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Abstract: Article info: 
In order to validate the laboratory routine procedure of 

tritium activity concentration determination in tissue free 

water of environmental samples, parallel measurements 

were performed in water extracted from wild vegetation by 

two methods: azeotropic distillation and lyophilization 

(recommended by a French standard method). The sample 

humidity was established using the drying procedure to 

constant mass of the sample, and isotopic effect that may 

occur during lyophilization procedure was investigated by 

deuterium ratio determination in sample and extracted 

water. Traces of toluene in extracted water by azeotropic 

distillation made deuterium ration determination useless. 
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1. INTRODUCTION  
 

Tritium is produced both by a natural process, the interaction of cosmic rays with the 

atmosphere, and by anthropogenic processes (in nuclear reactions). More than 80 percent 

of tritium in the environment was released in the 1950s and early 1960s by above-ground 

nuclear weapons testing in many countries. Bomb-generated tritium decayed following 

physics laws, and was washed-out of the atmosphere by rain during the 1970s and 1980s. 

By 1990 to 1992, tritium in precipitation in North America had reached low levels that 

have since remained around 9 TU in Albuquerque (Eastoe et al., 2012). Same level (taking 

account of measurement uncertainties), around 10 TU, can be found in Central Europe 

(International Atomic Energy Agency, 2020). Tritium is also used in a variety of consumer 

products, such as illuminated watches, thermostat dials, and airplane exit lights. Both the 

natural and man-made sources have contributed to a world-wide “background” level of 
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tritium, around 1-4 Bq/l of water extracted from environmental samples (Institute de 

Radioprotection et de Sureté Nucleaire, 2020).   

The Experimental Pilot for Tritium and Deuterium Separation (PESTD) from 

heavy water is a research nuclear facility. One of the main task of Tritium Laboratory, 

part of PESTD, is to monitor tritium effects in the environment. There are two modes 

that PESTD releases can interact with the environment: by liquid effluents through 

sewage, and by gaseous effluents through atmospheric releases. By establishing 

environment tritium level in a complex monitoring program, can be demonstrated 

compliance with Romanian national regulations (National Commission for Nuclear 

Activity Control, 2000) for nuclear facility. As part of this program, PESTD collects 

hundreds of samples throughout the year and analyzes them for tritium activity 

concentrations. Samples are collected both in the surrounding PESTD communities and 

onsite (Varlam et al., 2017). Tritium measurement must be performed in a variety of 

samples as: air, rainwater, vegetation, soil, surface water, drinking water, river sediment, 

aquatic plants, fish, and food products from surrounding communities. 

The aqueous form of sample is usually prepared for tritium measurement, whether it 

is a gaseous sample, liquid sample, or assimilated in living organisms as tissue free water 

tritium and organically bound tritium (United Nations Scientific Committee on the Effect 

of Atomic Radiation, 2016). The liquid scintillation method is preferred method for tritium 

activity concentration measurement in aqueous samples, this method being an ISO 

standard method (ISO 9698, 1998) since 1998, during this period undergoing different 

revisions, the last version being in 2019 (ISO 9698, 2019). In July 2016, l’Association 

Française de Normalisation (AFNOR) published a standard method (XP M 60-824, 2016) 

for tritium measurement in tissue free water of environmental samples and organically 

bound tritium. Recommended method of free water extraction from environmental samples 

is lyophilisation. This method has an important drawback, it is time consuming, this 

property being an essential disadvantage in a monitoring program where many food 

products are concentrated during the summer months.  

The routine procedure applied in Tritium Laboratory for water separation from 

environmental samples uses azeotrope distillation (Varlam et al., 2011). Toluene was 

chosen as solvent of this procedure due to compatibility of aromatics hydrocarbons with 

the liquid scintillation cocktail used in the measurement process. Water’s azeotropic 

distillation is common used in oil industry, and was applied in the early tritium monitoring 

program (Moghissi et al., 1973). Despite the fact that distillation under various temperature 

and pressures is one of the common water separation techniques from various type of 

samples, different biases of tritium concentration were reported (Le Goff et al., 2014). If 

the distillation procedure is not conducted to the final stage, biases may be introduced as a 

results of isotopic effect. These biases increase as the temperature decreases. If the 

distillation is conducted to complete dryness, sample decomposition may occur resulting 

chemiluminescent phenomenon and/or quenching in liquid scintillation counting. In order 

to investigate method influence on water extracted from environmental samples in the 

subsequent liquid scintillation counting, wild vegetation was prepared using lyophilisation 

and azeotrope distillation. The extracted water was measured using the laboratory routine 

procedure of tritium measurement and the results were compared. Deuterium 

measurements were also performed in samples and extracted water by the two methods in 

order to evaluate isotopic effect.  
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2. EXPERIMENTAL 
 

2.5kg of wild vegetation were collected from the Institute yard. The amount was 

chopped and homogenized being discarded roots and woody steams. It was split in seven 

aliquots of around 320g each, sealed in bags and frozen. Simultaneous were prepared 

from the same bag 100g of vegetation for azeotrope distillation, 100g for dry in oven, 

100g for lyophilisation, and 20g for deuterium measurement.  The ratio sample/toluene 

was 1/3, and azeotrope distillation was performed using a LABOROTA 4200 rotary 

evaporator system, fig.1.  

 

 

Figure 1. Azeotropic distillation using LABOROTA 4200 equipment 

 

In order to establish the sample humidity, 100g of wild vegetation were dried in the 

oven at 60
0
C until constant mass. The fresh and dried samples were weighted using a 

calibrated balance (OHAUS Explorer Pro EP413CM). The lyophilisation process was 

performed using a home-made lyophilisation installation. Samples were placed in 500ml 

flask, frozen with liquid nitrogen, and Tissue Free Water Tritium (TFWT) was 

cryogenically transferred under vacuum of 10-2mbar, fig. 2. Time consumed for this 

procedure was around 12 hours. 
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Figure 2. Home-made lyophilisation installation 
 

 

The deuterium isotopic ratio was determined using the Gas Bench II device 

together with Continuous Flow Isotope Ratio Mass Spectrometer (CF-IRMS) Delta V 

Plus (Thermo Electron, Bremen-Germany). The Gas Bench II is a flexible continuous 

flow preparation device and inlet system with repetitive loop injection of gases. It is 

supported by a robotic auto sampler and using septum-sealed sample vials (Costinel et 

al., 2009). The 
2
H/

1
H ratio is measured and reported as δ

2
H. The analytical uncertainty 

was ± 1‰. Laboratory standards (surface, ground and distilled waters at natural level) 

were used for δ
2
H analyses, periodically measured against international reference 

materials supplied by the International Atomic Energy Agency (IAEA) Vienna, the 

primary reference being V-SMOW (Vienna Standard Mean Ocean Water) and VSLAP 

(Vienna Standard Light Antarctic Precipitation) (Popescu et al., 2015).  

TFWT was measured using the laboratory routine procedure that follows standard 

method recommendations. 8g of purified water was mixed with 12g of scintillation 

cocktail Ultima Gold uLLT (Perkin Elmer) in polyethylene vial of 20 ml. The 

background samples was prepared using Deuterium depleted water (5ppm D/D+H). The 

liquid scintillation spectrometer was Quantulus 1220 (Perkin Elmer). The counting 

efficiency was evaluated by internal standard method (Varlam et al., 2009), using diluted 

Tritiated water provided by Perkin Elmer (certified activity of 2632100 ± 3.208% 

disintegration per minutes/g, reference date June 2017). The samples and background 

were measured 10 cycles with 50 minutes counting time/cycle. During the measurement 

batch, the counting efficiency was 28.8%, and the background was 0.847 ± 0.04 counts 

per minutes, at the best figure of merit. The detection limit according standard method 

was below 0.4Bq/l. The reported uncertainty is calculated according tritium standard 

recommendations. 

 

3. RESULTS AND DISCUSSION 

 

Due to different species present in the wild vegetation sample, and expected 

different behavior during the lyophilisation process, first comparison is between 
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humidity established by the two methods: drying in oven to the constant mass and 

lyophilisation, table 1. The reported uncertainty is calculate taking account the repeated 

weighing of the sample.  

 
Table 1. Sample humidity established by two methods: oven drying and lyophilisation 

Sample Oven drying humidity[%] Lyophilisation humidity [%] 

1 81.1 ± 2.5 79.7 ± 2.4 

2 83.3 ± 2.5 81.2 ± 2.4 

3 80.3 ± 2.5 79.9 ± 2.4 

4 82.3 ± 2.5 80.8 ± 2.4 

5 82.5 ± 2.5 81.6 ± 2.4 

6 84.8 ± 2.5 84.8 ± 2.5 

7 83.4 ± 2.5 82.8 ± 2.5 

Mean 82.5 ± 2.5 81.5 ± 2.4 


 1.49 1.78 

*reported standard deviation  was calculated using all 7 values of humidity, for the two methods used. 

 

The reported means are the same for the two methods in the declared uncertainties. 

Observed standard deviation is lower than the reported uncertainty for each method. Less 

extracted water from the sample can be see for lyophilisation, e.g. sample 1, sample 3, and 

sample 4 (lower humidity). This can induce an isotopic effect. In order to identify this 

phenomenon deuterium ratio determinations were performed in frozen sample, in water 

extracted by lyophilisation, and in water extracted by azeotrope distillation, table 2. 

 
Table 2. Deuterium ratio for sample, water extracted by lyophilisation and azeotrope distillation 

Sample δ
2
H of sample 

[‰] 

δ
2
H of lyophilized water 

[‰] 

δ
2
H of azeotrope distilled water 

[‰] 

1 - 29.89 ± 1.20 - 29.92 ± 1.20 - 45.34 ± 1.81 

2 - 30.17 ± 1.21 - 34.42 ± 1.38 - 49.21 ± 1.97 

3 - 33.77 ± 1.35 - 26.26 ± 1.05 - 38.09 ± 1.52 

4 - 35.03 ± 1.40 - 35.05 ± 1.40 - 53.67 ± 2.15 

5 - 32.57 ± 1.30 - 32.89 ± 1.32 - 45.48 ± 1.82 

6 - 34.63 ± 1.39 - 33.78 ± 1.35 - 49.75 ± 1.99 

7 - 35.30 ± 1.41 - 35.79 ± 1.43 - 48.27 ± 1.93 

Mean -33.05 ± 1.32 -32.59 ± 1.30 -47.12 ± 1.88 

 

The frozen samples had a mean of - 33.05± 1.32‰ deuterium ratio varying between        

- 29.89 ± 1.20‰ and - 35.30 ± 1.41‰, values that can be explain by the presence in different 

proportion of different species and different growth stage. The extracted lyophilized water had 

a mean of -32.59 ± 1.30‰ deuterium ratio very close to that of frozen sample. Instead, its range 

of variation is wider between - 26.26 ± 1.05‰ and - 35.79 ± 1.43‰. The isotopic effect can be 

seen for sample 3, due to les extracted water (its humidity is lower than established mean) 

heavy isotopes remain trapped in the sample and deuterium ratio of extracted water was 

enriched at - 26.26 ± 1.05‰, comparing with the value of the same frozen sample, - 33.77 ± 

1.35‰. This behavior was observed for one sample only, all the other values being in the 

accepted uncertainties. Despite the special treatment of water extracted by azeotrope distillation 

(it was passed through active charcoal) the trace of toluene remained as a mark on deuterium 

ratio, the mean being -47.12 ± 1.88‰, much depleted than that of frozen samples and 
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lyophilized samples.  This measurement did not give any useful information on isotopic effect 

in azeotrope distillation. 

Regarding tritium concentration of the samples, the extracted water by the two 

methods was measured applying the laboratory routine procedure for aqueous sample 

described above. Conversion to fresh sample was obtained using the humidity established 

by constant mass procedure. The results are presented in table 3. 

 
Table 3. Tritium activity concentration in wild vegetation obtained by  

azeotrope distillation and lyophilisation 

Sample Tritium activity concentration – 

azeotrope distillation  [Bq/kg fw] 

Tritium activity concentration – 

lyophilisation [Bq/kg fw] 

1 1.98 ±  0.46 1.86 ±  0.45 

2 1.65 ±  0.47 2.14 ±  0.47 

3 1.99 ±  0.46 1.43 ±  0.44 

4 1.92 ±  0.47 1.70 ±  0.45 

5 2.09 ±  0.47 1.67 ±  0.46 

6 1.64 ±  0.47 2.67 ±  0.50 

7 2.85 ±  0.50 1.61 ±  0.46 

Mean 2.02 ± 0.47 1.82 ±  0.46 


 0.40 0.42 

*reported standard deviation  was calculated using all 7 values of tritium activity concentration obtained after 

applying the two mentioned methods 

 

Tritium values for azeotrope distillation had a mean of 2.02 ± 0.47Bq/fw with a 

range of variation between 1.64 ± 0.47Bq/fw and 2.85 ± 0.50Bq/fw. The mean for 

lyophilisation was 1.82 ± 0.46Bq/fw, difference between the two means being 0.2Bq/fw 

smaller than the reported uncertainty. Its range of variation was similar to the azeotrope 

distillation, between 1.43 ± 0.44Bq/fw and 2.67 ± 0.50Bq/fw. Standard deviation of the 

batch of seven samples was also lower than reported uncertainty, proven the capacity to 

obtain the valid results by both procedures. No isotopic effect was observed due to the 

statistical nature of radioactive decay, which attached a higher uncertainty to the 

measurement comparing to deuterium ratio determination. 
 

4. CONCLUSIONS 
 

The French standard method recommends lyophilisation for the extraction of water from 

environmental samples, method which is time consuming. In order to validate the laboratory 

routine procedure that uses azeotrope distillation, parallel measurements on wild vegetation were 

performed. Close results were obtained by the two investigated methods, difference being less 

than reported uncertainty. Isotopic effect was observed only to deuterium ratio determination, to 

one sample with water extracted by lyophilisation. The uncertainty attached due statistical nature 

of disintegration makes tritium measurement insensitive to isotopic effect, especially for 

environmental samples were level can be near or lower than the limit of detection of the liquid 

scintillation method. 
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