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At the current stage it is important to monitor the state of animal populations, in particular birds, which,
having the ability to fly, are extremely sensitive to changes in the state of the ecosystem in tense
regions. The possibility of X-Ray fluorescence analysis (XRF) of biological materials was studied using
the organs of the blue pigeon. A technique for preparing animal tissue samples for XRF analysis was
proposed. The samples were analyzed for micro- (Ni, Mn, Pb, Cu, Sr, Zn) and macro components (TiO2,
Fe2O3, CaO, Al2O3, SiO2, P2O5, K2O). The results of the analysis showed an increased content of heavy
metals in some bodies of blue pigeons living in the residential part of the city of Omsk, near the oil
refinery of OAO Gazpromneft, in comparison with the control samples. In conclusion, the approved
methodology can be successfully used in the analysis of other biological materials and animal tissues
and can be helpful in solving environmental problems.
Keywords: X –ray fluorescence analysis, animal organs, bio cenoses.

INTRODUCTION
In recent years several monographs on the
use of X-ray fluorescence analysis (XRF) for
solving various problems have been published
(Shackley, 2011; Sharma, 2012; Klockenkaemper
and von Bohlen, 2015).
X-Ray fluorescence analysis has been
successfully used to study environmental
pollution: for the analysis of soils, plants, aerosols,
snow cover and biological materials (Ondar et al.,
2004; 2016a; 2016b; Stepanova et al., 2017). The
review (Revenko, 2013) gives examples of the
use of XRF for the analysis of body fluids, bones,
skin, hair, food and other biological materials.
From the work of the last decade it is
necessary to mention a series of studies on the
possibilities and development of a technique for
determining the content of trace elements in milk
and dairy products (Pashkova, 2009; Gunicheva,
2010).

X-ray methods are at the center of hybrid
approaches that are used to understand the
complex of problems associated with molecular
biological mechanisms of diseases and the search
for possible therapeutic solutions (Sayers et al.,
2017).
Certified methods for the analysis of animal
tissues have not yet been developed on the
Spectroscan device. Therefore, the aim of the
work was to evaluate the possibility of X-Ray
fluorescence analysis of biological materials on
this spectrometer. As biological materials there
were taken tissues and organs of the pigeons,
taken in the residential part of the city of Omsk,
near the oil refinery.
The industrial city, as the city of petrochemical
production of Omsk, has a significant impact on
the state of the environment. The transparency
and purity of the air decreases, its temperature
increases compared to remote areas of the forest-
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steppe zone, especially in winter time (Soloviev,
2005). The level of atmospheric air pollution in
2016 (API – Air Pollution Index) is 3 which
corresponds to a "low" level of pollution, but as
during a year cases of high air pollution were
observed, the pollution level was corrected from
"low" to "high". The level of pollution in 2016
compared with 2015 changed from "low" to "high"
in Oktyabrsky Autonomous District and in the
whole city of Omsk. In the Soviet Administrative
District, where we collected material, the level of
air pollution remained the same. The main
contribution to the pollution of atmospheric air in
the city of Omsk in 2016 was made by: benz (a)
pyrene, formaldehyde, nitrogen dioxide, ammonia
and dust (Report on the environmental situation in
the Omsk region for 2016, 2017).
The water of the Irtysh River from Kazakhstan
comes polluted into Omsk Region and before
Omsk water pollution with oil products exceeds
the MPC (Buksand Fomin, 1999). Further impact
on the nature of the southern forest-steppe of the
Irtysh region will entail changes in the ornithocomplexes in the above flood-plain forest-field,
meadow-marsh and floodplain forest-meadow
landscapes (Smagunova et al., 2008).
It is especially important to assess the state of
the bird population, its dynamics and forthcoming
changes in such environmentally tense areas. The
monitoring of the state of animal populations is
intended to serve this, in particular concerning
birds which, having the ability to fly, are sensitive
to changes in the state of ecosystems including
through the accumulation of heavy metals in
organisms.
Heavy metals play an important role in the
biosphere. Metals, being present in living
organisms in negligible amounts, perform very
important functions, entering into the composition
of biologically active substances. Significant
deviations cause negative, often disastrous,
consequences for living organisms. The vital
(essential) are only those metal cations that are
present in all healthy tissues of living organisms
and whose concentration range is practically
constant in each of the tissues. Being mainly in a
diffuse state, they can form local accumulations
where their concentration is hundreds of times
higher than the mean planetary levels. Finally,
being one of the main natural resources and also
an indispensable condition for the maintenance
and development of modern civilization, metals
form the group of the most dangerous
contaminants of the biosphere (Maimanova, 2010;
Ulakhovich et al., 2012).

Previously it was found that the concentration
of cadmium and lead in the bones of deer
extracted in the forests of Karelia was much larger
than that of deer in the Arkhangelsk region, shot
in the area which is far from any sources of
anthropogenic pollution of the atmosphere
(Ivanter and Medvedev, 2007).
As examples of recent achievements,
attempts to measure the concentrations of a
number of elements (toxic metals) in individual
organs of living organisms can be indicated. In
particular, non-uniform distribution of individual
elements within a few centimeters in the bones is
observed, for example, Pb (variation up to 20%).
The obtained data are of great interest for
medicine.
The macula lagena of birds is located at the
apical end of the cochlea and contains many
small otoliths. The macula lagenais innervated
and has neural projections of the brainstem, but
its physiological function is still unclear. It remains
controversial, precisely because otoliths in the
lagena are rich in elements of Fe and Zn so that
birds can obtain geomagnetic information. The
content of ferromagnetic elements (Fe, Co, Ni)
and other metals in the otolith lagena for adult
pigeons was analyzed by the method of mass
spectrometry using high-sensitivity plasmacoupled plasma. The content of magnetic
elements in the lagena of pigeon otoliths is not
much higher than in membranous and saccular
otoliths which do not support the hypothesis that
birds depend on the high content of Fe and Zn in
the otolith lagena for sensing geomagnetic
information (Zhao et al., 2009).
MATERIALS AND METHODS
The collection of materials for the study of the
accumulation of chemical elements in blue
pigeons was carried out by us in the summer of
2015 in the massifs of the old brick 2-5-storeyed
building on the north-eastern outskirts in the town
of Neftyanikov near the Omsk Refinery (right-bank
part of the city of Omsk). Inside the quarters, old
sheds have been preserved, some of which have
been replaced by brick and iron garages.
Vegetation is represented by poplar balsamic,
maple, ash leaf and apple berry. In some places
there are thickets of bushes and front gardens
planted with garden crops and flowers. On the
territory of the massifs there are boulevards with
decorative bushes and lawns. Buildings occupy
30-60% of the territory and a large part of the area
of the Soviet Administrative District is sealed with
asphalt.

Bioscience Research, 2018 volume 15(2): 1034-1040

1035

Urana V et al.,

X-Ray fluorescence analysis of pigeon organs

From the city of Omsk to the laboratory of
physicochemical methods of research of the
scientific and educational center for collective use
of Tuvan State University there were delivered 18
samples of biological materials, 4 of which were
livers and 14 stomachs of blue pigeons.
Samples of animal tissues to XRF analysis
were prepared in several stages:
1. Weighing of wet samples of biological
materials on analytical scales;
2. Grinding the samples into pieces smaller
than 1 cm and drying the samples in the drying
cabin for four hours at 120-140 ° C temperature;
3. Re-weighing of air-dry samples of
biomaterials;
4. Ashing of samples of biological materials in
the muffle furnace for a certain temperature
regime. For the ashing of samples, there was
used a method of preparing ash from food
products which involves a gradual increase in
temperature in the muffle furnace, which
minimizes the loss of the identified components.
Initially, crucibles with biological material were
placed in a cold muffle furnace and the
temperature was raised to 50 ° C and held for 30
minutes. After that, the temperature in the furnace

was raised by another 50 ° C, and so on, until the
temperature in the muffle furnace reached 400 °
C, the samples were held at this temperature for
two hours.
5. Cooling and weighing of the biomaterials’
ash;
6. Shredding of ashes of biological materials.
In X-Ray fluorescence analysis, the quality of the
radiator surface affects the results of the analysis,
and in order to obtain an ideal flat surface, it is
necessary to refine the samples to particle sizes
of less than 40 μm.
7. Preparation of pellet emitters by pressing
on a substrate of boric acid for X-Ray
fluorescence analysis.
The different strength of the phases of a
multicomponent material can cause a change in
its
properties
after
grinding:
different
granulometric fractions will have a different
chemical composition (Smagunova et al., 2008).
On average, not dried samples had a mass of
approximately 7-9 grams of pigeon liver and 12-15
grams of stomach. The mass of dry samples of
animal materials was approximately for 25-30%
less than the mass of samples that were not dried
(Table 1).

Table 1. Mass of the samples of biological materials at various stages of their preparation
Sample marking
L1
L2
L3
L4
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S 11
S 12
S 13
S 14

Sample weight
before drying, gr
7,48
9,23
7,46
7,37
12,39
14,62
12,94
18,28
14,33
17,94
15,06
19,52
12,32
10,88
14,67
14,29
17,43
12,34

Sample weight after
drying, gr
5,34
7,32
6,33
5,73
10,74
12,69
11,48
14,82
12,58
15,73
13,43
16,77
10,02
8,60
12,23
12,97
14,82
10,07
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Massofash, gr
0,44
0,90
0,52
0,48
3,34
3,91
2,85
3,06
2,88
3,05
2,14
4,09
3,69
3,05
3,16
2,98
3,40
2,96
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The experiment was carried out on X-Ray
fluorescence spectrometer "Spectroscan-MAX
GV". Since the chemical composition of the ashes
of biological materials (animal tissues) is close in
composition to the soils for analyzing the samples
of bird organs, standard samples of soils and
sediments were selected for the calibration of the
XRF method for the ash of biomaterials. An
optimal calibration characteristic has been
chosen, with the help of which it is possible to
analyze the ash of plant and animal tissues
(Ondar et al., 2004).
The XRF technique allows analyzing the
above mentioned microelements in prepared
powder samples of biological materials without
destroying their base by chemical and thermal
action.
The principle of operation of the X-Ray
spectrometer is based on the irradiation of the
sample with the primary radiation of the X-Ray
tube, measuring the intensity of the secondary
fluorescence radiation from the sample at the
wavelengths corresponding to the elements being
determined, and the following calculation of the
mass fraction of these elements according to the
previously constructed calibration characteristic
which is the dependence of the content of the

element to be measured on the measured
intensity (Saryglar and Ondar, 2014).
Data Analysis
At first, test samples were analyzed. Chicken
livers were used as test samples (ch.l. 1, ch.l. 2,
ch.l. 3). On trial samples the technique of
preparation of samples of animal materials for
XRF analysis was worked out. In order not to
contaminate the loading compartment of the
device, the emitter tablets were additionally
coated with Mylar film which does not affect the
results of XRF analysis.
RESULTS
After that the samples of ashes of the organs
of the blue pigeon were analyzed. It should be
notes that Co, As, and MgO were not found in all
the samples, the content of heavy metals like Zn,
Cu, Ni and Pb in the samples of the bodies of the
blue pigeon is higher than in the chicken liver
samples.
SiO2 was not found in the samples of biological
materials of the blue-pigeon, but is present in
chicken liver samples (Table 2, 3).

Table 2. The content of micro components in the test samples
sample

Pb, μ / kg

Ni, μ / kg

Mn, μ / kg

Zn, μ / kg

Cu, μ / kg

ch.l. 1

34±7

10±1

104±7

318±11

n/d

ch.l. 2

31±6

9±1

106±7

315±11

n/d

ch.l. 3

30±6

8±1

101±6

319±11

n/d

s1

28±6

12±1

95±6

330±11

n/d

s2

29±6

14±2

92±6

265±9

n/d

s3

29±6

18±2

106±7

65±13

n/d

s4

40±8

15±2

88±6

382±13

n/d

s5

30±6

21±2

92±6

278±10

n/d

s6

32±6

22±3

110±7

319±11

n/d

s7

28±5

26±3

93±6

359±12

n/d

s8

22±4

14±2

615±39

389±13

n/d

s9

30±6

26±3

122±8

493±17

4,18±1,54

s10

24±5

20±3

123±8

418±14

n/d

s11

27±5

17±2

92±6

376±13

n/d

s12

31±6

10±1

91±6

309±11

n/d

s13

26±5

32±4

114±7

480±17

n/d

s14

29±6

9±1

82±5

485±17

n/d

l1

7±1

33±4

94±6

602±21

n/d

l2

14±3

27±3

83±5

727±25

n/d

l3

9±2

28±3

82±5

741±26

n/d

l4

19±2

44±5

104±7

458±16

19,50±7,16
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Table 3. The content of macro components in the test samples
Sample

TiO2,%

Fe2O3,%

CaO,%

Al2O3,%

SiO2,%

P2O5,%

K2O,%

ch.l. 1
ch.l. 2
ch.l. 3
s1
s2
s3
s4
s5
s6
s7
s8
s9
s10
s11
s12
s13
s14
l1
l2
l3
l4

0,18±0,00
0,18±0,00
0,18±0,00
0,19±0,00
0,19±0,00
0,19±0,00
0,19±0,00
0,18±0,00
0,18±0,00
0,19±0,00
0,19±0,00
0,18±0,00
0,19±0,00
0,19±0,00
0,18±0,00
0,18±0,00
0,19±0,00
0,18±0,00
0,18±0,00
0,18±0,00
0,18±0,00

n/d *
n/d
n/d
0,12±0,02
0,04±0,01
0,34±0,07
0,12±0,02
0,11±0,02
0,14±0,03
0,31±0,06
0,28±0,06
0,21±0,04
0,31±0,06
0,32±0,07
0,10±0,02
0,41±0,08
0,46±0,09
1,45±0,29
1,19±0,24
1,38±0,28
0,93±0,19

0,21±0,03
0,22±0,03
0,21±0,03
0,94±0,11
0,27±0,03
1,13±0,14
1,39±0,17
0,27±0,03
0,23±0,03
1,25±0,15
1,20±0,14
0,38±0,05
1,12±0,13
1,15±0,14
0,29±0,04
0,53±0,06
0,19±0,02
0,29±0,03
0,26±0,03
0,25±0,03
0,31±0,04

0,62±0,01
0,61±0,01
0,64±0,02
0,62±0,01
0,59±0,01
0,60±0,01
0,59±0,01
0,58±0,01
0,60±0,01
0,58±0,01
0,59±0,01
0,57±0,01
0,57±0,01
0,58±0,01
0,59±0,01
0,56±0,01
0,60±0,01
0,59±0,01
0,59±0,01
0,58±0,01
0,59±0,01

3,78±0,03
3,72±0,03
3,82±0,03
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d
n/d

3,39±0,16
3,47±0,16
3,48±0,16
3,31±0,15
3,61±0,17
3,58±0,17
2,95±0,14
4,90±0,23
2,58±0,12
3,11±0,15
3,35±0,16
3,40±0,16
3,39±0,16
3,00±0,14
2,89±0,13
3,15±,015
2,70±0,13
4,46±,021
3,82±0,18
3,87±0,18
5,03±0,23

3,85±0,12
4,33±0,13
3,90±0,12
4,17±0,13
4,49±0,14
4,30±0,13
4,00±0,12
5,30±0,16
3,79±0,12
4,17±0,13
4,44±0,14
5,13±0,16
5,09±0,16
4,71±0,14
3,97±0,12
4,73±0,15
4,49±0,14
4,05±0,12
3,92±0,12
4,27±0,13
4,42±0,14

*

n/d - component was not detected in the sample

DISCUSSION
In order to assess the reproducibility of the XRF
technique, macro and micro components were
calculated using the formula (1;2):
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The reproducibility of the determination of
components in the samples is characterized by a
relative
standard
deviation
according to formula (3):
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,

(3)
Where Sотнis relative standard deviation
characterizing the reproducibility of the results of
X-ray fluorescence determination of elements in
pigeon organs.

The results of the analysis of samples of
biological materials of chickens and blue pigeons
are different. So, for example, the content of Zn in
biological materials of pigeons selected in
industrial regions of Omsk reaches 720 mg / kg,
which is 2 times higher than in control bird organs.
Based on the results of the analysis, it can be
concluded that the heavy metal content in the
samples of the biological material of the blue
pigeon is higher than that of the chicken which
may indicate contamination of the blue pigeon
habitat. The obtained results on the accumulation
of heavy metals in the tissues of the blue pigeons
in Omsk indicate their active inclusion in the
exchange of matter and energy in the urban
environment of the city of Omsk.
The determination of the content of chemical
elements in biological materials focuses on the
analysis of toxic metals and microelements. In
work (Farkov and Finkelstein, 2002) the
possibilities of X-Ray fluorescence determination
of macro- and micro-elements in samples of
Baikal fish (golyan and perch) were investigated.
The results obtained by us are satisfactory in
terms of metrological characteristics and are
comparable with analogous results for XRF of
animal tissues of other authors (Farkov and
Finkelstein, 2002).
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CONCLUSION
Thus, the necessary conditions for preparing
animal tissue samples for X-Ray fluorescence
analysis with preliminary sample ashing have
been selected. The samples were analyzed for
micro- (Ni, Mn, Pb, Cu, Sr, Zn) and macro
components (TiO2, Fe2O3, CaO, Al2O3, SiO2,
P2O5, K2O). The approved methodology can be
successfully used in the analysis of other
biological materials, animal tissues in solving
environmental problems.
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