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Abstract. A fast responding Tritium-in-Air monitor with multi stream sampling up to a maximum of 8 lines 
has been developed and field tested for continuous area monitoring in Pressurised Heavy Water Reactors 
(PHWRs) and other tritium handling facilities. The instrument has built in electronic compensation for external 
gamma and gaseous radionuclide 133Xe (FPNG).   The monitor is based on plastic scintillator detector prepared 
from 5μm thick scintillator film of surface area (each side) of about 250 cm2. Four such films of each weighing 
150 mg are packed in a flow cell of 6.3 cm3 volume, made of stainless steel body and Teflon window. The flow 
cell is coupled face to face to a matched pair of photomultipliers. Measurement is made in coincidence mode of 
counting. The complete monitor consists of electronic counting system, the detector probe assembly, a 
diaphragm type of air sampling pump, a particulate filter trap and a rotometer for controlling the air flow rate. 
For multi stream sampling an external solenoid driver cum isolation unit has been integrated with the system. 
The efficiency for Tritium vapour for direct passage of sample air through the detector is ~22%. The instrument 
records 0.2 cps under normal gamma background of 0.1 - 0.2 μSv/hr, without shielding. With the detector fully 
shielded (~ 10cms. thick lead), the instrument does not register significant increase in the background counts 
with 200 μSv/hr ambient gamma field. Under conditions of gaseous radionuclide interference such as 133Xe (26 
MBq/m3 concentrations) the MDA rises to ~ 1 DAC for a counting time of 300 s. The MDA under ideal 
conditions is found to be 0.2 DAC for Tritium vapour. The sensitivity of the system is 0.4 CPS per DAC. The 
instrument response time is 10 minutes. 
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1. Introduction 
 
In PHWRs, tritium release in reactor environment constitutes the major radiation hazard.  The 
predominant mode of tritium production in heavy water reactors is neutron activation of deuterium in 
heavy water coolant and moderator.  Tritium is the major source of air borne activity inside reactor 
building in the event of the leakages from the systems. Continuous monitoring of tritium activity 
inside the reactor building is important for collective dose control and to avoid inadvertent exposure 
to tritium. Also in tritium handling facilities where large quantities of tritium are handled, usually 
double containment ensures protection to the worker and environment.   Usually the working 
environment is the area which normally requires tritium monitoring for radiological protection.   
 
Tritium is the only radioactive isotope of Hydrogen that decays with a half life of 12.33 years.  It 
emits beta particles of 18keV maximum energy and average energy 5.7 keV.  Its maximum range in 
air and water is 5 mm and 6 micron respectively.  It mainly occurs either in elemental form (T2, HT, 
DT) or in water vapour form (HTO).  Tritium can lead to internal contamination of workers through 
respiration, ingestion and absorption through skin.    
 
Over the years different types of tritium-in-air monitors have been developed and reported by 
different designers. Gamma compensated ionization chambers are widely used in tritium-in-air 
monitors [1]. But ionization chamber type of monitor performs poorly in presence of gaseous 133Xe 
concentrations of the order 107 Bq/m3 or more, which may exist in certain areas of PHWRs. Nafion 
based monitors have been reported in Refs [2, 3]. Nafion, a material developed by Du pont has a good 
permeability to water vapour than to other gases. The permeation rate of HTO is more than 10 times 
greater than that of HT [4]. The material has been used to construct tritium monitors with high 
discrimination ratios. The major problem with this method is the response time, an inherent 
characteristic of the diffusion process. Of late commercially available systems have used Nafion 
membrane for separation of gaseous 133Xe from air stream. 
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The low energy of tritium beta particles presents considerable difficulty in continuous monitoring, 
especially when the monitoring has to be carried out in presence of interfering gaseous radionuclide 
such as 133Xe and gamma background.  This paper describes the development of a reliable, fast 
responding and sensitive system for continuous tritium in air monitoring in the presence of earlier 
mentioned interferences.  
 
2. Flow cell Detector Design 
 
The key element of the tritium-in-air monitor is a flow cell of 48 mm internal diameter, 3.5 
mm depth and 6.3 cm3 volume [5]. The flow cell is made of stainless steel body, has 0.5 mm 
thick virgin Teflon windows of 48 mm diameter on both the faces and is coupled to a 
matched pair of high gain photomultipliers type ET 9235SA, face to face. The flow cell is 
packed with 600 mg of 5 micron thick plastic scintillator films [6, 7].  Figure 1 gives the 
sketch of the flow cell.  The cocktail for scintillator film is prepared by dissolving plastic 
scintilltor NE102 in a mixture of methyl acetate and amyl acetate [8, 9].  The films are 
formed on water surface by using this cocktail.  Each film sheet weighs 150 mg and the 
surface area (excluding the holes) is about 250 cm2.  Four such films are stuffed in the cell 
one after the other and the cell is screwed air tight, keeping the Teflon windows in position.  
Since Teflon functions well as light guide [10] and also as self-gasket, Teflon is preferred 
over glass or Perspex.    
 
 Figure 1. Sketch of the Flow Cell             
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3. System Description  
 
The monitor is used for continuous measurement of tritium in the form of vapour (HTO) and 
HT gas.   Air is continuously pumped through the flow cell after passing through a particulate 
filter trap by means of a diaphragm type pump at 1 to 2 l/min.    
 
The photomultipliers have high anode sensitivity and low dark current. High photomultiplier 
sensitivity is required because the maximum energy of tritium betas is only 18 KeV. 
Measurement of tritium is carried out in the coincidence mode of counting. Scintillations 
produced by the tritium betas in the detector are seen by the two photomultipliers 
simultaneously resulting in coincidence pulses. The pulses from the individual 
photomultipliers are suitably amplified and shaped. The gain of the amplifiers is such that 
about 90% of tritium pulses have amplitude less than 8 volts. Pulses produced by background 
gamma radiation as well as other beta emitting radio nuclides in the sample are mostly larger 
in amplitude and most of them get amplified to greater than 9 volts or saturation levels. It is 
thus possible to electronically discriminate such pulses from tritium pulses by providing a 
tritium window. The electronic system has been designed to furnish coincidence output in 
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two channels. The lower channel covers all tritium betas up to 18 KeV.  The upper channel 
covers beta particles of energies greater than 18 KeV and gamma background. The coincident 
pulses are counted by means of a microcontroller based counting circuit.   
 
The instrument is calibrated by passing tritiated water vapour through the flow cell.  Tritiated 
vapour is obtained by bubbling air through standard activity of tritiated water.  The vapour is 
passed at a known flow rate for about 30 minutes.  The tritiated water vapour from flow cell 
outlet is trapped in distilled water bubbler of known volume (200 cc) for a known time 
interval.  After the experiment the activity concentration of the bubbler trap is determined by 
liquid scintillation counting.  The calibration factor is obtained from the net average count 
rate in the tritium channel and the air activity passed through the flow cell.  Air activity is 
displayed in DAC.   
       
4. The counting system Electronics 
 
The Photomultiplier signals are processed by a counting system that consists of high and low 
voltage power supplies, linear amplifiers, Differential discriminators, coincidence analyzer 
and a microcontroller based counting circuit. The microcontroller has peripheral chips like 
RTC, Serial EEPROMS, RS-232C interface and 4-20mA current loop. It is also connected 
through its I/O port to a display module, a hex key pad and an alarm output. The figure 2 
shows the block diagram of the counting system. 
 
 Figure 2. Block diagram of Tritium-in-Air Monitor  
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For multi-stream sampling an external solenoid driver cum isolation unit has been integrated with the 
system.  The selection of the sampling line sequence is controlled by micro-controller with the help of 
application software.  
 
4.1 Instrument settings 
 
 The background measurement is done by passing tritium free air through the flow cell.  The count 
rate in the tritium channel (CH 1) and in the higher energy channel (CH 2) are recorded and stored in 
the memory.  The system is run by application software which is menu driven and user friendly.  With 
the help of key pad all parameters like counting time, number of counting cycles, alarm level, 
calibration factor and background can be set.  Calibration and background measurements can be done 
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by software routines.  In case of interference from gaseous 133Xe, the ratio of CH 1/CH 2 net count 
rate is referred to as ‘k’ factor under tritium free condition.  With the help of the soft ware it is 
possible to determine the ‘k’ factor and store the value for all future measurements.  Under such 
condition the software can calculate the minimum measurable activity using an algorithm.  All 
measurements below detection limit will be displayed as < MDA (in DAC value), however in all other 
cases the actual value is displayed in DAC.  
 
5. Results and discussions 
 
 The system was field tested in different plants and is in use continuously.   The efficiency for 
Tritium vapour for direct passage of sample air through the detector is 22%. The instrument 
records 0.2 cps under normal gamma background of 0.1 - 0.2 μSv/hr, without shielding. With the 
detector fully shielded (~10cms. thick lead), the instrument does not register significant increase in the 
background counts with 200 μSv/hr ambient gamma field. Under conditions of gaseous 
radionuclide interference such as 133Xe (26 MBq/m3 concentrations) the MDA rises to ~ 1 
DAC for a counting time of 300 s.  .  The counting unit, the matched PMTs and the flow cell 
with the plastic scintillator films enable tritium-in-air monitoring in presence of 133Xe mainly 
because the betas of energy 380 KeV are mostly counted in channel 2 (CH2). Only the spill 
over, which is a small fraction of CH2 counts (K factor) is counted in tritium channel (CH1).  
More over the counting efficiency for 133Xe betas is just 10% and the spill over in tritium 
channel, the interference, is just a fraction 0.11 of CH2 counts.  So even if the 133Xe 
concentration is of the order of 26 MBq/m3 the count rate in tritium channel due to the 
interference of 133Xe is just 1.8 cps which ultimately results in increasing the MDA to ~ 1 
DAC. For gamma background the microprocessor automatically subtracts counts equal to the 
background counts and for 133Xe interference a fraction of CH2 counts is automatically 
subtracted from CH1 counts. 
 
The MDA under ideal conditions is found to be 0.2 DAC for Tritium vapour. The sensitivity 
of the system is 0.4 CPS per DAC. The instrument response time is 10 minutes.  The 
minimum detectable activity will be ~7DAC under specific condition when the 133Xe 
concentration rises to ~2000 MBq/m3.   Table 1 gives Comparison of tritium measurement by 
cold strip/bubbler method and tritium-in-air monitor and Fig.3 shows the response of the system 
with respect to the activity measured by cold strip/bubbler method.  The long term stability 
and reproducibility was found to be satisfactory.   
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Table 1. Comparison of tritium measurement by bubbler method and tritium-in-air monitor. 
 
  
 

                                                                   

Cold strip /  
Bubbler  

DAC ± 1σ 

Tritium 
Monitor 

DAC ± 1σ 

% deviation 

  
0.241  ±  0.045 

0.981 ± 0.090 

4.688 ± 0.200 

7.542 ± 0.251 

9.905 ± 0.287 

13.162 ± 0.331 

18.006 ± 0.387 

31.481 ± 0.512 

47.862 ± 0.632 

61.578 ± 0.716 

 
0.2 ± 0.001 

0.9 ± 0.002 

4.5 ± 0.004 

7.8 ± 0.005 

10.2 ± 0.006 

13.5 ± 0.007 

18.4 ± 0.008 

32 ± 0.010 

48.5 ± 0.012 

62.3 ± 0.014 

84.5 ± 0.016 

20.41241 

9.03877 

4.17975 

-3.30265 

-2.89109 

-2.50313 

-2.14098 

-1.62187 

-1.31406 

-1.15888 

83.66 ± 0.835 -0.99407 

97 ± 0.018 96.099 ± 0.895 

 

-0.92832 

 
Figure 3. Monitor response with respect to estimated activity. 
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