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Abstract
TIN IN HUMAN BONES. The tin content in the bones of 149 skeletons from the 1st - 5th centuries A.D., 

and of 11 individuals of the recent population was determined. The bone samples were carbonized and ana
lyzed through emission spectroscopy with a.c. excitation. The tin content in bones of recent populations not 
exposed to extra tin supply is about one order of magnitude higher than is the case with the bones od some 
populations that lived at the beginning of our era. The distribution of tin in long bones, dependent on age, as 
well as the sources and role of tin in environmental contamination are discussed.
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Tin is not considered to be an important 
element from the viewpoint of alimenta
tion. The guide values of permitted tin con
tents in foodstuffs are very high and some
times they are not determined at all. The 
considerable discrepancies in the data con
cerning tin content in human tissue resul
ted in the requirement to determine the real 
tin concentrations in the bones of popula
tions in the past, and also in the present ge
neration and to check the ways of deposi
ting Sn in the long bones of human beings.

Material

A total of 278 samples of femurs, tibiae 
and pyramids of the petrosal bones from 
113 skeletons of Central European burials
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and of 36 African skeletons (Egyptian 
Nubia) from the period ranging from the 
1st to the 5th century A.D. were taken.

From 5 cadavers of the contemporary 
generation in the Brno Region (South Mo
ravia), aged 21, 37, 55 and 78 years who 
died in accidents we took 11 samples of 
femurs and tibiae of the right and of the 
left legs. From the heads we separated 
samples of compact and cortical bones.

A further group of the contemporary 
population was formed by 6 individuals 
with peroperationally removed bone 
samples (traumatic amputees or unused 
remnants of bone implants).

The bone samples were taken with the 
help of surgical instruments, Liston's and 
Luer's bone nippers, and from cadavers 
with the help of electric saw and chisel.

The skeletal material from the 1st - 
2nd centuries is deposited in the National 
Museum in Prague (burials in Abraham, 
Sladkoviiovo and Gerulata II). The skele
tal material from the 3rd-5th centuries
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used for the analyses is deposited in the 
Slovak National Museum (burials Gerula- 
ta I and III) and in Landesmuseum fur 
Vorgeschichte in Halle, Germany (burials 
in Niemberg and in Erfurt). The African 
skeletal material comes from the 3rd-5th 
centuries and is kept in the Naprstek Mu
seum in Prague (the Wadi Quita burial in 
Egyptian Nubia).

Method

The bone samples were analyzed with 
the method of emission spectroscopy 
[ Ja m b o r  1988]. The samples were carbo
nized at 250-280°C, pulverized and po
ured on graphite electrodes. We used a 
Zeiss PGS 2 spectrograph excited with 
alternating current, then we evaluated 
the proportion of intensity between 
Sn 317.5019 nm line and Ca 299.496 line. 
The detection limit with this procedure is 
0.10 p.g Sn in 1 g of samples. On assessing 
the results it is necessary to take into ac
count the burial outfit. It may have local
ly contaminated the bones with corrosive 
products even of objects with low tin con
tent in the soil of the burial ground. The 
differences in the concentration of tin be
tween the right and left limb, cancellous 
and cortical bones in the heads of femurs 
and tibiae, and the determination of the 
distribution of tin in the long bones were 
evaluated with the help of dispersion 
analysis, t-test and pair test.

Results

Tin in 1.-5. century A.D. Central Euro
pean populations appears in concentra
tions up to 1 ng g_1 of the bones. Unique 
cases of higher concentration are caused 
by the presence of bronze objects in the

burial and in these cases we observe also 
increased content of other elements, na
mely of copper (Abraham lst-2nd centu
ry). There is remarkable tin content also 
in bones found in burials containing sil
ver burial gifts (Niemberg, Erfurt 3rd-5th 
century).

In the skeletons from Egyptian Nubia 
of the 3rd-5th century the tin content 
was below perception limit, i.e. below 
0.10 pg g"1.

A survey of tin content in the indivi
dual burials is indicated in Table 1.

Table 1. Values of tin content in the bones at the in
dividual burial grounds

Burial
Ground

Time of burial 
(century of 

our era)

Number of
Tin content in 

g"’

meanx max.
value

Wadi Qutina 3-5 44 _ 0.1
Slâdkoviëovo 1-2 12 0.16 0.4
Gerulata II 1-2 65 0.19 0.7
Gerulata I 3 4 53 0.21 . 1.0
Gerulata III 3 4 25 0.22 0.7
Abraham 1-2 17 0.26 0.9
Halle 3-5 30 0.32 1.4

Values not reaching detection limit are regarded as 0.10 îg g

Compared with populations from the 
beginning of our era the tin-content level 
is higher, individually there are oscilla
tions within broad limits, as indicated in 
Table 2.

The tin content did not depend stati
stically in any of the age groups on whet
her the sample was taken from the left or 
right leg.

No statistically significant differences 
have been found in the concentrations of 
Sn between the spongy matter and the 
compact heads of femurs and tibiae. We 
found a difference in the concentration in 
the compact bone of the heads as compa
red with the compact bone in the central 
part of the diaphyses of the long bones.
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Table 2. Tin concentration at the sample places of femurs and tibiae in |j.g g 1 of bones in four cadavers
whose age ranged from 21 to 55 years

Sample 
place (fig. 1)

1 2 3 4 5 6 7 8 9 10 11

* 16.4 10.8 5.6 2.9 9.3 10.5 7.9 10.1 3.3 8.8 8.5

± s 9.6 7.1 5.2 1.5 7.1 11.1 5.9 9.1 2.0 6.8 7.4

The concentration of Sn was higher in the 
heads than in the diaphyses. The diffe
rence in concentrations between the pro
ximal and medial part of femur diaphy
ses equals significance level a  = 0.05 and 
a  = 0.01. The differences in concentration 
in the distal part of femur as compared 
with the medial part and in the two epi
physes in the tibiae compared with the me
dial part are of significance level a  = 0.05.

The samples of this group were for
med by phalanges and parts of hip bones. 
The number of these individuals was ve
ry low and the available bone samples 
were heterogeneous. It is therefore diffi
cult to compare the two sets of results or 
to draw conclusions of a general charac
ter. The importance of the group consists 
in the fact that it enables retrospective 
anamnesis of the eating habits and wor
king environments of each individual.

The tin content in the samples of this 
group oscillated between 1-40 pg • g-1 of 
the bones.

Four individuals with low tin concen
tration (between 1-2 pg • g-1) were not 
in contact with tin at all and they consu
med canned goods in exceptional cases 
only (the highest frequency was 5 times 
per annum). One member of the sample 
group occasionally soldered radiotechni- 
cal components with tin-lead solder.

The second part of the group was for
med by two individuals showing higher 
tin content. A nineteen-year old male, 
farm machinery repair man, spent a who
le workday once a week in a brazing wor
kshop, showed a concentration of 14 pg

Sn in 1 g of bone. Tin is not used for bra
zing, but solders contain some tin in the 
form of impurities, which at temperatu
res above 600°C appears in the fumes. 
This individual also ate canned goods 
only exceptionally.

The other individual was a forty-two 
year old male with 40 pg • g_1 of tin in his 
bones. He drank canned juices at regular 
intervals -  once a week. He had no contact 
with an environment contaminated by tin.

Discussion

Tin is distributed in human long bo
nes in the same way as other metal ele
ments. The maximum concentration is at 
the end parts of the long bones, while in 
the compacts of the medial part the con
centration is the lowest. Many of these 
elements, such as Zn, Cr, V and others 
have great importance for the growth. 
The influence of tin on growth has only 
been described in rats [SCHWARZ et al. 
1970].

We would deduce from the course of 
dependences (Fig. 1) that there exists 
a certain dependence between the con
centration of tin in the long bones and be
tween age. There is no tin at all in the tis
sue of still-bom children [SCHROEDER 
et al. 1964], in the group we were follo
wing we found the highest concentration 
in the 3rd and 4th decade of age, and fol
lowing the 50th year of age there is a sud
den drop in tin content. An elderly indi
vidual (78 years old), whose data are not
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Fig. 1. The distribution of Sn in femurs and tibiae in connection with age, long axis and lateralization. (The 
diagram shows sampling places -  2 ,6 ,8 ,11 cancellous bone; 1 ,3 ,4 ,5 ,7 ,9 ,10  compact bone)

indicated in the graph, had a tin content 
of 1 jig g-1 in his bones. However, from 
such a small number of samples we can
not draw conclusions; this dependence 
probably reflects the contact (or lack of 
contact) of the individuals with a conta
minated environment and with certain 
victuals. Newborn children have mini
mum contact with tin, but it increases 
gradually and culminates in middle-aged 
people, at the time of their highest activi
ty in their thirties and forties. As the indi
vidual grows older the chances of higher 
tin input to the organism decrease. This 
fact, together with the uninterrupted re
novation of all tissues, results in a syste
matic drop of tin content in the body.

It follows from the comparison of the 
population from the first centuries of our 
era with the recent population that tin 
content in the bones has considerably in
creased. The broad dispersion of content 
values in various individuals and the ge
nerally oscillating tin level in the environ
ment well document that tin belongs to 
the group of the so-called civilization 
contaminants. Up to the last century the 
main unnatural contaminant was lead 
[ERICSON et al. 1979]. Since the toxic effects 
of lead on human organisms had been pro
ved and the capability of lead to concentra
te namely in bone tissues is known, the le
ad content of victuals, of all objects that are 
in contact with victuals, in the environ-
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ment, ètc. is being systematically chec
ked. Thus it has been possible to curb the 
supply of lead to the human organism 
and it has been possible to cut also the le
ad content in bones. The latest analyses 
indicate that lead as a contaminant is be
ing replaced at present -  besides other 
elements -  mainly by tin, at levels exce
eding the level of other metals.

Tin is regarded as a non-toxic metal, it 
is a poor absorbent and no form of its ac
cumulation is supposed in the organisms 
[Underwood 1977]. Our results docu
ment that the above assumption is not 
fully justified. According to the WHO 
[Evaluation... 1982] a tin dose of up to
2 mg kg-1 of live weight can be regarded 
as harmless. This value reflects only the 
immediate reaction of the organism on 
a single (non-recurring) tin dose without 
taking into account possible concentra
tions and accumulation of tin in the bo
nes or its long-term impacts on biochemi
cal processes.

In the case of lead, it has been proved 
that there are considerable differences be
tween the natural and normal content of 
this element. The same holds also for tin, 
although to a lesser degree. In lead the pro
portion between normal and natural con
tent was determined with the value of abo
ut 1000 [Patterson et al. 1987], In tin the 
proportion can be put at about 10. The con
centration of tin in skeletons in the Egyp
tian part of Nubia can be regarded as 
natural; their values were without excep
tion lower than 0.10 (ig • g-1 of bone. The 
normal level at present is the concentration 
of about 1 |Xg g-1 for individuals not expo
sed to an increased tin supply from food
stuffs and from the environment. The diffe
rence compared with lead is caused by the 
lower geochemical content of tin in the bio
sphere, by higher chemical stability of the 
inorganic compounds of tin, and by lower 
tin recirculation speed in the biosphere.

Tin is distributed unevenly in the hu
man environment. High tin content in 
certain areas and places is caused by the 
broad use of certain positive properties of 
tin, very suitable for technological proce
dures. Large quantities of tin are used in 
electrical engineering, for surface treat
ment of iron sheets and in canneries. The 
results of research indicate that the big
gest source whence tin comes to the orga
nism is victuals, especially canned goods, 
stewed fruit, vegetables and juices. Altho
ugh tin-coated sheets are provided with 
organic varnishes, to project food pro
ducts against direct contact with tin, the 
technological shortcoming of production, 
inferior quality of the varnishes or exces
sive storage periods may often result in 
direct contact between agressive victuals 
and the tin-coated surfaces, causing rapid 
corrosion of the latter.

Other possible sources of tin contami
nation are exhausts containing tin rele
ased during various technological proce
dures taking place at high temperatures. 
In such environments without perfect air 
engineering, the concentrations of tin va
pours may reach considerable values, alt
hough no tin or its alloys and compounds 
are used directly in these operations. Tin 
gets into the human organism in this case 
by the inhalation of tin fumes and thro
ugh secondary contamination of food
stuffs and objects exposed to condensated 
tin fumes prior to consumption.
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Streszczenie

Zawartość cyny w kościach ludzkich badano na 149 szkieletach datowanych na I-V w.n.e., oraz 11 po
chodzących ze współczesnych populacji. Kości zwęglono, a następnie poddano analizie spektroskopowej. 
Zawartość cyny w kościach współczesnych ludzi, nie wystawianych na kontakt z tym pierwiastkiem, jest o 1 
rząd wielkości wyższa w porównaniu z kośćmi datowanymi na początek naszej ery. Artykuł omawia roz
mieszczenie cyny w kościach długich w zależności od wieku osobników, a także źródła tego pierwiastka i je
go rolę w procesach kontaminacji środowiskowej.


