of 
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• pm 	.lability of the solvent, being a critical factor in the 

extraction, was eliminated,. and for subsequent work NIBK was used. 

At this stage of the arnlysis, efficiency rates were found to 

vary randomly from 50 - 70%, and no satisfactory explanation could 

be offered. The acidity of the ICI was investigated, and some 

increase in efficiency was observed. As a result of this observation, 

the normality of the aqueous solution prior to extraction was 

investigated. This was done by varying the volume of concentrated 

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

normality prior to extracticn. 

A definite dependence was found, and the variation of normality 

against percentage efficiency is shown in Figure 7.1. This shows 

that 5N (F) was the optimium normality, and 93% efficiecny 

obtained. This dependence on normality has been reported by 

(170) 
another worker 

7.2.2. 	PROCEDURE 

In summary, maximum efficiency of the cadmium extraction was 

obtained using the following experimental procedure. To 20 pg of 

cadmium were added 5 cm3 of acidified saturated potassium iodide, 

followed by the addition of 15 cm3 of concentrated hydrochloric acid. 

One cm3 of MIBK was added, and the cadmium extracted into the 

organic phase was analysed on the filament, using a voltage for 

evaporation (0.5V 5 seconds), and an atomisation voltage (7V). 

The recovery rates were calculated, using a calibration graph, 

prepared at the 326.1 nm line. By this procedure,recovery rates 

exceeding 95% were obtained. 
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7.3. 	ANALYSIS cy SAMPLES 

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 

analysis of samples was attempted using standard addition 

technique. 

7.3.1. 	NEASURZIENT OF RECOVERY RATES 

This was achieved experimentally by adding 50 pg of Cd to 5 g 

of a well homogenised sample. The need 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 H2SO4  were 

added to the sample. Immediate charring of the sample was observed, 

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 and sulphuric acid. 

Once the initial dissolution of the sample was obtained, the 

next stage involved the removal of the oxidizing species from the 

acid mixture. This was achieved, by adding 30 cm3 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 

solution was diluted to 50 cm3, which yeilded a 10% solution of the 

sample. 

To 20 cm3  aliquots of the 10% solution were added 5 cm3 of 
acidified potassium iodide. This was shaken for a few minutes, 

and 1 cm3 of NIBK, which had been previously equilibrated with 

concentrated hydrochloric acid, was added. Good separation of the 

phases was obtained. 
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The concentration of cadmium extracted into the NIBK 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 326.1 nm triplet 

line was used. The recovery rates were recorded; using a 

calibration graph prepared from aqueous cadmium standards. 

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

in Table 7.1. 

An alternative means of remo;:ing the oxidizing species was 

successfully tried, and involved the use of sodium sulphite 

(Na
2
SO3). Hence, once an initial homogeneous solution was obtained, 

this was diluted to yield a 10% solution of the sample. To 10 cm3 

aliquots of this 10% solution were added 5 cm3  of KI, and resulted 

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

KI 	[0] 	1
2 
	(7.1.) 

By adding 10 cm3  of a 1M Na2S0
5 solution, the oxidation is 

reversed according to the following equation:- 

Na
2
SO
3 
 + H2O 	I

2 	
Na
2
SO
4 + 2 HI 	(7.2.) 

One cm3 of NIBK was added, and the cadmium extracted, was analysed 

by the filament technique. The recovery rates obtained are shown 

in Table 7.1. 
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7.3.2. 	REAGENT PURIFICATION 

Having obtained satisfactory recovery rates, the samples were 

analysed using the more sensitive 228.8 nm cadmium line. A major 

problem was that of cadmium contamination of the reagents, a problem 

increased by the samli linear range of the 228.8 nm line. Thus, 

much effort was concentrated in trying to overcoming the problem. 

(a) illBK 

The MIBK was found to contain approximately 0.05 ppm 

cadmium, and this was removed by careful distillation. Prior 

to distillation, the glassware was soaked in Decon 90, and 

washed to remove all grease. The distilling apparatus was 

then baked in an oven overnight. 

In the distillation of the BIBK,the first and final 

distillate volumes were discarded, and the rest of the 

distillate was re-cycled three times. Using this technique 

the cadmium concentration was reduced to 0.005 ppm. 

(b) POTASSIUM IODIDE 

The cadmium from the potassium iodide was removed, by 

adding ca 714 H2SO4  to an equal volume of a saturated KI 

solution, and the resultant B2CdI4  formed, was extracted into 

and MIBK phase. In the actual analysis the KI was extracted 

twice to ensure maximum removal of the cadmium. 

(c) NITRIC ACID 

A number 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. 
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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 potential 

less .1.5V will be deposited on the mercury electroded surface. 

This method was unsatisfactory, due to the formation of a 

passive layer by the nitric acid, which prevented efficient 

electrolysis. 

Repeated distillation of nitric acid was also found to 

be unsuccessful. An attempt was made to prepare the nitric 

acid from KNO3 and H2S041 but the resultant acid was found 

to contain approximately 0.5 ppm cadmium. 

(d) USE OF HYDROGEN PEROXIDE 

Analar hydrogen peraldde was also tried, as an alternative 

to nitric acid, using the following procedure. 

To a pyrex beaker containing 5 g of sample was added 50 pg 

of cadmium solution. Concentrated sulphuric acid was added 

(10 cm3)„ and charring of the sample was observed. Hydrogen 

peroxide (50 Vol, 15 - 20 cm3) was added, and the beaker was 

heated until a homogeneous solution was obtained. This heating 

VW continued for a further five minutes to remove any excess 

hydrogen peroxide. The contents of the beaker was now diluted 

to 50 cm3, and yielded a 105 solution of the sample. 

To 20 cm3  aliquots of the ia,IS solution were added 50 cm3  of 

acidified potassium iodide. One cm3 of MIBK was added, and the 

two phases were shaken. On separation of the two phases, the 

cadmium in the organic phase was determined, using the filament. 
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The 326.1 nm resonance line was used. The recovery rates 

obtained are shown in Table 7.1. But despite the good recovery 

ratess  a higher cadmium blank value was found. Eventually, 

nitric acid of low concentration was obtained from BDII (Poole, 

Dorset). 

(e) SULPHURIC ACID 

Revoval of cadmium from sulphuric acid was achieved by 

diluting the acid to 7 MI  and adding acidified potassium 

iodide. On the addition of flIBK the cadmium was extracted 

into the organic phase. The lower aqueous phase was re-.heated 

to from a smaller volume, to yield a concentrated acid volume. 

Despite all these efforts, the contamination of the 

reagents was found to restrict the maximum levels of 

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 nm calit,ration curve. 

This was achieved by using a smaller volume of samples 

(1 01) 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). 

• 7.3.3. 	ANALYSIS  OF SAMPLES 

Having minimised the cadmium blank levels, the samples were 

nnoysed by the standard addition technique. 

This was achieved by "spiking" 5 g samples with stsnaard cadmium 

solutions. Sulphuric acid (10 cm3) 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 solution 

was obtained, and to this was added 30 cm3  of de-ionised water. The 

beaker was then re-heated until the evolution of white acid fumes. 

The resultant volume was diluted to 50 cm3, which yielded a 10% 

solution. 

To 20 cm3  aliquots of the 1076 solution was added 5 cm3 of 

acidified potassium iodide, followed by 1 cm' oc MIBK. For the purposes 

of the cadmium extraction, it was not necessary to acidify the organic 

phase with MI. On separation of the two phases, the MIBK was 

analysed on the filament, using the 228.8 nm line. The following 

voltages were used:- 

(a) Solvent Evaporation 	0.5V 	3 seconds 

(b) Pyrolysis 	3V 	4 seconds 

(c) Atomisation 	7V 

A mean of three absorbance readings were takens  and these 

values were plotted as a function of added cadmium concentrations. 

A blank absorbance was subtracted from each result, so as to 

compensate for reagent contamination. The blank level was ca 

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

As an alternative to the second heating stage, the oxidizing 

species can be removed by the addition of sodium sulphite Na
2e  SO-. 

Thus, once the sample was initially dissolved, the acid mixture 

was diluted to yield a 10% solution of the sample. To 10 cm3  

aliquots of this solution were added 5 cm3  of 11, followed by the 

addition of 10 cm3  of IM soda um sulphite. One cm3  of MIBK was 

added, and the cadmium levels analysed as before. 
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CONCLUS10',-.73 

The only advantage, in using sodium sulphite was that it reduced 

the time involved in the analysis, but increased the cadmium blank 

levels by one third. A much better idea is to compromise between the 

strength of sulnhite needed, and the time needed for the second 

heating sage. 

The results obtained are shown in Table 7.2, and the coefficient 

of variation is 5 - 7%. 

Thus using the solvent extraction technique, the detection 

limit in solution was extended 10-  ppm, which enabled levels as 

low as 103 ppm in the foodstuffs to be determined. 



TARELL11  

MeasuremeRI2Laammataof Cadmium in Foodstuffs 
U7dT2lailMnieef.20.,,ua&Za 

Matrix 

..............-1  

% /0 Recovery Rate 

Beans and Sausages - 97 

Macaroni and Beef 98 
Bone and Vegetable Broth 100 

Beef and Liver 100 

Orange! and Rice 98 
Beefburger 97 

Tomato Soup* 95 

Baconburger* .  96 
Apricot Dessert** 9!. I 

Lamb Dinner,.* 95 

..........m........... 

* Using Ida2S03  

** Using 11202 

17.2 
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TABLE 7.2. 

Ax7.ysis of Cadmium in Foodstuffs 

Matrix Cadmium concentration 

PPm 

Orange and Rice 0.02 

Tomato Soup 0.025 

Milk Rice Pudding 0.12 

Beans and Mince 0.1 

Cheese Savoury 0.04 

Bens and Pork Sausages 0.02 

Tomato Soup 0.23 

Apricot Dessert ' 0.03 

Beans and Baconburgers 	. 0.03 
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OFIOYF VIII 

DEMMINATION OF ARSENIC BY AILS 

8.1. 	INTRODUCTION 

The determination of arsenic by conventional flame AAS has 

proved to be fairly difficult. This is due to the mnin aresenic 

resonance lines (189.0,193.7,and 19703nm) being in the U.V.1  and 

are absorbed by molecular oxygen. Alsolat these wavelengthsy the 

arsenic lines exhibit poor transmission through conventional. AAS 

flames. Khan and Schalles(171 ) used a fairly transparent argon,. 

hydrogen flame for arsenic determination at 193.7 nm, and obtained 

a detection limit of 0.05 ppm. Using this cooler flame severe 

inter-element effects were observed. 

By using a hotter but less transparent air-acetylene flame, 

Slavin 
(172) 

obtained a detection limit of 0.25 ppm at 193.7 nm. 

Kirkbright et.al used a nitrogen separated nitrous oxide - acetylene 

flame(57)1  and obtained a detection limit of 1 pnm at 193.7 nm, 

A .ember of workers(173-174)have tried to determine arsenic, by 

reduction to arsine, andaspirating the gas into a conventional, air-

acetylene flame. By this technique, Fernandez obtained a 

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

Using flames, arsenic atomic fluorescence has been observed at 

188.2, 193.7, 197.2 nm, 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 nm 

resonance line, and a detection limit of 0.2 ppm was obtained at this 

wavelengthF Dagnall, Taylor and  West(176)have reported detection 

limits of 0.4 ppm and 0.6 ppm at the 193.7, and 189.0 nm respectively, 
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in a pre-mileed air-hydrogen rime. Manning and Heneage(1(7 ) 

have obtained a detection limit of 1 ppm for arsenic in an air-

hydrogen flame, using a high intensity hollow cathode lamp, 

Using non-flame devices, absorption of the resonance radiation, 

found in flame AAS, was avoided. All the non-flame work concerning 

arsenic, has been done by AAS, and to date (1974), AF by nameless 

techniques has not been reported. Ltvov by use of his cuvette 

obtained a sensitivity of 109g at the 18900 nm resonance line ) 

Massmann obtained a detection limit of 1010-11g for arsenic at 

193.7 nm( 47). By means of a mini-Massmann furnace a detection 

limit of 10-10g  has been reported(143)1  at  193.7 run. 

8.2. 	APPARATUS 

A number of changes were made in the apparatus., as compared to 

the instrumentation used in the previous studies. Because of its 

relatively low intensity output, a hollow cathode lamp was 

considered unsuitable as the spectral source, and instead an 

electrodlecs discharge lamp (EDL) was ased. The construction and 

operation of the FL  will be described in the next section. The 

main arsenic resonance lines (193.7 197.3, and 18900 nm)arein the 

U.V. and because of absorption by molecular oxygen, urging of the 

optical path was necessary. An enclosed optical path was constructed 

by positioning glass tubing between the source, lens, CFAR/  and 

the monocbromator. The glass tubing was fitted with inlet points, 

through which the entire optical path could be flushed with N2. A 

similar inlet was available with the monochrematcr, through which 

N2 purging was carried out. A schematic representation of the 

apparatus is shown in Figure 8.1. 
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When purging was carried out a 15% increase in transmission 

of the 169.0 nm line was observed, A 5% increase was observed at 

193.7 and 197.3 nm. Hence all arsenic studies were carried out 

using a purged system. 

8.3. 	ECPERIIIrdiTAL 

8.3.1. 	OPERATION OF EDL 

In the past few years, the preparation and use of EDLS 

for most elements used in spectroscopy, has been widely reported in 

the literature(178-179). Generally, EMS for most elements are 

cheap, easy to prepare, and exhibit intense spectral output. The 

only major expense involved is the use of auxiliary equipment needed 

to operate the lamps. Because of their high intensity output, 

EDLS have found a wide application in AF studies, where fluorescence 

signals are largely dependent on the intensity of the source. 

A review on the subject has been recently published(34  ). Electrodless 

discharge lamps have also been used in AAS studies below 200 nm(18) 

The EDL used in the present arsenic studies was prepared by a 

member of the research team (Mr A. King),who has worked widely in the 

area of their preparation and operation. The arsenic EDL was made 

from silica tubing (8 mm bore, 1 mm thickness), to form a bulb of 

length of 60 nm. After the usual cleaning and degassing of the quartz 

"blank", a small amount (1 mg) of metallic arsenic VMS introduced. 

This was volatilised, 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 "blabk". was then filled with 

argon at atmospheric pressure, and removed from the vacuum line. 
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A small crystal of iodine was introduced into the bulb, and reacted 

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

the metal iodide. excess iodine was removed from the bulb by sublimation 

under vacuum. The "blank" was flushed a number of times with argon, 

and finally sealed under a pressure of 3 Torr. 

The lamp was then operated in a 3/4 wave resonant cavity 

(Model 210L, Electromedical Supplies, Wantage, U.K.), powered by a 

2450 MHz Microtron 	Microwave generator (Electromedioal Supplies) 

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 signal over a period cf four hours. 

A 	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 three wavelengths was obtained at an 

operating power of 30 watts. At higher power, the spectral intensity 

increased, but the EDL became unstable. 

8.3.2. REAGENTS 

All the reagents were of the AR grr.de except- where stated. A 

1,000 ppm stock arsenic solution was made up by dissolving 1.320 g 

arsenic trioxide (As
2
0
3) in 50 cm

3 of concentrated hydrochloric acid, 

and dilucing to 1 1. 

8.3.3. 	ORIGIN OF SIGNALS 

In view of the difficulties experienced by early research 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 publication081? has reported the existence of molecular 

arsenic bands in the region of 200 nme 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 molecular 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 were found, which 

are shown in Thble 8.1. These non -resonance lines were used to 

determine the existence of molecular absorption. 
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TABLE 8.1 

Saeapectral Lines Emitted from the As, EDL 

Arsenic 	Lines Other Lines Emitted 

189.0 nm 

193.7 nm 

197.3 nm 

187.6 nm (iodine resonance line) 

193.1 nm (non-arsenic line) 

. 199.0 nm (arsenic non-resonance 

Five microlitre volumes of an arsenic standard (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 one minute, 

the samples was atomised at 8V, and the arsenic signal was recorded. 

This procedure was repeated for a minimum of ten consecutive results, 

for each of the arsenic 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 le (as KC1-) were also atomised 

at the arsenic resonance lines, but no evidence of scatter could be 

found. 

This was conclusive evidence that the atomic absorption was 

taking place. 



8.3.4. 	PTiEOTCI EFFECTS 

Memory effects were found Lo occur after the atomisation of 

10 ppm or 100 ppm arsenic. This effect 'was more noticeable at low 

nitrogen flow rates, eta. 3 1 min.-1, although it was also observed 

at higher values of the shielding gas 	10 1 min.-1. These 

signals were found to occur, when no further arsenic standards were 

applied to the rod, but the peaks were found to disappear after 

the application of tk second or third atomisation voltage. The same 

memory effects were observed, on application of higher initial 

atomisation voltages atzz  10V or 1111, and the possibility of incomplete 

atomisation causing the memory peaks was discounted. 

These "ghost" signals were found to be caused by arsenic vapour 

condensing on the edges of the glass tubing. This tubing was 

approximately 10 mm from the filament, and formed a part of the 

purging system. The arrangement for removing oxygen from the light 

path was then altered, so that the N2  gas used for shielding the 

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

way further memory effects were not observed. 

8.3.5. FM/MT VOLTAGE  

This parameter was investigated by applying 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 absorbance values was taken, for each Variac setting. 

Optimal atomisation was at 8.5V (Figure 8.3). At values less than 

8.5V, lower absorbance was accounted for, by incomplete atomisation. 

At higher voltages az:  10V9  the decrease in absorbance was caused by 

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

The effect of the nitrogen flow rate on the arsenic absorbance 

was investigated using 2 ppm arsenic standard solutions. Five 

microlitre of the standard were atomised (8.5V) at differing flow 

rates, and the corresponding absorbance values recorded at 189.0 nm. 

This parameter is shown in Figure 8.4. At flow rates less than 

5.1 min-1  lower absorbance was probably due to insufficient atoms 

being carried to the viewing area. At higher flow rates e... 

8.1 min 1  the turbulence 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 in absorbance could be 

observed. Hence for subsequent work, all the arsenic studies were 

carried out using N, as the sheathing gas. 

8.3.7. HEIGHT OF OBSERVATION 

  

The position of the filament w.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 microlitre 

volumes of an arsenic standard (1 ppm) were 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 decreased with 

increasing height above the filament. This decrease may be - possibly 

due to the formation of molecular arsenic species above the filament. 
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8.3.8. 	STUDIES usim 2.0 mn DIAMETER RODS 

The determination of arsenic, was attempted using 2.0 mm carbon 

rods. The brass blocks from the CFAR were removed, and the type 

of cell used is shown in Figure 3.1. A rod (25 mm length and 

2 diameter) was clamped between the two electrodes. In, order to 

accommodate a 5 111 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 light was obtained. 

Five microlitre volumes of an arsenic staraard (100 ppm) were 

now atomised, senarately, 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 resonance lines for 1 - 2 seconds after the initial 

atomisation. On applying a farther voltage, no signal could be 

seen, which excluded the possibility of memory effects. The arsenic 

standards were now atomised 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 absorption, and not atomic 

absorption was taking place. 

The failure to obtain -arsenic atomic absorption using 2 min diameter 

rods, may have been due to a surface area effect. This was 

investigated using, the 3.2 mm diameter rods, where notches (0.5 mm 

length, and 1 mm deep) were cut. The surface area is ca 5 mm2,  

c.f. to 8 me-  for the 2 mm rods. 

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 samlier 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 mm diameter rods. This may be due to the fact that the 

3.2 mm 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 out using  3.2 mm diameter 

filaments. The length of the filament was 20 mm, and a notch 

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

8.3.9. 	PREPARATION OF CALIBRATION GRAPHS AND DETECTION LIMITS 

In view of the high background emitted by the arsenic EDL, a 

study of slit width against absorbance was necessary. This was 

done by atomising  2 ppm arsenic standards, at 189.0 nm at 

differing  band-widths. The water was evaporated by applying  a 

small voltage (0.5V 10 seconds), and arsenic was atomised at 8.5V. 

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

Figure 8.6. 

Optimal absorbance was obtained using  a slit width of 25 pm 

(band pass of 0.07 nm). At smaller values ac .5 pm or 10 pm 

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. 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, (c) EHT 

1200 V, (d) Nitrogen shielding  gas 4.5 1 min.-1, 
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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 obtained for arsenic lines will 

be also reported. 

8.4. 	METHODS OF °MOONING LOW CURVATWIE 

8.4.1. INTRODUCTION 

One of the evident features associated with the calibration 

graphs was, that of severe curvature. From the calibration graphs, 

all arsenic concentrations above 20 ppm gave the same absorbance 

values. Hence if the arsenic studies were to be of any analytical 

use, this problem needed 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 nm and 193.7 nm arsenic resonance lines. 

ATOMISATION STUDTEs 

INTRODUCTION 

In order to eliminate the possibility of low Curvature, being 

caused by incomplete atomisation, the AAS studies were carried out 

using a mini-Massmann furnace; This non-flame device was different 

from the filament, in that the arsenic was heated in a closed system, 

and further energy was supplied from the walls of the furnace. 
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By contrast, the arsenic on leaving the filament was no longer 

subjected to further heating. 

8.4.3. 	DESCRIPTION OF I-1117-MSSMAIIN FURNACE 

The type of atom reservoir used is shown in Figure 8.3, and was 

made by turning 6.15 ram diameter graphite (Ringsdorff). 

Twice full size 

FIGUITP Ae 	-mis smAlo 

The furnace was approximately (4 mm long x 3 mm wide, 2 mm deep) 

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 furnace, which enabled 10 pl samples to be applied. 

To enable the mini-J:assmann to be use the CFAR assembly, the ends 

of the furnace were reamed out to 3.2 mm diameter ends. 

ti 
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8.4.4. 	OPTIMISATION OF IIIN.I.-1,1ASSMANN 

Because of the differing 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 atomisation. This was in 

contrast with the filament, where the shielding gas, and the height 

of observation were also critical factors for optimal absorbance. 

Optimal conditions for atomisation were obtained using the 

following procedure. Ten microlitres of an arsenic standard (10 ppm) 

were placed in the mini-Massmemi via a omall hole in the top of 

the furnace. This is twice the volume, that could be used with 

the filament. 

The 189.0 nm line was used in the atomisation studies. 

Differing Variac voltages were applied to the filament, and in 

each case the corresuonding absorbance was recorded. 

A flow rate of N2 (4 I min-I) 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 arsenic atomic vapour was 

contained within the furnace, which resulted in a longer resonance 

time. 

8.4.5. 	PREPARATTO/I OF CALIBRAYIOIT GRAPHS ATM 

Dw.hCTION LI1IITS USING THE MINI-Y..a.SSNANN 

PROCEDURE 

• A calibration graph was prepared only at the 189.0 nm line, but 

detection limits were established for the other two arsenic 

resonance lines. Ten microlitres of differing arsenic concentrations 
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,TABLE 8.2 

Detection Limits for Arsenic Using Mini-Masailann and CFAR ,■••■•••■••■.••■[..k 

*a.m.,. 

.Wavelength (nm) 189:0 193.7 197.3 

Mini-Massmann 2 x 10-9g 1 x 10-9g 1 x 10
-8 

 g 

CFAR 2.5 x 10-9g 2 x 10-9g 3 x 10-8g 

151+ 

- were 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 necessary, to ensure complete removal of any water 

vapour. The arsenic was then atomised at 9V. 

Calibration graphs obtained by the mini-Massmann, and the 

filamentlare shown in Figure 8.10. The calibration graphs produced 

using the mini-Massmann were found to exhibit the same marked 

curvature, as those prepared using the filament. Hence on this 

evidence further arsenic studies"  ere carried out using the filament. 

The detection limits obtained for both non-flame devices 

are shown in Table 8.2. 

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
-9

g were obtained. 

Ltvov(15)  has reported the 189.0 nm to be the most sensitive 

arsenic line, which was in agreement, with the relative oscillator 

values of the lines. Most other workers have not used the 1890 nm 

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

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

the present studies, may account for this deviation from 

theoretical values. 

8.5 	NETHOD OF INPROITING SPECTRAL OUTPUT ------- 
INTYWCTION 

Having eliminated the possibility of atomisation being responsible 

for the marked 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 slit width of 25 pm(band pass 0.07 pm); and a sigrni to background 

ratio 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 of a smaller slit-widUi resulted in an 

increase in background, caused by a higher amplifier gain in the 

scope. 

One method of improving the spectral intensity output is by 

careful temperature control of the EDL environment in the cavity. 

In this way a more stable and higher intensity spectral output 

is achieved. 

8.5.1. USE' OF, THERMOSTATTFD EDL 

The use of thermostatted EDLS has been a fairly recent 

development. Much of the work has been done by Winefordner(182-184)  

and also in this department( 46) 

In the present arsenic studies, the EDL was thermostatted by 

blowing hot nitrogen gas around the bulb of the lamp. This was 

achieved by passing the N
2 over a heating element, which was 

contained in an aesbestos box. Attached to the box was a quartz 
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tube side-arm, which was placed inside the 3/1f wave cavity. The 

bulb of the EDL was now placed inside the quartz tube, so a 

constant thermal environment was maintained inside the cavity. 

The effect of differing temperatures on the spectral output 

was studied. The cavity was operated at a constant power (30 watts), 

and the signal to background ratio at differing temperatures of 

the N
2 stream inside the cavity were recorded. This was carried 

out at 189.0 and 193.7 nm, and the variation found is shown in 

Figure 8.11. 

Improvement in the signal to backg/ound 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 

110°C. At greater temperatures the EDL became unstable. At 193.7 nm 

signal to background ratio was doubled at the sane optimal temperature. 

AU the measurements were carried out using a 10 pm slit-width 

(0.03 nm band pass). At higher temperatures self-reversal of the 

EDL occurred. This was caused by the absorption of the radiation 

emitted from the central portion of the EDL by the arsenic atoms 

in the outer portion. These, being near to the tube walls:  were 

cooler, and hence have a narrower absorption file. The effect was 

to remove the central portion of the emission line. 

8.5.2. 	PREPOATION OF CALIBRATION raApEls USING THE FILMIENT 

The calibration graphs were now prepared using the following 

conditions (i) Slit-width 10 pm (ii) EDL temperature 110°C, 

(iii) N2 flow rate 4 - 5 litres. (iv) Incident grazing, and 
(v) a fully purged optical path. 
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Differing arsenic standards were applied to the filament, 

and water was evaporated at a Variac setting of 0.5V (10 seconds).. 

Arsenic was atomised at 8.5V. 

The calibration graphs obtained are shown in Figure 8.120 

The graphs were found to exhibit curvature at 0.6 absorbance. 

Previously, curvature was found at 0035 absorbance. 

The detection limits obtained under these conditions are shown 

in Table 8.3. 

TABIE  8.3. 

Improved Detection Limits .12ir15...ama 

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 ratio. The values obtained were 

found in-close agreement with those found by other workers(47) 

139 



/q3.7 an) 

A BS oRCIINCE 

o-6 

o 

6 	7  ?Prn 
p 

uoilc Ear R .ro 

160 

f: 	 A v 	 IV 	:-TZ CO /V cAr  T .R T 

   1y 	RT •  IS 7.0 etnet 	11,71:1nn,  



Interference Studies Usiac..22liain Ir.mosision.a■Car,......mger...e meornabamloamars • 

8.5.3. 	ITZTERIEttEITOD S"UDI17S -----__ 

The effect of sodium and tin on arsenic absorbance at 1890 nm 

and 193.7 nm was studied. The sodium cation was in the form of sodium 

chloride, and tin solution was made by dissolving the metal in a 

few cm3  of concentrated hydrochloric acid. The investigation was 

carried out using 1 ppn arsenic standard and different excess levels 

of the interfering cations. The results obtained are shown in 

Table 8.4. • . 

TABLE 8.4 

Interference Studies Usin Tin 

Ratio 	As:Sn Depression 

193.7 nm 	189.0 nm 

10 Nil 	Nil 

50  Nil 	l',-, 
il° 

100 20% 	30% 

200 50% 	70% 

400 Absorption Peak not resolved 

TABLE 8.„3.•  

Ratio 	As: Na Denression 

193.7 nm 	189.0 nm 

10 Nil 	Nil 

20 Nil 	10% 

50 20% 	28% 

100 Absorption Peak not resolved 
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The presence of the interference cations resulted in the 

formation of dual peaks. The arsenic signal was identified by 

increasing the arsenic concentration, and on large arsenic signnls 

were observed. The other scatter peak remained constant. 

Both cations were found to depress the arsenic absorbance. 

At 400 fold excess of tin, the arsenic peak could not be resolved 

at both lines. At 100 fold excess of Na, a single scatter peak 

was obtained at 189.0 and 193.7 nm. The depression of signals found 

are similar to the effects observed by workers‘'185 ' determining 

arsenic by flame AAS. 

CONCLUSION 

The determination of arsenic by the CFAR has been demonstrated 

The interference studies showed, that arsenic absorption was 

depressed at low levels of sodium and Lin. Methods of overcoming 

this depression of absorbanCe are given in the next chapter, Also 

some sueztions for future work are outlined. 
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Chapter 9 

Some Suggestions for Future Work 

Ideas for future work can be divided into two main sections viz. 

(a) Short term work and (b) Long term studies. 

9.1 	Short Term Suggestions 

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 problem of corrosion of electrical contacts by use 

of carbon rings. 

(2) A thorough investigation of the physical parameters involved in 

the CFAR s.p41. 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 investigation. 

A recent publication (186) has suggested that there is scope for improvement 

in the efficiency 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 lo.w arsenic ratio may be 

due to impurities present in the argon and arsenic metal. Most workers 

have failed to mention any purification procedure 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 2.:1;.. Diethyldithiocarbamate. (187) 



(5) The last few years have seen a major growth 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. 

One application of non-flame techniques that ought to be considered 

is in their use in monitoring large numbers of samples. Any matrix effects 

could 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-analysed 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. Orie 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 foodstuffs ought to be 

investigated. Only 10% of inorganic lead is absorbed by the body while 

over 80% of organic lead is retained. 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. This is particularly desirable in the food industry 

where the following elements; Se; Pb; Hg; Mn; Co; As; Gd; Zn; and Sn, have 

been reported to cause trace metal poisoning. 

All the srectroscopic techniques AE AAS and AF, are capable of 

multi-element analysis, but each technique possesses its own particular 

problems. 

In AAS the problems associated with multi-element analysis are 

two fold viz (a) Spectral source, and (b) Read-out system. 

The first problem is one of focussing three to six lamps at one 

point, without severe loss of light. 

One method of overcoming this problem may be by the use or a flow 

through hollow cathode lamp system. When salts. of. different elements are 

placed in the cathode 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 has been demonstrated in this 

laboratory. (190) 

The read-out problem is one of simultaneously recording, the 

signals. But one advantage of AAS is that non flame cells.are capable of 

atomising most elements by simple temperature control. Lead and vanadium 

can be atomised by the CFAR, while vanadium can only be determined using 

and nitrors-oxide acetylene flame. 

7n AF, the problem of focussing the light source are even greater. 

This is because the cavity and microwave generator needed 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 severely 

limited. Arsenic ADLS gives optimal spectral output at a temperature of 

110°C, while an optimal temperature of 300°C is needed :for a manganede EDL. 
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In AE, the geometrical problem of focussing the light is avoided. 

The disadvantages which were associated with AE viz (a) low 

temperature 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 6000°C, and combined with an echelle mnnochromator can 

avoid spectral over-lap. 

Many workers 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 routine  

laboratorj method of analysis. 

The main disadvantage of this technique: are (a) its initial high 

cost of equipment (up to £30,000), (b) its expensive operating 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 number of cations. 

A recent publication (191) has described the simultaneous 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 trace metals in foodstuffs, and most modern AAS instruments have 

turrets for six hollow cathode lamps, 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 increasingly 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, Gd., Presently (1974) legal limits exist only for 

Pb and As. Flame techniques will always be used, where a quick but less 

sensitive method of analysis is required. 
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Symbols 

Definition 	2E221 

Plancks constant 	h 	6.63 x 10-34  J. sec. 

Energy 	 E 	1.60 x 10 	J. ee 

Frequency 	 V' 	sec
_i  

Wavelength 	A 	nm 

Boltzmann Constant 	- K 	1.38 x 10-23  J. °K-1  

Absorbance 	A 	- 

Statisical weight 	gi 	- 

Universal Gas Constant 	R 	8.314 J.K-1 mol-1 

Oscillator Strength 	f 	- 

- 
Absorption Coefficient 	k 	cm 1  

Doppler Width 	elYt, 	nm . 

Natural Width 	W 	nm 

Lorentz Width 	„A \C 	nm 11 

Velocity of Light 	c 	3 x 108 m s-1 
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