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Modern-day environmental pollution by lead results in considerable adverse health
effects. Increased lead exposures are a result of modern technology, and pre-indus-
trial exposures were presumably very low. This possibility may be examined by
analysis of mummified human tissues from the past. Bone samples are particularly
well suited for this purpose, because the skeleton contains most of the body burden of
lead, and because well preserved bone tissue is unlikely to be contaminated post
mortem. Trabecular bone from a lumbar vertebral body was taken from each of the
mummified bodies from Qilakitsoq, except for the youngest child. The lead concen-
trations were determined by atomic absorption spectrometry with routine procedures
against laboratory contamination. The lead levels varied between 0.12 and 0.30 pg/g
dry weight with a median of 0.21 pg/g. Although slightly lower levels may be obtained
by using more rigorous clean-laboratory techniques, the results found are similar to
minimal levels measured in bone tissue from Nubians of Northern Sudan and Preco-
lumbian Peruvians. Thus, the Qilakitsoq Eskimos lived in a pristine environment low
in lead. This result offers an independent indication that modern-day lead exposures
are considerably in excess of base-line levels to which humans have originally
adapted.
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Chemical information contained within preserved ske-
letal tissues may be used to provide historical and prehi-
storical insights into the activities and environmental
conditions of past populations. The analytical data de-
rived from skeletal remains can be considered a testi-
mony of previous events. In particular. testimonies pro-
vided by these long dead “silent witnesses™ may expand
our knowledge concerning human lead exposure in dif-
ferent geographical areas over a range of time periods.

Weighty testimonies by such “silent witnesses™ espe-
cially relate to arguments concerning the relative magni-
tude of modern-day lead exposure. Patterson (1965)
estimated that environmental pollution had increased
the human body burden of lead by 100-fold above the
“natural™ or “unpolluted™ level. Publication of this pro-
posal with its significance for low-level lead toxicity
initiated a major controversy which has not yet been
fully resolved.

Analysis of the skeletal system provides most of our
reliable information about past lead exposures. Bone
and tooth are frequently the only remaining tissues from
ancient burials, and lead is. fortunately. preferentially
stored in calcified tissues. However. as these tissues are
complex and subject to contamination by exogenous
material. caution should be exercised in their use and in
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data analysis. In addition, lead analysis of calcificd tis-
sue is associated with many problems and pitfalls. Based
on detailed evaluation, the weight of the evidence pro-
vided by these “silent witnesses” should be carefully
considered. A few analyses of human calcificd tissues
from premetallurgical eras have suggested that large
increases in lead exposure have occurered since then
(Ericsson et al. 1979; Grandjean et al. 1979) and this
chemical testimony therefore supports Patterson's
views. In this way chemical information extracted from
well-preserved mineralized tissues may be used to an-
swer a contemporary question regarding environmental
pollution.

The Qilakitsoqg mummies provide an exceptional op-
portunity to examine Patterson’s (1965) hypothesis. The
burials took place about 500 years ago, when metallurgy
and lead technology was unknown among the Eskimos.
The bodies were mummified by the dry and very cold
conditions in the cave, and the bone tissues were well
protected against any post mortem contamination in the
grave. In addition. long-range transport of lead aerosols
from European smelting of lead was minimal. as in-
dicated by the very low lead concentrations found in
Medieval snow layers from Greenland inland ice (Mu-
rozumi e al. 1969).
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Lead accumulation in the
skeleton

Following absorption, lead ions in the blood are effi-
ciently retained in the calcified tissues. Indeed, the ske-
leton can be likened to a huge ion exchance column with
the bone mineral phase serving as the exchange me-
dium. The effectiveness of this scavenging system is
such that over 90% of the body burden of lead is located
in the skeleton (Barry 1978).

A major factor influencing the bone retention of lead
is the metabolic activity of the tissue. Local lead uptake
varies due to differences in vascularity of the tissue.
Indeed, compared with Haversian bone, active perio-
steal and sub-epiphyseal bone have very high affinities
for lead. However, the lead content of a bone is a
function of both the rate of ion uptake and the rate of its
release. Compartmental analyses suggest that the aver-
age biological half-life for skeletal lead is about ten
years, but it varies, of course, with bone type and com-
position. Thus, the average rate of bone remodelling in
adults is about 3.5% per year, but this rate varies from a
high of 8% in vertebrae to a low of 1.5% in femurs
(ICRP 1975). In agreement with this observation is the
finding that cortical bone contains more lead than tra-
becular bone. Our own studies have shown that tempo-
ral bone contained 50% more lead than the vertebral
body (Grandjean 1975), and similar results were found
by Drasch (1982). Further, because of the very long
half-lives of lead in bones, the accumulation of lead may
continue throughout the entire life of a human being.
When considering bone lead levels, the biological age
should therefore be taken into account.

Selection of materials

The main problem in the selection (and preparation) of
archaeological samples is the avoidance of post-mortem
changes in lead concentration. In our experience, the
best specimens are those which have been well pre-
served in extremely dry environments. Although lead is
firmly bound in the calcified tissues, some solid-solution
migration and re-crystallization may take place over
extended time periods. Migration may occur because
the apatite retains its ion exchange characteristics; this
property facilitates both lead uptake from the external
environment and lead release from the bone. Of course,
if exogenous water is unavailable, loss of bone lead
would be minimal. In humid conditions, particularly
when the soil pH is low, some lead leaching and migra-
tion could occur. Unfortunately, the direction and ex-
tent of lead transport and migration are difficult to
evaluate. Cases of severe lead contamination of bones
from a lead coffin have been described by Waldron
(1981).
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An additional problem which gives rise to abnormally
high lead levels is post-mortem contamination of the
specimen with dust particles. Exogenous lead-contain-
ing particles can adhere to tissue samples and micropar-
ticles can become incorporated into the apatite struc-
ture. Such particles may arise from the soil and the
burial vessel. More recently, anthropogenic lead aero-
sols have become an atmospheric source of exogenous
lead.

Decontamination methods may not completely solve
these problems. When sparingly soluble lead salts from
soil water become incorporated in bone mineral, the
lead ion enters the apatite lattice and undergoes hetero-
ionic exchance with Ca?* or even Mg?*. Thus, the im-
portance of post-mortem contamination of archaeolo-
gical samples should not be overlooked. Clearly, as
environmental lead pollution is ubiquitous, this type of
contamination represents a major research obstacle.

When comparing mummified bones to bone samples
from present-day autopsies, the possible difference in
contents of organic materials should be taken into ac-
count. On a dry weight basis, fresh samples contain
relatively less lead than do samples without the organic
matrix. For femoral bone, Drasch (1982) found a differ-
ence of 28%.

Occasionally, tissues other than bone or teeth may be
available for chemical analysis. For example, we have
examined mummified brain tissue from Sudanese Nubia
(Grandjean et al. 1977). Unfortunately, postmortem
contamination is difficult to remove or exclude, because
the tissue may have been permeated by exogenous lead.
In addition, lead concentrations cannot be given with
reference to dry weight because organic components of
the mummified brain have been degraded. For this rea-
son, we chose to express the lead concentration as a
function of brain copper. Copper has a long biological
half-life and, in contrast to lead, is found in relatively
constant amounts in brain. Although the Nubian sam-
ples exhibited very low bone lead levels, the lead/cop-
per ratios varied widely but were not significantly differ-
ent from present-day values. However, a child who
exhibited excessive lead concentrations in teeth and
bones also had the highest lead/copper ratio found in
the Nubian material (Shapiro et al. 1980). These results
suggest that while the soft tissues may reflect the level of
lead exposure, the actual analytical data derived from
mummified tissues may be difficult to interpret.

Finally, some comments about lead analysis of hair
may be appropriate. While this complex structure is
frequently used for toxicological studies, in only a few
instances have hair samples from historical and prehi-
storical times been utilized for lead analyses. The use of
this tissue entails some problems similar to those of
bone. The most important one is exogenous contam-
ination; indeed, to remove this type of contamination
without changing the endogenous lead level is not an
easy undertaking (Grandjean 1978). Further, Lockeretz
(1973) suggested that the significance of such conta-
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mination may increase with time and make interpreta-
tion of lead analyses virtually impossible, particularly if
the hair was exposed to moisture. Thus, although hair
analysis may be utilized as a screening procedure for the
measurement of current lead exposure, the use of hair
for archaeological sample evaluation has some severe
drawbacks.

Calcified tissues are therefore useful for lead analysis
for three reasons: 1) most of the body lead burden is
retained within these tissues; 2) bones and teeth may be
preserved for millenia under dry conditions without ma-
jor changes in their mineral contents; and 3) surface
contamination may be easily removed.

Analytical Procedures

Three critical steps are notable in the measurement of
lead in calcified tissues: (1) specimen decontamination,
(2) specimen preparation, and (3) sample analysis.

1. Specimen decontamination

A number of specimen cleaning procedures have been
described in the litterature. No one method has re-
ceived universal acceptance. As we have obtained fa-
vourable results using an ultrasonic bath to clean hair of
surface contamination, we have used this technique to
wash bone as previously described (Grandjean er al.
1979). More thorough washing techniques have been
bascd on exposure of the tissue to dilute acid (Ericsson
et al. 1979), but this approach is much more drastic, and
extreme care must be exercised in its use. All handling
should take place under clean laboratory conditions.

2. Specimen preparation

Frequently, the research worker does not have the lux-
ury of deciding which piece of bone or tooth should be
utilized for lead analysis. However, in this study where
specimen size was not limiting, the following guidelines
were observed. Comparable morphological fragments
were selected from the trabecular part of each vertebral
body. As in a Japanese study (Ishinishi 1978), interior
sections of bone were used to avoid surface conta-
mination. Care was taken to use lead-free surgical scal-

pel.

3. Sample analysis

Calcified tissues may be dissolved for analysis after ash-
ing the sample in an oven or by wet digestion with acid.
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Dry ashing may pose a problem because lead is lost
from the sample at temperatures above 500°C. Low
temperature ashing with excited oxygen is inefficient.
Acid digestion is currently the preferred method, and
both nitric and perchloric acid may be used. Fresh sam-
ples are more easily demineralized with perchloric acid
than by nitric acid. However the presence of perchloric
acid can produce matrix effects which interfere with
flameless atomic absorption detection techniques. In
the present study, which was carried out in 1983, con-
centrated, ultrapure nitric acid was used as previously
described (Grandjean et al. 1979).

A number of different, sensitive detection methods
are available. We have used, with favourable results,
atomic absorption spectroscopy (Grandjean et al. 1979).
The results obtained by this method are reproducible
and correlate well with those obtained by anodic strip-
ping voltammetry. All specimens were separated in two
subsamples which were both analysed in duplicate on a
Perkin-Elmer atomic absorption spectrometer with deu-
terium background correction and a graphite furnace
HGA-76. The coefficient of variation of duplicate re-
sults averaged 21%. The IAEA reference material of
animal bone was analysed repeatedly in the laboratory
with excellent results (Grandjean et al. 1984). However,
the lead level in this material is about 15-fold above that
in the Qilakitsoq mummies and may not be relevant for
the analytical quality assurance. On the other hand,
repeated assessment of lead concentrations in a com-
mercial hydroxyapatite preparation has shown a cocffi-
cient of variation of 27% at an average level of 0.41 pp/p
which is closer to the mummy lead levels. However,
these determinations were made on 1-mg aliquots of the
material. Thus, analytical and biological variations may
be relatively large at such low lead concentrations.

The Qilakitsoq testimony

The lead concentrations found are given in Table 1. All
results are averages of duplicate analyses of two samples
from each mummy. Due to the possibility of minor
laboratory contamination, these results should be re-

Table 1. Lead concentrations (pg/g dry weight) in vertebral
bodies from the Qilakitsoq mummies.

Identification Sex and Lead

number age (ycars) concentration
12 d .34 0.23
13 .25 0.30
1/4 .c.30 0.19
/5 .c.45 0.26
11/6 .c.50 0.12
11/7 Q.18-22 0.14
11/8 Q.c.50 0.22
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Table 2. Lead concentrations (ug/g dry weight) in well preserved bone tissue of adults from preindustrial and contemporary

civilizations

Time Burial Number Bone Average lead Sisifce

period site examined tissue concentration

3300-2900 BC Sudanese Nubia 9 Temporal 0.6 Grandjean et al. 1979
Before 600 AD Peru 2 Mandible 0.14 Ericsson et al. 1979
About 1475 AD Qilakitsoq 6 Vertebral body 0.21 This study

1977 Copenhagen 17 Temporal 5:5 Grandjean et al. 1979

garded as upper limits. The true, in vivo lead levels in
the Qilakitsoq Eskimos 500 years ago may have been
somewhat lower than the results given in Table 1. Addi-
tional analyses of bone and tooth samples are now un-
derway in a more sophisticated laboratory with im-
proved contamination control.

From the results obtained so far, no age relationship
is apparent. This finding may be surprising, because
lead is known to accumulate with age, but the small
number of specimens available from Qilakitsoq limits
the validity of this apparent lack of correlation.

Other testimonies of past lead
eXposures

“Silent witnessess” have been examined for lead expo-
sures in several laboratories. Each study of skeletal
remains has been carried out with a different method
which may make comparison difficult. The types of
calcified tissues selected, the age groups examined, the
sample cleaning and preparation, and the analytical
method are important parameters which may influence
the results.

The oldest Nubian and Peruvian samples originate
from premetallurgical eras, and the lead levels reflect
the magnitude of “natural” or prepollution exposures
(Table 2). When compared to present-day levels the
analyses show bone ratios of about 0.1 and tooth ratios
of 0.01 and below. Both studies (Grandjean et al. 1979;
Ericsson et al. 1979) reveal information which indicates
that the bones, despite excellent preservation in a dry
environment, were somewhat contaminated, and that
tooth lead concentrations may be better indicators of
the original exposure levels. Both in Nubia and in Peru
the natural tooth lead levels were 1%, or less, of current
lead levels in North America.

Bone samples from similar time periods were avail-
able from other sources (Grandjean 1975; Drasch et al.
1979; Waldron & Wells 1979; Ishinishi e al. 1978), but
the results are difficult to interpret in detail because the
samples were exposed to soil moisture and most likely
were somewhat contaminated. However, an increasing
lead retention with time as lead technology was in-
troduced was found both in Nubia, Denmark, England
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and Japan. Medieval samples contained even more lead
than present-day controls. A similar pattern was found
in Jaworowski’s original study (1968) from Poland
where excessive lead doses were identified for the
17th-19th centuries. High bone lead levels were preva-
lent even in the remote Faroe Islands during past centu-
ries (Nielsen et al. 1982). Such retention levels were
related to the use of pewter, glazed earthenware, lead
water pipes, lead-containing drugs and other sources
which were common in the past. From the information
available, such sources of lead never reached the Qila-
kitsoq group studied.

In concert, the studies of lead levels in archaeological
skeletal samples justify two conclusions: 1) prepollution
exposures were lower than 1-10% of present-day expe-
sures in North America and Europe; and 2) with in-
creasing use of lead, exposures increased and have,
during some periods, averaged considerably more than
today.

Significance of Silent Witnesses

The magnitude of lead exposure levels has been exam-
ined by an expert committee under the auspices of the
US National Academy of Sciences (1980). On the basis
of complex estimates from ecological models and data
provided by “silent witnesses”, the committee con-
cluded that present-day exposures were 10-to-1,000-fold
above those in which Homo sapiens originally adapted.
The evidence provided by the chemical testimony of
these human ancestors was considered important and in
agreement with independent estimates from other
sources.

When compared to natural levels, the current lead
exposure levels of most industrialized nations are rather
excessive. Despite the fact that lead exposures of many
contemporary control groups and industrialized popu-
lations may well be 100-fold greater than the back-
ground level, very little is known of the possible health
effects of lead in humans with “habitual” environmental
exposures. Environmental lead pollution is not re-
stricted to industrialized countries; airborne lead and
other sources of lead intake have probably permeated
even the remotest areas of the world. Thus, present-day
blood lead levels in Greenland are similar to levels
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found in Denmark and other countries (Hansen et al.
1984). Nevertheless, some population groups have been
identified with comparatively low blood lead concentra-
tions. Perhaps by using such populations as controls, we
might learn more about the possible effects of lead at
low exposure levels.

Governmental monitoring and control of several im-
portant uses of lead has resulted in a decrease in the
general lead exposure levels. On the other hand, about
10% of the annual lead production is still used for the
production of alkyl lead additives for gasoline. The
atmospheric lead pollution that results from the lead
halides of automobile exhaust also contaminates the
food chains. This type of contamination is in sharp
contrast with historical times, when excess exposure was
caused by a limited number of single sources. Today,
environmental lead pollution reaches most people
through complex interacting pathways. As might be
expected, with the sophistication of modern societies,
prevention of lead exposure has not become simpler.

In conclusion, chemical testimonies of lead exposures
in the past have been successfully obtained in several
laboratories. The examination of “silent witnesses” of
past times have contributed significantly to our know-
ledge of previous lead exposures, and current exposure
levels have been put in a new perspective. The Qilakit-
soq mummies provide a relatively recent testimony that
an almost lead-free environment persisted in Greenland
about 500 years ago before the influence of Western
civilization.
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