
INTRODUCTION

The bowhead whale (Balaena mysticetus) is a large
mysticete found in the Arctic waters of the Bering, Chukchi
and Beaufort Seas (B-C-B stock) that feeds on marine
invertebrates (Lowry, 1993). Native subsistence whalers
hunt this species under regulation by the International
Whaling Commission (IWC), National Oceanographic and
Atmospheric Administration (NOAA) Fisheries Service
(NMFS) and the Alaska Eskimo Whaling Commission
(AEWC). This hunt provides a valuable opportunity to study
nutrients and contaminants in a large number of what
probably are healthy cetaceans.

Element interactions in the bowhead whale have
previously been the subject of limited studies (Dehn et al.,
2006; Woshner et al., 2001b). This paper reports on the
prediction of element concentrations in blubber, liver,
kidney and muscle from measurements of the elements in
epidermis. Reports from numerous investigators have
addressed element concentrations in various matrices and
species of cetaceans from around the globe (André et al.,
1991; Beck et al., 1997; Becker et al., 2000; Bustamante et
al., 2003; Decataldo et al., 2004; Dehn et al., 2006; Fossi et
al., 2004; Frodello et al., 2000; Fujise et al., 1988; Honda
and Tatsukawa, 1983; Honda et al., 1983; Kuehl and
Haebler, 1995; Kuehl et al., 1994; Kunito et al., 2002; Law

et al., 1991; Mackey et al., 2003; Marcovecchio et al., 1990;
Meador et al., 1999; Monaci et al., 1998; Nigro et al., 2002;
O’Hara et al., 2003; Roditi-Elasar et al., 2003; Stein et al.,
2003; Wagemann et al., 1996; Woods and Van Vleet, 1996;
Yang et al., 2002).

Attempts to evaluate levels of contaminants (e.g.
organochlorines and mercury) and nutrients (e.g. copper) in
wildlife using non-lethal and/or minimally invasive
procedures have met with varying degrees of success,
depending upon the species, sampling design, endpoint
measured, environmental/habitat conditions and matrix of
interest. For example, the use of hair for assessing some
essential elements (e.g. copper) and for detecting non-
essential ‘toxic’ elements (e.g. mercury and arsenic) in
various mammalian species is well established (Beckmen et
al., 2002; Born et al., 1991; Flynn et al., 1975; Flynn et al.,
1977; Frank et al., 1994; Gogan et al., 1989; Ikemoto et al.,
2004; O’Hara et al., 2001; Underwood, 1977; Wiig et al.,
1999). Thus, the suggestion that epidermis may be useful for
evaluating the status of essential and non-essential elements
in the animal more holistically (blubber, muscle, kidney and
liver) has some scientific precedent. Epidermal biopsies
(and underlying blubber) from free ranging cetaceans have
been obtained remotely (i.e. using ‘darts’) and via capture,
followed by surgical biopsy and release of the animal (Fossi
et al., 2004; Hansen et al., 2004; Ylitalo et al., 2001). It is
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important to emphasise that cetacean ‘skin’ is a food item
and may be a target organ of concern or monitoring tool for
mercury intoxication (Gauthier et al., 1998) and thus has
merit as a sampled tissue regardless of the correlation of
element concentrations or predictive capacity for other
tissues that were tested in this study.

With respect to ‘toxic’ elements and xenobiotics in
bowhead whales, there are global sources of contaminants in
general (De Wit et al., 2004; Woshner et al., 2001b) and
local activities of concern (Ford and Hasselbach, 2001;
O’Hara et al., 2003), including Red Dog Mine, a
zinc/lead/silver mine (162°49’04”W 68° 04’11’’N). The
proximity of the mine, port and haul road to the coast has
caused concern among local communities regarding
potential contamination of the environment. Oil activities
within and surrounding Prudhoe Bay, Alaska, also raise
concerns related to mobilisation of heavy metals. Aspects of
the environmental chemistry and bioavailability of toxic
elements have been addressed for some regions of the
Southern Beaufort Sea and rivers draining this area (Trefry
et al., 2003).

The suitability of epidermal biopsies were tested for their
use in determining the essential and/or non-essential
element status of bowhead whales by sampling five tissues
(epidermis, blubber, liver, kidney and muscle) and
evaluating whether animal-matched tissue concentrations of
elements could be predicted from the epidermal sample. The
accumulation of particular elements in marine mammal
tissues varies with element and organ type, reflecting tissue-
specific physiological mechanisms (Decataldo et al., 2004;
Woshner et al., 2001a; Woshner et al., 2001b). Thus it was
hypothesised that, for elements exhibiting organ-specific
bioaccumulation, epidermis is unlikely to serve as a good
indicator of either general status or specific internal organ
concentration.

MATERIALS AND METHODS

Field sampling
The field sampling methods used in this study have been
previously described (O’Hara et al., 1999) and some of the
data used in this report, from 15 whales harvested in 1996-
1997, have been published (Dehn et al., 2006; Woshner et
al., 2001b). Table 1 provides the basic data on all 48 whales
studied (data derived from Suydam et al., 2004; Suydam et
al., 2003; Woshner et al., 2001b). Full-thickness blubber
cores and various tissues (epidermis, kidney, liver and
muscle) from bowhead whales were provided by native
subsistence hunters in Barrow, Alaska, USA. Samples were
collected by staff at the Department of Wildlife
Management with the permission of the Alaska Eskimo
Whaling Commission (AEWC) and Barrow Whaling
Captains Association (Barrow, Alaska, USA). Epidermal
and blubber cores from approximately the same location on
each whale (dorsal midline, 1 meter caudal to the blowhole)
were collected. Life history information was recorded from
each whale harvested (body length, sex, etc.), see Table 1.
Relationships among these parameters with respect to
various elements have been described previously by Bratton
et al. (1997), Woshner et al. (2001b), and Dehn et al. (2006)
and are not repeated here. Samples were temporarily stored
at 220°C at the Arctic Research Facility (Barrow, Alaska,
USA) and temperature was maintained during transport to
Texas A&M University (College Station, TX) via provision
of the US Marine Mammal Protection Act (Permit No. 782-
1399 and 932-1489-05).

Minerals and metals analysis
Upon receipt in the laboratory, sample integrity was
evaluated and samples were immediately transferred to
secure freezers for storage until processed. All tissues were
stored at 260°C until analysis. Tissues were thawed,
homogenised by chopping in plastic weigh boats and
microwave digested as previously described (Woshner et al.,
2001b). Samples were run in sets of 20 along with standard
reference materials, SRMs (bovine liver 1577b, Dogfish
liver Dolt 2, and Dogfish muscle Dorm 2), a blank, a blank
spike (Lab Control Sample-LCS), a sample duplicate for
each sample type, and a sample spike for each sample type.
Two SRMs were used per sample set with the intent to
bracket the expected analyte levels in the tissues being
considered. In general, each type of tissue was digested
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separately, with pooling of tissue types for digestion only
carried out when less than 20 tissues of a given type were
received. Following digestion, all samples and QA (quality
assurance) samples were diluted to 20ml with 18meg ohm
water, a final weight was taken and the samples were density
corrected. Digestates were stored tightly sealed until
analysis was complete. All analytical work was generally
completed within a month after digestion. Table 2
summarises the procedures used in this study.

Elements were analysed by atomic absorption
spectrophotometry (AAS) at Texas A&M University
(TAMU) Trace Element Research Laboratory (TERL) as in
Woshner et al. (2001b) for those samples collected in 1996-
1997, employing a strict quality assurance/quality control
protocol with appropriate standard reference materials,
sample duplicates, blanks and spiked samples. The
following elements were analysed: arsenic (As), cadmium
(Cd), cobalt (Co), copper (Cu), mercury (Hg), magnesium
(Mg), manganese (Mn), molybdenum (Mo), lead (Pb),
selenium (Se) and zinc (Zn). Neither Co nor Mo was
detected in any epidermal sample, so they are not considered
further. The remaining elements were detected in more than
half of the samples for at least two tissues. Co, As, Mg, Mn,
Pb, and Se were analysed using a Perkin-Elmer (Norwalk,
Connecticut, USA) model SIMAA 6000 graphite furnace
atomic absorption spectrophotometer (GFAAS) equipped
with an AS-60 autosampler and Zeeman background
correction (Perkin-Elmer); Cd and Zn were determined
using a Perkin-Elmer instrument model 306 flame AAS;
total Hg was determined via cold vapor AAS (AAS-CVG)
using a Thermo-Jarrell Ash (Franklin, Massachusetts, USA)
model S-11 AAS with a Thermo-Jarrell Ash AVA-440
atomic vapor accessory. The minimum level reported (MLR,
also known as ‘detection limit’) for Hg was 0.001 mg/g. For
total Hg analysis (at the Texas Veterinary Diagnostic
Laboratory, Amarillo, Texas USA), wet tissue samples
(1996-1997) were weighed and transferred to 250ml quartz
volumetric digestion tubes. Sample digestion and analysis
followed Korsrud et al. (1985) with minor modifications as
reported in Woshner et al. (2001b). See Bratton et al. (1997)
and Woshner et al. (2001b) for details. The minimum level
reported for all elements except Hg was 0.01mg/g.

For samples collected in 2002-2003, subsample
preparation and digestion followed the method previously
described by Woshner et al. (2001b) and the analyses is
similar to that reported by Dehn et al. (2006). Total mercury
was determined using a cold-vapor atomic absorption
spectrometry (CVAAS) method with a Cetac 7500
QuickTrace Hg analyser. Hg2+ was converted to Hg0 by
reduction with SnCl2, purged from the digested sample with
a stream of argon gas, and swept into a thermally-stabilised

absorption cell. Concentrations were determined by
absorbance peak height using commercial calibration
standards.

Inductively coupled plasma-mass spectroscopy (ICP-MS)
is a hyphenated technique in which a high-temperature,
radio frequency argon plasma provides ions that are
measured by a mass-specific detector. TERL uses a Perkin-
Elmer/Sciex DRC-2 ICP-MS instrument equipped with a
quadrupole detector. This instrument also employs a
dynamic reaction cell to remove molecular ion
interferences. Digested samples were diluted to a final
strength of 2% nitric acid. The aqueous samples were
introduced to the plasma using a peristaltic pump,
concentric nebuliser, and cyclonic spray chamber. Internal
standards were added to all samples to compensate for
viscosity differences and slight variations in instrument
performance related to sample matrix effects. The
instrument was calibrated using a blank and three external
standards. Calibration was evaluated using both a low
standard and an independent check standard (NIST SRM
1640). Data were collected in dual pulse/analog mode using
the instrument’s autolens feature to maximise sensitivity at
each target mass.

Digested samples were diluted to 20ml with trace metal
free water and run directly on a Spectro CirOS axial
inductively coupled plasma optical emission spectrometer
(ICP-OES) (Spectro AI, Fitchburg, MA) for Cu, Mg, Mn,
and Zn. Additional aliquots of the digestates were then
diluted further by a factor of ten and run on a Perkin-
Elmer/Sciex DRC-2 ICP-MS (Perkin-Elmer, Norwalk, CT)
for As, Cd, Co, Mo, and Pb. A separate aliquot was diluted
ten-fold in 3N HCL and analysed for Se using a PSA
Millennium HG- Atomic Fluorescence Spectrometer (AFS)
system (PSA Analytical Deerfield Beach, FL). A final
aliquot of the original digestate was diluted by a factor of
five in 7% v/v HCL and analysed for Hg using a Cetac
M7500 CVAAS system (Cetac Technologies, Omaha, NE).

QA was considered in compliance when recovery for
SRMs, blank spikes, and sample spikes was +/-20% for
minerals/metals that were very low and close to baseline
levels and +/-10% for mineral/metals that were considerably
above baseline levels. Duplications were considered
acceptable when +/-10% and the analyte was significantly
above the baseline. Blanks were considered acceptable if
<0.0001 ppm.

Statistical analysis
Summary statistics were generated using Microsoft Excel
(Microsoft Corporation, 1999) and S-PLUS (Venables and
Ripley, 1999). Plots of element concentrations (mg/g wet
weight) in blubber, kidney, liver and muscle tissues versus
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the corresponding concentration in epidermal tissue (E),
whale body length in meters (length) and sex of the whale
were used to explore relationships. The plots indicated
linear relationships, so simple linear regressions and
multiple regressions with E, length and sex as potential
predictors of concentrations in blubber, kidney, liver and
muscle were used. Length was used as a surrogate for age,
recognising that it is a poor surrogate, particularly for
physically mature whales. However, ages of most of the
sampled whales were unknown. Plots and regressions for
each tissue only include whales in which both E and the
concentration in that tissue 4MLR. This could provide a
misleading assessment of predictive power for those
elements with some tissue concentrations <MLR in some
samples (As, Cd, Hg, Mn and Pb). For elements with both
E<MLR and concentrations <MLR in the tissue being
predicted using E, cross-tabulations were calculated giving
the number of whales with concentrations: (1) <MLR; (2)
4MLR but less than the median concentration among all
samples with concentrations 4MLR; and (3) greater than
that median concentration. Independence of row and column
classifications was evaluated by Fisher’s exact test. If the
null hypothesis of independence is not rejected, this
provides evidence against a strong association between E
and the concentration in the other tissue. However, if the
number of samples available for the test is small, failure to
reject the null hypothesis may be due to a lack of power.

The best regression for each element in each tissue was
chosen by minimising Akaike’s Information Criterion (AIC)
(Akaike, 1973) among regressions involving E, length and
sex. A model with either too few or too many predictors has
poor predictive ability. AIC is designed to identify the best
predictive model, with neither poor predictive ability owing
to omission of relevant predictors, nor excess variability due
to inclusion of extraneous predictors. AIC penalises added
predictors less severely than other selection criteria such as
likelihood ratio tests (Venables and Ripley, 1999), so it
sometimes selects unnecessary predictors. The main utility
of the best regression result is to assess further whether E is
a more useful predictor of the element’s internal organ
concentration than length and sex, which are much easier to
measure.

Both the regression with E as the only predictor and the
best regression were evaluated using R2, the percentage of
the variability in the concentration being predicted that is
explained by the regression. The regression is characterised
as having no predictive value if R2 535%, weakly
predictive if R2 is 36% to 55%, moderately predictive if R2

is 56% to 75% and strongly predictive if R2>75%. However,
these characterisations are sometimes tempered by patterns
in the cross-tabulations described above or the results of the
Fisher’s exact tests.

RESULTS AND DISCUSSION

General results, with comparisons to other species
Of the elements evaluated in this study, Mg, Mn, Cu, Zn and
Se are considered essential (Table 3), while As, Cd, Pb and
Hg have no known function in mammals and are considered
non-essential (Table 4) and are sometimes referred to as the
‘toxic’ elements. A basic mammalian need for an element
was used to define ‘essential’, even if the element had not
been specifically evaluated for cetaceans. This assumption
may be somewhat inappropriate considering the many
known morphologic and physiologic differences between
cetaceans and terrestrial mammals. The non-essential
elements important for toxicological assessment in the

Arctic food chain include Cd, Hg and Pb (AMAP, 1998;
2002). All of the elements assayed in this study were below
concentrations associated with toxic effects in domestic
animals (Puls, 1994), although this extrapolation between
terrestrial and marine mammals may be misleading (André
et al., 1991; Beck et al., 1997; Bustamante et al., 2003;
Decataldo et al., 2004; Frodello et al., 2000; Honda et al.,
1983).

Compared to other species of northern Alaska, the
bowhead whales used in this study had much lower tissue
concentrations of Hg, in agreement with the reports of Dehn
et al. (2006), Woshner et al. (2001b) and Bratton et al.
(1997). It is well described that element-element
interactions with length (age) exist, particularly for Hg and
Se in marine mammals, especially odontocetes (Honda and
Tatsukawa, 1983; Honda et al., 1983). Thus considering
these interactions in a tissue specific manner by species for
age (length) and sex is very important. The details of these
relationships are not reviewed in this report since they have
been documented elsewhere (note citations above).

Among marine mammals, Cd appears to be higher in
species with an invertebrate-based diet (e.g. similar to
walrus), and the Cd concentrations reported here are similar
to concentrations previously reported for bowhead whales
(Bratton et al., 1997; Dehn et al., 2006; Woshner et al.,
2001a; Woshner et al., 2001b). Bowhead whales, like other
mammalian species, have been shown to accumulate Cd
with age in the liver (Honda and Tatsukawa, 1983; Honda et
al., 1983) and particularly in the kidney, with variations in
the rate of accumulation occurring by region (Aastrup et al.,
2000; Cooper et al., 2000; Elkin and Bethke, 1995;
Gamberg and Scheuhammer, 1994; Honda and Tatsukawa,
1983; Honda et al., 1983; Larter and Nagy, 2000; O’Hara et
al., 2001; O’Hara et al., 2003; O’Hara et al., 1999; Woshner
et al., 2001a; Woshner et al., 2001b).

For both Cd and As, over half the epidermal samples had
E<MLR (Table 4), resulting in sample sizes <20 for the
regression analyses. Although regression results are
discussed for these elements, they are omitted from Table 5
for this reason. Blubber was less frequently sampled than
the other tissues, resulting in sample sizes <20 for all
elements. This is included in Table 5, but the small sample
sizes mandate caution in interpreting blubber results.

Concentrations of essential elements
Magnesium
All 48 epidermal samples had concentrations of Mg above
the MLR. The best single predictor of Mg in all four other
tissues is E, which is weakly predictive for muscle but
strongly predictive for the other three. The best regression
for Mg, as determined by AIC, always includes E. In
addition, length was also included for all tissues except
blubber. In kidney, liver and muscle tissue, concentrations of
Mg increase with E and decrease with length. The best
regression for blubber, kidney and liver explains 83-90% of
the variability in Mg in these tissues. Even the best
regression for muscle is only moderately predictive,
explaining 57% of the variability of Mg. Based on Puls
(1994), the Mg status of mammals may best be assessed
using other tissues (e.g. blood) and/or fluids (plasma, urine,
etc.). The role of cetacean epidermis in Mg elemental
dynamics and tissue tropism requires further investigation.

Manganese
Manganese was detected in fewer than half of the 2002/03
epidermal and blubber samples analysed using ICP-OES,
while low Mn levels were detected in these tissues by AAS

110 O’HARA et al.: ESSENTIAL AND NON-ESSENTIAL ELEMENTS IN BOWHEAD TISSUES

107-118 JNL 310.tif:Layout 1  3/3/09  16:54  Page 110



(Woshner et al., 2001b). Epidermal Mn is of no value as a
predictor of Mn in any of the other four tissues. In no case
is it chosen as a predictor by AIC. The mean (intercept) is
the best predictor for kidney, liver and muscle. Although sex
is weakly predictive for blubber, only six whales with Mn
reported in both epidermal and blubber tissue were included
in this analysis. A larger sample would be needed to
determine whether sex is really a useful predictor of Mn in
blubber.

In all 11 whales with both blubber and epidermal samples
analysed, blubber concentration of Mn was lower than
epidermal. This suggests that epidermal concentration could
provide an upper bound for blubber concentration of Mn in
bowheads with epidermis but not blubber sampled.
However, Table 3 suggests that this would considerably
overestimate blubber concentration.

Copper, Selenium and Zinc
Copper is an essential element reported to be at higher
concentrations in foetal and neonatal bowhead whales that
decreases with length (age) (Bratton et al., 1997; Woshner et
al., 2001b) and Cu and Zn occur at similar concentrations in
odontocetes (Decataldo et al., 2004; Honda and Tatsukawa,

1983; Woods and Van Vleet, 1996). However, the Se
concentration tends to be much higher in odontocetes
(Kuehl and Haebler, 1995; Kuehl et al., 1994; Mackey et al.,
2003). The best regressions for Cu in blubber, kidney and
muscle in Table 5 support these reports.

Concentrations of Cu, Se and Zn were above the MLR in
all epidermal samples. Nevertheless, E had no predictive
value for concentrations of these elements in other tissues,
despite the fact that AIC occasionally included E as a
predictor for a given element-tissue combination. Among
regression analyses for these three elements, even the best
regression that included E (for Cu in muscle) accounted for
only 25% of the variability (Table 5). However, as was the
case for Mn, all blubber concentrations of Cu, Se and Zn
were below the corresponding epidermal concentrations, so
epidermal concentrations may constitute an upper bound for
blubber concentrations with respect to these three elements.

Concentrations of non-essential elements
Cadmium
Cadmium occurs at lower concentrations in the epidermis
than in the other tissues examined, with E<MLR in 24
(59%) of the 41 epidermal samples analysed (Table 4),

J. CETACEAN RES. MANAGE. 10(2):107–117, 2008 111

107-118 JNL 310.tif:Layout 1  3/3/09  16:54  Page 111



compromising prediction of Cd concentrations in other
tissues using E. For E4MLR for Cd (Table 5, Fig. 1), E was
strongly predictive of blubber concentration and weakly
predictive of muscle concentration, but had no predictive
value for kidney or liver concentrations. Two of three
whales with E<MLR also had blubber concentration <MLR,
but the third had blubber concentration in the highest
category. However, the sample sizes are too small to give
statistically significant results. Fisher’s exact test did not
reject the null hypothesis of independence of epidermal and

blubber Cd concentration levels, suggesting that the
regression result for blubber should be interpreted with
particular caution.

It is not surprising that E was a poor predictor for kidney
and liver Cd concentration. These internal organs are well
known to accumulate Cd with age and are rarely at
concentrations <MLR (Bratton et al., 1997; Roditi-Elasar et
al., 2003; Wagemann et al., 1996; Woods and Van Vleet,
1996; Woshner et al., 2001a; Woshner et al., 2001b). The
best regression for both of these organs had length as the
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only predictor. However, although length was a strong
predictor for liver concentration of Cd (R2=81%), it had no
predictive value for kidney concentration (R2=18%). Fig. 1
shows why kidney Cd concentration cannot be predicted
well. There are two whales of adult length with extremely
high kidney concentrations of Cd; these whales may have
been very old (possibly not well accounted for with length),
accounting for the large amount of Cd they have
accumulated in their kidneys.

Mercury
Only five epidermal samples had E<MLR (Table 4). An
adequate number of samples were available for kidney, liver
and muscle (Table 5). With a regression value of R2=30%, E
had no predictive value for kidney concentration of Hg, and
it was only weakly predictive in the other tissues. Epidermal
prediction of Hg concentration in internal tissues might
prove more useful in toothed cetaceans that are known to
accumulate much higher levels of Hg in liver, kidney,
muscle and epidermis (André et al., 1991; Beck et al., 1997;

Becker et al., 2000; Bustamante et al., 2003; Yang et al.,
2002) than bowhead whales (Woshner et al., 2001b). The
best regressions for bowhead whales, which increase R2

slightly, all include E as a predictor and also include sex for
blubber (females have higher Hg concentrations) and length
for kidney, liver and muscle (longer whales have higher Hg
concentrations). The best regressions are still only weakly
predictive for Hg in kidney and liver and moderately
predictive in blubber and muscle.

Lead
Eighteen (44%) of 41 epidermal samples analysed for Pb
had E<MLR, resulting in small sample sizes for regression
analyses. Table 5 indicates that epidermal Pb is of no value
for predicting Pb in other tissues as R2 5 21% for Pb. The
hypothesis of independence of E and concentration in the
other tissue is never rejected by Fisher’s exact test. For
blubber and liver, none of the potential predictors (E, length,
sex) is judged by AIC to be useful for prediction. For kidney
and muscle, R2 5 29% even for the models chosen by AIC
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and E is included only in the model for kidney. This may be
because means and standard deviations of Pb concentration
are low in all tissues, with Pb undetectable in many samples
(Table 4). Low Pb levels for many cetaceans have
previously been reported (Dehn et al., 2006; Meador et al.,
1999; Woshner et al., 2001b).

Arsenic
Arsenic was reported (Table 4) with E<MLR in 26 (54%) of
the 48 epidermal samples because few whales in the
2002/03 dataset had concentrations high enough to be
measured by ICP-MS. It was similarly low in all other
tissues, except blubber. Comparing means between the two
analytical techniques is inappropriate when greater than
50% of the samples are below detection; the difference in
MLR is driving the difference in means by allowing more
1996/97 samples to have reported low concentrations and
thus a lower reported mean.

Based on the 12 whales with E4MLR and As also
measured in blubber, none of the three predictor variables is
of value as a predictor of As in blubber. When E4MLR, E
is the best single predictor of As in kidney, liver and muscle,
explaining 479% of the variability in the concentration of
As, with higher values of E associated with higher
concentrations in those tissues. E is the only predictor of As
in the kidney chosen by AIC. Length is added to E in the
best regressions for liver and muscle chosen by AIC. The
above regressions for those tissues are greatly influenced by
the one (in the case of kidney and muscle) or two (in the
case of liver) whales with concentrations of As high enough
to be detected using ICP-MS; these concentrations are all
higher than those in the AAS dataset. The relatively large
number of samples with E<MLR but a concentration in
kidney, liver or muscle at or above the median, or vice-
versa, suggests that E might not be strongly predictive for
these tissues. For example, there are 15 whales with both
liver concentration and E<MLR, but 16 whales with
E<MLR and high liver concentration or vice-versa. More
samples with concentrations >MLR in all tissues are needed
before firm conclusions can be drawn concerning the
predictive power of epidermal As concentration for its
concentration in other tissues.

CONCLUSIONS

Using concentrations of elements in epidermal tissue to
predict corresponding elemental concentrations in other
tissues (blubber, kidney, liver and muscle) does not appear
to be a sound method based on our evaluation of bowhead
whale samples from 1996, 1997, 2002 and 2003 (providing
a sample size of 40 or more whales for all tissues except

blubber). Epidermal concentration had no predictive value
for Cu, Mn, Pb, Se or Zn in any of the other tissues
evaluated. Epidermal concentrations of the four other
elements considered were predictive for some other tissues.
Arsenic could be predicted in kidney, liver and muscle, but
not blubber, although the distribution of samples with
concentrations below the MLR and the small sample sizes
suggest that these results should be interpreted with caution.
Epidermal concentrations of Cd were strongly predictive for
blubber and weakly predictive for muscle concentrations.
Epidermal concentrations of Hg were weakly predictive of
blubber, liver and muscle concentrations. Epidermal
concentrations of Mg were strongly predictive in blubber,
kidney and liver but only weakly predictive in muscle. Thus,
if investigators wish to develop an understanding of
concentrations of essential and toxic elements in non-
epidermal tissues, this cannot be accomplished via
epidermal biopsy alone. One could monitor epidermis for its
own sake (e.g. to assess whether it accumulates elements of
toxicologic concern or could be a tissue affected by mineral
deficiency) and might detect temporal or spatial trends.
However, it has been shown here that epidermal biopsy
cannot predict concentrations in four key tissues in bowhead
whales in most cases. This ineffectiveness of epidermal
element concentrations to reflect concentrations in internal
tissues is likely true for other mysticetes and perhaps for
cetaceans in general. At a minimum, before using epidermal
biopsies to predict internal tissue concentrations of
elements, researchers must establish that a sound scientific
basis exists for doing so. Such proof must be specific to the
elements, species and tissues in question as well as based
upon statistically adequate sample sizes.
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