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This pa per fo cuses on the nat u ral and anthropogenic ra dio ac tiv ity of sed i ment sam ples from
key spots lo cated in the Lower Dan ube area and the Dan ube Delta re gion. The idea of the
study is to con firm that gamma spec trom e try is an ef fi cient method for geo log i cal sam ple
char ac ter iza tion in terms of iso to pic ra tios and also for eval u at ing the im pact of nu clear ac tiv i -
ties, namely test ing ar ti fi cial con tam i na tion. This is a pre lim i nary study meant to an a lyze the
rel e vance of a da ta base for ref er ence sed i ments from the Dan ube River built via gamma ray
spec trom e try. 

Key words: geo log i cal sam ple, iso to pic abun dance, ecol ogy, gamma spectrum

IN TRO DUC TION

En vi ron men tal sam ple anal y sis is cru cial for a
better un der stand ing of our sur round ings and their
evo lu tion. Par tic u larly, ra dio ac tiv ity mea sure ments
pro vide pre cious in for ma tion in the field of el e men tal
anal y sis and also from the per spec tive of hu man ex po -
sure to ion iz ing ra di a tion and the re lated health risks.
The main com po nent of the ra dio ac tive back ground
orig i nates from nat u ral sources, from cos mic to tel lu -
ric, but since the very be gin ning of nu clear phys ics,
sci en tific, en er getic and un for tu nately, also non-civil
ac tiv i ties add an anthropogenic com po nent to the
spec trum. One must dis tin guish be tween those two
con tri bu tions to the  over all ex po sure in or der to cor -
rectly eval u ate the im pli ca tions on radioisotopic abun -
dance, en vi ron men tal in flu ence, from sim ple in di vid -
ual con stit u ents of the biota to con se quences in the
trophic chain. Re cent stud ies con firm those top ics are
of great in ter est, as shown by Deniz and Calik in [1],
from the per spec tive of an nual ef fec tive dose equiv a -
lents and can cer risks, or by Jankovi} et al. [2], who
point out the im por tance of the tri tium lev els, as the
lat ter is pro duced both nat u rally and ar ti fi cially, and
the sec ond way must be rig or ously mon i tored, for its
lev els are of great pub lic con cern. Gamma-ray anal y -
sis is the most spreaded method for such ra dio log i cal
charactetizations, as it does not re quire spe cial sam ple

prep a ra tion, but pro vides valu able and pre cise data in
re turn.

The aim of this pa per is to prove fea si bil ity of a
da ta base for sed i ment char ac ter iza tion by non-de -
struc tive meth ods, par tic u larly gamma-ray spec trom -
e try, for the Dan ube re gion. The re sults are re lated to
iso to pic foot prints, ret ro spec tive do sim e try, geo -
chron ol ogi cal dat ing and ar ti fi cial con tam i na tion test -
ing. In the geo log i cal con text, the pres ent study and re -
lated con tin u a tion would help un der stand ing sed i ment 
trans port in the fu ture and also ret ro ac tive com pre hen -
sion of emer gent pol lut ant [3] con cen tra tions by
means of time mark ers, ra dio ac tive de cay in di ca tors
with half-lives rang ing from tens to bil lions of years.

The scope is to start a na tional ref er ence da ta -
base start ing at the Lower Dan ube, and fur ther, with
the Dan ube Delta, where the river splits into branches 
and chan nels, down stream to the Black Sea. Sup ple -
men tary ar eas of in ter est are lo cated along the Ro ma -
nian-Bul gar ian bor der up stream to the Ser bian zone,
fi nally track ing the iso topes to wards the source of the 
Dan ube River in Ger many. The plan is to achieve this
with reg u lar sized HPGe de tec tors (the or der of 2.5
by 2 inches crys tal) with av er age ef fi ciency (50 % at
1332 keV) within a rea son able ac qui si tion time (24
hours per sam ple for good sta tis tics). Of course, the
trade-off be tween ac qui si tion time and sta tis ti cal un -
cer tainty is given by de tec tion ef fi ciency, back -
ground level (shield ing thick ness, ni tro gen purge,
etc.) and the ac qui si tion time. A pre lim i nary in ves ti -
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ga tion was per formed here in or der to con firm that
the pa ram e ters ex pli cated in the pre ce dent para graph
are a rea son able op tion.

The goal is to see if the dif fer ences ob served be -
tween the sam ples are sig nif i ca tive such as: sam ples
from a cer tain area can be con sid ered char ac ter is tic,
even if the mean val ues are close to those of an other
area nearby and sam ples from a rel a tively small area
still ex hibit dif fer ences that would al low track ing
value evo lu tion in time.

MA TE RI ALS AND METH ODS

Study area and sam ple col lec tion

The sam ples were drawn from three Lower Dan -
ube and Delta ar eas, close to the Black Sea, which are
crit i cal for ad vanc ing the study up stream the river and
char ac ter iz ing the Dan ube sed i ment de po si tion in flu -
ence on the ar eas nearby the spill re gion. A batch of 19
sam ples drawn at the wa ter-sed i ment in ter face from
the lo ca tions in di cated in tab. 1 and fig. 1 of about 200
g (wet) were an a lyzed for check ing if they meet the cri -
te ria for pat tern rec og ni tion. The sam pling equip ment
used was a Van Veen grab sam pler. 

There were two main sam pling ar eas ac cord ing
to fig. 1: Sfantu Gheorghe Branch and chan nel sys tem, 
nearby Dunavatu vil lage (1), and the Dan ube split ting
area (in the three main branches), north of Tulcea city
(2). Ad di tion ally, two sam ples (po si tions 1 and 8) were 
taken from the Chilia Branch. The main com po nents,
sup posed layer age and phys i cal char ac ter is tics are
sig nif i cantly dif fer ent, which is es sen tial for the study,
as the in ten tion is to test and dem on strate a uni fied pro -
to col for the en tire study area.

Sam ple prep a ra tion and cal i bra tions

Sam ple prep a ra tion has been achieved in ac cor -
dance with the gen eral In ter na tional Atomic En ergy
Agency (IAEA) [4] rec om men da tions. The sam ples
were dried, sub se quently crushed and milled till the
grain size was was be low 100  m, be fore be ing sealed
in sarpagan boxes of 120 cm3 vol ume in or der to be
mea sured in a cy lin dri cal ge om e try, on top of a HPGe
de tec tor, with a 50 mm lead shield around and 50 mm
dis tance from any side of the de tec tor to the shield. The 
de tec tor used was a p-type Hy per Pure Ger ma nium of
50 % rel a tive ef fi ciency at 1332 keV. Geo met ric data
such as the dis tance be tween the end cap and the HPGe 
crys tal were cor rected by sim u lat ing de tec tor-source
ge om e tries with Monte Carlo (MC) code GESPECOR
[5]. The MC com pu ta tions for geo met ric data were
also needed, as the sam ple con tain ers were not iden ti -
cal to the cal i bra tion sources, so the ef fi ciency trans fer
pro ce dure in GESPECOR [6] was ap plied. Stan dard
ORTEC dig i tal spec trum an a lyzer and soft ware were
used. A 50 mm thick lead shield was used for low er ing
the back ground. The cal i bra tion was per formed with
stan dard vol ume sources of 152Eu and 137Cs. En ergy
and peak width cal i bra tion were car ried out in the stan -
dard way with ORTEC Maestro32 soft ware.

For cal i bra tion pur poses, a 137Cs cal i bra tion
source of (1301 65) Bq on Apr 1st, 2010 and a 152Eu
source of (689.4 34) Bq on Jan 1st, 1995 were used.
Sam ple con tain ers were all 70 mm in di am e ter, 37 mm
high and all plas tic walls were 1.5 mm thick, re sult ing in 
a 120 cm3 in te rior vol ume. Sam ple masses and den si ties 
ranged be tween 100 g and 160 g, 0.9 gcm–3 and 1.3
gcm–3 , re spec tively. The HPGe dead layer was ini tially
about 0.6 mm; af ter 10 years this value al most dou bled;
also rounded crys tal cor ners and ori en ta tion may vary
with re spect to the man u fac turer data. A ra di os copy is
shown in fig. 2. Ev ery de tail was in cluded in the sim u la -
tions. The sam ples were placed ver ti cally, in a cy lin dri -
cal sym met ric set-up, on the top sur face of the de tec tor;
the de tec tor vi cin ity was purged with evap o rated ni tro -
gen from the Dewar ves sel in or der to lower ambiental
Rn de scen dants' con tri bu tion to the spec tra.

The ex ten sion of the cal i brated en ergy range was 
done by us ing ref er ence ma te ri als (RM) pro vided by
the IAEA (such as IAEA-375 Soil) by means of yield
ra tios for RM ra dio iso topes which pro vided peaks in
the cal i brated but also in the non-cal i brated parts of the 
spec tra. Ap ply ing this method al lows ex tend ing the ef -
fi ciency cal i bra tion out side the source's en ergy in ter -
val, of course, if for each ra tio one RM peak in volved
is ac tu ally in the cal i brated area, so the ef fi ciency for
that peak can be in ter po lated prior to ex trap o lat ing re -
lated peaks out side the in ter val [7]. Ad di tional MC
sim u la tions have been per formed in or der to ap ply the
cor rec tion fac tors us ing the GESPECOR code. The
source-de tec tor ge om e try was iden ti cal for all the
sam ples, but there is a need to have auto-at ten u a tion
cor rec tions and co in ci dence sum ming ones, al though
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Ta ble 1. Co or di nates of the sam ple draw ing lo ca tions

No Code Lat i tude Lon gi tude Depth [m]
1 DD-19-01 45°24'38.8" 29°32'04.8" 9.3
2 DD-19-08 45°18'18.4" 28°57'09.3" 17.1
3 DD-19-11 45°14'36.5" 28°47'43.5" 18.1
4 DD-19-16 45°14'03.0" 28°5'44.8" 14.2
5 DD-19-17 45°13'21.7" 28°43'10.5" 20.2
6 DD-19-20 45°13'22.7" 28°44'35.2" 20.5
7 DD-19-23 45°11'32.5" 28°48'40.5" 14.0
8 DD-19-26 45°11'50.1" 28°52'02.5" 13.5
9 DD-19-29 45°11'12.6" 28°53'50.7" 20.9
10 DD-19-32 45°10'57.0" 28°53'35.8" 13.4
11 DD-19-33 45°59'45.6" 29°17'59.9" 13.0
12 DD-19-36 45°01'13.3" 29°18'38.5" 3.4
13 DD-19-38 45°00'19.4" 29°17'05.1" 20.8
14 DD-19-41 45°01'08.9" 29°16'30.5" 19.7
15 DD-19-44 45°00'43.6" 29°16'13.0" 5.0
16 DD-19-45 45°01'30.4" 29°16'09.7" 8.3
17 DD-19-48 45°02'03.6" 29°15'46.5" 8.1
18 DD-19-49 45°02'15.5" 29°16'15.4" 9.3
19 DD-19-117 45°14'29.6" 28°54'28.5" 1.4
20 DD-BLANK n/a n/a n/a



the lat ter were all be low 1 % for this batch, since ev -
ery thing con trib utes to the un cer tainty bud get, as ex -
pli cated in the next para graph. Sam ple uni for mity was
care fully en sured, which is con sid ered an im por tant is -
sue, as pointed out in pre vi ous stud ies [8-10]. Un for tu -

nately, the great est un cer tainty to face was the cal i bra -
tion sources them selves. Nev er the less, as the main
goal here was to eval u ate the abil ity to dif fer en ti ate be -
tween sam ples, the cal i bra tion pre ci sion was not a crit -
i cal point, as the main thing to dem on strate was the ex -
is tence of rel a tive dif fer ences.

Co in ci dence cor rec tions

A very im por tant mat ter to deal with, while us ing 
high ef fi ciency HPGe de tec tors, is the co in ci dence
cor rec tion for each nu clide ac tiv ity. In the case of a nu -
clide de cay ing through a cas cade of suc ces sive pho ton 
emis sions mea sured with a high ef fi ciency de tec tor,
both co in ci dence losses and co in ci dence sum ming ef -
fects in the peak, are im por tant.

The GESPECOR al lows eval u a tion of the co in -
ci dence-sum ming ef fects for any peak which might be
pres ent in the spec trum, from all fre quently en coun -
tered nuclides. From the com pu ta tional point of view,
it is use ful to con sider sep a rately three types of peaks:
– the first type is rep re sented by the nor mal peaks, i.

e. peaks as so ci ated with in di vid ual pho tons emit -
ted in the de cay pro cess of the nu clide. This is the
com mon type of peaks, pres ent in the spec tra both
in the case when co in ci dence-sum ming ef fects are 
ab sent and when they are pres ent,

–  the sec ond type is rep re sented by pure gamma-ray 
sum peaks, and

– the third type of peaks is rep re sented by sum peaks 
in which at least one con tri bu tion oc curs to sum -
ming re sults from X-ray pho ton ab sorp tion. Such
peaks are ob served in the spec tra only if the de tec -
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Fig ure 1. Map of the sam pling lo ca tions*

*  map source: DOI 10.1007/s13762-024-06128-z
**Cred its: Dr. M. Iovea 

Fig ure 2. Ra di os copy of an ORTEC HPGe de tec tor
 show ing pre cise di men sions **



tor ef fi ciency at low en er gies (in the re gion of
X-rays) is high.

The co in ci dence cor rec tion fac tor (Fc) in
GESPECOR is de fined as the ra tio of the ap par ent ef fi -
ciency for the en ergy E of the nu clide with co in ci -
dence-sum ming ef fects, to the ef fi ciency for the same en -
ergy ob tained from the ef fi ciency cal i bra tion curve
mea sured with nuclides with neg li gi ble co in ci -
dence-sum ming ef fects. The ap par ent ef fi ciency for a
nor mal peak of the nu clide in ques tion is de fined as the
count rate in the full en ergy peak di vided by the prod uct
of the nu clide ac tiv ity with the yield of the cor re spond ing 
gamma ray; in the case of a pure sum peak, the ap par ent
ef fi ciency is de fined as the count rate in the full en ergy
peak di vided by the nu clide ac tiv ity. The Fc is a mea sure
of the co in ci dence-sum ming ef fects. For reg u lar peaks it
is equal to 1 if the ef fects are ab sent, smaller than 1 if the
co in ci dence losses from the peak are pre vail ing, and
greater than 1 if co in ci dence sum ming up in the peak is
the dom i nat ing fac tor. In tab. 2 be low, Fc stands for co in -
ci dence cor rec tion fac tor, Nsec and Nsum rep re sent the
num ber of dif fer ent sec ond ary pho tons that may be emit -
ted in tran si tions be long ing to cas cades in clud ing the
tran si tion of in ter est (Nsec), re spec tively the num ber of
dif fer ent com bi na tions of tran si tions con trib ut ing as sum
peaks to the peak of in ter est (Nsum). Ideal Ef stands for
ideal ef fi ciency and Err (%) is the sta tis ti cal un cer tainty.

Mea sure ments and cal cu la tions

The ac qui si tion time for the spec tra is typ i cally 24
h, in or der to have good sta tis tics in the peaks. Dead time
cal cu la tion was per formed by the de fault Gadke-Hale al -
go rithm from ORTEC Maestro32 [11]. Blank boxes
were also an a lyzed just as the sam ple, in or der to cor -
rectly ex tract the back ground and im prove ac cu racy.

For this batch of sam ples, the 46 keV line of 210Pb
for dat ing pur poses was tested on a n-type de tec tor for
one sam ple from each re gion; the re sults were sys tem at -
i cally above the de tec tion limit within a few hours. Nev -
er the less, this was just a con fir ma tion of fea si bil ity, as
such mea sure ments have been per formed in the area, al -
though not in a sys tem atic man ner [12]. The en trance
win dow of the main de tec tor was Al 0.5 mm thick, in -
stead of the re quired Be of about 50 mi crons. Con se -
quently, in the view of an en larged study the p type de -
tec tor needs to be re placed by a n-type one, so this
pro ce dure will al low dat ing by 210Pb mea sure ments ad -
di tion ally to mea sure ments on nat u ral se ries, iso to pic
pat terns and ar ti fi cial con tam i na tion test ing. The over -
all re lated un cer tainty was es ti mated to some 11 %,
mainly due to the fact that the cal i bra tion source was an
old one with poor sta tis tics and it ex hib its a non-ho mog -
e nous ma trix con trac tion within the con tainer. Re gard -
ing the li thol ogy, the de scrip tion re lated to the sam ples
stud ied is given in tab. 3.

RE SULTS AND DIS CUS SION

For the batch of sam ples de scribed, the re sults are
pre sented in tab. 4 from the re sults sec tion. In or der to
have a clear pic ture of the dif fer ences be tween the sam -
ples, the re sults are normed to the high est ac tiv ity re -
corded per radionuclide from the batch (no mat ter
which par tic u lar sam ple the re sult orig i nates from). For
the 186 keV peak, which is ob vi ously a con vo lu tion of
235U and 226Ra, given the half-lives and yields for the
com po nents, the frac tion to be ac counted for the 235U
con tri bu tion is 43 %; the rest be longs to 226Ra. The
emis sion yields are 57.2 % for the 185.7 keV line of
235U (T1/2 = 7.04·108 year) and 3.64 % for the 186.2
keV line of 226Ra (T1/2 = 4.47·109 year for 238U). This is
valid only while ad mit ting equi lib rium in the nat u ral se -
ries. The 43 % ra tio de rives from the equa tion
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Ta ble 2. Co in ci dence cor rec tion fac tors for some nuclides in volved in the anal y sis

Nu clide De cay En ergy [keV] Yield Fc Nsec Nsum Ideal Ef Err [%]
137Cs Beta 661.66 0.8499100 0.10000 101 0 0 0.29106-01 0.11 + 00

40K EC 1460.82 0.1066100 0.10000101 1 0 0.16681-01 0.24 + 00
210Pb Beta 46.54 0.425210–1 0.10000101 0 0 0.14314-01 0.94-01
214Pb Beta 242.00 0.726810–1 0.99607100 2 0 0.61636-01 0.71-01
214Pb Beta 295.22 0.1841100 0.10010101 1 1 0.53367-01 0.47-01
214Pb Beta 351.93 0.3560100 0.99870100 1 0 0.46486-01 0.92-01
214Bi Beta 609.31 0.4549100 0.87989100 57 0 0.30891-01 0.13 + 00
214Bi Beta 768.36 0.489110–1 0.85092100 21 0 0.26194-01 0.15 + 00
214Bi Beta 934.06 0.309910–1 0.85952100 11 2 0.22904-01 0.13 + 00
214Bi Beta 1120.29 0.1491100 0.86586100 6 1 0.20133-01 0.18 + 00
214Bi Beta 1238.11 0.583010–1 0.87167100 4 3 0.18794-01 0.13 + 00
214Bi Beta 1377.67 0.396710–1 0.10471101 20 1 0.17373-01 0.14 + 00
214Bi Beta 1729.59 0.284310–1 0.12634101 5 2 0.14600-01 0.17 + 00
214Bi Beta 1764.49 0.1531100 0.10026101 4 5 0.14387-01 0.21 + 00
214Bi Beta 2204.21 0.491210–1 0.10036101 2 10 0.11978-01 0.19 + 00
226Ra Al pha 186.21 0.3555101 0.10000101 0 0 0.72705-01 0.92-01
235U Al pha 143.77 0.1094100 0.99843100 5 0 0.80345-01 0.71-01
235U Al pha 185.72 0.5700100 0.99055100 4 0 0.72692-01 0.12+00
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where R stands for nu clide count rate in counts per sec -
ond, A for nu clide ac tiv ity in dis in te gra tions per sec ond, 

s for scheme fac tor or yield, T1/2 for half-life in years (a
be ing from the Latin an num) and N for num ber of
counts. Con se quently, the count ing rate at equi lib rium
for 235U is 0.74 times the count ing rate for 226Ra in their
com mon peak at 186 keV, so the frac tion of the count
rate for 235U is f186(

235U) = 0.74 / (1 + 0.74) = 43 %. 
This leads to the spe cific ac tiv i ties in Bqkg–1,

which are pre sented in tab. 4, as normed (dimensionless)
to the high est value found in the batch, in or der to pro vide 
a better pic ture of the range. 

By way of ex am ple, as the re sults were pre sented
as normed to the high est value, here are some max i mum
ab so lute val ues for the batch: 1 Bqkg–1 for 137Cs, 38
Bqkg–1 for 212Pb, 34 Bqkg–1 for 214Pb, Bqkg–1 for 40K,
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Ta ble 3. Sed i ment sam ple lithological de scrip tion.

Code/num ber Li thol ogy and other tex tural ob ser va tions En vi ron ment
DD-19-01/SPL1* Fine – me dium sand, rich in shells Flu vial (nat u ral)
DD-19-08/SPL2 Me dium sand, fre quent peb bles, rich in or ganic mat ter Flu vial (nat u ral)
DD-19-11/SPL3 Com pact clay Flu vial (nat u ral)
DD-19-16/SPL4 Fine sand with mil li me ter-sized muddy el e ments Flu vial (nat u ral)
DD-19-17/SPL5 Com pact silty clay Flu vial (nat u ral)
DD-19-20/SPL6 Fine/me dium sand Flu vial (nat u ral)
DD-19-23/SPL7 Fine/me dium sand, fre quent peb bles and anthropic el e ments Flu vial (nat u ral)
DD-19-26/SPL8 Silty clay cov ered by 2 cm of fine sand, fre quent peb bles Flu vial (nat u ral)
DD-19-29/SPL9 Com pact clay cov ered by fine gravel Flu vial (nat u ral)
DD-19-32/SPL10 Sandy mud with fre quent peb ble, rich in shells Flu vial (nat u ral)
DD-19-33/SPL11 Fine/me dium sand with nu mer ous shells Flu vial (nat u ral)
DD-19-36/SPL12 Fine mud Flu vial 
DD-19-38/SPL13 Silty mud cov ered by 2 cm of fine – me dium sand Flu vial (nat u ral)
DD-19-41/SPL14 Fine mud with peb bles Flu vial (nat u ral)
DD-19-44/SPL15 Fine sandy mud Flu vial 
DD-19-45/SPL16 Fine/me dium sand with nu mer ous shells, muddy el e ments Flu vial (nat u ral)
DD-19-48/SPL17 Fine/me dium sand with fre quent shells Flu vial
DD-19-49/SPL18 Fine/me dium sand with fre quent shells Flu vial (nat u ral)
DD-19-117/SPL19 Fine mud rich in or ganic mat ter Lac us trine

Ta ble 4. Spe cific ac tiv i ties normed to the high est value from the first Lower Dan ube lot, Dan ube Delta area.
Blank sam ple ar eas were sub tracted from the ac tiv ity val ues

[dless]** 235U 226Ra 212Pb 214Pb 208Tl 214B 137Cs 228Ac 40K
SPL1 0.8188 0.8188 0.7165 0.7403 0.7508 0.8235 0.0128 0.7795 0.7396
SPL2 0.5084 0.5084 0.4605 0.4459 0.4679 0.4960 0.0000 0.4957 0.4471
SPL3 1.0000 1.0000 0.8170 0.7343 0.8574 0.7996 0.2471 0.8234 0.7774
SPL4 0.3648 0.3649 0.3813 0.4146 0.4381 0.4862 0.0639 0.4812 0.4934
SPL5 0.6196 0.6196 0.7652 0.7047 0.7811 0.7675 0.0000 0.7230 0.7212
SPL6 0.4398 0.4398 0.3783 0.3959 0.4220 0.4661 0.0395 0.4257 0.5032
SPL7 0.6315 0.6315 0.6010 0.5897 0.6816 0.6297 0.0739 0.6036 0.5476
SPL8 0.8325 0.8325 0.7402 0.8158 0.7587 0.8684 0.0412 0.6931 0.7121
SPL9 0.9547 0.9547 0.9296 0.9660 0.9103 0.9401 0.0982 0.8068 0.4810
SPL10 0.5652 0.5652 0.7478 0.7664 0.7433 0.8139 0.0124 0.7064 0.7187
SPL11 0.8316 0.8317 0.8836 0.9261 0.8858 0.9554 0.0000 0.8174 0.6800
SPL12 0.6214 0.6214 0.4327 0.5033 0.5156 0.5985 0.0086 0.4764 0.5605
SPL13 0.3093 0.3093 0.4130 0.4289 0.4007 0.5341 0.0181 0.4694 0.4386
SPL14 0.3665 0.3665 0.2446 0.4714 0.4015 0.5061 0.0000 0.4021 0.4921
SPL15 0.3560 0.3603 0.3001 0.6012 0.4904 0.6387 0.0336 0.5194 0.6183
SPL16 0.7128 0.9690 0.6475 1.0000 0.8185 0.9617 0.0000 0.7932 0.6510
SPL17 0.5905 0.5905 0.6217 0.9214 0.7622 0.9575 0.0916 0.6730 0.6577
SPL18 0.8456 0.8456 0.7000 0.9355 0.8521 0.9354 0.1377 0.7865 0.6569
SPL19 0.5450 0.5450 0.6018 0.7864 0.7396 0.7932 0.0072 0.6481 0.7104

*"SPL" stands for sam ple, "dless" for dimensionless quan tity
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which are within the nor mal lim its. But the scope is to get 
a vi sual ap proach on the rel a tive dif fer ences be tween
sam ples from dif fer ent ar eas and also orig i nat ing from
the same area, as pic tured in fig. 3.

Also, this pro vides a vi sual ap proach on the rel a tive
dif fer ences be tween sam ples from dif fer ent ar eas and also 
orig i nat ing from the same area, as shown in fig. 3.

In fig. 3, ac cord ing to the map from fig. 1, po si -
tions 1 and 2 rep re sent the tests for the Chilia Veche
branch; po si tions 3 to 10 and 19 be long to the first
sam pling area; po si tions 11 to 18 rep re sent the sec ond
area. Note: smooth lines rep re sent the con tri bu tions
from nat u ral se ries, the staked line be longs to 40K
(non-se ries), and the (low) green line shows 137Cs
vari a tions within the batch.

One can eas ily ob serve the vari a tions within and 
be tween the sam pling ar eas are as high as 50 %, with a
mean of some 25 % be tween the spots; ad di tion ally,
the smooth lines re lated to the nat u ral se ries have a
com mon pat tern evo lu tion, which brings con fi dence
in data con sis tency. The 40K vari a tions are also im por -
tant, show ing each spot does have its own char ac ter is -
tics. 137Cs ac tiv ity has sig nif i cant vari a tions for an iso -
to pic pat tern, al though within the nor mal range for the
con cerned area, as the lat ter is only 690 km south from 
Chernobyl.

Con sid er ing the lo ca tion of the sed i ments, as
well as their com po si tion in terms of granulometry
and other pres ent el e ments (i. e., shells, peb bles, or -
ganic mat ter, etc.), sev eral cor re la tions can be pointed
out. With res er va tion into in ter pret ing these cor re la -
tions for a small batch, com pact clay sam ples seem to

ex hibit a typ i cal pat tern richer in nat u ral se ries el e -
ments, as well as the sandy ma te rial. In con trast with
the abovementioned clay and sand, muddy sam ples
dis play lower ac tiv i ties for those de cay chains. Be -
sides con tam i na tion fac tors, the lithological and tex -
tural com po si tion that usu ally re spects the en vi ron -
ment and lo ca tion char ac ter is tics is con nected to the
vari a tions seen in the spec tro met ric re ports.

Covariance ma tri ces are clearly the way to be
fol lowed for the da ta base to be started, as ad di tion ally
neu tron ac ti va tion of the sam ples ev i denced mark ers
such as 24Na, 42K, 183Ir, 56Mn, 24Al, 57Ni, 36P, 183Hg in
dif fer ent quan ti ties for this batch of sam ples. Thus,
given the fact the Pu-Be source used was not yet char -
ac ter ized prop erly, it can only be re ported the pos si bil -
ity of track ing such radio ele ments for the mo ment.
The aim is to re peat the study from ref er ence [13] and
to ob tain more in for ma tion from the reg u la tory com -
mis sion on such sources made back in the 50's in the
for mer So viet Un ion in or der to ob tain quan ti ta tive
de ter mi na tions. Re cent ex am ples of such stud ies in
this field are given in the pa pers of Olacel et al. [14]
and Bui et al. [15]. An other goal is to de velop the
study to wards trans fer fac tor anal y sis, such as in [16].

CON CLU SIONS

Sev eral sam ples from the Lower Dan ube area
were an a lyzed by means of gamma spec trom e try in
or der to see if this study can be a good fore run ner for
gen er at ing a Dan ube Ref er ence Ma te rial Da ta base.

Fig ure 3. Rel a tive vari a tions of se lected TENORM nuclides from the batch, in dexed with re spect to the lo ca tions



For en sur ing good qual ity data, there is a need to
gather in for ma tion on the re cent his tory of the sam -
pling area con com i tantly, as it may in volve
anthropogenic in flu ence, such as small in ter fer ences
with civil works per formed in the area and up stream,
or other con tam i na tion mech a nisms. The re sults sup -
port the hy poth e sis in the sense that: sam ples from a
cer tain area can be con sid ered over all char ac ter is tic
and sam ples from a small area ex hibit dif fer ences that
would al low track ing mod i fi ca tions in the fu ture, if
such will be the case.

This means the sam ples an a lyzed pro vided valu -
able in for ma tion which mo ti vates fur ther de vel op -
ments and adapt ing the lab o ra tory equip ment in or der
to con tinue the anal y sis pro cess on a larger scale, add -
ing the dat ing pro ce dure with 210Pb and in ves ti gat ing
other anthropogenic con tri bu tions to the spec tra (Am,
Co, Pu, etc.). 

Nev er the less, it is man da tory to re fine the method
in terms of de tec tor win dow and Ger ma nium dead layer
thick ness (us ing only Be ryl lium or Car bon front en trance 
win dow n-type de tec tors), to in crease shield ing thick -
ness and sam ple mass, and test sam ple uni for mity, as the
lat ter is ac count able for no ta ble con tri bu tions in the un -
cer tainty bud get. This would al low the use of covariance
ma tri ces in or der to take track ing and con cen tra tion dy -
nam ics to the next level. Also, the plan is to fur ther use
X-ray anal y sis and neu tron ac ti va tion for get ting com -
ple men tary in for ma tion on the iso to pic pat terns (as fol -
low ing neu tron ir ra di a tion sta ble el e ments turn into beta
emit ters, which sub se quently pro vide char ac ter is tic
gamma rays), which strengthen the pat tern iden ti fi ca tion
pro ce dure. Neu tron ac ti va tion proved fea si ble, but not
quan ti ta tively yet.
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GAMA  SPEKTROMETRIJSKA  ANALIZA  UZORAKA  DOWEG  DUNAVA,  RUMUNIJA

Rad se fokusira na prirodnu i antropogenu radioaktivnost uzoraka sedimenata sa
kqu~nih mesta lociranih u oblasti Doweg Dunava i regionu delte Dunava. Namera je da se potvrdi
da je gama spektrometrija efikasan metod za karakterizaciju geolo{kih uzoraka u smislu
izotopskih odnosa, kao i za procenu uticaja nuklearnih aktivnosti, odnosno testirawe ve{ta~ke
kontaminacije. Ovo je preliminarna studija koja ima za ciq da analizira relevantnost baze
podataka za referentne sedimente iz reke Dunav, izgra|ene putem spektrometrije gama zra~ewa.

Kqu~ne re~i: geolo{ki uzorak, izotopska zastupqenost, ekologija, gama spektar


