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FOREWORD

This TL BADRGE TECHNICAL DATA consists of three chapters.
To hegin with, in Chapter 1, features of TL badge

materials i(phosphora, shield materials, and structural
materials} as well as element structures and the principle
of the optical heating method are stated for you to have
basic understanding on our TL badges,.

Then, 1n Chapter 2, hasic properties of TL badges to vy, X,
f, and neutron rays are listed. We hope those character-
istic data would be useful for yvou to carry ocub proper
calculation of resulted data, so as to evaluate individual
dose correctly.

Remember that those characteristic data collected here ars
only representative data, hence, deviation of individual
TL badge properties should ke taken into consideration for
proper correction to thelr read values.

Finally, in Chapter 3, fundamental concepts and actual
maethods to evaluate vy, ¥, B, and neutron doase using our

TL badges are stated. )
our TL badges have excellent features as a thermcluminescent
dosimeter (TLD), providing with various dosimetric
applications. We hope that this document would £fully
serve you to have good understanding on cur TL badges

and to carry out correct monitoring.
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l. GENERAL

1.1
(1)

Ti, Badge Materials

Phosphor Materials

Phosphor materials adopted for our TL badges are
lithium borate phosphor LizB.0; {Cu}, which has the
effactive atomic number of 7.26, approximately
equivalent te that of soft tissue of a human body,
and highly sensitive calcium sulfate phosper CaBO, {Tm)
which has the effective atomie number of 15.3.
Further, lithium borate phosphors are classified
into three types: *Li'°B,0, (Cu) and 7Li,''B.0,(Cu),
sach of which are the combination of enriched
isotopers °Li and 'Li to *’B and ''B raspectively,
and "ri,"8,0, {Cu), which is the combination of
natural "Li to "B,

cur elements made of these four types of phosphors
mounted on a plate, serving for its specific dosi-
metric objective.

Features of these phosphors are:

Ori."'B,0; (Cul

This phosphor is made from natural abundunt
materials, "Li and Pg, and activated by Cu.

This element has sensitivity to low energy neutron
as wall as to y, X, and B rays.

"Li,*'B.0; (Cn)

This phosphor is made from enriched isotopes, "Li

and *1p, This element has almest no sensitivity to
neutron. Its response to v, X, and B rays is same

as that of "Li,"B,07 (Cu).

fLi,'?B,0; (Cu)

This phosphor is made from enriched isoctopes, ‘Li
and 'B. This element has high sensitivity to low



energy neutron. Its response to vy, X, and f rays
is same as that of "Li,"B.,0; (Cu}.

Cast, (Tml

This phosphor, activated by Tm, has the effective
atomic number which ls not equivalent to sofit tissua.
Thig element is used to measure low deose y and X rays
with a metal shield, since it is highly sensitive to
them. Further this element has an over rasponse
without a metal shileld, it is5 alao used to measure
energy of v and X rays, combined with a LizB.0, (Cul
aelament,

This element has almost no sensitivity to neutron.
The following figures show the glow curves of these
phosphors. .

Fig, 1 shows the glow curve of Caso, {Tm}, which has
a dominant peak at 220°C and two low peaks at lower
temperatures,

Fig. 2 shows the glow curve of "ri"BLO; (Cul,

which is the sams as those of B5Li,'%B,0, {Cu} and
Tis*'B,0, (Cu).

The glow curve of a lithium borate phosphor has a
small peak at 120°C and a dominant peak at 205°C.
The low temperaturs peak fades in arcund one day.
Now, the followings are the emission spactrums of
these phosphors. Flirst, Fig. 3 shows the spectrum
of “Li,"B,0, [cul, which 1s the same as those of
S1,i,Y%8,0, (Cu) and "Li,*'B,0; (Cu).

A lithium borate phosphor has its spectral peak at
368 nm, and i1ts color is violet blue,

Fig. 4 shows the spectrum of CaSO. {Tm). A caleium
sulfate phosphor has two spectral peaks at 364 and
452 nm, color of which is viclet or Blue respectivaly.
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(2]

chizld Materials

Varigus types of shield materials are usad for TL
badges, depending on the type of a radiation to be

evaluatead.

In evaluatlon of deep dose equivalent (dose at 1 cm
under skin} with a lithium borate element, the

plastic shield of 1,000 mg/fem? ls used,

that i=a,

combination of a TL badge holder (160 mg/cm?®] and

a hanger (840 mg/cm?).
In measurement of § ray dose or skin dose {dose at
7 mg/cm? under skin}, the skin window shield of 3
mg/om? or the semiskin window shield of 50 mg/em?

is usged,

In measurement of neutrom dose with isotope enriched

phosphors,

the cadmium shield and the tin shield is

used tao absorb thermal neutron and to compansate
The plastic and lead shield

4 ray, respactively.

is used to get energy Information oy to measure low

dose of y and X rays respectively, with a calcium

sulfate slement.

mable 1 Shields for TL Badge and Hanger
[typa [ namo material ﬁa;?Tn?;;fcmzj apjectiva, feature B
skin window Solyester | 3 mg/om A ray svaluation _
TL semlskin window | polyester | 50 mgfem” B ray avaluation |
badge | plastic shield LRZ 160 mg/om® to give window thickness
aluminum shield | Bl 0.8 mm to glve window thickneas |
cadmium shisld cd 0,7 mm to absorbh thermal neption
tin shiseld sn 0.7 mmn aquivalent to ¢d shield for
Y xay
copper shigld Cu 0.2 mm to compensate Y ray
energy responias ]
laad shileld b 0.7 mm to compensate Y ray
energy responsg ]
B window polyester | 3 mg/om’ to evaluate B ray
hangar | plastic Ehield AES 160 mg/cm” to giva window thickness
plastic snield AES B840 mgfcm® to give window thickness




{3}

Structural Materials

The appearance and structure of a TL kadge ars shown
in Fig. 5 and Fig. 6 respectively. Fach type of

7L badges with one, two, or no window 1s used
according to the objective of use.

The material - of a TL badge maln body {(holder) is
made of ABS resin, and that of a plate is made of
norylic resin.

Proper shields, selected according to the objective,
are affixed with adhesives sbove and/or beneath the

gach element.
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1.2 Elemant Structure and Princilple of Heating Method
{1) Thin Element )

The sectional view of a TL badge element is shown
in Fig. 7. Each element is made of phosphor
granufes of 90 um in mean grain diameter, formed
into almost one layer on a base made of polyimide
film of about 100 ym in thickness, including soma
carbon black.
A translucent Teflon film covers the phosphor layer,
preventling dusts.
The thin element, made of a phosphor layer of
15 mg/cm? in thickness on a bhase of 11 mg/em? in
thickness, and coversd with a skin window of 3 mg /om?,
enables measursment of skin dose or B ray.

(2) Optical Heating
The thin TL badge element is heated by inirared
light, Fig, 8 shows the outline of this heating
method.
Visible component of the light emitted fxom a
tungsten lamp with wave langths less than 1.2 um is
eliminated through a S5i filter. Infrared light 1s
converged through a convergence tuke onto the -
plastic substrate mada of a highly heat resistant
nolyimide film including carbon black, heating the
£ilm. The heat of the film, then, transfers to
tha phosphor., The phosphor is heated up to about
150°0 within 1 second. The lamp flashes three
times. During the first lighting, pre-annealing of
the element is done, during the second, measurement,
and during the thixd, elimination the residual dose
in the element, is made.
The entire process for one element takes about 3

seconds {for using UD-710A),

- 10 -
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2.
2.

1

FUNDAMENTAL DATA OF TL BADGE

How To Use Fundamental Data

Here, from Fig. 9 and onwards, characteristics of

'TL badges te y, X, B, and neutron rays are shown in
this chapter, These data are commonly applicable to
7L, badgers, whlch 1s classified into about 30 types in
tarms of its specific combination of the phosphor to
the shield. When a TL badge of a special type is to
‘be used, its characteristic data should be conjectured
based on these data collected here, or confirmed
experimentally.

8ince thres types of lithium horate phus?hors have
basically common characteristics to v, X, and 8 rays,
data for every type of them are not fully presented.
These data wers all cbtained in a laboratory
condition.

7L badges used in an actual dosimetric field may show
some fluectuations from those listed here through
various factors. For sxample, Sensitivity of each
T badge differs from each other depending on its
class, l.e. g, R, or 8.

Take ahove statesd factors into consideratlon, when
you carry out correction for resulted measurement
data, based on characteristice of TL bhadges listed .

here.

-1z -



2.2 Fundamental Data To ¥ And X Rays

{1} Energy Response

' Fig. 9 ~ 11 show the snergy response of a lithium
borate element {'Li,''B,0; {Cu) element] with
plastic ehield of 17, 308, 1,000 mg/ocm? in thickness,
respectively, and Filg. 12, with Cd shield.
Fig., 13 shows the energy response of a calcium
sulfate element [CaS0, (Tm) element] with plastic
shield of 1,000 mg/em® in thickness, and Fig, 14,
with Pb_shield.,
The response of the lithium boratse element with Cd
shield is small for low energy photons, and the
caloium sulfate element with plastic shield shows
15 times over response for low energy photons.

{2) Linearity
Each of Fig, 15 to 18 shows the linearity of °Li.!®B.0;

' n
(Cu), "Li,*'BL0Os (Cu), "Li"BuO7, and CasQ, (Tm)
glement respectively, each of which is consistently
linear within a range from 10 mR to 10 R.

{3) Fading
Each of Fig. 19 to 22 shows the fading character-—
istics of °Li,!"B.0, (cu), "Li,'!'B,0; (Cu),
“Li,"B,0; (Cu), and CaS0, (Tm) element in a long
period respectively, and Flg. 23 and 24, of
nLian40¢ {Cu) and Ca80, (Tm} in a short periecd
fwith in 24 hours respectively).
CaS0, (Tm] element shows small fading in both short
and long peried, but lithium borate elements show
long time fading of about 20% in 10¢ days at 40°C,

- 131 -



{4} Fero Point Dose
Each of Fig. 25 shows the read value for unexposed
element of each of four types.
Casd, {Tm) olemant lndicates 0.3 mB or lass, and
lithium borate elements indicate 5.0 mR or less to
zexro dase,
Thiz indication is mainly caused hy thermal
emission from the heated element. Since the
genzgitivity of a lithium borate element i1s about 1730
times compared to that of a calcium sulfate slement,
the thermsl emission resd by & calcium sulfate
elament as of 0.1 mR i3 resad by a lithium bhorate

as of asbout 3 mE,

{5} Reproducikhility for Repeating Use
Each of FPig. 26 and 27 respectively shows the
deviation of read value of nLiznﬁuﬂ? {Cu) and Cas50,
(Tm) with respect to varied radiation intensities.
The deviation of read walues to about 200 mR
radiation is 5% or lesa for nLianhDT fca), and

2.5% or less for Cas5C, (Tm).

(6) Sensitivity Changes in Repeating Use
Fig. 28 and 20 show sensitivity changes of
nLianqo? fCu} and CasS0, {Tm)} alements in repeating
.use respectively. Both types of elements show
sensltivity changes less than 10% within the
reliability of 9%5% after the repeating use of
1,000 times,
The repeating use of 300 times for UD-710A, which
is used for a monthly (pericdic) mcnitoring; and of
1,000 times for UD-720A, UD-702E, and ‘Ub-705A which
are for ascess control, 1s assured. .
If ap elesment is to be used more timss than stated
above, it should be carefully examined, with encugh

consideration to 1ts history in the past use.

- 14 -~



{7)

Angular Dependence

Fach of Fig. 30 to 45 shows the angular dependence
of the resulted wvalues under the radiation of either
X ray of 75keV or Y ray from a source of %o,

Two ecages, l.e. with phantom and in free air, are
ghown in each figure.

The responsas to the radlations in directions of

.20°, 60°, and 75° in either the horizontal or
‘wvertical plane are plotted relative to that of the

radiation from the right front (0°) as shown in
sach figure.

Fig. 30 to 37 show the angular dependencs of
1i,%B,0, (Cu} element with a plastic shield of

17 mg/em? ox 1,000 mg/em? in thickness. These data
wers obtained by measuring UD-808%F TL hadge in
UD-887P hanger,

In Fig. 34 to 37, the response to ¥ ray of 75keV in
the dirsction of 75° is small, as affected by the
ghield of 1,000 mg/cm?® in thickness.

Fig. 38 to 45 show the angular dependence of

Casou (Tm} with a plastic shield of 1,000 mg/emn? or
a Pb shield. The respanse of Cas0, {Tm) with a Fb
shield to. X ray of 75keV I1n the direction of 75° is
large, because of the over-response of the phosphor.

- 15 -
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Source: X ray (75 KeV}

oin free air
0 » with phaniom

75 75"

L |

1.0 05 0 05 1.0
Read walue (mR)/Read value at 0° (mR)

Fig. 30 Angular Dependence ("Li '’B,0; + 17 mg/en?)

TL badge UD-B0AP (on the right side) and UD-Q09F (on the laft side) are
stored in the hanger UD-887P. This figure ia for the first elemant of
UD-B08F { Li:' Ba07 + 17 mgfcm®).
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75

Source: ¥ ray ‘(75 KeV)

. cin free air
0 e with phantom

75

L I L

1.0

T :
05 0 ah 1.0
Read valus (mR)/Read wvalue at 0° (mR)
Fig. 31 Angular Dependence (PLi.''B,05 + 17 mg/em?)
TL badge DB-B0BP (on the right side) and UD-BO2P fon the left

side) are stored 1ln the hangerlED—EB?P. This f%gure is for the
£irst elemsnt of UD-B0BP {'Lip  By0s + 17 my/em”),
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60’ 60"
75 76"
90" ag

Source: °"°Co - y ray

oin free air
0 » with phantom

L]

75 ng’

1.0 05 0 05 1.0
raad wvalue {mR) /Read wvalue at 07 [mR)
Fig, 32 Angular Dependence {7Li;*'B,0,; + 17 mg/cm®)

TL badge UD-BUSP (on the right side) and UD-BOSP {on the left
oide) ara ctored in the hangex UD-B87F. Thia figure is for the

First element of UD-BOSP {?Liillﬂqﬂ? + 17 mgfcmzl,

(4 i 1 3
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Source; BfY'Co - v ray

oin free air
0 e with phantom

75

1.0 05 ] D& 1.0
Read wvalue [(mR)/Read value at 0° (mR)

Flg. 33 Angular Dependsnce {("Liz*'B,0y + 17 mg/om?)

TL badge UD-80BF fon the right side) and UD-B809F {on the left
side) are stored in the hanger UD-887F. This flgure is for the
Elrst elamant of UD-S0BP {?Li.znﬂqcl; + L7 mg,.-"cmz}.
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Source: X ray (73 KeV)

. oin free air
0 e with phantom

75° 75"

1.0 05 o G5 1.0
Read value [mR)/Read value at 0° (mR)

Fig. 34 Angular Dependence (Li,%!B,0, + 1,000 mg/cm?)
TL hadge UD-80BP (on the right side] and UD-80%F (on the left

side} are stored in the hangerlgn~88?P. This £igure 1s for the
4th element of UD-BLAP {"Liz"'B,0; + 1,000 mgfcmzj,
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ojn free air
0 e wilh phantom

75 75"

] ] 1 F i L 1
43 0 05 1.0

Read value (mR)/Read value at 0% {mR]

pendence (7Li,1'R,0, + 1,000 mg/om®}

the right side} and UD-B09F (on the left

the hanger UP-887F, This figure ia for the
(7Li,'1B,0; + 1,000 mg/cm®),

1 L i

1.0

Fig. 35 Angular De

TL badge UD-BOBP (on
eide} are astored In

ath element of un-g08F
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gource : °%Co - y ray

oin free air
0 e with phantom

75 75"

i 1

05 0 5 1.0
pead value (mR)/Read value at 0° (mR}
Fig. 36 Angular pependence (TLi t1BYO? A+ 1,000 mg/om?)

17, hadge UD-808F {on tha right side) and up-B09r {on the left
side] are stored in the hangst Uo-BG7E. This flgure is for the

ath element of up-908F . (Ll B 0; +1,000 mg/em?} .

1.0
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oin free air

¢ e with phantom

75 2c”

1.0 05 0 a5 1.0

nead value (mR) /Read value at 0° [(mRl
Fig. 37 Angular Dependence {"Li,*'B,0y + 1,000 wg/cm?®)
TL hadge UD-BORE (en the right side) and un-808p {on the left

side] are stored in the hanger UD-837P. This figure is for the
4th alement of UD-B0SP ("Liz 'B4Oy + 1,000 mg/em).
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B0
?_5"
90"
Source: X ray (75 KaV)
R | oin free air
@ e with phantom
30° 307
Eif}‘ . 5O
75 fi \ ' 75"
' ‘1
1.0 o 05 10

Read walue {(mR}/Read walue at 0% (mR)

Fig, 38

Angular Dependence (CaS0, + 1,000 mg/cm?)

TL bpadge UD-80BF {(dn the right =ids)} and UD-BOSF {on the left
glde) are stored in the hanger UD-287P. This figure is faor
the third element of UD-808F (CaS0, + 1,000 mg/fem?),
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60"
75"
90"

Source: X ray (75 KeV}

o in free air
0 ® with phantom

7% 75

L

1.0 05 0 05 1.0
Read wvalue (mR)/Read value at 0° (mR)}

Fig. 39 Angular Dependence (CaSO. + 1,000 mg/om?)

TL badae UZ-808F (on the right aide) and UD-BOSP {on the left
side) are stored in the hanger UD-887F. This figure is for
the third element of UD-80BP {CaS0, + 1,000 mg/em®),
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60
75
80"

Source: S'Co - ¥ ray

oin free air
0 e with phantom

30

05 0 05 .
Read wvalue imR) /Read value at 02 (mR)

pependence {Cas0, + 1,000 mg/em?)
the right side) and UD-Z09P {on the
n the hanger UD-BBVF. This figure
f UD-B0AF {(CaSO, + 1,000 myfom?y,

Fig. 40 Angularx
TL badge up-goap {on
left aide} are stored 1
ig fgr the third aloment o
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Source: *%Co - y ray

cin free air
0 e with phantom

75 78"

1 L] ] 1

1.0 05 0 05 1.0
Read value (mR)/Read value at 0% {mR})

Fig. 41 Angular Dependence (CaS0, + 1,000 mg/cm? )

TL badge UDB-808P {on the right side) and UD-B0SF {(on the
left side) are stored in the hanger UD-887P, This figure
is for the third element of UB-gOSP (Cas0y + 1,000 mg/em?).
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30
BD‘
75"
ap’
Source: X ray (75 KeVl
N oin free air
0 » with phantom

0

| - ‘I‘ 1 1

60 4.0 2.0 0 20 40 60
Read wvalue (mR)/Read value at 0°(mR)
Flg. 42 Angular Dependence {Casg, + Fb shiesld)

_TL padge UP-8L0F is stored in the hanger UD-854P.
This figure {s for the 4th element of Up-8l0P {(CasSo, + Fhl.

- 489 =



Source: X ray (75 KeV)

oin free air
C e with phaniom

30

6.0 450 20 0 20 4.0 8.0
Read wvalue tmR}ngad value at 0° {mR}

43 Angular Dependence {¢as0, + Ph shield)
' 7L, badge UD-810F is stored in the hanger UD-854P.

Fig.

~ This figurs is Fox the 4th element of UD-510B {CasO, + Fbl.

- 50 -



30

7%
80

oin free air
0 e with phantom

30

75

L L 1 -

1.0 05 ¢ 05 1.0
Read wvalue (mR}/Read value at 0% {mR)
Fig. 44 Angular Dependence (Cafd, + h shiald)

TL badge UD-810F i3 stored in the hanger UP-834F.
This flgure is for the 4th element of UD-A10P (CaS0, + Pbl.
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Source: °°Co - y ray

oin free air
¢ o with phantom

75

L] ] L i r L 1 1

1.0 05 0 Q5 1.0
bead value (mR)/Read walue at 0% (mR)

Fig. 45 Angular Pependance (CaB0, + Pb shield)

TL hadge UL-810F iz stored im the hanger UD=-854F. _
This figure 15 for the 4th element of Uc-810F (Cadf, + Ebl.
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2.

3
{1}

(2]

Fundamental Data To £ Ray

Energy Resgponhsa

Fig. 46 shows the sensitivity of Li;B,0; elemants

with & shield of 14, 17, 63, 300 or 1,000 mg/em? to B ray.
With a shield of 1,000 mg/cm?, almost no gensltivity

i{s shown even to the high energy p ray for L& Ru-Rh
source.

The sengitivity to the low energy 8 ray from 14%pnm

is, even with a shield of only 14 ng/cm?, less

than 1/10.

Linearity

Fig. 47 shows linearity of the read values to the
B ray dose with a shield of 17 or 63 mg/em? in
thickness. Both cases show good linearity within
the measurement range from 10 mrad to 1,000 rad,

~ K3 -



2.4

{1)

Fundamental Data To Neutron Ray

Enrichment of Isotopes, °bLi, "Li and !'B, !B
Hatural abundunt Li and B are consisted of stable
isotopes, °'Li, "Li and 'R, ''B respectively.
61i and !'B has a larger cross section to low
energy neutron, whereas, 'Li and !B have almost
ne cross section.
These properties are exploited in detecting neutron
with the combinations of fLi to '°B and 7Li to !'s,
all highly enrichad. The degrees of enrichment
for each lsotopss are shown below.

Pable 2 Enrichment of Isotopes

isotops enrichment
fri 9E.0% or mare
LL 99.9% or more
iy 95.0% or more
11g 99.0% or more
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(2}

Responge to Thermal Heutran Ray
Responsaes of four types of phosphors to thermal

neutron are shown in Table 3.,

Table 3 Response to Thermal HNeutron

caSC, (Tm)

b14,1%8,0; (Cu} | T1iz?tBy0r (o) | PLe"Ru0; tow)
ralativa
reapanse 1.00 0.011 0.329 0, 0008
NOTE 1. Exposure, here, 1s thermal neutron of about
300 mrem.
2. The ratio of read value in mR to Intensity of

radiated thermal neutron in mrem is normalised
so that *Li,}°B,0 (Cu) shows 1.0.

The sensitivity of °Li,'®B.0y {(Cu) to thermal
neukron is aheout 100 times bigger than that of

’14i,218,0; (Cn), which is enough to evaluate

neuntron dose,

Cas0y

which is probably bscause of photens in the

experimsntal field.

fTm) elesment also shows elight response,

(3} Glow Curve of ®Li,*'B,0, (Cu) to Thermal Weutron Ray

Fig. 48 show the glow curves of
1,i,*?B,0; (Cu) phosphor to ¥ ray of 1,080 R and
to thermal neutron of about 8 rem respectively.

Both curves are almost the same te sach other,

- 5R -




Read value [(mRE}/PF ray dose (mrad)

10°

107

107

Intensity: 500 mrad

IR

1

18mg/em®

060,-RR

2047
" B3mglem’ | / iSUGmgfcm’

| | | S N S I}

1000mg/ cn’

1 | ) I |

10°

10°
Maximum energy of B ray (EeV)
Fiﬁ. 46 B Ray Energy Response
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H”‘”I'l
0% | /J"
- 63mg/crm?
107 |-
3 -
g
LI}
g |
&
10' |
n +/
~ L | S A I | ] | A A P I I !
10’ 10° 100

Fig. 47

B ray dose {mrad)

Linearity of B Doas
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3. CONSIDERATTONS FOR DOSE EVALUATION

3.1

{1}

(2)

vy and X Rays Evaluation

Bvaluation of Deep Dose Eguivalent

As for X and y ray dose, conventionally two methods
of measurement have been adopted : ons is to
measure y dose in free air in unit of roentgen (R),
the other to measure absorbed dose {daecp dose
equivalent}.

Deep dose eguivalent is a dose absorbed hy deep
tissues of a human body, including acattering,
attenuation, and reflective (of the radiation) in
the body.

Since deep dose eguivalent represents diractly
damagza of a human body caused by radlations,
measurement of deep dose eguivalent for ¥ and X rays
ig desirable.

ICRE recommended the depth of 1l cm to measure

deep dose equivalent in its Pub. 26. Measured doss
with a shield cf 1,000 mg/cm? in thickness
correspond to this deep dose egquivaleant.

The effective atomic number of lithium borate
phosphor Li,R.,0; (Cul) is 7.26, which is wvery close
to 7.42 of that of human muscle tissues.

Therefore, measured dose through Li;B.07 (Cu)
phosphor with a shield of 1,000 mg/cm® is almost
identical to dose absorbed by miscle tissues. This
means that deep doss egquivalent can be measured
diractly.

Energy Evaluation

Cas0, [(Tm) phosphor has the effective atomic number
of 15.3. Because of 1lts large effective atomic
number, the phosphar has the large energy
dependency, showing cver-response to low energy
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in average 7 mg/cm’. (See the figure below.)

/j/’y Az

,--”;'_' - :rE‘-w shafy
Bosaf fayer -"\‘- e =Ty gidermiy
R T, ;yc
Blaod umu’ls — 3 *'Il' ) .
Sebacena qland Hai failicls
r—— [rmis
A | ,
pacring tweal ) Ecerine sweal
glond : i geebd
b iy Hair matrig
Cagillory loap /
it pagilla - ",_..“955_ Subenlanems
B littun
f= ]

gectlional View of skin

{z) B Ray Evaluation
Inn ideal dosimster to measure f ray and skin dose

should have the structure equivalent to the
susceptible layer, that is, a sensor of 5 mg/om?

in thickness, wade of a material eguivalent to a
human body, with a cover of 5 mg/em? in thickness,
again, made of a substance egquivalent to a human
body.

However, such a thin dosimeter at stated above is
not practical, Eince its response is teo small.

gur TL badge element is one of the thinnest and
consists of Li:B,0; (Cu) of 13 mg/em? in thickness,
which is eguivalent to a human body, with a plastic
covar of 14 mg/ecm? in thickness. Evaluation of B
dose can be properly carried out with this basic
element. A correction to an ideal skin equivalent
gisimeter {5 mg/cm? under 5 mg/em®) will give bettex
result.

Actual method of this correction will he stated in

the paragraph 3.4.
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{Ll)

photons, {See Fig. 13.]

LizBE,O7 (Cu) phosphor, on the contrary, has a

gmall energy dependency, showing almost flat snergy
response, This difference can bhe exploited to
evaluate energy of y and X raya. Particularly
energy of less than 200 KeV can ba clearly
distinguished. (Refer to 2.4.)

Ray Evaluation

B Ray and Skin Dose

B ray (including, here, gcattered eslectrons
originated from y ray)has & weaker penetration
force than y ray, hence, most of 1t is absorbed by
tissues clese to skin surface, Therefore, as to

§ ray, our concerns are mostly to damages of eskin -
tissues,

Dose eguivalent absorbed by skin tissues is
generally called skin dose. {The terms of surface
dose and shallow dose are also used.) Not only

g ray, but alsoc y ray damages skin tissues.
Therefore, the term, skin dose, represents doge
damaging skin tissues from both g and y rays.

on the other hand, the term g dose, represents a
part of skin dose contributed by g ray.

Skin is composed of various layers, including the
epidermiz which is made of dead tissues. The layer
eaglily damaged by radiation is right under the
epidermis, and called the susceptlble layer, where
cells produce epidermis tissues and melanin pigment.
When the susceptibkle layer is exposed to an intenss
radiation, epidermis ls no longer produced,

causing keloid-like skin.

The depth of the susceptible layer is varied
depending on a part of a hody. According to ICRP
pub. 26, its depthls5 to 10 mg/cm? (50 to 100 um},

- &0 -



3.3 Weutron Ray Evaluation

{1} Phosphor Material for Evaluatlon of Neutron
Two types of lithium borate phosphors are uged to
evaluate neutron dose, Whereas 'Li,'?B,0; (Cu)
shows almost no sensltivity to neutron, °Li,*®B.Cs
{cu) show a high sensitivity to low energy neutron.
This is because °Li and !'’B generate charged
particles according to the following reactions :
SLi + n + o + ‘H
198 4+ n + o + L1
Thess charged particles excite the phosphors.
Since the cross saction to this reaction is
inversely proporticnal to the zoot of energy of
neutron (1/v law), the phosphors show high
senesltivity to low energy neutren. Sensitivity of
each phosphor to thermal neutron is shown in Table 3
of paragraph 2.4.

(2) Basic Concept to Neutron Dose Evaluation
The difference of sensitivities to thermal neutron
betwaen Li,'?B,0, {(Cul and 'Li,*'B,0; (Cu) 1is
exploited to evaluate neutron dose. However,
¢14,'°8,0, (Cu) shows almost no sensiltivity to high
energy neutron, whereas it shows high sensitivity
to low energy neutron. Teo evaluate dosge of high
energy neuton, albedo method has been introduced,
which explolts reflectien and mederation of neutron
in a human body or a phantom.
Thus, fast neutron dose as well as of thermal
neutron can be evaluated separately with a Cd filter
in uee to abksork thermal neutren,
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{3) Methed of Neutron Evaluation
Energy spectrum in actwal neutron £ield has, in
most casea, a wlde range covering from thermal
neutron reglon to fast neutron reglon,
Further, conversion constant to caleulate dose
equivalent from neutron flux varies greatly
depending on ensrgy of neutrons. Therefore, TL
badges to measure neutron dose should be calibratsd
through neutron spectrum close enough to the
actual energy spectrum, or in the actual radiation
field with the aid of a rem counter, which can
read dose eguivalent directly. .

3.4 Example Of Evaluation BY Actual Dosimeter

(1} TL Badge UD-808P/809P and Hanger UD-887F

1 Compogition of the system
Fig. 49 shows the ontline view and element
arrangement of the system, which consists of the
hanger UD-B87P and TL badge UD-808P For measuring
v and B rays. The hanger is for twe TL badges, and
of tightly closed structure. The alament 4 (E4) of
'1.i, 'B,0; {Cu) and the element 3 (E3} of CaS0. (Tm)
are for y ray measurement, and koth are under
plastic shields of 1,000 mg/em® in thickness.
Both the element 1 (El} and the element 2 (E2) of
*Li,''m,04 {Cu} are for § ray measurement, and under
thin plastic shields of 17 and 63 mg/em® in
thickness respectively. Any of these elements has
almost no sensitivity to neutron.
Fig. 50 shows UD-B05P in the hanger UD-887P for
measuring neutron., Two types of phosphora are
$1.1,3%R,0; (Cu), which has a high sensitivity to
low energy neutron, and i, **r,0, (Cu), which has
almost no sensitivity to neutron, and shields are the
combination ef Cd to S5n metal shields.
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