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µm

µm mm

Properties

Half-life

Decay constant

Nuclear recoil (3He)

Recoil energy

Excitation energy

Characteristics of ß-

Average energy

Maximum energy

Average track length (water)

Maximum track length (water)

Maximum track length (air)

Lineal energy (peak)

Lineal energy (range)

Effective Half-life (human)

First component

Second component

Quality factor

Value

12.35 y

5.6 10-2 y-1

1.780 10-9 s-1

0-3 eV

~ 11 eV

5.685 keV

18.6 keV

0.56 µm

6.0 µm

5 mm

~ 3 keV µm-1

0.03-8 keV µm-1

10 d

40 d

1.0

Table 1. Biological and physical characteristics of tritium.
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Pathway

Lithium contribution
6Li(n, )3H
7Li(n,n )3H

Boron contribution
10B(n,2 )3H
10B(n, )7Li(n,n )3H

Deuterium (99.8% of D2O) contribution

Coolant system (60 Ci/MW(e)/a)

Moderator system (2340 Ci/MW(e)/a)

Production rate (Ci/MW(e)/y)

1.0

0.0001

2400

Table 2. Tritium production by neutron activation in CANDU reactors.

Fallot et al

Foy and Schnieden

Richmond et al.

Wylie et al.

Butler and Leroy 

Osborne

Snyders et al.

Sanders and Reinig

Minder

Lambert et al.

Moghisst et al.

Moghisst et al.

Balonov

Pinson and Langham

Rudran

Trivedi et al.

1957

1960

1962

1963

1965

1966

1968

1968

1969

1971

1971

1972

1974

1980

1988

1995

20

10

5

7

310

30

1

1

1

1

-

1

6

9

8

8

-

-

-

-

-

-

255

415

-

-

-

-

300

-

280

300

8.5

7.5

9.5

8.5

9.5

10.5

8.7

6.1

-

9.1

-

9.0

12.0

11.3

6.0

5.0-12.8

-

-

-

-

-

-

34

23

10-30

36

21-26

30

39-76

-

30-226

58-104

-

-

-

-

-

-

-

344

139-230

-

280-550

450

100-120

-

-

-

Investigators Reference date
Number of

cases

During of 

the  study

Biological Half-life (day)

TBW OBT-1 OBT-2

Table 3. Tritium retention half-lives in humans.
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Fig. 1. Balance model for water and tritium intake.
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Fig. 2. Retention rate in body water and OBTs.

Fig. 3. Retention rate for HTO in body water according to considering OBTs.
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MBq/l µCi/l

MBq l µCi/l

MBq/l

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Avg. 1.645 7.43 2.22

68

60

90

63

73

60

62

68

67

60

64

72

74

60

63

16

36

40

18

17

21

16

23

12

26

32

13

27

19

29

8

13

10

7

9

5

5

6

4

9

11

8

6

6

6

5.39

9.24

8.57

3.31

3.50

3.31

3.20

2.34

4.29

6.90

5.68

2.19

4.08

2.86

6.63

0.540

0.463

0.477

0.585

0.500

0.540

0.429

0.518

0.108

0.551

0.259

0.681

0.566

0.592

0.459

5.06 

8.14 

9.66 

7.11 

6.14 

7.99 

5.55 

8.42 

5.85 

6.98 

7.21 

7.80 

9.33 

8.48 

7.73 

No
Weight

(kg)

Duration of

observation (Days)

Number of

measurement

Initial concentration

(MBq/l)

Final concentration

(MBq/l)

Half-Life

(Days)

Table 4. Effective Half-lives based on urine bioassay results of Wolsong NPPs’ workers.
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Analysis of Metabolism and Effective Half-life for Tritium Intake of Radiation
Workers at Pressurized Heavy Water Reactor 

Hee Geun Kim and Tae Young Kong
Korea Electric Power Research Institute

Abstract - Tritium is the one of the dominant contributors to the internal radiation exposure of workers at pressurized heavy water

reactors (PHWRs). This nuclide is likely to release to work places as tritiated water vapor (HTO) from a nuclear reactor and gets

relatively easily into the body of workers by inhalation. Inhaled tritium usually reaches the equilibrium of concentration after

approximately 2 hours inside the body and then is excreted from the body with a half-life of 10 days. Because tritium inside the body

transports with body fluids, a whole body receives radiation exposure. Internal radiation exposure at PHWRs accounts for

approximately 20-40% of total radiation exposure; most internal radiation exposure is attributed to tritium. Thus, tritium is an important

nuclide to be necessarily monitored for the radiation management safety. In this paper, metabolism for tritium is established using its

excretion rate results in urine samples of workers at PHWRs and an effective half-life, a key parameter to estimate the radiation

exposure, was derived from these results. As a result, it was found that the effective half-life for workers at Korean nuclear power plants

is shorter than that of International Commission on Radiological Protection guides, a half-life of 10 days.

Keywords : Pressurized Heavy Water Reactor, Tritium, Urine Sample, Metabolism, Effective Half-life


