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 ( . , . ),  «CAN-
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-
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 ( )  50 -
.  1 : 10.  
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 « »  [10]. 

 ( );  
;  .  -

 Agilent 7500cx -
 (  – ) [11, 12].  

 45–50 -
 (  10–9 . %). 

 5 -
 [13]. 

 

 Na, , Ca, Mg, , Fe, Zn, , Cu, 
Mn, ;   V, Cr, Se;  Li,  Rb, 
Cs, Sr, Ba, Al, Ag, Au, Ni, Ti, Sc, Ta, Th, U; , Br, Sb, Pb, As.  

 33  
(% ),  [5]. 
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 (% .) ,  
, ,  (n = 5, P = 0,95) 

    
       

K 0,54±0,05 – – 0,74±0,06 – – 0,3 
Na·10–2 0,31±0,03 – – 0,56±0,04 – – 10–2 
Mg·10–2 – 3,6±0,6 – – 5,7±0,8 – 10–2 

·10–2 7,9±0,8 3,1±0,6 – 6,6±0,5 2,5±0,4 – 0,5 
·10–3 – 1,9±0,3 1,1±0,2 – 0,74±0,11 0,94±0,07 10–3 

Al·10–3  – 12,7±1,5 15±1 – 4,6±0,7 6,9±0,6 10–2 
Fe·10–3 3,2±0,2 2,3±0,3 4,3±0,4 2,5±0,2 1,7±0,3 4,8±0,5 10–2 
Zn·10–3 1,4±0,1 1,61±0,3 2,31±0 3 0,74±0,05 0,91±0,16 1,1±0,1 10–3 
Rb·10–3 1,2±0,1 – 1,55±0,15 1,1±0,1 – 1,3±0,2 10-4 
Cu·10–4 – 8,9±1,8 11,4±1,5 – 4,1±0,7 5,8±0,7 10–4 
Mn·10–4 – 1,1±0,2 2,04±0,3 – 1,8±0,3 2,3±0,2 10–3 
Co·10–4 0,09±0,01 0,13±0,02 0,11±0,02 0,08±0,008 0,11±0,02 0,10±0,01 10–5 
Mo·10–4  – 0,10±0,02 0,11±0,02 – 0,30±0,04 0,32±0,03 10–5 
Cr·10–4 0,10±0,01 0,35±0,07 0,50±0,04 0,05±0,005 0,04±0,008 0,18±0,02 10–5 
Li·10–4 – 0,36±0,06 0,51±0,05 – 0,66±0,12 0,13±0,02 10–5 
Sr·10–4 2,7±0,2 2,8±0,5 2,52±0,3 3,2±0,3 3,6±0,7 2,56±0,3 10–3 
Ba·10–4 7,2±0,6 7,9±1,5 13,0±1,5 3,2±0,2 3,6±0,7 2,56±0,2 10–3 
Br·10–4 1,3±0,1 – – 0,95±0,08 – – 1,5 10–4 
Pb·10–4 – 2,6±0,5 2,6±0,3 – 0,65±0,12 0,39±0,04 10–4 
Ni·10–4 – 1,4±0,3 2,4±0,4 – 1,7±0,3 1,38±0,14 10–5 
Ti·10–4 – 1,3±0,2 1,8±0,3 – 6±1 6,3±0,5 10–4 
As·10–5 3,8±0,5 – – 1,2±0,1 – – 10–5 
Ag·10–5 0,95±0,14 0,93±0,16 – 1,9±0,2 2,1±0,4 – 10–6 
V·10–5  – 3,3±0,6 2,1±0,4 – 8,4±1,5 9,3±0,8 10–4 
Cs·10–6 3,2±0,5 – 4,5±0,8 3,8±0,3 – 4,54±0,5 10–5 
Se·10–6 1,5±0,2 – 2,6±0,4 1,7±0,2 – 1,7±0,2 10–6 
Sb·10–6 3,5±0,5 – 3,7±0,6 1,7±0,2 – 1,7±0,3 10–7 
Sc·10–6 3,2±0,5 – 4,5±0,8 3,3±0,3 – 3,2±0,5 – 
U·10–6 0,57±0,11 – 0,49±0,08 0,19±0,02 – 0,35±0,04 10–7 
Ta·10–6 0,15±0,03 – 0,26±0,05 0,11±0,02 – 0,15±0,02 – 
Au·10–6 2,1±0,4 – 3,5±0,6 2,1±0,2 – 3,48±0,4 10–8 
Th·10–6 1,5±0,3 – 0,8±0,1 0,69±0,01 – 0,57±0,06 – 

·10–6 – – 0,40±0,07 – – 0,19±0,02 10–6 
(–) – . 

 
,  Fe, Zn, Co, Cr, Sr  Ba -

 (  
).  

 Ca, B, Al, Rb, Cu, Mo, Li, Pb, Ni, Ti, Ag, V, Cs, Se, Sb, Sc, U, Ta, Au  Th,  
. -
, , .  K, Na, Mg, Br, As  Be -

.  
-

:  
 – K>Ca>Mg>Na>Al>Fe>Zn>B>Rb>Cu>Ba>Sr=Pb>Ni>Mn=Ti>Br>Cr=Li=As>Co= 

Mo>V >Ag>Sb>Cs=Sc>Au>Se=Th>U>Be>Ta; 
 – K>Ca>Mg>Na>Al>Fe>Zn>Rb>B>Ti>Cu>Ba=Sr>Mn>Ni>Br>V>Pb>Li>Mo>Co=Cr=Ag> 

As>Cs>Sc>Au>Se=Sb>Th>U>Be>Ta. 
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, , . -
, , , :  
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Tsybukova T.N.1*, Petrova E.V.2, Rabtsevich E.S.2, Zeile L.A.1, Tihonova O.K.1, Agasheva E.A.2 ELEMENTAL COM-
POSITION OF FRUITS OF VACCINIUM VITIS-IDAEA L. AND OXYCOCCUS PALUSTRIS PERS. 

1Siberian State Medical University, Moskovsky Trakt, 2/7, Tomsk, 634050 (Russia), e-mail: tnik46@mail.ru 
2Tomsk State University, pr. Lenina, 36, Tomsk, 634050 (Russia) 
In medicine, the fruits of Vaccinium vitis ideaea L. and Oxycoccus palustrie Pers.  are widely used.  Vaccinium fruits  

possess antioxidant, expectorant, diuretic, antitumour and hypercathartic action. Oxycoccus fruits have antioxidant, diuretic, 
antifebrile and antioxidant effect. These qualities depend on a complex of biologically active substances such as vitamins, hor-
mones, macro- and micronutrients. Macro- and micronutrients contained in fruits are able to prevent the nutrient deficit which 
can cause some hard diseases. At the same time knowledge of toxic elements gives us information about pollution degree of 
studied fruits. Therefore, the aim of our study was qualitative detection and quantitative determination of element composition 
of fruits of Vaccinium vitis ideaea L. and Oxycoccus palustrie Pers, picked in Western Siberia (Tomsk oblast, Tomsk region). 
Determination of elemental composition was performed by methods of neutron activation analysis, atomic emission spectros-
copy and mass spectrometry.  Studied samples contain important nutrients which are found in vitamins and nutritional supple-
ments, widely used in officinal and traditional medicine and in industry. 

Keywords: Vaccinium vitis ideaea L., Oxycoccus palustrie Pers., element composition, neutron activation analysis, 
atomic emission spectroscopy, mass spectrometry.   

References 

1. Rastitel'nye resursy Rossii. Dikorastushchie tsvetkovye rasteniia, ikh komponentnyi sostav i biologicheskaia aktiv-
nost'. T. 2: Semeistva Actinidiaceae - Malvaceae, Euphorbiaceae - Haloragaceae [Vegetable resources of Russia. 
Wild flowering plants, their component composition and biological activity. Vol. 2: Families Actinidiaceae - Malva-
ceae, Euphorbiaceae - Haloragaceae]. ed. A.L. Budantsev. St. Petersburgb.; Moscow, 2009, 520 p. (in Russ.). 

2. Krylov G.V., Kozakova N.F. Travnik: Lekarstvennye rasteniia i ikh ispol'zovanie. [Travnik: Medicinal plants and 
their use]. Novosibirsk, 1993, 420 p. (in Russ.). 

3. Dobrovol'skii V.V. Osnovy biogeokhimii. [Fundamentals of biogeochemistry]. Moscow, 2003, 400 p. (in Russ.). 
4. Andreeva V.Iu., Isaikina N.V., Tsybukova T.N., Petrova E.V. Khimiia rastitel'nogo syr'ia, 2016, no. 1, pp. 177–180. 

(in Russ.). 
5. Ivanov V.V. Ekologicheskaia geokhimiia elementov: Spravochnik v 6 knigakh. [Ecological geochemistry of elements: 

A reference book in 6 books]. Moscow, 1994–1999. (in Russ.). 
6. Ekologiia Zapadnoi Sibiri. Tiazhelye metally i radionuklidy [Ecology of Western Siberia. Heavy metals and radionu-

clides] ed. G.V. Poliakov. Novosibirsk, 1996, 248 p. (in Russ.). 
7. Gil'bert E.N., Shabanova O.V. Sibirskii khimicheskii zhurnal, 1992, no. 3, pp. 5–14. (in Russ.). 
8. Inisheva L.I., Tsybukova T.N., Zarubina R.F., Efimova A.N. Zhurnal analiticheskoi khimii, 1996, vol. 51, no. 3, pp. 

1–4. (in Russ.). 
9. Tsybukova T.N., Inisheva L.I., Tikhonova O.K., Zeile L.A., Iusubov M.S. Khimiia rastitel'nogo syr'ia, 2001, no. 4, 

pp. 103–106. (in Russ.). 
10. Otmakhov V.I., Petrova E.V. Zhurnal Izvestiia TPU, 2004, vol. 307, no. 6, pp. 51–56. (in Russ.). 
11. Tanner S., Baranov V., Bandura D. Spectrochimica Acta., 2002, vol. 57, pp. 1361–1452. 
12. Pupyshev A.A., Surikov V.T. Mass-spektrometriia s induktivno sviazannoi plazmoi. Obrazovanie ionov. [Mass spec-

trometry with inductively coupled plasma. Formation of ions]. Ekaterinburg, 2006, 276 p. (in Russ.). 
13. Doerfel' K. Statistika v analiticheskoi khimii. [Statistics in Analytical Chemistry]. Moscow, 1969, 247 p. (in Russ.). 

Received March 22, 2017 

                                                
* Corresponding author. 



 

 


