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ABSTRACT

The radiophotoluminescence- (RPL) spectra of silver-activated
phosphate glasses of different compositions under 365 mu excitation
have been measured in the 400 to 750 mu range. The apparatus,
spacially designed for this type of measurement, uses a red-sensitive
photomultiplier tube and permits comparison of the relative RPL inten-
sity with the known output of a NBS-calibrated lamp for each wavelength
interval.

Shape and maximum of the RPL spectrum depend on the type of
photomultiplier tube, if no corrections fer the photomultiplier spectral
response are made, After corrections, a steep RPL increase above ca.
500 my, spectrel radiant intensity maxima between 615 (French C.E.C.
glass) and 640 mu (DT-60 glass) depending on the glass composition,
and a slow increase in the red have been observed. For a constant
glass base composition, the Ag concentration of from 0.5% to 5% did not
affect the spectrum. Also the dese level and the degree cf the RPL
build-up after exposure had only minor influence on the spectrum,
‘During thermel annealing, & RPL increase in the blue has beén observed.
After a megarad exposure, a permanent RPL which could not be annealed
has been found. Some further experiments are suggested.
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SUMMARY

. The absolute radiophotoluminescence spectra of several commercial
-and experimental Ag-activated dosimeter glasses.have-been measured with
& specially designed apparatus. Depending ma.mly on the glass base
composition, maxima between 615 and 6#0,@.: and a slow decrease in the
red ‘have-beeii, found. The effect of build-up, silver concentration and
dose of the RPL-spectral shape is small. The influeance of very high

doses and thermal annealing ,\a.lso ‘has-been measured. . \\\
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I. INTRODUCTION
»

Radiophotoluminescence (RPL) spectra of silver-activated sodium
chloride and a metaphosphate glass containing different amounts of
AgPO3 (2-16%) vere first measured by Schulman, et al. ,L 1n the 420 to
640 my range. Maximm response was obtained at 630 mu. In a later
publication,2 a RPL spectrum was given for the Navy DT-60 dosimeter
glass containing 8% AgPOz (4.3¢ Ag). A poorly resolved minor peak was
observed around 480 myu with a main peak at 640 mu. Recently, Yokota
and Nekajima3 published a RPL spectrum for their low Z, low predose

glass which peaked at 610 my (50% of the maximum RPL at 5U5 and 685 mu).

This spectrum had been measured in a spectrofluorometer with automatic
correction for, the detector response characteristics designed by
Uehara, et al.} Other authors (see, for instance, 5 and 6) measured
"relative™ RPL spectra (uncorrected for the iuminescence Getector
response) and found maxime around 560-590 my, depending on the red
sensitivity of the photomultiplier tube. The value of this type of
measurements is rather limited. ) o

A knowledge of the RPIL spectra iz of both practical and theoreti-
cal intsrest. It allows a combination of optical filter and RPL
detector to be chosen that will give optimal sensitivity together with
high background (predose) discrimination. There is also a correlation
between luminescence and the coordination of the activating ion in the
glacs. For instance, it has been concluded from the fluorescence
spectra chat the Ma2+ ion has octahedral symmetry in phosphate and
borate glasses (maximum ca. 600 myu in the relative spectrum) but is
tetrahedrally coordinated in silicate glasses (waximm ca. 520 mp.),7

II. THE SPECTROFLUCROMETER

The fluorometer used in the measurements (Figs. 1 and 2) was
developed for checking the constancy (i.e., in color and intensity) of
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the fluorescence standards which_are part of the U.S. Navy's phospnate
glass casualty-dosimeter aystem.e In order to serve as an "absolute"
device in a useful sense, this fluorometer makes use of a standaxrd
light source which is reproducible within known limits in its intensity
and spectral energy distribution. Barbrow? has shown that a tungsten-
filament lsmp calibrated for luminous intensity and color temperature
can be used as an approximate standard of spectral radiart intensity
(S.R.I.). Lsmps sc calibrated can be obtained from the National Bureau
of Standards, and readily yield values of S.R.I., at a selected plane in
microwatts per cm® per 10-millimicrons spectral interval, over a wave-
length range of special interest for dosimeter-glass fluorescence
measurements--namely, .from %00 to .approximately 750 millimicrons.

Briefly, the fluorometer is designed to compare (i.e., in radiant
irtensity for each specified wavelength interval) the fluorescence
spectrum of a.sample of photoluminescent glass to the emission spectrum
of the standard lamp. In order to make such a comparison useful,
certain conditions have been met:

(a) The photoluminescent-glass sample is excited by a known filux
of UV 1ight, which has been chopped at 13 cycles.per-second to provide
an a-c¢ signal from the photomultiplier (which sees the dispersed .
fluorescence) into a tuned, phase-sensitive amplifier. The UV light,
from a 250-watt Hg-src larp, is essentially the 365-mu mercury line
‘passed by a 5-mn Corming No. 5290 giaes filter. UV output is monitored
by a vacuum photocell and recorded by a second pen on the same recorder
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(b) owing to the temperature dependence of its fluorescence, the
glass sample is held al the convenient temperature of 25 + 1°C while
its spectrum is being recorded. 'lhis is achieved by thermally
insulating the sample from the UV lamp and filter, using a radiant-
heat-absorbing water cell, and cooling the sample-holder by temperature-
controlled water.

(c) The radiant intensity of the standard lamp, which provides the
reference spectrum, is reduced by neutral density filters (or by a
glass atienuating sphere) to a value comparsble to that of the weak
fluorescence of the glass. An opal-glass diffusion screen (SC) is
added, bveing in effect a neutral filter, and also providing a light
source geometrically simjlar to the fluorescing glass.

The photomultiplier scans the photoluminescent-glass spectrum
coming from the monochromator, which is provided with an automatic
wavelength drive. After amplification, the photomultiplier signal is
sent through a 4-step, low-pass filter for noise control, and is
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recorded on a strip-chart recorder. The attenuated spectrum of the
standard lamp is then superimposed on the same chart.

The essential steps in obtaining the spec¢tral-energy output of
the dosimeter glass are: ) ‘ '

(a) Determining the S.R.I. of the standard lamp at the plane of
exit of the lamp beam from the attenuator (i.e., from the opal-glass
diffuser). This requires reducing the non-attenuated lamp_ value, for
each required vavelength interval, by applying the spectral trans-
mittance factor of the "neutral" attenuator for that wavelength
interval.

(b) Comparing the recorder-chart ordinates of the glass-
fluorescence spectrum to the corresponding ordinates of the attenuated
lamp spectr=. Owing to the geometrical design of the fluorometer, it
is only necessary to move the diagonal plane mirror (M-i1) from one to
the other of its pre-set positions in order to substitute the known
standard-lamp output for the unknown output of the fluorescent-glass
sample,&s seen by the monochromator entrance slit. Thus, the spectral
radiant intensity of the glass is obteinable by a simple comparison of
ordinates.

If the primary concern, as in the present case, is to determine
the shepe of fluorsscence spectra, the relative spectral transmittance
of the attenuator is sufficient for cbtaining spectra normalized to
‘oeax value = 100, T T T emee - T

The major known sources of error ave the following:

(a) Standard-lamp spectral data: Reference 9 gives the following:
"Te uncertainty of the spectral data computed by this procedure is
probably no greater than 3% but may be as much as 5%. This estimate of
total uncertainty is based upon the following estimates of contributing
uncertainties:" ..." 2% from uncertainty in the determination of colcr
temperature; and 1% from photometric uncertainty."

(b) T™e spectral transmittance of the "neutral" attenuator has
been dbta;ned by a spectrophotometric measurement, and may add an error
of 2 or 3%.

(c) T™e overall linearity of the electronic circuits should
probably not be counted on to better than 2%.

(a) It was ne~essary to use 1.0-mm slits to obtain the desired
combination of signal/noise and scanning speed. However, since




fluorescence spectra are typicaily broad bands of wavelengths, a slit-
vidth of this size is tolerable. The manufacturer of the monochromator
(a Perkin-Flmer Model 98 single-pass Littrovw instrument of effective
“aperture f/4.5 using the manufacturer's "standard" fused guartz prism)
gives the resolution at the above slit-width as follows: At LOO my,
10.5 my; at: 500 my, 20 my; at 600 myu, 3% mu; at 700 my, 52 myu.

As a result of these sources of uncertainty, a cumulative error as
great as 10% could occur in the absolute values. (i.e., in microvatts per
cn per 10 mp). However, for the present purpose, namely the measure-
ment of changes in spectral distribution and intensity, by far the
larger p&_:'of the uncertainty in (a), (b) and (d) is common to all
spectra recorded and should disappear from the final results, which
should then be relisble to within 5%.

III. RESULTS

In crder to demonstrate the effect of the photomultiplier tube
response characteristics on the relative spectra and for the selection
of a proper detector, uncorrected spectra have been measured using
different types of photomultiplier tubes. Three commercial dosimeter
zlasses and one experimental one used in the experiment have the.

following composition :
TABLE I

Composition of Some Dosimeter Glasses

Glass type, author Composition (% wt)

Ag Al i P 0 Others

D60 (Schulman, et al.) %3 47 - 284 Ll 10.8 Ba
7.7 K

Toshiba (Yokota, et al.)d b2 46 3.6 333 535 0.8B
C.E.C. (Francois, et al.)™ 2.h 3.5 2.5 33.8 52.5 0.5 Be
4.7 Na

Experimental glass (Becker)™ 0.6 0.5 7.3  3%.7 55.9 1.0 B

il
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Glass hQlocks 8 x 8 x 4.7 mn in size have been exposed to identical
doses of Co”" radiation under electron equilibrium. After stabilization
by & 20 min 150°C heat treatment®s12 for obtaining maximum RPL, the
relative spectra in Fig. 3 have been obtained with a IP 21 photomulti-
plier tube (S-4 photocathode) and the spectra in Fig. 4 with a Ip 22
(5-8 photocathode). Because the second tube was less sensitive, the
glasses had to be irradiated with 1000 R instead of 200 R. As expected,
the different blue-to-red-sensitivity ratios of the two photomultiplier
tube types causes RPL peaks at different wavelengths (560-570 mu and
600-610 my, respectively), different slopes of the intensity decrease in
the red, and different ratios between the RPL intensity in the blue and
the red. The different peak heights are in good sgreement with the
results of sensitivity ccmparisons, vhich have shown abcut twice the
sensitivity for the Yokote than for the Schulman type glassi®»13 fMhe IP
22 tube was selected for further experiments because this tube permitted
measurements with reasoneble accuracy up to ca. 750 mu.

By correction for the photomultiplier tube sensitivity, "absolute"
spectra (spectral radiant intensity as a function of wavelength) have
been cobtained. For better comparison, the spectra are rnormalized at
their peak intensity = 100 (Fig.. 5). It can be seen that there are
considerable differences between the glasses in the intensity in the
blue, the peak wavelength and the slope in the red, in particular,
between the Schulman glass and the three other glasses. In some of our
experimental glasses’ containing the same amount of Ag (ca. 4%), but
different phosphate glass bases, similar differences have been found
(Fig. 6). The vavelength of maximm intensity, however, is about 620 mu
in a1l these glasses. In 5ill anotier experiment, the glass 5 base was
kept constant and the Ag concentration varied (Fig. 7). For concen-
trations between 0.5 and 5% Ago0, no differences in the RPL spectra have
been found., The 0.1% Ag,0 glass spectrum also may be more similar to
the others than it appea.rs from Fig. 7, because the low absolute RPL
intensity of this glass did not permit very aceurate measurements in the
lower wavelength regions.

In another experiment, the possitle effect of the gamma dose level
on the RPL spectrum has been studied. The upper dose limit was given
by the possible discoloration of the glass, the lower dose limit by the
sensitivity of the instrument. Poor accuracy because of nesrness to the
lovwer limit of measurability in the 50 R glass may in part be responsi-
ble for the increase in the relative intensity below 500 mp in the
results presented in Fig. 8. Above 520 my, no difference in the RPL
spectrum can be seen between glasses which had been exposed to 50, 500
and 5000 R. Glasses with a low Ag content such as an experimental glass
with 0.6% Ag exhibit a considerable build-up after exposure. The RPL
immediately after a short time exposure may be only a few percent of the
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final RPL after stebilization. > If the RPL spectra of such a glass
after exposure and after stabilization are compared, only a small
difference in the spectral shape can be seen in spite of the very
different absolute intensities (Fig. 9).

During thermal annealing, however, a relative increase of the low-
wavelength part of the: RPL spectrum can be seen if compared with the
spectrum-of ‘the seme glass after keeping it for 100 days at room
temperature after exposure to 1000 R garmma radiation in order to obtain
the maximm RPL intensity (Fig. 10). There may be thermally-more-stable
luminescence centers with a peak intensity below 400 mpu. Because of the
proximity of the 365 mu excitation line, no measureménts in this region
could be made. The blue. RPL -disappears during the final stages of
thermal: annealing.

It has ‘been demonstrated in previous experimentss that after
extremely high gamma exXposure a permanent increa.sg in predose which
cannot be annealed will result. Indeed, after 10 R and 2 hours
annealing of the discolored glass at 400°C, the luminescence of the
glass shows 'a peak Probably below 400 mp and extending into
the red (Fig.-11). Obviously, this effect cannot be omitted by a red
filter,

IV. RECOMMENDATIONS

It would be desirable to extend these experiments, in particular,
to measure the spectral distribution below 40O and abore 750 my; to
measure the spectra as a function of the excitation wavelength and to
increase the sensitivity in order to make measurements of the "predose"
spectra of the modern low predose glassses and, may be, to find methods
for a better discrimination of predose and luminescent surface con-
tamination against the radiation induced effect.

The use of a UV laser for, excitation, which has recently been
suggested by Kastner, et al. ,11" may help solve problems of intense and
sufficiently monochromatic excite*’on. The spectrum may also be
determined during the ca. 3 pusec decay time of the RPL after the end of
a pulsed excitation, which has been found to be by ca. a factor of ten
longer than the predose decay time.
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In reader design, it would be desirable to use RPL light detectors
having a sensitivity extending to at least 700-800 my for the better
utilization of the RPL output in the red and for better discrimination

sgainst disturbing "spuricus” luminescence and scattered excitation
light.
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Fig. 3 Relative radiophotoluminescence (RPL) intensity of different
dosimeter glasses as a function of wavelength, uncorrected for photo-

multiplier tube IP 21 response.
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F.g. 4 Relative radiophotoluminescence (RPL) intensity of different
dosimeter glasses as a function of wavelength, uncorrected for photo-
multiplier tube IP 22 response.

11

> | 7 \\
& |- \ _
@ / // /\am etass N\
ST Il .
& /
w — . ——
>
: / o
G"j IOO [—= - ‘/ ..'/ %, —
B // 7 "/\SC‘HU.'.MA,V 6LASS
: v N
B __.///
i
R
oe—— v | 4 vy 1oy b
300 500 600 700

et wn




‘00T = £L3Tsusqur yead JOJ POZTTEWIOU ‘U3BUSTIABA
JO UOT3OUNY B 88 SIESVTT J93IWFSOp JO L3TsSuajul IJH gueTpex Tex3oeds & *3Td

vas wm—e

(J0x08g)
SSY1O IVININIYIIX3I

|
(=]
w
(00t =x0ad pazyjowiou ) A)isuaju] Judipos |osads

/S5VT0 NYWINHOS ll.../

2051 VW OZ A3ZIIAVLS ‘MY 0001
—{ 001

12




4.\,5 ws I._aﬁ_t\.:. / . - N e - )t
..... VAR, = = SR N -
' . i
, reoL o, .
| , _ *00T = £37suaquy xead a0y pazTTowron ‘(aseq ssed ajeudsoud 4ue
~I9JITP ‘UOT4VIUIOUOD BV SWeS) (SIESVTS TBIUIWIIIAXD TBIDAIS JO Bajoads I 9 *3W
é
(rw) ¢
0oL 009 005 007
_ 0
o
.
o
B i
— 0§

yoad pazijpuriou ) A}isUsjul JUDIPDI |DI)IAdS

(oot

-

\ D006t U OZ a3zrueves' u 0001
.l. oot




*Q0T = L9Tsusquy ead x03 pazTresmIou f(9seq SSBT3 JUBLSUOD
UOTGBIJUIOUOCD BV JUSIIIITP) Sosse(d Tejusufradxo Texaass JO vagoads T L °3Td

009

(Muw) ¥

3SvE .SSV19 3dAL VIOXOA

%S’ 50

.\\||_|\\

~
\\ 0 %6v 10
/

25051 UL 02 @3ZINIAVLS ‘4 0001

1k

|
(=]
w
xpad paz)jpwiou ) Ajisuajuy jucipos joadads

P

(om

—{ 00t




L.

D O ROt s LU P P
LN ~

PP I L R
Y - -

5 -

S

{ . *00T = A3Tsuaguy }ead JIOF pPazTTeWIOU
ST349T 980p SWMRd QUIIAFITP 3% 8888 Jajauwfsop adfg BIONOX JO axgoads Ty g *31d

(001=%0ad pazijowiou ) Kisudjy) upipps [Pdds

Jo0S1°UIW 0Z G3ZNIBVLS

-t .
-

pee— T

15




N - VSRR T

*00T = L37susquf wad J0F PIZFTPWION ‘juamysax] 38aY IcO0ST UTW O2
v £q UOT3BZTTIqPIEe I93J8 PUB 3I0J9q ssBT? Tejuakrtsadxs us Jo BX3oads TdM 6 *IW

(ru) ¥

00L 009 00s 007

\ {2005k UK 0Z )
(Izo:<~_.__m<»mmmtq

{001 =10ad paz|jpuwiou ) AYsudiul UDIPDI |DUdads

Ay 0001
(49%23@) SSV19 WINIWIIAXI

—jo0t

16




PR P O R AT TR Sy T T s ST e e s s P T I

‘.
~ B
s R S e e e i e % S < am = ow L - . ol .. M e e o e e e - v o -
A ~ T RO
'
N
S
. .. — -
Ve
) §
4
b
i »
PYE
-
hTY

*00T = A3TsURUT Jead JOF PIZTTEWION
‘SupTesuue TEWI} SUTINp 8$8ed Jejewysop ® JO uwnxjoeds I ayz uf safuweyp OT ‘BN

(rlw) ¢
0oL 009 005 007
~ T _ _ T T T _ T T | _ T _ _ T T T _ 0
— 3002 P 00 -
T T —
- S —
\\o.SN_.c.E oo T~ b
SSVIO YLOMOA / * -~ 2
- -4 2
T -
N /s T~ 8
N ~. 1 & ~
AN J008Z VW 0%+ "\, 2 par
N\ N\, 5
) N . 5
B N N L
\ \ z
N ~
3
8
— 1 5§
o o
* o
3
= - o
xx
n
s
- — e
' . —1 001
] | ] ] 1 ! 1 I ] ! 1 1 1 ] i i ! 1




Ty e

Tl el IR e

TN M A R T T R R e e AT A

P R P A EASARRES LI YA,

ARG S )

SV S eI R T I T T U AR T R TR N Ty T R T B T T N T o TP ary o™ Yo Ty he e Vg e, SR TAR Y,
N7 . .
. . = N
N 4 . - .
.Aoooo.; sanoy Nv SurTeauur TEUISYY] PUB UOTLBTPBI vumed Y
wOﬁ 03 sunsodxe I93J8 S8SBTS JII}SWISOpP B JO umxjoads scasossutuny TenpIssy TIT "STd
(rw) ¢
. 00L 009 605 007
T T T I T T T T T T i T T I I T T 0
- v
h-d
a
. 4 =
_ g
_ ) 8
| A 5 @
b M 1
[ 3
2
3
3
2
N
o
: g e
' o~
, 3
- 2
L1}
3
f S :
00007 SHNOH Z GITVINNY ‘AY J01'SSVIO VIONOA . ;
. - —l oot
' | 1 I | ] i 1 ] 1 L 1 ] ] I 1 1
. ; .
ui
.row'w
S . < T s e
o, . \. + -
v e . -
i ,n..m; o .:r,\.. HA U RO WL R PR AT ,r. b IS Ll e o e n s & o ... T Iu.(W..é ‘leu..wuiu - e - p = - ! : . ” :
- . N - - EBE A SN o P et o S ok ot Con s ey oy - — - - -1
y P TR ,. S22 o i L e r e R R SR I JR A




[ aaliavecia

i K

S.
100

12.

13.
ll".

2

J. H. Schulman, R. J. Ginther, and C. C. Klick (NRL);
R. S. Alger and R. A. Tevy (NRDL): J. Appl. Phys. 22, 1479 (1951).

J. B. Schulman, W, Shurcliff, R. J. Ginther and F. H. Attix,
Nucleonies 11, No. 10, 52 (1953).

R. Yokota and S. Nakajima, Health Fhys. 11, 21 (1965).

Y. Uehara, T. Kushids, K. Hanada and S. Kaneko, Toshiba Rev. 17,
856 (1962).

K. Becker, in "Personnel Dosimetry for Radiation Accidents," IAEA,
Vienna (1965) p. 169.

R. Maushart and E. Piesch, Atompraxis 12 (1966), in press.

K. Bingham and S. Parke, Phys. and Chem. of Glasses 6, 225 (1965).
D. W. MeQuilling and R. S. Alger, "An Absolute Fluorometer for the
U.S. Navy Phosphate Glass Dosimeter Standards System." USNRDI.
Technical Report. In preparation.

Iouis E. Barbrow, J. Optical Soc. Am. (Itr), k9, 1122 (1959).

I(I.f g"‘.!z;a).ncois, et al., Int. Congr. Dosimetry Extern. Rad., Paris
1964).

K. Becker, Nucl. Instr. Meth. 36, 323 (1965).

K. Becker, Proc. IAEA Symp. Solid-State and Chemical Dosimetry,
Vienna (1966).

J. Cheka, Health Phys. 10, 303 (1964).

J. Kastner, et al., Proc. IAFA Symp. Solid-State and Chemical
Dosimetry, Vienna (1966).

19

. 5
Ty

EFEA LY A T

NP QU 0% AT ML T Ry

ARSI

o




UNCLASSIFIED -

Security Classification
DOCUMENT CONTROL DATA-RLD
(Srcurity ciocsificatisn of titte, Sody of aBstract and keesi=g o ems® Ec estsred wheo 5 oversll report Is classilied)
1. GRICINLTING ACTIVITY (Corporute achoe) - - B - 128. REFPOMT SECURITY CLASSIFICATION
U. S. Kayal Rediological Defense Izborztory UNCLASSIFIED
San Francisco, California ¢4235 5. cacur

¥. KEFPORT TITLE

~ RADIOPHOTOLUMINESCENCE SFECTRA OF SILVER-ACTIVATED DOSDMETEZR GLASSES

4. DLSTRIPTIVE NOTES (Type of roport and knclosive detes)

S« AUTHORIS) (7 1r6f moee, middie inltial, lo3t nezwe) -
KiAUS BECKZR
DONAID W. McQUILIING

6 REPORT DATE Ta. TOTAL 8D. CF PACES 7h. NO. OF REFS

25 August 1967 .29 19
e covujiucr OR SRANT KO. $a. ORICINATORS REPORT KNUMBLERIS)
USHRDL-TR-67-66

& prosECT MO. NAVSHIPS, Subproject SF 011
05 11, Task 0503

o

. $P. OTHER REPORT NOIS) (Acy other uzbers el muy bo sssigned
s repost)

30. DISTRIBUTION STATEMENT

THIS DOCUMENRT HAS BEEN APPROVED FOR PUBLIC RSIZASE AND SAIE; ITS DISTRIBUTICH
IS UNLIMITED.

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

HAVAL SHIP SYSTEMS COVMAND
WASHINIGTON, D. C. 20360

13. ABSTRACT

The radiophotoluminescence (RPL) spectra of silver-a:tivated phosphate glasses
of different compositions under 365 mpu excitation have been measured in the %00
to 750 mp range. The apparatus, speciaily designed for this type of measure-
ment, uses a red-sensitive photomultiplier tube aiu permits comparison of the
relative RPL intensity with the known output of a IBS-calibrated lamp for each
wavelength interval,

Shape and maximum cf the RPL spectrum depend on the type of photommltiplier
tube, if no corrections for the photomiltiplier spectral respense are made.
After corrections, a steep RPL increase above ca. 500 mu, spectral radiant
intensity maxima between 615 (French C.E.C. glass) and 6L0 mu {DT-60 glass)
depending on the glass composition, and a slow increases in the red have been
observed. For a constant glass base composition, the Ag concentration of
from 0.5% to 5% did not affect the spectrum. Also the dose level and the
degree of the RPL build-up after exposure had only minor influence on the
spectrum., During thermal annealing, a RPL increase in the blue has been
observed. After a megarad exposure, & permanent RPL which could not be an-
nealed has been found, Some further experiments are suggested.

DD 25,1473 (pace 1) UNCLASSIFIED

S/N 0101.807-6801 Security Classification




