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1. Natural World and Tritium
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Deuterium (D)

Tritium (T)

Stratosphere (6.8%)
86,700 trillion Bq
Troposphere (0.4％)
5,100 trillion Bq
Generated by cosmic ray
72,000 trillion Bq/ year
Total amount of tritium in the planet
1,275,000 trillion Bq

nd )
a
ace (27％
f
r
s u er e
q
d
n sph ion B
a
L
io
ill
r
b
t
the 4,000
34

Ocean
mixed
layer (
446,00
35％)
0 trillio
n Bq
Deep ocean (30％)
383,000 trillion Bq
Source: UNSCEAR Report 2000 and 1977
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2. Properties of Tritium
General properties of tritium are as follows.
- The chemical form of tritium is mainly water (Tritium is contained in tap water we drink).
- It is difficult to separate tritium from regular hydrogen even through filtration, desalination and distillation.
- The half life of tritium is 12.3 years and the βray released from it can be blocked by cling wrap
(0.0186MeV).
- In the case that tritium is taken into human body or fish/shellfish, it does not remain inside the system
and gets discharged as its chemical form is water.
- The radiation exposure dose (mSv) per Bq is approx. one-thousandth of that of cesium 134 and 137.
Intake of 1Bq of radioactive material (Oral intake)
Radioactive nuclides

Radiation dose factor
(mSv/Bq)

Comparison with potassium-40
(Natural nuclide)

0.000000018

0.003

Cesium-134

0.000019

3

Cesium-137

0.000013

2

0.0000062

1

Tritium

Potassium-40
(Natural nuclide)

*The radiation dose factor is stipulated by Appendix 2 (Section 3) of the “Public notice to determine radiation dose limit, etc. in accordance
with the provisions of the Rule for the Installation, Operation, etc. of Commercial Nuclear Power Reactors (Public notice of the Ministry of
Economy, Trade and Industry)”.
*The residual period is excerpted from “ICRP Publication 30”.

2

3. Tritium Generation at Nuclear Power Station and Concentration Limit
Source of tritium generation at nuclear power station
1. Ternary fission of fuel (Uranium breaking into 3 products through fission)
2. Irradiation of boron-10 contained in the boron carbide control rods
3. Radioactivation of reactor water (Irradiation of impurities such as lithium-6)
*1 is the main source of tritium generation.

Tritium concentration of the accumulated water at Fukushima Daiichi Nuclear Power Station
Based on the sampling results, the tritium concentration of the accumulated water is considered to be 1 to 5 million Bq/L.
(The equivalent concentration of tritium is contained in the treated water and the water contained in the waste
considering that tritium cannot be removed by the multi-nuclide removal equipment (ALPS).)

Concentration limit of liquid tritium, etc. at nuclear power station
Concentration limit specified by laws and regulations (Public notice to determine radiation dose limit, etc. in accordance
with the provisions of the Rule for the Installation, Operation, etc. of Commercial Nuclear Power Reactors)
 Concentration limit in the water outside the surrounding monitored areas: 60,000Bq/L
*Cesium-137 concentration limit: 90Bq/L
*Cesium-134 concentration limit: 60Bq/L
Release standard value specified by the technical specification of Fukushima Daiichi Nuclear Power Station (before the
nuclear accident)
 22 trillion Bq/ year 0.024mSv/year* including other nuclides.
*The radiation exposure dose is the effective dose due to gaseous waste and liquid waste.
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4. Examples of Tritium Exposure Evaluation
Radiation exposure dose in the case that 2 liters of tritium of the concentration limit is taken
into body every day

60,000Bq/L x 2 liters x 365 days x 0.000000018* = 0.79mSv (annual) ≪ 1mSv
*Radiation dose factor in the case of oral intake of tritium (mSv/Bq) (See page 2)

X-ray mass examination of the stomach: 0.6mSv (Once)

Artificial radiation

X-ray CT scan of the chest: 6.9mSv (Once)

From space: 0.39mSv (Annual)

Natural radiation

From food intake: 0.29mSv (Annual)

From the ground: 0.48mSv (Annual)
Source: UNSCEAR 2000 Report, ”Sources and Effects of Ionizing Radiation” and others
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5. Tritium Removal Technologies
Tritium removal technologies (Examples)
 In CANDU reactors (Canadian deuterium uranium reactor) and domestic “Fugen”
reactors (advanced converter: decommissioned), a large amount of tritium is generated.
In Korea, where CANDU reactors are used, tritium removal equipment was developed
and put in operation since 2007. The concentration of tritium processed in the removal
equipment is approx. a million times more than that at Fukushima Daiichi Nuclear Power
Station, and the processing speed of the equipment is low.
 As for “Fugen” reactors, distillation of moderator containing tritium was being performed.
However, the concentration of tritium being handled is approx. a million times more than
that at Fukushima Daiichi Nuclear Power Station similarly to CANDU reactors, and the
processing speed is even lower. The tritium which was separated was discharged into
the environment in a form of gas after confirming safety.
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< Reference > Tritium in the Environment (Concentration of Tritium in Seawater, etc.)
< Data obtained before the accident >
Category

Number of
sampling locations

Timing of
measurement, etc.

Concentration
(Bq/L) (Ave.)

Source

31
20
5
7
19

1982
1983
1982
1982
1983

0.74
0.71
1.91
3.67
2.35

Special research on nuclear
fusion: Environmental tritium
Current measurement
methodology and tritium
behavior (Takashima, Kyushu
University)

(Hokkaido)
(Tohoku)
(Kanto)
(Chubu)
(Kinki)
(Chugoku/Shikoku)
(Kyushu)

< 0.4 - 6.3
3.7 - 6.3
0.7 - 4.8
0.7 - 3.7
0.7 - 3.3
< 0.4 - 2.6
< 0.4 - 2.2
< 0.4 - 3.3

Seawater
River water
Lake water

Spring water
River water
Groundwater

The 100 best
waters in Japan
(100)

Special research on nuclear
fusion: Environmental tritium
behavior and analysis
(Kanazawa University)

< Recent data >
Period (June to December 2012)

Bq/L (ND: Approx. 3Bq/L)

3km and 15km offshore of Fukushima Daiichi Nuclear Power Station

ND

North discharge channel at Fukushima Daiichi Nuclear Power Station

ND - 6.4

South discharge channel at Fukushima Daiichi Nuclear Power Station

ND
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