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Neutron Activation Analysis (NAA) is still one of the most
accurate and sensitive elemental methods of analysis
which allows determining the content of more than 4o
elements at contents of the order mg/kg (ppm) and
less.
Besides accuracy, the main advantage of NAA in its
different variants consists of the absence of any
preliminary processing of samples such as acid
digestions, and avoiding in this way any systematic
inaccuracies.
On the other hand, good NAA laboratories can be
organized only in the vicinity of high neutron flux
nuclear reactors, whose number slowly decreases.
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This is the case of the Frank Neutron Physics Laboratory
whose IBR 2 reactor as well as the adjacent sample
conditioning laboratory offers all the necessary
conditions to determine the content more than 50
elements in a great variety of samples such as rocks
and sediments (fossil and recent), various plants
(lichens, mosses, medicinal and decorative plants),
invertebrates (corals, bivalve mollusks) as well as
painting pigments.
Accordingly, more than 50 elements whose content
varied between 350000 (35 %) and 0.5 mg/kg (ppm)
were confidently detected at the IBR – 2 reactor with
Frank Neutron Physics Laboratory - NAA Sector
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All these elements whose content was determined at
the IBR – 2 NAA Sector belongs to two main categories:
•Elements whose content is useful to characterize the
geochemistry of the investigated environment such as major,
rock forming and compatible Na, Mg, Al, Ca, Ti and Fe,
trace, incompatible and immobile elements such as Sc, Zr, Hf,
7 to11 REE, Ta, Th and U as well as trace, but more mobile K,
Rb, Cs, Sr or Ba.
•Elements whose presence represents good tracer of the
anthropogenic activity such as Zn, As, Sn, Sb, and, at a lesser
extent Cr and Br.
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Besides accuracy, the quality of results depends in a
great measure on an appropriate statistical data
processing which concern not only the experimental
uncertainties which should be as mall as possible but
also on a multitude of multi-variate techniques such as
Cluster, Factor, Principal Component or Discriminant
Analysis.
To all this it should be add different graphic techniques
such as bi- or ternary discriminant plots as well as various
spiderdiagrams. The last ones are especially useful in
the case of complex geological samples such as
unconsolidated sediments, various types of soils as well
as volcanic or metamorphic rocks or even exotic object
such as meteorites.
22 – 26 May 2017

In these conditions, in the past ten years, within the
Cooperation Protocol between JINR – Dubna and the
University of Bucharest we have the possibility to
investigate a significant number of samples which could
be classified in:
•Samples of geological interest for which NAA was
successfully used to evidence a multitude of details
regarding geochemistry and consequently origin, age,
diagenesis, etc.
•Environmental samples, mainly fragments of mosses and
lichens, but also some food products such as wines from
renowned vineyards or even unconsolidated sediments to
reconstruct the history of anthropogenic contamination.
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In the first case, the most representative results we have
obtained by investigating Pacific Ocean Polymetallic
nodules and abyssal clay, Black Sea unconsolidated
euxinic sediments, Nile River soil and sediments as well
as the Dobrogea loess.
All of them has a common characteristic: they consists
of sedimentary material, carried by water as in the
case of Pacific Ocean, Black Sea and Nile sediments, or
by wind as in the case of Dobrogea loess.
This peculiarity allowed to investigate their
geochemistry within the Upper Continental Crust (UCC)
model, allowing to evidence some minute differences
with respect to UCC, useful in reconstructing their origin
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Micrronodules and abyssal clay

Micrro-polymetallic nodule (two sets) and abyssal (13
samples)clay collected at a depth of 4500m by the R/V
Akademik Alexandr Karpinski in the Clarion-Clipperton
Province of the North Pacific Ocean
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Micronodules &
abyssalclay
Ternary discriminating
shows the significant
differences with respect to
fresh oceanic basalt
(MORB)
Chondrite normalized REE
plot shows a significant
negative anomaly: Ce characteristic to
hidrogenous nodules; Eu –
specific to the UCC
material
22 – 26 May 2017

In the case of
the Black
Sea, we have
investigated
of 0.5 m
column of
sediments
colleted at a
depth of 600
m on the
slope of the
Western Black
Sea
continental
platform.

Black Sea euxinic sediments
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For the BS 600
core 210Pb
and 137Cs
vertical
profiles,
radiometricaly
determined,
allowed to
estimate the
age of the
entire core to
1000 ± 50 y.

Black Sea
euxinic
sediments

carbonates

clays
quartz

gypsum
glauconite
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Black Sea euxinic sediments
Ternary discriminating
diagrams confirm the
continental origin as well as
the relative homogeneity of
sediments
The REE content
normalized to chondite
shows a weak Ce positive
anomaly (reducing
environment) and strong
Eu negative anomaly
(continental origin)
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Black Sea
euxinic
sediments
Vertical profiles
of presumed
anthropogenic
elements
suggest the
development
of the industrial
activity in the
last two
centuries
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Black Sea
euxinic
sediments
Vertical
profiles of
redox
sensitive Se,
Mo and U
proving the
steadiness of
the euxinic
conditions
during the last
1000 years
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The major source of
sediment of the Nile
Basin is located in the
Ethiopian Plateau
where 85% of the Nile
water comes from.

Nile River soil and sediments

Lake Tana
Blue Nile

15 %

ea
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85 %
ds
Re

The
Ethiopian Plateau
consists of basalt and
other igneous rocks, so
it is expected the soil
and sediments along
Nile valley would reflect
this peculiarity

Lake Victoria
White Nile

The Nile
River
sediments
and soils
were
investigated
along the
entire
Egyptian
sector, from
the Aswan
lake to the
Nile Delta in
two
campaigns.

Nile River
soil and
sediments

First campaign
2010-2012

Second campaign
2014-2015
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Nile River soil and sediments
Two goals:
At which extent the Nile sediments reflects the
geochemistry of the Ethiopian High Plateaus
where the Blue Nile (85 % of the Nile water) came
from.
How strong is the anthropogenic influence on the
Nile River environment by taking into account that
more then 90 millions peoples are confined in the
Nile valley and the Nile Delta which account for
less than 10 % of the Egypt, the rest consisting of
inhabitable desert land.
22 – 26 May 2017

First question:
No significant
differences between
soil and sediments

The ternary plot
shows a significant
amount of mafic
(basaltic)
component of the
sediments
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First question:
Co/Th vs La/Sc and
La vs. Th discriminant
bi-plots

confirms the
presence of a
significant amount of
mafic (basaltic)
component of the
sediments
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Second question:

Nile River soil and sediments

Enrichment Factor
⎛ cx ⎞
⎟⎟
⎜⎜
⎝ cFe ⎠ sample
EF =
⎛ cx ⎞
⎟⎟
⎜⎜
⎝ cFe ⎠UCC

Geoaccumulation
index < 0
I geo = log 2

cx
1.5 bUCC
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Nile River soil and sediments
Second question:
There is no enrichment in case of V and Ni, and a
minor enrichment observed in case of Cr, Mn, Co,
Zn, As, Mo, Sb,and Ba
Although there are numerous factories
and enterprises mainly in the Helwan Area,
noticeable contamination by metals was
evidenced, except a moderate contamination
(0 < Igeo < 1) with Cr ~ 0.41 and 0.36 for
sediment and soil samples, respectively most
probable be due to the
uncontrolled waste discharge in the Nile
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Dobrogea loess
Loess is an aeolian sediment consisting of fine grains
of quartz, calcite, feldspars, smectite/chlorite and
mica group from a diversity of source lithologies.
Thoroughly mixed by various transportmechanisms,
loess has an average composition of Earth's superficial crust.
Loess, which covers about 10% of the earth surface
forms deposits consisting of an alternation of loess
layers separated by palaeosol strata formed during
shorter interglacials.
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Dobrogea loess
Long term exposure of rocks to atmospheric factors
can be related to physical and chemical
weathering, the last one, mainly under the action of
acid rain water, progressively transforms less
thermodynamically stable minerals such as feldspars
into more thermodynamically stable ones in the
given environment, such as iron oxy-hydrates or clay
minerals.
These processes are also present in the case of loess
deposits whose geochemistry and mineralogy
represent a valuable record of the palaeoclimatic
cycles
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Dobrogea loess
Two goals:
To reconstruct the paleoclimat during the last
three glacial cycles as recorded by the Dobrogea
loess deposits by means of different proxies, the
most important being Chemical Index of
Alteration (CIA).

To evidence the possible source of loess material
by detailed investigation of its geochemistry .
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Dobrogea loess
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Dobrogea loess – first question

Higher CIA, more humid climate, but in the case
of Dobrogea loess there were no differences
between soil and paleosol  During the past three
glacial cycles, the climat was more or less dry,
similar to the actual one
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Dobrogea loess – second question

Major, rock forming elements
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Dobrogea loess – second question

Trace elements
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Trace elements
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Dobrogea loess – second question

Dobrogea loess – second question
A more detailed analysis including the
distribution of low mobility elements Sc, Zr, REE, Hf,
and Th suggests the presence in the Dobrogea
(Costinesti) loess and palaeosols, together
with the continental material, of a certain amount
of felsic components, thus explaining the
observed increased content of Cr and
Ni.
The possible origin of loess material can be
ascribed to neighboring Dobrogea Macin
Mountains but it could be far away, on the Baltic
shield.
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Antarctica mosses and lichens
The second large category of samples
investigated at the NAA Sector consists of inferior
organisms such epiphytic mosses and lichens
which, due to the absence of root system, collect
and absorb all nutrients from the atmosphere,
including the so called “heavy elements” such as
Cr, Cu, Zn, As, Cd, Hg or Pb, mainly considered as
anthropogenic pollutants.
In this regard, we can mention the Antarctic
Livingstone Island (South Shetland Islands), may be
the last pristine territory of the word.
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Antarctica mosses and lichens
30 samples of mosses:
Polytrichastrum alpinum, Pohlia
cruda, Sanioniageorgicouncinata, Syntrichia filaris

6 samples of
lichens: Usnea
antarctica and
Usnea aurantiacoatra collected with
neighboring soil or
rock substrate.
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Antarctica mosses and lichens

Polytrichastrum alpinum

Pohlia cruda
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Usnea antarctica

Usnea aurantiaco-atra

Antarctica mosses and lichens
The content of eight major: Na, Mg,
Al, K, Ca, Ti, Mn, and Fe and 32 trace Cl, Sc, V, Cr,
Co, Ni,Zn, As, Se, Br, Rb, Sr, Zr, Mo, Sn, Sb, I, Cs, Ba,
La, Ce, Sm,Gd, Tb, Dy,Tm, Lu, Hf, Ta,W, Th, and U
elements in mosses and lichens as well as in soil
and rock at different altitudes (in the case of
lichens).
As in the case of Nile samples, to evidence the
degree of anthropogenic contamination, we
have used the same descriptors, i.e. Enrichment
Factor (EF) and Geo-accumulation index (Igeo)
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Antarctica mosses and lichens

Significant differences between the content of the
same elements in mosses and lichens
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Antarctica mosses and lichens

Significant differences between the enrichement
factor of the same elements in mosses and lichens
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Antarctica mosses and
lichens

In spite of the same
elemental content of
substrate, we have noticed a
different behavior of
investigated
organisms with respect to trace and major element content
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Antarctica mosses and lichens

In the case of presumed anthropogenic
contaminants, no traces of pollution recorded
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A final remark:
In more than fifteen years of fructuous
collaboration between the JINR Frank Neutron
Physics Laboratory – NAA Sector, the University of
Bucharest as well as the National Institute for
Physics and Nuclear Engineering (the first common
paper was published in 2003), we have the
opportunity to investigate with success a great
diversity of environments spread on the entire
globe.
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Thank you for attention

☺☺☺☺☺☺☺
Спасибо за Ваше внимание
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