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A Study on the Electrolytic enrichment prior to measure

tritium concentration in environmental water

Nagayoshi SHIMA

Abstract

Tritium is a radioactive isotope, decays into helium-3 by emitting beta radiation and has
a 12.3 year half-life. Tritium can be generated from nuclear plant beside of the natural source,
exists as hydrogen gas or water molecule in environment and is taken into biosphere to form
biogenic compound. If a person takes a large enough dose of tritium as water or food, he will
be harmed continuously by beta-ray emitting in his body. Then environmental tritium must be
monitored, if artificial generating source exists within the life area.

The successive reaction test currently carried out in the nuclear fuel reprocessing plant at
Rokkasho in Aomori prefecture, releases tritium-contaminated waste water into the environ-
ment. Therefore it is required to survey tritium concentration in this region carefully. As
tritium is naturally found in very low concentration in environmental water (mostly less then
1 Bq/L), an electrolytic enrichment procedure, using solid polymer electrolytic (SPE) film, is
generally applied to water samples before the tritium concentration is measured.

An electrolytic apparatus to enrich tritium rapidly in water samples was firstly developed
by Saito, M. et al. and the apparatus is now commercially available. But we have used another
electrolytic device designed by ourselves to avoid the memory effect by replacing the used SPE
film with a new one after each operation.

In this study the enrichment method by electrolysis is developed connecting two electrolytic
cells of standard water cell and sample water cell in series. An electrolyser is newly designed
to reduce electrolytic voltage and its characteristics are reported. And a practical electrolyz-
ing procedure is presented, that is, sample water is enriched firstly by using the commercially
available apparatus with a large electrolytic current of 50 A and after that it is enriched
sequentially by the designed electrolytic cells to avoid the memory effect. Water samples
collected from seven sites situated along Pacific Ocean coast and in lakes of Aomori prefecture
are enriched by the presented method. The tritium concentrations are obtained in the range
from 0.2 to 0.9 Bq/L for the collected samples.

The chapter 1 is the introduction of this study. The background of this study and the
purpose of this research are described. In the chapter 2 the fundamentals concerning to tritium
are described. The section 2.1 is on the generation and disintegration of tritium. The section
2.2 is on the electrolytic enrichment by using SPE film and the memory effect is explained.
Low background liquid scintillation counting system to observe Sdecay and another apparatus
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to measure hydrogen stable isotope ratio are described in section 2.3 and section 2.4, respective-
ly. In section 2.5 tritium recovery factor R is explained and apparatus constant k is defined
in section 2.6. Tritium separation factor Ba and deuterium separation factor aa are specified
in Section 2.7. The section 2.8 is the summary in chapter 2.

In chapter 3 a method to enrich tritium in sample water is presented to determine tritium
concentration accurately. Standard water cell and sample water cell are connected in series
and apparatus constant k derived from standard water cell is applied to calculate tritium
concentration in sample water. An electrolytic device used in our laboratory to enrich tritium
concentration is showed in section 3.1. The experimental operations to enrich tritium concen-
trations with the two electrolytic devices connected in series are showed in section 3.2. From
the obtained data it is confirmed that this method is valid to estimate tritium concentrations
of environmental water samples. Electrolytic voltage in the used electrolytic device is showed
in section 3.3. The section 3.4 is the summary in chapter 3.

The chapter 4 contains some studies to reduce the electrolytic voltage in the enriched
device and the design and the characteristics of a new electrolytic device. In the section 4.1
several materials are surveyed to reduce electrolytic voltage. In section 4.2 it is described that
the insoluble film on the anodic electrode decreased to flake off by inserting platinum mesh
between the electrode and SPE film. The designs of the electrolytic device to enrich tritium
concentration are described in detail section 4.3 and the characteristics of the device are
explained in section 4.4. The 4.5 is the summary of this chapter.

The chapter 5 is the proposal of a practical electrolytic method to enrich tritium concentra-
tion. The commercially available apparatus to enrich tritium concentration by electrolysis is
treated in section 5.1. Apparatus constant and other characters of the designed electrolytic
cell are compared with those of the commercially available device in section 5.2. A two-stage
electrolyzing procedure to enrich tritium in environmental water is presented in section 5.3.
Tritium is first enriched rapidly by a commercially available electrolyser with a large current,
and then by using a newly-designed electrolyser that avoids the memory effect. A summary
of this chapter is described in section 5.4.

The chapter 6 represents tritium concentrations in environmental waters collected in 2006
along the Pacific Ocean coast and in lakes of Aomori prefecture. Sampling points and the
sampling method are showed in section 6.1. In section 6.2 these samples are enriched by the
two-stage electrolysis presented in chapter 5. All the obtained data represented in section 6.3
were below 1.0 Bq/L and especially tritium concentrations in coastal see waters showed in the
range from 0.2 to 0.3 Bq/L, very low concentrations. It means that the tritium enrichment is
indispensable process.

The chapter 7 is the conclusion of this study. The main conclusions of this study are as
follows. (1) A method of using two electrolytic cell connected in series are presented to enrich
tritium concentration without the memory effect. (2) An electrolyser is newly designed to
reduce electrolytic voltage. (3) A practical process of two-stage electrolysis is presented to
enrich tritium in environmental water. (4) Natural level of tritium concentrations in environ-
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mental water including Rokkasho area were measured after the collected water samples were

enriched by using the presented two-stage electrolysis.
Professor (Chairperson) Takeshi MURANAKA
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