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Fig. 1. Schematic diagram representation of
the film badge dosimeter.
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Table 1. Standard exposure for the reference'
gamma rays (*¥Cs).

Exposure Environmental \Incident Beam
Group in Air Condition Angle
mR {C/kg) (Common) | (Common)
A 100£.58X 1075}
Temperature
A | 200B16x107% | 20£3°C
- Relative
300{7.74X107°
A f } Humidity 0~5°
A 400{L.03X 1074 0%
A‘i 5«){129 X 1074} Atmospheric
Pressure
As | 1000£258X1074 | 960kPa
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Table 2. Standard exposure for the X or
gamma rays energy.

Table 3. Standard exposure for the image
fading characteristics.

Group A B C
Exposure
200 500
in Air Control Film
,16X107% | {1.29X107*
mR [Cpkg) | PO 129107
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Table 4. Standard exposure for the incident
X-ray beam angie.

Group A A,
Effective Energy of
2
X-ray (keV) 7 46
Exposure in Air 400 100
mR {C/kg} {1.03X107%} | {2.58 X107}

2E A2 lem AFEF FHA

kB wEel 100KVp o4 AGE &9 #
glo] R5o0] A3 40, 80 KVpe] At A1 88
F gdch ety fFaAARA 7} 27, 46keVY X-
A7 662 keVQl Cs-137, 28] 1250 keVQl Co-60
Fopde] 8 BEZALE 3P

X-4, e qlﬁ*]% ZAAFHR 4 dY
AAANAM ZHE ARz HF
AN&DE ) F(12mm) A1 2] Control 2 A3

o] 83t ZAVAFTH AN FEY BA
A& 1Y 2-77% o] TEHch
a7 29 494 EeliE dEe 4Fvy 2
H¥ 100mR{2.58X107° C/kg}®} 200mR[5.16X107°
C/kg} o1dellx 2t 2= g Ads =7}
=< 508 s, FERIEEH HAH=

1 i
i 2

#X el

= <

=
E
=1

FE
K

rx

—w— PI{05mm)

----- o=~ AI(0& mm)
400 4 ~—o— Cu{03mm)
g PBCL2 mm)

3004

200

Photo — Density

=
e e ™
(&

Y T T T ¥ Y T T T T
100 200 300 400 500 600 700 800 900 10001100 1200

Exposure (mR)

Fig. 2. Relationship between X-ray exposure
and optical photo-density of the film
badge dosimeter. (27 keV, Sensitive
Emulsion Film)
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Fig. 3. Relationship between X-ray exposure
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Fig. 4. Relationship between X-ray exposure

and optical photo-density of the film
badge dosimeter. (46keV, Sensitive
Emulsion Film)

200
—— FI{05mm)
= AL(06mm)
—o— (Cu{03mm}
&~ Pb{12mm) °
Z
=
o
=
@
a
I 1004
3
=
=
=9
P ern- ST )
000

T T ¥ T T T T T Y y Y
O 100 200 300 400 SO0 600 700 800 900 1000 1100 1200

Exposure (mR)

Fig. 5. Relationship between X-ray exposure

Photo — Density

500
A
» /
300 A
——w— PI{O0Smm)
vre Qe
- Al(06mm)
~0— Cul03mm)
meegee PR 12 MM
100
000

and optical photo-density of the film
badge dosimeter. (46 keV, Insensitive
Emulsion Film)

T T T T T T T T T T T
0 100 200 300 400 500 500 700 800 900 1000 1100 1200

Exposure (mR)

Fig. 6. Relationship between y-ray exposure

and optical photo-density of the film
badge dosimeter. ('¥’Cs, Sensitive
Emulsion Film)



EWANLFA Y MAYE A% 240 B A7 43
4q4¢9 5
—aPbo{i2mm)
T®PL (1S mm)
3004
= &
% % 5
QL PI{OSmm)
= 200 4 e AL( 0.6 M ) =
| —©o— Cu({03mm) I
g s PO {12 mm ) g. :
£ £
109+ i 4
4 T T T T T
000 e 0 200 400 600 800 1000 1200
[ 100 200 300 400 500 600 700 800 900 1000 1100 1200
E (mR)
Exposure (mR) Xposure Am
Fig. 7. Relationship between y-ray exposure Fig. 8. Relationship between '¥'Cs j-ray ex-
and optical photo-density of the film posure and optical photo-density of
badge dosimeter. (*Co, Sensitive the reference lead filter. (Sensitive
Emulsion Film) Emulsion Film)
Table 5. Average optical photo-density under the Pb filters to gamma ray(**’Cs, 662 keV).
Film Badge Filters [ Pb Pb Pb Pb
(mm) (12) (1.2) (15 (1.5)
Film Type Sen. Insen. Sen. Insen.
100
0.98 0.12 0.96 0.12
{2.58X107%}
200
1.60 0.13 1.47 0.13
[5.16X107%}
300
E 19 0.14 191 0.14
xposure {7.74X10°%} 9
in Air
mR {C/kg} 400
. .15 2.26 0.15
(103X 10} 237 0
500
4. 0.20 4.06 0.20
{1.29x107%} 03
1000
. 0.92 3.11 0.92
258X 1074} 506 J

Sensitive Emulsion Control Film Optical Photo-density : 0.37
Insensitive Emulsion Control Film Optical Photo-density : 0.12
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Table 6. Average optical photo-density of the film badge filters to development delayed
time (662 keV, 200 mR).

Film Badge Filters P1 Al Cu Pb
(mm) (0.5) 0.6) (0.3 1.2)
Development 3 1.38 1.53 143 1.56
Time (Day) 10 135 151 140 154
Sensitive 20 1.30 149 137 151
Emulsion
Film 30 1.26 1.45 1.35 1.48
Development 3 0.14 0.14 0.14 0.14
Time (Day)
10 0.13 0.13 0.13 0.13
Insensitive 20 0.13 0.13 0.13 0.13
Emulsion
Film 30 0.13 0.13 0.13 0.13
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Table 7. Average optical photo-density of the film badge filters to development delayed

time (662 keV, 500 mR).

Film Badge Filters P1 Al Cu Pb
(mm) 0.5) (0.6) 0.3) (12
Development 3 2.63 2.63 2.52 271
Time (Day) 10 2.60 258 245 2.60
Sensitive 20 253 247 2.20 245
Emulsion
Film 30 249 244 2.16 2.39
Development 3 0.16 0.16 0.16 0.16
Time (Day) 10 015 0.15 0.15 0.15
Insensitive 20 0.15 0.15 0.15 0.15
Emulsion
Film 30 0.15 0.15 015 0.15

160 A
330

Relative value
<

s 10 20 30 s
Time Delay (day)

Fig. 10. Relationship between development
delayed time and relative value of the
image fading value (Sensitive Emul-
sion Film).
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Table 8. Dose calculation of incident X-ray beam angle. L:Left, R:Rightt T: Top

Energy (keV) 27 46
Exposure (mR) 400 100
Reference Filter (mm) P1 (0.5) Al (06) P1 (0.5) Al (0.6)
416 439 99 97
0° :
Avr. 4275 Avr. 98
388 290 49 55
90°
343.5 52
375 402 86 97
L 30°
388.5 915
Incident 286 262 74 76
L 60°
Beam 274 75
Angle 415 439 86 90
R 30°
(Degree) 427 88
341 290 74 76
R 60°
315.5 75
212 224 49 48
T 30°
218 48.5
314 215 49 48
T 60°
2645 48.5

a3 11914 L60°9 ol FHA & AL %
8ol A9} o] 27keVe] APZAT 71AF A o]
ot &S #5sh=d T30°9) T60° e SE¥iA &
FZo] HEZAE Aol vUERL MEZ ¥

1o 0° #e tA AEF AolE 23 ¥ & U
Fig. 11. Directional characteristic curve for BREY RAATE A9 14 A= A7
the incident X-ray beam angle. e go A58 HAFa 44 78 F deH

ﬁ.*
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Table 9. Dose evaluation statistical data for the experimental results.

Photon _ _

Energy Hi(mR) H/ P, P,—P (P,—P)?
(keV)

100 114 0.140 0.116 0.0135

200 213 0.065 0.041 0.0017

97 300 322 0.073 0.049 0.0024

400 424 0.060 0.036 0.0013

500 505 0.010 —0.014 0.0020

1000 1000 0.000 —0.024 0.0006

100 98 —0.020 —0.044 0.0019

200 192 —0.040 —0.064 0.0041

46 300 284 —0.053 —=0.077 0.0059

400 381 —0.048 —0.072 0.0052

500 482 -0.036 -0.060 0.0036

1000 1000 0.000 —0.024 0.0006

100 118 0.180 0.156 0.0243

200 234 0.170 0.146 0.0213

662 300 307 0.023 —0.001 0.0000

400 396 -0.010 -0.034 0.0012

500 572 0.144 0.120 0.0144

1000 1002 0.002 -0.022 0.0005

100 110 0.100 0.076 0.0058

200 224 0.120 0.096 0.0092

1250 300 283 —0.057 —0.081 0.0066

400 379 —0.053 —0.077 0.0059

500 479 —0.042 —0.066 0.0044

1000 851 —0.149 -0.173 0.0299
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A Study on the Measurement of the Personal
Exposure Dose by Film Badge Dosimeter

Woon-Kwan Chung

Chosun University

ABSTRACT

The experimental evaluation of exposure conversion formula using the relationship

between optical photo-density, exposure dose and the quality of radiation characteristics

of radiation energy to X-ray and y-rays. The film badge dosimeter is analyzed by exposure

conversion formula which evaluate image fading characteristics for development time

and directional characteristics for incident beam angle. In conclusion, exposure conversion

formula evaluated of this study is satisfied with quality decision criterion of the film

badge dosimeter.

Key words : Film Badge Dosimeter, Quality of Radiation Characteristics,

Optical Photo-density, Exposure Conversion Formula, Image Fading



