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RADIOLOGICAL DOSE ASSESSMENT —
NONUNIFORM SKIN DOSE,

RADIOACTIVE SKIN CONTAMINATION,
AND MULTIPLE DOSIMETRY

by
W. C. Inkret and M. E. Schillaci

Abstract

Radioactive skin contamination with 8- and ~-cmitting radionu-
clides may result in biologically significant absorbed doses to the skin.
A specific exposure scenario of interest is a nonuniform skin dose deliv-
ered by - and y-emissions from radioactive skin contamination. The
United States Department of Energy requires a formal evaluation and
reporting of nonuniform skin doses. The United States Department
of Energy also requires specific, formal procedures for evaluating the
results from the placement or use of multiple dosimeters. Action lev-
els relative to potential absorbed doses for the contamination survey
instrumentation in use at Los Alamos and formal procedures for eval-
uating nonuniform skin doses and multiple dosimeters are developed
and presented here. .

Introduction

Radioactive skin contamination with 3- and y-emitting radionu-
clides may result in biologically significant absorbed doses to
components of the integumentary system [1]. A specific skin
exposure scenario of interest is a nonuniform dose delivered by
(- and y-emissions from radioactive skin contamination. The
United States Department of Energy (DOE) has required that
significant nonuniform skin doses (at a depth of 0.07mm) be
evaluated and added to measured uniform skin doses [4]. The
DOE has defined a significant dose as 2% of the annual limit [4].
The annual dose limit for the skin, 50rem, is based on preven-
tion of deterministic effects. Accounting for multiple exposures
is accomplished by assuming that an individual might encounter
10 potential skin contamination events in a year. In this case
the appropriate action level for initiating a nonuniform dose as-
sessment is 100 mrem. The United States Department of Energy




also requires specific, formal procedures for evaluating the re-
sults from the placement or use of multiple dosimeters. Action
levels relative to potential absorbed doses, for the contamina-
tion survey instrumentation in use at Los Alamos, and formal
procedures for evaluating nonuniform skin doses and multiple
dosimeters are developed and presented here.

Determination of Potential Skin Dose

The Eberline ESP-1 survey meter in combination with the model
HP-260 or the E-600 ratemeter in combination with the SHP-
360 or the HP-260 Geiger-Mueller (GM) pancake probe are used
at Los Alamos as portable -contamination survey monitors [6].
These instruments are used at the Laboratory for routine mon-
itoring for J-emitting radioactive contamination. The HP-260
has an active area of 12cm? and the SHP-360 has an active
area of 15.5cm?. Both systems are calibrated to read directly
in surface emission rate. That is, a result in counts per minute
(cpm) corresponds to a (3 surface emission rate in a 27 geome-
try. The contamination activity (dpm) is estimated by multiply-
ing the measured count rate by two. The calibration source is
3601 a medium energy (Eaverage = 246 keV) S-emitter. This cal-
ibration produces reasonably conservative initial readings and
assessments. The instruments will overrespond to higher en-
ergy [(-particles [6]. Final skin dose estimates may be refined by
scaling to the appropriate efficiency. Table 1 contains detection
efficiency values for several S-emitting radionuclides.

Action levels were developed using S-contamination absorbed
dose-coefficients presented by Cross etal. [3]. The variables of
interest are the time of skin exposure to the radioactive contam-
inant (T') in hours, the active area of the detector (A) in cm?,
the activity (X7) determined at time 7" in dpm, and the phys-
ical half-life of the contaminant (T%) in hours. The total skin

exposure is then calculated as,

T Xpe X
= [ 2w X @), M

where,
A= 12cm?




Table 1: Average B-particle energies, dose conversion coefficients, and detec-
tion efficiencies for several S-emitting radionuclides. Chlorine-36 is used as
the calibration standard for the pancake GM probes used for the monitoring

system.
Dose Average iT
Nuclide Coefficient Energy Efficiency
(mrem cm?/h dpm) (keV) (%)
36C1 2.6 x 1073 246 23
137Cs 2.4 x 1073 188 292
0Co 1.6 x 1073 96 16
908r-0Y 2.6 x 1073 196-935 32
T 1.5 x 1073 85 15
¢ 0.5x 1073 49 6
3zp 2.9 x 1073 695 > 32

A= In2/T:, and

2
E = the estimated nonuniform skin exposure in dpm h cm~2,
based on the assumption that the skin contamination is uni-
formly distributed under the probe area.

The estimated dose equivalent, Hy, (given that the quality
factor for (- and 7-radiations is 1), is given by the product of
the dose coefficient (C), in mrem cm? h~! dpm ™', and the result

of Eq. 1,
X1 AT
Hgin = C X — —1). 2
n =C X 2 2 (AT 1) @)
Values of C' that were obtained from reference [3] are given in
Table 1.

The action level, X7 4, in dpm, for a dose equivalent of Hgyin o
is determined by rearranging Eq. 1,

3 X
Xpa= Hskm,A AxA

AS X (@T_T) ®)

Table 2 contains recommended action levels for estimated skin
contamination activity for the radionuclides listed in Table 1
corresponding to Hgin 4 = 100 mrem.




Table 2: Dose assessment action levels corresponding to a dose equivalent of
100 mrem for the G-emitting radionuclides listed in Table 1, for an HP-260
GM probe with an active area of 12cm? and an SHP-360 GM probe with
an active area of 15.5cm?. The times indicated at the top of each column
indicate the elapsed time from the initial contamination event and detection
of the contamination.

Assessment Level (dpm)

Nuclide (5min) (30 min) (1 h) (4 h) (8 h)
HP-260 GM probe

36 6.8x10°% 9.1 x 10° 4.6 x 10° 1.1 x 10° 5.7 x 10%
137Cg 7.5x10° 1.0x10% 5.0x 10° 1.3 x 10° 6.3 x 10*
80Co 1.1x 107 1.5x10% 7.7x10° 1.9x10° 9.6 x 10*
0G0y 6.9 x 108 9.0 x 10° 4.7 x 10° 1.6 x 10° 5.7 x 10%
99T 1.2x 107 1.6 x 105 7.8 x10° 1.9x 10° 9.8 x 10*
e 3.7x 107 5.0x 105 2.5x10% 62x10° 3.1 x 10°
32p 6.3x 108 83 x10° 4.2x10° 1.0x 10° 5.2 x 10*
SHP-360 GM probe

36C1 73x10° 12x 106 58 x10° 1.4 x 10° 7.2 x 10%
137Cg 9.5x10° 1.3x10% 6.4 x10° 1.7 x10° 8.0 x 10*
60Co 14 x 107 1.9x10% 9.8 x 10° 2.4 x 10° 1.2 x 10°
920Gy N0y 88 x10% 1.1 x10% 6.0 x 10° 2.0 x 10° 7.2 x 10%
PTe 1.5x 107 2.0x10% 9.9x 10° 24 x 10° 1.2x 10°
e 47x 107 6.3x10° 32x10% 7.9x10° 3.9x 10°

32p 80x 105 1.1x10% 53x%x10° 1.3x 10° 6.6 x 10%




Determination of Nonuniform Exposure of the Skin

Nonuniform exposures of the skin to ionizing radiations or to
radioactive contamination must be assessed as detailed in this
section. For purposes of demonstrating compliance with DOE
rules, such assessments must be conducted as follows:

The area of irradiated skin is > 100 cm?.

The nonuniform dose equivalent received during the year must be
averaged over the 100 cm? of skin region receiving the maximum
dose equivalent, added to the uniform skin dose equivalent, and
recorded as the shallow dose equivalent to the extremity or the
skin for the year in which the exposure takes place.

The area of irradiated skin is > 10cm? but < 100 cm?.

In this case, the nonuniform dose equivalent to the irradiated
area received during the year must be added to any uniform skin
dose equivalent and recorded as the shallow dose equivalent to
any extremity or to the skin for the year in which the exposure
takes place.

The nonuniform dose equivalent estimate is given by

H=fxD (4)

where the variable H is the average dose equivalent over the
1cm? receiving the maximum absorbed dose, D, and f is the
ratio of the irradiated skin area in cm? and f > 0.1.

The area of irradiated skin is < 10 cm?.

The nonuniform dose equivalent must be averaged over the 1 cm?
of skin receiving the maximum dose equivalent. This result must
be recorded in the individual’s occupational radiation dosimetry
history as a special entry and not be added to other values of dose
equivalent to extremities or the skin for the year of exposure.

Recording the nonuniform shallow dose equivalent to the skin
caused by contamination on the skin is not required if the dose
equivalent is less than 1rem.




Determination of Effective Dose and Skin Dose with the Ap-
plication of Multiple Dosimetry

The dose equivalent for each region of the body (Hp,) is assigned
as the measured dose from the dosimeter placed in that region.
If no dosimeter was placed at that location, the dose is assigned
from dosimeter measurements in neighboring areas where the
exposure geometries and other physical factors are determined
to be similar [5]. For a single dosimeter place on the body, the
effective dose is taken to be the sum of the measured deep dose
equivalent and the measured neutron dose equivalent [4].

If more than one dosimeter is used to evaluate the dose equiv-
alent to an individual, a body region weighted average of the
dosimeter results is used to estimate the effective dose,

Hg =Y Wy Hyy, (5)

where,

Hpg = the assigned effective dose equivalent,

Wi = the weighting factor for body region br, and

Hyp, = the measured dose equivalent for body region br.

Body region weighting factors are given in Table 3 [2, 5].

Table 3: Body region weighting factors to be used in estimating the effective
dose when partial body shielding and multiple dosimeters are used.

Weighting Factor
Body Region (W)

Head and neck 0.10
Thorax, above the diaphragm 0.38
Abdomen, including the pelvis 0.50
Upper right arm 0.005
Upper left arm 0.005
Right thigh 0.005
Left thigh 0.005

Total 1.00
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