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ABSTRACT The ‘Franklin expedition’ of 1845 set out to establish a ‘northwest passage’ between the Atlantic and
Pacific oceans but ended with the deaths of all 129 crewmen in the grimmest of circumstances. The hypothesis that
lead poisoning may have contributed to the disaster is examined by re-analysis of the bone-lead content of seven
skeletons in order to model statistically the likely variation in lead burden across the whole crew. Comparison of the
estimated lead burdens with present-day data that associates lead with cognitive and physical morbidity suggests that
a proportion of the crew may have experienced few or no adverse effects whilst those with higher burdens may have
suffered some significant debility. It is unclear whether such debility would have been incapacitating or exceptional for
the lead-contaminated environment of nineteenth-century Britain. Whilst lead alone may not have caused the disaster,
it is proposed that high levels of lead may have interacted with other factors including dietary insufficiencies and
individual constitutional differences to render some, but not all, of the crew more vulnerable to debility in the final

throes of the expedition.

Introduction

The present study

The British ‘Franklin expedition’ of 1845 attempted to
complete the final link in a ‘northwest passage’ between
the Atlantic and Pacific oceans but ended in a catastrophe
which claimed the lives of all 129 officers and men.
Many factors contributed to the disaster (see Cyriax 1939;
Lambert 2009; Owen 1978) but one of central current
interest is the supposed role of lead poisoning. The ana-
lysis of skeletal and soft tissue samples from the crew’s
remains has revealed high levels of lead and provoked
speculation that lead poisoning and its associated debility
played a significant role in the failure of the expedition
(Beattie and Geiger 1987). The present study conducts
further analyses to determine whether there was inter-
individual variation between members of the crew in their
accumulation of lead and thus in the degree of physical
and mental debility suffered. The findings may have
implications for the role of lead poisoning in the disaster.

Historical background to the Franklin expedition

The chronology of the Franklin expedition has been
described in great detail by many authors (Brandt 2011;
Cyriax 1939; Lambert 2009; Markham 1921) so that a
summary of the most significant events will suffice here.
On 19 May 1845 a Royal Naval expedition under the
command of Captain Sir John Franklin departed from the
Thames with the mission to gather scientific data on polar
magnetic variation and establish a navigable northwest

passage between the Atlantic and Pacific Oceans. The
prospects for success were thought to be good: HMS
Erebus and Terror had been strengthened, fitted with
auxiliary steam power and provisioned for three years,
and many of the crew had significant polar experience.
The expedition was last seen in Baffin Bay in late July
1845 and reported to have been in good health and
confident spirits (Cyriax 1939).

The absence of any further communication led to a
series of searches which, due to miscalculation and ill-
fortune, continued for eleven years before the expedi-
tion’s fate became clear. In 1850, the expedition’s winter
quarters of 1845-1846 were discovered at Beechey Is-
land, and three graves. In 1854, Inuit people told of
encountering starving white men, and corpses, four years
earlier on King William Island to the north of the
Canadian mainland, although this chronology has been
challenged. However, it was not until 1859 that one of the
very few written records recovered from the expedition
was found at Victory Point on King William Island and
allowed a tentative reconstruction to be made of the
progress of the expedition from 1845 to 1848. The record,
which had been written in May 1847 by Commander
Fitzjames of the Erebus, indicated satisfactory progress
and closed with the encouraging valedictory ‘All Well’.
However, in an addendum written 11 months later on 25
April 1848, Fitzjames revealed a marked reversal of for-
tune: the total deaths by then were 9 officers and 15 men,
including Sir John Franklin who had died on 11 June
1847. The ships had just been deserted, having been beset
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in the ice in Victoria Strait northwest of King William
Island since September 1846. A further brief addendum
by Captain Crozier of the Terror, now senior officer of the
expedition, stated ‘and start on tomorrow 26" for Backs
Fish River’, from which it has generally been assumed
that the survivors intended to trek en masse to the Back
River estuary on the Canadian mainland, and then to
proceed to Hudson Bay Company outposts and safety.

The discovery of skeletal remains along the route
indicated that many had died only 80 km from the last
known position of the ships, and this was interpreted as
evidence of great debility at that time (Cyriax 1939).
Some returned to the ships and the time and circum-
stances of their deaths remain unclear (Woodman 1991).
Some reached the mainland where they, too, perished.
The ships’ logs and other journals chronicling the events
leading to the disaster would have been carried by the sur-
vivors but none has been recovered. It is known that some
written records were found by the Inuit who discarded
them as worthless (Woodman 1991: 89) or destroyed
them for superstitious reasons (Eber 2008: 107). In the
absence of other evidence, it was concluded that, with the
provisions almost exhausted, the crew had no alternative
but to abandon their ships and attempt an overland retreat
that was beyond their capability; all were presumed to
have died of starvation, scurvy and exposure (Cyriax
1939). The disaster remains the greatest single loss of life
inflicted upon polar exploration.

Contemporary background

In the late twentieth century the cause of the disaster was
put in a new light when high levels of lead in bone, soft
tissue and hair samples were found in samples from the
ice-preserved corpses in the graves on Beechey Island
and from skeletal remains from King William Island
(Amy and others 1986; Beattie 1985; Beattie and Geiger
1987; Beattie and Savelle 1983; Keenleyside and others
1996, 1997; Kowal and others 1989, 1991; Notman and
others 1987). The discovery provoked speculation that
lead poisoning might have played a role in the disaster,
either directly or by exacerbating the effects of scurvy,
starvation and other illnesses, and by affecting cognitive
function.

From an analysis of lead isotopes, the source of
the lead was concluded to be solder which had been
copiously applied when sealing the expedition’s canned
provisions and had then contaminated the food (Kowal
and others 1991). Farrer (1993) proposed a different
interpretation of the isotope data and, with other evidence
including widespread lead contamination in nineteenth-
century Britain, disputed whether the canned food was
the source of the lead. Rather, Farrer (1993) and Battersby
(2008) have noted that the expedition’s drinking water
was obtained by melting snow which would produce
“soft” water having a plumbo-solvent effect upon the lead
in supply pipes and tanks. Water supplies were a common
source of lead ingestion in the nineteenth century on land
and at sea (Curtin 1989; Troesken, 2007) and Battersby

and Carney (2011) note that, whilst the plans of the
Erebus and Terror do not state explicitly the composition
of the tank and pipes in question, lead was commonly
used for such purposes. Confirmation would be made by
eventual discovery of the ships.

A counter to the hypothesis that significant lead
poisoning occurred on the ships has arisen from a study
concluding that the levels of bone lead did not increase
during the expedition. Martin and others (2013) analysed
bone-lead distribution and lead isotope distribution in
bone samples from Beechey Island and King William
Island. They confirmed the overall high lead burdens but
concluded that the distribution and concentrations of lead
within bone samples indicated long-term exposure prior
to the expedition and that there was ‘no evidence for a
sudden massive increase in [lead] during the latter part
of any individual’s life’ (Martin and others 2013: 27): in
other words, that the crew embarked upon the expedition
with existing high levels of lead. It should be noted that
the analysis involved very small samples: for example,
the lead distribution involved repeated measures from
only two samples so that generalisation to the whole crew
might be tenuous. Moreover, Mays (personal communic-
ation, 16 August 2013) has observed that the comparison
of lead analyses from inner, middle and outer parts of
long-bone sections is of unclear value for shedding light
on the timing of lead uptake during an individual’s life.
Given the potential implications of Martin and others’
conclusions for the ‘lead-poisoning hypothesis’, it would
seem important to conduct further analyses to determine
whether their conclusions can be supported.

Debate as to the source of the lead and the time-
line of its supposed accumulation will continue, but the
relatively high levels have not been called in doubt. The
lead burdens might be consistent with the known wide-
spread contamination by lead of the atmosphere, water,
foodstuffs, tableware and drinking vessels in nineteenth-
century Britain (Beattie 1986; Farrer 1993; Hernberg
2000) so that, at the time of embarkation, the crew would
have carried substantially greater lead burdens than those
of today. However, as there are no known normative
data for bone-lead levels in the nineteenth-century British
population, far less for Royal Navy crews, it may be that
the crew’s lead burdens were typical for the time.

Whether typical or not, it is of interest to estimate
whether those levels might have exerted an adverse effect
upon the crew. It has long been known that individuals
vary widely in their susceptibility to lead poisoning
(Kosnett and others 2007; Milkovi¢-Kraus and others
1996; Watson 1857) so that there are grounds to consider
whether all the crew need necessarily have been seriously
affected. The potential effects are estimated below, first
by reviewing the evidence for individual variation in
lead burdens from the limited published evidence. A
statistical procedure is then applied to estimate the likely
variation in lead burden across the whole crew. Finally,
the effects upon the crew are estimated by consider-
ing the implications of their lead burdens in light of
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neurobehavioural and physical morbidity in present-day,
lead-exposed groups.

Evidence of variability in lead burdens

The Beechey Island bodies

The ice-preserved bodies of John Torrington (20 years),
John Hartnell (25 years) and William Braine (33 years)
in graves on Beechey Island were subjected to detailed
forensic examination in a remarkable series of autopsies
conducted in arduous conditions (Amy and others 1986;
Beattie and Geiger 1987: Notman and others 1987). Their
emaciated condition was taken to imply prolonged illness
prior to death and would be consistent with the suspected
evidence of tuberculosis (Amy and others 1986) that was
common amongst nineteenth-century naval crews and the
population in general. Most significantly, however, the
examinations also revealed a high lead content in bone,
soft tissue and hair. In an initial report, Torrington’s body
provided samples from a single rib, radius and clavicle
having a range of lead content of 110—151 ppm or ugPb/g
(contents of the individual bones were not published:
Amy and others 1986). For unstated reasons, Torring-
ton’s clavicle was omitted from a subsequent publication
(Kowal and others 1989: Table 1) which added bones
from Hartnell and Braine to form a sample comprising a
single radius (presumably from Torrington), femur, skull
and vertebra, and two ribs (one, again presumably, from
Torrington) and yielded a mean lead content of 128.3
ngPb/g (SD = 45.0; range 69-183). It was not stated
which of the other bones were sampled from Hartnell
and Braine respectively but, given the overall range when
compared to that for Torrington alone, it may reasonably
be concluded that the levels varied between the three
men.

The analysis of soft tissue is of greater importance
because it indicates more immediate lead exposure than
the long-term accumulation reflected in bone. Levels of
lead in the aorta and spleen were similar to those in
present-day lead-exposed groups, but the levels in liver,
kidney, stomach and skin were, relatively, very high and
would imply recent exposure (Kowal and others 1991:
Table 2). Regrettably, individual data for the three men
were not published, nor the standard deviation or range,
thus leaving it unclear whether the published values were
means or single values, and thus whether all three bodies
contributed data for each organ. It is therefore unclear
whether all the men had accumulated similar levels of
lead in their soft tissues or whether, as in the case of bone
and hair (see below), they showed large inter-individual
differences.

Differences between the three men in lead accumu-
lation are clearly evident in the analysis by Kowal and
others (1989) of hair that was sampled in 1 cm segments
from 10 cm hairs taken from the nape (that is 10 samples
from each hair). Whilst it is important to consider the
implications of the hair analysis, it has been noted that
many factors seriously affect the reliability of hair as a

biomarker of lead exposure (Barbosa and others 2005;
Kowal and others 1991; Rodrigues and others 2008). As
hair grows at approximately 1.1 cm per month (Kowal
and others 1991), the 10 cm length equates to some
eight to nine months of growth which, in the case of
Torrington and Hartnell, conveniently encompasses their
time from departure in May 1845 until their deaths in the
first week of January 1846. The segment of root at the
nape was indicative of lead exposure in the four to eight
weeks prior to death. The mean levels (SD: range) and the
levels in the root segments were: Torrington 565 ngPb/g
(117 ugPblg: 330-707 wugPbl/g) and 330 ugPb/g;
Hartnell 326 ngPb/g (110 pwgPb/g: 222-510 pgPb/g) and
265 ugPb/g; Braine 225 ugPb/g (90 ugPb/g: 158-317
ngPb/g) and 211 pgPb/g (from Kowal and others 1989:
Table 6). Thus, the means for Hartnell and Braine (both
of Erebus) were 42% and 60% lower, respectively, than
that of Torrington (of Terror). The difference in means
could be explained if the domestic economies of the two
ships exposed their companies to different levels of lead
contamination, or it might be a consequence of each
individual’s propensity to accumulate lead, or to some
unknown factor. Whilst the range of lead content and
the level in the 1 cm sample at the root were published
for each man, it is regrettable that the lead contents of
the other nine 1 cm sections were not published as they
would have provided an excellent time-line of change in
hair-lead content over the eight-month period.
Torrington’s hair also provides evidence of a high
lead content at the time of joining the expedition. The
root segment had a content of 330 ugPb/g and, as the
lowest value of the range was precisely 330 pugPb/g, it
can be assumed the root was the lowest value in the range.
Logically, therefore, the most distal segment of his 10 cm
hair sample (which at the time of departure was growing
at the nape and whose lead content therefore indicated
exposure both prior to, and at the time of, departure) must
have had a lead content that at least equalled, and most
probably exceeded, 330 ngPb/g. As the concentration of
trace elements in the root segment lags the blood-lead
level by approximately 20 days (Clarkson and Magos
2006), the implication is then that Torrington had already
accumulated high levels of lead at the time of departure.
Moreover, given that ‘only over the last inch or so [that
is the 1 cm root segment] did the level [of lead in
Torrington’s hair] drop (Beattie and Geiger 1987: 194),
the figures above would imply that the levels in his hair
were high over the eight-month period from embarkation.
If so, it is unclear what sustained those high levels
in the first two or three months when the supposed lead-
contaminated tinned provisions were little used, if at all
(Farrer 1993), and where snow was not being melted to
produce drinking water having a plumbo-solvent effect
on lead supply pipes. Certainly, Torrington’s duties as
stoker on the Terror may have exposed him to lead in
coal dust which might have found its way into his hair
via ingestion and exogenous contamination, but Beattie
and Geiger (1987) observed that the lack of callouses
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on his hands indicated that he had been too ill to work
for a considerable time prior to death, and further that
there is no evidence that the ships’ auxiliary engines had
been used in 1845. If, as proposed by Farrer (1993),
Torrington received different treatment from the surgeons
on the Terror than did Hartnell and Braine from those
on the Erebus for conditions that may have included
tuberculosis, then an iatrogenic factor may have been
relevant. The Royal Navy provided ‘comforts for the
sick’ which included wine which was often adulterated
with acetate of lead and administered in pewter vessels.
Acetate of lead was recognised as a poison but also had
medical uses in treatment of diarrhoea associated with
tuberculosis and for the common sailors’ affliction of
gonorrhoea. In this context it is notable that Hartnell’s
body also contained high levels of mercury (Amy and
others 1986) which was a recognised treatment for the
equally common affliction of syphilis. The expedition is
also known to have suffered widely and severely from
chilblains during their time at Greenland (Bell 1881: 126)
for which acetate of lead was a recognised treatment as an
astringent. The standard Royal Naval ‘Medicine Chests
Nos. 1 to 4” were stocked according to the size of a
ship’s complement and all included lead- and mercury-
based medications; for example liquoris plumbi acet.
and hydrargarum submuriatis (His Majesty’s Stationery
Office 1835: 56-57). A medicine chest recovered from
Victory Point appeared to be non-standard issue for
it bore no Government mark and may have been the
personal possession of an officer, but it also contained a
bottle labelled ‘Mur. Hyd.’, which would be perchloride
of mercury (Cyriax 1947). Only the recovery of the sur-
geons’ sick lists would confirm this speculation about an
iatrogenic factor (see final discussion) but it is mentioned
here to reinforce the fact that there was the potential for
lead to have accumulated from many sources. Re-analysis
of the hair might clarify the time-line of accumulation,
subject to criticism of the reliability of hair analysis as a
marker of exposure (Barbosa and others 2005; Rodrigues
and others 2008).

The data from Beechey Island reveal levels of lead
in bone, soft tissue and hair that, at the upper range,
would be consistent with lead poisoning. Other outcomes
of the forensic examinations provide grounds for caution,
however. For example, in their examination of the oral
cavity, Amy and others (1986) made no mention of ‘Bur-
ton’s line’ (a bluish-grey line on the gingiva) which is a
common, although not inevitable, sign of lead poisoning
(Burton 1840; Pearce 2006; Troesken 2006). Similarly,
Notman and others (1987) noted explicitly that there
was no calcification of the basal ganglia of the brain
associated with lead poisoning, although the portable
X-ray equipment used may have lacked the resolution
to detect subtle or early changes associated with acute
exposure. As the presence of tuberculosis and pneumonia
was also suspected (Amy and others 1986; Notman and
others 1987), it would be difficult to ascribe the deaths to
lead alone.

Given the present focus upon individual variation,
the further question is whether there is evidence that
other men were subject to the effects of lead at Beechey
Island. Beattie and Geiger concluded that ‘the effects of
lead poisoning [on the three men who died on Beechey
Island] were catastrophic’ and that others ‘would have
been as severely affected’, but they also allowed that
some ‘may not have shown any obvious effects of the
poison’ (Beattie and Geiger 1987: 241-242). If lead pois-
oning were catastrophic and widespread it is notable that
no others died at Beechey Island (unless their remains
have yet to be found). Lloyd-Jones (2004: 325) has
observed that it is ‘much more likely [that these men
died of tuberculosis] than that they suddenly succumbed
to lead poisoning when others did not.” Moreover, if
lead poisoning were widespread at Beechey Island one
might assume that the consequent reduction in effective
manpower would have prevented the expedition from
proceeding. In fact, the men were fit enough to construct
a well-founded winter base including a site for magnetic
observations, several large cairns, one on a 200-metre-
high cliff, and to undertake physically-demanding, man-
hauled sledging exploration (Cyriax 1939; Hansen 2010;
Powell 2006). They also constructed a small garden (an
‘anti-scorbutic gardening patch’; Kane 1856: 163) and
shooting range which would reflect, respectively, the
awareness of the need for fresh greens to ward off scurvy
and other dietary deficiencies, and for training in marks-
manship which was vital to the procurement of game to
supplement their provisions. Such forward planning and
physically-demanding activities would seem inconsistent
with widespread lead poisoning. The expedition then
proceeded when the ice opened later in 1846. In April
1847, Commander Fitzjames of the Erebus could still
state ‘All Well’ (and underline it for emphasis) when
signing off the position report deposited at Victory Point.
His emphatic statement would not seem consistent with a
serious situation affecting the health of a large proportion
of the crew some two years into the expedition.

Clearly, however, significant mortality did occur over
the following year and it is bone samples from King
William Island that offer insight to the state of the crew
at the desertion of the ships.

King William Island skeletal remains

Kowal and others (1989) employed graphite furnace
atomic absorption spectrometry to determine the levels
of lead (ugPb/g dry weight) in bones collected from the
western and southern coasts of King William Island and
which represented an uncertain number of men who had
died during the attempt to reach the mainland. Although
23 bones are listed by Kowal and others (1989: Table 1),
the correct total is in fact 14 due to an error which
had gone undetected until an enquiry by the present
authors (Beattie, personal communication, 16 August
2013). These bones comprised a single vertebra, rib
and metacarpal, two parietal bones and two ulnae, three
femurs and four tibiae (originally published erroneously
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as thirteen tibiae). The mean lead content was 138.1
ugPbl/g (SD 35.0: range 87-223) but the contents of
individual bones were not given. Only a very cautious
comparison can be made between the mean bone-lead
content of this unknown number of men who died after
deserting the ships and the three who died two to four
years earlier on Beechey Island, but the difference is
slight at 10 ugPb/g and the standard deviations of the two
samples completely overlap. The very slight difference
might imply that there had been little further accumula-
tion of lead during the two- to four-year period leading
to, and following, the desertion of the ships, but such a
conclusion would be very tenuous given the small num-
bers involved. Similarly, whilst the wide range of lead
content of the King William Island bones might imply
considerable inter-individual variation in accumulation of
lead, it cannot be confirmed because it is quite uncertain
whether several bones may have belonged to the same
man.

Clearer insight to inter-individual variation in lead
burdens is found in a highly detailed study by Keenley-
side and others (1996) of a further sample of 52 bones
collected from a site at Erebus Bay on King William
Island which was relatively near to the point where the
ships were deserted. A non-destructive X-ray procedure
was used to estimate bone-lead content. Depending upon
the bone type, the ranges observed were either wider
or narrower than the overall range of 83-223 ugPb/g
observed by Kowal and others (1989 above); for example,
the ranges for the tibia (62-151 ugPb/g) and femur
(103-203 ngPb/g) were narrower, while those of the ra-
dius (73-373 ngPb/g) and (most extremely) the vertebra
(580-1740 ngPb/g) were wider. The overall greater range
may simply reflect the larger sample size of Keenleyside
and others which would inevitably tend to sample a
wider range of the crew’s lead levels. (Parenthetically,
if the exceptionally high levels seen in the vertebrae are
reliable, they might seem difficult to reconcile with the
levels that could possibly have been accumulated from
the canned provisions, particularly in light of comments
by Farrer 1993). The different procedures used by Kowal
and others (1989) and Keenleyside and others (1996)
to determine bone lead may also account for some of
the differences between the studies. When, in a later
study, Keenleyside and others (1997) employed the same
procedure as Kowal and others (1989) in a re-analysis of
a sub-set of the data of Keenleyside and others (1996),
the levels of lead in two of the tibiae differed by +34%
and —18% respectively from the levels reported in the
earlier publication. This fact is not obvious from the two
publications themselves but was confirmed by Keenley-
side (personal communication, 19 July 2013) following
enquiries from the present authors. Thus, the potential
for substantial measurement variation must be borne in
mind in addition to any ‘real’ inter-individual variation
in bone lead. Hie and others (2008) have discussed in
detail the variable consistency of data derived from in
vivo assessment of bone lead.

As the lead contents of different bones within an
individual have been shown to bear particular relation-
ships (Wittmers and others 1988), Keenleyside and oth-
ers (1996) employed established techniques to allocate
sets of bones to seven separate skeletal identities. Data
adapted from Tables 2 and 3 of Keenleyside and others
(1996) are presented in Fig. 1 for the seven skeletons
identified by the latter authors. The range of lead values
was very wide but, as there was no reason to suppose that
extreme values were anomalous, they were not excluded
as outliers. Missing data points were not interpolated.

Whole-crew (population) estimates of lead burdens
An analytic procedure was applied to the data in Fig. 1
to allow estimation of the variation in ‘population’ lead
levels across the crew (after Galwey 2006). Analysis em-
ployed the ‘nlme package’ in the R Statistical Computing
Environment (Pinheiro and Others 2013) The data in
Fig. 1 were modelled first with a factor which reflected
the different mean lead concentrations in each bone.
More critically, a ‘random factor’ was included to capture
the variation in lead levels from individual to individual.
Specifically, the underlying lead level associated with
each person is assumed to be drawn from a normal
distribution with mean = 0 and standard deviation (SD)
= § and so this distribution reflects the variation in lead
levels among the crew.

It was evident from initial data analysis and visual
inspection of Fig. 1 that the range was very wide, that
the distribution had a positive skew and that the SDs
of the lead values for each bone increased as a function
of their respective means. A logarithmic transformation
was therefore applied as a very effective way of placing
the data on a scale of variation which was constant across
bones and served to provide a closer approximation to
a Gaussian distribution which is a requirement of the
analytic procedure. The abscissa of Fig. 1 has been
constructed on a log scale which still allows lead levels
to be referenced on the original measurement scale of
ngPbl/g.

An important caveat applies to this analysis. The
sample is small and the identities of the skeletons are
unknown so that it is uncertain whether they are a repres-
entative sample of the 105 crewmen. Nothing is known
of variables that might influence the lead burden such as
age (and thus life-time exposure to lead), education and
rank, and previous occupational exposure to lead: such
variables would normally be covariates in an analysis.

The random effects model estimates the SD of mean
lead levels across the crew members on the log scale as
0.48 (95% CI = 0.27-0.85). The shaded area in Fig. 1
allows the meaning of this variation to be expressed on
the original measurement scale of ugPb/g by calculating
(mean +/— 2SDs) on the log scale and transforming
the end points of these intervals back to the original
scale. The variation shown in Fig.1 then allows estimates
to be made of the proportion of the crew whose bone
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Fig. 1. An estimation of the distribution of lead (1gPb/g) across the Franklin crew as calculated
from the bones of seven individual skeletons (individual raw data from Keenleyside and others
1996: adapted with permission). The shaded area encompasses +/— 2 standard deviations around
the mean bone-lead and therefore represents approximately 81% of the crew.

lead levels fell above or below any nominated value of
interest.

The overall implication of the shaded area of Fig. 1 is
that levels of bone lead differed very substantially across
the crew. The proportions of men who carried particular
lead burdens can be estimated very cautiously. Formally,
one SD encompasses 68.2% of values around the mean
and thus corresponds to ~72 of the 105 crew, half of
whom (~36) would have lead levels above, and half
below, the mean. Two SDs account for a further 13.6%,
or ~28 men of whom 14 would have values below, and
14 above, the mean. The remaining ~5 men would lie in
the tails of the distributions between 2 and 3 SDs above
or below the mean. It is then deducible that, overall, some
14 (13%) to 16 (15%) men would have bone-lead levels
between —1 and —3 SDs below the mean and would have
carried relatively lower burdens of lead. A corresponding
number between +1 to +3 SDs would, obviously, have
had relatively higher levels.

Implications for Franklin’s crew of present-day
studies of lead-related neurocognitive and
physical morbidity

The crew’s tibia lead data are of particular relevance

because they allow cautious comparison with present-

day studies of the relationship between cognition and
tibia lead which have been made by in vivo estimation
of tibia lead using X-ray methodology similar to that of

Keenleyside and others (1996). The tibia is composed

principally of cortical bone which provides a stable

storage of lead with a long half-life recently estimated

as 48.6 years (Wilker and others 2011) and thus is a

reliable indicator of cumulative exposure. The crew’s

tibia data (from Keenleyside and others 1996) are shown
in Fig. 2 which also shows tibia lead from five studies
of the association between lead and cognitive function
in present-day samples (Bleeker and others 1997, data
from Table 1 for age group 2443 years; Hénninen and
others 1998, data from Table 1 for subjects with BPb
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Fig. 2. Tibia lead (xgPb/g) of four Franklin crew (Keenleyside and others 1996)
compared to five present-day studies (means and 2 standard deviations: A =
inter-quartile range). Bleeker and others (1997); Dorsey and others (2006);
Schwartz and others (2005): reproduced with permission of Wolters Kluwer
Health / Lippincott, Williams & Wilkins, and American Academy of Neurology
(Bleeker and others 1997). Hanninen and others (1997): reproduced with permis-
sion of BMJ Publishing Group Ltd. Schwartz and others (2001): reproduced with

permission of Oxford University Press.

max >2.4; Schwartz and others 2001, data from Table 3;
Schwartz and others 2005,109; Dorsey and others 2006,
data from Table 2). The studies are relevant because
their participants may approximate, although imperfectly,
to the Franklin crew at the time of deserting the ships:
their age distribution only slightly exceeds the crew’s
range of 21-52 (the range excludes Franklin himself who
died before the desertion of the ships); the subjects have
current occupational lead exposure and therefore bear
comparison with the contaminated nineteenth-century
population; the subjects are living in the community and
apparently functioning normally.

The very small sample of crew tibiae available for
analysis is clearly a severely limiting factor and it would
be inappropriate to attempt to construct a distribution
from four data points in order to allow comparison with
present-day studies. The authors sought to increase the
sample size by including the four tibiae in the sample of
Kowal and others (1989) but, regrettably, the data could
not be obtained. Their inclusion might, in any case, have
introduced further uncertainty if it could not be determ-
ined whether the tibiae were from different individuals.

Given these considerations, the tentative nature of the
following discussion must be emphasised.

The levels of lead in the four individual tibiae from
Keenleyside and others (1996) are plotted in Fig. 2.
It may reasonably be proposed that the tibiae of the
remainder of the crew would be distributed around those
four values with a positive skew as evident in Fig. 1, but
where the end points of the range cannot be determined.
In order to be consistent with the log scale employed
in Fig. 1, the data for the present-day studies shown in
Fig. 2 have been transformed from their original scales to
a log scale. This transformation would seem appropriate
because the prediction intervals on their original scales
led to lower end points below 0, which is a clear indic-
ation that a normal model on several of these original
scales is not appropriate. Schwartz and others (2001: 455)
have described how the procedure for estimating tibia
lead can result in some values of less than zero. As the
mean (u) and SD (8) on the log scale relate to the mean
and variance on the original scale through the following
formulae where ‘exp’ denotes the exponential function,
the means and variances of the present-day studies were
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transformed by simple inversions of these formulae

Mean : exp (i + 8%/2) (1)

Variance : (exp (82) — 1) exp 2u + 82) (2)

The resultant means, confidence intervals and inter-
quartile ranges are shown in Fig. 2.

It is evident that the crew’s data points lie outside the
upper quartiles of the present-day distributions, but they
are encompassed by the confidence intervals of Schwartz
and others (2001, 2005) and Dorsey and others (2006),
and partially so by those of Bleeker and others (1997)
and Hénninen and others (1998). It may be tentatively
proposed that the association between high levels of tibia
lead and cognitive function in the present-day studies
may be broadly reflective of effects in crewmen having
those same levels of lead. The study by Bleeker and
others shows an overlap with the notional lower distri-
bution of the crew: they found no relationship between
tibia lead on cognitive performance in a sub-group of
exposed workers who were broadly equivalent in age to
the majority of the crew (<43 years of age). The study
by Hénninen and others shows a similar overlap with the
lower distribution of the crew and found no association
between tibia lead and performance. There was, however,
an association between blood lead and performance on
tests of attention, verbal comprehension and visual and
motor co-ordination. As there are no crew data for blood
lead, this result will be considered later below. Thus,
within the range of overlap of the two studies with that
of the lower tibia lead levels of the crew, there is little
evidence of associated cognitive impairment.

Fig. 2 shows the studies by Schwartz and others
(2001, 2005) and Dorsey and others (2006) which in-
volved longitudinal follow-up of a large cohort of lead-
exposed workers. Early in the follow-up period, Schwartz
and others (2001) found no relationship between tibia
lead and cognition, but a reliable association between
blood lead and tests of speeded co-ordination and atten-
tion (discussed later). In later follow-up, significant asso-
ciations were found between both tibia and blood lead
and decrements in higher-order executive functions in-
volving planning, decision-making, memory and manual
dexterity (Schwartz and others 2005).

In the case of Dorsey and others (2006), increasing
levels of both tibia and blood lead were associated with
slower reaction time and impaired executive function. It
may be of particular relevance to the crew that the greatest
adverse effect of lead was upon the task of ‘pursuit
aiming’. Given that in the later stages of the expedition,
and certainly after deserting the ships, the crew would
have depended upon procuring fresh meat by hunting,
any impairment of the ability to aim a weapon accurately
would have had serious consequences.

The evidence that poorer cognitive test scores in
present-day samples were associated with levels of tibia
lead which overlapped with the lower distribution of
that of the crew might imply that broadly similar effects

would have been present in the crew. If so, then given that
the subjects in the present-day cohorts were all employed
and functioning normally in the community, it would
appear that the degree of impairment due to lead, while
statistically significant, is not of a nature or extent to
impair everyday function. The matter of test sensitivity
is relevant here. The studies cited above used sensit-
ive neuropsychological assessments of the relationship
between lead and cognitive function. They confirmed
a significant inverse relationship that is consistent with
the known effects of lead upon mid-brain structures and
the occipital and frontal lobes (Hsieh and others 2009;
Sanders and others 2009; Stewart and others 20006).
However, the sensitivity of such assessments means that
whilst the effects are statistically significant, they may be
subtle and not readily evident in everyday functioning.
In this respect it is evident from the data tables of the
studies cited above that the S coefficients describing
the significant effects of lead upon cognition are often
relatively small.

It is also relevant that whilst present-day studies
confirm an overall significant relationship between lead
and cognitive function, there is known to be marked
individual variation in susceptibility to the effects of the
metal. For example, great variability is clearly evident in
the scatterplots relating tibia and blood lead to cognitive
performance in the data of Schwartz and others (2001:
Figs. 1 and 2) and for tibia in the data of Stewart
and others (1999: Figs. a to k). Similar variability is
evident in the results of Weisskopf and others (2004:
Figs. 1 and 2) in an older group of lead-exposed workers.
Earlier research has also shown an obvious overlap in
cognitive performance between lead-exposed and non-
exposed workers (Baker and others 1984) and that even
when performance is ‘significantly’ impaired relative to
a non-exposed group it may remain within the normal
range of function (Grandjean and others 1978). On this
evidence, the proportion of the crew with levels of
tibia lead within the upper range of the present-day
samples shown in Fig. 2 may have experienced effects
of lead on their cognitive function that would not be
incapacitating.

The considerations above would lead to the conclu-
sion that members of the crew whose tibia lead exceeds
that of the present-day samples would have suffered
proportionally greater impairment. Whether such impair-
ment would have been associated with frank incapacity
must be considered in light of the variability already
noted in the studies above and the very high individual
levels of tibia lead also reported by Schwartz and others
and Dorsey and others in their apparently normally-
functioning subjects. For example, the range of tibia lead
reported by Schwartz and others (2005: 109) extended to
338 ugPb/g which would encompass a large proportion
of the crew’s estimated tibia lead shown by the shaded
area in Fig. 1. Equally, however, when considered in
population terms, the cognitive function of a proportion
of individuals is likely to be affected at such levels and
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it would be reasonable to conclude that some of the crew
would have experienced a decline in function.

Blood lead and neurocognitive and physical
morbidity

Tibia lead reflects the individual’s long-term exposure
to, and accumulation of, the metal. However, the level
of lead currently circulating in the blood, and thus hav-
ing the potential to exert immediate effects upon the
brain and other organs, may be a more relevant metric
(Shih and others 2007). It was noted above that several
of the present-day studies found associations between
blood lead and cognition in the absence of tibia-lead
associations. The difficulty with respect to the Franklin
expedition is that there are no blood-lead data for the
crew, but Keenleyside and others (1996) estimated blood
lead from the tibia data shown in the present Fig. 2.
Their estimate was based on evidence that a blood-lead
concentration of 20 ugPb/dl would increase tibia lead
by 1 pg if maintained for 1 year (after Cake 1994
unpublished). Whilst Hu and others (2007) have largely
confirmed the latter relationship, there is evidence of non-
linearity in the association between tibia lead and blood
lead so that prediction of the latter must be considered
cautiously (Healy and others 2008; Schwartz and others
2008). Keenleyside and others (1996) postulated what
might be termed a ‘worst-case’ assumption that one half
of the lead in the four tibiae (range 60-150 wgPb/g)
had been accumulated during the three years of the
expedition (thus approximating to one half of the range,
i.e. 30-75 ugPb/g). On the basis of this assumption, the
blood-lead equivalent was then calculated to be 600—
1500 pgPb/dl, which would correspond to blood lead
during the expedition of 200-500 pgPb/dl/year which,
as Keenleyside and others concluded, would represent
significant lead poisoning.

However, the assumption that one half of the crew’s
lead burden was accumulated over three years would
require a source of considerable lead contamination
over and above the background level present as part of
nineteenth-century life aboard ship. This has prompted
a speculative search for a possible source which would
be sufficiently potent. One such could have been the
ships® ‘soft’ drinking water which would dissolve lead
from storage tanks and pipes (Battersby 2008; Battersby
and Carney 2011; Farrer 1993). However, the assumption
that half of the total lead burden was incurred during
the three-year expedition has the problematic corollary
that the other half must have been accumulated over a
preceding median lifetime of 29 years (the median age of
the crew at the time of embarking on the expedition). If
s0, then, following the calculation procedure of Hu and
others (2007: 458), the accumulation would correspond
to an annual blood-lead range of only 21-52 ug/dl, the
lower range of which falls well below current recommen-
ded exposure limits in the United Kingdom (>50 pg/dl
requires remedial action; >60 pg/dl requires suspension
of a worker from duties: Health and Safety Executive

2012). The range would seem implausibly low in light
of the known lead contamination of nineteenth-century
Britain.

Given this difficulty, a parsimonious assumption
would be that lead accumulated at largely the same rate
prior to, and during, the expedition. It would seem plaus-
ible that the well-recognised sources of lead contamina-
tion on land and during employment on previous voyages
(that is ingestion via food, tableware and drinking vessels,
water supplies, atmospheric dust etc.) would be largely
replicated during the expedition. When re-calculated on
this basis, the estimate of blood-lead range at the time
of deserting the ships is 38-94 pgPb/dl (median years
of accumulation being 32 years by that time). The latter
range certainly exceeds current United Kingdom expos-
ure recommendations and would be consistent, at higher
levels, with the degree of blood-lead-related reduction
in cognitive function observed in present-day studies
(Héanninen and others 1998; Schwartz and others 2005;
Dorsey and others 2006).

A tentative insight to the possible distribution of blood
lead in the crew, and its associated physical effects, is
provided in Fig. 3. The blood-lead equivalents (median
32-year lifetime) of the four tibiae lead levels available
to this analysis (from Keenleyside and others 1996, as
described above) were calculated after Hu and others
(2007) and are shown as single points along the X axis
in Fig. 3. The figure also shows the gradual increase in
type and severity of symptoms as blood lead increases
from 10 to 80 ngPb/dl and beyond (adapted from Kosnett
and others 2007: Table 1). Given that there are only
four data points, and that these are themselves estimates
rather than objectively-determined levels of blood lead, it
was thought highly inappropriate to construct yet another
estimate of the distribution of blood lead across the crew.
Rather, following the example of Fig. 2 above, on the
basis of visual inspection of Fig. 3 it may reasonably
be proposed that the blood levels of the crew would be
distributed around those four points but that the minimum
and maximum values of the range cannot be determined.

Fig. 3 shows that symptoms of lead intoxication
become more likely as blood lead levels rise above
approximately 40 ugPb/dl, but one should note that
the latter level is not a threshold at which symptoms
must immediately appear. High levels of blood lead are
not inevitably associated with the symptoms shown in
Fig. 3 and it has been noted that clinical symptoms may
rarely be seen below 60 pg/dl (Needleman 2004). It may
tentatively be proposed that a proportion of the crew
whose blood lead was below 60 pgPb/dl would have
experienced few subjective ill-effects or mild to mod-
erate symptoms including those classically associated
with chronic lead exposure such as hypertension, mild
headache and gastric disturbance. A proportion of these
men would have had blood-lead levels at the thresholds
of the United Kingdom Health and Safety Executive’s
(2012) current recommendations for investigative action
or suspension of a worker. Equally, those whose blood
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| 50pg/dl = “action”; 60ug/dl = “suspension” (HSE 2012)
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Anaemia, colic; risk of gout and peripheral neuropathy

Non-specific symptoms e.g. headache, fatigue, constipation, muscle pain, arthralgia
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Fig. 3. Symptoms associated with increasing levels of blood lead (1gPb/dl) adapted with permission from Kosnett and
others in Environmental Health Perspectives 2007; 115 (3): 463-471. ¢ = blood-lead levels calculated from the four tibiae
of the Franklin crew. The United Kingdom’s Health and Safety Executive’s (2012) recommended blood-lead thresholds

for ‘action” and ‘suspension’ of a worker are also shown for contemporary comparison.

lead exceeded some 80 pgPb/g would be at increasing
risk of more serious morbidity including neuropathies,
severe colic and anaemia (Gordon and others 2002).

The very limited data available make it is impossible
to draw conclusions from Fig. 3 as to the proportions
of men who might have suffered particular symptoms.
Conclusions would, in any case, be uncertain in view
of the long-standing clinical observation that a degree of
tolerance develops to chronic lead exposure and that there
is ‘substantial inter-individual variability in susceptibil-
ity to symptomatic adverse effects’ (Kosnett and others
2007: 464). A final difficulty concerns the fact that the
estimation of blood lead uses the duration of exposure
(that is age) as a denominator in the calculation. Here,
the median crew age of 32 years at desertion of the ships
has been used because there is no information as to the
age of the men whose tibiae are involved. However, it
is readily seen that the blood-lead equivalent calculated
for any given tibia would be substantially lower if the
man were one of the oldest of the crew, and substantially
higher if he were one of the youngest. Such unknown
factors conspire with the limited data available to render
conclusions highly tentative.

Factors moderating the effects of lead

Final consideration can be given to four factors that might
have contributed to individual variation in debility by
exacerbating or mitigating the effects of lead.

Nutritional deficiencies

The fact that many of the crew appeared to have died
within a short distance of deserting the ships has been
taken as evidence for marked debility at that time. Similar

debility was recorded on other Arctic missions, partic-
ularly when more than two winters had been endured.
Nutritional deficiencies were often to blame and vitamin
C deficiency commonly led to scurvy (for example Arm-
strong 1853; Robertson 1849). The state of provisions
at the time of deserting the Erebus and Terror is un-
known. The expedition was supplied with lemon juice as
an antiscorbutic agent but Cyriax (1939) proposed that
storage conditions and time reduced its effectiveness and
caused widespread scurvy, although this has been cast
in doubt by Mays and others (2013) on the basis of
their evaluation of skeletal evidence. A daily minimum
of 10mg of vitamin C will preclude scorbutic symptoms
in men engaged in light work (Pemberton 2006) and
may have been sufficient when idle whilst beset, but men
sent on sledging expeditions would have required more.
Vitamin C is relevant to lead exposure because serum
levels of ascorbic acid are inversely related to blood lead,
probably due to altered intestinal absorption and renal
clearance (Cheng and others 1998; Dawson and others
1999; Simon and Hudes 1999).

Vitamin D is associated with increased levels of blood
lead in winter. The mechanism is complex (see Cheng
and others 1998; Onalaja and Claudio 2000; Sanders and
others 2009) but a factor of relevance to the expedition
is that of exposure to sunlight in the body’s synthesis
of vitamin D. Oliveira and others (2002) propose that
reduced sunlight in winter leads to lower levels of vitamin
D which, in turn, result in increased resorption of lead
from bone into the blood. The crew’s ‘last’ winter of
1847-1848 involved more than two months of darkness
so that an increase in blood lead in men with existing high
levels may have exacerbated other physical morbidity and
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contributed to a debilitated state when the ships were
deserted in April 1848.

Stress

The effect of lead on cognition is exacerbated by
stress, putatively because both activate the hypothalamic-
pituitary axis to release cortisol which is associated with
impaired cognitive function (Peters and others 2010;
Virgiolini and others 2005). Increasing stress during the
final months preparing to desert the ships may have
contributed to debility in those with a higher lead burden.

Genetic factors

The adverse neurocognitive effects of lead are greater in
individuals who carry the €4 allele of the apolipoprotein
E gene which is implicated in elevated deposition of
B-amyloid in the brain (Stewart and others 2002). We
have confirmed modest effects of the allele which are
less evident in younger age (Millar and others 2003).
Given a median crew age of 32 years at desertion of the
ships, and that some 30% of the population carry the ¢4
allele, the number potentially affected would be small.
Complex genetic influences upon variables affecting the
accumulation of lead have also been proposed via effects
including carrier proteins for lead in the blood, and
vitamin D synthesis, but are beyond discussion here
(see Scinicariello and others 2010). Whilst there has
been much attention devoted to factors influencing the
accumulation of lead, The Editor of this journal has
also observed that individual variation in excretion of
lead may be highly relevant. Support for this proposal is
found in the observation by Barbosa and others (2005)
that individual variation in the burden of body lead may
be wrongly attributed to exogenous sources when, in
fact, it reflects inter-individual variation in physiological
processes involved in urinary and faecal excretion of the
metal.

Cognitive reserve

One factor may have been protective. Individuals vary
in their degree of ‘cognitive reserve’ (Reed and others
2010) which buffers the brain against the harmful effects
of physical injury and some neurotoxins, and is positively
associated, in part, with longer education, higher occu-
pational status and intellect. Cognitive reserve protects
against effects of chronic lead exposure on higher mental
functions (Bleecker and others 2007) and may therefore
have afforded some men a degree of protection from the
cognitive effects of lead and other debilitating conditions.
If some of those men were officers then there might have
been positive implications for planning and morale, at
least in the short term.

General conclusions

Considerable caution is required in drawing conclusions
from the present analysis. The levels of lead, whilst high
relative to those of today, are estimated to have varied

widely across the crew. It is not clear that these levels, and
their variability, would have been unusual in nineteenth-
century Britain. The overlap of the distributions of lead
burdens between present-day, lead-exposed subjects and
the Franklin crew implies that at least a proportion of the
men, those with lower burdens, would have been little,
if at all, impaired. If the estimated range in lead burden
across the crew was similar to that of the ‘on-shore’
nineteenth-century population where lead poisoning was
not uncommon (Hernberg 2000), then it would be logical
to assume that some of the crew with high burdens may
have been at risk of experiencing significant symptoms.
Whether the nature and degree of those symptoms would
have led to wide-scale incapacity must be considered
in light of evidence that some present-day individuals
may have high levels of bone and blood lead that do
not appear to prevent their remaining in employment
and apparently functioning ‘normally’. This conclusion is
consistent with the long-known development of tolerance
to chronic lead exposure and inter-individual variability
in susceptibility to its adverse effects (Kosnett and others
2007; Moore 1986; Moore and others 1982; Watson
1857). Equally, whilst the adverse effects of lead may
not have been incapacitating alone, they may have con-
tributed to significant debility by interacting with factors
such as dietary insufficiency, stress and despair.

The present results may contribute to the debate
as to the failure of the expedition. The long-supposed
central role of scurvy (Cyriax 1939) has been questioned
by the outcome of recent skeletal analyses by Mays
and others (2013). Their conclusions would be con-
sistent with evidence of considerable variation amongst
Royal Navy crewmen in susceptibility to scurvy despite
having ostensibly similar diets, and even when subject
to great privation (see sick lists of Anderson 1855;
Armstrong 1853; Bradford 1851; Lyall 1854; Robertson
1849; Sutherland 1852). The present analysis also indic-
ates considerable variation in bone-lead content across
the crew which may imply that any effect of lead may
have differed widely between individuals. In turn, this
may imply that the popular attribution of the disaster to
lead poisoning may merit reconsideration. In a similar
way, the supposed over-reliance of the expedition on
canned provisions (whether lead-tainted or not) has been
used to underpin ethological interpretations for its failure.
For example, Attwood (1995) and Stefannsson (1939)
have proposed that the expedition’s reliance on modern
canned provisions and reluctance to resort to ‘primitive’
Inuit methods of hunting and fishing, left the expedition
fatally exposed when those provisions ran short. How-
ever, Cavell (2009) has observed that there is no evidence
that the expedition failed to adopt such methods, or that
British commentators of the time attached any stigma to
adopting Inuit methods if the need dictated. It is relevant
that Lieutenant Irving of the Terror stated in his last letter
that the expedition intended to ‘eke out our provisions
with all the game our guns can procure’ (Bell 1881: 126).
It was the expedition’s great misfortune that it became
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beset in an area of the Arctic where game was least likely
to be procured (Cavell 2009).

Other uncontroversial factors that are well known
to have afflicted polar exploration may have played a
significant part in the disaster and include exposure,
infections and starvation, and all may have interacted
with any adverse effects of lead. Lambert has proposed
that tuberculosis may have underlain the expedition’s
high overall mortality rate (Lambert 2009: 348), the
disease being common in nineteenth-century naval crews.
Moreover, individual causes of death may have varied
widely. For example, Mays and others (2011) have shown
from the examination of skeletal remains that the death of
one officer may have been due to severe dental infection.
A single fatal accident involving a group composed
principally of officers would explain the disproportionate
death rate seen amongst the officers when compared to
the other men. Such variation in the causes of mortality
and morbidity is well illustrated in the surgeons’ sick lists
of the squadrons sent in search of the expedition, and
notably in the case of HMS Investigator whose crew very
nearly met the same fate as Franklin’s men (Armstrong
1853). Most telling, perhaps, is the evidence from ice
core analysis that the expedition’s attempted passage
through the Arctic coincided with climatic conditions
where there was a maximum of only one year in five when
open water was present in the critical areas of Peel Sound
and Franklin and Victoria Straits (Alt and others 1985).
Once beset, the expedition had little chance of release.
The present conclusion would therefore be to concur
with authors who have observed that the expedition was
overwhelmed by a combination of factors, some of which
may have been health-related, but also included hostile
climate and terrain, inadequate cold-weather clothing
and equipment and, ironically, its success in reaching a
location so remote as to defeat rescue or escape (Lambert
2009, Williams 2010; Woodman 1991).

There are a number of significant limitations to the
present analysis. First, the available sample sizes are
small so that only cautious estimation can be made of ef-
fects in the whole crew. Secondly, Keenleyside (personal
communication, 19 July 2013 has noted that measured
levels of lead from the same bone will vary depending
upon the analytic procedure and bone site sampled:
clearly such variation will affect the replication of effects
and raise uncertainty as to the absolute lead burden of the
crew. Thirdly, comparisons between Franklin’s men and
lead-exposed, present-day groups must be tentative and
illustrative, rather than definitive, as to the effects of lead
on the crew. The central difficulty is that conclusions are
greatly hampered by the lack of control data which would
allow reliable determination of whether the levels of lead
found in Franklin’s men were typical of contemporary
Royal Navy crews who had been on similar missions,
and of the nineteenth-century population as a whole.
There would be considerable practical impediments to
obtaining such control data but it would offer the means
to a definitive test of the lead-poisoning hypothesis.

Finally, the loss of practically all of the expedition’s
records greatly limits an understanding of factors that
contributed to the disaster. Royal Naval surgeons were re-
quired to keep sick lists describing morbidity and mortal-
ity amongst the crew. The lists kept by surgeons with the
ships searching for Franklin show great attention to signs
and symptoms (for example Anderson 1855; Armstrong
1853, 1857; Bradford 1851; Lyall 1854; Robertson 1849;
Sutherland 1852), and it is certain that the expedition’s
senior surgeons, Stephen Stanley and John Peddie, would
have kept similar lists. The symptoms of lead poisoning
were well described in medical texts and pharmacopeia
at the time when the expedition’s surgeons were in train-
ing or practice (Elliotson 1839; Hooper 1839; Thomson
1822; Turnbull 1806). Indeed, Thomson described mass
lead poisoning on a British merchant vessel (Thomson
1822: 447) and Turnbull provided extensive detail of
symptoms in his textbook for naval surgeons (Turnbull
1806: 179-182). If frank symptoms of lead poisoning
had been present, it is plausible that Stanley and Peddie
would have recognised them and attempted to identify
the source and prevent further exposure. Such action
would not have been unprecedented: a contemporary
Royal Navy surgeon identified mercury poisoning in his
crew and implemented procedures to mitigate the effects
(Burnett 1823; Doherty 2004). It would greatly inform
present-day speculation to know whether the surgeons
recorded signs and symptoms of lead poisoning and what
actions they took, but only the recovery of their sick
lists would answer such questions. Whilst Cyriax (1969)
concluded that it is unlikely that any further records
will be found, it is notable that a record deposited by
the ill-fated search for Franklin of 1852-1854 led by
Sir Edward Belcher was recovered in 1976 (Phillips
1985).

The final weeks of the expedition were undoubtedly
a time of great suffering as an unknown number of the
survivors resorted to cannibalism to stave off starvation
to remain alive (Keenleyside and others 1997). Markham
(1921: 247) was reluctant to consider this phase of the ex-
pedition, writing that ‘A veil should be drawn over the last
struggles of brave men fighting cold, disease and hunger.’
McClintock acknowledged in private correspondence that
cannibalism had probably occurred (Cavell 2013), but
omitted that detail in his published account in deference
to the sensitivities of the relatives and to better-serve
the men’s memories by more general acknowledgement
of their plight (McClintock 1859). Lloyd-Jones (2004,
2005, 2011) has also well served their memories by re-
searching in detail the backgrounds of many of ‘the men
who sailed with Franklin’ and, in so doing, has elevated
them as distinct individuals from a mere scattering of
bones on King William Island. Perhaps the evidence
presented here of variation in levels of lead amongst the
crew, and in susceptibility to the effects of lead poison-
ing and other adverse factors, may contribute to Lloyd-
Jones’ representation of Franklin’s men as individuals, a
proportion of whom may have met their inevitable end



A RE-ANALYSIS OF LEAD POISONING IN FRANKLIN’S LAST EXPEDITION 13

with more fortitude and dignity than some portrayals of
the expedition’s final days have allowed.
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