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Neutron activation analysis is P. Bode, J. J. M. de Goeij,

. T - ‘Activation Analysis’,
an isotope specific analytical Encyclopedia of

technique for the qualitative and  environmental Analysis and

. . - . Remediation, J. Wiley &
quantitative determination of Sons. New York. 1998, ISBN
elemental content 0-471-11708-0, pp 6884

The method is based upon the conversion of stable atomic nuclei
into radioactive nuclei by irradiation with neutrons and the
subsequent detection of the gamma radiation emitted during the
decay of these radioactive nuclei. Activation by neutrons may result
in radionuclides from all elements (that have radioactive daughter
products) present in the sample, with sometimes strongly different
production rates



Methods

Gravimetric

Titrometric

Colored reactions in solutions
Fluorescence

Kinetic

Inverse voltamperometria
Emission spectral analysis of liquids

Atomic absorption and fluorescence
(flame)

Atomic absorption and fluorescence
(without flame, graphite furnace)

Gas chromatography
X-ray fluorescence
Radioisotopic
Activation

Mass-spectrometric
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Neutron Activation Analysis: A Primary
(Ratio) Method to Determine Sl-Traceable
Values of Element Content in Complex
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IBR-2 Pulsed Fast Reactor and Radioanalytical complex REGATA
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Experimental facility REGATA at IBR-2 reactor
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Ch1-Ch4 —irradiation channels, S- intermediate storage, DCV- directional control
valves, L- loading unit, RCB- radiochemical glove-cell, U- unloading unit, SU- separate
unit, SM- storage magazine, R- repacking unit, D- detector, CB- control board, R1-R3-
the rooms where the system is located.



n(E), n/(s.cm2)

Neutron energy spectra and

R G G W'Y

=
PR RST T =

02 107 10° 100 1R 1 10° 100 10° 107
E(eV)

irradiation channels

Neutron energy spectra
in irradiation channels
CH1(m) and CH2 (curve)

The main characteristics of the irradiation channels at 1.5 MW

_ ) i Channel | Channel
Irradiation site Neutron flux density (n/cm-s) 10 T C diam., length,
Thermal Resonance Fast mm mm
Chl 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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@@‘MAEA

International Atomic Energy Agency

TITLE OF RESEARCH CONTRACT:
Automation of Reactor Neutron Activation Analysis

Part of the IAEA’'s Coordinated Research Project (CRP):

Development of an Integrated Approach to Routine
Automation of Neutron Activation Analysis

(Ref. F1.20.25 / CRP1888)






Hot-cells and loading of containers with samples
for irradiation
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Chemical laboratory of
Dept. NAA & Applied
Research

and some equipment for
sample preparation




Bio-nano
technology

Medicinal
plants

Food
products

Biomonitoring

UNECE ICP
Vegetation

Sciences




Air pollution studies
based on moss analysis



Moss biomonitor

Annual segments




Inna Vikhrova, teacher of physics,
Livceum No. 8, Tikhvin,
Leningradskaya Region:




DU A R S

United Nations Economic
Commission for Europe

International Cooperative
Programme on Effects of
Air Pollution on Natural
Vegetation and Crops

Heavy metals and n trog
| in mosses: spatial patter P .
B -:ln 2010/201 1 and long-term g

Working Group on Effects - 1981
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ICP Vegetation Programme Coordination Centre

Working Group on Effects
Bfitlie

Canvertion on Long-range Transhoundary Al Folintion

varking/Group on Effects

jnyention on Long-range Transhoundary Al Fotintion

Mosses provide a complementary
method to assess spatial patterns
and temporal trends of atmospheric
heavy metal deposition:

O Carpet forming mosses receive
trace elements and nutrients mainly
from the atmosphere.

In recent years, the lowest
concentrations of heavy metals in
mosses were found generally in
northern Europe and the highest
concentrations in Belgium and
eastern Europe .

Europe-wide the concentration in
mosses of arsenic, cadmium,
lead and vanadium has declined
the most between 1990 and 2010,
with hardly any reduction being
observed for chromium and
mercury.

O Temporal trends were country-
specific.

O Spatial patterns and temporal
trends
for cadmium and lead agree quite
well with those modelled by the
European Monitoring and
Evaluation Programme (EMEP).



HM - N -POPs-RN-CD

=» Heavy Metals (~1970)

= Nitrogen (1980-...)

= Persistent Organic Pollutants (2010)
= Radionuclides (1980 - 2015)

= Cosmic Dust (?)



Project REGATA

(1995-2000-2005-2010-2015-2020)
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Title

Heavy metal atmospheric deposition study in selected
European and Asian countries using nuclear and

related analytical techniques
Participating countries:

Russia, Armenia, Azerbaijan, Belarus, Bulgaria, Czech Republic,
Georgia, Poland, Romania, Slovakia, Greece, Kazakhstan, Macedonia,
Moldova, Serbia, Croatia, Albania, Turkey, Mongolia, Vietnam, South
Korea, Thailand
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Thermal power plant in Moscow
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Olga Kapturova and Alexandra Volokhova, school No. 814, Moscow



Thermal power plant in Moscow




Pb-Zn smelters: Baia Mare (RO)
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Zn-Pb smelter: Baia Mare (RO)
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From the State Program of the Russian Federation
“Protection of the Environment” for 2012-2020
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Long-lived radionuclides in the
Far East of RF and South Korea

The moss technique is supposed to be
used for assessing sequences of the
Fukushima disaster in the Far East of the

Russian Federation and entire territory of
South Korea



Long-lived radionuclides in the Far East
of RF and South Korea

Data' 51 NOAA, U5, Navy, NGA, GEBCO
©'2013 Mapabc.com C‘ i -
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International Cooperative Programme on Effects
of Air Pollution on Natural Vegetation and Crops

http://icpvegetation.ceh.ac.uk/

http://icpvegetation.ceh.ac.uk/publications/documents/Finalmossreportwi
thmaps 110708 proofedits 180708 highquality.pdf

http://icpvegetation.ceh.ac.uk/research/heavy_metals.html

Moss survey protocol
http://icpvegetation.ceh.ac.uk/manuals/moss_survey.html

Presentations by Marina V. Frontasyeva:

http://icpvegetation.ceh.ac.uk/events/documents/Frontasyeva.pdf

http://icpvegetation.ceh.ac.uk/events/documents/Frontasyeva_000.pdf



WEEKLY CYCLES OF ELEMENT POLLUTANTS IN AIR OF THE GREATER
CAIRO AREA (EGYPT) STUDIED BY NEUTRON ACTIVATION ANALYSIS

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
National Center for Nuclear Safety and Radiation Control, Cairo, Egypt

100000

10000

1000

100

10

01

001

0.001

+N
M
4+ A

~«xa
M
G
—4-N

— 0N
—In

—-4-5b
21

4+ B
4-Eu
~Tm
Y
—+Ta
— W

o LR

SR

Thusday Fiiday Saturday Sunday

Fig. 1. Irregularity of aerosol elemental content
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Evaluation of elemental content in air-borne particulate
matter in low-level atmosphere of Bratislava

]. Meresova®*, M. Florek?, K. Holy ?, M. Jeskovsky?, I. Sykora?,
M.V. Frontasyeva® S.S. Pavlov®, M. Bujdos ¢

2 Department of Nuclear Physics and Biophysics, Faculty of Mathematics, Physics and Informatics, Comenius University, Mlynskd dolina, 842 48 Bradslava, Slovakia
Y Department of Neutron Activation Analysis, Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,

Street Joliot-Curie 6, 141980 Dubna, Moscow Region, Russia
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Overview on elements determined in air filter samples by INAA

Element Radionuclide Half-life Energy Measurement” Accuracy

determined [keV] [#]
Na 244 1491 h 13685 B 10
Al A | 2241m 17789 A 6
cl A 3724m 21677 B 29
K s 4 1236h 15247 B 19
Ca g 871Bm 30B40 A 14
Sc Yigr §383d BS90 D 32
Ti sy 576 m 3200 A 34
v Sy 3743 m 14344 A 18
Cr oy 27.7d 3200 D 36
Mn i 2578h 18107 B 5
Fe *Fa 445d 10991 D 23
Ca e 141 h 6208 C 14
As Eps 1.097d 5591 C 5
Se Tige 11984 2641 D 58
Br g 177 m 6170 B 13
In Nemy 541m 12940 B 25
Sb igh 27d BE42 C 51
I X 2499 m 4427 A yi
Cs e 2062y 7958 D 65
Ba 138p, B3lm 1658 B 45
La oo 1.678d 15962 C 52
sm Blem 46.7 h 1032 C 40
Dy 165Dy 2334 h Q47 B 40
Tm rm 1286d 843 D 79
w By 239h 6857 C B0
Au 154 4y 2R94d 411B C 49
Hg E 3 46.6d 2790 D 64
Th e 27d 120 D 40
] i )] 23.5m 747 B 27

7 A conventional MAA, short irradiation, frst measurement; B:
conventional MAA, shor trradiation, second measurement; C: epithermal
MAA, long irradiation, first measurement; D: epithermal MAA, long ira-
diation, second Measurement.
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DATA MANAGEMENT SYSTEM OF THE
UNECE ICP VEGETATION

Alexander Uzhinskiy!, Gennady Ososkov!,
Marina Frontasyeva?

ILaboratory of Information Technologies,

’Frank Laboratory of Neutron Physics,
Joint Institute for Nuclear Research, 6, Joliot-Curie, str. ,
141980, Dubna, Moscow Region, Russian Federation

uzinskiy@jinr.ru, ososkov(@jinr.ru,
marina(@nf.jinr.ru
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Welcome to Dubna!




