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Methods of Evaluating Dose Equivalent Z 4510-1989
by Fast Neutron Film Badges

1. Scope

This Japanese Industrial Standard specifies the methods for calculating
the 1 cm dose equivalent, 3 mm dose equivalent, and 70 um dose equivalent
in the human body by using film badges for fast neutrons having energy
values of from 0.5 to 15 MeV for the purpose of personal monitoring.

Remark: The unit and numerical values shown in { } in this Standard
are based on the conventional system of units and indicate
Standard values.

2. Definition

T he meanings of the main terms used in this Standard are as shown below
except as specified in JIS Z 4001, JIS Z 4332, and JIS 7 8103,

(1) fast neutrons Neutrons having a kinetic energy value of several
hundred keV or larger.

(2) fast neuiron film badge A personal dosemeter consisting of a
photographic film having a film base coated with a nuclear emulsion,
hereinafter referred to as the "film", and enclosed in a case, used
for calculating the dose equivalents by fast neutrons by counting
the tracks of recoil protons produced by the ¢lastic scattering of
the fast neutrons.

(3) tiracks Rows of developed silver particles produced in the nuclear
emulsion by the recoil protons produced by fast neutrons.

(4} reference calibration constant A calibration constant obtained by
using an “*Am-Be neutron source.

(5) calibration constant The quotient of the neutron fluence used as
the reference divided by the net track density.

(6) period of use The period from the start {o the end of use of a film
badge, regardless of the execution or non-execution of radiation
operations during that period.

(7) net track density ( TDr) The difference between the track density
of the irradiated film(?) or used film(%) ( 7D«) and the track density
of the control film ( 70 ).

TDu(em™)=TDu—TP¢

Where there are a plura]ity of control films, the average value of track
densities of those control films shall be taken as 7D:c.

Notes (1) Films after bein-g irradiated for the purpose of obtaining
basic data,

. (?) TFilms after termination of the period of use.

Applicable Standards: See page 15,
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(8)

(3)

(10

(11)

(12)

(13)

(14)

track density (7D) The ratio of the counting area ( ) on the nuclear
emulsion surface to the counted number of tracks (#) in a developed
film.

TD =(cm‘2)=~§-

control film A film used for background correction, which is stored
for the same period as that of the developed films or used films.

latent image degradation A phenomenon in which the latent images

of tracks produced in the nuclear emulsion gradually disappear by the
effect of temperature, humidity, etec. during the time from fast neutron
application to development. -

neutron fluence (¢) When a bell at the central position of a film badge
is imagined, the quotient of the number of fast neutrons (dN) entering
this ball divided by the area of the great circle (de) of the ball.

2y OV

relative error (8) The percentage ratio of the square root of the
number of tracks (x) to #.

6 (%) :i‘%xm{}

response The quotient of the net track density divided by the neutron
fluence.

net photographic density (Ox) The difference between the photographic
density of the filter area of the irradiated film or used film (0% ) and
the photographic density of the control film (Oc¢).

On=0n—0Oc

Where there are a plurality of control films, the average value of photo-
graphic densities of those control films shall be taken as O-.

3. Film and Case  Films and cases shall meet the following requirements.

(1) The films shall have the same specifications as those of the films whose

(2)

(3)

performance has been verified by using the method specified in Appendix.

The cases of fast neutron film badges. hereinafter referred to as the
"film badges", shall have a purity of not lower than 99 % and incorporate
a cadmium filter 0.5 to 1.0 mm in thickness, hereinafter referred to as
the "filter", on both surfaces. However, filters made of an alloy,

if used, shall have a thickness containing the same quantity of cadmium
as above. '

The construction and dimengions of films and cases shall be such that
when they are assembled as film badges, their performance can be
verified by the method specified in the Appendix.
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4, Preparation of Basic Data

The following basic data shall be prepared for dose equivalent calculation.
(1) Reference calibration constant
(2) Energy characteristic
(3) Latent image degradation characteristic
(4) Directional characteristic
(8) Photographic density characteristic

b. Methods for Determining Basic Data

5.1 Devices Used for Deiermination of Basic Data

. 5.1.1 Neutron Source The neutron source used shall be an 241Am-Be
neturon source or 252Cf neutron source having traceability, or an accelerator
capable of emitting fast neutrons having traceability with respect to neutron
fluence. -

5.1.2 y-Ray Source The y-ray source used shall be a 1¥7Cs or °Co
reference y-ray source having distinct traceability with the exposure standard,
or a '%7Cs or °%Co y-ray source whose dose rate has been measured by a
reference measuring device having distinet traceability with the exposure
standard. |

5.1.3 Dose Measuring Device The dose measuring device for measuring
the X-rays or y-rays of standard irradiation shall have distinet traceability
with the exposure standard.

5,1.4 Microscope The microscope used for counting the tracks shall
satisfy the following conditions,

(1) The magnification shall be not less than 400.
(2) The objective lens shall be one for no-cover glass use.

(3) The microscope shall have a construction able to read the
distance of travel of the film.

5.1.53 Developing Tank The developing tank shall be able to keep the
developer at 20.0 * 0.5°C during development.

5.1.6 Densitometer The densitometer used for measuring the density of
films shall have been calibrated by an optical wedge.

5.2 Developing Method

5.2.1 Developer The developer used shall be that specified by the film
manufacturer or one satisfying the performance requirements shown in the
Appendix, and it shall be used 10 hours or longer after preparation.
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5.2.2 Development In the development of film, the developer in the
developing tank shall be kept at 20.0 * 0.5°C and be stirred well to minimize
the difference in the degree of development,

The developing time shall be that _ﬁpeciﬁed by the film manufacturer.

5.2.3 Fixing Fixing shall be performed using the fixing solution
specified by the film manufacturer or one satisfying the performance require-
ments shown in the Appendix, and the solution temperature shall be kept at

20 * 2°C with a fixing time selected to match the capability of the fixing
solution.

5.2.4 Washing and Drying Washing shall be performed with running
water for a duration of time not exceeding one hour., Drying shall be
performed by natural dryving. |

5.2.5 Safety Light Where a safety light is used, it shall not cause a
fogging exceeding 0.0l in photographic density.

5.3 Measuring Method for Phntngﬂphicbensity__ The photographic density
of films shall be measured in accordance with JIS K 7605.

5.4 Method of Counting Tracks Using the microscope specified in 5.1.4
and moving the {ilm in a horizontal direction, the number of tracks present
in the area of the film corresponding to the position of the filter (excluding
~ the control film), hereinafter referred to as the "filter area”,

The counting area shall be so selected that the relative error in the
number of tracks counted in that area falls within 20 % in the average value of
5 film badges when fast neutrons of 2%Am-Be neturon source are applied at
a neutron fluence of 3.0 x 10° cm-% to 5 film badges(3) by using a phantom

as specified in JISZ 4331 or the like, hereinafter referred to as the YPhantom".

Note (3) Films of which the background influence is almost negligible
shall be used in the fiim badges.

5.5 Method of Determining Reference Calibration Constant Twenty-five
film badges containing films of the same lot shall be divided into 5 sets of 5
units, consisting of sets A to E. Fast neutrons shall be applied to the film
badges of sets A to D disposed on the front surface of a phantom, respectively
according to Table 1. However, set E shall be used as control films,

Table 1

Neutron fluence

Neutron source
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