
Original Paper

Measurements of natural radioactivity in historical glasses
Joachim Kierzek arid Jerzy J. Kunicki-Goldfinger

Institute of Nuclear Chemistry and Technology, Warsaw (Poland)

Aleksandra J. Kasprzak

National Museum, Warsaw (Poland)

Natural radioactive components of historical glasses and two methods of the respective measurement of the radioactivity are dis-
cussed. The evaluation of radioactivity of glass objects using a Geiger-Müller counter and high-resolution gamma ray spectrometry
is presented. Α survey of the Warsaw National Museum glass collection with a Geiger-Müller counter allowed distinguishing the
vessels made of potassium and sodium glass by their level of natural radioactivity. Gamma spectrometry, on the other hand, enables
estimating a specific radionuclide content. Special attention is given to uranium glasses. One 19th Century Bohemian vessel, coloured
with a uranium Compound, was carefully examined using gamma spectrometry. K2O and U content were estimated to be 16.2 and
0.33 %, respectively.

Messung von natüdicher Radioaktivität bei historischen Gläsern

Es werden natüdiche radioaktive Komponenten historischer Gläser sowie zwei Methoden zur Messung der Radioaktivität vorge-
stellt. Die Bestimmung der Radioaktivität erfolgt mit einem Geiger-Müller-Zähler zusammen mit einem hochauflösenden Gamma
strahlspektrometer. Eine Untersuchung der Glassammlung des Warschauer Nationalmuseums mit Hilfe des Geiger-Müller-Zählers
ermöglichte es, an Hand der natürlichen Radioaktivität, zu unterscheiden, ob die Objekte aus einem Kalium- oder Natriumglas
hergestellt wurden. Die Gamma-Spektrometrie erlaubt ferner die Bestimmung des spezifischen Gehalts an Radionukliden. Besonde-
res Gewicht wird auf die Untersuchung von Uran-Gläsern gelegt. Ein mit einer Uranverbindung gefärbtes böhmisches Glasgefäß
aus dem 19. Jahrhundert wurde mit der Gamma-Spektrometrie eingehend untersucht und Gehalte von 16,2% K2O bzw. 0 ,33%
Uran festgestellt.

1. Introduction

Historical glasses contain natural radioactivity. Such a 
nuclide could be introduced with the raw materials as
their major or minor component . The natural radioac-
tive elements, regardless of their radioactivity, are used
as consti tuents of glass and ceramics at present, too [1].
Mos t of the papers on radioactivity of historical glasses
appeared in the sixties and seventies [2 to 6]. They were
mainly concerned with dating of u ran ium glasses [3],
qualitative and quanti tat ive determinat ion of u ran ium in
glass [4 and 5], identification of high-potassium glass
items and quanti tat ive analyses of potass ium [6 and 7],
and with the study of chemical homogenei ty of glass ob
jects [8]. Some radioactive surveys of glass coUections in
several museums have also been performed using simple
Geiger-Müller counters. Brill et al. [3] stated that by the
use of such a counter, the detectable level of radioac-
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tivity co r r e sponds to at least 0.2 w t % of u r a n i u m . T h e r e -
fore, for a lower activity, o ther types of de t ec to r s a re
required , e.g. an a lpha-par t ic le counter , h igh- reso lu t ion
g a m m a spec t rometry system or t rack detector .

2. Natural radioactive elements in historical
glasses

In his torical glass objects the po ta s s ium a n d u r a n i u m
rad io i so topes may be identified in some c i rcumstances .
R a d i o r u b i d i u m may occur in these objects only in t race
concent ra t ions .

2.1 Potassium

Potass ium was a ma in chemical cons t i tuen t of o n e of
the pr incipal glass raw materials , i.e. a w o o d a s h , as well
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as a p o t a s h being a purified p r o d u c t of the woodash.
A t the beginning of g lassmaking, s o d i u m a n d potassium
were indist inguishable by the producers . Potassium was
discovered in 1807. It may be then a s sumed that potass-
ium, as an element in ou r c o n t e m p o r a r y meaning, was
in t roduced to a glass ba tch ra ther by chance. Simply,
a cer tain alkali source, of a k n o w n technological flux 
proper ty , was added to the ba tch . In some geographical
regions or historical per iods, the l and-p lan t ash was used
in the na tu ra l or, later, in the refined State, and in much
m o r e recent time, as e.g. saltpetre. In o the r regions or
per iods , e.g. the desert , ma r ine or shore-p lan ts ' ashes,
minera l na t ron or synthet ic su lphate ( the latter was in
t roduced to glass fabrication in the 19th Century) were
used. In m a n y cases, however, a defmite flux that was
used con ta ined b o t h sod ium a n d po ta s s ium. The pub-
lished results of chemical analyses of the so-called mixed
alkali glasses have conf i rmed such an opinion. This is
also connec ted with the forest glasses tha t , until quite
recently, were considered to be typical high potassium
glasses [9]. In many papers [10 to 15] the potass ium con-
tent in historical glasses is discussed in t e rms of a variety
of the alkali sources. T h e uti l ization of glass cullet
should also be considered [16]. T h e po ta s s ium content
in historical glass may be even higher t h a n 20 wt% K2O.

Potass ium conta ins 0.0119 % ^^K, which is the only
radioact ive i sotope of the element . T h e ^^K decays with
a half-life of 1.28  10^ years by an electron capture
( 1 0 . 5 % yield) and a beta part icle emission ( 8 9 . 3 %
yield). T h e m a x i m u m energy of be t a particles is
1314 keV. The gamma- ray energy of 1460.8 keV has a 
b r anch ing rat io of 10.5 %.

on Cape Posilipo on the shore of the Naples Bay. How-
ever, the results of these analyses are questionable [2, 4 
and 20]. The mosaics disappeared during World War II
and no re-examination is possible. Other analyses of Ro
m a n mosaics, including samples of the above ment ioned
green tesserrae, have not led to identification of any new
examples of Roman uranium glass [4].

Na tu ra l u ran ium consists of three isotopes: ^̂ "̂̂ U
(0 .0058%), (0 .714%) and ^^sy (99.28 % ) . They
decay with a h a l f life of 2.46  10^ 7.04  10^ and
4.47  10^ years, respectively. All these isotopes decay by
the emission of a lpha particles. Some of their daughters
also emit beta and g a m m a radiadon. Only ^^^U is also
a g a m m a ray emitter. The initial par t of the ^ ^̂ U and
the ^^^U decay series with the energies and intensities of
the main g a m m a lines are reported in table 1. Only these
members of the decay chains are shown which can be
useful in measur ing the u ran ium content in historical
glass objects. The strong 63.29 and 92.6 keV g a m m a
lines of -̂̂ "̂ Th appear to be suitable for u ran ium determi
nation in the little objects. In the case of larger ones, a 
significant error can arise as a result of the self-absorp-
tion effect. For the objects of irregulär shapes, the deter-
minat ion is rather difficuU to aecomphsh. The 143.76,
163.36, 185.71 and 205.31 keV gamma lines that are ac
companying the -̂"̂ Û decay, as well as the 766.38 and
1001.03 keV g a m m a lines that are accompanying the
2 3 4 m p ^ decay via beta-particle emission (99.87 %) eould
be used to determine the uran ium content . The ^''^U de
cays th rough an alpha-particle emission to its daughter
product , ^^^^Th, which, with a half-life of 24.1 d, decays
to ^^"^""Pa. Α secular equilibrium for this chain is reached
within less than one year (about 250 d).

2.2 Uranium

T h e G e r m a n chemist M . H . K l a p r o t h discovered uran
ium in 1789. U r a n i u m is responsible f o r a characteristic
yellow-green colour o f glass. M o s t of such glasses are
easily identified by a character is t ic fluorescence under
the ultraviolet radia t ion [17]. Supposedly, M . H. Klap
ro th was the first one to add intent ional ly an uranium
C o m p o u n d as co louran t to glass. In B o h e m i a Josef Rie
del in t roduced glass co loured with the u ran ium Com-
p o u n d s on an i n d u s t r i a l scale in the early thirties of the
19th Century. T h e t r anspa ren t A n n a g r ü n a n d Annagelb
glasses as well as an o p a q u e glass called Chrysoprase
be long to the wel l known examples [18]. Some years
later, u r a n i u m glass was mel ted also in some other
countr ies . It came into vogue at the t u r n of the 19th
Century. T h e mos t c o m m o n uranium raw material was
pi tchblende. T h e u r a n i u m con ten t in historical glasses
often exceeds one per cent.

M e n t i o n of a measurable u r a n i u m con ten t has only
once been m a d e in an ancient R o m a n glass by J. J. M a n -
ley a n d E. G. Laws in 1912 [19]. They analysed green
tesserrae of glass mosaics from an imper ia l Roman villa

3. Experimental

3.1 IVIeasurements of natural radioactivity of
liistorical glass vessels with a Geiger-Müller
counter

Α conventional radiometer with a Geiger-Müller coun-
ter (SBT lOA type, manufactured by P O L O N - E K O -
LAB, Bydgoszcz (Poland)) was used. A n active window
area was about 50 cm^ and a window thiekness was
about 2 to 3 mg/cm^.

The radiometer enabled the measurement of the sum
of beta, g a m m a and X-ray intensities. The intensities are
recorded in counts per second. All measurements were
performed in the storage rooms of the Warsaw Nat ional
Museum. The natural radioacdve background was equal
to about ' 2 counts/s.

3.1.1 Uranium glass

The results of u ran ium glass measurements are given in
table 2. In many eases, the count rates for an object varied
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Table 1. Sehematic diagram of the ^^^U and ^''^U decay series down to ^^^Th and ^^'Th, respectively, energies and intensities of the
main gamma lines

radionuclide half-Hfe
mam gamma

ray lines
in keV

intensity
in % 

IT (Od 3%)

^Pa

238U

α

234xh

2 3 4 m p ^

234U

α
230Th

α

99.87 % 

4.47  lO^a

24.1 d 

1.17m

6.75 h 

2.46 · 10^ a 

7.54 · 10^ a 

63.29
92.60

766.38
1001.03

67.67
143.87

4.8
5.58

0.318
0.845

0.38
0.049

235U

α

23lTh

7.04 · lO^a

25.52 h 

143.76
163.36
185.71
205.31

10.97
5.08

57.25
5.02

Table 2. Measurements of natural radioactivity of historical objects of the uranium glass using a Geiger-Müller counter (all the
objects belong to the Warsaw National Museum collecüon)

measurements conducted from the following
directions in counts/s

no. glass object inventory no. from from side side
above below view view

close-contact distance 25 cm
distance

1 footed beaker; green cut-glass; gilded; Bohemian, 1840s 158619 55 40 45 4
2 footed beaker; green cut-glass; gilded; Bohemian, 1840s 188645 75 55 50 5
3 lamp; opaline, green glass covered with blue glass; Sile

sian?, 2"̂ * half (3·̂ ^ quarter?) of 19th c.
SZSmagl29 X 40 25 2

4 jug; opaline, blue cut-glass; Bohemian, cl850 SZSmag485 6 4 X X

5 cameo-glass vase; acid-etching; French, E. Galle, after
1904

SZS106 60 70 35 4

6 jug; opaline, cut-glass; gilded; Bohemian or French, be
fore 1855

34069 110 115 105 15

7a goblet; opaline, cut-glass; gilded and white enameled;
Bohemian, cl850

32328/a 120 120 60 8

7b cover for goblet above mentioned 32328/b X 115 X X

8 carbide lamp; opaline, green glass; gilded and enameled; 30092 130 120 90 10
Bohemian, cl850

•9 beaker; opaline, flashed cut-glass (green and colourless
layers); Bohemian, 1840s

188648 115 5 • 5 2.5

Note:  X  lack of measurement.

even by more than one order of magni tude. These discrep-
ancies occurred when measurements were carried out
from the different directions or at the different distances.

T h e intensi ty of the radioact ivi ty measu red d e p e n d e d o n
the size a n d the shape of the examined surface. T h e ex-
posed glass surface played an i m p o r t a n t role d u r i n g the
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exper iments . This resulted from the self-absorption effect,
which is par t icular ly significant for the low energies.

3.1.2 Glasses without uranium

F o r measu remen t s of the glass objects t ha t contain uran-
i u m below detect ion limit, a n d were mel ted according to
the sod ium reeipe, the detected level of their radioac-
tivity did no t exceed the b a c k g r o u n d .

O n the o ther h a n d , glass objects t ha t contain uran-
i u m below detect ion limit, a n d were mel ted according to
the po ta s s ium reeipe gave two or th ree t imes greater
c o u n t rates t h a n the b a c k g r o u n d did. T h e counts regis-
tered from a very close dis tance a n d f rom a 25 cm dis
t ance did no t vary essentially for the potass ium glass
vessels. Hence, for measu remen t s from a larger distance,
in m a n y cases it was impossible to dis t inguish between
the po tas s ium glass with a n d w i t h o u t u r a n i u m , exclus-
ively on the basis of their radioact iv i ty level. The count
rates were a lmost the same (see: 1 to 3, 5, a n d 9 in table
2). Fo r the po tas s ium glass w i thou t u r an ium, and in
con t ras t to the u r a n i u m glass, the c o u n t rates depended
to a higher degree on mass , t h a n o n measu remen t direc-
t ion a n d surface of the object examined . This originates
in h igher radia t ion energy emit ted by p o t a s s i u m as com
p a r e d to radia t ion tha t comes from the u r a n i u m isotopes
a n d their daughters . T h e detected p a r t of the gamma
rad ia t ion from u r a n i u m chains comes to a larger extent
from the surface layers of the objects s tudied.

Having in mind tha t mos t of the u r a n i u m glass ob
jects were manufac tu red using the p o t a s s i u m flux, it
shou ld be stressed once again tha t the radioactivity of
his tor ical glass pieces detected wi th a Geiger-Müller
coun te r refers to the overall radioactivi ty.

T h e rad iometr ic measu remen t s of the museum glass
objects, per formed th rough the showcase walls made of
0.5 cm thick ord inary sod ium glass, showed only the
b a c k g r o u n d radioactivity. This depended neither on the
dis tance of an object a n d a de tec tor f rom the glass walls
n o r on the formulae of the examined glass object (i.e.
wi th or wi thou t u r an ium) . So, n o d o u b t c o m m o n glass
walls in m u s e u m showeases cons t i tu te a sufficient shield
for radioact ivi ty emit ted by historical glass items.

3.2 Measurement of the natural radioactivity of
glass vessels using gamma spectrometry

Α B o h e m i a n footed green glass beaker m a d e in 1840s
was examined. T h e vessel has been m a d e available for
examina t ion by the Warsaw N a t i o n a l M u s e u m (object
inventory no. 188645, c o m p a r e sample 2 in table 2). The
weight of the object is 448.8 g. T h e measurements were
carr ied ou t nondestruct ively at the Ins t i tu te of Nuclear
Chemis t ry and Technology in Warsaw.

Table 3. Gamma spectrometry of glass
seum, Warsaw, inventory no. 188645)

vessel (National Mu

isotope gamma
line in keV

net peak
intensity in

counts/(d  g)

U content
i n %

K2O
content

i n %

235U
143.76
163.36
185.71
205.31

418
190

2114
189

0.36
0.33
0.33
0.32

2 3 4 m p ^ 766.38
1001.03

143
338

0.30
0.31

40K 1460.75 367 16.2

Background corrected.

The radiometr ic measurements were performed with
the use of a g a m m a ray spectrometer, containing an
H P G e detector with the resolution of 1.9 keV, and a 
relative de tecüon efficiency of 9 2 . 4 % for a 1.33 MeV
g a m m a line. The 10 cm passive lead shield lined with
0.5 cm cadmium and 0.5 cm eopper was applied for re
ducing the natural background radiation. The füll block
diagram of the g a m m a spectrometry system and more
detailed experimental information were given in an ear-
lier paper [7].

The füll examinadon consisted of two measurements .
The count ing time of each measurement was one day.
The first step included measurement of a Silicon mould
with the glass vessel inside. For the second measurement ,
the same mould was filled with the powdered material
that was used for cahbrat ion. Α mixture of 22.5 g U3O8
and 385.4 g K2SO4 was used for this purpose. The mix-
ture was homogenized in a ball mill and it contained
4.68 wt% U. The weight of the Standard for cahbrat ion,
which filled the sihcon mould , was 274.7 g.

The results obtained are hsted in table 3. The uran-
ium content that was computed on the basis of intensity
of the individual g a m m a lines showed a good agreement.
Only one value computed on the basis of the 143.76 keV
g a m m a line was higher. It was due to the impossibility
of separating the 143.76 keV g a m m a line from the
143.87 keV one accompanying the decay of ^-^^Th {tnj 
8.0  104 a). The ^^oih nuclide is a pa r t of the ^^^u decay
chain (see table 1). If we rejeet this last extreme result
(0.36 wt%) as the outlier, the mean u ran ium content in
the examined glass, computed on the basis of intensities
of the five remaining lines, amoun t s to 0.32 wt%. K2O
content is equal to 16.2 wt%.

On the basis of this historical glass object, the hmits of
detection of u ran ium and potass ium were estimated for
the g a m m a ray energies used in the measurements . For the
objects in the mass ränge of 200 to 500 g and a time of
measurement of  1 d, the u ran ium and potass ium limits of
detection are about 0.0002 and abou t 0.025 %, respec-
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tively. For the same mass of the objects, and for the time
of measurement of 1 h, a hmit of u r an ium detection is
0.0010 %, and that of potass ium it is about 0.1 %.

4. Discussion

The measurements of natural radioactivity of historical
glass are useful as an alternative analytical procedure to
determine the potass ium and u ran ium contents. It
should be remembered that most of the historical uran-
ium glass pieces contain also potass ium. The potassium
content influences the overall level of natural radioac-
tivity of the u ran ium glass. It is especially important ,
when one carries out radioactivity measurements using
a Geiger-Müller counter. In such radiometr ic measure-
ments , many parameters may dis turb the obta ined re
sults, especially for compar ison studies. These param-
eters are mainly connected with geometry of measure-
ment . The measurements should be done from a close
and constant distance for all the objects studied. In the
case of uranium glass, the area of the exposed glass sur-
face plays a very impor tan t role.

The showcase glass walls, commonly used in mu
seums, reduce the radioactivity level measured with a 
Geiger-Müller counter to the background level. There-
fore, the radioactivity of historical glass objects cannot
be measured through them.

The high-resolution g a m m a spectrometry enables
simultaneous determinat ion of the u ran ium and potass-
ium content nondestructively. Due to the low uranium
detection limit, this me thod can be used for determining
even the trace amoun t s of the element. The reliable
knowledge of the uranium as well as of the potassium
contents may be useful for further studies on dating the
artefacts and in some other technological comparisons.
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