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Calculation of dose to skin due to beta emitters

1) Discussion and equation

Skin dose is very difficult to measure directly and is usually estimated. The beta dose rate to the skin expressed in terms of average surface concentrations of a radionuclide on the skin gives more reliable estimates for this exposure pathway. However, the data in the literature vary as much as an order of magnitude. The dose calculated here is to the basal layer of the skin (70 (m in depth) due to beta rays and electrons. The gamma contribution to the dose rate is generally a few per cent. The contamination is supposed to be uniformly and thinly spread over the skin. The equation is:
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Where

HT(skin)
=
Equivalent dose to the skin [(Gy].

Cskin
=
Average surface concentration XE "concentration: on surface"  of radionuclide on skin or clothing [Bq/cm2].

CFBeta-skin =
Conversion factor: skin beta dose rate [ XE "conversion factor: CF8" ((Gy/h)/(Bq/cm2)].

SFBeta = Shielding factor for beta radiation due to clothing; representative values of shielding factors XE "shielding: factor"  are approximately 3 - 5 for light clothing and 1000 for heavy clothing.

t = Time of exposure [h]

The equation should be calculated for each radionuclide present and the equivalent doses should be summed.

2) Conversion factors
	Radionuclide
	CFBeta-skin

(µGy/h)/(Bq/cm2)

	H-3
	0

	C-14
	0.32

	F-18
	1.9

	Na-22
	1.7

	Na-24
	2.2

	Al-26
	1.8

	P-32
	1.9

	P-33
	0.86

	S-35
	0.35

	Cl-36
	1.8

	K-40
	1.5

	K-42
	2.2

	K-43
	1.9

	Ca-45
	0.84

	Ca-47/Sc-47
	3.5

	Sc-46
	1.4

	Sc-47
	1.5

	Cr-51
	0.015

	Mn-52
	0.761

	Mn-54
	0.062

	Mn-56
	2.4

	Fe-52
	1.1

	Fe-55
	0.016

	Fe-59
	0.97

	Co-56
	0.55

	Co-57
	0.12

	Co-58
	0.30

	Co-60
	0.78

	Ni-63
	0

	Ni-65
	2.2

	Cu-64
	1.0

	Cu-67
	1.3

	Zn-65
	0.076

	Ga-66
	1.6

	Ga-67
	0.35

	Ga-68
	1.8

	As-76
	2.1

	Se-75
	0.14

	Br-77
	0.01

	Br-82
	1.5

	Rb-87
	1.9

	Sr-85
	0.06

	Sr-89
	1.8

	Sr-90/Y-90
	3.5

	Y-90
	2.0

	Zr-95/Nb-95
	1.6

	Mo-99/Tc-99m
	1.9

	Tc-99m
	0.25

	Tc-99
	1.2

	Ru-103/

Rh-103m
	0.78

	Ru-106/

Rh-106
	2.2

	Ag-110m
	0.68

	Ag-111
	1.8

	Cd-109
	0.54

	In-111
	0.38

	In-113m
	0.73

	In-115m
	1.3

	Sn-125
	2.3

	Sb-122
	2.2

	Sb-124
	2.2

	Sb-126
	1.8

	Te-123m
	1.1

	Te-132
	0.78

	I-123
	0.38

	I-124
	0.52

	I-125
	0.021

	I-131
	1.6

	Cs-131
	0.01

	Cs-134
	1.4

	Cs-137
	1.6

	Ba-133
	0.13

	Ba-140/La-140
	3.8

	La-140
	2.1

	Ce-139
	0.49

	Ce-141
	1.8

	Ce-143
	2.0

	Pr-143
	1.7

	Pm-147
	0.6

	Sm-153
	1.6

	Eu-152
	0.92

	Eu-154
	2.1

	Eu-156
	1.2

	Er-169
	1.1

	Yb-169
	1.0

	Re-186
	1.8

	Re-188
	2.3

	Ir-192
	1.9

	Au-198
	1.7

	Hg-197
	0.092

	Hg-203
	0.89

	Tl-201
	0.27

	Tl-204
	1.6

	Pb-210
	0.0084

	Po-210
	6.90E-07

	U-235
	0.18

	U-238
	2.30E-03

	Pu-238
	3.70E-03

	Pu-239
	1.40E-03

	Am-241
	0.019

	Cm-244
	2.20E-03

	Cf-252
	3.20E-03


3) Example 

What is the equivalent tissue dose to the skin for a person who has an average skin contamination of 1250 Bq/cm2 of Mo-99/Tcm-99 and 250 Bq/cm2 of I-131 for 2 hours? The SFBeta is considered to be equal to 1 in this case. 
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Mo-99/Tcm-99: CFBeta-skin = 1.9 (µGy/h)/(Bq/cm2)
I - 131 : CFBeta-skin = 1.6 (µGy/h)/(Bq/cm2)
HT(skin)  (Mo-99/Tcm-99) = 4750 (Gy : HT(skin) (I-131) = 800 (Gy

Total equivalent dose to the skin from this contamination in 2 hours = 5.6 mGy.
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