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2. 

Abstract. 

A variety of atom reservoirs for use in atomic 

absorption and atomic fluorescence spectrometry is re-

viewed. The efficacy of the Carbon Filament Atom Reser-

voir is related (theoretically) to certain features of 

its design and these relationships tested. 

Methods for the determination of lead from pure 

aqueous samples by atomic absorption spectrometry and 

atomic fluorescence spectrometry with the C.F.A.R. are 

described and compared. The effects_of some foreign ions 

on these methods are described. 

Integration of the peak absorbance signals 

obtained from the C.F.A.R. is investigated and shown to 

offer no advantage over measurement of the peak height. 

A method for the determination of lead in blood 

samples, by atomic absorption spectrometry with the 

C.F.A.R. is described. 
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The main concerns of this thesis are atomic 

absorption spectrometry (A.A.S.) and atomic fluorescence 

spectrometry (A.F.S.). A brief review of the theory of 

such measurements follows. 

Atomic Absorption Spectrometry. 

Free atoms can absorb electromagnetic radia-

tion. This absorption is accompanied by a change in 

the energy state of an electron. The frequency of the 

absorbed radiation is determined by the separation of 

the electron energy levels. 

AF 
	

h1 	 1.1 

where AE is the energy change associated with the 

electronic transitinn, 

h is Planck's constant, 

and 	V is the frequency of the absorbed light. 

The degree of, absorption is described by 

an analogue of Lambert's Law. 

Iexp. (-kV I)  	 1.2- U  

where 

and 

I 

I
o 

1 

lc 

is 

is 

is 

is 

kv 

the 

the 

the 

the 

intensity of the transmitted light, 

intensity of the incident light, 

absorption path length, 

absorption coefficient at frequency- N.7, 

C4 	N 	 1.3 

where is the number of atoms in the light path 

capable of absorbing radiation of frequency J. 

In fact absorption is observed not at a dis- 



1O. 

crete frequency, but over a small range i.e. the ab-

sorption has a finite width. If k,) (which represents 

degree of absorption ) is plotted against .2 a typical 

result would be that shown in Fig. 1.1. 

9- 

Fig. 1.1 

ko is the maximum value of k , 

V
o is the value of V at the peak, 

AV is called the half width of the line and is the 

width at half the height of the line. ( NOT half 

the width) 

This finite thickness of the absorption line 

can be attributed to three main causes:- 

i) Natural width, 

ii) Doppler broadening, 

iii) Lorentz broadening, 

and to three minor causes:- 

iv) Isotopic splitting, i.e. Vo  varies slightly for 

,different isotopes, 

Zeeman splitting, i.e. an external inagnetic field 

will split the electronic energy levels, 

vi) 	Stark splitting, i.e. an external electric field 
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will split the electronic energy levels. 

i) The natural width of an absorption line is 

due to the indeterminateness (after Heisenberg) of elec-

tron energy states, and can be calculated in terms of 

the lifetime of the excited state. The natural line pro-

file is described by:- 

kv = ko. ( A N
2 

(A902  + 4(9  - 90 

where iNvN  is the natural half width, i.e. the half width 

in the absence of any other effect. Generally 

 AN.N is in the order of 10
- 5nm., which is 

small in comparison with Doppler and Lorentz 

half widths. 

ii) Since the atoms are moving with high,random-

ly distributed velocities, the Doppler effect (a shift 

of observed frequency which depends on the relative vel-

ocity of the object to the observer) appears not as 

a shift but as a broadening (i.e. a simultaneous shift 

in opposite directions) of the absorption profile. If 

a thermodynamic equilibrium (i.e. a Maxwellian distri-

bution of velocities) is assumed, the broadened line 

profile is described by:- 

k 	= k 
D
.exp.- 	01-9 )2 

2 
v 	

] 

2°  2RT o  

where ko
D  is the maximum value of kv  in the broadened .  

profile. (Since the f kv d9 represents the 

energy absorbed, the peak value of ko  must 

decrease as the profile is broadened). 

1 .4 
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A is the atomic weight of the element observed, 

c is the velocity of light, 

R is the universal gas constant, 

and 	T is the absolute temperature. 

If 

a) kv 	= 	Ik D, 

b) /- 90 	= 	4ID 

2 

are substituted into equation 1.5, then 

. 	D 	
2vo. [2RT1n211  & .?  

c 

results. 

6\1
D is called the Doppler half width and from the 

above a) and b) can be seen to be the width of the ab-

sorption line.at half the height. k
o
D can be related 

to N (equation 1.3) from the classical (or the quan-

tum) theory of electromagnetism:- 

ko
D  2e2(1-(1n2)2.Nf  

me 	Av D 

where e is the charge on the electron, 

Ill is the mass of the electron, 

and 	f is the oscillator strength, which is an ar- 

bitrary factor in the classical theory, but 

in the quantum theory is related to the 

electronic transition probability and is con,. 

stant for a given transition. 

tiV D  values range from roughly 5.10-3nm. to 

2.10-3nm. in normal experimental conditions, 

and 

1.6 
A 

1.7 

i.e. 1.8 
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iii) 	Lorentz broadening is not fully understood, 

but depends on the presence of a foreign gas. Its 

effect is threefold:- 

a) to shift the peak of the absorption line, 

b) to broaden the-absorption line, 

c) to introduce asymmetry about the peak of the absorp-

tion line. 

Lorentz proposed a theory of molecular-- 

atomic .collisions which interrupt the intra-atomic 

process. This theory arrives at the following des-

cription of the line profile. 

kg = koL)2 	 1.9 

(AN) L )2  4:  4(  -90
)2 

where k is the maximum value of kg in the Lorentz 

broadened profile 

and A\)
L 
is the half width of the Lorentz broadened 

line, i.e. the Lorentz half width; 

o also k L 	2e2. Nf 

me AVL 

This theory also provides an expression for AJL:- 

1.10 

 

= 2.3026 x 2.02x1023 6 2P[ 2 	1 	1) 1+1.1 1  
eRT A /%1 

where Tfcr is the effective collision cross-section, 

M is the molecular weight of the foreign gas 

and 	P is the partial pressure of the foreign gas. 

Equation 1.11 agrees with experimental fact. 

Av of p 	 1.12 

The Lorentz theory however , explains neither the 

shift of the peak nor the asymmetry of the absorption 

profile. 
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Lindholm developed a theory (after Lenz and 

Weisskopf) of continuous atomic-molecular interaction 

which affects the phase of the intra-atomic process. 

The Lindholm theory accounts for the shift of the peak 

of the line and predicts 

Av 

LJ 

where AVs is the shift of the peak. 

This prediction has been verified by exper-

iments with nitrogen and argon as the foreign gas, but 

refuted by work with lighter gases.(1) Other attempts 

to decide between the Lorentz. and Lindholm theories, 

e.g. by the study of the relationship between AJL  and 

temperature, have been indecisive. 

The final profile of the absorption line, 

2.77 	 1.13 

taking both Doppler and Lorentz broadening into ac- 

(2) count, is described by the Voigt equation. 
4 00 	2 

kl 	ko
D  a 	e-Y  . dY 

a2 + (co -Y)2 olo   

where 	a 	= 	AV L• [1n2.1 f  

AVD  

2 AV S. [1n2} 

Ay D 

2S 

AN)
D 

1.14- 

This equation (1.14) is obtained when the 

Lorentz broadening is superimposed upon small elements 

of the Doppler profile. The term S is the shift of each 

element under this treatment. 
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The isotopic, Zeeman and Stark effects are 

best considered in each particular case. They are fre-

quently small in relation to the Doppler and Lorentz 

effects and are then ignored. 

Summary. 

Free atoms absorb radiation over a frequency 

range which is very small (pe.10-3nm.) in comparison 

with molecular absorption bands. The shape of the ab-

sorption profile is dependent on many factors but the 

maximum value of the absorption coefficient is always 

proportional to the number of atoms in the light path 

capable of absorbing the radiation. 
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Absorption Measurements. 

In all atomic absorption experiments the 

final measurement is of an electronically amplified 

signal from a photo-electron tube. More often than not 

the radiation falling on the photo-electron tube is 

modulated and the amplification involves a synchronous 

demodulation. It will be assumed that the end product 

of these processes is a true measure of the light in-

tensity falling upon the photoelectric detector. 

From the values of the incident light inten-

sity, Io, and the transmitted light intensity, I,: one 

of three functions may be calculated:- 

i) the integrated absorption coefficient, 

ii) the energy absorbed from a continuum source, 

lit) the relative absorption from a line source. 

This last is by far the most convenient and frequently 

used function. 

i) 
	

Integrated Absorption Coefficient. 

This function is independent of the shape of 

the absorption profile and is directly proportional to 

the number of atoms in the light path capable of ab-

sorbing the radiation, and the oscillator strength. 

00 

K 	= 	fko5A7 	= 	Tire
2
. Nf 

0 

1.15 

 

me 

K is found by passing light from a continuum source 

through a known path length of free atoms and measuring 

I and I
o at various values of 9 . 



I 00 	 00 
I - I dV 	1-I dV o 

Io 	0 Io 

1.17 

17. 

Since,from equation 1.2, 

kv = 	1 In [I°  

1 	I L 

kv  values are calculated and plotted as a 

1.16 

 

,00  
function of V . The value of K ( j kvdV) is found 

0 

graphically and a calibration curve of K vs. N con-

structed. 

The technique requires a monochromator of 

exceptional resolving power (unless the absorption 

line is very broad). Fabry-Perot interferometers 

are capable of giving this necessary resolution, but 

very few other instruments. The 253.7 nm. mercury ab-

sorption line, broadened by very high pressures (10- 

50 atmospheres has been examined in this manner. 

ii 
	

Total Energy Absorption. 

By definition of intensity; 

where A9 is the energy absorbed from the continuum 

spectrum by the absorption line centred on V . 

Therefore, from equation 1.2, 

A, 	= Jr (1„1„1, dV  
0  

Two cases require separate treatment:- 

a) If 1[41 = 0, 
co 

then /1„.7 = 1)ckvdV 

i.e. 	Av  = K 

oc Nfl 

1.18 

   

b) If Acvl is large, 

[2-de2.N.f.l.A%,  I 2  
1 

then AV = 

me 

1.22 



i.e. 
1 

A 	oc 	(Nfl)2-  1.23 

18. 

   

For case a) independence of the line profile 

is achieved, but not for case b). 

iii) 	Relative Absorption from a Line Source; 

the Walsh Method. 

Measurements of the integrated absorption 

coefficient and the total energy absorbed from a con-

tinuum source would be difficult to use for routine 

analysis. Walsh(3)  reasoned that if a source produced 

an emission line narrower than the absorption line at 

the same peak frequency, then_the absorption of that 

line by the atoms would give a direct measure of1
0•.. 

I 	= 	I oexp.(-ko1)  1.2 

log10 o  I 	= 	2.3026 kol 	 1.24  

I 

The function log10  I0  Walsh called absorbance (A). 

I 

Even if the absorption line is broadened, the relation 

A oc ko cc N 	 1.25 

remains true. 

Walsh first used hollow cathode lamps (H.C.L.), 

which give very narrow atomic emission lines and demon-

strated the above conclusion to be true. Hollow cathode 

lamps operate at a low pressure. Therefore the emission 

lines exhibit less Lorentz broadening than the absorp-

tion lines of atoms at atmospheric pressure (equation 

1.12). 

Av L 	CC 

The lamps also operate at a temperature lower than 
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that of the atoms in a flame, so the Doppler broaden- 

ing of the emission line is less than the Doppler 

broadening of the absorption profile (equation 1.6). 

Av D 	oC 	T2  

An additional (and very important) advantage of such 

narrow line sources is their selectivity. The atomic 

lines are so narrow that the possibility of overlap 

by the absorption line of another element is almost 

negligible;(only four such pairs of absorption lines 

have been reported). 

Summary. 

The relative absorption of a narrow atomic 

emission line from a hollow cathode lamp by an atomic 

vapour can be easily measured, using a low resolution 

monochromator to isolate the line of interest from 

other emission lines. If the emission line is narrower 

than the absorption profile and has the same peak fre-

quency (this is usually the case) then the absorbance 

(1 
°'

f).10  I 
o
) is proportional to the number of atoms in 

I 

the vapour capable of absorbing the radiation. Posi-

tive spectral interference from foreign atoms is un-

likely because the atomic absorption lines are very 

narrow. 

As a result, A.A.S. is a selective, easy 

to use and sensitive method of trace analysis. 
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Atomic Fluorescence Spectrometry. 

The phenomenon of atomic absorption is des- 

cribed by the quantum theory as the absorption, by the 

atom, of a quantum of electromagnetic energy (a photon) 

which causes, within that atom, an electronic transi-

tion from a lower to higher energy state. This higher 

energy state is unstable. Its lifetime varies between 

roughly 10-9s. and 10-7s. Any part of this electronic 

'return' to the lower energy level (the ground state) 

which is accompanied by emission of radiation in the 

visible or ultra-violet regions of the spectrum is 

described as an atomic fluorescence process. The 

emitted radiation is called the fluorescence radia-

tion. If the original excitation step does not involve 

any absorption of radiation (i.e. it is a thermal ex-

citation) then the emitted radiation is not described 

as fluorescence nor is the phenomenon included in the 

category of atomic fluorescence. 

Five distinct mechanisms of atomic fluores-

cence have been observed:- 

1) 	Resonance Fluorescence. 

This is the most simple. The excitation is 

a single step described by 

AE 	h.) 	 1.1 

and the return to the ground state is the reverse 

process. Therefore the frequency of the fluorescence 

is that of the absorbed radiation. 

ii) 	Direct Line Fluorescence. 

The atom is excited by resonance radiation 

to a higher excited state. Instead of a direct return 



to the ground state, an electronic transition to an 

intermediate energy level occurs, which gives rise to 

fluorescence at a lower frequency than that of the 

absorbed radiation. 

iii) Stepwise Fluorescence. 

The atom is excited by radiation to a higher 

energy level than the first excited state. The atom 

undergoes radiationless transfer(s) to an intermed-

iate energy level, then returns to the ground state 

by emitting resonance fluorescence radiation. 

iv) Thermally Assisted Fluorescence. 

The excitation process consists of two steps. 

The atom absorbs radiation and thermal energy to make 

two electronic transitions, then returns directly to 

a lower state by emitting a photon. 

Senstized Fluorescence. 

This is a rare phenomenon involving inter-

action between atoms of different elements. An atom of 

one element absorbs its own resonance fluorescence 

radiation (e.g. mercury at 253.7nm.) then collides 

with a ground state atom of the other species (e.g. 

thallium) and an energy transfer occurs. This results 

in the second atom becoming excited and opens the 

possibility of deactivation by emission of radiation. 

(Thallium exhihits this behaviour by emitting at 

535.0 nm. and 377.6 nm.) 

The first four mechanisms are summarised in 

Figure 1.2. 

Atomic fluorescence was observed by Mitchell 

and Zemansky(2)  in a quartz cell and by Nichols and 
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Figure 1.2 
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Energy changes involving emission or 

absorption of radiation. 

Radiationless energy transfers. 

i) 
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Howes( 	in a flame. Alkamade(5) calculated the quantum 

efficiency of the sodium 589.0 nm. line in a flame. 

Robinson(6) considered that atomic fluorescence could 

explain certain anomolies in line intensities observed 

in flame photometry. He suggested that certain emissions 

observed in flame photometry analysis are radiation 

induced as well as thermally induced, because these 

emissions are most intense not in the hottest flames, 

as predicted by the accepted theory .of thermally inducdd 

emissions, but in flames which generate intense ultra-

violet radiation. The same author corroborated this 

theory by observing an atomic -fluorescence signal 

stimulated by an external ultra-violet source ( a mag-

nesium hollow cathode lamp). Alkamade(7) considered 

the feasibility of A.F.S. as an alternative technique 

to A.A.S. and flame photometry. -Iiinefordner(8) pro-

posed a simple theory of atomic fluorescence line 

intensities which included the basic relation:- 

IF 	oc 	I o  k o0 
	

1.26  

where IF 
is the fluorescence line intensity, 

I
o 

is the intensity of the incident radiation 

at the frequency absorbed, 

0 	is the quantum efficiency of the fluorescence, 

i.e. the fraction of the excited atoms 

which fluoresce 

and 	k
o 

is the absorption coefficient at the centre 

of the absorption band. 

Therefore, 

ko 	0C 

i.e. 	IF 	
oc 

• 
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Winefordner, Staab, Mansfield, Veillon and Parsons(9-12) 

and Dagnall, Thompson, West and Young(13-17) soon es-

tablished A.F.S. as a potentially important method for 

trace analysis capable, given suitable spectral sources, 

of greater sensitivity than A.A.S. 

Alkamade(18), Hoomayers(19) and Winefordner
(20-23) 

have more recently published detailed theoretical ana- 

lyses of A.F.S. 

It may be stated here that A.F.S. contains 

the inherent selectivity of A.A.S. (when narrow line 

sources are used for excitation) with the sensitivity 

of emission methods. (i.e. A small signal which may 

be electronically amplified is measured against a 

background which, in an ideal case, approaches zero, 

whereas in A.A.S. a small difference between two 

large signals is measured.) 
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Atom Reservoirs. 

All methods of analysis by atomic spectro-

metry, (i.e thermal emission spectrometry, A.A.S. and 

A.F.S.) depend on the production of a vapour of free 

atoms. Consequently much research has been carried 

out in the field of atom reservoirs. 

Most atom reservoirs can be included in 

one of the following categories:- 

a) Chemical flames. 

b) R.F. or microwave induced plasmas. 

c) Furnaces. 

d) Filaments. 

e) Hollow cathode spluttering devices. 

f) Laser microprobes. 

a) 	Flames. 

The technique of atomic spectrometry in 

chemical analysis is sometimes referred to as flame 

spectrometry, which indicates how frequently a flame 

is used as the atom reservoir, especially in routine 

analysis. The flame has many properties to commend 

its use in this manner. 

A long history of flame technology has 

provided a choice of safe, reliable flames of use to 

the analytical chemist. 

The air/hydrogen flame is a relatively low 

temperature flame with a very low 'noise' level. That 

is, the background emission from the flame is steady 

and not very intense (except at the hydroxy band wave-

lengths [ ca. 310nm.] ). It has been used for the ana- 
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lysis of easily atomized elements e.g. arsenic, sele-

nium and tin, where the matrix is free from elements 

that are difficult to atomize. (It is usually the case 

that the composition of-the matrix is just as impor-

tant as the nature of the analyte in choosing the 

flame). 

Air/propane is a similar mixture which 

reaches a higher temperature and enjoys a more wide-

spread use. 

Other elements e.g. cobalt, require a 

hotter flame to effect the dissociation of their 

salts and may be analysed in an air/acetylene mix-

ture. Yet other elements, particularly those which 

form refractoy oxides, e.g. aluminium and molybdenum, 

are most efficiently atomized in the reducing (cyano-

gen) zone of a fuel rich nitrous oxide/acetylene 

flame(24'25)  

A major disadvantage of flames, which has 

recently been minimised, is the emission band ranging 

from 320nm. to 700nm., caused by the chemilumines-

cence of carbon monoxide:- 

CO 	 0 1  
2  2 ---> 	CO2- --H> CO2 + hV 

and the emission bands centred on 281.1 nm. and 

306.4 nm., due to the hydroxy group. These emissions 

are greatly diminished by shielding the flame from 

atmospheric oxygen with either a silica tube or with 

a flow of inert gas (nitrogen or argon) about the 

.burner.(26) This removal of atmospheric oxygen from 

the flame also enables elements whose resonance 

lines lie in the vacuum ultra-violet region of the 
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spectrum, e.g. phosphorus and sulphur, to be studied 

in fuel rich shielded flames. 

The Lambert-Beer Law suggests that the 

sensitivity (N.E.U.) of an analysis would be improved 

by observing the atoms in a long flame. Several at-

tempts to produce and use long path flames have been 

(27-29) 
made. 	Most of these systems suffer from the 

formation of a deposit of carbon particles upon the 

viewing. windows whenever either a hydrocarbon flame 

is used or an organic solvent is aspirated into an 

air/hydrogen flame. An ingenious solution to this 

problem has been suggested by .Hingle, Kirkbright and 

West(29) who drew off a part of a separated flame 

into a side arm for observation. (Figure 1.3) 

E 

Figure 1.3  (from Ref.29) 

A Silica windows 

B Burner 

C 	Secondary zone of flame 

D Side arm; length 400 mm. 

• Gentle suction applied 

F -  Tube furnace; T= ca. 1000°C. 
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The major disadvantages associated with 

the use of chemical flames as atom reservoirs lie in 

the method of introducing the sample. The sample, 

which must be in the form of a solution, is nebulised 

by a pneumatic or ultrasonic nebuliser into the sup-

port gas and thus into the flame. This method of 

transporting the sample to the flame is almost un-

rivalled in commercial instruments; yet it normally 

results in less.than ten percent of the analyte 

reaching the flame. Furthermore, the fraction of the 

analyte which finally reaches the viewing area has 

been 'diluted' by the expansion of the flame gases 

(owing to both increase in temperature-and chemical 

reaction). 

The use of a flame as the atom reservoir 

in atomic spectrometry is limited by several other 

considerations. 

1) 	Flames contain polyatomic molecules which 

quench atomic fluorescence. 

11) 	Samples are restricted to a limited range 

of liquids. Viscous liquids, liquids which may ex-

tinguish the flame or thrNe which may corrode the 

nebuliser-burner unit are all excluded, together 

with solids. 

iii) A relatively large sample (usually at 

least 10m1.) is required. 

iv) Large volumes of waste gases are produced. 

The danger from radioactive samples, or samples 

which could form poisonous gases is considerable. 

v) Flames are unable to excite much thermal 
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emission in elements whose resonance lines are below 

320 nm. 

Several attempts to avoid the inefficient 

sampling of the nebuliser-flame system without losing 

the advantages of the flame have been made. Total 

consumption burners have been used in thermal emission 

analysis, but the turbulence associated with such 

flames makes them unsuitable for A.A.S. or A.F.S. 

These techniques have mainly used pre-mixed laminar 

flow flames. White(30) and Danielson and Ulfendahl(31) 

have used a platinum wire loop to hold a microlitre 

sample and introduce it mechanically to the flame. 

Delves(32) modified this idea by substituting a 

nickel sampling cup for the platinum loop and posi-

tioning a horizontal silica tube above the sampling 

cup. The silica tube has an opening to allow the atom-

ic vapour an entrance, but excludes virtually all 

the flame gases, which sometimes absorb cr emit light 

at an inconvenient frequency. The nickel cup allows 

samples larger than one microlitre to be used and 

also facilitates pre-treatment of the sample (Delves 

oxidised blood samples with hydrogen peroxide in this 

manner). Delves work on blood samples has been well 

corroborated.(33-37)  Clark, Dagnall and West(38'39)  

however, have shown that the technique is useful 

only for easily atomized samples and that foreign 

elements interfere seriously, i.e. matrix effects 

are very significant. 

ler 
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.b) 	Radio frequency or microwave induced plasmas. 

The essential function of the flame in 

atomic spectrometry is to provide energy 

i) to.vaporise the solvent, 

ii) to vaporise the matrix and analyte, 

iii) to atomize the analyte, 

iv) to excite the analyte atoms in thermal emission 

analysis. 

An alternative source of energy can be 

tapped by using a radio frequency (R.F.) or a micro-

wave induced plasma. A plasma (i.e. an ionized gas) 

is capable of absorbing energy from the radio fre-

quency or the microwave regions of the spectrum, and 

therefore has been considered as an alternative atom 

reservoir for several years. R.F. and microwave in-

duced plasmas of inert gases (nitrogen or argon) 

provide an ideal chemical environment for the pro-

duction of free atoms, especially when elements which 

form refractory oxides are present in the sample (as 

analyte or matrix). The electronic excitation tempera-

ture of such a plasma can be very high (ca. 10,000 K) 

so the thermal emission lines are very intense. Seve-

ral workers have made use of this.(4o-49) The sample 

may be introduced to the plasma as a nebulised spray 

from a solution,(40-45) but an excess of solvent can 

extinguish the plasma. Alternatively a fine powder can 

be supported on the gas stream.(45-47)  It is also 

possible to vaporise the sample into the gas stream 

from an electrically heated metal loop.(48,49) The 

inert atmosphere, the high electronic excitation 
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• 

temperature and the adaptability of the system of sam-

ple introduction give the R.F. and microwave induced 

plasmas a potentially large advantage over chemical 

flames, which should be realised in the future. 

Furnaces. 

A considerable number of furnace devices 

have been designed to overcome the problems of in-

efficient nebulisation, sample dilution, the need for 

large samples in a favourable liquid form, the un-

favourable chemical environment, background noise and 

dangerous waste gases, normally associated with flame 

4 (5-5 6) atom reservoirs. 	King, 	an an astronomer who 

was interested in atomic-absorption phenomena observed 

in solar and stellar spectra, described a graphite 

furnace atom reservoir as early as 1908. Lvov and 

his co-workers have used similar graphite furnaces 

and have published extensive atomic absorption stu-

dies over the past eleven years.(58-66) The Livov 

furnace consists of a graphite tube 30 to 50 mm. in 

length, with an internal diameter of 2.5 or 3.0 mm., 

held in a sealed chamber which can be purged with 

argon. The sample (liquid or solid) is introduced on 

a shaped graphite rod which fits into an orifice in 

the graphite tube. (Figure 1.4). The atomization is 

accomplished by resistance heatinn:. The temperature 

of the furnace, the nature and pressure of the atmos-

phere can be easily controlled. By using a high press-

ure argon atmosphere, diffusion of the atomic vapour 

through the walls is reduced. This diffusion is further 
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Figure 1.11 (from Ref. 65) 

A 

C 

A Graphite supports and contacts. 

B Graphite tube. 

C Shaped graphite rod to hold sample and act as an 

electrode. 

reduced by lining both the inside and outside of the 

tube with pyrographite, so a steady-state atomic vap-

our is obtained. The pyrographite also contributes 

an evenness of heating to the system. The atomic 

absorption spectra of fortysix elements have been 

investigated using this apparatus, including phosphor-

us, sulphur and iodine (whose resonance lines lie in 

the vacuum ultra-violet spectrum). 

Very low sensitivities have been obtained 

(sensitivity here is taken to mean the size of sample 

required to obtain a signal of 1;;) absorption), ranging 

from 10-10  g. for boron and sulphur, to 3 x 10-14  g. for 

beryllium and zinc. Oscillator strengths, Lorentz half 
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Widths of resonance lines and atomic diffusion co-

efficients have also been measured. 

L'vov's furnace is, as stated above, held 

in a sealed chamber, purged with argon. This fact pro-

hibits rapid analysis of a large number of samples. 

A graphite tube furnace, which can be used 

more quickly than the Lvov furnace, has been des-.  

•  cribed by Massmann.(6768)  Argon is blown through and 

around the tube, 55 mm. long with internal diameter 

6.5 mm. and 1.5 mm. wall thickness, to protect the 

white hot carbon and the free atoms from atmospheric 

oxygen. (Figure 1.5) 

Figure 1.5 (from Ref. 67) 

A Graphite tube. 

B Orifice for sample introduction. 

C Steel supports and electrical contacts. 

The same author has also described a cup 

shaped graphite cuvette, 40 mm. long. with internal 

diameter 6.5 mm. and 1.5 mm wall thickness, for use 

in A.F.S. (Figure 1.6).(67)  

In the absorption mode, the sample is intro-

duced through an orifice 2 mm. in diameter in the top 



Figure 1.6 (from Ref. 67) 

A Graphite cuvette. 

B Slit to observe fluorescence. 

C Steel supprts and electrical contacts. 

centre of the tube via a micropipette. The optical 

pathway is along the centre of the tube. In the fluor-

escence mode the sample is inserted through the open 

top of the cuvette. The atoms are irradiated through 

the open top and the fluorescence radiation is observ-

ed through a slit in the side of the cuvette. Liquid 

samples from 5p1. -Co 200 Al. and solid samples up 

to 1 mg. have been used. 
0 

The furnace is rapidly heated to 2600 C 

by passing up to LI00 amps at low voltages. 

A commercially available version of the 

Massmann furnace (the Perkin-Elmer H.G.A. 70) has been 

used by Manning and Fernandez(69) to determine copper 

in milk, with no pre-treatment of the sample. Segar 

3 . 
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and Gonzalez(7o) attempted to use the H.G.A.70 for 

trace metal analysis in sea water, but discovered 

that interference from the major constituent salts 

was large and that it was not possible to separate 

the constituents by sequential vaporisation. Norval 

and Butler(71) have .used a Massmann type furnace to 

determine lead in blood, without any inert gas pro-

tection. The graphite tube is oxidised and must be 

replaced after each heating. Omang(8081)  has used 

an H.G.A.70 to determine lead filtered from air, as 

well as vanadium and nickel in oils. 

Woodriff(72-77) and - his co-workers have 

used a graphite furnace, 150 mm. in length, internal 

diameter 7 mm., which is resistance heated from an 

arc-welder. The sample is introduced in a carbon cup 

(rather like the L'vov furnace)..or is nebulised, 

usually from a methanol solution, and is carried into 

the furnace with the inert gas. 

Headridge and Smith(78,79) have described 

a small graphite tube, 75 mm. long, internal diameter 

15 mm., which is heated by an induction coil. The 

sample (mainly solid alloys) is introduced by L'vov's 

method. This furnace is heated to merely. 1350 C in 

routine use, but this is sufficient for the volatile 

• 
	 alloys which it is used to analyse. Traces of bismuth 

and cadmium in lead and zinc based alloys have been 

determined as a matter of routine. 

Pemsler, Rapperport and Adler(82,83) have 

described a furnace into which sealed quartz tubes 

fit. The sealed quartz tubes contain the samples, 
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which are similar to those investigated by Headridge .  

and Smith (see above). 

Recently Winefordner and his co-workers
(84,85) 

have published a preliminary description of a plati-

num furnace designed to give a very low noise level, 

for use in A.F.S. studies. 

d) 	Filaments. 

The major alternative flameless atom reser-

voir to some form of furnace is some form of filament. 

A filament atom reservoir, as far as this thesis is 

concerned, is a graphite or metal conductor which may 

be resistance heated to atomize the sample, which is 

NOT then confined, but is rapidly lost from the view-

ing path. Such a system is simpler to use than a fur-

nace. A filament has one major disadvantage compared 

to a furnace, and that is the rapid cooling of the 

atomic vapour after losing contact with the filament 

surface. This sometimes leads to chemical interfer-

ences and matrix effects, and a need for fast response 

amplifiers to follow the analytical signal. 

West and Williams(86) first reported the use 

of a filament atom reservoir in A.A.S. and A.F.S. 

Using the fluorescence mode they detected silver and 

magnesium down to 3 xio-11 	-16 g. and 10 	g. respectively, 

by heating small samples (5 [Al.) placed via a syringe 

micropipette in a notch carved in a graphite filament, 

20 mm. in length, 2mm. in diameter. The filament was 

held between stainless steel electrodes, enclosed in 

a glass cell which could be purged with argon. However, 
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this prototype carbon filament atom reservoir (C.F.A.R.) 

resulted in low precision and was soon modified.(87,88)  

The important changes in design were as follows:- 

i) A solid brass base was incorporated to impart 

greater physical stability. 

ii) A water cooling system for the electrodes was 

added. 

iii) A box packed with alternate plane and crinkled 

metal strips was fitted directly beneath the filament, 

thus greatly increasing the protection afforded to 

the white hot carbon. 

The increased protection for the filament allowed the 

removal of the glass envelope from the C.F.A.R. in 

some circumstances. 

The precision obtained from the C.F.A.R was 

.considerably improved by these modifications, and by 

the replacement of the syringe micropipette with 

Drummond microcaps (and later by Marburg Eppendorf 

micropipettes). 

West and his co-workers(8.9-91) showed that 

above the filament the atomic vapour diminishes rapid-

ly and no atomic signal is observed more than 7 or 8 mm. 

above the filament. With the less volatile elements the 

cloud of atomic vapour disappears even closer to the 

filament. Furthermore the same authors showed that 

large excesses of foreign ions interfere negatively. 

(i.e. reduce the A.F. or A.A.signal) The nature of this 

interference seems to be complex, but has been shown to 

include a vapour phase interaction. Attempts to remove 

this interference by observing only that section of the 
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light which passes very close to the filament, in con-

junction with a fast response amplifier have been gen-

erally successful.(91,93,95)  

Aggett and West(92)  examined metal chelates 

dissolved in organic solvents (which could cause prob-

lems in a flame atom, reservoir) and showed that the 

solvent could be evaporated and the chelate sometimes 

broken down by controlled heating prior to the atom-

ization. Ebdon, Kirkbright and West(93,94) have used 

the C.F.A.R. to determine manganese (medium volatility) 

and iron (low volatility). Jackson and West have deter-

mined nickel(95) and vanadium(-96)-  impurities in tita-

nium pigments with the C.F.A.R. Oborne and West(97)  

have determined cobalt, extracted as a trace from 

soils. Lead in blood can be determined on the C.F.A.R. 

as is shown in this thesis. 

Matousek and his co-workers(98-102) have 

used a modification, now commercially available as 

the Varian Carbon Rod Atomizer, of the original 

C.F.A.R. The Carbon Rod Atomizer differs from the 

C.F.A.R. in two main ways:- 

i) A 5 mm. diameter filament or rod which, for use 

in the absorption mode, has a transverse hole bored 

through the centre, replaces the original filament. 

ii) The argon is replaced by a stream of hydrogen 

which ignites when the filament is heated and pro-

videS a hot atmosphere above the filament. This same 

group of workers has applied this device to the prac-

tical analysis problems of determining lead in petro-

leum products,(100) and volatile metals in blood(101,102) 



and have claimed exceptionally low detection limits. 

These detection limits have been criticised by Wine-

fordner and his colleagues as unjustified extrapola-

tions rather than real measurements. Using the same 

equipment Winefordner obtained detection limits one 

order of magnitude higher than Matousek. Bratzel and 

Chakrabarti have also used the Varian Carbon Rod Atom-

izer to analyse petroleum products(100 and geologi-

cal samples.(105)  

The advantages of the Carbon Rod Atomizer 

over the C.F.A.R. may be disputed. The transverse 

bore through the filament, which is intended to re-

duce the rapid cooling of the atomic vapour, raises 

the cost of the filaments considerably, complicates 

the sample introduction procedure and makes it im-

possible to effectively shield the monochromator slit 

from the incandescent carbon. This in turn means that 

modulated light sources and tuned demodulating am-

plifiers must be used. Using the C.F.A.R. the mono-

chromator slit can be shielded from the incandescent 

carbon and D.C. lamps and amplifiers can be used. 

The use of a hydrogen diffusion flame to maintain a 

high temperature aboye the filament is claimed to 

reduce matrix effects, but the method of restricted 

field viewing suggested by Jackson and West(95) 

seems to be a far more elegant way to reduce matrix 

effects. The whole idea of re-introducing a flame 

into a system which has been designed to overcome 

problems caused by flames seems, to this author, 

ill-founded. 
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Bratzel9 	0 Dacrnall and Winefordner(106,107) 

have used platinum and tungsten loops as filament 

atom reservoirs for A.F.S. The sample, in solution, 

is applied to the loop via a 1 pa. micropipette or 

by dipping the loop into the solution. This latter 

method, a surprisingly precise way of taking a 

sample, gives a reproducibility of 8%. The solvent 

is evaporated by gentle heat, then the sample is 

atomized into the surrounding argon stream. The 

atomic fluorescence is observed immediately above 

the loop. Only volatile elements have so far been 

studied and chemical interferences from sulphate 

and phosphate radicals have been observed. 

Donega and Burgess(108) have atomized 

samples from tantalum, tungsten and graphite boats, 

50 mm. long and 6 mm. wide, supported on copper 
electrodes in a sealed chamber. The chamber can be 

purged with an inert gas and the pressure adjusted 

to any desired value. The boats can hold samples 

up to 100 rd. Since the absolute sensitivities 

(i.e. the mass of the element required to produce 

a 1% absorption signal) are of the same order as 

those reported by West, solutions at greater dilu-

tion will be analysable. However no information 

about matrix effects or chemical interferences has 

yet been published. 

e) 
	

Hollow cathode spluttering devices. 

In 1959 Walsh(169) reported that the atom-

ic vapour produced in a hollow cathode spluttering 
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device extends beyond the cathode. He suggested two 

uses for this this phenomenon:- 

1) the hollow cathode spluttering device could be 

used as an atom reservoir, 

ii) the Walsh-Sullivan type high intensity hollow 

cathode lamp. 

The following year the same author des-

cribed the use of a hollow cathode lamp as an atom 

reservoir(no) The metal sample was machined to a 

hollow cylinder, 40 mm. in length with internal 

diameter 12 mm. When held with a steel clip in a 

sealed chamber with argon filler gas at a pressure 

of 1 mm. of mercury, the sample becomes a hollow 

cathode. The surface may be cleaned by passing about 

60 mA. current for four minutes. Fresh filler gas can 

then be admitted (still argon at a pressure of 1 mm. 

of mercury), the discharge repeated and the absorp-

tion measurement made. Walsh observed the atomic 

absorption of silver at 338.3 nm. from an alloy con-

taining 0.05% silver and obtained a relative stan-

dard deviation of 7% for a number of replicate read-

ings. The ability of this device to operate in the 

absence of any gaseS which absorb vacuum ultra-violet 

radiation was utlised to determine phosphorous (in 

copper) down to 1000 p.p.m. and silicon (in steel 

and aluminium) down to 0.1>.(111 ) 

Nassmann has described a similar device 

which he has used to determine volatile metals pre-

sent in iron.(112)  This technique is, -ofcourse, 

limited to metal samples which can be made into the 
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hollow cathode. Goleb and Brody (113)  evaporated 

the sample onto an aluminium hollow cathode. They 

pointed out that the atoms in the reservoir will 

emit as well as absorb radiation and made correct-

ions for this. However, they discovered many ex-

amples of chemical interference. Goleb(ilk) suc-

cessfully adapted the Walsh method for use with 

uranium hollow cathodes in isotope analysis. 

Ivanov,' Gusinsky and Jesikov(115) attempted a var-

iation of Goleb and Brody's method. They evapora-

ted the sample onto a graphite hollow cathode or 

onto a fine molybdenum wire which was placed along 

the central axis of the cathode. 

Massmann(116)developed a hollow cathode 

spluttering device, for use with metal samples, 

which could be used at high temperature (to reduce 

chemical interference). A graphite tube, 30 mm. in 

length with an internal diameter of 7 mm., is sup-

ported by a cylindrical graphite electrode which 

passes through the wall of the cathode (rather like 

the Lvov furnace). The sample is placed on this 

carrier electrode and a discharge operated at a 

power of up to 1 kW; By using a modulated discharge, 

at 50 Hz., and a rotating sector in front cf the 

monochromator slit, the atomic absorption may be 

measured during the discharge free period. Hence 

emission from the sample and continuum emission from 

the cathode itself are not seen. Nassmann found it 

necessary to integrate ( with respect to time the 

measured absorption signals. 
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f) 	Lasers. 

Nossotti, Laqua and Hagenah
(117) used a 

pulsed laser microprobe to atomize the surface of 

a solid sample, into the light path of an atomic 

absorption spectrometer. They discovered that ma-

trix effects were enormous and concluded that (at 

that time the technique was unsuitable for quanti-

tative analysis. 

Summary. 

The various modes of atomic spectrometry 

provide very useful techniques for trace analysis. 

For the vast majority of analyses performed by ato-

mic spectrometry methods, a chemical flame is used 

as the atom reservoir. Notwithstanding the several 

disadvantages of flames, they remain the most prac-

tical atom reservoir for routine analysis. 

Various non-flame atom reservoirs have 

been devised to meet the requirements of particular 

analytical problems. Each device has its own merits 

and failings and a general critical comparison would 

be of little value. It remains the task of the ana-

lytical chemist to decide which technique offers 

most advantag es in a particular situation. 

The following pages describe the design 

and use of a carbon filament atom reservoir to 

solve the problem of the determination of lead in 

blood. 

• 
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• Chapter Two 

The Carbon Filament Atom Reservoir- 
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The - carbon filament atom reservoir (C.F.A.R.) 

is designed to produce a transitory atomic vapour by 

rapid heating of a small sample in an inert gas atmos-

phere. The speed and ease of operation have been major 

considerations in the design. 

The filament itself is made of graphite. The 

shape of the filament is cylindrical and the dimensions 

vary. Filaments with diameters between 2mm. and 5mm., 

and with lengths between 5mm. and 60mm. have been used. 

A small notch is usually filed in the middle of the fil-

ament to hold the sample. The filament is supported be-

tween two stainless steel electrodes. These are hollow 

water cooled cylinders (diameter 13 mm. and height 60 mm.) 

with caps held in place by screws. The tops of the elec-

trodes and the underside of the caps are grooved to hold 

the filament. Great care must be taken to align the . 

grooves correctly, to save the filament from mechanical 

stress. 

The cooling water, which enters through the 

base of one electrode, flows to the other electrode via 

an insulating plastic tube. (See Figure 2.1) 

One electrode is insulated with mica from the 

brass base in -which both electrodes are fixed. The other 

is in contact with the base. The whole assembly is 

mounted directly into a saddle on the optical bar of 

a spectrometer. 

Power is supplied from the mains via a 1.2 

kilowatt stepdown transformer and a Variac variable 

transformer, so that the potential difference across 

the filament may be varied between zero and twelve 
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Figure 2-1  

side viewview 	front view 

flow of cooling water _ 

volts. The maximum load current is approximately 

seventy amps. 

The atmosphere of inert gas, nitrogen or ar-

gon, is supplied from a cylinder via a large aspirator 

which absorbs any pressure fluctuations, and a Rota-

meter flow guage, to a. box placed just below the fila-

ment. This box is packed with plane and corrugated metal 

strips, arranged alternately, so that the gas flow 

around the filament is laminar. 

In early experiments the filament, electrodes 

and base were encased in a glass envelope, with silica 

windows in the optical path, to ensure the protection 

of the incandescent filament and the atomic vapour from 

atmospheric oxygen. Later the envelope was removed 

since the flow of the inert gas was sufficient to pre-

vent oxygen diffusing to the filament surface. Still 

later it was discovered that the surface of the fila- 

• 
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Figure 2.2 
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ment was subject to attack from atmospheric oxygen near 

to the electrodes, because the sides of the laminar flow 

box obstruct the flow of inert gas. This effect was only 

noticed when the filament was kept at red heat for per-

iods of one or more minutes.(e.g. when ashing a blood 

sample). An open-topped glass envelope was found to be 

adequate to protect the filament in these conditions. 

The open-topped glass envelope does not reduce the ease 

of operation of the C.F.A.R. The design of the C.F.A.R. 

which.was finally used is shown in Figure 2.2. 

The Transience of the Atomic Vapour. 

The atoms produced on the filament are 'seen' 

by the photomultiplier tube for a short period of time 

during which they occupy a particular space. This space 

will be referred to as the observed volume. 

The strength of the absorbance or fluorescence 

signal at any instant depends on the number of free 

atoms of the analyte present in the observed volume at 

that instant. This signal has been related to i;he total 

number of atoms of analyte in the sample, by L'vov. (1) 

Two parameters are considered; firstly the integral of 

the analytical signal over all the time of the signal 

and secondly the peak value of the analytical signal. 

Let 

No 	the total number of atoms of analyte 

in the sample, 

N 	the number of atoms of analyte present 

in the observed volume at any instant, 

the peak value of N, 



NoT' 

N0'1'2 

No 
2.3 

 

2.1 

2.2 

. 	to. 

.the duration of the process of atomization 

of the sample, 

the average time spent in the observed 

volume by a single atom of the analyte, 

the total duratioh of the absorbance or 

fluorescence signal, 

the absorbance or fluorescence signal at 

any instant, 

x1.1. 	
= 	the peak value of x. 

Then L'vov has shown that 

I 3 Ndt 	-, 

• Af 
T3 xdt 	*10 

where A is a constant. rt.3 xdt 
0 

if T2 is fixed. 

i.e. The integral of the absorbance or fluorescence 

signal over the duration of the signal is proportional 

(to a first approximation, at least) to the total number 

of atoms of analyte, provided T2 is fixed. Secondly 

this integral signal is independent of 't
1. 

Equation 2.4 has also been derived by L'vov(1) 

N T ( 1 - 	) No -2 	T2 
T
1 -  

If T
1
/ -C

2 
tends to zero then equation 2.4 can be reduced 

to 

p 	N
o 
	 2.5 

If however T2 is ten times greater than "c1 

i.e. 	T1  = 	0.1 	 2.6 

. 	• CC 

2.4 

T2 

then N 
p 

0.95 No 	 2.7 
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then 	Np 	= 	0.90 No  

As long as the term T/ "C2 
is fixed then 

N p 	 No 

2.9 

 

2.TO 

x 
p 

N  
2.11 

 

i.e. The peak absorbance or fluorescence signal is pro-

portional to the total number of atoms of analyte pro-

vided the parameter T
)
/ "C

2 
is fixed. The peak analyti-

cal signal reaches its maximum value at the minimum 

value of the parameter 
	

/ T
2 

 

To sum up: 

i) The integrated absorbance or fluorescence 

signal is to a first approximation, proportional to 

the mass of analyte and is independent of "ti. 

ii) The peak absorbance or fluorescence signal 

is proportional to the mass of analyte but is also 

dependent on Ti. 

The definition of T
1 was 'the duration of the 

atomization process'. It has been shown")  that the atom-

ization of a sample takes place over a range of about 

100 - 200 degrees Kelvin. Thus
1  may be minimised by 

employing a large rate of increase of the temperature 

of the filament over the temperature range in which the 

atomization occurs. 

This dependence of peak absorbance signal 

upon the heating rate of the filament has been used by 

Jackson and West(96) and Oborne and West(9 .7)  . These 

authors have used high rates of heating to increase 

significantly the peak absorbance signals due to vanadium 



and cobalt respectively. 

The rate of change of temperature of the fila-

ment over the atomization temperature range is clearly 

a critical factor in the operation of the C.F.A.R. The 

direct measurement of this parameter is difficult. Con-

tinuous measurement of the temperature of the filament 

with a thermocouple, as described in this chapter, is 

restricted to temperatures below about 1800 K. Measure-

ment of.higher temperatures with an optical pyrometer, 

also described here, is resticted to steady temperatures 

since a substantial time is required to take a single 

reading with this type of instrument. 

An approach can be made to estimating the rate 

of change of temperature of the filament from a consid-

eration of the thermodynamics of the system. 

The factors which affect the rate of change of 

temperature of the filament are:- 

i) 	the electrical power supplied, 

the power loss by radiation, 

iii) the power loss by convection, 

iv) the power loss by conduction, 

v) the heat capacity of the filament. 

The power generated in the filament is given 

by:- 

PI  V2 2.12 

   

Re 

where V = the applied potential difference, 

Re  . the resistance of the filament at e K 

and 	Re  . R273. f(e). 1 2.13 
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where R
273 

= the specific resistivity of the filament 

f(0) 

r 

material at 273 K., 

represents the temperature dependence of 

the specific resistivity of the filament 

material. This function is not known in 

analytic terms, but is shown graphidally 

in Figure 2.3. (Data from Morganite Co. 

Ltd.), 

=- length of the filament between the elec-

trodes, 

radius of the filament. 

Equation 2.12 can be re-written 

P
I 	

= V
2
.71. r

2 	
2.1/1  

R273.f(e).1 

The radiation power loss is given by the Stefan-Boltzmann 

Law:- 

P
II 	

= 2rcrlo"E(84  -T 

	

where 6 	= the Stefan-Boltzmann constant, 

= the emissivity of the filament, 

	

T 	= the background radiation temperature. 

The convection power loss is given by:- 

P
III 

= 2 rt rlb (0-- 00) 

	

where b 	is an arbitrary constant 

2.15 

2.16  

and 
0 
	= the initial temperature of the inert gas. 

The heat diffusion equation(110 (equation 2.17) may be 

applied to the filament. 

k  ()2e) 	(red)  4.  (1 
- c(h) 	-K*  2.17  

Ax2 	.1r2 	az2 	at 

where k 	= the specific thermal conductivity of the 

filament, 
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= - the absolute temperature at any point 

(x,y,z) in the filament at any time, 

x,y,z 	are the Cartesian coordinates of the 

system. It is convenient to choose the 

x-axis as the axis of the filament. 

t 	is the time coordinate, 

= the density of the filament, 

c 	= the specific heat of the filament, 

* 	
= the net power generated per unit volume, 

at any point in the filament. 

Since power is generated homogeneously in the 

filament , we can assume that-near the middle of the 

filament 

re) 

2 

(2e) 

a x2  t  

() 	= 2  

f,c(_kt).\ 	= 

Ut 

-K 

0 	2.18 

2.19 

But 

4 4 
lir

21K* V2  rC r2 	2rirld 	) -T 	271.rlb (8-80  ) 

R273f(8)1  

2.20 

Therefore 

de 

at 

4, = 	2 [ cf€(84  -T 	b(0-80 )1 

x 

V2 2.21  

R273f(0)1
2 

The attempt to solve equation 2.21 by normal analytical 

methods meets with serious difficulties from two sources. 

Firstly the term f(0) is not known in an analytic form. 

Secondly the boundary conditions which are needed to 
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calculate the constants of integration are unknown. 

However it is possible to investigate the 

function de without solving equation 2.21. By consid-

dt 

ering only the centre of the filament (where the sample 

is in fact placed) it may be assumed that 

d9 

dt 

2.22 

Then inspection of equation 2.21 suggests that de may 

dt 

be increased by:- 

a) increasing V, 

b) reducinc, 8273' 

c) reducing 1, 

d) increasing r. 

Investigation of the rate of heating of the 

filament by experiment presents difficulties, as have 

been mentioned. However both a platinum - platinum/ 

rhodium thermocouple and an optical pyrometer have been 

used to obtain some information about the heating rate 

of the filament. 

Experimental 

i) The Pt - Pt/Rh thermocouple. 

The thermocouple was constructed by spot 

welding the final five millimetres of a length of plati- 

num wire to the final five millimetres of a length of 

platinum/rhodium alloy wire. (13% rhodium). The other 

ends of the two wires were connected to the terminals 

of a recording millivoltmeter. 
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In order to keep the thermocouple 'probe' in 

firm contact with the filament it was necessary to drill 

a transverse hole, with a 0.2 mm. diameter drill bit, 

through the centre of the filament. The thermocouple probe 

was then inserted into and through this hole and bent 

bent into a hook where it emerged. The platinum and plati-

num/rhodium wires were then subjected to a slight tension. 

(See Figure 2.4) The potential difference generated in 

Figure .2.4  

platinum wire  	platinum/rhodium wire 

to 

millivoltmeter 	 to millivoltmeter 

the thermocouple was continuously recorded by the milli-

voltmeter and was converted to the temperature excess 

of the filament over the ambient temperature by means 

of a calibration graph from data in the Handbook. of 

Physics and Chemistry. 

ii) The optical pyrometer. 

A Leeds and Northrop optical pyrometer was 

focused on the notch at the middle of the filament, 

from a distance of approximately two feet. A period of 

between one half minute and two minutes after switchini, 



58. 

the power on was allowed to elapse in order for the fila-

ment to reach its .equilibrium temperature. The intensity 

of the pyrometer filament was adjusted to match the in-

tensity of the carbon filament and the temperature read 

directly from the pyrometer. 

Results and Discussion. 

The temperature - time curves measured with 

the thermocouple, for a typical filament (length 26 mm., 

radius 1.6 mm.' R273  = 1.66x 10
-2 ohmomm.) at four 

rather low applied Potential differences are shown in 

Figure 2.5. The curve Number (1) was obtained by apply-

ing a potential difference of three volts (3 v.) across 

the filament, Number (2) by applying 2.4 volts, Number (3) 

by applying 1.9 volts and Number (4) by applying 1.5 volts. 

The rate of change of temperature of the fila-

ment is shown as a function of temperature in Figure 2.6. 

The curves 0) to (4) in Figures 2.5 and 2.6 correspond. 

The rates of change of temperature in Figure 2.6 were 

calculated from Figure 2.5. 

Figure 2.6 shows clearly that the rate of in-

crease in temperature of the filament, at any given 

temperature, is increased by increasing the applied 

potential difference across the filament. Figures 2.5 

and 2.6 also show that the circumstances which produce a 

high equilibrium temperature also produce a relatively 

high rate of increase of temperature, at a given tempera-

ture. Thus the trend of result - obtained by using the opti-

cal pyrometer, which concerns the equilibrium temperature 

of the filament can be applied to the rate of increase 

• 
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of temperature, at a given temperature. 

Figure 2.7 shows how the equilibrium tempera-

ture reached by a filament, measured with the optical 

pyrometer, varies with the applied potential difference, 

for filaments with four different specific resistivities. 

Curve(a) represents a filament with 8273 = 2.7 x 10
-2 

ohm.mm., 

curve (b) a filament with R273 = 1.66 x10-2 ohm.mm., 

curve (c) a filament with R273 
= 0.7 x 10 2 ohm.mm., and 

_9 
curve (d) a filament with 8273 = 0.25)410 

	ohm.mm. 

Clearly the equilibrium temperature of a filament, and 

therefore the rate of increase in temperature, at a 

given temperature, is increased by reducing the specific 

resistivity of the filament. 

The effects of altering the radius and the 

length of the filament were not investigated because 

K.W.Jackson and A.C.Oborne working in the Harwood Labora-

tory at the same time as this author performed these 

investigations. Jackson showed that the rate of increase 

in temperature of a filament was significantly increased 

by reducing the length of the filament between the steel 

electrodes. Oborne corroborated this result and also 

demonstrated that a reduction in the radius of the fila-

ment resulted in an increase in the rate of increase in 

temperature. 

The effects of varying the applied potential 

difference, the specific resistivity and the length of 

the filament predicted by inspection of equation 2.21 

have been corroborated. The prediction concerning the 

effect of varying the radius of the filament has been 

contradicted. 

• 
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Equation 2.21 was derived by considering the 

middle part of the filament. The part of the filament 

in contact with the steel electrodes was not considered. 

Any attempt to analyse the heat transfer between the fila-

ment and the electrodes must assume that the heat is very 

rapidly removed by the cooling water so that the heat 

flux depends only upon the temperature of the filament and 

not upon the heat previously absorbed by the electrodes, 

base and water. i.e. The rate of cooling of the filament 

-when the power is switched off should depend on the 

instantaneous temperature, but not upon the initial temp-

erature of the filament. Figure 2.8 shows the temperature - 

time curves, measured with the thermocouple, for a cool-

ing filament, from four initial temperatures. Figure 2.9 

shows the rate of loss of temperature vs. temperature 

curves calculated from Figure 2.8. If the rate of cooling 

of the filament did not depend on the initial temperature 

then the four curves in Figure 2.9 should all be super-

imposed. Since this is clearly not the case, analysis of 

the heat flow into the electrodes has not been attempted. 

However a partial explanation of the relationship between 

the radius of the filament and the rate of increase in 

temperature, may be seen in the fact that the heat flow 

into the electrodes will depend very much on the area 

of contact between the electrodes and the filament. 

The C.F.A.R. used in the investigation of the 

element lead, reported in the remainder of this thesis 

is shown in Figure 2.2. The filament used had a radius 

of 1.6 mm. and a specific resistivity of 1.66 x10-2 ohm.mm. 

at 273'K. The separation between the electrodes (i.e. the 

• 
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effective length of the filament) was 26 mm. 

a 

w 
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Chapter Three 

The Determination of Lead 

on the 

Carbon Filament Atom Reservoir 

by 

• 	 Atomic Absorption Spectrometry 
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Delivery of small samples. 

One of the major advantages of the C.F.A.R. 

over the conventional flame atom reservoir is its 

capacity for handling very small samples. In normal 

practice a liquid sample of between one and five micro-

litres is used. Four instruments have been used to deli-

ver a measured sample to the filament:- 

) 	An - all glass syringe. 

All the parts of the syringe which come into 

contact with the sample are glass, to avoid contamina-

tion from a metal surface. The plunger of this syringe 

is controlled by a micrometer screw, which ensures 

accurate control of the volume of sample delivered but 

is awkward to use. The weight of the micrometer screw 

makes it difficult to balance the syringe with the point 

unmoving above the centre of the C.F.A.R. 

ii) A Hamilton syringe. 

This is designed to introduce the sample to a 

gas-liquid chromatography column. It has a stainless 

steel needle and plunger and a glass barrel. The metal 

parts introduce a risk of contamination. (Gold-plated 

needles and plungers have been used by American workers. (102)  

The plunger,-Which fits exactly into the glass barrel, 

is a very thin steel rod. If the Plunger is slightly 

bent it jams in the barrel and renders the instrument 

useless. Repair is difficult. 

iii) A Drummond Micropipette. 

This is a very simple instrument, shown in 

Figure 3.1. The glass capillary is designed to hold 
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capillary 

  

polythene stopper 

 

    

either one, two or five microlitres. The sample is drawn 

into the capillary until it is filled. Any excess liquid 

drawn in flows through the capillary into the glass 

barrel. The contents of the capillary are deposited on 

the C.F.A.R. by gentle pressure on the rubber teat. This 

micropipette is quick and easy to use after some initial 
• 

practice. The instrument is less satisfactory for viscous 

liquids e.g. blood, than for aqueous and volatile organic 

liquids. 

iv) An Eppendorf-Marburg micropipette. 

These micropipettes are designed to deliver 

either five, ten, twentyfive, one hundred or two hundred 

microlitre samples-. The sample is drawn into a Teflon 

tip, which fits onto the end of the body of the micro-

pipette, and is then expelled onto the C.F.A.R. There are 

two modes of operation of this type of micropipette. A 

measured volume of sample can be drawn up into the tip 

of the pipette and then completely expelled. Alternativ-

ely a volume larger than that required can be drawn into 

the tip and a measured volume expelled. Both of these 
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methods are simple to use. The reproducibility of the 

sample delivered by a five microlitre Eppendorf-Marburg 

micropipette was measured (for both of these modes of 

operation) by direct weighing of twenty replicate samples. 

For the first mode the relative standard deviation was 

2.15%; for the second it was 2.84%. The relative standard 

deviation is defined by: 

R.S.D. 	1 	x L- x )2 	3.1 

x n - 1 
ti 

where x is the measured parameter 

and x is the mean value of n replicates of x. 

In view of the ease of use, their capacity 

to handle viscous liquids and the good reproducibility, 

these pipettes were used in preference to the other 

three. 

Instrumentation. 

The burner-nebuliser unit of a Varian-Techtron 

A.A.4. was replaced by the C.F.A.R. The arrangement is 

shown diagramatically in Figure 3.2. The lens C is posi-

tioned to focus light from the hollow cathode lamp at a 

spot just above the middle of the carbon filament. The 

lens E is positioned to re-focus the light at the mono-

chromator entrance slit. This arrangement ensures that 

the maximum light intensity enters the monochromator 

slit. Alternative arrnagements in which one or other or 

both lenses are omitted have been tried and found to be 

less effective. 
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Figure 3.2. 

E 	F 
B 	C 

D 

G 	H 

I PI 	N 

Key: 

A Hollow cathode lamp power supply. 

B Hollow cathode lamp. 

C,E Lenses. 

D C.F.A.R. 

F Monochromator and photomultiplier tube. 

G Amplifier. 

Ii Recorder. 

I Mains electricity supply. 

J 1.2 kW. stepdown transformer. 

IC Variac variable transformer. 

L Rotameter flow gauge. 

iI Aspirator. 

N Gas cylinder.(Nitrogen or argon) 

P Water supply 
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Optimum Conditions to Determine Lead. 

Monochromator Slit. 

The atomic absorption spectrum of lead shows 

two intense lines, one or other of which is frequently 

used for the A.A.S. analysis of lead. One of these 

lines is at 283.3 nm., the other at 217.9 nm. The use-

fulness of the two lines is considered later in this 

chapter. 

The purpose of the monochromator in atomic 

absorption spectrometry is to isolate the absorption 

line from the other radiation_ which the hollow cathode 

lamp emits(e.g. non-absorption lines in the lead atomic 

emission spectrum and emission from the filler gas). A 

wide entrance slit on the monochromator allows the maxi-

mum light intensity to reach the photomultiplier tube 

and therefore allows a low 'gain' (i.e. potential diff-

erence across the photomultiplier tube) to be used, 

which in turn means a low background noise level. How-

ever, if the monochromator entrance slit is too wide, 

the photomultiplier tube 'sees' radiation from non-

absorption lines. The maximum width of the entrance 

slit which resolves the absorption line from the nearby 

emission lines is determined empirically. 

Experimental  

The lead hollow cathode lamp was switched on 

and focused onto the monochromator slit. The slit was 

fully opened (i.e. 0.3 mm.). The photomultiplier tube 

was switched on at minimum gain. The wavelength selector 

was set at 283.3 nm. and the gain adjusted to give the 
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'maximum signal which could be displayed on the read out. 

The wavelength selector was then moved through 0.1 nm. 

intervals and the photomultiplier tube output recorded 

at each step. The relative intensity (i.e. photomulti-

plier tube output) of the hollow cathode lamp was plotted 

against the wavelength. This procedure was repeated at 

three more slit widths (0.2 mm., 0.1 mm. and 0.02 mm.). 

The whole experiment was repeated for the absorption 

line at 217.1 nm., except the 0.02 mm. slit width was 

ignored. 

Results and Conclusion. 

The results for the 283.3 nm. line are shown 

in Figures 3.3a - d. The maximum slit width which com-

pletely resolves the emission lines centred on 283.3 nm. 

and 282.4 nm. respectively is just less than 0.2 mm, 

The results for the 217.1 nm. line are shown 

in Figures 3.ka -c. The maXimum slit width which com-

pletely resolves the 217.1 nm. line from the continuum 

beginning at 220.0 nm. is again just less than 0.2 mm. 

Amplifier and Recorder. 

The Techtron A.A.k. includes a tuned a.c. 

amplifier which is synchronised with the hollow cathode 

lamp modulation. The use of a modulated hollow cathode 

lamp with a tuned amplifier is not necessary when the 

flame is replaced by the C.F.A.R. since the monochroma-

tor slit can be shielded from the incandescence of the 

filament. However the tuned a.c. amplifier was used as 

normal. In routine use the amplified signal is displayed 

on a moving coil galvanometer. Obviously, a-signal last- 

• 
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• 

ing several seconds, such as that produced by a flame 

atom reservoir, can be accurately recorded from a gal-

vanometer.. A transient signal, from the C.F.A.R., must 

be recorded. 

Two types of recorder have been used:- 

i) The Honeywell 1706 Visicorder Oscillograph. 

This instrument is a very high speed response 

recorder. The signal is fed into a galvanometer which 

rotates a small mirror.-  The mirror reflects a beam of 

intense U.V. light,. which is focused onto a moving 

strip of U.V. sensitive paper. This type of recorder 

has been used to record signals due to atomic absorption 

by lead, but is more useful when used in conjunction 

with involatile metals (e.g. cobalt) which gl-ve 	se 

to very short lived signals. 

ii) The tServoscribel Potentiometric Recorder. 

This instrument employs a moving pen and 

moving chart and has a much slower response than the 

IVisicorderl. If the signal is finished before the 

pen has completed its movement a low reading is obtain-

ed. This can cause curvature of the calibration graph. 

The signal displayed on the recorders is the 

relative intensity of the light falling on the photo-

multiplier tube. This is converted first to a percen-

tage absorption, by comparison with the signal obtained 

by covering the monochromator slit, and then to absor-

bance from tables. The calibration graphs obtained by 

plotting absorbance against mass of lead, for each re-

corder, .shown in Figure 3.5, indicate the curvature 

due to the slow response of the recorder. The pen re- 
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corder, however, possesses two advantages over the Wisi-

corder'. Since the pen recorder has a slow response time 

it filters the high frequency noise from the photomulti-

- plier, allowing a greater photomultiplier - gain to be used. 

Secondly it is possible to 'expand the scale' on the pen 

recorder by increasing the recorder sensitivity so that 

although the 100% absorption signal is off-scale its posi-

tion is accurately known. (e.g.If the 100% absorption 

signal ds 200 mm. from the 0% absorption signal with a 

recorder sensitivity of 1 mV. per 40 mm. of chart, then 

a recorder sensitivity of 1 mV. per 100 mm. of chart can 

be used. The 100% absorption signal will be 500 milt.- from 

the 0% absorption line, well off-scale, but accurately 

known). This enables very small absorption signals to be 

measured. The 'Visicorder' cannot be adjusted in this 

way. 

The Inert Atmosphere. 

The filament is protected from atmospheric 

oxygen by a flow of inert gas. Nitrogen and argon have 

both been used. Argon is preferred to nitrogen for 

atomic fluorescence studies since the diatomic nitrogen 

molecule:can quench the fluorescence. For atomic absorp-

tion studies either gas is satisfactory, but argon was 

e 
	used in all the experiments described here. 

As described above, the argon is transferred 

from a cylinder via an aspirator and Rotameter flow 

gauge to the laminar flow box below the filament. The 

optimum rate of flow of the argon was determnied empiri-

cally. Figure 3.6a. shows how the absorbance due to 

• 
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- 10 9  g. of lead varies with argon flow rate for the open-

_ topped cell.,Figure 3.6b. for the completely open cell. 

The shape of these curves can perhaps be explained in 

terms of two factors. At very low flow rates, the argon 

may not completely protect the atomic vapour from atmos-

pheric oxygen, so at first the absorbance signal will 

be increased by a faster flow of argon.. However equation 

2.4 indicates that the peak atomic population in the 

observed volume depends on "c2/"C1 , (where 'e2  is the 

average lifetime of a single atom in the observed vol-

ume) as -shown in Figure 3.7. If T1 is constant then 

the peak atomic population decreases as T2  decreases. 

As the argon flow rate increases, T2  will probably 

decrease, since the atomic vapour will be swept through 

the observed volume more quickly, and therefore the peak 

absorbance will decrease. Figure 3.7 shows clearly that 

the effect of T2 on peak atomic population only becomes 

marked when -C becomes very small. It is reasonable to 

suppose that at low flow rates the change in the peak 

atomic population, due to a change in T2, is small, so 

that protection from oxygen is the determining factor. 

As the flow rate increases the change in peak atomic 

population, due to a change in Y2' becomes larger, so 

that X2 becomes the determining factor. The displace-

ment of the peak for the open cell probably reflects 

the greater openness to atmospheric oxygen. 

The Potential Difference applied across the Filament. 

The voltage applied across the filament has a 

large effect on the heating rate and hence on the peak 
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atomic population. This is controlled between zero and 

twelve volts, by a Variac variable transformer. The rela-

tionship between absorbance, and therefore atomic popula-

tion, and applied potential is shown in Figure 3.8 for 

a sample of 10-9g. of lead. The shape of the curve can 

be explained by reference to Figure 3.7. This time T2 
will be constant and '

e 
(the duration of the atomiza-

tion process) is decreased as the applied voltage is in-

creased. At low applied voltages, (large -) values) 

the change in peak atomic population is large for a 

small change in T i , but at high applied voltages (low 

T1  values), the change in peak atomic population is 

small for a large change in "C i . Therefore the curve 

flattens off. The lifetime of the filament is related 

to the applied voltage chosen for routine use. Frequent 

use of a very high voltage reduces the lifetime of the 

filament. Replacement of the filament is not serious 

but may be time consuming. A compromise of 8.2 volts 

was found to be satisfactory. 

The Carbon Filament. 

The dimensions and electrical resistivity. of 

the filament have been discussed in Chapter 2. Before 

use in the C.F.A.R. a small notch, approximately 3 mm. 

long is filed in the centre of the filament. This ena-

bles the sample to be deposited on the same spot each 

time, and prevents the sample from simply falling off 

the filament. 
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The Hollow Cathode Lamp 

Two types of hollow cathode lamp have been used:- 

i) A Walsh and Sullivan type High Intensity Hollow Cathode 

Lamp. (Atomic Spectral Sources Ltd.) 

This type of lamp achieves high intensity by 

use of secondary electrodes. The primary cathode gives 

• rise to an atomic vapour. This extends beyond the cathode 

(a fact which leads to reduction of intensity due to 

self absorption in normal hollow cathode lamps) and is 

excited by collisions with inert gas-ions between the 

Secondary electrodes. The result of this is a large, 

relatively diffuse light source. When used with a flame 

atom reservoir this is quite satisfactory, since the 

atomic vapour in a flame is diffuse, but the atomic 

vapour generated by the C.F.A.R. is very restricted in 

volume. 

ii) A Westinghouse Hollow Cathode Device, Type WL(Pb) 

High Spectral Output. 

The Westinghouse Device achieves the same (or 

better) high intensity output as the Walsh-Sullivan lamp, 

(without the use of secondary electrodes), and can be 

easily focused to a circular spot with a diameter of 

approximately 3 mm. As a result it may be used without 

any 'slits' in between the lamp and the menochromator 

entrance, which in turn means that a low photomultiplier 

gain can be used and background noise reduced. 

Optical Alip,mment. 

It has already been stated that the light 

from the hollow cathode lamp is focused above the fila- 
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ment and re-focused at the monochromator entrance slit, 

but the vertical position of the focused spot has not 

been considered. 

Experimental. 

A metal disc with a slit (10 mm. by 0.5 mm.) 

was placed in front of the hollow cathode lamp. The re-

'sultant rectangle of light was focused onto a sheet of 

white card held above the filament. A travelling micro-

scope was placed along side the hollow cathode lamp and 

focused on the image of the slit. The distance between 

the filament surface (which was filed flat) and the 

- bottom of the image of the slit was measured with the 

travelling microscope. The card was removed and the image 

of the slit re-focused at the monoelromator entrance slit. 

A sample (5 x 10-9g. of lead in 5 pl. of solution) was 

placed on the filament, dried and atomized and the absor-

bance measured. This was repeated twice and the average 

calculated. The height of the C.F.A.R. was adjusted and 

the new distance between the filament surface and the 

bottom of the image of the slit measured. The absorbance 

measurement was repeated. This procedure was repeated 

at several heights above the filament and a graph was 

plotted of absorbance against height above the filament. 

Result and Discussion. 

• 
	 The result is shown in Figure 3.9. The concen- 

tration of the atomic vapour clearly decreases continu-

ously above the filament. Two reasons are immediately 

apparent. Firstly the atomic vapour will spread out away 

from the observed volume as it rises and secondly it 

will cool rapidly and perhaps condense. Therefore a 
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light beam grazing the filament will give rise to the 

most intense absorption and this arrangement is used. 

Analysis of Pure Aqueous Samples. 

Experimental. 

A stock solution of lead nitrate (100 p.p.m. Pb) 

was made from AnalaR grade lead nitrate and distilled, 

deionised water. Dilute solutions (down to 0.01 p.p.m. Pb) 

were made up as required. The apparatus was set up as 

shown in Figure 3.2. The Westinghouse hollow cathode lamp 

was used without any slits. The amplifier was connected 

to the Honeywell Visicorder. The lamp current was set 

at 8 mA. (the recommended maximum current) and the light 

focused above (grazing) the filament and re-focused at 

the monochromator entrance slit. The argon flow rate was 

adjusted to 1 L. per minute. The.cooling water was switched 

on (also at a rate of approximately 1 L. per minute). The 

monochromator slit was set at just below 0.2 mm. and the 

wavelength selector at 283.3 nm. The photomultiplier gain 

was adjusted to give a full scale deflection of the re-

corder trace for 100% absorption. The sample (1.0 p.p.m. 

Pb, 5 ha.) was deposited on the notch at the centre of 

the filament with an Eppendorf micropipette. A potential 

difference of 0.5 volts was applied across the filament 

to evaporate the water. The power was switched off and 

the variable transformer adjusted to produce 8.2 volts. 

The recorder was switched on. The power was switched- on 

and then off as soon as the signal was seen to be com-

pleted. A card was placed in front of the monochromator 

slit to obtain a signal to represent 100% absorption. 



90. 

This procedure was repeated until three consecutive read-

ings were within 10% of their own mean. The peak absor-

bance was calculated and plotted against mass of lead. 

The procedure was repeated for several solutions includ-

ing pure water. The entire experiment was repeated with 

the wavelength selector set on 217.1 nm. The absorption 

signal due to a 0.05 p.p.m. lead solution was measured 

at 283.:3 nm. for sixteen replicates. 

Results and Discussion. 

The calibration curves for both absorption 

lines are shown in Figure 3.10. The sensitivity of the 

method (defined as the sample-needed to produce a 1%* 

absorption, i.e. an absorbance of 0.00476) is seen from 

these curves to be 2x10-11g. of lead for the 217.1 nm. 

absorption line and 5x10-11g. of lead for the 283.3 nm. 

absorption line. 

The relative standard deviation of the sixteen 

replicate signals was 21.7% of the mean signal. The limit 

of detection (i.e. the sample required to produce a rela-

tive standard deviation of 50%) was calculated as 

21.7  x 2.5 x 10-10  g. of lead, (since 5 Sul. of 

50 

a 0.05 p.p.m. solution contains 2.5x10-10  g. Pb), 

i.e. 1.1x10-10g. of lead. This calculation was valid 

because the sample used was of the same order of magni-

tude as the limit of detection. The signals were not . 

converted to absorbance values because at that low level 

(c:...10.01 absorbance units) the measured signal is propor-

tional to absorbance. 

The detection limit at 217.1 nm. was not 
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Measured. Although that line exhibits a greater sensitiv-

ity, the emission from the hollow cathode lamp is not so 

intense as that at 283.3 nm. Hence a high photomultiplier 

gain must be employed in conjunction with the 217.1 nm. 

line. This results in a high background noise level and 

a low limit of detection. The limits of detection of both 

lines have been measured in another experiment (see below). 

Extension of working curve by use of alternative recorder. 

As mentioned previously, the substitution of 

a Servoscribe Potentiometric recorder for the Visicorder 

results in less background noise and permits an expanded 

scale to be used. The disadvantage of the pen recorder 

is its slow response , which sometimes causes the record-

ed signal to be lower than the true signal. Figure 3.5 

shows that the loss of magnitude of the signal due to 

the slow response of the recorder is negligible below 

0.15 on the absorbance scale. An absorbance of 0.15 

represents an absorption of approximately 30%. Since the 

cave in Figure 3.5 was obtained by using a full scale. 

deflection on the pen recorder it may be assumed that any 

signal which takes up less than 30% of the full scale of 

the Servoscribe is accurate. If the pen has to travel 

beyond 30% of the full scale deflection the recorded 

signal will be less than the true signal. 

Experimental. 

The Visicorder was replaced by the pen recorder; 

otherwise the apparatus was unchanged. The wavelength was 

set on 283.3 nm. The photomultiplier gain was set to pro-

duce approximately 100 my. at 100% transmission and the 
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t• 

recorder sensitivity set to 100 mV. for a full scale 

deflection. i.e. The difference between 0% and 100% 

absorption produced a full scale deflection. The re-

corder sensitivity was then increased to 50 mV. for a 

full scale deflection. A five microlitre sample of 

lead nitrate solution (0.1 p.p.m.) was placed on the 

filament and the solvent evaporated. The recorder was 

switched on and the sample atomized. The signal was con-

verted.to percentage absorption, then to absorbance. 

This was repeated twice for the same solution. The whole 

procedure was repeated for four more solutions ( down 

to 0.01 p.p.m. Pb) and a pure water blank. The absorp-

tion signals due to the 0.01 p.p.m. of lead solution 

and then the 0.05 p.p.m. of lead solution were deter-

mined for sixteen replicate samples each. 

The wavelength selector was adjusted to 217.1 nm. 

and the absorbance of a 0.03 p.p.m. of lead solution was 

determined. The absorption signal for a 0.02 p.p.m. of 

lead solution was measured for sixteen replicate samples. 

Results and Discussion. 

The calibration curve for the range 0.01 to 

0.1 p.p.m. lead solutions, using the 283.3 nm. line is 

shown in Figure 3.11. The sensitivity of the method was 

calculated from this -11  as 5 x10 	g. of Pb. 

The 0.03 p.p.m. solution gave an absorbance of 

0.03621, at 217.1 nm. Therefore an absorbance of 0.00476 

(i.e. 1% absorption) will be given by a 0.004 p.p.m. 

solution (i.e. 2x 10-11g. of lead.) 

The detection limits calculated as above from 

absorption signals of the 0.01 and 0.02 p.p.m. lead 

0 
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solutions were 1.5x 10
-11g. of lead and 6.3x 10

-11g. of 

lead for the 283.3 nm. line and the 217.1 nm. line res-

pectively. 

The relative standard deviation of the repli-

cate signals for the 0.05 p.p.m. lead solution was cal-

culated as 7.44%. i.e. the reproducibility of the mea-

surements at about the middle of the working range is 

7.44%. 

Summary of these results. 

Visicorder Servoscribe 	- 

Wavelength 

(nm.) 

Sensitivity 

(g. 	Pb) 

Limitof 

• Detection 

(g. 	Pb) 

Sensitivity 

(g. 	Pb) 

Limit of 

Detection 

(g. 	Pb) 

217.1 

283.3 

2x 10-11 
 

5x 	10-11  

. 	. 

1.1x 	10-10  

2x 	10-11 

5x 10-11 

-11 6.3x 10 

-11 1.5x 	10 

The 217.1 nm. line is more sensitive than the 

283.3 nm, line but the 283.3 nm. line is more useful 

because the hollow cathode lamp emits much more intensely 

at this wavelength.-  The Honeywell Visicorder gives a 

more accurate measure of the absorption signal than the 

Servoscribe pen recorder due to its speed of response, 

but the latter is more useful in oractice.A-.method of 

determining lead down to 5x 10-11g. in pure aqueous 

solutions has been established. 
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Chapter Four 

• The Determination of Lead 

on the 

Carbon Filament Atom Reservoir 

by 

Atomic Fluorescence Spectrometry 
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• 

One of the advantages of atomic fluorescence 

spectrometry (A.P.S.) over:A.A.S. is that the fluores-

cence signal can be electronically amplified while ab-

sorbance cannot, since it is the logarithm of the ratio  

of two intensities. A severe limitation on this advan-

tage is the fact that any background emission is ampli-

fied along with the fluorescence signal. Therefore meth-

ods of reducing background emission become particularly 

useful.. The C.F.A.R. has a low background emission in 

comparison with a conventional flame atom reservoir. 

Lead exhibits relatively intense atomic fluorescence at 

405.8 nm. and 283.3 nm. The emission observed at 283.3 nm. 

is resonance fluorescence, whereas that observed at 

405.8 nm. is direct line fluorescence. The direct line 

fluorescence is excited by photons whose. energy corres-

ponds to a wavelength of 283.3 nm. Emission at both 

wavelengths has been investigated. 

Instrumentation  

Almost the same arrangement of instruments is 

used in atomic fluorescence investigations as was used 

in the atomic absorption studies. The major differences 

are as follows:- 

i) 	The hollow cathode lamp is moved through a 

right angle. This can be done in two planes. The lamp 

may be placed above the filament or at the side of the 

filament. In the latter case the filament itself must 

be rotated through 45o. Otherwise the electrodes support-

ing the filament obscure the incident radiation. Also 

an additional silica window must be fitted in the glass 

• 



envelope around the cell. For greater convenience the 

lamp is placed above the filament. Over extended periods 

of heating the lead may melt, and in this vertical posi-

tion be lost from the hollow cathode. In either arrange-

ment the light from the hollow cathode lamp is focused 

to a spot just above the filament. 

ii) In A.F.S. the purpose of the monochromator is 

the isolation of the fluorescence signal from the general 

backgrOund radiation. (c.f. In A.A.S. the monochromator 

isolates the absorption line from other radiation emitted 

from the hollow cathode lamp). Since the background emis-

sion of the C.F.A.R. is low, the maximum monochromator 

slit width was used in all A.F.S. studies. 

iii) A metal tube (20 mm. long by 6 mm. iliternal 

diameter) held in sheet of card is placed between the 

C.F.A.R. and the lens leading ta the monochromator. This 

simple device shields the monochromator slit from the 

incandescence of the filament and from any light  reflected 

from the hollow cathode via the filament to the mono-

chromator. 

Determination of lead by A.F.S.  

Experimental. 

Lead nitrate solution was preparc,d as described 

previously and the apparatus set up as described above. 

The optimum argon flow rate and potential difference 

across the filament were determined in the same way as 

in the A.A.S. study, and the same results were obtained. 

(i.e. 1 I. per minute of argon and S.2 volts). The mono-

chromator was set at 283.3 nm., the pliotomultiplier gain 

J8.  
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set to a maximum and the Honeywell Visicorder used. A 

5 ta. sample of lead nitrate solution (2.0 p.p.m. Pb) 

was placed on the filament and dried by applying 0.5 volts. 

The recorder was started and the sample atomized. This was 

repeated twice. The whole procedUre was repeated for solu-

tions down to 0.1 p.p.m. Pb and a water blank. The ex-

periment was repeated with the wavelength selector set at 

405.8 nm. 

The Visicorder was replaced by the pen recorder -

and the experiment repeated, at 405.8 nm., with solu- 

tions down to 0.01 p.p.m. Pb. The fluorescence signals 

at 405.8 nm. were measured for sixteen replicate samples 

of a 0.003 p.p.m. lead solution and also for a 0.001 p.p.m. 

lead solution. 

Results and Discussion. 

• 

	

	
The fluorescence signaj was taken to be the 

displacement on the recorder chart in arbitrary units. 

The calibration graphs over the relatively 

wide range measured with the Visicorder (2.0 - 0.1 p.p.m. 

of lead) are shown in Figure 4.1. The 283.3 nm. line is 

more curved than the 405.8 nm. line. This can be explain-

ed in terms of self-absorption. Since the 1105.8 nm. line 

is not a resonance line it will not be absorbed by the 

atomic vapour. The low range calibration graph is shown 

in Figure 4.2. 

The detection limits calculated from the 0.003 

p.p.m. lead (i.e. 1.5x10-11g. Pb) and the 0.001 p.p.m. 

lead(i.e. 5x10-12  g. Pb) solutions are 6.34x10-12g. Pb 

and 5.96x10-12g. Pb respectively. 

• 
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Conclusion..  

Lead can be determined by A.F.S. from pure 

aqueous solution with a detection limit of 6x10
-12g. Pb 

(c.f. A.A.S.;  1.5x10-11g. Pb). In both A.F.S. and A.A.S. 

the smallest sample for a practical analysis is about 

5x10-11g. Pb. 

• 



Chapter Five 

Interference Studies 

with the 

Carbon Filament Atom Reservoir 
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The lo;•r probability of overlap between atomic 

absorption lines ensures that spectral interference in 

A.A.S. or A.F.S. is very rare. Those cases in which the 

presence of one element affects the A.A. or A.F. signal 

due to another element are usually examples of a chemi-

cal or physical interaction between the elements which 

affects the free atom population. This sort of inter-

ference is more liable to occur with the C.F.A.R. than 

with a flame or furnace atom reservoir because the tem-

perature of the atomic vapour drops above the filament. 

Blood contains a relatively high concentration 

of sodium and potassium ions (approximately 4000 p.p.m. 

c.f. approximately 0.1 p.p.m. of lead). Since the ulti-

mate aim of this work was to determine lead in blood, 

the effects of these two metals on the A.A. and A.F. 

• 	 signals of lead were investigated. 

Experimental. 

Lead nitrate solutions were prepared as des-

cribed previously. Sodium nitrate and potassium nitrate 

solutions were made up from AnalaR grade sodium and pot-

assium nitrates and distilled, de-ionised -water. Solu-

tions containing 2 p.p.m. of lead with 10 fold, 100 fold 

and 1000 fold excess sodium were prepared by dissolving 

sodium nitrate in lead nitrate solutions and diluting.. 

Corrsponding solutions with excess potassium were simi-

larly prepared. Solutions containing 0.1 p.p.m. lead 

with the same ratios of sodium and potassium were also 

prepared. The apparatus was set up for A.F.S. as des-

cribed previously, and the ato:Aic fluorescence signals 

• 
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due to five microlitre samples of each solution measured 

repeatedly at 405.8 nm. 

Results and Discussion. 

The pure sodium nitrate and potassium nitrate 

solutions gave no measureable fluorescence .signal. 

Interference, 	defined by:- 

In = SP  - SI- 
100 % 

where S is the signal from the pure sample 

and - SI 
is the signal from the sample containing 

foreign ions. 

The pure lead solutions gave reproducible sig-

nals. Fluorescence signals of considerable irreproduci-

bility were observed for the solutions containing lead 

and sodium (or potassium). The interference due to the 

sodium (or potassium) was calculated from the average of 

three or four signals. The results are summarized in 

Table 5.1. 

Interference 	) 

2.0 p.p.m. 	Pb 0.1 	p.p.m. 	Pb 

1000 fold excess Na 75 /1.5 

1000 fold excess K 68 33.5 

100 fold excess Na 23 16 

100 fold excess K 63 14 

10 fold excess Na 10 0 

10 fold excess K 24 9 

Table 5.1  

Both metals cause a reduction of the fluores-

cence signal due to lead. The magnitude of this reduction 

5.1 

• 
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was related to the excess of interfering metal over lead, 

and to the absolute concentrations of the solution. 

Height above the Filament. 

If the interference is due to chemical or 

physical interaction between the atoms, the degree of 

interference should be least when the atomic vapour is 

hottest, i.e. when it first leaves the filament. 

Experimental.  

Solutions containing 0.5 p.p.m. of lead and 

a mixture of lead (0.5 - p.p.m.) and sodium (4000 p.p.m.) 

were prepared. The apparatus Was set up for A.A.S. with 

a 0.5 mm. slit placed in front of the hollow cathode 

lamp and focused above the filament, as described pre-

viously. Absorption measurements due to five microlitre 

samples of both solutions were made, with the slit fo-

cused at various heights above the filament. These 

heights were measured with a travelling microscope. 

Results and Discussion. 

The results of the experiment are shown in 

Table 5.2. Each absorbance is an average of three meas-

urements. 

The figures indicate both the great irrepro-

ducibility of the interference and the general trend 

that the interference is least immediately above the fila-

ment. 

Selective Volatilisation of the Elements from the Filament. 

If the interferin elements could be removed 

from the filament, and the lead left behind, by controlled 

• 
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Height 

above 

filament 

(mm.) 

Absorbance 

due to 

pure lead 

solution 

Absorbance 

due to 

mixture 

Interference 

( % ) 

0.00 0.7321 0.3420 53 

0.18 0.7101 0.3420 58  

0.50 0.6149 0.2776 55 

0.66- 0.5983 0.2310  61.5 

0.88 0.5334 0.2404 55 

1.08 0.5110 0.2551 50 

1.38 0.4712 0.1970 58  

1.64 o.4446 0.1263 71.5 

2.08 0.2748 0.1129 59 

3.06 0.1698 0.0584 65.5 

Table 5.2  

heating, the interference problem would be solved. 

Experimental. 

Solutions containing 2.0 p.p.m. of lead, 

200 p.p.m. of sodium and 2.0 p.p.m. of lead plus 200 

p.p.m. of sodium were prepared. The apparatus was set 

up for A.F.S. and the fluorescence signal due to a 

five microlitre sample of pure lead solution was meas-

ured. Another sample of pure lead solution was placed 

on the filament and dried. The variable transformer was 

set to produce a potential of 1.8 volts across the fila-

ment and the power switched on for one minute. The varia-

ble transformer was re-adjusted to 8.2 volts and the 

• 

• 
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4 

• 

fluorescence signal measured. This procedure was repeated 

several times, increasing the pre-heating voltage by 0.6 

volts each time, until some lead was lost during the min-

ute of heating. 

The lead lamp was replaced with a sodium hollow 

cathode lamp and the experiment repeated with the sodium 

solution. 

Result. 

No lead was lost from the filament by applying 

a potential of 3.0 volts or less for one minute, but some 

was lost when a higher potential was applied. The 

sodium was lost from the filament when a potential of 

2.4 volts was applied. 

Experimental. 

The lead hollow cathode lamp was replaced in 

the apparatus. A sample of the mixed solution was placed 

on the filament, dried and heated for one minute at a 

potential of 2.8 volts. The variable transformer was re-

set at 8.2 volts and the fluorescence signal measured. 

This was repeated several times. Each time the potential 

for the one minute heating was reduced by 0.12 volts. 

Results and Discussion. 

Some lead was lost from the mixture on the 

filament during the one minute heating process even when 

a potential of less than 2.L volts was applied. 

It appears to be impossible to separate the 

metals in this manner. 
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• Chapter Six 

Integrated Absorption Measurements_ 

with the 

Carbon Filament Atom Reservoir 

• 

• 

• 
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Chapters Three, Four and Five have been con-

cerned with the measurement of peak atomic absorption or 

atomic fluorescence signals. The integrated absorbance 

or fluorescence can also be related to the mass of the 

analyte. (see Equation 2.3) 

O 
x . d t 	N 
	

2.3 

This integral is independent of T1 ,the dura- 

tion of the atomization-process. 

An electronic integrator designed. by R.Stevens,(119)  

formerly a member of the Analytical Chemistry Department 

at Imperial College, and built by D,Alger (a member of 

the same department), has been used to measure the inte- 

grated absorption signal due to lead samples atomized 

from the C.F.A.R. This device integrates not the absor- 

bance, but the change in output from the photomultiplier 

tube. Figure 6.1 is a block diagram of the integrator. 

If a constant signal is fed into the input this is first 

amplified, then bisected. Half the signal is delayed and 

half is fed directly through the subtract unit. When the 

delayed half reaches the subtract unit it is subtracted 

from the original half to give a zero resultant. Thus a 

steady input produces a zero output. If the input sig- 

nal suddenly decreases and then returns to normal, the 

change in signal is delayed then subtracted from the 

normal signal. The resultant is then integrated with 

respect to time, amplified and fed out to a recorder. 

The change in input may be very short lived, but the out- 

put is not and can recorded on a slow recorder. The dura- 

tion of the delay is of great importance and therefore 

the device is filted with a choice of three delay periods. 
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The integrator output is directly proportional 

to the total mass of analyte for low values of 1:41 and 

constant T2' and should be independent of 'Y 1. 

The Integrated Absorption Sio-nal and 't1 .  

Experimental. 

Solutions of lead nitrate were prepared as 

before. The apparatus was set up for A.A.S. with the 

photomultiplier tube connected directly to the integrator. 

The power supply to the hollow cathode lamp was not modu-

lated. The integrated absorption due to five microlitres 

of a solution containing 0.1 p.p.m. of lead was measured 

using an atomization potential of 4.2 volts and the 

shortest of the delay periods on the integrator. This 

was repeated several times at increasing atomization pot-

entials. The experiment was then reneated using-  the two 

other delay periods on the integrator. 

Results and Discussion. 

Figure 6.2 shoes that over a certain range of 

applied potentials, and therefore of 1,,f 1  values the in-

tegrated signal is independent of the potential. The 

three curves (a), (b) and (c) represent the three diff-

erent delay periods of the integrator. Curve (a) was 

• 
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obtained using the shortest delay periods, curve (c) the 

longest. The steeply sloped part of the curves, before 

the plateau, can be explained by the relatively long 

duration of the signal with respect to the integrator 

delay time. Thus the sloping section extends to the high-

est potential, for the curve obtained using the shortest 

delay time. The sloping sections of curves (a) and (b), 

beyond the plateau are difficult toexplain. Curve (c) 

was not investigated beyond 10.2 volts since at higher 

potentials the integrator did not resolve the absorption 

signal from the incandescence of the filament. 

The delay period was set at the longest value 

and atomization potential of 8.4 volts was used for the 

following experiments. 

s 	 Calibration Curve, Detection Limit and Reproducibility. 

Experimental. 

The integrated absorption signals due to five 

microlitre samples of a series of solutions of lead 

nitrate ranging from 0.02 p.p.m. of lead to 4.0 p.p.m. 

of lead were measured. The signals dueto solutions con-

taining 0.05 p.p.m. of lead and 0.005 p.p.m. of lead 

were measured sixteen times each. 

Results and. Discussion. 

Figure 6.3 is the calibration graph over a 

wide range and Figure 6.4 over a small range. The curva-

ture of Figure 6.3 can be explained by the fact that 

Equation 6.6 is valid only for small absorption signals. 

The relative standard deviation of the signal 

due to the 0.05 p.p.m. of lead solution (2.5x10-1°g. Pb) 
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was 5.3%. (c.f. 7.4% without the integrator). The detec-

tion limit calculated (as before) from the replicate 

signals due to the solution containing 0.005 p.p.m. of 

lead (2.5x10-11 g. Pb) was 2.5x10-11g. Pb. (c.f. 1.5 x 

10
-11 g. Pb : best figure without the integrator). 

The integrated absorption signal was found 

to be independent of the atomization potential over a 

limited range, as predicted. The relative standard devia-

tion of the signal due to a sample from about the middle 

of the working range is a little less than that obtained 

without the integrator. (5.3% vs. 7.L-%). The detection 

limit obtained using the integrator is a little higher 

than that obtained without the inteP-rator. (2.5x10-11g. 

Pb vs. 1.5x10-11g. Pb), 

• 

R 

• 
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Lead Poisoning*. 

The danger of lead poisoning has been dis-

covered, forgotten and re-discovered throughout human 

history. Recently the mechanism of lead poisoning has 

been a subject of medical research. The exact details 

of the action of lead in the body are not yet understood, 

but three main effects are known. Firstly, lead inhibits 

the action of ■-aminolevulinic acid dehycirase, an enzyme 

involved in the biosynthesis of haem and hence of haemo-

globin. This results in an anaemic condition as long as 

the excessive lead remains in the body. Secondly, lead 

damages the kidneys in such a manner that essential sub-

stances, e.g. phosphates, are excreted excessively. This 

effect also lasts while excess lead remains in the body. 

Thirdly, permanent damage to brain cells can be caused 

by lead poisoning. The extent ta which lead poisoning is 

responsible for mental sub-normality in children is not 

known, but is suspected by some workers(120) to be con-

siderable. The treatment of lead poisoning is simple and 

effective. Lead chelating agents, e.g. E.D.T.A., penicill-

amine, are taken orally and the lead is rapidly excreted. 

The problem associated with lead poisoning is early diag-

nosis. The medical symptoms of the disease are non- 

specific. Measurement of the concentration of lead in 

the blood or soft tissue is the only certain test. Until 

recently the smallest blood sample which could be used 

(120) 
for a lead analysis was 10g. 	Delves

(32) 
has recently 

developed a method of lead analysis which rerluires a very 

small volume of blood. 

The concentration of lead in the blood of a 
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healthy adult is approximately 0.1 p.p.m. of lead. A 

concentration of 2 p.p.m. of lead in the blood would 

indicate a very sick person. These concentrations come 

within the working range of the method of determining 

lead by atomic spectrometry.  using the C.F.A.R. pre-

viously described. Therefore the method was adapted to 

deal with blood samples instead of pure aqueous samples. 

All. blood samples were supplied by the Hospital 

for Sick Children, Great Ormond Street, London. 

The blood was haemolized,. i.e. the cell walls 

were ruptured, so that a-homogenous liquid was produced, 

by repeated freezing and melting of the blood before all 

experiments. 

Preliminary Experiment. 

The apparatus was set'un for A.A.S. A five 

microlitre blood sample was transferred to the filament 

via an Eppendorf-Marburg micropipette and a potential 

of 0.5 volts was applied to dry the sample. The sample 

was then atomized by application of an 8.2 volt poten-

tial, and the absorption signal recorded. 

Result and Discussion. 

A 100% absorption signal was recorded. The 

signal did not return to zero absorption. A cloud of 

smoke was seen to form on the filament when the 8.2 volt 

Potential was anPlied and a charred residue was left on 

the filament, partially blocking ne 117ht beam. It 

seems reasonable to suppose that the organic material 

in the blood gives rise to the smoke and the charred 

residue. If the atomic absorption signal due to the 
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lead is to be clearly observed this organic material 

must be removed from the sample before the lead is 

atomized. 

Controlled Heating of Blood. 

Experimental. 

A blood sample was placed on the filament and 

dried by application of a potential of 0.5 volts. A pot-

ential of 2.0 volts was applied for one minute. The sample 

was then atomized by a potential of.8.2 volts and the 

absorption signal recorded. The procedure was repeated 

several times, increasing the potential applied for one 

minute by 0.12 volts each time, up to 3.92 volts. 

Results and Discussion. 

A puff of smoke accompanied the atomization 

process even when the maximum asking potential was used. 

• 

	

	
Again the, atomic absorption signal due to the lead was 

partially or completely obscured by the signal from the 

'smoke. (The smoke gave rise to a much broader signal 

than that due to the atomic lead.) Since pure lead nit-

rate is lost from the filament by heating for one minute 

at just over 3.0 volts it seems likely that some of the 

lead will be lost .when a potential of almost 4.0 volts 

is applied. Clearly simple heating of the sample is not 

sufficient to separate the organic material from the lead. 

Three chemical agents have been used to attempt to break • 

up the organic material in the blood. 

Chemical Breakdown of Blood. 

Concentrated nerchioric and nitric acids were 

first considered. Both acids were found to react with 
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the lead as well as the blood. The effects of these two 

acids on the absorption signals due to pure lead nitrate 

samples were investigated. In both cases addition of the 

acid resulted in lead being lost from the filament at 

very low temperatures, e.g. by heating for one minute at 

a potential of 1.0 volt. 

Hydrogen peroxide was next considered. First 

the effect of hydrogen peroxide on pure lead nitrate 

samples-was investigated. Addition of up to fiirteen 

microlitres of 100-volume hydrogen peroxide (I-Iopkin and 

Williams, Atomic Absorption Grade) to the dried lead 

nitrate sample on the filament had no effect on either 

the absorption signal due to the lead or the minimum 

temperature at which the lead was lost from the filament. 

The action of hydrogen peroxide on blood was investigated. 

A five microlitre drop of 100-volume hydrogen peroxide 

was added to an equal drop of blood on the filament. A 

vigorous reaction ensued, causing an expansion of the 

sample along the.  filament and upwards. When the reaction 

ceased a 'froth' was spread along the filament and some-

times fell off. Subsequent heating for one minute by 

applying a potential of up to 4.0 volts failed to remove 

all the organic material, but reduced the quatity con-

siderably. The absorption signal due to smoke (measured 

at 280.3 nm., which is not a lead absorption line, but 

is strongly emitted by the lead hollow cathode lamp) was 

reduced by this treatment. 

Attempts to reduce the spreading and frothing 

of the blood by using diluted hydrogen peroxide were only 

partially successful. The blood was dried before adding 

• 



123. 

the hydrogen peroxide in another attempt to prevent 

spreading and frothihg but this reduced the effective-

ness of the hydrogen peroxide. Dilution of the blood 

instead of the hydrogen peroxide seemed - an apt way to 

reduce the absorption signal due to smoke and perhaps 

avoid the problem of spreading and frothing. Since 

-healthy blood contains approximately 0.1 p.p.m. and a 

solution containing roughly 0.01 p.p.m. of lead is the 

most dilute five microlitre sample which can be analysed, 

a dilution of one part blood plus ten parts water was 

used. 

Experimental. 

The apparatus was set up for A.A.S. with the 

pen recorder, as previously described. An Eppendorf-

Marburg micropipette was used to measure 200)ul. of dis-

tilled de-ionised water into a small beaker (5 ml.) 

Another Eppendorf-Marburg micropipette was used to add 

20 pl. of haemolised blood to the water. The liquids were 

mixed by shaking the beaker. A 5 )Al. sample of the 

diluted blood was transferred to the filament via a third 

Eppendorf-Marburg micropinette. A potential of 0.72 volts 

was applied. Hydrogen peroxide was immediately added to 

the sample. The 5 fa. micropinette was used, but only 

about half the five microlitres of hydrogen_ peroxide was 

delivered, to prevent excessive frothing. Nhen the sample 

was reduced to a white ash the power was switched off. A 

potential of 1.5 volts was applied for one minute to 

remove the organic material and then the sample was 

atomized and the absorption measured at 280.3 nm. (the 

non-lead absorption line) to estimate the non-atomic 

• 
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absorption due to the remaining organic material. This 

procedur.e was repeated several times, increasing the 

potential applied for one minute by 0.12 volts each time. 

Result and Discussion. 

The absorption signal due to the organic mat-

erial was reduced by increasing the applied potential to 

2.28 volts. By heating at this voltage for one minute 

the non-atomic absorption signal was reduced to 0.7% ab-

sorption, and was reproducible. Increasing the voltage 

did not reduce this signal. 

A potential of 2.28 volts for one minute did 

not remove pure lead nitrate from the filament but did 

cause lead nitrate in the presence of sodium nitrate to 

be lost. The chemical environment in the case of blood 

is so different from the cases of pure lead nitrate and 

mixed lead and sodium nitrates, that one cann of Predict 

whether or not the lead will be lost from blood. 

Experimental. 

The preceding experiment was repeated with a 

blood sample whose lead content was known (0.66 p.p.zn.). 

A potential of 2.28 volts was used for the one minute 

heating. The absorption signals at 283.3 nm. and 280.3 nm. 

were measured. 

Result and Discussion. 

The absorption at 280.3 nm. was subtracted 

from that measured at 283.3 nm. and the signal converted 

to absorbance. This gave the figure of 0.0269 absorbance 

units. An equivalent pure lead nitrate sample ( 3  x 10-1°g 

Pb) gave rise to a signal of 0.03 absorbance units (see 

Chapter Three). This suggests that the lead may not be 
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lost •from the blood under these conditions. 

When the experiment was repeated the absorption 

signal at 283.3 nm. (but not at 280.3 nm.) was very low 

and remained low for subsequent repeats. After various 

other unsuccessful approaches it was discovered that the 

absorption signal due to a pure lead nitrate solution 

was also much reduced if a blood sample had been atomized 

from the filament immediately before. This reduction of 

the atomic absorption signal was avoided by scraping 

clean the filament surface with a sharp edge, before 

applying the sample. The absorption due to the blood 

sample returned to 0.0269 absorbance units when this pro-

cedure was adopted. 

Calibration Graph and Reproducibility. 

Diluted samples were prepared from five blood 

samples with a known lead content. The absorption signals 

due to each sample at 283.3 nm. and at 280.3 nm. were 

measured three times for each sample at each. wavelength, 

using the following procedure:- 

1. A five microlitre sample was placed on the filament. 

2. A potential of 0.72 volts was applied and two micro-

litres of hydrogen peroxide were immediately added to 

the sample. 

3. When the sample had been reduced to ash the no7Ter was . 

switched off and the filament allowed to cool for two 

minutes. 

4. A potential of 2.28 volts was applied for one minute. 

5. The sample was atomized at 8.2 volts and the absorp-

tion signal recorded. 
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6. The filament surface was scraped with a razor, heated 

at 8.2 volts again and then allowed to cool for two 

minutes before addition of the next sample. 

-Sixteen replicate measurements were made using 

one of the samples. 

Results and Discussion. 

Whole 

blood -  

sample 

number 

Lead content 

before dilution 

(p.p.m.) 

Lead content after dilution 

(p.p.m.) (10
-10g.)* 

I 0.22 0.020 1.00 

II 0.40 0.036 1.80 

III o.66 0.060 3.00 

IIT 0.87 0.079 3.95 

AT 0.105 0.095 4.73 

Refers to a five micro-litre sample. 

Table 7.1a. 

Figure 7.1 (a) is the calibration graph drawn 

from the figures shown in Tables 7.1a and b. Figure 7.1(b) 

is the calibration graph obtained from pure aqueous 

samples (see also Figure 3.11). If Figure 3.11 is used 

as a working curve to calculate the lead content of un-

known blood samples the calculated level would be 

approxiLlately 11;6 too hip;11. 

The relative standard deviation of the absorp- 
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Sample 

number 

Average Absorption (%) Difference 

n 

Absorbance 

at 

283.3 nm. 

at 

280.3 nm. 

I 2.62 0.68 1.94 0.0086 

II 4.35 n 3.67 0.0162 

TIT 6.68 6.00 0.0269 

IAT 8.57 11 7.89 0.0356 

AT 9.88 11 9.20  0.0419 

Table 7.1b. 

tion signal due to Sample V was 7.16%. (c.f. 7.4% for 

pure aqueous lead samples.) 

Method of Standard Additions. 

A preliminary investigation into the use of 

standard additions for determining lead in blood suggested 

that the method would be unsuitable. Further attempts to 

use the method were not made. The preliminary experiment 

is described here. 

Experimental. 

A blood sample containing approximately 1.0 

p.p.m. Pb was diluted with water as described above and 

also with a lead nitrate solution containing 0.06 p.p.m. 

Pb. Thus the diluted lead samples contained approximately 

0.09 p.p.m. Pb and 0.15 p.p.m. Pb respectively. The 

atomic absorption signals due to these samples were 

measured as described above. 

• 



• 

A 

b 

0 

r 
b 

a 

n 

e 

o. 

0.03 

0.02 

0 ,01 

0.05 

128. 

Figure 7.1 

0 	1 
	2 	3 	4 	5 	6 

-10 Mass of lead (g. x 10 

• 

• 



129. 

Result and Discussion. 

The sample containing approximately .0.09 p.p.m. 

Pb gave rise to an absorption signal at 283.3 nm., of 

19%. The sample containing-approximately 0.15 p.p.m. Pb 

gave rise to an absorption signal at 283.3 nm. of 17%. 

Both samples gave a signal of approximately 0.7% absorp-

tion at 280.3 nm. 

Clearly the added lead did not add to the ab- 

sorption signal. Presumably therefore it was lost from 

the filament during the one minute heating period. It was 

noted earlier that lead nitrate in the presence of sodium 

nitrate was lost from the filament by heating for one 

minute at lower potentials than the 2.28 volts employed 

here. In the- light of this, it is not the loss of the 

added lead, but the retention of the lead originally in 

• 	 blood which is surprising. 

No attempt to explain the loss of lead nitrate 

in the presence of sodium nitrate was made in Chapter 

Five, but the first approach to be considered involves 

postulating the formation of mixed crystals of lead, 

sodium and nitrate ions. -If the lead is firmly bound to 

some organic chelate (as may be the case in blood) then 

the mixed crystals could not form. This tentative explan-

ation is pure speculation. No systematic investigation 

0. 
	of the problem has been attempted. 

Conclusion. 

The lead content of blood can be determined 

by A.A.S. with the C.F.A.R. provided a set of standard 

blood samples is available. If an error of the order 



1:30. 

of 10% can be tolerated then aqueous lead nitrate stan-

dards can be used. The method of standard additions to 

the unknown blood sample appears to be unsuitable. 

• 

• 
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