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Radioanalytical complex Radioanalytical complex 

REGATA at the reactor IBRREGATA at the reactor IBR--2 2   

  



  Biomonitoring of atmospheric 

    deposition of heavy metals and other 

    elements (Project REGATA) 
 

   Control of quality and safety of  

    foodstuffs, grown in industrially  

    contaminated areas of RF and 

    South Africa (grant of SA)  
 

   Assessment of different ecosystems  

    and their impact on human health 

  Biotechnologies: new pharmaceuticals, 

   biosorption and synthesis of nanoparticles 
 

  NAA for extraterrestrial materials 
 

  NAA for the technological process of synthesis 

    of diamonds and NB (boron nitride) 
 

  Analysis of archaeological and museum 
    objects from Russian and other countries  
 

  NAA for decommissioning of Nuclear Power 

    Plants and utilization of industrial wastes 

      

. 

ANALYTICAL INVESTIGATIONS AT IBR-2 REACTOR 

Instrumental 

neutron activation analysis 

INAA 

Cyclic 
neutron activation 

analysis 

CNAA 

Epithermal 
neutron activation 

analysis 

ENAA 

Life Sciences Material Science 



  dinosaurs' eggs from Mongolia  

      – search for iridium (Ir) 
 

  meteorites (GEOCHI RAS, Moscow, Italy) 
    
  nodules from Gulf of Bothnia  
 
     (Faculty of Geography, Moscow State University) 
 

  nodules from North Pacific Ocean  

     (Clarion-Clipperton abyssal plane, 

      Institute of Marine Geology and Geo-ecology, 

      Bucharest  University, Romania) 

  natural planchettes: moss, peat-bog cores  

       (Switzerland, Norway, Western Siberia, Poland) 
  

  meteorites from NASA - Astrobiology 
 

 

 

NAA 
at IBR-2 

reactor 

RetroRetro--  

spectivespective……  



 Reactor  IBR-2M and Radioanalytical complex REGATA 

 

REGATAREGATA  
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Neutron energy spectra 

 in irradiation channels 

CH1() and CH2 (curve) 

The main characteristics of the irradiation channels at 1.5 MW  

Thermal Resonance Fast

Ch1 Cd-coated 3.31 4.32 70 28 260

Ch2 1.23 2.96 4.1 60 28 260

Ch3 Gd-coated 7.5 7.7 30-40 30 400

Ch4 4.2 7.6 7.7 30-40 30 400
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Neutron  energy spectra and   irradiation channels 



Chemical laboratory of 

Dept. NAA & Applied 

Research 

and some equipment for 

sample preparation 

 





Three sample changers were 

installed 

Each sample changer 

consists of: 

 two axes liner movement 

device M202A  

(DriveSet, Germany); 

 rotating disk with 40 cells 

for  samples (JINR); 

 three axes Xemo Motion 

controller with software and 

cables 

(Systec GmbH, Germany) 

 



World experience of World experience of 

applying NAA, ENAA, and applying NAA, ENAA, and 

RNAA to extraterrestrial RNAA to extraterrestrial 

materials (the lunar rocks materials (the lunar rocks 

and fines) and fines)   

  



  Lunar samples 

 Apollo 11 (1969) carried the 

first geologic samples from 

the Moon back to Earth.  

 In all, astronauts collected 

22 kilograms of material, 

including 50 rocks, samples 

of the fine-grained lunar 

"soil," and two core tubes 

that included material from 

up to 13 centimeters below 

the Moon's surface  



Six missions with astonauts 

Apollo 11, 1969, N. Armstrong, B. Aldrin, M. Collins 

Apollo 12, 1969, Ch. Conrad, A. Bean,  R.F. Gordon 

Apollo 14, 1971, A.Shepard, E. Mitchell, S. Roosa 

Apollo 15, 1971, D. Scott, J. Irwin, A. Worden 

Apollo 16, 1972, J. Young, Ch. Duke, Th. Mattingly 

Apollo 17, 1972, E. Cernan, H. Schmitt, R. Evans 

 

Apollo 13 did not land due to a mechanical problem that 

nearly killed the crew. The 3rd man listed in each mission did 

not walk on the Moon, but instead stayed in orbit around the 

Moon in the command module while the other two landed in 

the lunar module. 

 



Prof. Eiliv Steinnes is the Honorary Doctor of JINR 









http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:AP12goodship.png
//upload.wikimedia.org/wikipedia/commons/d/d7/Apollo_14-insignia.png






LunaLuna--1616  
    

1212--24 September, 197024 September, 1970  

101 g101 g  

LunaLuna--2020  
    

14 February, 197214 February, 1972  

55 g55 g  

LunaLuna--2424  
    

9 August, 19769 August, 1976  

170 g170 g  

USSR LUNA return missions 



Luna 16          
Soviet Union 

unmanned space 

mission (1970) 

101 gram sample returned 

to Earth  

Analysis of the dark 

basalt material indicated 

a close resemblance to 

soil recovered by the 

American Apollo 12  

mission 

 

//upload.wikimedia.org/wikipedia/commons/7/7b/Luna-16.jpg


A soil container with a flexible tube inside 

The processing of soil samples inside 

a special glove box chamber. After 

removal from the flight container a 

flexible hose containing the lunar soil 

was placed on a special disk with a 

spiral groove for initial X-ray imaging 
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Epithermal NAA in JINR Epithermal NAA in JINR 

(Russia(Russia--Romania): Romania):   

        nodules from nodules from   

the Pacific Oceanthe Pacific Ocean  

  

  



Manganese nodules were first discovered on the ocean floor in 1803. They are 

rock concretions on the sea bottom formed of concentric layers of iron and 

manganese hydroxides around a core or nucleus. Nodules lie on the seabed 

sediment, often partly or completely buried. They vary greatly in abundance, in 

some cases touching one another and covering more than 70 per cent of the 

bottom. They may contain up to 70% manganese, around 15% iron, and further 

some copper, cobalt, zinc and nickel in small proportions. 

 

Polymetallic nodules from the 

Clarion-Clipperton abyssal plane of 

the Pacific Ocean 





(among top 10 papers in BioMed Lib domain, USA) (IF 4.37) 

Abstract.The content of seven major (Na, Al, Cl, Mn, K, Ca, Ti, Fe) and 30 trace 

(Sc, V, Cr, Ni, Co, Zn, Cu, As, Sr, Rb, Zr, Mo, Sn, In, Sb, Ba, Cs, La, Ce, Nd, 

Eu, Sm, Tb, Dy, Yb, Hf, Ta, W, Th, U) elements determined by INAA in abyssal 

clay and samples of micronodules collected from the North Pacific Ocean 

Clarion-Clipperton abyssal plane is presented and discussed with respect to 

some rocks models. 







ENAA of two kind of ENAA of two kind of 

meteorites from Italymeteorites from Italy  



Elements determined 

Na   Mg   Al   Si   Cl   K   Ca   Sc   Ti   V   Cr   Mn   Fe   Ni 

  Co   Cu   Zn   As   Se   Br   Rb  Mo   Ag   Sb   Ba   Cs 

La   Sm   Tb   Dy   Yb   Hf   Ta   W   Au Hg   Th   U  

 

Na   Mg   Al   Si   Cl   K   Ca   Sc   Ti   V   Cr   

sample mg/kg % mg/kg % mg/kg % 
weight 

% % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % 

d-01 126 5 630 20 129 5 < 3   132 10 274 15 160 12 1.8 5 123 15 0.33 5 405 6 

d-02 193 5 988 20 807 5 < 3   347 10 208 15 662 12 1.9 5 167 15 27 5 361 6 

d-03 69 5 675 20 232 5 < 3   107 10 314 15 348 12 2.0 5 129 15 0.40 5 377 6 

d-04 1660 5 225000 20 1770 5 19 25 93.2 10 553 15 639 12 1.21 5 478 15 10.5 5 310 6 

d-05 684 5 43500 20 3030 5 22 25 364 10 1130 15 1570 12 0.8 5 495 15 39.8 5 3100 6 

d-06 6780 5 134000 20 11200 5 28 25 753 10 856 15 10100 10 8.65 5 719 15 66.8 5 2420 6 

d-07 4860 5 158000 20 11700 5 25 25 568 10 2280 15 14200 10 7.70 5 534 15 76.4 5 3730 6 

d-08 5670 5 142000 20 10800 5 16 25 1520 10 1600 15 15100 10 8.43 5 683 12 67.2 5 3840 6 

d-09 2070 5 155000 20 17800 5 18 25 429 10 602 15 23100 10 11.6 5 837 12 90.8 5 3510 6 

d-10 1380 5 180000 20 13300 5 27 25 148 10 1540 15 23400 10 13.1 5 771 12 161 5 11000 6 

d-11 6030 5 146000 20 10500 5 19 25 934 10 1130 15 22400 10 8.02 5 407 12 51.4 5 2880 6 

d-12 7600 5 177000 20 12700 5 19 25 181 10 1650 15 14700 10 9.48 5 632 12 74.1 5 4020 6 



Mn   Fe   Ni   Co   Cu   Zn   As   Se   Br   Rb Mo   Ag   Sb     

mg/kg % weight % % weight % % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg mg/kg % mg/kg % mg/kg % 

35 7 83 5 4.9 8 4000 5 145 25 244 10 19.1 5 < 3   1.2 30 < 20 10.7 30 3.6 25 0.522 4 

79 6 87 5 4.6 8 4350 5 212 25 168 10 11.7 5 < 3   0.38 30 < 20 8.4 30 3.5 25 0.164 6 

35 8 92 5 4.7 8 4540 5 176 25 140 10 11.4 5 < 3   0.24 30 < 20 6.8 30 3.8 25 0.098 9 

1590 5 19 5 1.3 8 533 5 86.3 25 37 10 4.95 5 1.55 10 0.22 30 < 20 2.7 30 0.92 25 0.077 5 

389 5 38 5 3.3 8 1860 5 86.4 25 65 10 10.3 5 1.2 10 0.37 30 < 20 2.9 30 1.5 25 0.164 5 

425 6 20 5 0.5 8 293 5 64 25 18.8 10 4.65 5 9.4 10 4.47 30 < 20 1.3 30 0.76 25 0.093 5 

2680 5 22 5 1.2 8 516 5 294 25 77.5 10 3.12 5 12.3 10 0.40 30 < 20 2.3 30 1.2 25 0.297 4 

2190 5 26 5 1.6 8 744 5 359 25 118 10 2.29 5 8.2 10 0.43 30 < 20 2.1 30 1.2 25 0.088 5 

1410 5 23 5 1.3 8 594 5 145 25 120 10 1.88 5 6.8 10 0.78 30 < 20 2.2 30 1.1 25 0.090 5 

3580 5 12 5 0.01 8 21.5 5 445 25 24.8 10 0.30 5 0.46 10 0.09 30 < 20 0.31 31 0.47 25 0.033 6 

518 6 19 5 0.5 8 286 5 113 25 59.8 10 3.44 5 9.34 10 3.03 30 < 20 1.2 30 0.82 25 0.235 4 

2550 5 20 5 1.2 8 571 5 159 25 52 10 1.7 5 4.83 10 0.11 30 < 20 0.51 31 1.0 25 0.049 7 

Ba   Cs La   Sm   Tb   Dy   Yb   Hf   Ta   W   Au   Hg Th   U   

mg/kg % mg/kg mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg % mg/kg mg/kg % mg/kg % 

573 10 ND 1.3 15 0.18 30 0.24 15 0.758 25 2.3 25 1.7 25 0.24 25 1.6 30 1.7 30 < 30 0.68 20 0.16 20 

86 10 ND 1.3 15 0.19 30 0.22 15 0.966 25 2.2 25 1.6 25 0.23 25 1.2 30 1.5 30 < 30 0.57 20 0.07 20 

92 10 ND 0.6 15 0.088 30 0.23 15 0.826 25 2.3 25 1.7 25 0.25 25 0.81 30 1.4 30 < 30 0.58 20 0.07 20 

22 10 0.105 0.4 15 0.087 30 0.057 15 2.34 25 0.63 25 0.41 25 0.057 25 0.24 30 0.6 30 ND 0.239 20 0.07 20 

130 10 ND 1.1 15 0.13 30 0.089 15 1.47 25 0.98 25 0.45 25 0.087 25 0.34 30 0.7 30 ND 0.26 20 1.36 20 

171 10 ND 0.2 15 0.041 31 0.052 15 2.21 25 0.52 25 0.40 25 0.051 25 0.35 30 0.2 30 ND 0.16 20 0.73 20 

291 10 ND 0.8 15 0.25 30 0.084 15 4.12 25 0.90 25 0.66 25 0.088 25 0.74 30 0.2 30 ND 0.28 20 0.07 20 

91 10 0.851 0.6 15 0.20 30 0.083 15 3 25 0.84 25 0.59 25 0.079 25 0.36 30 0.3 30 ND 0.25 20 0.05 20 

113 10 0.573 0.7 15 0.32 30 0.065 15 3.06 25 0.78 25 0.56 25 0.074 25 0.57 30 0.2 30 ND 0.23 20 0.05 20 

67 10 ND 0.4 15 0.19 30 0.022 15 3.65 25 0.28 25 0.29 25 0.031 25 0.14 30 0.1 31 ND 0.09 20 0.04 20 

357 10 0.373 0.5 15 0.14 30 0.058 15 2.2 25 0.59 25 0.46 25 0.058 25 0.22 30 0.1 30 ND 0.18 20 0.43 20 

44 10 0.453 0.4 15 0.26 30 0.066 15 3.46 25 0.69 25 0.47 25 0.064 25 0.17 30 0.2 30 ND 0.20 20 0.03 20 



Anders E. and Grevesse N. Abundances of the 

elements: Meteoritic and solar.  

Geochimical at Cosmochimica Acta (1989) 53, 197-214 



Principle Component Analysis (Factor Analysis)  

Factor loadinings,  

Factor 1 vs Factor 2 

Rotation: Unrotated  

Factor loadinings,  

Factor 1 vs Factor 2 

Rotation: Varimax normalized 
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Terrestrial moss as natural Terrestrial moss as natural 

planchette for depositionplanchette for deposition  

        of cosmic dustof cosmic dust  





HylocomiumHylocomium  
  splendenssplendens  

SphagnumSphagnum  



1 - Fe particle with Mg impurity;       2 - Spherule of pure iron;  
3 - Al-Fe cluster particle with impurities of Zn, Cu, and Ti; 4 - Diatomic alga 

SEM images of aerosol particles trapped by moss 

1. 2. 

3. 4. 

South Ural Mountains 
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418 

428 

427 

446 



Элемент Весовой % Атомный%   

          

O K 43.33 71.62   

Al K 0.93 0.91   

Si K 0.99 0.93   

K K 1.00 0.67   

Mn K 53.76 25.88   

        

Итоги 100.00     

No. 428 



Элемент Весовой % Атомный%   

          

O K 38.15 69.36   

Ni K 61.85 30.64   

        

Итоги 100.00     

No. 411 



No. 418 



No. 428 



No. 411 No. 411 



No. 411 

Спектр В стат. O Al Si K Fe Итог   

                  

  1 Да 15.72 0.00 0.00 0.00 84.28 100.00   

  2 Да 56.28 0.00 43.72 0.00 0.00 100.00   

  3 Да 54.78 10.01 24.32 10.90 0.00 100.00   

  4 Да 53.88 0.00 46.12 0.00 0.00 100.00   

  5 Да 79.29 0.00 20.71 0.00 0.00 100.00   

  6 Да 65.93 10.96 23.11 0.00 0.00 100.00   

  7 Да 55.55 9.80 26.95 7.71 0.00 100.00   

                  

Среднее   54.49 4.40 26.42 2.66 12.04 100.00   

Станд. отклонение   19.38 5.49 15.46 4.63 31.85     

Макс.   79.29 10.96 46.12 10.90 84.28     

Мин.   15.72 0.00 0.00 0.00 0.00     

Testate amoebae (TA), 

Centropyxis aerophila and 

Phryganella acropodial 

 

Раковинные амебы 

 





Scanning electron microscope images and EDS 

spectra of TA shells:  

a shell of Difflugia sp. covered by fly ashes; 

b and c EDS spectra of anthropogenic 

aluminosilicates from (a);  

d Phryganella sp. — anthropogenic particles 

that are built into the test. Anthropogenic 

particles are indicated by crosses, the identified 

natural particles are Q quartz, F feld – potassium 

feldspar, M muscovite, D diatom fragments.  



PeatPeat--bog cores for bog cores for 

retrospective studies retrospective studies   

of depositionof deposition  

        of micrometeorites of micrometeorites   

and cosmic dustand cosmic dust  





Warnstorfia felt 

0 cm (surface) 

10 cm 

10 cm 

10 cm 

10 cm 

10 cm 

Forming Sphagnum peat 

Dead Sphagnum  

Living Sphagnum 

Remnant (old) peat 

Water  

table 



Limit between the fen peat (left) and the 

organic sediment 





Tunguska phenomenon Tunguska phenomenon 

(meteorite) again…(meteorite) again…  



Department of Biogeography and Paleoecology,  

Adam Mickiewicz University, Poznań, Poland  
 

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland 
 

Department of Environmental Resources and Geohazards, Institute of 

Geography and Spatial Organization, PAS, Toruń, Poland 
 

  

Sector of Neutron Activation Analysis and Applied Research,  Frank 

Laboratory of Neutron Physics Joint Institute for Nuclear Research, 

Dubna, Russian Federation 

 



http://tunguska.tsc.ru/ru/science/tv/11/8/ 

 

In Russian 
 

http://www.bastabalkana.com/2013/12/%D0%BF%D1%80%D0%B8%D1%87%D0%B0%D1%81%D1%82%D0%B5%D0%B

D-%D0%BB%D0%B8-%D0%BD%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0-

%D1%82%D0%B5%D1%81%D0%BB%D0%B0-%D0%BA-

%D1%82%D1%83%D0%BD%D0%B3%D1%83%D1%81%D1%81%D0%BA%D0%BE-2/ 

 

 

http://tunguska.tsc.ru/ru/science/tv/11/8/
http://www.bastabalkana.com/2013/12/%D0%BF%D1%80%D0%B8%D1%87%D0%B0%D1%81%D1%82%D0%B5%D0%BD-%D0%BB%D0%B8-%D0%BD%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0-%D1%82%D0%B5%D1%81%D0%BB%D0%B0-%D0%BA-%D1%82%D1%83%D0%BD%D0%B3%D1%83%D1%81%D1%81%D0%BA%D0%BE-2/
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Factor Analysis

Factor 1 Factor 2 Factor 3

Na 0,91 -0,19 -0,18 Factor 1 - light and heavy crust component

Mg 0,89 0,21 0,00

Cl 0,34 -0,03 -0,86 Factor 2 - anthropogenic or something else, not of soil origin!

K -0,11 -0,15 -0,92

Ca -0,07 0,80 0,03 Factor 3 - vegetation (tht is obvious - turf, or moss)

Sc 0,98 -0,13 0,09

Ti 0,94 -0,24 0,00

Cr 0,70 0,49 -0,05

Mn -0,46 -0,42 -0,64

Fe 0,14 0,80 0,19

Ni 0,14 0,82 0,05

Co 0,39 0,74 0,41

Zn -0,54 0,69 -0,12

As -0,25 0,87 0,16

Se 0,63 0,37 0,16

Br 0,86 0,22 -0,01

Rb -0,05 -0,17 -0,94

Sr 0,57 0,61 0,43

Mo 0,82 0,34 -0,02

Cd -0,14 0,12 0,15

In -0,45 0,34 -0,06

Sb -0,23 0,82 0,18

I 0,89 -0,09 0,24

Cs 0,41 -0,31 -0,02

Ba 0,53 0,73 0,36

La 0,97 0,10 0,10

Ce 0,92 0,19 0,09

Sm 0,95 0,19 0,15

Tb 0,97 0,13 0,11

Hf 0,81 -0,27 0,08

Ta 0,96 -0,19 0,04

W 0,47 0,52 0,36

Au -0,36 -0,10 -0,59

Th 0,98 -0,04 0,12

U 0,98 -0,03 0,08

Expl.Var 16,02 6,95 4,19

Prp.Totl 0,46 0,20 0,12
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Richard HOOVER:                                                                                                

The purpose of this study is to understand the nature of these most unusual stones. 

Aside from volatiles - is the distribution of their elements similar to the Solar 

Photosphere, to other carbonaceous meteorites, or to some type of known Earth 

rocks (?).  If these stones are non-terrestrial, they will provide direct and 

incontrovertible evidence of biology on the parent body.



Na     Mg     Al     Si     Cl     K     Ca 

Sc     Ti     V     Cr     Mn     Fe     Co 

Ni     Cu     Zn   Ga  As   Se  Br  Rb 

Sr     Mo    Zr    Ru   Cd       Sn     Sb 

Te   Cs   Ba  La  Ce  Nd  Eu   Sm  Gd 

Tb   Dy  Yb  Tm  Lu   Hf  Ta  W   Re 

 Ir    Au  Hg  Th  U  







The Butterfly Nebula from Hubble (cosmic dust) 


