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1. INTRODUCTION

The actual tritium content in the environment is due to both natural production
by cosmic ray interactions in the upper atmosphere and to varying amount of man-
made tritium. Tritium, the radioactive isotope of hydrogen, is one of the most important
radionuclide released to the environment during the normal operation of a typical
nuclear power reactor. Tritiated water constitutes almost the entire radioactivity in
liquid waste discharged to the environment from heavy water reactors.

Therefore, monitoring tritium in air, precipitation, drinking water and vegetation
is necessary for assessing the environmental impact of tritium releases in gaseous and
liquid effluents from nuclear plants.

The use for agricultural purposes of river water receiving releases of tritium,
results in contamination of irrigated crops and then in the contamination of the food
chain. ?

Tritium is everywhere in living matter, has a long physical half-time (T= 12.26 y)
and is known to follow protium pathways in biological material.

Tritium in liquid or solid biota samples can not be easily determined
quantitatively by any kind of nondestructive analysis because its beta radiation energy
(E =18 keV) is so weak that the most part is absorbed in the sample.

Therefore, most non-aqueous samples must be treated chemically or physically
to be suitable for counting.

The choice of preparation method will depend on the type of samples, number
and quantities of samples to be processed and availability of measurement equipment.

2. ANALYTICAL PROCEDURE

a) Sample treatment

The analytical procedure of measuring tritium in biota samples requires two
steps of separation: first, tissues water separation by azeotropic distillation and
subsequently, oxidative tritium separation from remaining organic tissue, usually by
combustion.
The most part of tritium in plants is concentrated in tissue water. Therefore, all
foodstuffs consumed are assumed to be about 85-90 % water and also, it can be
assumed that the organically bound tritium concentration represents only 10-15 % from
the total activity of tritium.

Azeotropic distillation is adequate for separating water from samples with high
content of water (80-90%) as vegetables, fruits, food grain plants (maze, wheat, rice),
soil.
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The biota samples, especially those with low tritium concentrations compared to
the tritium concentration in air moisture, should be stored in sealed packages for
minimizing the exposure of the sample to air.

When the time between collection and analysis is over few hours, the samples
must be frozen to preserve them until analysis and to prevent condensation of air
moisture on the samples or looses by evaporation. The separated water will be stored in
well-sealed glass containers for avoiding the exchange between the water and tritiated
atmospheric moisture from laboratory.

b) Principle of method

Azeotropic distillation is an analytical technique, which is based on distillation
of a solvent with water containing tritium. The solvent forms an azeotropic mixture with
water that has a constant boiling point and whose vapor has the same composition as the
liquid.

The aromatic hydrocarbons as benzene, toluene and xylene are extensively used
as solvents because:

their solubility in water is so small (0.06%) than no significant error is introduced
in gravimetric or volumetric measurement of separated water;
are produced from petroleum and thus contain no tritium;
hydrogen exchange between water and these solvents may be ignored.

Properties of benzene and toluene for azeotropic distillation of water:

Hydrocarbon

Benzene
Toluene

Boiling
Point

°C

80.07
110.56

Azeotrope
Boiling
Point °C

69.4
85.0

Relative amount of water %
AtBP

8.9
20.2

At 20 °C

8.0
18.0

Upper
Layer
0.06
0.05

Lower
Layer
99.94
99.95

The lower boiling point of benzene is an advantage for biota samples, which may
be heat sensitive. However, processing of samples using benzene will require a long
time because the concentration of water in the vapor phase is 8.9% as compared to
20.2% in toluene.
Consequently, the tissue water from food samples analyzed in this experiment was
separated by azeotropic distillation in toluene.

b) Work procedure

The food sample sliced in thin and small pieces and the solvent are placed in the
distillation flask and refluxed until all the water is distillated. The distillate containing
99.93% water in the lower phase is collected and the phases are allowed to separate.

To avoid the exchange of water between sample and the moisture of the air
during the distillation, the air inlet of the distillation apparatus is connected to a drying
tube.
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The distillation is complete when the temperature arise about 110 °C. Normally
one hour is required to extract 20 ml of water from most media.
The first 10 ml of azeotrope collected should be discarded for removing the light
organic from the system.

Quantities of food samples and toluene required obtaining 15-20 ml of water:

Type of
sample

Tomatoes
Potatoes
Cabbage
Cucumbers
Onion
Carrots
Apples
Soil

Humidity
%

93-96
75-80
88-92
90-96
80-87
85-89
80-85

80

Sample weight
g

50
70
50
70
60
50
100
150

Toluene
ml

70
90
70
70
80
70
100
250

Water
extracted

ml
20
20
20
20
15
15
20
15

3. MEASUREMENT TECHNIQUE

In generally, tritium in environmental samples, especially in foodstuffs, has a
low-level activity, which requires an adequate low level measurement.

Tritium in tissue water is assayed by liquid scintillation counting using well-
established quenched correction methods.

Various factors may affect the low level counting of tritium by liquid
scintillation as: counting vials, nature and geometry of the vial, the caps, and the
scintillation cocktail.

Chemiluminescence and phosphorescence influence the counting rate of
background and can be avoid by cooling the samples and keeping them under total
darkness.

The samples are prepared by transferring a known volume of separated water to
a counting vial containing a scintillation cocktail and then are counted using a Liquid
Scintillation Spectrometer. Into a low potassium glass counting vial, a mixture of 8 ml
of separated water and 12 ml of scintillator cocktail is introduced.

Blank samples consisting of dead water (less than 1.2 Bq/1) are prepared in the
same way as the samples. As dead water is used deep water exposed to a natural
radiation only. When the supply of tritium free water is limited, a substitute was
considered.

The standard scintillation solution was quenched with CCl». Varying the amount
of CCl» it was found that the simulated background has the same counting efficiency
and similar spectrum as the water containing.

The standard counting time for all samples is 600 minutes.
Calibration Standards are prepared from dilutions of Certified Trhiated Water

Standards.
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4) CONCLUSIONS

The mean value of the tritium concentration in tissue water from foodstuffs is about
6-12 Bq/1 very similar to the tritium mean concentration measured in the surface
waters of the area where the samples have been collected (about 12 Bq/1).
Therefore, the tritium content in the water fraction of the food samples can be
considered in equilibrium with the local environmental water sources.
The azeotropic distillation it is an accessible separation method which does not need
a sophisticated and expansive distillation apparatus. It is a fast method of separation
tissue free water from foodstuffs being very important in the surveillance activity of
the environmental within a Nuclear Electric Plant.
It is suitable for processing a small quantity of samples and for a production type
facility when a large number of samples must be processed because the solvent can
be purified and reused.
The azeotropic distillation has some limits being used to separate water from
samples with high content of water (85-90%) and a simple chemical structure as:
vegetables, fruits, cereal, soil, vegetation. According to the results obtained, the
organic constituents of milk, wine, meat (casein, lactose, milk fat, alcohol, esters)
may enhance the chemosorption of tritium on through exchange organic hydrogen
as -OH, -SH, -NH, -COOH with tritium.
Also, the tissue water separation by azeotropic distillation is not complete and can
not guarantee the absence of the vaporization isotope effect of the HTO/H O system.
However, the azeotropic distillation is the preferred method of the water extraction
from food samples, which makes it useful for study the tritium transfer from soil to
foodstuffs.


