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A new method for lead determination in cereals by electrothermal atomic absorption s,

spectromerry was given. After

mineralization and dissolution of the samples, lead was extracted with sodium dtc hyldithiocarbamate in_carbon
tetrachloride. With this method it is possible to detenm{m lead in cereals up to 0.0075 ug-g Therefam'c standard deviation

for the concentration region from 0.025t0 0.1 pgg

is from 1.42 10 12.05%.
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INTRODUCTION

The presence of lead in plants and animals is
particulary due to its relatively high natural abundance
in soil, and partially to contamination by industry
(smelteries of lead and zinc, production of batteries
and dyes) and by traffic (vehicle exhausts). In the
human body lead is accumulated in the bones, from
which it is mobilized when changes in the organism
occur, in which case it blocks the work of the enzymes
which are taking part in the synthecis of hemoglobin
[1]. Also, higher levels of lead in the body can cause
other disorders such as disorders in heart functions,
higher blood pressure, influence on CNS, etc. [2].

Because of the fact that lead can be absorbed into
the body by consumption of lead-containing food-
stuffs, it is a necessary to determine levels of lead in
various types of food precisely and exactly. In the work
reviewed in written studies many methods for lead
determination in food are presented. Usually, a me-
thod of flame atomic absorption spectrometry (AAS)
[3-5], electrothermal AAS [6—10], AAS with hydride
system [11], spectrometry with inductively coupled
plasma (ICP) [12] or amperometry [13] have been
used. In this work, a method for lead determination in
cereals by electrothermal atomic absorption spectro-
metry (ETAAS) with previous extraction of lead by
sodium diethyldithiocarbamate in carbon tetrachlor-
ide is given.

EXPERIMENTAL

Instrumentation

A Perkin-Elmer Models 703 and 5000 atomic
absorption spectrophotometer equipped with a deu-
terium background corrector, HGA-400 graphite fur-
nace and Model 056 strip chart recorder were used. A
lead hollow cathode lamp was used as a source.
Optimal instrumental conditions for lead determina-

tion (temperature and time) are: drying 120 °C and 30
5; charing 550 °C and 20 s; atomizing 2100 °C and 5 s;
cleaning 2700 °C and 3 s.

Procedure

10 g milled cereals were transferred to a porcelain
crucible and heated in a muffle furnace at a tempera-

ture of 150 °C for 30 minutes, then at 250 °C for an 1
hour and at 550 °C for 8 hours. The obtained mineral

residue, a[ler cooling at room temperature, was dissol-
ved in 10 cm’ of 1% (v/v) HNO, solution. Then,a S cm’
of 50% solution of ammonium citrate was added and
by the adding of a 20% solution of NaOH, the pH value
was adjusted to about 11.5 (from 10.5 to 12.5). After
that, 5 cm’ of 5% KCN were added and the m:xturc was
transferred to a separatory funnel. 5 cm® of 0.2%
sodium diethyldithiocarbamate were added and the
mixture was shaken for a minute. After 10 minutes, 5
cm’ CCl, were added. The mixture was shaken for 1-2
minutes and after 10 minutes, the organic layer was
filtered off and from this solution a volume of 20 mm’
was introduced in the graphite furnace with an Eppen-
dorff pipette, and lead was determined by ETAAS.

It is also necessary always to prepare the blank
sample parallel with the cereals samples for the correc-
tion of the zero value.
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RESULTS AND DISCUSSION

There are little data about the matrix interferen-
ces on lead determination in food by ETAAS. There-
fore, Gherardi et al. [6] show that in the direct
determination of lead in solution obtained by acid
digestion, the highest problems are chemical inter-
ferences because of the presence of chlorides and
phosphates of alkaline elements. This influence could
not be eliminated even by background correction or by
the method of standard additions. Kotani [14] found a
high influence of chloride, especially in the presence
of a high concentration of Mg.

Usually, the elements with a high concentration
in the cereals, and the possible interferents, are Ca,
Mg, Na and K. Therefore, the interferences of these
elements on lead determination by ETAAS were inves-
tigated. For this purpose, a series of samples with a
constant mass of lead and varying masses of Ca, Mg,
Na and K were prepared and lead was determined by
ETAAS. The mass ratios are in the same range as in
the samples and varied for Pb and Mg and K from 1:0
to 1:2000, and for Pb and Ca and Na from 1:0 to 1:200.
The results of lead determination by ETAAS in these
samples are given in Table L

Table L

Influence of Ca, Mg, Na and K on lead
absorbance (mass of lead is 1 ng in 20 mm?>)

Sample g?is;s Absorbance
0.
mp, :my, Mg K Ca Na
1 1:0 0.0381 0.0381 0.0381 0.0381
2 1:100 0.0381  0.0381  0.0381  0.0381
3 1:200 0.0381  0.0381  0.0414  0.0400
4 1:500 0.0414  0.0381 - -
5 1:1000 0.0414  0.0400 - -
6 1:2000 0.0420 0.0430 - -

As can be seen from Table I, these elements
interfere with the lead determination by changing the
absorbance of lead, when the mass ratio is up to 1:200,
for Ca and Na, and 1:500 for Mg and K. Because of
these influences, on the one hand, and because of the
very low concentration of lead in cereals, on the other,
it was necessary, before the determination by ETAAS,
to separate and concentrate lead from the matrix.

There are a few papers in the literature were
extraction is suggested for lead determination in food
samples by ETAAS. Therefore, Oeclschalger et al. [15]
applied dithizone in chloroform and Dabeka [7] sug-
gested ammonium pyrrolidine dithiocarbamate in
MIBK. Gherardi et al. used sodium diethyldithiocar-
bamate in methyl isobuthylketone (MIBK) [6] for the
preliminary extraction of lead after mineralization of
the different food samples.

The written data showed that it is possible to
extract lead with sodium diethylditiocarbamate in
CCl,, in alkaline medium. Bode [16] found that by
adding ammonium citrate and KCN, the extraction of
lead with sodium diethyldithicarbamate is the most
effective in the pH range from 10.5 to 12.5, and that
most of the other elements did not coextract. For
cereal samples it is most important that the elements
with a higher concentration did not coextract too,such
as Ca, Mg, Na, K. For this reason, in our investigation
this extraction was applied for the lead determination
in different types of cereals. First, we prepare a series
of samples with a constant concentration of lead and
varying concentrations (the same ratios as it is shown
in Table I) of Ca, Mg, Na and K and applied this proce-
dure. We found no changes in lead absorbance. Cer-
tainly, this procedure, described in the experimental
part, was adapted to lead determination in such type of
samples (sample destruction and dissolution).

To verify this method, some cereal samples were
mineralized and dissolved, and after the extraction,
lead was determined by ETAAS. Some of these samp-
les were prepared by standard addition of lead and
treated in the same manner. The results of lead deter-
mination by ETAAS in these samples are given in Table
II. It can be seen that the results obtained by the
standard addition method are satisfactory (recovery is
from 96.1 to 100.7%).

Table IL
Results from the lead determination in wheat
samples by standard addition method
(given results are in ug-g")

Sa&pol?lc Pbges  Poee.  Pboyng S5, (%)° R%*
1 - - 0.120 - -
1 0.025 0.145 0.142 12.05 97.9
2 - - 0.080 - ~
2 0.050 0.130 0.125 1.77 96.1
- - 0.100 - -
3 0.075 0.0175 0.170 1.42 97.1
4 - - 0.200 - -
4 0.100 0.300 0.302 5.50 100.7

*s. — relative standard deviation and **R - recovery

Also, in 2 samples of wheat, lead was determined
by inductively coupled plasma spectrometry (ICP).
The results of a comparison of this determination and
that given by the proposed method are shown in Table
IIL. As can be seen from Table III the results obtained
by these two methods are very similar.

Bull. Chem. Technol. Macedonia, 11, 1-2, pp. 37-39 (1992)



Determination of lead in cereals . . . 39
Table IIL
Comparison of proposed method Table IV.
with ICP The results of lead determination by ETAAS
in different cereals from Skopje region, Macedonia
Satmob Proposed method ICP
mple =
(/g Pb) (ug/g Pb) Cereal Woug: g’
1 0.08 0.09
2 0.20 0.19 Vet 0.08 - 0.36
Corn 0.26 - 0.29
The results from the lead dclcr_minat_ion in dif- Barley 0.010 —0.013
ferent types of cereals from the Skopje region, Mace-
Rye flour 0.021

donia, are given in Table I'V. It can be seen that the lead
content in wheat (from 15 samples) is from 0.08 to 0.36,
incorn (for 10samples) from 0.26 to 0.29, in barley (for
5samples) from 0.01 to 0.013 and in one sample of rye
flour about 0.02 ug-g™.

A calibration curve was constructed by similar
treatment of samples of wheat by the adding of lead

containing from 0 to 0.1 ug-g ' lead. The relative
standard deviation in this region is from 1.42 to 12.05
%. The limit of detection (as 3 standard deviations of
a blank sample) is 0.0075 ug-g .
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Pezume

OITPEJIEJIYBAILE HA 0JIOBO BO XKMTAPHUILIM CO ENIEKTPOTEPMHYKA ATOMCKA
ATICOPIIMOHA CIIEKTPOMETPHJA
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Kryunm 360poBH: 0JI0BO, KMTAPHULM; ATOMCKA afncoPIUHOHA CeKTPOCKONHja

ITpeanoyeH e HOB MeTO/] 3a onpe/elyBatbe Ha 0JIOBO BO
KHTApHLIM €O eNeKTPOTEPMHYKA aTOMCKA ANcopIlMOoHA chek-
TpomeTpHja. [To pacTBOPYBaHETO Ha 0BpacliMTe, 0JIOBOTO ce
€KCTPAXHPA CO HATPHYM OHETHIAMTHoKapGamaTt Bo jariiepo-

I'nac. xeM. TexHoJl. MakeoHHja, 10, 1-2, cTp. 37-39 (1992)

terpaxnopu. [paHMLATA Ha IeTeKLMja Ha 0JI0BOTO BO YKHTapH-
LM cO MpHMeHa Ha oBoj MeTtoj e 0,0075 Jug-g'l‘ PenatuBHaTa
cTaHjap/Ha JeBMjalxja 3a MaceHHoT yjaen Ha onosoTo jo 0,1
ug-g ce OBMXKM oA 1,42 1o 12,05%.



