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Calculation of effective dose due to exposure to a point source

1) Discussion and equations

Effective doses calculated at 1 m from the point source are used to calculate the dose at other distances XE "radiation source: point source" , assuming no shielding XE "radiation source: lost" .  For distances shorter than 0.5 m, the calculation is will significantly overestimate the real dose rate. For distances less than 0.2 m, the equation should not be used. The equation is: 
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Where

Epoint
=
Effective dose from point source XE "radiation source: point source"  [mSv]

A =
Source activity [kBq]. 1 Ci = 3.7 x 107 kBq.

CFpoint
= Conversion factor for a point source, see section 2 [(mS XE "conversion factor: CF6" v . m2)/(kBq . h)]

distance =
Distance in meters from the point source XE "radiation source: point source"  [m]

t =
Exposure duration [h]

When information on the source shielding (material and thickness) is available, the calculated effective dose from the point source may be reduced by using the half value layer  (HVL) for the material in question. The half value layer is the thickness required to reduce the dose by a half. The following equation should be used:


[image: image2.wmf]HVL

thickness

po

shielded

po

x

E

E

/

int

int

)

5

.

0

(

=


Where

Epoint shielded
=
Effective dose from shielded point source XE "radiation source: point source"  [mSv]

thickness = material thickness [cm]

HVL = half value layer for the material [cm], see the HVL table in section 3.

2) Conversion factors

	Radionuclide
	CFpoint
(mSv . m2)/(kBq . h)

	Na‑22

Na‑24
	2.2E-07

3.8E-07

	K‑40

K‑42
	1.6E-08

2.8E-08

	Sc‑46
	2.1E-07

	Ti‑44
	1.1E-08

	V‑48
	2.9E-07

	Cr‑51
	3.4E-09

	Mn‑54

Mn‑56
	8.6E-08

1.7E-07

	Fe‑55

Fe‑59
	3.2E-10

1.2E-07

	Co‑58

Co‑60
	1.0E-07

2.5E-07

	Cu‑64
	2.0E-08

	Zn‑65
	6.0E-08

	Ga‑68
	9.8E-08

	Ge‑68+Ga‑68
	9.8E-08

	Se‑75
	3.9E-08

	Kr‑85

Kr‑85m

Kr‑87

Kr‑88+Rb‑88
	2.3E-10

1.5E-08

7.8E-08

2.5E-07

	Rb‑86

Rb‑88
	9.6E-09

5.7E-08

	Sr‑89

Sr‑91
	1.4E-11

7.1E-08

	Y‑91

Y‑91m
	3.7E-10

5.5E-08

	Zr‑95
	7.6E-08

	Nb‑94

Nb‑95
	1.6E-07

7.9E-08

	Mo‑99
	1.6E-08

	Tc‑99m
	1.2E-08

	Rh‑103
	2.1E-08

	Ru‑103

Ru‑105

Ru‑106
	5.0E-08

8.1E-08

1.4E-09

	Ru‑106+Rh‑106
	1.4E-09

	Ag‑110m
	2.8E-07

	Cd‑109+Ag‑109m
	1.6E-07

	In‑114m
	1.0E-08

	Sn‑113

Sn‑123
	3.4E-09

7.0E-10

	Sn‑126+Sb‑126m
	5.7E-09

	Sb‑124

Sb‑126

Sb‑126m

Sb‑127

Sb‑129
	1.9E-07

2.8E-07

4.9E-10

6.8E-08

1.5E-07

	Te‑127

Te‑127m

Te‑129

Te‑129m+Te‑129

Te‑131

Te‑131m

Te‑132
	6.0E-09

1.6E-09

4.2E-08

4.6E-08

4.5E-08

1.5E-07

2.3E-08

	I‑125

I‑129

I‑131

I‑132

I‑133

I‑134
	5.9E-09

3.4E-09

3.9E-08

2.4E-07

6.2E-08

2.7E-07

	I‑135+Xe‑135
	3.8E‑07

	Xe‑131m

Xe‑133

Xe‑133m

Xe‑135

Xe‑138
	2.7E-09

4.6E-09

4.8E-09

2.4E-08

1.1E-07

	Cs‑134

Cs‑136

Ba‑137m

Cs‑137+Ba‑137m

Ba‑133

Cs‑138

Ba‑140
	1.6E-07

2.2E-07

6.2E-08

6.2E-08

4.1E-08

3.0E-09

2.0E-08

	La‑140
	2.3E-07

	Ce‑141

Ce‑144+ Pr‑144
	7.2E-09

3.1E‑09

	Pr‑144m

Pr‑144
	2.9E-09

1.2E-09

	Pm‑145
	3.6E-09

	Eu‑152

Eu‑154

Eu‑155
	1.2E-07

1.3E-07

5.3E-09

	Gd‑153
	1.1E-08

	Tb‑160
	1.1E-07

	Ho‑166m
	1.6E-07

	Tm‑170
	5.0E-10

	Yb‑169
	2.9E-08

	Hf‑172

Hf‑181
	2.2E-08

5.5E-08

	Ta‑182
	1.3E-07

	W‑187
	4.9E-08

	Ir‑192
	8.3E-08

	Au‑198
	4.1E-08

	Hg‑203
	2.3E-08

	Ti‑204
	1.0E-10

	Pb‑210
	6.9E-10

	Bi‑207
	1.6E-07

	Ra‑226
	6.2E-10

	Ac‑228
	9.5E-08

	Th‑227

Th‑228

Th‑230

Th‑231

Th‑232
	1.1E-08

3.9E-10

2.3E-10

2.5E-10

2.1E-10

	Pa‑231
	4.3E-09

	U-Dep & Nat

U-Enriched

U‑232

Pa‑233

U‑233

U‑234

U‑235

U‑238
	2.3E-10

2.8E-10

3.2E-10

1.7E-08

1.2E-10

2.8E-10

1.4E-08

2.3E-10

	Np‑237

Pu‑236

Pu‑238

Pu‑239

Pu‑240

Pu‑242
	3.8E-09

3.4E-10

3.0E-10

1.2E-10

2.8E-10

2.3E-10

	Am‑241

Am‑242

Am‑243
	3.1E-09

8.5E-10

5.4E-09

	Cm‑242

Cm‑243

Cm‑244

Cm‑245
	3.1E-10

1.3E-08

2.8E-10

7.5E-09

	Cf‑252
	2.1E-10


Calculations made by Oak Ridge National Laboratory (ORNL) using the CONDOS programme. All other radionuclides have a CFpoint  < 10 -10  XE "conversion factor: CF6" (mS XE "conversion factor: CF6" v . m2)/(kBq . h) and need not be considered.  Information based on IAEA TECDOC – 1162: Generic procedures for assessment and response during a radiological emergency. IAEA, August 2000.

3) Half Value Layers

The half value layer (HLV) is the thickness of a substance that, when introduced in the path of a beam of radiation, reduces the exposure rate by one-half. Values are given for "good geometry" for which build-up of secondary radiation is not important.

	Radionuclide
	Half Value Layer (cm)

	
	Lead
	Iron
	Al
	Water
	Concrete

	Na‑22
	0.67
	1.38
	3.85
	9.4
	4.35

	Na‑24
	1.32
	2.14
	6.22
	14.75
	6.88

	K‑40
	1.15
	1.8
	4.99
	11.97
	5.63

	K‑42
	1.18
	1.84
	5.1
	12.21
	5.75

	Sc‑46
	0.82
	1.48
	4.2
	9.84
	4.66

	Ti‑44
	0.04
	0.21
	0.6
	1.41
	0.67

	V‑48
	0.8
	1.48
	4.18
	9.95
	4.67

	Cr‑51
	0.17
	0.82
	2.38
	5.69
	2.68

	Mn‑54
	0.68
	1.33
	3.8
	9.0
	4.22

	Mn‑56
	0.94
	1.65
	4.78
	11.13
	5.27

	Fe‑59
	0.94
	1.59
	4.51
	10.58
	5.02

	Co‑60
	1
	1.66
	4.65
	10.99
	5.2

	Cu‑64
	0.41
	1.08
	3.01
	7.61
	3.43

	Zn‑65
	0.87
	1.53
	4.34
	10.15
	4.81

	Ga‑68
	0.42
	1.09
	3.04
	7.67
	3.47

	Ge‑68+Ga‑68
	0.42
	1.09
	3.04
	7.67
	3.47

	Se‑75
	0.12
	0.62
	1.79
	4.26
	2.01

	Kr‑85
	0.41
	1.07
	3
	7.59
	3.43

	Kr‑85m
	0.1
	0.5
	1.46
	3.46
	1.64

	Kr‑87
	0.83
	1.67
	4.84
	11.46
	5.36

	Kr‑88+Rb‑88
	1.17
	1.89
	5.51
	12.74
	6.05

	Rb‑86
	0.87
	1.53
	4.35
	10.13
	4.81

	Rb‑88
	1.17
	1.89
	5.51
	12.74
	6.05

	Sr‑89
	0.74
	1.4
	4
	9.35
	4.42

	Sr‑91
	0.71
	1.38
	3.94
	9.31
	4.38

	Y‑91
	0.96
	1.62
	4.57
	10.74
	5.09

	Zr‑95
	0.6
	1.26
	3.58
	8.61
	4.0

	Nb‑94
	0.64
	1.30
	3.70
	8.84
	4.13

	Nb‑95
	0.62
	1.28
	3.63
	8.72
	4.06

	Mo‑99+Tc‑99m
	0.49
	1.11
	3.16
	7.6
	3.54

	Mo‑99
	0.49
	1.11
	3.16
	7.6
	3.54

	Tc‑99
	0.05
	0.25
	0.73
	1.73
	0.82

	Tc‑99m
	0.07
	0.39
	1.13
	2.68
	1.27

	Ru‑103
	0.4
	1.06
	2.97
	7.53
	3.4

	Ru‑105
	0.48
	1.16
	3.28
	7.98
	3.69

	Rh‑106
	0.49
	1.17
	3.29
	8.16
	3.73

	Ag‑110m
	0.71
	1.38
	3.91
	9.36
	4.38

	Cd‑109
	0.01
	0.06
	0.18
	0.43
	0.2

	In‑114m
	0.23
	0.75
	2.14
	5.18
	2.41

	Sn‑113
	0.02
	0.09
	0.27
	0.65
	0.31

	Sn‑123
	0.88
	1.53
	4.36
	10.16
	4.83

	Sn‑126+Sb‑126m
	0.48
	1.15
	3.27
	7.99
	3.68

	Sn‑126
	0.04
	0.19
	0.55
	1.3
	0.62

	Sb‑124
	0.83
	1.55
	4.39
	10.49
	4.9

	Sb‑126
	0.52
	1.19
	3.37
	8.21
	3.79

	Sb‑126m
	0.48
	1.15
	3.27
	7.99
	3.68

	Sb‑127
	0.47
	1.14
	3.24
	7.92
	3.65

	Sb‑129
	0.72
	1.4
	3.98
	9.45
	4.43

	Te‑127m
	0.01
	0.08
	0.23
	0.54
	0.26

	Te‑129
	0.33
	0.93
	2.63
	6.53
	2.99

	Te‑129m
	0.38
	0.82
	2.33
	5.65
	2.61

	Te‑131m
	0.65
	1.31
	3.74
	8.88
	4.17

	Te‑132
	0.1
	0.53
	1.54
	3.66
	1.73

	I‑125
	0.01
	0.08
	0.23
	0.54
	0.26

	I‑129
	0.02
	0.09
	0.25
	0.6
	0.28

	I‑131
	0.25
	0.93
	2.67
	6.5
	3.02

	I‑132
	0.63
	1.31
	3.7
	8.91
	4.14

	I‑133
	0.47
	1.15
	3.23
	8.05
	3.67

	I‑134
	0.72
	1.4
	3.98
	9.43
	4.43

	I‑135+Xe‑135m
	0.98
	1.66
	4.7
	11.06
	5.23

	I‑135
	0.98
	1.66
	4.7
	11.06
	5.23

	Xe‑131m
	0.02
	0.1
	0.29
	0.7
	0.33

	Xe‑133
	0.03
	0.16
	0.47
	1.11
	0.53

	Xe‑133m
	0.05
	0.25
	0.73
	1.72
	0.82

	Xe‑135
	0.14
	0.72
	2.1
	4.99
	2.36

	Xe‑135m
	0.41
	1.07
	2.99
	7.54
	3.41

	Xe‑138
	0.9
	1.64
	4.79
	11.09
	5.26

	Cs‑134
	0.57
	1.24
	3.5
	8.5
	3.93

	Cs‑136
	0.65
	1.32
	3.76
	8.86
	4.18

	Cs‑137+Ba‑137m
	0.53
	1.19
	3.35
	8.2
	3.77

	Ba‑133
	0.16
	0.67
	1.92
	4.63
	2.17

	Ba‑137m
	0.53
	1.19
	3.35
	8.2
	3.77

	Ba‑140
	0.33
	0.96
	2.69
	6.72
	3.06

	La‑140
	0.93
	1.64
	4.63
	11.04
	5.19

	Ce‑141
	0.07
	0.37
	1.07
	2.52
	1.2

	Ce‑144+Pr‑144m
	0.05
	0.28
	0.82
	1.95
	0.93

	Pr‑144m
	0.02
	0.1
	0.28
	0.67
	0.32

	Pm‑145
	0.02
	0.11
	0.31
	0.74
	0.35

	Pm‑147
	0.06
	0.34
	0.99
	2.35
	1.12

	Sm‑151
	0.01
	0.03
	0.09
	0.21
	0.1

	Eu‑152
	0.66
	1.32
	3.73
	8.84
	4.17

	Eu‑154
	0.74
	1.38
	3.91
	9.24
	4.35

	Eu‑155
	0.04
	0.23
	0.66
	1.56
	0.74

	Gd‑153
	0.03
	0.18
	0.51
	1.21
	0.57

	Tb‑160
	0.68
	1.35
	3.84
	9.01
	4.26

	Ho‑166m
	0.45
	1.09
	3.1
	7.46
	3.48

	Tm‑170
	0.03
	0.18
	0.51
	1.21
	0.57

	Yb‑169
	0.06
	0.3
	0.87
	2.05
	0.97

	Hf‑181
	0.27
	0.86
	2.41
	6.02
	2.75

	Ta‑182
	0.8
	1.39
	3.94
	9.26
	4.39

	W‑187
	0.43
	1.03
	2.91
	7.17
	3.29

	Ir‑192
	0.24
	0.92
	2.64
	6.42
	2.98

	Au‑198
	0.29
	0.97
	2.74
	6.77
	3.11

	Hg‑203
	0.14
	0.73
	2.13
	5.04
	2.39

	Tl‑204
	0.03
	0.18
	0.53
	1.27
	0.6

	Pb‑210
	0.01
	0.05
	0.15
	0.35
	0.17

	Bi‑207
	0.65
	1.3
	3.68
	8.79
	4.11

	Po‑210
	0.65
	1.31
	3.73
	8.88
	4.15

	Ra‑226
	0.09
	0.48
	1.4
	3.32
	1.58

	Ac‑227
	0.01
	0.08
	0.22
	0.52
	0.25

	Ac‑228
	0.67
	1.35
	3.84
	9.05
	4.27

	Th‑227
	0.11
	0.58
	1.69
	4.01
	1.9

	Th‑228
	0.02
	0.13
	0.37
	0.88
	0.42

	Th‑230
	0.01
	0.05
	0.14
	0.34
	0.16

	Th‑232
	0.01
	0.04
	0.12
	0.28
	0.13

	Pa‑231
	0.09
	0.46
	1.35
	3.2
	1.51

	U‑232
	0.01
	0.04
	0.12
	0.29
	0.14

	U‑233
	0.01
	0.06
	0.16
	0.39
	0.18

	U‑234
	0.01
	0.04
	0.12
	0.28
	0.13

	U‑235
	0.09
	0.46
	1.35
	3.19
	1.51

	U‑238
	0.01
	0.04
	0.11
	0.27
	0.13

	Np‑237
	0.03
	0.12
	0.41
	0.98
	0.46

	Pu‑236
	0.01
	0.04
	0.11
	0.27
	0.13

	Pu‑238
	0.01
	0.04
	0.11
	0.27
	0.13

	Pu‑239
	0.01
	0.04
	0.12
	0.29
	0.14

	Pu‑240
	0.01
	0.04
	0.11
	0.27
	0.13

	Pu‑242
	0.01
	0.04
	0.11
	0.27
	0.13

	Am‑241
	0.02
	0.12
	0.35
	0.82
	0.39

	Am‑242m
	0.01
	0.04
	0.13
	0.3
	0.14

	Am‑243
	0.03
	0.18
	0.52
	1.24
	0.59

	Cm‑242
	0.01
	0.04
	0.12
	0.28
	0.13

	Cm‑243
	0.08
	0.43
	1.26
	2.98
	1.41

	Cm‑244
	0.01
	0.04
	0.12
	0.28
	0.13

	Cm‑245
	0.05
	0.27
	0.79
	1.86
	0.88

	Cf‑252
	0.01
	0.04
	0.12
	0.3
	0.14


4) Example 
A worker remained one hour at a distance of 5 meters from a 27 Ci 192Ir source. What was his effective dose?

Ir‑192 : CFpoint = 8.3E-08 (mS XE "conversion factor: CF6" v . m2)/(kBq . h)
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Epoint
= 3.3 mSv.

 XE "radiation source: point source" 
Total effective dose from this source at 5 meters in 1 hour = 3.3 mSv.

If the Ir-192 source was shielded with 5 mm of lead what is the dose calculated with the shielding taken into account? 
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Ir‑192: HVL for lead = 0.24 cm.
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 XE "conversion factor: CF6" 
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