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ABSTRACT

A COMPAR SON BETWEEN ZEEVAN AND SM TH H EFTJE
BACKGROUND OCRRECTI ON SYSTEMB FAR (RAPH TE
FURNACE ATCM C ABSCRPTI N SPECTROBCCPY
Gle A GQaves

Master of Sci ence

Youngstown State Wniversity, 1985

Background correction in furnace atomc absorption
spectroscopy is essential. Several interferences encountered
while using this technique require the use of an efficient
background correction system |Interferences commonly
encount ered incl ude chem cal, physical, background, and
spectral .

There are three types of background correction
systens commercially avail abl e today. These are the
Deuterium Arc, Smith-Hieftje, and Zeerman background
correction systens, each having its own advant ages
and drawbacks. The nost recent devel opnent in background
correction is the Smith-Hieftje system com ng out
i n 1982.

There is nuch debate over whi ch background correction
systemis better. Conparisons have been nade between
the Deuteriumarc systemand the Smith-Hieftje system
There have al so been conpari sons nade between the Deuterium
arc systemand the Zeenman system However, there has

yet to be a conparison nade between Smith-Hieftje and



Zeenan background correction systens. Thi s proj ect
conpares these two systens for the determnation of
cadmumin a sodiumchloride matri x,

The Smith-Hieftje systemwas | ocated at Youngst own
State Wniversity and the Zeenman systemwas | ocated at
the Food and Drug Admnistrationin Ancinnati. Because
of this, several variables were identified and hel d
constant in an attenpt to isolate just the background
correction systens. Three experinents were then conduct ed.
The first of these was a loss in sensitivity study due
to the background correction system After |osses in
sensitivity were determned, a precision study was done
in order to determne which systemwas nore accurate
and reliable. Afinal experiment was perforned to
| ook at the distortion in signal caused by each background

correction system
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GHAPTER |

| nt roducti on

S nce atomc absorption spectroscopy is a relative
nmet hod, i.e.,quantitative determnations can only be
carried out by conparison to reference substances,
any behavior of the sanple which is different fromthe
ref erence substance inplies an interference. Mny
net hods and procedures are avail abl e today to correct
for interferences in atomc absorption spectroscopy.

Two of these nethods, nanely Zeeman and Smith-Hieftje
background correction systens, are conpared in this
research project.

Dependi ng upon their cause, interferences are
referred to as chem cal, physical, background, ionization,
and spectral (1). Wiile background and spectral interferences
are based on the neasurenent of non-specific signals,
chem cal and physical interferences have an infl uence
(positive o negative) on the total nunber of atons N
forned per unit vol une.

Chemcal interferences are the nost conmon,
and are caused by the presence of a thernally stable

nmaterial in the sanpl e which is not renoved by the



flame or graphite furnace. Strictly defined, a chemical
interference is any formation of a compound that prevents
quantitative atomization of the element being determined.
This absolute definition, used especially when different
methods of atomization are compared, can be replaced by
arelative definition. For comparing different samples
when the same means of atomization is being used - for
example a graphite furnace - a chemical interference
i s understood as an alteration of the total number of
free atoms formed per unit volume owing to the formation
of chemical compounds. With this definition of chemical
interference, it is possible that the effect can be
positive or negative relative to the standard. With
the absolute definition of chemical interference, the
effect can only be negative, i.e.,every interference
is recognized as a decrease in the total number of atoms
that can be formed.

There are two causes for the occurrence of chemical
interferences. Either the conversion of the sample
into atoms is not quantitative, possibly because a
difficultly melted or vaporized salt is formed or the
molecules formed are not completely dissociated, or
the free atoms react spontaneously with other atoms
or radicals in the environment so that they are not long
enough available for absorption. With flameless atomization

procedures, chemically inert or reducing atmospheres are



used so that various interferences caused by the properties
of the flame are excluded. A characteristic of graphite
tube furnaces is the fact that although the atomization

is a thermal dissociation of molecules into atoms,

it is not an equilibrium reaction. This is due to the
fact that the small amount of element under study is
atomized in a chemically inert environment which is
considerably cooler than the tube surface. Since the
atomization of a sample in a graphite tube furnace can

only take place from the graphite surface, the sample

must remain in good contact with the hot surface for

as long as possible to become as completely atomized

as possible. This means that the sensitivity of a
determination can be increased if the sample is converted
into a difficultly melted or vaporized form. In contrast
to flame atomic absorption, the formation of sulphates,
phosphates, or oxides in the graphite tube is often
advantageous. However, good contact with the graphite surface
is only desirable as long as the compound of interest

can be dissociated into atoms rapidly enough at temperatures
below 2500 degrees celsius. If this does not occur,

the formation of compounds can be a hindrance with

a resultant loss in signal height. The best known
interference of this type is probably carbide formation
from reaction with the graphite or decomposition products
from the sample, for example carbon produced from ashing

of biological materials. To avoid the latter interference,



the matrix nmust be destroyed in nany cases prior to

the introduction of sanple into the graphite furnace.
It stands to reason that the formng of a conpound
of the elenent of interest which wthstands hi gh deconposition
tenperatures, but which can quantitatively dissociate
at the atom zation tenperature, elimnates the ngjority
of interferences.

Physi cal interferences are understood as those
caused by differing physical properties of the sanple
and reference substance such as different viscosities,
surface tensions, or specific gravities of the solutions.
This type of interference in the past has been known only to
fl ame applications since the sanple is nebulized into
the flane. In contrast to this, sanples are introduced
into the graphite furnace by pipetting. However, because
of the new sanpl e introduction devi ces on the narket today,
e.g.;the 1.L Fastac (2) which sprays the sanple into the
furnace,and autonatic sanpl ers, the sane types of
physical interferences that influence flane anal ysis
al so affect furnace analysis. Mst often, physical
interferences can be avoi ded by natching the physi cal
properties of the sanple and standard solutions. This
can be achieved by diluting the sanpl e sol uti on, maki ng
up standards with the sane nmatrix as the sanpl e sol uti ons,
or by the nethod of standard additions (3)

Background absorption occurs fromtwo sources:

light scattering particles in the flame or furnace

produci ng a broad band effect, and true nol ecul ar



absorption caused by undissociated molecules in the
light path. This type of interference is due to a
non-specific (not caused by a specific element) light
loss which |leads to a signal that is too high. This
high signal consists of the true absorption of the element
under study, and the non-specific absorption of the
background. The absorption bands from molecules are
usually broad, both in comparison to the hollow cathode
emission line and the monochromator bandpass (4).
It is typical for all types of non-specific light losses
to have a broad band absorption. |t does not alter
measurably over several nanometers while atomic absorption
is restricted to a very narrow wavelength, l , range
(approximately .002 nm).

The first effect, scattering of light from
the hollow cathode lamp on solid particles in the
flame or furnace, obeys Rayleigh's stray light law in
the first approximation, in which the scatterlng
coefficient U is given by & = 24 Nv .

This scattering effect will thus occur quite strongly with

increasing particle size and for decreasing wavelength.
The two important characteristics of background absorption
are that background absorption is much higher with
furnace atomization as opposed to flame, and background
absorption is much greater in the UV range of the spectrum
than in the visible range. There are several methods
available to correct for this type of interference and

these will be discussed |ater.



Spectral interferences in atomic absorption
analysis are very much related to background interferences.
Spectral interferences are due to scattering of radiation,
broadband absorption, non-analyte absorbing lines
within the spectral bandwidth, and direct absorption
overlap. These types of interferences can be virtually
eliminated with good instrumental design.

As stated previously, it is typical for interferences
due to non-specific light losses to be broad band in
nature. Almost all attempts to eliminate interferences
are based on this fact. Ome of the fundamental rules
for all procedures and methods used to correct for
background interferences is that the correction should
take place as near as possible to the actual absorption
line. Slavin (6) recommended that the non-specific
light losses should be corrected by measuring the effect
at a non-absorbable line and then subtracting the results
from .the measurable signal.

Oe of the first instrumental designs developed
to correct for background wes developed by Koirtyohann
and co-workers (7). They used a dual channel system
in which light from the hollow cathode lamp and light
from a continuous source was passed through the atomized
sample. The continuow source that was used was a
deuterium arc lamp. The emission spectrum of a deuterium

arc, shown in figure 1, is quite intense up to 400 nm
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Fig. 1. Spectrum of a Deuterium Arc



but declines to almost zero in the visible wavelength
range.

To correct for background interferences, light
from the deuterium arc and from a hollow cathode lamp
is alternated rapidly ( ten or more times per second)
through the sample cell. A simplified optical design
is shown in figure 2. The light from the hollow cathode
Is absorbed by both the element being determined and
the background. The light from the deuterium arc is
essentially unabsorbed by the element but absorbed by
the background. The difference between the hollow
cathode absorbance and arc absorbance is the legitimate
or element absorbance. In most cases, deuterium arcs
produce very good background correction; however, there
are some drawbacks. The deuterium arc will yield incorrect
results in the presence of structured background.
This effect occurs when broad band molecular absorption
possesses narrow band fine structure, due commonly
to rotational or vibrational transitions within the
molecule. This effect is shown in figure 3. Since
the deuterium arc averages the background across the
monochromator bandpass, it may differ from the actual
background absorbance at the analytical line, resulting
inan over or under correction of background absorbance.
Also, exact alignment of the two optical beams is essential.
A last disadvantage of the deuterium arc system is that
the presence of two light sources doubles the likelihood

of baseline drift.
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In the late 1970's, a new background correction
system based on the Zeenan effect becane available(8).
Wen the atomze* is placed between the pol es of a
strong nagnet, the spectral |ines absorbed by the atons
of interest aresplit into at |east three conponents:

a central* conponent which is less intense yet naintains
the original wavel ength, and two sigma conponents t hat

are shifted in wavel ength, The Zeenman effect is shown
infigure 4.  These conponents are symetrical and

the sum of the T conponent, and the signa conponents (+¢
and-6) is always equal to the intensity of the unaffected
spectral line. The nunber and intensity of Zeenan

shifted spectral lines wll depend strongly upon the
spectral transition, as well as the strength of the
applied nagnetic field. The nagnetic field al so pol ari zes
t hese conponents. The Jr conponent is polarized in

a plane which is parallel to the nagnetic field, and
thetg™ conponents are pol arized in a plane which is
perpendi cul ar to the nagnetic field. The splitting

of spectral lines by the nagnetic field, as well as

the pol ari zation of those |ines, forns the basis of
background correction by the Zeeman effect.

I n general, nornal Zeenan-shifted |ines form
atriplet of intensity ratio 1:2:1 that is symmetric
about the nagnetic field-free line. However, some
el enents do not undergo normal Zeeman splitting but

instead yi el d conpl ex anonal ous splitting patterns.
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An example of this is the sodium 589.00 spectral line
shown in figure 5. For elements that undergo anomalous
splitting patterns , sensitivity is typically reduced
10% to 50%.

There are several factors that can affect a
Zeeman-shifted line. Doppler broadening (due to motion
of the atom relative to the detector) and collision
broadening (due to collisions with like or foreign
atoms or molecules) will contribute to the overall
line width. In a hollow cathode lamp, Doppler effects
dominate because of low pressure, but in a furnace,
where both temperatures and pressures are higher, both
Doppler and collision broadening are important in determining
linewidths (9). These effects shift further all of the N
and 1§~ components of a Zeeman shifted line and must
be taken into account when using a Zeeman background
correction system.

Today, there are two instrumental designs available
using Zeeman effect shifts to accomplish background
correction. These are source-shifted Zeeman background
correction and analyte-shifted Zeeman background correction
which is the newer of the two. In source-shifted
correction, a magnet is placed around the hollow cathode
lamp. Lines emitted from the lamp are split into v
and*§ components, and these new lines are passed through

the atomized sample. The T component is absorbed by

both the element and the background, but the Zeeman-



Fig. 5. Anomaous Zeeman Effect in Sodium



shifted ¢” components are only absorbed by the background.
Conversion of the i~ and & signals to logarithms, and
finally subtraction of the two signals, yields the
true sample or element absorbance.

Because of stability problems encountered when
a strong magnet is placed around the source, another
instrumental design was developed and is widely used
today. This instrumental design places the magnet
around the furnace atomizer to produce analyte-shifted
Zeeman background correction. In an instrument equipped
with a permanent magnet surrounding the atomizer, to
separate theqr and ¢ components, a rotating polarizer
can be placed between the light source and the sample,
alternating the passage of parallel and perpendicular
polarized light. This type of instrumental configuration
is shown in figure 6. When the parallel component
is being transmitted, it will be absorbed by the central
unshifted M component as well as the background that
is present. In the next quarter cycle, only the
perpendicular source light is transmitted. This perpendicular
light will not be absorbed by the central ‘f component
of the analyte (although it is at exactly the same
wavelength) because its polarization is different.
In the ideal case, the perpendicularly polarized sidebands
are split far enough from each other so that they too
do not absorb any perpendicular radiation. Therefore,

only background absorbs in this case. Subtraction of
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the ¢ signal fromthe 1r signal produces background
correction. A sinilar design enploys an alternating
current magnet wth a fixed polarizingfilter.

There are nany advantages as wel | as di sadvant ages
to Zeeman-shifted techniques. Some of the advant ages
are that the techniques can be applied to a w de range
of wavel engths unli ke deuteriumarc correcti on net hods
and are considerably nore sensitive wth nost el enents.
Because both source-shifted and anal yte-shifted techni ques
generate correction wthin the atom they are not subject
tolimtations of spectral range. Qe inportant advantage
is that a Zeeman background corrector often renai ns
unaf f ect ed by structured background absor pti on because
correction occurs at the sane wavel ength at whi ch the el enent
i s bei ng determ ned.

However, as nentioned earlier, there al so are
sone drawbacks. Analytical curves can be doubl e val ued,
whi ch neans that two wdely different concentrations
produce the sanme absorbance readings. As the concentration
of the anal yte increases, the ¢ sidebands broaden
and begin to absorb nore and nore of the perpendi cul ar
conponent of the source. Thi s absor bance i s construed
as background and is subtracted, causing the working
curve to bend over and actual ly reverse direction.
This effect is known as rollover. Another restriction
of Zeeman techniques is that the el enent nust possess

a resonance line that shows a suitabl e Zeenan effect,



either normal or anomalous, in a 10 = 15 kilogauss
magnetic field. This requirement is the most severe
disadvantage, since many of the stronger resonance
lines show strong anomalous Zeeman effects and spread
the 1 envelope to such a large extent that a weaker
resonance line showing a more tightly grouped “ envelope
gives greater sensitivity. Lastly, Zeeman techniques
are very difficult to apply to flame methods and are
very expensive.

A new and exciting concept in background correction,
the Smith-Hieftje system, was described for the first
time at the 1982 Pittsburgh Conference (10). This
type of background correction is achieved through a
manipulation of the hollow cathode lamp. It has been
known for several years that when an excessive current
Is passed through a hollow cathode | anp, its emission
line is broadened and atomic absorption from the analyte
is greatly reduced. This effect is known as self-reversal,
because unexcited atoms in the lamp absorb the radiation
at the atomic spectral line, so that the output resembles
that shown in figure 7. Figure 7 shows that when a
hollow cathode lamp i s operated at high currents, a
broadening of the atomic line occurs, while operation
at lower currents produces a much sharper emission line.
The effect on atomic absorbance while the lamp is operated
at high currents is shown dramatically in figure 8.

In figure 8, the apparent absorbance of a constant
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concentration of cadmium atoms inanair-acetylene flame
is shown to decrease progressively as the hollow cathode
primary source is operated at higher currents.

It occurred to Smith and Hieftje that the self-
reversal effect could be applied to background correction.
The system that they designed functions by operating
the hollow cathode lamp in a double pulsed mode (11-13).
An initial low current pulse produces an emission line
from the hollow cathode which is similar to that ordinarily
employed in atomic spectrometry and provides a combined
measure of atomic and background absorption. The lamp
is then pulsed at a high current and this produces
a broadened spectral line which is somewhat self-reversed.
Absorbance measured during the high current pulse consists
primarily of that produced by background absorbers.
Subtraction of absorbance values measured during the
two pulses then provides a background corrected signal,

It isclear that for this new approach to be
effective, it is necessary to broaden appreciably the
emission line of each element under investigation,

The degree of broadening is different for each element
and depends upon the peak current at which the hollow
cathode lamp is driven. The selection of these peak
currents and the current waveforms used for each element
must be made judiciously to maintain hollow cathode

lamp reliability and longevity. The current waveform

shown in figure 9 is the one used in the Smith-Hieftje
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system The lanp is pulsed repetitively wthin a period
of 50 mlliseconds. The tine between | ow current and
high current pulses is only 4.5 nilliseconds. After
the high current pul se, the lanp renains idle, operating
at 1 milliamp(mA) for 40 milliseconds, before the next
current cycle.

I n conparison to conventional deuterium background
correction, Smth-Heftje has all the advant ages of
Zeeman. It works in the visible as well as the ultraviol et
portion of the spectrum It isn't thrown off by structured
background caused by vibrational o rotational transitions.
It is able to elimnate nost spectral interferences,
and a single source is used both for atomc absorption
and background.

The Smith-Hieftje systemal so has sone advant ages
over the Zeeman system Wth new software, there are no doubl e
val ued wor ki ng curves caused by rollover. There are
no restrictions placed on either the source o sanpl e
areas. Smth-Heftje can easily be applied to both
flame and furnace analysis. Axd finally, the Smth-
Heftje systemis, by nature, |ess expensive than a
deuteriumarc systemand nuch | ess expensive than a
Zeenman system

Both the Zeenan and the Smth-H eft je system
have been conpared to the deuteriumarc system However,

a direct conparison between Smth-H eftje and Zeenan

has yet to be reported. Mbst Zeenman and Smth-Heftje
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systens al so have deuteriumarcs incorporated wthin
them However, no instrunent is avail abl e today t hat
has both Zeenman and smith-Hieftje background correction
systens. This nmakes a conpari son between the two rmuch
nore difficult.
This research project, done in conjunction
wth the Food and Drug Admnistration in G ncinnati,
focuses upon the determnation of cadmium, conparing
Smith~-Hieftje and Zeenman background correction systens.
Cadmum has caught the attention of nmany investigators
I n recent years because of its toxicity. The accunul ation
of cadmumin the body has been |inked wth respiratory
ail nents, hypertension, and damage to bones, ki dney,
and liver (14). Cadmumranks close to |lead and nercury
as a nmetal of current toxicologic concern. Estinated
| ethal doses in nan range from 350 to 8,900 ng. The
mni num acute toxic dose is probably | ess than 10 ng (15).
Because of its adverse affects on hunans and
other living organi sns, cadmumdetermnations are done
on a wde variety of biological fluids and tissues.
Several electrothernal atomc absorption net hods have
been published for cadmum(16). However, the presence
of ngj or organic and inorgani c species causes spectral,
chem cal , and background interferences. To overcone
these interferences, several approaches have been used:

(1) separation of the analyte fromthe bulk natrix by



solvent extraction (17); (ii)selective volatilization
of the analyte or matrix (18); (iii) matrix modification
in which the atomization rate of the analyte is slowed
sufficiently to resolve the atomic absorption signal

of the analyte from the nonatomic absorption signal

of the matrix (19-20).

Often, none of these measures are sufficient,
and an effective background correction system is essential.
A comparison between Smith-Hieftje and Zeaman background
correction for the determination of cadmium is described.
The loss in sensitivity as well as the precision of
each system with a background absorber present is also

discussed.



CHAPTER 11

Experimental

The instruments used in this study were at two
different locations. The Zeeman system was at the
Food and Drug Administration in Cincinnati and the
Smith-Hieftje sSystem was at Youngstown State University.
The Zeeman system consisted of a Perkin-Elmer model
5000 spectrophotometer, a Perkin-EImer model 500 furnace
power supply, and a Perkin-Elmer AS-40 autosampler, all
of which were interfaced to a Perkin-Elmer model 3600
data station. The Smith-Hieftje system was manufactured
by Instrumentation Laboratory. 1t consisted of an IL
Video 11 AA/AE spectrophotometer with an I L model 655
furnace attachment,

Because of the location of the two instruments
and the fact that the instruments were manufactured
by two different companies, all efforts were made to
isolate just the background correction systems, minimizing
as many variables as possible. 1 was not interested
i n comparing the two instruments, but instead was
interested in comparing the background correction systems
incorporated within them,

Sodium chloride was chosen to act as a background
absorber in this study, Sodium chloride was chosen as

the matrix for several reasons. It turns out that sodium



chloride i1s widespread in nature and is a classical
example of a background absorber. Sodium chloride
volatilizes in the form of a white smoke at about 1800
degrees celsius. This so-called smoke blocks a certain
amount of the hollow cathode source light and an abnormally
high signal is the result. The chloride matrix is
frequently encountered in furnace atomic absorption
analysis. Biological samples are rich in chlorides
and other salts and are frequently analyzed for trace
metals. Any sample rich in chlorides and salts requires
an efficient background correction system.

The same furnace program was used at each site
for this study. The program that was used, showing
the time and temperature of each stage, is shown in
table 1. It must be pointed out that the program
used is not necessarily the optimum program prescribed
by the manufacturers in each case. |In some cases, the
furnace program can be manipulated in such a way so
that the matrix volatilizes off before the element
of interest, or so that the element volatilizes off
before the matrix. This may eliminate the need for
a background correction system. W designed our program
so that the element, cadmium in this case, volatilized

at essentially the same time as the sodium chloride

interference. This allowed us to see how effectively



TABLE 1

CADMIUM RURNACE HR OGRAM

Stage Temperature Time
() (Seconds)
Dry 70 5
110 L5
Ash 370 25
Atomize 1800 0 (step)
1800 5

28



each background correction system was working. Because
cadmium is more volatile than sodium chloride, a step
atomization was used so that they both atomized
simultaneously. Each instrument was operated in the
peak area mode with an integration time of 2 to 3
seconds.

As was stated in the introduction, the use
of any background correction system introduces a loss
in sensitivity. This phenomenon wes investigated on
both systems. To study this effect, two cadmium
calibration curves were set up on each system = one
with and one without the background correction system
on. This was done by varying the injection volumes
of a1l part per billion cadmium standard. The standards
used during this part of the experiment contained no
sodium chloride. Two plots relating absorbance to
picograms of cadmium were obtained on each system.
The slope of each plot was calculated and from the
slopes, the loss in sensitivity due to each background
corrector was determined.

After losses in sensitivity were calculated,
a precision study was done on each system. The precision
study was done using two different cadmium concentrations
at two different levels of sodium chloride. To start
this portion of the study, a sodium chloride plot wes
set up with no cadmium present. This was done by varying

injection volumes of a .1% sodium chloride solution so



that a plot relating absorbance to micrograms of sodium
chloride was obtained. The same sodium chloride and
distilled = deionized water was used at each site.
The amount of sodium chloride necessary to produce
an absorbance unit of 1 and .1 was then determined
from these plots. Both instruments were operated in
the peak height mode for the sodium chloride plots.
The amount of cadmium required to produce .005 and
.020 absorbance units was then determined from plots
constructed in the loss in sensitivity study. The
precision study was then done by doing 20 separate
determinations on 4 different solutions. The first
solution contained enough sodium chloride to produce
an absorbance unit of 1.0 in peak height and enough
cadmium to produce .005 absorbance units in peak area.
The second solution contained the same amount of sodium
chloride but this time had enough cadmium to produce
.020 absorbance units. The third and fourth solutions
contained enough sodium chloride to produce .1 absorbance
units in peak height with the same amounts of cadmium
as before. Both instruments were operated with the
background correction systems on. The standard deviation
and relative standard deviation was then determined
for each solution on both systems.

It is known that a fast moving background causes
considerable distortion in the signal when a background

correction system is used. It isvery difficult, however,



t o measure the speed in which a given background is
moving. In order to study this effect, a screen wes
mounted on a jig saw which was plugged into a variac.

The screen that was used produced an absorbance unit

of .4 when placed in the light path of the atomic
absorption unit. By using a jig saw, we were able

to move the screen in and out of the light path at
different speeds, creating an artificial moving background.
In this way, the distortion due to a background moving

at different speeds could be studied on both systems.



CHAPTER III

Results and Discussion

Each instrument was tuned to the 228.8 resonance
line of cadmium throughout the study. The loss in
sensitivity due to background correction on both systems
wes nearly identical. As can be seen in table 2, the
loss in sensitivity due to Smith-Hieftje correction

was slightly less than that due to Zeeman correction.

TABLE 2

% LOSS | N SENSITIVITY WITH BACKGROUND CORRECTION

Smith-Hieftje System 1647

Zeeman System 17.0

Calibration curves on each system are illustrated
in figure 10 and figure 11. From the calibration curves,
it appears that the Smith-Hieftje is about twice as
sensitive as Zeeman. However, this may be due to
the geometry of the graphite cuvettes and not an effect
of the background correction system.

Both systems gave identical sodium chloride
calibration curves. The sodium chloride curve that
was generated is illustrated in figure 12. 1t was

interesting that the sodium chloride curve was linear
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Fig. 10. Cadmium Calibration Curves on the Smith-
Hieftje System.
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Fig, 11. Cadmum Calibration Curves on the Zeeman
System



Absorpance

2.5

35

NaCl Galibration Curve using Cadmium Lamp

1.9+

"

5 | fo

Micrograms of NaCl

Fig. 12. Sodium Chloride Calibration Curve.



to about 3.5 absorbance units in each case. The sodium
chloride curve was generated with the instruments in the
peak height mode with the background correction systems
off.

Tables 3 and 4 show results of the precision
study. The levels of cadmium and sodium chloride that
were used were determined from the calibration plots
that were previously obtained. It required about twice
as much cadmium to generate the same signal on the
Zeeman system. The lower level of cadmium produced
a higher relative standard deviation in both cases.
However, the Zeeman system consistently gave better
precision values throughout the study. As can be seen
in tables 3 and 4, the Smith-Hieftje system seemed to
have a little more trouble correcting at higher levels
of sodium chloride. The important thing to note is
that both systems corrected for the sodium chloride
interference fairly well. Since an autosampler was
used on the Zeeman system, slightly better precision
values were expected.

While doing the precision study, we noticed
that there was considerable distortion in the signal
at higher levels of sodium chloride on both systems.
This effect is shown dramatically on the Zeeman system
in figure 13. The dotted line in figure 13 represents
an uncorrected signal due to 2.5 picograms of cadmium

and 8 micrograms of sodium chloride. The solid line



PRECISON SIUDY ON ZEEMAN SYSTEM

TABLE 3

Amount of Average Absorbance %

Qd and NacCl Value RD
2.5 pg Cd .0056 13.3
2.5 pg & ; 0.8 ug NaCl .0055 11.0
2.5 pg @l ; 8.0 ug NaCl .0059 12.0
10 pg i .0249 2,5
10 pg Cd ; 0.8 ug NaCl . 0244 1.6
10 pg @l ; 8.0 ug NaCl .0237 3.9
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PRECISION STUDY ON SMITH-HIEFTJE SYSTEM

TABLE 4

Amount of Average Absorbance %

Cd and NaCl Value RSD
1.25 pg Cd . 0090 17.4
1.25 pg Cd ; 0.8 ug NaCl .0086 23.2
1.25 pg Cd ; 8.0 ug NaCl 0115 14.4
5.0 pg Cd 0277 5.4
5.0 pg Cd ; 0.8 ug NaCl .0289 7.0
5.0 pg Cd ; 8.0 ug NacCl .0293 8.5
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shows the corrected signal with positive and negative
distortion. The dashed line represents the atomic
signal from 2.5 picograms of cadmium only. It is
Iinteresting that the absorbance of the dashed and solid
lines are nearly identical even though they look drastically
different. This indicates that the positive and negative
distortion in the solid line cancel each other so that
the net signal is the same.

To study the distortion effect more thoroughly,
a .4 absorbance screen was mounted on a jig saw and
placed in the light path of each atomic aborption unit.
The jig saw was hooked up to a variac so that we were
able to vary the speed i n which the screen moved in and
out of the light path. It wes noticed that increased
speeds caused much more distortion on both the Zeeman
and Smith-Hieftje system. Figures 14 and 15 show this
effect on the Smith-Hieftje system and figures 16 and
17 show this effect on the Zeeman system. By using
a screen we were able to mimic a fast moving background

signal. The point at which the background correction
system failed was nearly identical in both cases.
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Fig. 14. Distortion in signal on Smith-
Hieftje system caused by a slow moving
screen. The dotted line is the uncorrected
signal and the solid line is the corrected
signal.
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I's the uncorrected signal and the dashed line is
the corrected signal.
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CONCLUSI ON

Background correction in furnace atomic absorption
spectroscopy is not only useful, but essential when
determining metals in complex matrices. This study
indicates that the Smith-Hieftje background correction
system is more sensitive than a Zeeman background correction
system. However, the Zeeman system gave better precision
values at high background levels. The use of either
system results in roughly the same loss in sensitivity
for the determination of cadmium, and they both show
distortion with a fast moving background. Overall,
both systems work very well and provide adequate background
correction.

To further compare the two systems, other metals
should be investigated. Chromium would be an interesting
metal to study because of its anomalous Zeeman splitting
pattern. Other metals such as lead should also be

studied because of its toxicologic concern.
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