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ABSTRACT

Experimental results are described obtained wittmrga spectrometry, alpha and beta gross countsd liqu
scintillation and fluorometry techniques for theaserement of background radiation in surface wsdenples,
collected in Centro Experimental Aramar and surdings, from 1988 to 2009. The estimated average
background radiation concentrations in water samipl¢his region are low, related to the Low LeRetection
limits of the techniques, and indicates good watality parameters, and low interference in theiremment

in Centro Experimental Aramar and region.
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1. INTRODUCTION

As modern civilizations strive aggressively to ea&se their high standards of living in
industrialized countries, they drain resources frdm entire globe and prejudice the
environment in a frequently irreversible way [1)2,B this world increasingly stressed by
our activities, political decisions made every @#ther add to or lessen the stress. At present,
in Brazil, there is a framework of institutions alaavs that governs the degree industry is
permitted to affect the environment. These laws it enforcement, although imperfect,
have had a generally good effect in the directibprotecting and improving the conditions
of the environment [4].

The Centro Tecnologico da Marinha (CTMSP) is atamyi research organisation, located in
Sao Paulo city (Brazil), whose objectives are to @ nuclear and energy systems for
Brazilian naval Ship propulsion. These projectstaimg developed in Centro Experimental



Aramar, situated at Ipero city (100 km from S&o IBalihe investigation of background
radiation concentrations in water samples of thet@eExperimental Aramar and region are
of great significance because an industrial nudlesearch programme is being assembled in
this centre[5]. Therefore, surface water samplesnfrenvironmental stations have been
collected and analysed systematically, since 1988&emester), by using gamma
spectrometry, alpha and beta gross counts, ligcictibation and fluorometry techniques
[6,7] and several other techniques for water champarameters analysis [8]. The main
objective is to assess the water quality parametedsverify the possible interference in the
environment. The measurements were performed initi@addto the Environmental
Monitoring Programme, carried out by the radioegalal laboratory in this region [9].

This study provides a reference level for the psesoof water quality parameters analysis
and comparative monitoring, specifically, knowleadeadioactive concentrations and water
chemical parameters is a basic task in determithiagjuality parameters, background levels,
transfer, dosimetry and environmental conditionglications.

2. MATERIALSAND METHODS

The Environmental Monitoring Program has been cotetlby the Radiation Protection and
Environmental Control Department (CTMSP) and imppesystematically carried out in this
center and region (this region corresponds taraa defined by a 10 km radius circle) by
collecting and analyzing soils, fish, grass, wateilk, harvest and air samples in 124
environmental stations, since 1988[6,7,9]. Surfacater samples are collected in 11
environmental stations, distributed on Ipanemarrifree sample points: 1,2,3,4,8), Sorocaba
river (four sample points : 5,6,7,9) and in Fesn@am (two sample points: 13,15), located in
the vicinity of this nuclear research center,as loarseen in figure 1. The UTM (Universal
Transverse Mercator) location coordinates of thdrenmental stations for water sampling
are:

a)lpanema river:(1){234738E,7406988N}2){235051E,9400N}(3){235179E,7409948N}
(4){235290E,7412106N};(8){238303E,7403542N}

b)Sorocaba river:(5){236449E,7413912N}(6){232708#E,3615N}(7){225895E,7415869N}
(9){242876E,7406164N},

c)Ferro stream: (13){232597E,7411083N} (15){23172009390N}. The sample
preparation methodologies are described in refeef,10]. The frequency of the collected
and analyzed samples has been not the same #iengears, caused by technical
conditions, but in general it was monthly [9] .

The gamma spectrometry, alpha and beta gross ¢dignisl scintillation and fluorometry
measurements are well known techniques employadsedveral kinds of analyses [8,9].
Gamma spectrometry were performed by using a 65G@intrinsic detector with a relative
efficiency of 25% and a resolution of 1.9 keV (FWMfdr the 1332 keV peak 8PCo. This
detector was coupled to a 4096 multichannel whi@s wonnected to a microcomputer.
Spectra were analyzed using the software MaeskEgg-Ortec. The energy efficiency curve
was obtained using a set of gamma ray referenaeemurhé*®U natural series activity was
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estimated from de 351.9 keV and 609.3 keV gammeslof*‘Pb and™‘Bi, respectively.
The 2%2Th natural series activity was estimated from #¥ac emission at 911.1 keV. The
samples were sealed and the measurements wereomaaeonth later to ensure equilibrium
between the isotopes and its daughters [11]. Thergaspectrometry system calibration has
been periodically checked by participating in aibl@l Intercomparison Program (PNI) for
water sample analysis , conducted by Secondaryd&tdnDosimetry Laboratory (IRD /
CNEN/BRAZIL) [12].

Fluorometry analysis methodology was made by uaimtigital fluorometry detector model
5015 and the methodology of analysis is describadference [8].

Tritium counting was performed with a Beckmann (mlotlS-5801) liquid scintillation
spectrometer, using polyethylene vials containiGgndl of Ultima Gold XR (scintillation)
and 1 ml of the distillated sample. The samplesewasunted during 100 minutes. The
counting regions were selected by taking into antdhe quench level of the samples.
Previously tritium spectrum was calibrated usinglBean / Spectrum Analysis software
calibration, by measuring a set ¥ standards ( (764 5%) dps : activity in 01/02/1991)
with different levels of quenching (called #H numbeThe reproducibility counting
efficiency is 1 % [13].

Alpha and Beta gross counts were performed in d@hBlet LB-770-2 low level counter,
containing ten proportional gas detectors. Theciefficies previously determined were 13 %
for alpha counting and 34 % for beta counting ubing calibrated*’Th alpha source and
%9Sr beta source .

3. RESULTS AND DISCUSSION

The low level detection limits (LLD) of the gammpestrometry technique are shown in
tablel. The values are related to tHeb ¢*U-serie) and*®Ac (***Th-serie) limits detection.
These values are variables, because the softwaréhanpreparing methodology changed
along the years [9]. Nowadays, tff&Pb concentrations are lower than 0.20 Bg/l and the
22Ac concentrations are lower than 0.30 Bg/l in theter samples. Th&“Pb and**®Ac
concentrations obtained in all the samples were Lldlues. Those values are in good
accordance with the data obtained in the pre-ojp@alt conditions[7], indicating a low
natural radioactivity in Centro Experimental Aranaaud region [13]. The paper published in
reference [14] states a contrasting situation: #adues of>%U and?**Th concentrations in
water rivers nearby uranium mines obtained wereaeodéd in comparison with
concentrations measured in other rivers , indigadin increase of natural radioactivity.

The LLD value for tritium measurement by using tiguid scintillation technique is 14.8
Bqg/l [13]. Tritium activities (Bqg/l) in fourteen stace water samples were measured in the
period from 1990 to 1999 and the results obtainmediged an estimate average of (25.9
2.1) Bg/l. The results published in reference [itfslicates tritium activities levels between
0.6 Bg/l (LLD value), and 3.6 Bqg/l in rivers oifférent origin. In spite of this, both values
are compatible with the tritium limit concentrationdrinking water of 740 Bg/l. established
by E.P.A (U.S.A)[16] and 100 Bqg/l for waters intexd for human consumption[15],
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indicating a low natural tritium radioactivity i@entro Experimental Aramar and region
[13]. Uranium concentrations results obtained fluorometry analysis in all samples were
LLD values , in agreement with the data obtainedhi pre-operational conditions[7], and
the data obtained in a similar environmental mamitp programme[17]. These LLD values
are also shown in tablel and are variable, becdhsesoftware and the preparing
methodology changed along the years [5].

The LLD values for alpha and beta total counts tooed in these samples are shown in table
1. Alpha and beta results obtained in the majaitthe samples analysed were LLD values
(more than 95 %). By analyzing the complementasylte (5 %) the maximum and average
values obtained were, respectively: 0.30 Bqg/l ara Bq/l for alpha counts and 0.80 Bqg/l
and 0.40 Bg/l for beta counts. The results pubtsinereference[18] indicates alpha activity
between 0.06 and 0.13 Bg/l and beta activity betw@.14 Bg/l and 0.36 Bg/l in surface
water around a proposed uranium mining site, dhd results of alpha activity in water
published in reference[19], indicates a value 0050Bq/l. Also, the limits established by
E.P.A (U.S.A) [8] indicates that if the average aainconcentrations is less than 0.56 Bg/l
(15 pCi/l) for alpha gross counts and less thad B&/| (50 pCi/l) for beta gross no further
analysis are required. By taking into account thiesés, the alpha and beta radioactive
contaminants in the water samples must be notifcksht

TABLE 1. Low Level Detection limits (LLD) used in surface water analysis in all
environmental samples

Alpha Beta

Year 214 228 - U counts | counts

1988 * 0.27 0.48 0.025 0.13 0.10

1989- 0.37 0.48 0.13 0.13 0.10
1991

1992- 0.40 0.50 0.13 0.13 0.10
1995

1996- 0.20 0.30 0.13 0.13 0.10
1998

1999- 0.20 0.30 0.005 0.13 0.10
2009

OBSERVATIONS:

a) by gamma spectrometry technig&éRb and®?®Ac concentrations in Bg/l) ;

b) fluorometry technique (U concentrations inIBoits);

c) by using alpha and beta gross counts techrfagpba and beta concentrations in Bg/l) ;
* values were obtained in the pre-operationalditions [7].
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4. CONCLUSIONS

The assessment realized in eleven environmentalpleamoints located at Centro

Experimental Aramar and region. by taking into asdahe radioactive parameters in water
samples collected and measured in the period fr888 o 2009. indicates accordance
mainly with pre-operational values and governmelmats. and we conclude that practically
there are no changes in the water quality radieagbarameters in that sampling points
analysed.
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