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Tores

Tuthmosis 111
- Amenhotep II
-Bekenkhons
: Setau

Psusennes I

Tete, PovinETrR

’

1504-1450 B.C.
1450-1425 B.C.

High Priest of Amun
in the reign of
Ramesses II (1304-
1237 B.C.) '

Vicerdy of Kush in
the reign of Ramesses
IT1 (1304-1237 B.C.)

Second or Third King
- - of Dynasty XXI (ca.
1050 B.C.)

0b1ects of Faience: e

Tuthmosis III
Amenhotep II
Bekenkhons

‘Setau

Psusennes

CCG 23917-19, 24933
3859-943, 3945 62,

}/ ERPE

24337-47,

F_\ b ELIJ Lﬂ

' Thebes-tomb-34 in the
"Valley of the Kings

Thebes~tomb 35 in the
7 Valley of the Kings

Thebes-tomb 35 (at Dira*
AbQ el-Naga)d

Thebes tomb 289 (at Dlra‘
AbQ el«Naga)

Tanis~Roya; Tomg II3

etc.

Shawabtis in University Museum.
Shawabtis in University Museum.
Faience objects in Cairo Museum (numbers unknown) .
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TOMB RADIATION BACKGROUND BY THERMOLUWINESCENT DOSIMETRY

[

Notes and prdcedures prepared by J. Winter

%ection { — Principles. Materials needed.
éection 2 == Uyerall procedure. |
Section 3 - Annealling of phosphor,
;Section 4 —— Further measurementé.

Section 5 — FPlating and resding procedure.

Section 6 - Calculation of results.
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Sec. 4

Section 1

Princigles.

Samples of phosphor (calcium sulphate doped with dysprosium) are
heated briefly to 620° ¢ (annealed) in order to remove pre-existing

thermoluminescence (TL). They are then plaéed, for a period of several months,

| in the situations where a measure of the radiation is required, and subsequently

-
" "Materials supplied.

brought back to the University Museum for the amount of TL to be determined
(or read). The latter will form a measure of the radiation dose the phcsphbr
samples have experienced. In order to determine the dose rate in the tombs,
the following additional measurements will be needed,
1. Calibration. An annealed sample of the phosyphor must be given

an independently measured radiation dose and the induced TL measured.

2+ Non-tomb-background radiation. Tpis is any radiation experienéed
by the phosphor while it is "live" (i.e. after annealing) additional to that
in the tomb itself. It is measured by reading the TL induced in separate samples
of phosphor carried alongside the "tomb sgmp}es“ during the period they are

b= W

out of the tombs, iy

b i

3. Degree of fading., Over the rather lang veriod involved, there

is the possibility of some loss of accumulated TL by a "fading" process.

This is nmeasured by exposing separate phosphor samples to a known radiation

A
dose, and placing such & sample alongside the "tomb measurement" samples in

each:tomb. The amount of TL lost by these samples will measure the amount of

fading experienced.

20 phosphor samples, each + gram of CaSO4:Dy in a 5 ml polyethylene capsule.
5 samples of pre-irradiated phosphor in capsules.
20 beakers (5 ml) with watch glasses for use in annealing.

Tags. Black paper.
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Section 2

Procedure

Transport all materials to Egypt. Protect pre-irradiated saﬁplea of phﬁpsphor
from all radiation experience as far as possible.

Anneal all samples except for the 5 pre-irradiated omes. Do this the shortest
practicable time before the samples are to be placed. Follow procedure of
section’ %, Record date of{gnnealing and other details as per section 3.

If & calibrated source of Y-radiation is available in Cairo, take S5 of the
annealed samples and give them & known Y dose &s described in section 4, part 2 —
"Feding check, preferred procedure". If such a source is not available, use the
pre-irradiated samples and follow the "second-best procedure™., If the former is
done, record the date of irradiationm.

Tag all samples, On each tag write an identification number and the tomb for
which each sample is destined. Rote 6n fheir tags which samples have been
artificially irradiated. i

Place in each tomb three "tomb measurement” saiples ard one "fading check" sample.

Choose locations close to those in which the pieces of faience were found,

s )

" consisténtwith reasonable prdtection from damage or pilfering. Record date(s).

If the "fading check, second-best proékiure“ is followed in 3, bring back the

additional “"non=tomb background“ sample supplied and read TL immediately on return.

Leave samples in place 6 months to 1 year.

Transport 2 additionzl samples of phosphor to Egypt. Anneal these shortly before‘
tomb semples are to be removed. Ideally, this annealing should be done the same
time interval before removal of the tomb samples as elapsed between annealing and

placing the tomb samples. An error of a day or two either way is acceptable.

Tag these samples “"non-tomb background checkﬁ. Record annealing date.

Recover all samples and transport to U.M. &s soon as possible., Take all possible
precaution to avoid further irradiation experience by the éamples. A shielded
container is recommended.

Reed thermoluminescznce in all samples.
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Section 3
Annealing

pransfer all samples to be annealed to 5 ml pyrex beakérs. Cover with
vatch glasses. l

Assemble beakers on & tray or sheet of a size suitable for entry into the
furnace. Suitable matérials for the tray are: iron, copper, brass, bronze,
Qil asbestos. Do not use: éluminum elloys, zinec, tin, anything tinned or
galvanised (melting points too low), damp asbestos (explosive production of
ateém), glass (may crack). 7

Pr.cf’heaé furnace to 620 - 625°C (1148 - 1157‘_’3-). Kiow tine 4o etabTidee dn
tthLa range. |

Iqﬁert tray of samples. Leave in furnace for 10 minutes, then withdraw and
gilow to cool naturally. Samples may be annealed in more then one lot if'
necessary.

From this point oﬁ, the samples mst not be exposed to any form of radiation.
other than background. This incluies ultraviolet radiation and therefore
includes direct sunlight. For preference théy should no% be expos.d to
any bright illumination for more than very short periods.

Transfer samples bacﬁ to polyethyleﬁe capsules, close firmly and wrap in
black paper. | |

Tag capsules as in section 2.

Record date of annealing, together with'tempcrature end time in furnace.
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Section 4 Part 1.

Further Measurements.,

I Calibration.

Anneal a batch of phosphor according to procedure of section 3.

Irradiate with known dose of Y-radistion of the order of 1 rad, Do not exceed
about 5 rads.
Read thermoluminescence according to section B

Ii Non-tomb background

A, On tomb samples,
Transport two + gram samples of phosphor to Egypt prior to removal of tomb samples.
Anneal as in section 3. Do this for preference the same interval of time before

removal of the samples from the tombs as occurred between annealing and placing

of the tomb samples themselves. Wrap and tag as before. Record date of annealing.

Ttansport back to U.HM. alongside the tomb samﬁles. In order to keep this

correction to & minimum, bring the samples back as soon &s possible after removal
{éégntombslvand take all possible precautions against further irradiation of the
samples. Transportation in a heavily shielded container is strongly recommended.

Read. TL in these additionel samples at the same time as the others.

B. On fading chéck samples,
Oné sample is supplied marked “"Background correction for feding check"”,
T;;nspoff to Egypt alongside the pre-irradiated fading check samples.
If the pre-irradiasted samples are used (see below), retain this sample in the
trensportation boz. Do not further treat in any way, Bring back to ﬁ.M. after
placing tomb samples (i.e. after first trip). '
On return, read the TL in this sample. Use this result to correct the TL in

the fading check as described in section &,
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Section 4 Part 2.

Further Measurements (Continued).

IIX Fading Check

Two procedures are here indicated.

A. Preferred procedure. JThis depends on the existence of a calibrated
y-radiation source, capable of giving a known Y dose of the order of a few
rads, in Cairo. The radiotherapy unit of a hospital would be the most likely
place to find such equipment. If such exists, this procedure should be used.

If not, the "second best" procedure will have to be used.
Take aside 5 of the 20 samples of phosphor, after annealing (section 3) and

replgging iﬁfcapsules.

Give;kpcwn (calibrated) dose of Y-radiation of the order of a few rads to each.
It m%y be possible to do them as one lot.

Hra# end tag samples, marking them clearly as being "fading check" ones. /Record
daté of irradiation and dose given.

Place one capsule in each tomb. | ’ 37

_Rec0ver; bring back and read TL at the same time as the tomb samples.ﬂ

=z

B. Second-best procedure.

Five capsules of phosphor will be supplied at the U.M., pre—irradiated; wrapped

and tagged., Transport these to Egypt, taking maximum precaution against

incidental irradiation. Keep in metal container; open as 1ittle as possible.
Avoid airport X-ray devices. |

The sixth sample in the same pack will be & "non-tomb backsround" check on these
samples. Keep in the pack and bringrback”to U.M. at end of first trip &s

noted above (section 4, pert 13 II B).

After ﬁinimum possiblc time, place one capsule in each tomb.

Recover and resd at the same time as the tomb sampleé.
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Section 5

" Mounting Semples and Reading TIL

This is the procedure thet has previously been followed with the
CaSO4:Dy phosphor. In what followas, protect the phosphor from bright light as

far as reasonably possible,

Press blank squares of aluminum foil into transite holders ard coat the backs with

graphite, Remove fromthe holders,
Weigh out 10 mg. samples of the phosphor sample in question. It is convenient to
use small "scoopa" folded out of aluminum foil for this purpose. Wash the scoops

with warm methanol and chloroform before use.

- Into each "formed" aluminum foil square, face upwards on a sheet of glass, plabe

a paper circle with 3/4" dismeter central hole (this is to "center" the plated

sample). Put 1 drop of silicone 0il in the central part amd paint it into a

circle & little smaller then the 3/4" opening. Place & "disperser" (a short ﬁiece

of 3/4" 0.d4. glass tube with coarse mesh placstic gauze cemented over one end)
on the center of the foil with gauze end u;ma;ds{ Sprinkle a 10 mg sample of
phosphor through the gauze as uniformly asrgsésibleﬂr Tap the disperser gently
to disledge any adhering particles. 2:1

Return the formed squares to their holders as samples are mounted. Read the,

TL in the usual way. It is sometimes convenient to plate &an extra sample roughly

(vithout weighing) to act as an initial "scale finder” on the TI reader,




Seection 6  Part 1

Calculation

te

3.

From the glow curves, compute mean peak height and standard deviation (s.d.) for
each sample, including "fading checks" and "non-tomb-backgrounds", using same scale,
Correct for non~tomb-background irradiation by subtracting mean of non-tomb-
background samples from means of each of the others, including the "fading checks",
Adjust s.d.'s.

If the "fading check" samples are those that vere irradiated in Phila-
delphia before being tzken out, they will require a further correction arising

from the fact that they will have been subject to radiation during tramsportation

‘to Egypt. For this reason, an extra sample, to be brought back after placing the

tomb samples, is included among them. This sample has been annealed only. and its
7L should be read immediately upon return. The extra background experienced by
these fading check seamples canrbe teken as approximately half of this result,

and should be subtracted from the fading check peak heights. The fact thet this
is approximate is one reason why it is profersble to use fading check samples
that have been irradiated in”Egypt;

“heck the comsistency of backgfounﬂ ancng the 3 samples in each tomb as followe.

Do %' significance test on the 3 results in each case. If not significantly

“'dif¥E%ent, the results may be combined (aleong with s.d.'s). If significent

differencés are observed, uce results from the sample believed fo be in e positien
most nearly representing that of the feaience. Any spread in these results will

indicate possible uncertainties from this kind of source.

" Check for fading, using results corrected as in (2) =bove. For each tomb, subtract

the tomb sample results from the fading check results and divide by the dose

A,

- given to the fading check samples, Divide the calibration peak heights by the

calibration dose given. The two results should not be significantly different
(! test). If the former is less than the latter, fading has occurred and must

be corrected for. See appendix.




Section 6 FYart 2

5. The foregoing will yield fully corrected tomdb sample peak heights., Use them in

the following equation.

\.‘ l a .
__ Dose rate  _ Correc%, torb ezmple peak height 2 Calibration dose in rads
(rads/yr) ‘Calibration peak height Time (years) samples were in
: ; tomb

Appendix — correction for fading

Fading can only ve corrected for by assuming some particular model for the process.
Several such assumptions could doubtless be made, ard this point could well he the
subject of detate, The following treatiment is suggested as one possible one, but

there is nothing sacrosanct about it.

Assume flrst order rate equation for fading., If (TL) is themolumlnescence present'

a TL) A (TL)
T = -lc('I‘L), whence m(m = jrk; (TL) bemg the TL at time

monmEr et ' zero,
Let sample I be a tomb background sample, feding during time t1.

-~ Let sample II be a fading check sample, fading during time t,.

(L), (1),
Then: taln———I = 'I:1 ln-—II SF
(L)} t, (TL) o
.A . .2,

By e LR = -

—wdld 2

of these pametexa, t1 and t2 are knmm, (TL)I is the result required;

)II

(TL)I is the corrected tomb sample peak height; (TL can be calculated at

1
once from the calibration results. This leaves (TL) 1 which is the thermoluminescence
2

i,n the fading check r us the total background experience in this sample. If the

measured result in the fading check sample (corrected as in para. 2) is (TL)I:[,
m

then strictly: ('I‘L)?

= () - (TL)g. Hovever, this will leave us with
an expression difficult to make explicit in (TL)CI,. If the fading correction is
feirly -small, it is probably sufficiently accurate to massume that:

(TL)i; = V(TL)iI - ('I‘L)if‘| This accounts for all the parameters in the above
equation, enabling ('pL) » the fully ccrrected sample peak height, to be computed.

A e o
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