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Application of Zeeman Atomic Absorption Spectroscopy
For Measurement of Cadmium in Wheat*

Barbara Branstetter
Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Introduction

Since the development of the Zeeman technique,(1’2’3’4’5) there

have been accelerated efforts to utilize its unidue capability of

" detecting atomic elements directly from a host of materia]s. 'Because

these mater1als need no pr1or chemical treatment, the techn1que has

caught the attent1on of env1ronmenta1 researchers who are 1ncreas1ng1y

a]]ed upon to monitor various toxic elements that might migrate into
ba51c food staples For 1nstance, research on trace amounts of Cadm1umv
in wheat, lettuce and potatoes is now be1ng conducted at Battelle in
Columbus, Ohio'(M._MgEogg, pehsonal communication 1979).

The puhpose of.this paper js two~fo]d: to explain the phocedure used

at LBL to calibrate the Zeeman Atomic Absorption system to measure Cd
prior to its use at Batte]]e and to prov1de a data base 1ndependent of

Battel]e for future cross compar1son of resu]ts by both 1aborator1es

Princip]es'of ZAA Spectroscopy

ZAA spectrophotometer ut111zes the ‘Zeeman effect to correct.
automatically for background 1nterference The.source of 11ght is a lamp
emitting the character1st1c em1ss1on of the Cd Tines. The 1amp:1s in a
uniform magnetic field of about 10 KG. For Cd detect1on, the 228 8 nm

line is used. The applied magnetic fie]drspllts the 11ne.accord1ng to

*This work was supported by the 0ff1ce of Health and Environmental
Research of the Department of Energy under Contract No. W- 7405-ENG-48.
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.changes in the quéntum number M. sThe transition with aM = 0 has the same
frequency as the transftion in zero-magnetic fie]d (i.e., = “b’

same as conventiona] AA). This lightvis ]inear]yrpolarized with

its electric vector parallel to the magnetic field. The transitions with .
AM = +1 emit light lfnearly polarized perpenoicular to the magnetic field

A >Y
and are shifted to “O-i Av, Wwhere :

Av ;'(éh/z uc)/2x secfl. :

‘Thus, by means of a linear po}arizer, either the unshifted Zeeman
component (= component) po]arized,para11e1 to magnetic field or the
.sh1fted components polar1zed perpend1cu1ar ‘to the magnetic field
(o components) can be se]ected Under such conditions, the d1fference in
absorpt1on between = and o components 1s proport1ona1 to the
concentrat1on of atomic vapor with the complete background reJection
because the presence of background mo]ecu]es and particles in the atomic
vapor essenet1a11y affect both andi components equa]]y

Figure 1 shows the graph1c representatlon of 228 8 nm Cd em1tted in
presence of magnetic fie]d with a typical absorption profi]e.‘ Figure 2

shows the block diagram of the instrument.

Calibration of ZAA System

The Cd system was found to be stable and reproducible at the

o

instrument setting in Table 1 below. These adjustments were determined
by pr1or experimentation with standard so]ut1ons of Cd of 0.1 ppm, 0.5
ppm and 0.025 ppm(6). The wel]-analyzed NBS Standard Reference

Material (SRM) 1571, "Orchard Leaves" was chosen because of its obvious

agricultural and organic similarities to wheat. A locally distributed
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wheat sample was'random1y collected to be tested for its behavior during
various stages of the ana]ySis. The weight of the sample needed to -
produce a Cd peak was determined end effects due to the direct insertion

of wheat into the furnace without addjtiona1 sample preparation and of

possible interfekence due to smoke resultihg from the‘charrihg stage were

checked.

Table 1: ZAA Instrument Settihg

Function -~ ~ Setting

Cd Lamp Setting. . "Adjust the Vapor pressure of Cd by
: v , ~ temperature control so that 2288 A line
is as intense as possible with minimum
self-reversal.

Heating Cycle A. "~ Char time: 25 sec
- B , Char temp: 600°C
- B. . Atomization Time: 25 sec

Atomization Temp:  15000C
Carrier Gas Flowrate (Ar) 0.3 1/m
Wavelength R 228.8 nm

Str1p Chart Recorder Speed 2.5 cm/m

The instrument settinge-forethe_heating cycle in Table 1 proved to be
compatib]e.with the Cd solutions, SRM 1571, and the‘wheat. The linearity
of the system was‘detefminedtby measuring'S ul samp]es of 0.1 ppm, 0.05.
ppm and 0.025 pph of'Cd standard éo]utions dispensed with en eppendorf
pipette. Trial runs of both SRM 1571 and wheat, (dispensed into the
furnace by means of a sta1n]ess steel samp]e spoon) - were requ1red to find
a compat1b1e heat1ng cycle for combustion of both samples and to
determine the weight range under which pred1ctab1e and reproducible
results cou]d be obtained In every experiment a second set of Cd

standard solutions was run to cont1nuous]y mon1tor the system for
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possible drift of the light source, and problems of smoke interference or

contaminations.

Sample Preparation

Solid samples require-weighing prior to their being analyzed.
Previous experiments with orchard leaves proved successful if the ranges

of the sample weight was bétween 1.0 mg and 2.0 mg (Table 2).

Table 2: Cd Measurements of SRM (1571) by ZAA

Sample No. Sample Weight mg | ppm o o NBS
1 16 o1 |
2 13 0.12 . 0.12 * 0.02 ppm

3 13 012 | ©0.11 + 0.02 ppm

Severd] runé of'who]e'wheét berries proved unsétisfactory; therefore, the
deciéion was made to pu]vér%ze thé'wheat ih a porcelain mortar and bestle. In
this manner the tranéfer of‘tﬁe samp]e and.sampie weight were more easily
controlled. The;smoke'jntérference was'minimized in the Weight fange between
4.0 mg and 5.0vmg (TabIevB). It should be noted ﬁhét insertion of the samp]es‘by
means of the stainiess steel sample spoon results iﬁ momentarily blocking off the
1ight beaﬁ. Theréfore, the 1ight beam should be a110wéd to correct itsé]f to

"zero" before the charrihg phase is initiated.

Table 3: Cd Measurements of SRM (1571) and wheat by'ZAA

Sample No. Sample Weight mg  ppm o NBS
RM 1571 1 1.7 0.17 .
A 1.5 0.12 0.14 + 0.02 ppm  0.11 * 0.02 ppm
"3 1.6 0.14 .
Wheat 4 4.4 0.08 ‘
e s 4.5 0.07 0.07 + 0.01 ppm

0

.

>
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Results
Table 2 illustrates the results of measurements of NBS Standard
Reference Material 1571, "Orchard Leaves" comparing the ZAA and NBS
results. A second run i]iustrated in Table 3 shows the results of both
SRM 1571 and pulverized wheat. In a third experimént the husk or hull of
the pulverized wheat was analyzed separately from the pulp or interior.
The values resulting from both measurementé inditate that Cd

concentrations may selectively migrate to the hard husk as opposed -to the

wheat pulp (Table 4).

These results are.breliminary and furthervteSting.should be
conducted on several varieties of wheat to,détermine whethef'the same is
true}of'a]1 wheat varieties. The 1mp11catiohs,of this finding could be
far feaching with'reépect to wheat bran and comestibles utilizing wheat

bran.

Table 4: -Cd Measurements of Wheat Husks vs. Pulp

Sample No.  Sample Weight mg * ppm o NBS
1 50 043
Husk 2 . 5.5 . 0.12+0.0lppm 0.1 * 0.02ppm
3 53 0.2
4 - 43 003

Pulp 5 4.2 0.03 0.03%0.00ppm 0.1 * 0.02ppm

6 42 0.03
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