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Determination of chromium 
in cereals by electrothermal 

atomic absorption spectrometry 
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Chromium belongs to the gro up of essential elements for living organisms . It is 
known that chromium has several roles in the human organism: chromium is a co-factor 
of insulin, an d it is involved in the metabolism of lipids, which has bee n associa ted wi th 
the prevention of atherosclerosis and other cardiovascular diseases. Cr(VI), in contrast 
to Cr(Ill), is very toxic. Th e largest sources of biologically active chromium are liver and 
cheese and, also unrefined su gar. 

Consequently, it is very important to determine the concentra tion of chromium, es­
pecially in food , that may be intro duced int o the organism . Many me tho ds and tech­
niques are applied to chromium determina tion in food : spectrome try (I), flame atomic 
absorption spectrometry - FAAS (2 - 8), electrother ma l atomic absorption spectrometry 
- ETAAS (9 - 13), spectrometry with inductively coupled pla sma - ICP (4), etc. 

In this work, a new method is p rese nted for chromium determinat ion in cerea ls, by 
ETAAS, with previous extraction of chromium with dip henylcarbazide in isobutanol. 
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EXPERIMENTAL 

Instrumental 

A Perkin-Elmer Model 703 and 5000 atomic absorption spectrometers, equipped 
with a deuterium background corrector, HGA-400 graphite furnace, and Model 056 strip 
chart recorder were used. A chromium hollow cathode lamp was used as a source. Op­
tim al conditions for chromium determination by ETAAS (temperature and time of dr y­
ing , charing, atomizing, cleaning) are given in Table 1. 

Reagents and samples 

All reagents and standards were of analytical grade. Chromium stock solution was 
prepared by dissolving Cr metal with 10 mL concentrated HCI and diluted with bidis­
tilled water. Mass concentration of chromium was 1000 l-!g V I and from this solution 
other dilutions were prepared. 

The samples of different types of cereals (whe at, corn, barley) wer e collected from 
Skopje region, Macedonia. 

Table I. Instrumental parameters for chromium determination by ETAAS 

Wavelength: 357.9 nm Calibration mod e: peak height 
Slit width: 0.7 nm Background corre ction: Dz-lamp 
Lamp current: 10 rnA Gas: argon 

Drying Ch aring Atomizing Cleaning 

Temp erature (0C): 80 800 2300 2700 
Time (s): 30 20 5 3 
Ramp time (s): 2 1 o 

Procedure 

10 g finely milled cereal was transferred to a porcelain crucible and it was heated 
in a muffle furnace at a temperature of 150 °C for 30 minutes, at 250 °C for 1 hour and 
at 550 °C for 8 hours. The obtained mineral residue, after cooling at room temperature, 
was dissolved in 10 mL concentrated H2S04, Then, 0.5 mL of 0.1 mol L-1 KMn04 were 
added and the solution was left on a hot plate at a temperature of 70 - 80 °C. After cool­
ing , excess of KMn04 was eliminated by adding a few drops of 20% aqueous solution 
of hydroxylamine hydrochloride. After that, the soluti on was transferred to a separatory 
funnel and 2.5 mL of 0.1% solution of diphenylcarbazide and 10 mL saturated solution 
of NaCl were added. The mixture was shaken for one minute,S mL of isobutanol were 
added and this solution was shaken for 2 minutes. The organic layer was separated and 
a volume of 20 ul. of this solution was introduced into a graphite furnace and chromium 
was determined. 
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RESULTS AND DISCUSSION 

Th ere are few data about chromium determination in cereal samples by ETAAS 
(9 - 13) but there is no information on the interferences with chromium absorbance. Ele­
ments of higher concentration in cereals, and possibl e interferents, are usually Ca, Mg, 
Na and K. Therefore, possible interferences of the se elements with chromium determi­
nation were investigated . For this p urpose, a series of samples with a constant concen­
tration of chromium and varying concentrations of Ca, Mg, Na and K were prepared 
and chromium absorbance was determined by ETAAS. The mass ratios of Cr and Ca, 
Mg, Na and K were in the same range as in the cereal samples, and varied for Cr and 
Ca and K from 1:0 to 1:2000, and for Cr and Mg and Na from 1:0 to 1:200. The results 
of chromium absorbance in these samples are given in Table II. 

Table II. Influence of Ca, Mg, Na and K on chromium absorbance 
(mass of chromium is 1 ng in 20 ul.) 

Samp le Mass ratio A b s 0 r b a n c e 
No. mer : ffi Me Mg K Ca Na 

1 1 : 0 0.3335 0.3335 0.3335 0.3335 
2 1 : 100 0.3335 0.3335 
3 1 : 200 0.3335 0.3335 0.3261 0.3298 
4 1 : 500 0.3298 0.3290 0.3261 0.3224 
5 1 : 1000 0.3290 0.3290 
6 1 : 2000 0.3272 0.3290 

As it can be seen from the Table II, thes e element s interfere with chromium absor­
bance 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 chro­
mium in th e cereals, on the other, it was necessary, before determination by ETAAS, to 
sepa rate and concentrate chromium from the matrix. 

There are a few papers in the literature where extraction is suggested for chromium 
determination in food samples by AAS. Therefore, Jackson et al. (5) applied acetylacetone 
in MIBK for chromium determination by flame AAS. Baucelles ei al. (8) used direct ex­
traction of chromium by MlBK from acidic solutions of food samples. On the other hand, 
Cary and Allaway (3, 4) used APDC and 2,4-pentadione in chloroform in chromium de­
termination in wheat samples. 

Literature data for chromium determination by spectrometry (especially for water 
analysis), show that, in most cases, complexati on w ith diphenylcarbazide, is applied . In 
these analyses some authors suggest extraction of this complex and sp ectrometric de­
termination of chromium in MIBK (14) or in pentanol, n-butanol and cyclohex ano l (15), 
or isopentanol (16). In our investigations, we applied diph enylcarbazide for extracti on 
of chromium from the solution obtained after dry decomposition and dissolution of min­
era lized samples of different cereals. We applied different organic solvents. It was shown 
that very good results can be obtained by using isobutan ol. 
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It was necessary to establish the optimal concentration of sulphuric acid and the 
volume of saturated solution of NaCl in the procedure of extraction. For this purpose, 
a series of solutions of constant chromium concentration and different H2S04 concen­
trations (0 - 8 mol L-1) and a series with different volumes of NaCl solution (0 - 15 mL) 
were prepared, and extraction was applied. The obtained absorbances of chromium after 
ETAAS measurements are given in Tables III and IV. As it can be seen from Tables III 
and IV,due to maximal value of absorbance, the optimal concentration of sulphuric acid 
is 2 mol L-1 and the optimal volume of saturated solution of NaCl is 10 mL. 

Table III. Influence of H2S04 concentration 
on chromium extraction 

A 

0.0 0.0000 
0.4 0.0833 
1.0 0.0850 
2.0 0.0862 
4.0 0.0757 
8.0 0.0737 

Table Iv. Influence of the volume of saturated
 
NaCl solution on chromium extraction
 

Volume of saturated 
ANaCl solution / mL 

o 0.0177 
5 0.0615 
10 0.0860 
15 0.0860 

To verify this method, some cereal samples were dissolved and, after extraction, 
chromium was determined by ETAAS. Some of the samples were prepared with stand­
ard additions of chromium standard solutions and treated in the same manner. The re­
sults of chromium determination are given in Table V. It can be seen that the results ob­
tained by the standard addition method are satisfactory (recovery from 95 to 102%). 

Also, in two wheat samples, chromium was determined by inductive coupled 
plasma spectrometry (K'P). A comparison of the results obtained by this determination 
and by the proposed method is given in Table VI. As it can be seen, the results obtained 
by these two methods are very similar. 

The results of chromium determination in different types of cereals from the Skopje 
region, Macedonia, are given in Table VII. 

A calibration curve was constructed by a similar treatment of wheat samples by 
adding 0 - 0.1 Ilg chromium per gram of sample material. The standard deviation in this 
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Table V. Results of chromium determination by ETAAS in a wheat sample 
by the standard addition method(the results are in tlg g-l) 

Sample No . Cradded Crcalculaled Crfound RSD (%) Recovery 

0.12 
0.10 0.22 0.21 7.8 95.4 

0.14 
2 

0.20 0.34 0.33 2.3 97.1 

0.10
3 

0.30 0.40 0.38 2.5 95.0 

0.08 
4 

0.40 0.48 0.49 1.3 102.1 

Table VI. Comparison of the proposed methodwith ICP 

Proposed method ICP
Sample (J-Lg g-l Cr) (>tg g-1 Cr) 

1 0.11 0.10 
2 0.20 0.18 

Table VII. The results of chromium determination
 
by ETAAS in different cereals from
 

the Skopje region, Macedonia
 

Cereal 

Wheat 0.10 - 0.24 
Com 0.09 - 0.12 
Barley 0.10 - 0.13 
Rye flour 0.020 - 0.028 
Wheat flour 0.010 - 0.035 

region amounts to 0.0007 - 0.0016 Ilg g-l. The limit of detection (as 3 standard deviations 
of a blank sample) is 0.002 Ilg g-l . 

Acknowledgement. - We thank Dr. P. Rad osevic from the Institute of Preventive Medicine, Bel­
grade, Yugoslavia, for the ICP analysis. 
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SAZETAK 

Odredivanje kroma u zitaricama elektroterrnickom 
atomsko-apsorpcijskom spektrometrijom 

TRAJCE STAFILOV i VESNA RIZOVA 

Predlozena je nova metoda za odredivanje kroma u zitaricama elektroterrnickom 
atomsko-apsorpcijskom spektrometrijom. Nakon suhe dekompozicije i otapanja uzorka 
krom je ekstrahiran s difenilkarbazidom u izobutanolu. Za koncentracijsko podrucje 
kroma u zitaricama od 0 do 0,1 I!g g-l procijenjena je relativna standardna devijacija od 
1,3 do 7,8%. Granica detekcije kroma ovom metodom iznosi 0,002 I!g g-l. 
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