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Soil sampling activity was carried out during the period of 30
May-6 June 2012.

N. 60 soil samples were collected in Maltese Islands

On collected samples the activity of 232Th, 238U and "Be
(natural radionuclides) and 137Cs (artificial radionuclides)
have been calculated by gamma spectrometry.

Radiological result has been processed by statistical and
geostatistical tools and methods as Pro UCL and Sinclar
methodology and ISATIS
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y of Cagliari - Physic Department

Prof. Paolo Randaccio

EG&G ORTEC Gamma Spectrometer

232Th, 238 and "Be (natural
radionuclides) and '37Cs (artificial

Detector HpGe — P (High purity
Germanium P-type)
Geometry Coaxial detector

radionuclides)

Energy range

40 KeV - 10000 KeV

Uranium and Thorium concentration

has been calculated assuming

secular equilibrium from 214 Bi (609
KeV) and 2%8T| (583 KeV)

Efficiency 20 % (1333 KeV)
Volume 86 cm’

. 1.1 keV at 122 keV
Resolution

1.9 keV at 1333 keV
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Top soil (0-20 cm) has been collected
in order to investigate radionuclides.
For each site more than one aliquot
has been collected and composited
into one sample per cell. A surface
area of 30 cm x 30 cm has been
delimited and a top-soil portion with
a mass of 2-3 kg has been taken.

The materials in collected sample which are not relevant
was first of all identified and removed, for example mushrooms or

spores.
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Radiological
results

Code Sample MALT_148

Date of sampling 02/06/2012

Coordinates (Lon-Lat — WGS84 33N)
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X 14.45125340°
Y 35.86760432°
Lower  Coralline
Geological Formation Limestone
Sample details
Analysis details
Sample weight (kg) 0.604
Time (s) 48008
Geometry Becker 500 cc
Analysis results
Cs137
Activity (Bq) 0.12
Error (Bq) 0.25 Map
Concentration (Bq/kg) 0.20
K40 3
Activity (Bq) 175.67 = =
s | —
Error (Bq) 2.05 gt . "
Concentration (Bq/kg) 290.84 A L ‘. V148
U328 ; —~ ;
Activity (Bq) 2257 - e
Error (Bq) 0.46 % : L5 ; e
Concentration (Bg/kg) 37.37 T . 5 g
Th232 - 5 ¢
Activity (Bq) 4.11 -
Error (Bq) 0.24
Concentration (Bq/kg) 6.80
geology
Be7 ooy
Activity (Bq) 0.00 e i e
Error (Bq) 1.82
Concentration (Bq/kg) 0.00
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—— —The data analysis is concerned on the evaluation of

background values of each investigated radionuclides

(137Cs, 49K, 238U and 232Th). Caused to the zero-value the
data analysis of Be set is not carried out.

370 Bg/Kg
v . - (IAEA, 2000)
[Bq/kg] [Bq/kg] [Bq/kg] [Ba/kg]
Num. Obs. 60 60 60 60 25 Bq /Kg
Minimum 0.04 104 9.78 1.91 (| AEA, 2000)
[ Median 434 282 30.4 6.30
Average 5.85 306 33.1 7.21
Maximum 33.1 791 103 19.9 25 Bq/ Kg
Std. Dev. 5.83 157 17.3 416 (lAEA, 2000)
Q1 (25%ile) 225 186 222 3.74
Q3 (75%ile) 7.09 361 40.0 9.27
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|oact|V|ty based concentrations were also converted to mass-based
concentrations upon computation of specific activities through the
equation (Langmuir, 1997):

adopting the atomic masses m

SpA(Bq/g) =

1.324-10'°

Mypy, 't1/2

(in amu) and the half-lives t, , (in

amu

years)
Radionuclide Mamu (amu) ti2 (years) SpA (Bq/g)
4K 39.96399867 1.248E+09 2.6546E+05
17Cs 136.907 30.08 3.2150E+12
22Th 232.0380495 1.405E+10 4.0612E+03
| 238.0507835 4.468E+09 1.2448E+04

m ambiente

ingegneria ambientale e laboratori

SVILUPPI nella PREVENZIONE e PROTEZIONE dalle RADIAZIONI

IONIZZANTI E NON IONIZZANTI

CISAM 29 e 30 maggio

WEST

Systems



5 L1l l 1444 l L1 i1 l a8 4 4§ I . l B ll
4 22Th =1.651* 4K -0.126 b
— = . B -
1 N=60;Re= 0811 o #F
4 — P p—
— O,, @ —
B 7 —
B 3 i
- O -~
m - % ,, —
é - (6] . O =
- - © g O .
- 0% C
S P
N " -
3 60 E
1 —— e
] & N
0 L I L I LI L) l LI LI} l LR l LI ll
0 0.5 1 15 2 25 3
40K (mg/kg)

- SVILUPPI nella PREVENZIONE e PROTEZIONE dalle WEST
H ambiente

RADIAZIONI IONIZZANTI E NON IONIZZANTI CISAM 29 e 30
ingegneria ambientale e laboratori maggio SYStem S



lllllllIlllllllllllllllllIllll
E A N =60 -
gl 3 e R2=0.008
g &N =
1 2! =
74 €' —
] 3! o =
. 510 3
_—~ — ' —
e 11 =
S s &4 © =
25 3! -
E 1 5] =
e —
= By o) o =
o? 4 - ::: 5 " & ’ =
o — -
2 O =
= < o E
] o £O . Cq St [
2 = | O yoa @ =
- 6@000' Q. WE T -
- Che =
0 = L l'l L I L l LI l'l LI I Tl l' "
0 0.5 1 15 2 25 3
40K (mg/kg)

ambiente SVILUPPI nella PREVENZIONE e PROTEZIONE dalle WE ST
RADIAZIONI IONIZZANTI E NON IONIZZANTI CISAM 29 e 30
ingegneria ambientale e laboratori maggio SYStem S



Statistical data analysis was carried out mainly referring to the

method suggested by U.S.EPA, “Calculating Upper Confidence

Limits for Exposure Point Concentrations at Hazardous Waste
Sites” (EPA, 2002).

This method, which is based on the determination of the Upper
Confidence Limit (UCL) of the average value, allows one to
evaluate the average background concentration of the analyzed
species.
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normal, and Gamma
of the population.

7 e UCL
the latter case, the non-parametric methods available in ProUCL
are:

Seeoutions and calculates th

 modified-t statistic (adjusted for skewness)

* Chebyshev inequality (using sample mean and sample standard
deviation)

* Jackknife method
e Standard bootstrap
e Percentile bootstrap
* BCA (bias-corrected accelerated bootstrap)
* Bootstrap-t
* Hall’s bootstrap
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We recall that the UCL is an observed (i.e., computed from the
observations) upper limit that tells us how frequently the mean of the
population is situated below it; the UPL is an estimate of the limit
within which future observations are expected to fall, with a certain
probability (95% in our case), given what has already been observed.
Finally, UTL represents an upper 95% tolerance bound to contain at
least 95% of the population.
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Background value

distribution percentile (z) [Bq/kg] UCL [Bq/ke] UTL 95% [Bqg/kg] UPL 95%
90% 95% 99% (90%coverage) [Bq/kg]
B7Cs Gamma 13.46 17.51 26.92 7.372 17.46 18.57
YK Lognormal 502.5 597.9 828.5 390.5 586.4 609.5
28U Lognormal 54.96 65.6 91.43 42.59 64.31 66.9
»2Th Lognormal 12.71 15.59 229 9.647 15.24 15.95
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FOREGS Geochemical Baseline
Database: 845 European Top Soill

Mass-based concentration of total K can
be converted in 4°K (mg/Kg) considering
Natural abundance of 0.01167+0.00004

percent (Faure, 1986)
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, rs of mass-based
concentrations of %K in Malta Islands
topsoil samples

Median Mean 95° perc. 99° perc. Std. Dev.
Pop. N %
mg/kg mg/kg mg/kg mg/kg mg/kg
A 7 11.7 24 2.5 3.0 3.3 0.32
B 32 53.3 1.2 1.2 1.7 1.9 0.25
C 21 35.0 0.61 0.62 0.82 0.92 0.11

Background value
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FOREGS Geochemical Baseline
Database: 845 European Top Soill

Mass-based concentration of total U can
be converted in 238U (mg/Kg) considering
Natural abundance of 99% (Faure, 1986)

o/

238 (mg/k

Probability (%)
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T dlil

Main statistical

AC

®)

topsoil samples

in Malta Islands

Median Mean 95° perc. 99° perc. Std. Dev.
Pop. N %
mg/kg mg/kg mg/kg mg/kg mg/kg
A 4 6.7 6.5 6.6 | 8.9 10.2 1.3
B 46 76.7 2.5 2.7 4.0 4.9 0.76
C 10 16.7 1.1 1.1 1.4 1.6 0.17

Background value
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FOREGS Geochemical Baseline
Database: 843 European Top Soil

The mass-based concentrations of 232Th
can be taken as representative of total Th
contents. In fact, thorium is considered a

mono-isotopic element by the Commission

on Atomic Weights and Isotopic
Abundances (CAWIA) of the International
Union of Pure and Applied Chemistry
(IUPAC) because only one isotope has a

half-life greater than 1010 years (De Laeter

et al., 2003).
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Main statistical

)
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1 in Malta Islands
topsoil samples

£ 237

Median Mean 95° perc. 99° perc. Std. Dev.
Pop. N %
mg/kg mg/kg mg/kg mg/kg mg/kg
A 5 8.3 4.1 4.2 5.1 5.5 0.53
B 36 60.0 1.9 2.0 3.1 3.9 0.64
C 19 31.7 0.79 0.81 1.1 1.3 0.16

Background value
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Accepting that each individual
population is representative of a
distinct source or process, 3’Cs
might be related to three distinct
contamination events (e.g. nuclear
weapon tests or nuclear accidents), &
possibly the 1986 nuclear disaster 5
of Chernobyl, the 1998 Acerinox
accident, and the 1960 nuclear
weapons tests in North Africa

(Van Middlesworth, 1960).
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Median Mean 95° perc. 99° perc. Std. Dev.
POP. N %
mg/kg mg/kg mg/kg mg/kg mg/kg
A 8 13.8 4.8 4.8 5.4 5.6 0.34
B 41 70.7 1.3 1.5 2.9 4.1 0.76
C 9 15.5 0.13 0.16 0.34 0.51 0.10
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technique

This technique is an estimation procedure that has two important properties:

1. itis an exact estimator, as it gives the true value of the variable of interest
in the points where measurements were taken;

2. it provides the variance for each estimated value, a parameter that allows
one to evaluate the accuracy of the estimate.

Using the procedures of kriging, each node of a regular grid is estimated as a
linear combination of the values of all the experimental (known) points,
through the use of the variogram function.

Weights are assigned to minimize the variance of estimate and are
determined by solving a set of simultaneous equations which take into
account the values extracted from the variogram of the investigated variable.
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Geostatistical analysis has been carried out in order to
create map distribution and standard deviation map for
U238, the analysis has been developed through:

1. the construction of experimental variogram

2. the construction of variogram model

3. the cross validation of variogram model

4. Calculation of 238U concentration and standard
deviation

5. Mapping
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Variogram (U238)
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Variogram Model - Fitting Window
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- Variable #1 : U238
Experimental Variogram : in 1 direction(s)

D1
AZngular tolerance = S$0.00
Lag = 2500.00m, Count = 10 lags, Tolerance = 40.00%
Model : 3 basic structure(s)
S1 - Exponential - Scale = 5754.32m, Sill = 0.1383
S2 - Spherical - Range = 17712.57m, Sill = 0.0282
S3 - Nugget effect, Sill = 0.05877
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Cross Validat

ion of

- Variable #1 : U238

Standard Parameter File for
Standard Parameter File for
Cross validation statistics

Model: MOD_LNU238

Mean Variance
Error -0.004983 0.17617
Std. Error —-0.0128¢6 1.00%17

Cross validation statistics

Mean Variance
Error —-0.00453 0.17617
std. Error -0.01286 1.00917

A data is robust when its Standardized Error
lies between -2.500000 and 2.500000

Neighborhood: MOD_LNU238
based on 60 test data

based on 60 robust data
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Thank to this study it
was possible to
evaluate the
concentration of
232Th’ 238U, 4OK and
'Be (natural
radionuclides) and
137Cs (artificial
radionuclides) in order
to define background
value of each natural
radioisotope and the
distribution of
Cesium-137.

Conclusion

istributio) | [mg/kg] | [Ba/kg] |Sinclair [mg/kg] | [Bg/kg]
6 Percentile (z) 189 | 50250
m 2.25 597.90 |95% 3.00 796.38
99% Percentile (z) 3.12 828.50 |[99% 3.30 876.02
Background value Background value
95% UTL with 90% Coverage 2.21 586.40 |95% 5.10 1353.85
U238
Pro UCL(Lognormal Distribution) [mg/kg] | [Bq/kg] | Sinclair [mg/kg] [Bg/kg]
90% Percentile (z) 4.42 54.96
95% Percentile (z) 5.27 65.60 95% 8.90 110.79
99% Percentile (z) 7.34 91.43 99% 10.20 126.97
Background value Background value
95% UTL with 90% Coverage 5.17 64.31 95% 8.90 110.79
Th232
Pro UCL(Lognormal Distribution) [mg/kg] | [Bq/kg] | Sinclair [mg/kg] [Bg/kg]
90% Percentile (z) 3.13 12.71
95% Percentile (z) 3.84 15.59 95% 5.10 20.71
99% Percentile (z) 5.64 22.90 99% 5.50 22.34
Background value Background value
95% UTL with 90% Coverage 3.75 15.24 | 95% 5.10 20.71
Cs137
Pro UCL(Gamma Distribution) [pg/kgl | [Bq/kgl |Sinclair [pg/kgl [Bg/kg]
90% Percentile (z) 4.18 13.46
95% Percentile (z) 5.45 17.51 95% 5.40 17.40
99% Percentile (z) 8.37 2692 |99% 5.60 18.00
Background value Background value
95% UTL with 90% Coverage 5.17 64.31 | 95% 5.40 17.40
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About 137Cs it's important to underline that the high concentration value are
registered in the western part of Malta Islands, this could be justify by wind
transport of contaminated dust as Saharan Dust (L.Menut et al. 2009) .

40K provides the largest contribution to radioactivity, from 62.4 to 94.6%,
with a mean of 85.5 + 6.5%. It is followed by 238U (from 3.4 to 36.3%, with
an average of 10.7 = 6.6%), 23°Th (from 1.0 to 3.0%, with a mean of 2.0 =
0.4%), and 37Cs (from 0.02 to 8.5%, with an average of 1.8 = 1.7%), in
order of decreasing mean values.

Therefore, at present, the contribution of 137Cs to total radioactivity is
significantly lower than that of naturally occurring radionuclides.
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