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The concentration of K2O in historical glass objects was measured by gamma ray spectrometry. The method involved using moulds 
of the objects filled with material of known K2O content. The results obtained were found to be close to results previously obtained 
by traditional methods and well within accepted tolerances in such cases. Gamma ray spectrometry produces results based on the 
whole object, not just on a sample of it which in the case of historical glass may not be representative. The method is completely 
nondestructive as no sample is taken, which allows it to be used for museum glass when destrucdon may not be permitted. 

Zerstörungsfreie Kaliumbestimmung in historischen Gläsern auf der Basis ihrer natürlichen Gammastrahlung 

Die K20-Konzentration in historischen Gläsern wurde mit der Gamma-Spektrometrie gemessen. Dieses Verfahren beinhaltet, daß 
von den Objekten Formenimitationen hergestellt werden, die für Vergleichsmessungen Füllmaterial mit bekanntem K20-Gehalt 
enthalten. Die ermittelten Ergebnisse sdmmen gut mit denen früherer, auf tradidonellen Methoden basierender Untersuchungen 
überein. Die Gamma-Spektrometrie erfaßt das ganze Objekt und nicht nur einen Teilbereich, der bei historischem Glas keineswegs 
repräsentativ sein muß. Das Verfahren ist völlig zerstörungsfrei und kann deshalb für Museumsgläser, von denen in der Regel keine 
Teilproben zur Verfügung stehen, angewendet werden. 

1. Introduction 
T h e d e t e r m i n a ü o n of the c o n c e n t r a d o n of a part icular 
e lement can be crucial in the Classification of historical 
glass objects. This is the case in the discrimination be
tween po t a s s ium a n d s o d i u m in medieval glass and 
m a n y younger objects. M o s t historical glasses produced 
u p to the end of the 1 Sth Century con ta in only the radio
active nuclide "^^K in m o r e t h a n t race concentrat ions. 
H igher concen t ra t ions of u r a n i u m m a y be found in glass 
m a d e in the 19th Century. O t h e r radioact ive elements, 
for example rub id ium, can be ignored because of their 
t race abundances . 

T h e use of the na tu ra l radioact iv i ty of historical 
glass in o rder to classify t h e m has received little at ten
t ion as yet. Only a few examples are repor ted in the 
h tera ture . M u r r a y a n d Hagg i th [1], a n d later Festag, 
G e n t n e r a n d Mül le r [2] measu red the u r a n i u m content . 
H u d s o n a n d N e w t o n [3 t o 5] used rad ia t ion-moni tor ing 
films t o de te rmine the a m o u n t s of p o t a s s i u m in medie
val glass by measu r ing be ta activity. The i r results have 
been used by Cox a n d Gülies [6]. 

M e a s u r i n g the concen t ra t ion of po tass ium by the 
na tu ra l radioact ivi ty is carr ied ou t o n var ious objects, 
including glass. In the case of g a m m a spectrometry, it 
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is usually a destructive method , because the sample is 
powdered. The purpose of this research was to explore 
the possibility of measur ing the potass ium content of 
historical glass objects by g a m m a ray spectrometry in 
a nondestruct ive manner . The fundamental problem of 
a d o p ü n g g a m m a spectrometry to historical glass is to 
achieve stable and comparable parameters in the meas
urements of bo th the historical objects and the cali
bra t ion materials. 

Na tu ra l potass ium contains O.Ol 19 % of isotope ^^K. 
'^^Κ decays with a half-life of 1.28 · 10^ years in accord
ance with the branching of electron capture and beta 
activity. The radiat ion emitted consists of beta particles 
with 1314 keV endpoint energy ( 8 9 . 3 % yield) and 
g a m m a rays of 1460.8 keV energy (10.5%). The latter is 
impor t an t for this investigation. 

2. Analytical procedure and equipment 
The measurement of the 1460.8 keV r ad iaüon of ^^K 
was performed by a g a m m a ray spectrometer containing 
an H P G e detector with the resoludon of 1.9 keV and 
a relative detecdon efficiency of 9 2 . 4 % for a 1.33 M e V 
g a m m a line. The natural background spectrum contains 
a 1460.8 keV peak. Therefore, na tura l background 
r ad i adon was reduced by a 10 cm passive lead shield 
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Figure 1. Standard gamma ray spectrometry system with a 
passive shield. 

Table 1. Comparison of gamma spectrometry and AAS results 
of glass plates. 

weight K2O content in % 
in g AAS^) gamma 

spectrometry 

1 13.751 19.7 20.0 
2 14.666 15.7 16.1 
3 14.317 11.5 11.6 
4 14.292 9.57 9.21 
5 14.385 5.15 5.04 
6 14.672 1.09 1.04 

Standard for 
calibration K2SO4 9.475 54.1 

AAS analysis of samples conducted by the Polish Geological 
Institute, Warsaw. 

Hned with 0.5 cm cadmium and 0.5 cm copper. The 
block diagram of the g a m m a spectrometry system is 
shown in figure 1. 

For objects of irregulär geometry it was necessary to 
make moulds of the specimens to be analysed. Initial 
experiments included measurements of: a) the empty 
mould (the background) , b) the mould with the glass 
object inside, c) the mould filled with po tass ium sulphate 
powder which was used for calibration. As the natural 
background radiat ion did no t vary dur ing the course of 
analysis, subsequent tests were exclusively carried out on 
b) and c). Silicon rubber ( room temperature vulcaniz-
adon) was found to be the best material for the moulds. 
However, a luminium foil and dental wax is also suitable. 
The type of material for the mould is no t significant. 
But it should no t contain any potass ium. To ensure sat
isfactory precision a count ing time in the ränge of 10000 
to 120000 s was selected. For this count ing t ime the stat
isdcal error was less than 6 % . The fohowing calculadon 
for the intensity of g a m m a rays was used: 

where η = net coun t s per 80000 s for 1460.8 keV p e a k 
per un i t mass ; / = coun t s per 80000 s for 1460.8 keV 
peak; / ß = the n u m b e r of coun t s in the 1460.8 keV p e a k 
of na tu r a l b a c k g r o u n d per 80000 s; a n d m = we igh t of 
glass object in g. 

T h e K2O con ten t in the glass objects was ca lcu la ted 
by c o m p a r i n g their g a m m a ray intensity to t ha t o f t he 
p o t a s s i u m sulphate fdled m o u l d s used for ca l ib ra t ion . 
Fo r this m e t h o d , where the sample u n d e r s tudy a n d a 
reference sample were measu red unde r the s a m e geo 
met r ica l condi t ions , the concen t ra t ion of p o t a s s i u m in 
the examined glass was calculated as fohows: 

= c.injrir) (2) 

η = (I-h)lm (1) 

where c^, = c o n c e n t r a d o n s of po ta s s ium in t he u n 
k n o w n a n d the reference samples, respectively; a n d 
η^,η^. = 1460.8 keV net peak coun t rate per un i t m a s s 
of the u n k n o w n a n d the reference samples, respectively. 

3. Preliminary experiment 
D ü r i n g the pre l iminary stage of the exper iment t h e 
a u t h o r s used o rd ina ry glass plates ( abou t (35 X 35 X 
X 5) mm^) wi th different K2O contents . The i r K2O 
concen t ra t ions were ob ta ined by a tomic a b s o r p t i o n 
spec t romet ry (AAS) . T h e results including t ha t o n t he 
Standard K2SO4 are shown in table 1. T h e ag reemen t of 
the results was acceptable. 

4. Measurements of museum objects 
T h e pre l iminary exper iments were restr icted t o o n e 
Single m o u l d wi th the shape of the glass plates. I n t he 
case of m u s e u m objects, each specimen was of different 
shape for which special m o u l d s were made . These were 
fdled wi th po t a s s ium sulphate powder, so tha t t he re 
wou ld be an independen t cahbra t ion source. I t s h o u l d 
be stressed tha t n o ca l ib radon curve was needed. In tab le 
2, the results by g a m m a spect rometry on eleven h i s to r i 
cal objects are presented. All these ar tefacts h a d b e e n 
analysed earlier by var ious laborator ies a n d ana ly t ica l 
m e t h o d s , often by an unspecified procedure , b u t a n 
analyt ical sample was always used. T h e original resul ts 
a re a lso hs ted in table 2. 

5, Comments 
T h e p rocedures used pe rmi t t ed the a u t h o r s to ignore t he 
self-absorpt ion effect of g a m m a rad ia t ion of "^^K, as t he 
m e a s u r e d objects were small . T h e first results have 
proved encouraging , a l t h o u g h the n u m b e r of glass o b 
jects invesügated was l imited. T h e differences be tween 
the results ob ta ined by g a m m a ray spec t romet ry a n d the 
o the r m e t h o d s (fmal two co lumns of table 2) a re n o t 
large a n d c o m p a r e favourably wi th n o r m a l d iscrepancies 
be tween different samples examined in different l a b o r a -
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Table 2. Data on K2O concentrations in historical glass objects. 

no. glass object weight K2O content in % 
in g gamma 

spectrometry 
other 
methods 

1 body and neck of bottle; greenish; weathered; 
Ist half 18th c. (Royal Casde, Warsaw [ZK/95/6/98]) 

80.8 13.4 14.69^) 

2 stem of goblet; colourless; unweathered (with the naked eye); 
around 1730; Lubaczow (?); 
(National Museum, Warsaw [SZS mag. 486]) 

252.0 14.9 14.822) 

3 foot of glass; green glass; weathered; 
18th c. (Royal Castle, Warsaw [ZK/95/23/0]) 

25.7 6.3 6.333) 

4 fragment of bracelet; dark brown, weathered; 
K 2 0 - P b O - S i 0 2 type; 12/13th c. (?) 
(PMA, Warsaw rV'/VI/1235, no. 4]) 

3.3 18.6 15.8̂ *) see [7] 

5 fragment of bracelet; dark brown, weathered; 
K 2 0 - P b O - S i 0 2 type; 12/13th c. (?); 
(PMA, Warsaw [V/VI/1235, no. 2]) 

2.562 16.5 17.0^) see [7] 

6 fragment of glass; weathered; 
(Jozwikow, district Radoszyce, voivodeship Kielce 
[inv. no. 56/94/17]) 

8.98 9.0 8.04) 

7 fragment of greenish glass; weathered; 
(Biala Glina, district Mniow, voivodeship Kielce 
[inv. no. 2c/94/7]) 

21.06 7.1 6.2^) 

8 fragment of colourless glass; weathered; 
(Nowa Wies, district Strawczyn, voivodeship Kielce 
[inv. no. lc/94/3]) 

14.59 11.4 11.44) 

9 fragment of greenish glass; weathered; 
(Widetki, district Daleszyce, voivodeship Kielce 
[inv. no. 13/94/6]) 

15.72 15.7 14.44) 

10 fragment of green glass; weathered; 
(Cisow, district Daleszyce, voivodeship Kielce 
[place 1, inv. no. 7/94/8]) 

11.742 6.01 6.04) 

11 goblet; colourless; unweathered (with the naked eye); 
Naliboki; 18th c. 
(National Museum, Warsaw [SZS mag. 446]) 

73.440 20.0 18.64) 

2) Atomic absorption spectrometry, conducted by Polish Geological Institute, Warsaw. 
3) Electron microprobe analysis, conducted by Central Laboratory of the Institute of Archaeology and Ethnology, Polish Academy 

of Sciences, Warsaw. 
4) Flame photometry, conducted for glass objects nos. 4 and 5 by A. Girdwoyn and H. Pawlowska and for glass objects nos. 6 to 11 

only by A. Girdwoyn at the Central Laboratory of Institute of Archaeology and Ethnology, Polish Academy of Sciences, Warsaw. 

Note: 
Objects nos. 6 to 10 were made available by Prof Dr. J. Olczak of the Institute of Archaeology and Ethnology, Copernicus University, 
Torun. The museums which made available the remaining objects have been indicated with objects nos. 1 to 5 and 11 where PMA 
Stands for State Archaeological Museum. 

tories. T h e difference be tween the results of object no. 4 
Stands out . I t requires further examina t ion . It is well 
k n o w n tha t historical glass is n o t always homogeneous , 
so the sample in this case m a y n o t have been representa
tive, bu t on the o the r h a n d , a g a m m a spectrometry result 
of a badly weathered glass object of a very small mass 
m a y n o t be representat ive of the or iginal glass. It should 
be men t ioned again tha t the g a m m a spectrometry, as 
used here, is a nondes t ruc t ive m e t h o d of analysis (as no 
sample is required) , a n d tha t the results faithfully 
represent the average a m o u n t of K2O wi th in a glass ob
ject . N o result ob ta ined by the analysis of a single 
sample of historical glass can be t rea ted as an average 

concentrat ion of the element th roughou t the whole ob
ject. In many cases, however, where it is no t possible to 
destroy an object or its surface in any way (as is very 
frequently the case with objects from museum collec-
tions), X R F , E M P A or other related methods are no t 
allowed to be used. G a m m a spectrometry appears to be 
a valuable tool in these cases. 
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