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FOREWORD

This progress report contains the main nuclear data
work performed during the year 1987 in the institutes of the
Central Institute of Physics from Romania. It has been prepac
red to promote exchange of nuclear data information between
the Socialist Republic of Romania and the other member states
of IAEA, The emphasis in the works here reported has been on
calculations, measurements and evaluations of nuclear data
for application. The individual reports are not intented to
be complete or formal. Consequently they should not be quoted

and reproduced without the permission of the authors.
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G.D.H. pre-equilibrium emission model and statistical model

parameters for structural material fast neutron data

calculations*

M. Ivascu, M., Avrigeanu, V. Avrigeanu

Institute for Physics and Nuclear Engineering, Bucharest

Inclusion of the angular momentum conservation in the Geo-
metry Dependent Hybrid (GDH) pre-equilibrium emission subroutine
of the Hauser-Feshbach code STAPRE is discussed. The consistency
of the statistical model nuclear level density and the equivalent
particle-hole state density has been achieved following a unitary
use of an energy dependent level density parameter.

The neutron and charge particles optical model potentials
selected from literature are commented. The El gamma-ray strength
functions, used in the gamma-ray transmission coefficient evalua-
tion, have been taken from an empirically modified energy-depen=
dent Breit-Wigner (EDBW) model.

The paper account of the nuclear level density over a
large energy range has been obtained through the use of the empi-—
rical back-shifted Fermi gas (BSFG) model, at medium excitation e-
nergies, and of a realistic analytical formula with microscopic
suggested parameters at the high excitation energies. The necessa=
ry transition excitation range between the two different denstity

approaches, in the mass range 40 < A < 65, has been discussed.

*4 paper on this subject was presented at the IAEA First Research
Coordination Meeting on Methods for the Caleulation of Fast Neu-
tron Nuclear Data for Structural Materials (Bologna, 7-10 October
1986), as progress report for the research contract 3802/R1/RB,
with the above abstract.
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I’y
Three groups of 23 U natural decay modes

D.N. Poenaru*, M. Ivascu®, J.A. Maruhn**, W. Greiner**
* . . .
Central Institute of Physiecs, Bucharest, Romania

**Institut fur Theoretische Physik, Frankfurt am Main,

F.R. Germany

234y is one of the nuclides for which not only a-decay but
also cold fission had been experimentally determined. It was shown
(see for example [1]) that '°°2r is the most probable light cold
fission fragment, corresponding to the heavy fragment 13% reg, with
a magic number of neutrons.

Calculations [2-5] within analytical superasymmetric fis=
sion model (ASAFM) are in good agreement with experimental results:
the half-life for a-decay is accurately reproduced and the prefer-
red cold fission split obtianed in the calculations, 1007y +
+ 13%Te, 1is the same as in experiments.

A third group of decay modes by charged particle sponta-
neous emission was predicted [2-5] to be ***2®Ne and zaMg, radio-
activities, having comparable emission rates. Recently, this group
was confirmed in a very interesting experiment [6] in which for
the first time was detected ’aMg radioactivity and also for the
first time more than one heavy ion radioactivities.

In this way 2*“U is the first, and up to now the unique
example, of a nucleus for which all three groups of decay modes
are measured. It shows that ASAFM is able to desecribe in a unified

way various decay modes in a wide range of mass asymmetry.
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The induced fission probability calculation for aM,Pu

G. V1aducid, A. Zidaru

Physics Department, Bucharest University

D. Galeriu

Institute of Nuclear Physics and Engineering, Bucharestt

Using the Strutinsky method, the level densities for all
interesting deformations and the parameters of double humped fis-

2%9%py were generated in the paper /1/.

siton barrier for

A very good agreement between theory and experiment for
the neutron interaction cross sections of 33°Pu in the energy
range 0.1-1.0 MeV /2/ was obtained, by using these parameters.

This agreement is not enuugh to check the fission barrier
parameters validity, due to known difficulties to reproduce, using
the same parameters, the induced fission probability, for a large
energy region, because of the resonant structure of the fission
probability.

In this paper, the fission probability in 23%py (d,pf) re-
action, is calculated using the JWKB method in the weak coupling
approzimation and taking into account both the width level fluctu=

ation and the contributions of the transition states from conti-

nuum,

1 The theoretical result correctly
P (solid curve - Fig.) describes the ex-
f

perimental data in the underbarrier
= region.

The good agreement, for the first
time, both of the fisston probability
and the neutron cross-cections /2/,

-2}
" shows on the one hand thke validity of

© Gaoldstone the calculated parameters, and, on the

& Just other hand, the importance and the ne-
107~ v Gack 71 cessity of the microscopic selfeconsis-
Y @ Galeriy tent calculations in the neutron cross
+ section evaluation.
| S B BT
4 g 5 EMeV]

/1/ D. Galeriu, Thesis, 1987, Buchkarest

/¢/ G. Viddued, T. Crdeiunescu, D. Galeriu, Progress in Phystics,
1987, p. 66




Search for pion emission in the thermal neutron induced

s
fission of 3350, and in spontaneous fission of 2 3C:t

M. Ivascu®, D. Bucurescu*, M. Brehui*, M. Haiduc**, D.B. Ion*, R.

Ton-Mihai***, C. Petrascu***, M. Petrascu®, K. Tostov****, v.

Topor**

* . . . .

Institute for Physics and Nuclear Engineering, Bucharest;
*

Centre of Astronomy and Spatial Sciences, Bucharest;

***Physics Department of Bucharest, University Bucharest;

®RN ; .
*Joint Institute for Nuclear Research, Dubna, USSR.

In paper /1/ it was predicted the poseibility of pion e=
mission in processes of fission of heavy nuclei. In order to check
this prediction, an experiment was undertaken with nuclear emul-
sions at the VVR-S reactor in Bucharest. A thick 2%y target* with
2,43 10*? nuclei/cm2 vae irradiated in a thermal neutron beam. The
target was surrounded by nuclear emulsgions, 200 thick, in a 4% ge-
ometry. The neutron flux was determined by the atid of a 2% pulse
1onzzatzon chamber in which a 1 ug/cm , high isotopte purzty 235y
target wae placed. Each irraddation wae performed in a time inte-
grated thermal neutron flux of 2 10° neutrons/em®.

The experiment with 3830f wae performed by using a Cf
source giving 900 spontaneous fiessionsg/sec. The emulsions were ir-
radiated in a 2»n geometry.

The search wae conducted for 1-5 prong stare produced by
x mesons and n-u decay of 2t mesons. Only background events were
found. The following upper limits for the ru/rf ratio were esta=-

blished:

Target Pion energy range r,/rf
2% 8-25 Mev <6,9 10~°
asa -7

cf 8=7.6 Mev <5.5 10

*obtained by the kind support of IAEA-Vienna

References
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Two-photon matrix elements for ns <= n's, n'd transitions in a

Coulomb field

A. Costescu, C. Stoica

Physics Department, Bucharest University

I. Bréndus

Institute of Nuclear Physics and Engineering, Bucharest

N. Mezincescu

Institute for Physics and Technology of Radiation Devices

Recently it has been shown [1) that the Kramers-Heisenberg
(K.H.) matrixz element for any bound-bound two photon transitions
may be expressed as a sum of two terms - each involving only one
hypergeometric Gauss function ,F,.

Using thie general method we obtained explicit expressions
of the matriz elements for all the two-photon transitions between
ns — n’s and ns «= n°d states for arbitrary n, n’, which give the
Rayleigh and Raman scattering cross-sections and the absorptionf
emission transition rates.

As an example we give the expressions of the invariant
amplitudes of the 1s == 48, 4d and 28 == 3s, 3d transitions:

ple,ds _ 384 1 4(1-1) (231" +2881"+768)
) (7+7) (¢+1) (5-1)

9375 1(2-1) (3=1) (4+1)
. 2F,(l,-]-r,b‘-r;i) + 281° - 54T~ - 25813 + 6481’z - 4801 + 128]
2

ple,4d _ _ 2048 . r [ x=1 3 o 34
46875VT0  (2-71) @-1) @+ 1) F%—TLLT')H @) e—)

JFy (@ =1-1;6=1;8) + 91 + 617 = 711 - 4]

28,38 _ 32ve |18 (1-2)’(1-3) (7+ *_27)
d STZ5 | (v2) Ge3)° G-4) (5-1)

o JF,a(,=1-1;6-158) +

+

3@ 2-gr+4) (72 *-27
TErD @ *3) 6 -) 9]

p28,3d _ _ 2304 . __ P r6(=2)2(x=3) |
15625vTE (U +2) 0 #3) (v=9) (”3'}-(5—-;)-.,

. zF‘(l;-l-t;s-t;i) +13 -81+4]
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- - "!. - + P -
where t = Z2(=-2Q) °; nj = Eipitial - ¥ (i =1, 2) are the compo
nents of the photon's polarization vectors, Qj thetir energies, the
+/- 8igns in Qj being for absorbed/emitted photone; § = %E% and

JF la,b,c;3) i8 the hypergeometric Gauss function,

(1] A. Costescu, I. Brdndug, N. Mezincescu, J. Phys. B18, L11
(1985)

Direct radiative recomination cross-sections for arbitrary nS, nP

and nD subshells

I. Bré&ndus

Institute of Nuclear Physics and Engineering, Bucharest

A, Costescu

Physics Department, Bucharest University

A. Manolescu

Institute for Physics and Technology of Materials, Bucharest

Exact analytical cross-sections for the direct radiative
recombination (DRR) onm nS, nP and nD states, with arbitrary prin-
cipal quantum number n, are obtained in the nonrelativistic dipole
approzimation., The analytical cross-sectiong are expressed in
terms of elementury functions.

The calculations are made using a method which consists in
expressing the wave function of an arbitrary fimal state (nlm) by
acting with a derivative=-operator .on the wave function of the
ground state [1). This gives the possibility to obtain the oross-
section far given L and m and wrbitrary n state by sturting with
the wesult for the loweet n, t,e; for n = l+1,

The analytical omoss-sections mpy be ueed in the case of
DIR on Rydberg states of N-electrons ions by considering the ionte
chorge zeff = 2-N instaeud of the utomic charge Z.

Numerical values for the DRR cross-sections on nS, nP and
nD final states wave obtained for values of principal quantum num-
ber n up to 100, in a large range of incoming electron energies in-

volved by the nuclear fusion plasma. These values are in a good

agreement with the best relativistic data avatilable [2). Wumerical
results compared with the corrected Kramers cross-section [3])
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prove that the radiative recombination on the nS, nP and nD states
gives at least 96% of the radiative recombination on all the
states of the fully tonized atom. It is also proven that the
eross-section decreases slowly enough versus n. Indeed for n 2 16
in order that the cross-section decreases by an order of magnitude
it i8 necessary that the principal quantum number n increases at
least by 25 units.

References

1. A. Costescu, I. Brédndug, N. Mezincescu, J. Phys., B18, L1l
(1985)

2. Y.S. Kim, R.M. Pratt, Phys. Rev., A27, 2913 (1983)
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Integral cross sections of (n,p)+(n,n'p) reactions induced by
96

14.8 MeV neutrons for 9sMo and Mo

I. Carlea, Chr. Miron-Gérlea, H.N. Rosu

Institute for Physics and Nuclear Engineering, Bucharest

The natwral Mo targets have been exposed ut 14.8 MeV neu=
trone, obtained by the d(T,n) redction from the neutron generator
(type TEXAS-§900). The activation foil exposure have been simulta=
neouely performed with that of the fission echamber bontatning
238, 9rhis fiseion chamber was absolutely calibrated. The refe=
wence aross saction is 1,190 b, for 23°U(n,f) reaction.

The gamma activities have been absolutely measured by the
high resolution spectrometry, using a Ge(Li) erystal (100 cm’),
abeolutely calibrated tn effictency.

The used nuclear data arse gathered in the next table:

Energy Intensi=- . Abundance Refe-=

Reaction Ti (keV) ty (%) (%) rence
[- %] - X3
Mo(n,p) " Nb 34.97 daye 765.8 99.82 15.8 2
®®uo(n,n'p)°®Nb ‘ 16,7
oS, o 8Sm
9‘”0("’p) ohb 86,6 houre 235.69  26.1 15.9 3
Mo(n,n'p) NDb ' 16,7
%6uo(n,p)®®Nb  23.35 hours ©°06:99 575 16.7 2

1091.30 51.02
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The cross section values obtained at 14.8 MeV (1300 KeV),
with the associated inaccuracies awre given in the second table. In
this table are also presented some values obtatned in another la-
bomatories, for comparison,

Reactton Measured cross-gdction (another laboratories)
(mb) L .. . (mb)

%%yo(n,p)°%Nb 35.7%3.2 41.1%3.6 g;j
®Cuo(n,n'p)°>Nb . 31,0t4
®®Mo (n,p)®°ND 20 1%1. 2 20,8¢2,1 ¢
°"Mo (n,n'p)°7 ND 19¢ 1 %)

...... 19t 2 (€)
9‘Ho(rz.,n'p)"smﬂlb 7 36%0.74
98Mo(n,p)gsmﬂb
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Frequency spectra on ZrH U by inelastic neutron scattering
A

M

S.N. Répeanu, I. P&dureanu

Institute for Physics and Nuclear Engineering, Bucharest

The dual core test reactor, Pitegti, consists of two TRIGA
reactors in one large tank. The 14 Mw Steady State Reactor (SSR)

uses as fuel Ir (**®%y under 93% enrichment), the TRIGA-HEU
fuel.

U
1,6Y0,10

In early 1976, General Atomic undertook the development of
fuels containing up to 45 wt% uranium in order to allow the use of
low enriched uranium LEU), under 20% enrichment, to replace the
highly enriched fuels while maintaining long core life. Such re-
searches were undertook within our Institute in the last years in
order to produce LEU fuel for TRIGA reactor. For the calculations
of neutron flux in the reactor core with LEU fuel the nuclear data
were required. In these conditions we performed inelastic neutron

scattering measurements using a time-of-flight spectrometer, rego-

lution =3% and 10° n.cm-z/puls on ZrH U and ZrH U
1,6 0,32 1,84 0.32
samples at room temperature.
The obtained frequency spectra on ZrH_  _ (moderator) /1/
are compared with the one obtatined IrH U (LEU fuel), presen-

16 0,32
ted in the Figure. As one can observe the structure under the both

peaks are not rich as under the ones for the moderator and the op=
tic peak only is displaced to the higher energies with = € meV.
We believe that the data under regarding frequency spectra

will be successfully used for the neutron flux calculations with
better accuracy.

5ok W x I Z
-~ = IrH,. U ",_. 24 ~
g S L S 3
: : ‘e % Q
R40r S W % §
S . x10° L E ! ~
3 o .2 \ 472 E
x s . % .
S 2” = .,f ":5‘%‘ :.' :- .."... ‘&, -8 ;
Qg .;x ':‘ .."‘o - 0....' x B 4
L!" 1 1’:"-‘2"’: I I 4;-;;.‘1‘:"{ ! | "Pesen, e
20 40 60 8f g 120 M0 75 780
Haw [meV]

1. S.N. Rdpeanu, et al., Progrese in fizicd, Galati, 9-10 oct.1986
2. 3.N. Rdpeanu, I. Pddureanu, M. Ion, I, Bdscoveanu, Gh. Rotdres-

?u, Zh.A. Kozlov, I.Natkantec, V.A.Semenov,Rev.Roum,Phys.,33,
1988)
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Oa the autocorrelations and frequency spectra inm liquid water

I. P3dureanu, S.N. Répeanu

Institute for Physics and Nuclear Engineering, Bucharest

In the last years, a lot of experimental and theoretical
studies have been devoted to the understanding of the structure
and dynamical properties of the liquid water. Thie large interest
i8 explained by several reasons. Now it i8 already accepted by all
sctentific investigatore that water playe an important role in
chemical, biological processes and as moderator or cooling agent
in nuclear reactors. Also, water displays a large range of unusual
properties /1/, .both ae pure water and as a eolvent. So far, much
progress was obtained by ueing.new experimental and theoretical
techniques, It is already recognized fact that a complete under-
standing of the mechanism of the water molecule dynamice required
very accurate experimental data.

In the paper /2/, a potential of 2D type is used to obtai-
ned the frequency spectrum of the moleculur centers from the velo-
city autocorrelation funetion. The latter one 8 calculated from a
generalization of the results obtained in the three-pole approxi-
mation.

Taking into account mentioned potential and the radial
distribution functions /3/ using a model for molecule motion a8 a
whole, we obtained the veloeity autocorrelation fumetion und its
frequency spectrum for the molecular centers. The spectral fumcre
tion on the proton rotation is separately studied starting from
the angular velocity autocorrelations.

Using the theoretical concepts and experimental data from
the literature, our experimental data from neutvon diffraction /3/
and inelastic neutron scattering data /2/ some parameters were de=
rived /2/. In Fig. 1 and in Fig. 2 are presented velocity autocor=
relation function of the water moleculee and its frequency 8spec=
trum, respectively. The total frequency epectrum obtained as a 8um
of the translational and rotational bond spectra show the general

features of the experimental determined one.
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In-air PIXE analysis using nominal regime protons at Cyclotron

E. Constantinescu, S. Dima, E. Ivanov, D. Plostinaru,
L. Popa=-Simil

Institute for Physics and MNuclear Engineering, Bucharest

To determine impurities comcentration in liquud and large
solid eamples in=air PIXE analyeie ie very advantageous. So, far.
weur porticles determination in engine oils (Fe, Cr, Mn, Cu, 2n,
Pb) 3-4 MeV proton beams can be produced from the 6.5 MeV easy-ob-
tained at the U=-120 INPE Cyclotron nominal regime protons, extrac=
ted through a pressure-atir cooled 100 wm aluminium fotil into the
atr, stpiking the sample after 2-10 em. To avoid the strong strag=
gling effacts _large size samples wre used (¥ = §50-80 mm).

X=rays are detected through reflection using a 4.3 mm uwe=
tive owrea diameter horizontal Si(Li) detector: (1 mm plexiglas ab=
sorber). To minimize the strong gamma=ray background a lead collzi=
mator from the extraction foil to the target with helium=gas flow=

age te& used.

Max imum sensitivities have been obtatned inm the 22 < 7 =<
< 30 region (down to 1 ppm for:Fe and Cu at the @ = 40 nA x
x 600 s = 24 pCJ).
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The generalized nonuniform picket-fence model

Silvia Mateescu

Institute for Nuclear Power Reactors, Bucharest

The nonuniform picket-fence model for even-even actintdes
/1/ was generalized for any kind of nucleus (with the spin I # 0
or I = 0), to calculate the truncated levels contributions for
thermal and resomance cross-sections.

The truncated levels are those from outside of resolved
resonance range: unresolved resonances and bound levels.

The generalized model takes into account the "s" and "p"
wave levels.

The distance between two successive truncated levels 1is
computed based on the average distance for unresolved resonances,
the level density parameter and excitation energy of compound nu-=
cleus,

The unresolved resonance parameters which are input data,
could be dependent on energy.

The generalized model takes into account for the marginal
resonance contribution (at the limits of the resolved resonance
range) calculated by Breit Wigner Multilevels formalism, as well
as for the distant resonances.

The level density parameter 18 computed by Lynn formalism.

First time, these contributions were caleulated by a uni-
form picket-fence model, developed by Olsen, de Saussure and Perez
/2/.

The generalized model was applied for 18 transactinium nu-
clei having odd mass numbers using the program RESIN-1.

The analysis of the results shows that, for thermal ener-
gies, the contributinos of the truncated levels are equal either
with negative resonance contribution, or with the background cor-
rections, for missing negative resonances.

In the resolved resonance range, the contributions are
significantly (~ 40%) for the first part of the energy region.
Consequently, the cross section evaluated by adding the correc=
tions given by truncated levels to the Breit-Wigner Single Levels
caleulatione, is improved, espectally in the valley between reso-

nances.

In the figures 1 and 2, the dependence of the truncated
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level contributions with mass number and energy, for total and

fission cross sections i3 represented.
The general conclusion is that the contributions of the
truncated levels could replace either the negative resonance cor=

rections, or background corrections, in the evaluated data files.
G \ ~

-2 [ "4 ok bz
-t - 4 & A A A J
S} o ? W° ot
Figure 1

The contributions of the truncated level for total cross sections
of the transactinides with odd mass numbers




Figure 2

The contributions of the truncated level for fission cross sections
of the transactinides with odd mass numbers

1. G. Vasiliu - A non-uniform picket-fence model for truncated le-
vels contributions estimation in thermal and resolved resonance
energy range for even=—even actinides, preprint IRNE-157, March
1984

2. G. De Saussure et al. - The ENDF/B-IV. Representation of the U-
238. Total Neutron Cross Section in the Resolved Resonance Ener-
gy Regionm, Nucl. Sci. Eng., 61, 496, 1976
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Hydrogeological investigations using the neutron activation

analysis in tracers methods

S.P. Stinescu, E. Gaspar, O. Fircasiu, Stefania Spiridon

Institute for Physics and Nuclear Engineering, Bucharest

The neutron activation analysis associated with the chemi-
cal preconcentration of the elements by coprecipitation reactions
followed by the filtration on the nuclear membranes, proves 'to be
a highly sensitive analysis method. Thie method has been improved
and intensely applied by the authors in various hydrogeological
investigations like: study of the dynamics of underground and 8sur-
face waters in karstic zones, investtigation on the infiltrations
in mines, investigation on the exfiltrations from acecumulation re-
gervoirs,etec.

In, I, Dy and La have been used as activable tracers in
the following compounds: In-EDTA, KI, Dy-EDTA, La-EDTA and pre=-
sently work is beeing carried on the develop the use of Br in the
NH ,Br compound. _

The main nuclear and analytical parameters of the acti-

vable tracers used, are given in the following table:

Isotope used Thermal Measured gamma Chemical Detection
Ele- and relative neutrons ray (keV) and stabtli- 1imit ob-

ment abundance activa- intenstity ty tained
(percent) tion coeff. (g/g)
eross (lg Ks)
section
(b)
In ''®In(95,67) 155 417,0(0,30) 24,9 0,9-10"’
-10
I 271 (100) 6,2 442,9(0,179) 110
-13
by ®“py(28,10) 800 94,6(0,04) 18,3 210
-10
La '*°La(99,91) 8,8 1596,2(0,96) 15,5 1+10
Br 7985 (50, 56) 8.5 617,0(0,072) 1.10°°

'~ The neutron activation has been carried out by means of an
air rabbit at the nuclear reactor in a neutron flux of 10'* n/
s.cm® and the spectroscopical determinations, by using a Ge(Li)
and a GeHp and 4096 channels analyzer.
In a period of 5 years, 45 labellings have been performed
for underground and surface water flows with a debit of 0,1-30 cu- ,

bic meters per second and transit times of up to 200 days. Two ac-
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cumulation reserovoirs, one of 0,3 million and one of € million
. cubic meters, have been investigated.

The method of activable tracers proved to be complementary
to chemical and radioactive tracers methods, but in some cases su-
perior to them from the point of view of the environmental protec-
tion and of the possibility to label some waters of high volume
and long transit time.
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Analysis of high purity semiconductor silicon by neutron

activation

Ana Pantelicad, Maria S&l&gean

Institute for Physics and Nuclear Engineering, Bucharest

Analysis of the impurities contained in high purity semi-
conductor materials is an important problem since they might dras-
tically change their mechanical and electrical properties.

Quantitative determination of trace elements in semicon=
ductor silicon is obtained at VVR-S reactor, Bucharest using neu-
tron activation method. Many samples of semiconductor silicon
elides of various types (p or n) and different sorts (Romanian or
foreigner) are analysed. Before the irradiation in a 1.2x10'® n/
em?. s flux the silicon slides were cleaned and washed. As, Au, Co,
Cr, Fe, Ga, df, Mo, Na, Ki, Sb, Sc elements were found out.

The results expressed in atoms/em’ reveal  a surface con-
tamination of the silicon slides during cutting, polishing, wash-
ing and handling before and after their irradiation. For this sur-
face contaimination values of (10'°+10"%) atoms/cm’ are obtained.

A study of the variation of some elements content with
succesive etchings of the samples after irradiation has also been
made. After the first etching a high decreasing of the element
contents can be observed. An etching of § minutes in a 5:3:3 mix-
ture of acids (HNO,, HF, CH,COOH) reveals the volume contamination
of silicon semiconductor slides. The values of (10"'+10'*) atoms/

3 . o . .
em® for this volume contamination are obtained.
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Rare earth analysis of some geolo;}cal samples by neutron

activation

Maria S&l%gean, Ana Pantelicd

Institute for Physics and Nuclear Engineering, Bucharest

Determination of rare-earths contents in rocks and mine-
rals 18 of great importance in geochemical and erystallochemical
studies to appreciate the origin and evolution of various types of
rocks. It ecan also be of practical importance of mineralogical ex=
ploitations point of view.

Many geological samples from the eastern Carpathiang have
been analysed or these analyses are in progrese. The samples are
irradiated in VVR-S reactor in a ax10'? n/cmz-s fluz. GSP-1 and
Soil-7? are used as standard materials. The measurements have been
carried out by using a Ge(Li) detector (2.2 keV resolution).

Concentration of subppm or tens of ppm for Ce, Dy, Eu, Gd,
La, Lu, Nd, Sm, Tb, Yb rare-earth have been obtatined.

In addition, contents of Au, Ba, Ca, Co, Cr, Fe, Hf, Mn,
Na, Rb, Se, Sr, Ta, Th and U have been determined. The concentra-

tion of these elements are widely spread between subppm and per-

cents.
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Neutron activation analysis of some marine algae and

pg;nerogams along the Romanian Black Sea coast

Maria S3#l%gean, Ana Pantelici3

Institute for Physics and Nuclear Engineering, Bucharest :

Due to the intense concentration ability of chemical ele-
ments by the marine macrophytes from the sea-water, the study of
their elemental composition is of interest for algological and en-
vironmental studiee. The knowledge of the chemical composition of
marine flora i also an useful and inexpensive method for metal
contamination evaluation. Thus, some species can be used as envi-
ronmental indicators for different chemical elements. The concen-
tration of 23 elements contained in 11 species of marine macro<«

phytes algae and marine phanerograms collected along the Romantian

Black Sea coast has been determined. Enteromorpha linza, Ulva lac
tuca, Bryopsis plumosa, Cladophora vagabunda, Cladophora sericea
(Clorophytes); Cystoseira barbata, Scytosiphon lomentaria (Phaeo-
phytes), Ceramium elegans, Porphyra leucosticta (Rhodophytes),
Zostera nana, Zostera marina (Phanerogams) have been analysed.

The washed, dried (105°C) and ashed (480°C) samples have
been irradiated in a thermal fluz of 1.1x10"" n/em®+s of VVR-S re-
actor, The measurements have been carried out by using a €5 em®
Ge(Li) detector with 2.2 keV resolution.

The concentration of major constituents Na, K, Ca, Mg, Fe,
Al, Sr (%) and Mn, Zn, Ba (hundreds ppm) were determined. For Ce,
co, Cr, Cs, Eu, Hf, La, Lu, Rb, Se, Sm, Th, Yb elements the con-
centration of 10 ppb + 10 ppm has been obtained. V was found only
in two samples and Ti in one sample. The variation of 3+10 times
of the elemental concentration for different species analysed was
obtained.

The seasonal variation of concentration has also observed.






