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ABSTRACT: Tritium in the environment is of natural or man-made origin. Tritium is a radioactive isotope that 

occurs in the environment and is associated with the interaction of cosmic ray in the atmosphere. However, the 

most significiant sources of tritium in the environment results from nuclear weapons testing in the atmosphere 

carried out during the late 1950s and early 1960s. Today, the most important new sources of tritium in the 

environments, such as power stations, processing and using of isotopes released the local tritium. The objective 

of this study is the application of the liquid scintillation technique to tritium analysis in water samples (rain, 

and surface waters). Following the Eichrom Tritium Column technique, an aliquot of the passed tritium resin 

sample (10 mL) is mixed with 10 mL of scintillation cocktail (Ultima Gold LLT, Packard) in 20-mL plastic- 

container vials and the sample activity is determined using a liquid scintillation spectrometer, Tri-carb 

3180TR/SL. Counting efficiency is evaluated with internal standards. The tritium concentrations of water 

samples that were collected from DaLat, Lamdong range between 0 to 36.2 TU.  
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1.  INTRODUCTION 

Now, liquid scintillation counting is the most popular method to measure the tritium 

concentration in the low level environmental samples. It takes, however, much time with a lot of 

doing to distill off the impurities in the sample before mixing the sample with the liquid scintillation 

cocktail.  

In the present work, a low background liquid scintillation system detector Tri-carb 

3180TR/SL is used to determine tritium concentration in some different types of water: drinking 

water, precipitation and surface water. Establishing an appropriate routine procedure for tritium 

measurement in water sample was the main goal of our study. In the light of it, we integrated in 

investigate optimal procedures such as counting region optimization under variable quench 

conditions in order to improve the limit of detection; established the analytical protocol of tritium 

concentration in water using EiChrom tritium column method and liquid scintillation spectrometer. 

The process would include collection, storage, preparation/extraction of the sample, the preparation 
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for counting and the actual sample counting. The goal of the optimization would be to attain an 

adequate tritium determination. The investigated method for measurement of tritium concentration 

in water is time saving, sensitive, and can be applied for all types of water. 

Eichrom's Tritium Column is designed to replace distillation for most routine tritium 

analyses of aqueous samples. The column works by removing potential interferences in the LSC 

spectrum, just as distillation does. It is not intended to be an enrichment procedure, and as such, it 

should be used only in situations where the required detection limit can be achieved by the direct 

counting of a 10 mL aliquot of the sample (plus cocktail) processed through the tritium column. 

Fig.1 shown the composition of the Tritium Column explains the purpose and capacity of 

each component. The Diphonix® Resin removes cations in exchange for hydrogen ions and its 

theoretical capacity is 0.8 mEq per column. The anion resin is standard chloride form analytical 

grade 1X-8 resin. It exchanges anions in the sample for chloride ions. (It is recommended that the 

sample pH be >1.) The polymethacrylate component removes organically bound tritium and 

carbon-14 [7,13]. Counting efficiency is evaluated with internal standards. Determining detection 

limit of the analytical method at our laboratory is 0.15Bq/lit or  1.3 TU, efficiency of internal 

standard of 25% (20 ml –Vial, ratio of coctail and sample 1:1) at Nuclear Research Institute. 

 

2. EXPERIMENTS  

2.1. Special Aparatus and Reagents 

- Packard Tri-Carb 3180TR/SL spectrometer, 

- 20ml plastic scintillation vials 

- Background source-sealed 20-mL scintillation vial with cocktail. 

- Standardized solutions of 
3
H water, 

- Ultima Gold-LLT cocktail, 

- Tritium column-prepacked column 

2.2. Sampling 

  The water samples are collected in 0.5-1L clean, well-sealed polyethylene bottles, and they 

are transported to the laboratory in refrigerated containers. Rain water samples were collected at the 

Nuclear Research Institute station, 01 Nguyen Tu Luc St.Dalat City, Lamdong Province, at a 

latitude 11
o
57’ N, longtitude 108

o
26’ E, 1500m high; Suface water samples were Xuan Huong lake 

(at a latitude 11
o
57’ N, longtitude 108

o
26’ E) and Suoi Vang (at a latitude 12

o
00’ N, longtitude 

108
o
22’ E).  

Accordingly, this study was undertaken in order to  analysis of 
3
H in 18 evironmental 

samples collected in Dalat in 2013 (12 surface water, 6 rain and fallout samples); measurment, 

calculation and statistics following the method of experimental research established. The results 

obtained through this research have been shown in table and figure below. 

2.3. Experimental Procedure 

We investigated the possibility of an alternative method with Eichrom tritium column for 

purification of tritium prior to measurment by Liquid Scintillation counter. Shown in Fig.1 are the 

three components in the Tritium Column. 
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 2.3.1. Preparation of samples 

The water samples filtered through a micron filter; for each sample solution, place a tritium 

column in the column rack, and a waste tray below the column in the column rack; Add 10 ml of 

deionized distilled water into each column to condition resin and allow to drain; Measure 25ml of 

sample and add to the top of the column, discard first 5 ml of sample, place a clean, labelled beaker 

beneath the column and collect the remaining 20 ml of sample; remove an liquot of sample 

collected in the beaker (10 ml) and add to a LSC vials; Add the appropriate amount of Ultima Gold- 

LLTcocktail, shake the vial to mix and count vials in Tricarb 3180TR/SL. Peraparation other liquot 

of sample and add a small volume of internal standard solution into one of the counting vials. 

2.3.2. Counting procedure 

After shaking, clean the counting vials, avoid any contact with the light-transmitting parts of 

the counting vials. Place the counting vials in a fixed sequence in the liquid scintillation counter: 

background, sample 1, sample 1 with internal standard added, sample 1, background, sample 2,…  

Before counting, it is advisable to equilibrate the counting vials in the liquid scintillation 

counter for light and temperature adaptation, e.g. overnight, thus reducing the interfering 

luminescence during counting. Energy regions set for 
3
H counting: Region A (0.5-4.5 KeV); B (0.5-

5.5 KeV); A (0.5-18.6KeV), using the guidance found in the applicable LS counter manual. 

Counting is performed for 10 cycles of 100 min and the tritium activity is calculated for each 

sample by averaging the counting values. Low tritium activity concentrations may require a longer 

counting period, depending on the desired counting accuracy.  

2.3.3. Calculations 

The counting efficiency of the sample is calculated using the following expression: 

                                   
Di

CC
E sis


  

where Cs+i is the count rate of the sample after the addition of the internal standard, Cs is 

the count rate of the sample before the addition of the internal standard, and Di is the disintegration 

rate of the added aliquot of internal standard. The disintegration rate of the sample, Ds, may then be 

calculated as follows: 

     Ds = Cs/E  or  

Figure 1: Composition of Tritium Colum. 
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 Calculate isotope activity: 

     
60




VE

CC Bs

AT
 

where AH-3 is isotope activityof tritium (Bq/lit), Cs is the count rate of the sample, cpm, CB 

is the count rate of the blank sample, cpm; V is volumn of  analytical sapmple. 

3. RESULTS AND DISCUSSION 

After sampling, purification of 
3
H in the water samples collected at Dalat in 2013 (12 

surface water, 6 rain and fallout samples); measurment, calculation and statistics following the 

method of experimental research established, tritium-specific activities (Bq/L or TU) and counting 

efficiency  of  the samples are presented in Table 1, Fig. 2, and Fig.3. 

Table1: The tritium-specific activities in the water samples collected in Dalat City. 

TT Sampe Code 
Efficie

ncy,E 

Activity of 
3
H, Bq/lit 

Activity of 
3
H, TU 

1 Xuan Huong lake  02/13 NHXH0213 24.87 0.15 ± 0.10 1.3 ± 0.8 

2 Suoi Vang lake 02/13 NHSV0213 26.42 < 0.15 < 1.3 

3 Xuan Huong lake  04/13 NHXH0413 25.23 < 0.15 < 1.3 

4 Xuan Huong lake  05/13 NHXH0513 25.18 < 0.15 < 1.3 

5 Suoi Vang lake 05/13 NHSV0513 24.50 0.63 ± 0.08 5.3 ± 0.6 

6 Xuan Huong lake  07/13 NHXH0713 25.45 0.20 ± 0.10 1.7 ± 0.8 

7 Xuan Huong lake  08/13 NHXH0813 25.98 0.32 ± 0.06 2.7 ± 0.6 

8 Suoi Vang lake 08/13 NHSV0813 24.76 0.61 ± 0.14 5.1 ± 1.2 

9 Rain water, Dalat 09/13 MDL0913 24.40 0.17 ± 0.09 1.4 ± 0.8 

10 Xuan Huong lake  10/13 NHXH1013 25.96 0.42 ± 0.08 3.5 ± 0.7 

11 Xuan Huong lake  10/13 NHXH1013 25.90 0.58 ± 0.18 4.9 ± 1.5 

12 Xuan Huong lake  11/13 NHXH1113 25.40 0.22 ± 0.06 1.8 ± 0.5 

13 Xuan Huong lake  11/13 NHXH1113 24.70 0.15 ± 0.05 1.3 ± 0.4 

14 Suoi Vang lake 11/13 NHSV1113 26.46 0.46 ± 0.09 3.9 ± 0.7 

15 Fallout water, Dalat 11/13 RLDL1113 26.47 4.31 ± 0.45 36.2 ± 3.8 

16 Rain water, Dalat 25/11/13 MDL1113 22.35 0.29 ± 0.12 2.4 ± 1.0 

17 Rain water, Dalat  11/13 RLDL1113 26.47 0.74 ± 0.10 6.2 ± 0.8 

18 Xuan Huong lake  01/14 NHXH0114 26.66 0.54 ± 0.12 4.6 ± 1.0 

19 Rain water, Dalat 06/01/14 MDL0114 27.33 0.76 ± 0.07 6.4 ± 0.6 

20 Rain water, Dalat 06/01/14 MDL0114 24.30 0.78 ± 0.13 6.6 ± 1.1 
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                  Figure 2: Variability of activity of 
3
H (TU) in the water samples collected in 2013. 

 

Figure 3: Variability of the counting efficiency of 
3
H evaluated with internal standards. 

From the these results we found that establishing an appropriate routine procedure for 

tritium measurement in water sample using a low background liquid scintillation system detector 

Tricarb 3180 TR/SL.   

The results obtained in 2013 shown values of tritium concentration ranging from 1.7 ± 0.0.8 

to 6.6 ± 1.1 TU were reported for the water samples collected at Dalat. The setteled procedure can 

be applied to determine tritium concentration in different types of water: drinking water, 

precipitation, surface water, seawater and wastewater. Even if the uncertainty of the method is high, 

and even if tritium levels in the environment continue to decrease, the direct measurement of tritium 

concentration in water sample can still be a more rapid and cheaper measurement method for the 

radioactivity environmental monitoring program. 

4. CONCLUSIONS 

 Our results show that the LSC methodology applied allows for measuring tritium levels in 

water samples from different origins.  

TU 
Activity of Tritium in the water samples collected in Dalat, 2013 

E,% Control chart for the counting efficiency of 
3
H, mean = 25.54 ± 0.91% 
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  From the information reported in table 2, it can be concluded that the method presented in 

this paper fulfill laboratory requirements as obtained results are optimal. Moreover, this is a simple, 

quick and economic technique; the samples were finally measured in a Perkin Elmer Tri-carb 

3180TR/SL liquid scintillation equipment. The investigated method for tritium monitoring is time 

saving, sensitive, and can be applied for all types of water to contribute to the environmental 

monitoring program at Nuclear Research Institute. 

5. RECOMMENDATIONS 

- It shoud be suitably equipped for The tritium enrichment system  using  electrolysis  

method in order to improve the limit of detection of low level tritium concentration such as sea 

water, ground water samples, etc.  

- Extend the establishing of the method and analysis of tritium concentration in the 

environmental samples (gas, sea water, rain water, fallout) that is collected at Dalat and Ninh 

Thuan.  
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