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To achieve a good separation of REE cations
(14 lanthanides, Y3+ and Sc3+), a combined linear
gradient and isocratic elution mode was applied
employing gradient pump (Dionex, AGP). Details
of gradient pump program have been established
experimentally and are given in Table.

The studies confirmed that similarly to anions
as well as alkali metal, alkaline earth cations and
amines also in the case of REEs the longitudinal
diffusion in the resin phase may contribute to the
total column plate height for some cations show-
ing high distribution coefficients. The column tem-
perature may serve as an important parameter in-
fluencing the column performance during REE
cation exchange separations. The increased tem-
perature usually improved column efficiency by
decreasing the plate height of REE cations show-
ing a low or moderate affinity to the resin phase,

lene vials and were irradiated in the nuclear reac-
tor TRIGA MARK II (Pavia, Italy) at a thermal
neutron flux (2x1012 n cm–2 s–1) for 5 minutes, 1 hour
and 30 hours, respectively. Irradiation time was ap-
propriate to the half-lives of the activation prod-
ucts being measured. The mass of samples was de-
pendent on irradiation time and was varied between
50 mg (for short irradiation) and 100 mg (for me-
dium and long irradiation). The multielemental
standards (Bovine Liver 1577A and Tomato Leaves
1573A) and blank were irradiated together with the
samples. Certified reference material Tea Leaves
(INCT-TL-1) was used as quality control standard

Trace elements play an important role in human
health, both as essential elements, which have to
be maintained at an optimum level, and as toxic
elements, which have harmful effects even at low
levels. There are at least 40 elements that are vital
for well being of humans. Metals and other elements
are present in food either naturally, or as a result
of human activities (e.g. industrial and agricultural
practices) or from contamination during process-
ing and storage or added deliberately (supplemen-
tation).

Tea is probably most widespread type of bever-
age among all nations. Tea leaves are used in many
diverse ways, not only as extracts, but also as a con-
stituent of medicines and cosmetics. Thus, the
chemical components in this type of materials have
received great interest because they are related to
health and disease. The chemical constituents pre-
sent in the plants are responsible for their medici-
nal as well as toxic properties which include dif-
ferent organic compounds e.g. vitamins, flavonoids,
alkaloids, etc. The trace elements play a very im-
portant role in the formation of these compounds.
Also, the concentration of certain elements is a
good indicator evidential about the origin of the
samples.

This study was carried out to obtain informa-
tion on the concentration of major, minor and trace
elements in this type of material.

For our research we chose black and green tea
leaves deriving from China (Yunnan black and
green tea), India (Assam black and green tea) and
Sri Lanka (Ceylon black and green tea). All samples
were commercially available in Polish supermar-
kets and health food shops. Producers and export-
ers confirmed origin of samples. The samples were
crushed to homogeneous fine powder, next weigh-
ed, homogeneous materials were put into polyethy-

although for cations strongly retained by the ion
exchanger the reverse tendency was observed with
the rise in temperature.
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Table. Concentration range of some minor and trace ele-
ments in Yunnan black tea leaves.
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to validate the analytical technique. All samples and
reference materials were prepared in triplicate. The
counting and measurement of samples was done at
the University of Pavia (Laboratorio Energia Nuc-
leare Applicata) with the aid of HPGe detectors
(Ortec) with associated electronics, coupled to the
multichannel analysers and spectroscopy software
GammaVision 3.2. We determined 26 elements:
Al, As, Au, Ba, Br, Ca, Ce, Cl, Co, Cr, Cs, Eu, Fe,
Hf, K, La, Lu, Mg, Mn, Na, Rb, Sb, Sc, Tb, Yb,
Zn. The elemental content for Yunnan black tea
leaves is shown in Table. The main constituent el-
ements of tea leaves were: Al, Ca, Cl, K, Mg, and
Mn. Among the alkaline metals, Mg and Ca are
the major essential elements and are present in all
leaves studied. The concentration of several de-
termined elements is the highest in Ceylon green
tea. Because Al is one of the easily extracted ele-
ments (ca. 35%) and is suspected to have a role in
developing Alzheimer’s disease it is very impor-
tant to determine Al content in black tea leaves.
Its concentration was between 600 and 2000 ppm.
Bromine is present in varying amounts in all the
leaves analysed. Its concentration is in the range
of 1.8 to 17 ppm. It has been found to be selectively
accumulated in plants from soil. In all cases, the
results obtained for As show bigger concentration
in green than in black tea leaves (Fig.) – it is the
effect of different procedures during the prepara-
tion of black and green tea leaves. The variation
in the elemental concentration levels of tea leaves
clearly showed the influence of the different soil
conditions in which plants have grown.

Generally, the observed differences in the con-
centration of these elements are attributed to fac-
tors such as the preferential absorbability of par-
ticular kinds of plant for the corresponding el-
ements, the age of the plant, the mineral composi-
tion of the soil in which the plant grows, season of
collection samples, as well as its ambient climato-
logical conditions. Hence, there is an interest in
tracing major, minor and trace elements in extracts
obtained from tea leaves. We have shown that in-
strumental neutron activation analysis is a power-
ful analytical tool and can well serve for multiel-
emental analysis of tea leaves. The data obtained
from the study should prelude to detailed multiel-
emental analysis of tea infusions. Although con-
centration of metals and other elements in bever-
ages are generally low, they can make a significant
contribution to dietary intake because of the po-
tentially large quantities consumed.

Fig. Concentration of As in tea leaves (AB – Assam black,
AG – Assam green, CB – Ceylon black, CG – Ceylon
green, YB – Yunnan black, YG – Yunnan green).

Primary methods of measurements (PMM) are very
important elements of chemical metrological system.
According to the definitions adopted by CCQM in
1998 [1]: A primary method of measurement is the
method having the highest metrological qualities,
whose operation can be completely described and
understood, for which a complete uncertainty state-
ment can be written down in terms of SI units. A
primary direct method measures the value of an
unknown without reference to a standard of the
same quantity. A primary ratio method measures
the value of the ratio of an unknown to a standard
of the same quantity; its operation must be com-
pletely described by a measurement equation.

By this definition, primary methods result in SI
unit-traceable values with the smallest combined
uncertainties (representing the highest metrologi-
cal quality). The use of PPM allows checking the
accuracy of chemical results obtained by other (rou-
tine) methods of analysis. Isotope dilution mass spec-
trometry (IDMS) is the only trace analysis method
indicated by CCQM as PMM. However, even PMMs
are the methods that have only the potential to be
primary methods. This means that the application,
or rather realization of the method, is at least as

important as the method itself. IDSM has some limi-
tation, i.e. the method cannot be used in the case of
monoisotopic elements. Hence, there is a need for
other PMM, complementary to the IDMS.

Neutron activation analysis (NAA) has a very
well recognized potential for accuracy. It has been
shown that its instrumental mode can meet the re-
quirements of a primary ratio method when the
method operates under its favorable conditions
[2-4]. We have shown lately that a high-accuracy
radiochemical NAA (RNAA), in agreement with
the concept developed in the Institute of Nuclear
Chemistry and Technology (INCT), can also fulfil
this definition [5] in a relatively easy case of Co
determination in biological material. The aim of
this work is to demonstrate that the definition can
be also met in the case of less favorable conditions
from the point of view of nuclear properties of the
element. A method of Mo determination in bio-
logical materials has been used chosen as an ex-
ample.

In this study, seven biological type certified ref-
erence materials (CRMs) were analyzed: Peach
Leaves NIST 1547, Oyster Tissue NBS 1566, Virgi-
nia Tobacco Leaves CTA-VTL-2, Oriental Tobacco
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