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ABSTRACT 
 
On-line radioactivity monitoring in liquid effluents is an increasing need according to the 
international regulations at present. Classical activity determination procedures include the 
sequence of sampling, chemical treatment, measurement and data treatment. These steps are 
man-power consuming, generate a great amount of waste and introduce an important delay 
between the potential pollution event and its detection and quantification.  
 
To overcome these limitations, we have developed a radiochemical sensor for liquid effluents 
capable of sending information about the specific activity and volume of a contamination 
episode to a remote position, on line and continuously. The capabilities of the sensor developed 
here allow detecting and quantifying contamination pulses of alpha, beta and gamma emitters of 
different volumes and activity levels included in a continuous stream. 
 
Sensor receptor includes two detection systems, one addressed to determine alpha, beta and 
gamma events and the other to detect sample gamma emissions. Detailed sensor structure will be 
shown at the conference because patent is in process at this moment. Detection efficiencies (%) 
obtained in the alpha-beta-gamma system for the range of contamination volumes considered (2-
300 ml) are: 1.6 - 3.2%, for Pu-240; 22.2 - 58.4%, for Sr-90/Y-90 and 8.8 -17.7%, for Cs-134. In 
the gamma system, values for Cs-134 detection range from 0.6% to 1.3%. 
 
Prediction errors obtained show that sensor is capable to detect Sr-90/Y-90 contamination pulses 
of at least 2 ml and 3 Bq/ml with a relative error lower of 10% in activity and 60% in volume. 
When contamination pulse increases up to 7 ml, relative errors decrease to 5% for both 
magnitudes. For Pu-240 and Cs-134, when contamination pulses are of at least 7 ml and 300 
Bq/ml, the relative errors obtained in determinations performed in the alpha-beta-gamma system 
are lower than 10% in activity and 20 % in volume.  The same errors are obtained in the gamma 
system for Cs-134 when contamination pulses are higher than 7 ml and activities up to 1300 
Bq/ml.    
 
 
 
INTRODUCTION 
 

                                                 
* Corresponding author. E-mail: . Fax:34934021233 
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Since the second half of the twentieth century, many nuclear activities have been developed in 
the different compartments of the earth [1-3]. Nuclear weapons and nuclear reactors have been 
the two most important industries; locally, medical and research activities have also introduced 
important amounts of different radionuclides into the environment [4]. At present, the 
decommissioning of nuclear installations, together with increased ecological awareness among 
the population, governments, and international institutions, has led to an increase in the control 
of these activities on the ecosystems and therefore on the number of measurements necessary for 
their implementation [5-8].  
 
Moreover, radiation protection plans include the activity determination of many radionuclides in 
different matrices. These determinations usually follow the classical sequence of sampling, 
chemical treatment, preparation, measurement and data treatment. These steps require human 
effort, generate waste, and introduce an important delay between the moment when the 
compartment is sampled and the moment when the isotope activities are known. Attempts have 
been made to accelerate this process by establishing air radioactivity controls at some specific 
sites or world wide [9-12].  
 
To overcome these inherent limitations of the analytical process, sensors are being developed for 
many routine applications. In the field of radioactivity, the most important advance is the use of 
area monitors for gamma emitters [13-14].  
 
The aim of the present paper is to evaluate the behaviour of a prototype of a radiochemical 
sensor capable of on-time, remote and continuous quantification of the activity of alpha, beta and 
beta-gamma emitters IN liquid effluents. 
 
A plastic scintillator was chosen in order to build up the receptor on the basis of the mechanical 
properties of this material, its wide sensitivity to the different types of particles and radiations 
and its ability to operate without consuming any reagent to produce the signal [15-18]. 
 
This article summarises the content included in the references [19-20]. 
 
EXPERIMENTAL 
 
Reagents And Solutions 
 
All regents used were of analytical or scintillation grade. 
 

Sr-90/Y-90, Cs-134 and Pu-240 active stocks solutions were used for the preparation of active 
solutions.  All the active solutions were prepared by diluting a weighed amount of standard 
solution in a weighed amount of the specific medium previously prepared with inactive distilled 
water.   
 
 
Apparatus 
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A peristaltic pump Gilson Miniplus 3 with eight channels was used to pump solutions into the 
sensor. The tubing used was PVC purple-purple pump tubes 2.06 mm i.d. and 50 cm long. A 
1414 Liquid Scintillation detector (EGG&Wallac) with logarithmic amplification and a 1024-
channel analyser was used. The detector was modified by EGG&Wallac to adapt it to the sensor. 
SenCont software was designed to control the 1414 detector and manage the files generated. 
This software enables acquisition time control with high accuracy and extreme reduction of 
detector dead time. 
  
Sensor Description 
 
The sensor is composed of two parts, the receptor and the transductor. The receptor is divided in 
two parts, the alpha-beta part and the gamma part, which are made of plastic scintillator. The 
transductor is composed of electronic units that convert the optical signals into electrical pulses 
and classifies them according to their origin, shape and energy. The spectrum obtained is finally 
stored for further data treatment. SenCont software commands the transductor and thus the 
entire measurement process.  
 
Sensor Operation 
 
The analysed effluent is pumped into the sensor where the signal is produced. No signal will be 
produced in the gamma detection part of the receptor as a consequence of the disintegration of 
an alpha or a beta emitter. However a disintegration of a gamma emitter will produce signal in 
both parts of the receptor. Finally, any cosmic ray that reaches the sensor will interact with both 
the gamma and the alpha-beta detection parts of the receptor, obtaining a signal in each. Then, 
the signal coming from the alpha-beta detection part of the receptor includes information about 
the alpha, beta and gamma emitters present in the liquid effluent plus the cosmic background, 
whereas the signal coming from the gamma detection part of the receptor contains information 
about the gamma emitters and the cosmic background. 
 
Procedure 
 
Simulated effluent was introduced into the sensor via a peristaltic pump. The flow was 
determined in each measurement by determining the volume pumped over a certain period of 
time. Normal flow was around 0.5 ml/min.  
 
Background was established by measuring for five minutes a continuous flow of the 
corresponding carrier solution.  
 
Punctual contaminations were done by pumping a known volume of an active solution into the 
sensor. Once the active solution had been loaded, a carrier solution was pumped into the sensor 
until the initial conditions were reached. During this period, successive spectra were captured 
every ten seconds. Initial conditions were reached when five consecutive 10-second 
measurements did not differ statistically from the previous background value. After this process, 
a new background measurement was made. All operations were carried out without allowing the 
entrance of air into the sensor. 
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A continuous contamination scenario was simulated by continuous pumping of an active 
solution and taking a measurements of 120 minutes 
 
The sensor was calibrated for each isotope (Sr-90/Y-90, Pu-240 and Cs-134 in the alpha-beta 
detection part of the receptor and Cs-134 in the gamma detection part of the receptor) by 
introducing punctual contamination pulses of increasing volumes from 0.2ml to 20ml and 
continuous contamination measurements (assimilated to a 60 ml pulse), Figure 1.  Evaluation of 
the calibration curves was performed by measuring a set of nine unknown punctual 
contaminations (three activity levels and three contamination volumes) for Sr-90/Y-90, Pu-240 
and Cs-134 in the alpha-beta detection part of the receptor and a set of five unknown pulses of 
Cs-134 in gamma detection part of the receptor. 
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Fig1. Signal registered as a function of the effluent volume for different 

volumes of contamination of Sr-90/Y-90 in the alpha-beta detector. 
 
Data Treatment 
 
The spectrum collected in each measurement was smoothed using a Savitzky-Golay algorithm. 
It is possible to generate a signal profile for punctual contamination by plotting the counts 
registered (Bq) every 10 seconds versus the volume of effluent pumped through the sensor, from 
the moment when the pulse is introduced to the time when the experiment was ended. Two main 
parameters can be deduced from the signal profile: Maximum counting rate and (B-A) 
parameter. Maximum counting rate was obtained by averaging all the values obtained between 
the maximum count value and this value minus four times its theoretical standard deviation. (B-
A) parameter was calculated by measuring the difference between the volume values 
corresponding to the two inflection points of the signal profile. These values were obtained by 
applying the second derivate to the signal profile (δ2Bq/ δV2 = 0) 
 
Detection efficiency for the optimum window (O.W.) was calculated as the ratio between the net 
signal, maximum counting rate minus background value, and the specific activity (Bq/ml) of the 
standard solution pumped. The O.W. corresponds to the range of the spectra with best Figure of 
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Merit (FM = E2/B, where E is the detection efficiency and B the background). Detection 
efficiency calibration was done for each radionuclide by fitting the detection efficiencies versus 
the (B-A) values for a series of punctual contamination experiment and the continuous 
contamination experiment. Contamination volume calibration was also done for each 
radionuclide, by modelling the relationship between the volume of contamination pumped and 
the value of (B-A) parameter. 
 
Activity determination of an unknown punctual contamination pulse was done by registering its 
signal profile and calculating the maximum counting rate and the (B-A) parameter. From these 
data, the specific activity (Bq/ml) was determined by using the net signal and the detection 
efficiency calibration curve, whereas the volume of the contamination, and therefore the total 
activity of the contamination (Bq), was calculated by using the specific activity and the 
contamination volume calibration curve. 
 
Detection limits (Bq/ml) were calculated according to the Spanish Consejo de Seguridad Nuclear 
(CSN) criterion for control of liquid effluents of nuclear power plants: 
 
DL= 2*s(B)/E 
 
Where s(B) is the experimental standard deviation of the background values registered in the 
calibration procedure and (E) is the detection efficiency of the scenario considered, a punctual 
contamination of 0.2ml or a continuous contamination. 
 
SAFETY CONSIDERATIONS 
 
All experimental procedures were performed in accordance with the regulations of the Spanish 
Nuclear Authorities (Consejo de Seguridad Nacional) and the University of Barcelona. 
 
 
RESULTS AND DISCUSSION 
  
Characterisation Of Signal 
 
Alpha-Beta detection part of the receptor 
 
The distribution of signals as a function of the type and energy of the radionuclide for the alpha-
beta detection part of the receptor is shown in Figure 2. The order found is related to the 
penetration power of the different particles; first the high energy beta emitters, Sr-90/Y-90, and 
then the medium energy beta emitters and the high energy alpha emitters, Cs-134 and Pu-240.  
 
The evolution of the signal versus the volume of the effluent for different contamination pulses 
shows a delay of 4-5 ml between the moment when contamination pulse is pumped into the 
sensor and when it is detected. After this point, the detection efficiency increases linearly since 
it achieves a maximum value which remains constant whatever the detector is full of the active 
solution. Finally, when the contamination pulse ends, the liquid effluent cleans the detector and 
the signal registered decreases quickly until the initial values are achieved.  
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Fig. 2.  Spectra of Sr-90/Y-90, Pu-240, and Cs-134, in the alpha-beta receptor, and Cs-
134, in the gamma receptor, for a contamination pulse of 20 ml at the effluent volume 
corresponding to the maxima signals. 

 
Gamma detection part of the receptor 
 
The spectrum of Cs-134 in the gamma detection part of the receptor is shown in Figure 2. With 
regard to the spectrum obtained at the alpha-beta detection part of the receptor for this 
radionuclide, the position of the peak is located at slightly lower energies and the detection 
efficiency is clearly lower. This behaviour can be attributed to changes in geometry for the 
system sample-detector.  
 
It can be seen that in the gamma receptor the variation of the detection efficiency versus the 
volume pumped into the sensor is more pronunced than in the alpha-beta receptor.  
 
The variations in the signal detected as a consequence of changes in the volume of the 
contamination pulse show detection efficiency increasing and decreasing faster in the gamma 
than in the alpha-beta detection part of the receptor. For any contamination volume, the 
radionuclide is observed in the gamma detector just 1 ml after the introduction of the pulse in 
the stream, whereas this signal is not detected in the alpha-beta system until 4-5 ml later.  
 
 
Background in alpha-beta and gamma detection parts of the repector 
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Spectra of background registered at the gamma and alpha-beta detection parts of the receptor 
spread approximately over the same range of energies but the former does so with a slightly 
higher intensity. This fact could be related to the different size of both detectors. On the other 
hand, the coincidence spectrum of both systems shows a distribution similar to that obtained for 
each receptor (0.365 Bq). If we substract this value to the alpha-beta detection part of the 
receptor background we obtain the  reduction expected for background when the two detectors of 
the sensor operate in coincidence with a double transductor system (0.457Bq).  
 
Activity Determination 
 
The sensor’s ability to quantify radionuclides in liquid effluents was evaluated by determining 
the specific activity and the volume of the contamination pulse of several active solutions. For 
this purpose, the two detection parts of the systems were calibrated and then applied to the 
quantification of spiked solutions. Sr-90/Y-90, Cs-134 and Pu-240 were analyzed in the alpha-
beta detection part of the receptor, whereas the radionuclide quantified in the gamma detection 
part of the receptor was Cs-134.  
 
Sr-90/Y-90 in the Alpha-beta detection part of the receptor 
 
Calibration of the alpha-beta detection part of the receptor was performed by introducing a 
series of contamination pulses, between 0.2 to 20 ml and an infinite volume (included as 60 ml), 
in a continuous stream of the liquid effluent. For each case, the maxima signal and the (B-A) 
parameter were obtained from the profile of total signal versus the volume of liquid effluent. By 
using this information and the corresponding background spectra, the net signals and the 
detection efficiencies at the optimum window (1:189)  were calculated for each pulse and the 
two calibration models were built: detection efficiency versus (B-A) and volume of 
contamination versus (B-A). Calibration of the volume of contamination pulse versus (B-A) 
parameter shows a linear relationship with higher dispersion at volumes below 3 ml. 
 
Different scenarios can be considered in the application of these models: when the 
contamination pulse is very small (<< 5 ml), intermediate volumes (5- 15ml) and continuous 
contamination episode (> 15 ml). For very small contamination pulses, the detection efficiency 
can be as low as 5-10% and there is a good deal of uncertainty regarding the volume of the 
contamination. Also, in the continuous episode, detection efficiency is high and constant, around 
116%, and the contamination volume can be clearly established. In these two cases, detection 
limits can vary from 2.06 Bq/ml for a contamination pulse of 0.2 ml to 9.78 x 10-2 Bq/ml for a 
continuous contamination situation. 
 
The quantification capability of the sensor was evaluated at three activity levels and three 
contamination volumes, Table 1.  Relative errors obtained in the specific activity determination 
are mainly caused by the uncertainty associated with the determination of the (B-A) parameter 
and, therefore, of the detection efficiency in the optimum window for low contamination pulses. 
This behaviour could be expected whenever the contamination volume was smaller than 3-5 ml. 
Relative errors are also related to the activity level but, if the contamination pulse threshold of 5 
ml is overcome, the specific activity can be determined with relative errors lower than 6% (10% 
for low activity level). 
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Similar discussion holds true for the results achieved in the determination of the volume of the 
pulse contamination, Table 1. Thus, for contamination pulses of less than 3-5 ml, the relative 
errors rose to 65%, whereas when this volume increased, the amount of the contamination pulse 
could be determined with relative errors lower than 8%. 
 
These results indicate that contamination episodes of Sr-90/Y-90 in liquid effluents can be 
quantified in activity and volume whenever the pulse is not extremely small (< 5ml) and, even in 
these cases, the values determined could be considered a very good approximation to evaluate 
the importance of the contamination. 
 
Pu-240 in the Alpha-beta detection part of the receptor 
 
The behaviour found for Pu-240 is very similar to that already described for Sr-90/Y-90. 
Calibration was done following the same procedure and as in the case of Sr-90/Y-90, the 
detection efficiency in the optimum window (1:161) increases, as does the (B-A) parameter, to 
achieve a stationary value. In any case, the detection efficiency values for Pu-240 are very low, 
probably due to the short pathway of alpha particles. 
 
 The relationship between the volume of the contamination pulse and the (B-A) parameter is 
linear, as it was for Sr-90/Y-90, with an important scattering for volumes lower than 3-5 ml.   
 
Again three different situations can be established for a contamination episode. First, for very 
small contamination pulses (<5 ml), there is considerable uncertainty in the determination of the 
value of (B-A) parameter and, therefore, in the detection efficiency and in the volume of 
contamination. Additionally, the values of detection efficiency obtained are lower than 2.5%. 
The second situation corresponds to contamination volumes between 5 and 15 ml. In this case, 
efficiency increases up to 3.5% and the (B-A) parameter is better defined. Finally, for 
continuous contamination episodes, the detection efficiency can be considered to remain 
constant (around this same 3.5%). 
 
The detection limits calculated for the extreme situations of volume of contamination are 67.42 
Bq/ml, for pulses of 0.2 ml, and 2.68 Bq/ml for continuous contamination situations. 
 
Several test samples of different volumes and activity levels were analysed, Table 1. Unlike the 
Sr-90/Y-90 results, relative errors obtained for Pu-240 determination depend on both volume of 
contamination and activity level. It is clear that for low contamination volumes, e.g., 2 ml, the 
problems in finding out the value of the (B-A) parameter introduce an important error in the 
detection efficiency of the optimum window and, therefore, in the calculated activity value. For 
higher volumes, 7 ml, the (B-A) can be better established but the relative errors in the activity 
are up to 30%. Probably in this case the main problem comes from the low value of the 
detection efficiency for the alpha emitters. When the contamination volume is higher (12 ml) 
the determination of the activity is better established with relative errors of less than 10%. 
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TABLE I. Results obtained in the specific activity and volume of contamination quantification for different radionuclides. Values correspond to 
the optimum windows. 

 Low activity level Medium activity level High activity level 

Pulse V. (ml) 2 8 14 2 8 14 2 8 14 
Activity Error (%) -4.02 2.80 -9.38 -10.22 0.13 -6.38 17.89 -1.37 -1.97 Sr-90/Y-90 (alpha- 

beta detection part 
of the receptor) Pulse V. Error (%) 61.52 -5.82 7.53 64.95 -2.46 -3.38 41.79 -0.50 -3.30 

Pulse V. (ml) 2 7 12 2 7 12 2 7 12 
Activity Error (%) 26.37 29.70 -8.98 265.86 28.15 3.24 - -1.77 -9.35 

Pu-240 (alpha- beta 
detection part of 

the receptor) Pulse V. Error (%) 37.05 -23.35 -18.01 27.23 -18.19 -13.09 -10.43 0.83 13.62 

Pulse V. (ml) 2 7 12 2 7 12 2 7 12 
Activity Error (%) 42.81 1.87 4.12 -5.79 -6.17 -9.22 -52.29 6.24 4.28 

Cs-134 (alpha- beta 
detection part of 

the receptor) Pulse V. Error (%) 19.85 -2.85 -5.51 36.40 -1.49 -5.21 26.06 -10.00 -7.37 
Pulse V. (ml) 2 7 7 7 12 

Activity Error (%) -26,82 0,44 15.52 9,21 -7,24 
Cs-134 (gamma 
detection part of 

the receptor) Pulse V. Error (%) 115.88 -1.21 -6.35 0.02 -2.76 
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The same behaviour can be found in the determination of the volume of contamination. 
For very small pulses, relative errors are up to 38%; for 7 ml pulses and low and 
medium activity levels relative errors are up to 24% and for volumes of 12 ml the 
values decrease to a maximum of 18%. The best result is obtained for 12 ml and high 
activity level: 13%. 
 
These values allow the quantification of contamination episodes of Pu-240 in liquid 
effluents with relative errors of less than 13% except for very small pulses that can also 
be determined but with higher errors. 
 
Cs-134 in the Alpha-beta detection part of the receptor      
 
Calibration and quantification of Cs-134 solutions in the alpha-beta detection part of 
the receptor were done as in the two previous cases.. 
 
The relationships of detection efficiency at the optimum window (1:202) and volume of 
contamination versus the (B-A) parameter are similar to those described for Sr-90/Y-90 
and Pu-240. The difference, in this case, is that the stationary situation for detection 
efficiency is achieved for (B-A) values around 10 ml instead of 20 ml probably due to 
the gamma component of this radionuclide. 
 
Calibration of contamination volume versus (B-A) shows the same problems pointed 
out in the two previous radionuclides: the important scattering in (B-A) determination 
for volumes of less than 3-5 ml. 
 
This fact allows us to establish, in this case as well, three situations in the analysis of a 
contamination pulse: small pulses (<5 ml), with detection efficiency lower than 15%; 
large contamination volumes (> 10ml), with detection efficiency constant around 20%, 
and the intermediate situations (5-10 ml), with intermediate efficiencies. The limits of 
detection for the extreme volumes are 16.22 Bq/ml for 0.2 ml and 0.78 Bq/ ml for 
continuous contamination. 
 
The results obtained in the quantification of the activity and the volumes of 
contamination episodes are shown in Table 1. The most important relative errors in the 
activity determination are found when the volume of the contamination pulse is very 
small (2 ml). In this case, relative errors can be up to 50%. Again, the origin of this 
problem could be related to the difficulties in determining (B-A) values in addition to 
the low values of detection efficiency for these short episodes. For larger contamination 
volumes at any activity level, the relative errors obtained are always less than 10%. 
 
Similar behaviour can be observed in the determination of the volume of the 
contamination pulse. For very short pulses (2ml), the relative errors can be as high as 
40%, whereas when the volume is larger the errors decrease to maximum of 10%. 
 
These results show the capability of the alpha-beta receptor to quantify the activity and 
the volume of any contamination episode of Cs-134 but also of Sr-90/Y-90 and Pu-240 
in liquid effluents with acceptable relative errors whenever the volume considered is 
not very small (< 5ml). For these cases, detection of the contamination is achieved and 
quantification errors are higher.  
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Cs-134 in the gamma detection part of the receptor 
 
The characteristic of beta and gamma emitter of the Cs-134 radionuclide allows its 
detection in the gamma detection part of the receptor. 
 
Calibration and quantification of this isotope was done, in this case, by following the 
same procedure as in the alpha-beta detection part of the receptor. The relationship 
between detection efficiency at the optimum window (13:81) and volume of 
contamination versus (B-A) parameter follow the same patern already described for the 
previous isotopes. Extreme values of detection efficiency for short and continuous 
contamination are 0.04% and 1.3 %. These values are very low and imply detection 
limits of 114 Bq/ml, for pulses of 0.2 ml, and 2.95 Bq/ml for continuous contamination. 
 
The capability of the gamma detection part of the receptor was evaluated by 
quantifying spiked contamination pulses of 7 and 12 ml. Relative errors obtained in 
activity and volume determinations are less than 15% and 7 % respectively (Table 1). 
The already described limitation related to the (B-A) values for short contamination 
pulses is the factor responsible for the relative error obtained for activity, 25%, and 
volume, 115%, quantification in a 2 ml pulse. On the contrary, very good results are 
achieved for a pulse of 12 ml and high activity level: 7%, for activity, and 3 % for 
volume.  
 
In spite of the low detection efficiency, these values show the capability of the gamma 
receptor to quantify contamination pulses of Cs-134 whenever the volume of the 
contamination is higher than 5 ml. 
 
CONCLUSIONS 
 
The radiochemical sensor developed can be applied to the determination of alpha, beta, 
and beta-gamma radionuclides included in liquid effluents. 
 
Specific activity and volume of a contamination pulse can be simultaneously 
established following the profile of the continuous signal detected. 
 
Relative errors in the activity and volume quantification of Sr-90/Y-90 and Cs-134 in 
the alpha-beta receptor are always lower than 10% for contamination pulses higher than 
3-5 ml. For the alpha emitter Pu-240, the relative errors obtained are, in general, less 
than 15%. Cs-134 has also been quantified in the gamma receptor with similar values. 
 
These results illustrate the capability and flexibility of the sensor designed to detect and 
determine successfully on-line, remotely, and continuously the presence of different 
types of radionuclides in a liquid stream for contamination pulses higher than 5ml and 
specific activities up to 1 Bq/ ml. 
 
The minimum volume and detection limits will improve with new designs adapted to 
specific problems.  
 
ACKNOWLEDGEMENTS 

11 



WM2008 Conference, February 24-28, 2008, Phoenix, AZ. 

12 

The authors wish to thank the Ministerio of Ciencia y Tecnología for financial support 
(Grant PPQ-2002-00264) and the University of Barcelona for a training grant in 
research and teaching. 
 
REFERENCES 
 
1. Murray R. L.; Understanding Radioactive waste, 5th Ed; Batelle Press: Richland. 

WA, 2003 
2. Einsenbud, M.; Environmental Radioactivity from Natural, Industrial and Military 

Sources, 4th Ed; Academic Press, 1997. 
3. Lieser, K. H.; Nuclear and radiochemistry: fundamentals and applications; 2nd, 

rev. Ed. Berlin : Wiley-VCH, 2001 
4. Silini, G. The 1988 UNSCEAR report. Energia Nucleare (Rome) (1988), 5(3), 9-27. 
5. Vandecasteele, C. M. Journal of Environmental Radioactivity (2004), 72(1-2), 17-

23.   
6. Cosemans, Ch.; De Goeyse, A. WM'98 Proceedings, Tucson, AZ, United States, 

Mar. 1-5, 1998, 139-153.  
7. Comprehensive Nuclear-Test-Ban Treaty, www.ctbto.org 
8. Control y Vigilancia radiológica de efluentes líquidos y gaseosos emitidos por 

centrales nucleares. Guia de Seguridad del Consejo de Seguridad Nacional (CSN). 
nº 1.4 (Rev.1)  

9. Schulze, J.; Auer, M.; Werzi, R. Applied Radiation and Isotopes (2000), 53(1-2), 
23-30. 

10. Bowyer, T. W.; Abel, K. H.; Hubbard, C. W.; McKinnon, A. D.; Panisko, M. E.; 
Perkins, R. W.; Reeder, P. L.; Thompson, R. C.; Warner, R. A. Journal of 
Radioanalytical and Nuclear Chemistry (1998), 235(1-2), 77-81. 

11. Faanhof, A.; Kotze, D. Journal of Radioanalytical and Nuclear Chemistry (2003), 
257(1), 149-152.   

12. Fontaine J P; Pointurier F; Blanchard X; Taffary T. Journal of environmental 
radioactivity (2004), 72(1-2), 129-35.   

13. Perkins, R. W.; Schilk, A. J.; Warner, R. A.; Wogman, N. A. U.S.  (1995), 19 pp. 
Patent written in English. Application: US 93-110284 19930819.  

14. Schilk, A. J.; Knopf, M. A.; Thompson, R. C.; Hubbard, C. W.; Abel, K. H.; 
Edwards, D. R.; Abraham, J. R. Nuclear Instruments & Methods in Physics 
Research, Section A: Accelerators, Spectrometers, Detectors, and Associated 
Equipment (1994), 353(1-3), 477-81.  

15. Tarancón, A.; García, J.F. Rauret, G. Analytica Chimica Acta 2002, 463(1), 125-
134.  

16. Tarancón, A.; Alonso, E.; García, J.F. Rauret, G. Analytica Chimica Acta 2002, 
471(1), 135-143. 

17. McCormick, J.W. Liquid Scintillation counting and organic scintillators, Lewis 
publisher’s inc., Chelsea, 1991 pp. 561-571.  

18. Birks, J.B. The theory and practice of Scintillation counting. Pergamon press, 1964, 
Chapter 9. 

19. Tarancón, A.; García, J.F. Rauret, G. Feasibility study of a new radiochemical 
sensor for liquid effluents. Part I. Submitted to Analytica Chimica Acta. 

20. Tarancón, A.; Padró, A.; García J.F. and Rauret, G. Development of a radiochemical 
sensor Part 2. Application to liquid effluents. Submitted to Analytica Chimica Acta. 

 

http://eclipsi.bib.ub.es/cgi-bin/vtls.web.gateway.20?searchtype=author&conf=080000++++++++++++++&searcharg=Lieser%2c+Karl+Heinrich

