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ABSTRACT

Objectives. To assess essential/non-essential elements in bowhead whale. 
Study Design. Analyzes of tissues for key elements and comparing them to published food guide-
lines. 
Methods. Using national and international guidelines calculate percent (%) “Recommended Daily 
Allowance” of essential elements in 100 g portion of bowhead tissues. For non-essential elements, 
determine maximal tissue consumption based on average element concentrations and provisional 
tolerable weekly intake; and minimal risk level. 
Results. Liver and kidney are rich in essential/non-essential elements and have the greatest concen-
tration of cadmium (Cd) among tissues studied, while mercury (Hg), lead (Pb) and arsenic (As) 
are relatively low. Kidney of bowhead whale is consumed in very limited amounts (limited tissue 
mass compared to muscle and maktak); liver is consumed rarely. Other tissues, except blubber, are 
excellent sources of many essential elements, without the abundance of liver and kidney Cd. 
Conclusions. Renal Cd concentrations are most restrictive for consumption on a tissue mass basis. 
Better understanding of Cd bioavailability, food processing, and actual consumption rates and 
patterns, are critical to providing improved guidance. Compared to store-bought meat, bowhead 
whale had comparable concentrations of elements in the tissues studied, with a few noted differ-
ences. The occasional blubber substitute, Crisco, was nearly devoid of trace element content.
(Int J Circumpolar Health 2006:65(3):228-242.)
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INTRODUCTION

Bowhead whales (Balaena mysticetus) inhabit 
many regions of the Arctic year-round. 
The consumption of tissues from marine 
mammals, including the bowhead whale, by 
humans has occurred for centuries. While 
the actual magnitude of benefits are still not 
well documented (1), bowhead tissues provide 
basic nutrients and are important to the main-
tenance of healthy communities (omega 3 
fatty acids)(2-5); yet the whales are a known 
source of contaminants (e.g. 6, 7). The Arctic 
Monitoring and Assessment Programme 
(AMAP) has termed this situation the “Arctic 
Dilemma.” Sources of non-essential, poten-
tially toxic elements and other contaminants 
are both global (8) and local (9-11). Indus-
trial concerns in the Northern Alaska region 
include Red Dog Mine (W 162°49’04”, N 
68°04’11’’) a zinc (Zn)/lead (Pb)/silver (Ag) 
mine (9-11). The proximity of the mine, port 
and haul road to the coast has incited appre-
hension among local communities regarding 
the potential for environmental contamination, 
including subsistence resources. Oil activities 
within and surrounding Prudhoe Bay, Alaska, 
also represent a source of concern related to 
the mobilization of heavy metals (12, 13).

Dependence upon a subsistence-based diet 
has typically been expressed as “need” (14, 
15). These “need” assessments do not directly 
address the nutrients (e.g. essential elements) 
provided to the people. Many coastal Alaskan 
communities depend on marine mammals 
for nutritional, cultural, health, medicinal, 
economic and spiritual well-being (6, 16). 
These communities know these benefits, but, 
in most cases, a well-designed quantitative 
assessment of these critical food sources and 

their actual essential element contents has 
not been made. With respect to elements, this 
“nutritional” assessment must be balanced 
with an evaluation of non-essential elements 
that have no known physiologic function. 
Past studies of element interactions (17, 18) 
were limited to classical tissues (liver, kidney, 
muscle, blubber), and did not consider human 
consumers. Hoekstra et al. (7) offered a 
comprehensive assessment of bowhead whale-
based subsistence diets with respect to organo-
chlorines in various tissues. 

Daily requirements criteria come in many 
forms, including Recommended Daily Allow-
ances (RDA), Adequate Intakes (AI), Dietary 
Reference Intakes (DRI) and, for upper limits 
of consumption, as Tolerable Upper Intake 
Levels (UL), as described by the National 
Academy of Sciences (19), and the provisional 
tolerable weekly intake (PTWI). For nutri-
tional needs the reference values are intended 
to indicate the amount of a particular essential 
element required daily. Using these values, one 
can determine what percentage of the “daily 
requirement” is met by a standard meal mass, or 
portion weight (i.e., 100g or 3 ounces of meat) 
of a food item. Nutritional needs of consumers 
can vary according to age, reproductive status, 
body weight, gender, specific physiological or 
disease conditions, and other factors. It is not 
the intent of this paper to cover this wide range 
of human conditions or life stages (i.e., fetal to 
geriatric). Some studies have described subsis-
tence diets in Alaska (e.g., 20, 21), but not in 
detail for the bowhead whale and the numerous 
types of tissues consumed; nor specifically for 
essential and non-essential trace elements. 
With respect to non-essential elements, the 
Joint Food and Agricultural Organization and 
World Health Organization (FAO/WHO) (22) 
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have established the Provisional Tolerable 
Weekly Intake (PTWI) level, which is defined 
as an upper intake limit above which adverse 
effects might be expected. The term ‘provi-
sional’ is used to emphasize the lack of safety 
data on contaminants; consequently, the levels 
of PTWIs are continually re-evaluated. The 
minimal risk level (MRL) set forth by the 
US Health and Human Services Agency for 
the Toxic Substances and Disease Registry 
(ATSDR) (23) applies to oral exposure of 
chronic duration (≥ 365 days), and is defined 
as “an estimate of daily human exposure to a 
substance that is likely to be without an appre-
ciable risk of adverse effects (noncarcino-
genic) over a specified duration of exposure” 
(23). We use both criteria to provide a range of 
consumption advice calculations. 

For nutritional needs the reference values 
are intended to indicate the amount of a 
particular essential element required daily. 
This study provides nutrient information on 
a variety of tissue types from the bowhead 
whale to develop a quantitative measure of the 
nutritive value for humans for vital elements. 
Such data illustrate the relevance of these 
food items, and the specific elements therein, 
for health maintenance and disease prevention 
in humans. We recognize elemental interac-
tions are complex, such that: 1) a non-essen-
tial element may interfere with the absorp-
tion or function of an essential element, or 2) 
an essential element may be protective with 
respect to toxic elements (24). These complex-
ities are not addressed here, as we consider 
each element individually. 

Using an approach similar to other studies 
that have addressed public health consider-
ations of a subsistence-based diet from both 
nutritional and toxicological perspectives (6, 

7, 16, 25), we report on the essential and non-
essential trace element status of eight bowhead 
whale tissues (e.g., mean concentrations), 
provide an assessment of their nutrient value 
(e.g., %RDA), and calculate tissue weights 
relevant to suggested maximal intakes (mass 
of food consumed per unit time) of specific 
non-essential elements (Cd, Hg and Pb). The 
benefits of essential trace elements as well as 
the potential risks of non-essential (poten-
tially toxic) trace metals, associated with the 
consumption of bowhead whale tissue are 
discussed. 

MATERIAL AND METHODS

Sampling
Sampling of the bowhead whale has been 
described previously (18, 26). Full thickness 
blubber cores and various tissues (epidermis, 
liver, kidney, skeletal muscle, diaphragm, 
tongue, intestine and heart) from bowhead 
whales were provided by Native subsistence 
hunters in Barrow, Alaska, USA, from 2002-
2003. Samples were collected by staff at the 
Department of Wildlife Management with the 
endorsement of the Alaskan Eskimo Whaling 
Commission (AEWC) and the Barrow Whaling 
Captains Association (Barrow, Alaska, USA). 
Epidermal and blubber cores from approxi-
mately 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, baleen length, sex, etc.). Relationships 
among elements and life history parameters 
have been well described previously by Bratton 
et al. (27) and Woshner et al. (18) and will not 
be repeated here. Store-bought foods were 
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collected as described in O’Hara et al. (28). 
Samples were temporarily stored at -20˚C 
at the Arctic Research Facility (Barrow, 
Alaska, USA) and temperature was main-
tained during transport to Texas A and M 
University (College Station, TX), via provi-
sion of the U.S. Marine Mammal Protection 
Act (Permit No. 932-1489 to Dr. Teri Rowles) 
for marine mammal samples. 

Sample collection for store-bought foods
Various commercially available foods [bone-
less pork loin chop, beef shank and tongue, 
honeycombed tripe (rumen), reindeer steak 
(Rangifer tarandus), and Crisco® (J. M. 
Smucker Company, made entirely of vege-
table oil)] were obtained by residents in 2002, 
from a local market in Barrow, Alaska, USA. 
Samples were selected based on their avail-
ability and potential dietary importance as a 
substitute for subsistence foods (i.e. country-
based diet). Samples were transported as 
described above for the bowhead whale 
samples.

Statistics and calculations
Summary statistics were calculated using 
0.5 of MDL to represent concentrations of 
elements below the level of detection (Tables 
III-IV). Representative samples of uncooked 
bowhead whale maktak were determined 
using the 1:2 ratio of epidermis-to-blubber 
that is typically consumed (7) and converting 
the respective concentrations in the epidermis 
and blubber accordingly. 

The PTWI is set at 7 µg/kg body weight 
for Cd (22). For Pb, the PTWI is 25 µg/kg 
body weight (29), or 1.75 mg for a 70 kg 
individual. The PTWI established for THg 
is 300 µg per person (30), of which no more 

than 200 µg should be present as the readily 
bioavailable form, methylmercury. For Cd, 
the minimal risk level (MRL) for chronic-
duration (≥ 365 days) oral exposure to Cd, 
proposed by the United States Department 
of Health and Human Services’ Agency 
for Toxic Substances and Disease Registry 
(ATSDR), is somewhat lower, at 0.0002 mg/
kg/day (23). Using the ATSDR’s MRL, a 70 
kg person could safely consume 98 µg Cd 
per week, but, according to the WHO/FAO’s 
PTWI, should consume no more than 490 
µg Cd per week for their lifetime. We use 
both criteria to provide a range of consump-
tion advice calculations. We applied current 
Recommended Daily Allowances (RDAs) 
to assess the proportion (%) of nutrient 
daily intake provided by a standard 100 g (3 
ounce) portion for each tissue type (Tables 
V-VI). Table VII presents analytic data and 
published concentrations.

Elements analysis
This analytical work was performed under 
the standard QA Plan prepared from the 
Pocket Guide for Quality Assurance Plans 
(Category III. Guy F. Simes, Quality Assur-
ance Manager, EPA Reduction Engineering 
Laboratory, Cincinnati, Ohio 45268, PP 
36-51) at the Texas A&M University Trace 
Element Research Laboratory (TERL).

Samples were received frozen, checked 
against accompanying chains of custody, 
assigned unique TERL file numbers, entered 
into our LIMS program, and stored in a 
restricted access -20°C freezer until prepared 
for analysis. Prior to digestion, samples were 
thawed, chopped and homogenized in plastic 
weigh boats. Approximately 0.8-1.0 grams 
of wet sample homogenate was weighed into 
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tared, acid-washed, 50-ml Corning© centri-
fuge tubes. Three ml of trace metal grade 69-
71% nitric acid (Fisher Scientific A509-212) 
was added to each tube and the samples were 
allowed to stand overnight at room tempera-
ture. The next day, samples were vortexed and 
digested in a microwave oven (CEM Mars5), 
following the program shown in Table I. 
Samples were allowed to cool and were 
vortexed between stages. Ultrapure H2O2 
(JT Baker UltrexII, 30%, 2 ml) was added to 
samples following Stage 2, and trace metal 
grade HCl (EMD Chemicals Omni Trace, 
37-38%, 1 ml) was added following Stage 3. 
Following digestion, samples were diluted to 
20 ml with 18-MegOhm/cm deionized water.

Samples were digested and analyzed in 
sets of 20 along with a blank, a spiked blank 
(laboratory control sample, LCS), a sample 
duplicate, a spiked sample, and three certi-
fied reference materials (Bovine Liver 1577b, 
NIST; Dogfish Muscle DORM-2, Research 
Council of Canada; and Dogfish Liver DOLT-
2, Research Council of Canada). Spiking solu-
tion for LCS and sample spikes was prepared 
from single element standards obtained from 
Inorganic Ventures.

Tissue digests were analyzed for Hg using 
a Cetac QuickTrace 7500 cold vapor – atomic 
absorption spectrometer. Digest solution 
was diluted as necessary with 7% HCl, and 
combined with SnCl2 to reduce Hg2+ to Hg0. 
Hg0(g) was separated from the liquid sample 

matrix in a gas-liquid separator and carried by 
a stream of argon gas through a Nafion drying 
membrane and into the absorption cell, where 
Hg peak absorbance was measured. Selenium 
was analyzed on a PSA Millennium Excalibur 
hydride generation – atomic fluorescence spec-
trometer. Prior to analysis, aliquots of digest 
solutions were heated at 90°C in the CPI block 
digester with HCl, in order to reduce Se(VI) to 
the Se(IV) form that forms a hydride species 
quantitatively. This solution was then mixed 
with a solution containing NaBH4 to form 
SeH2, and passed into a gas-liquid separator. 
Volatile hydride species were atomized in an 
air-hydrogen flame, and Se was quantified by 
atomic fluorescence. Cadmium and Pb were 
analyzed on a Perkin-Elmer/Sciex DRC 2 
inductively coupled plasma – mass spectrom-
eter following 10-fold dilution with deionized 
water. Signals were measured in pulse mode, 
using a peak-hopping technique that incorpo-
rated internal standards (103Rh for 111Cd and 
209Bi for 208Pb) to compensate for physical 
matrix effects and slight instrument behavior 
changes.

Remaining elements were analyzed on a 
Spectro CirOs inductively coupled plasma 
– optical emission spectrometer. Digest 
solutions were analyzed undiluted, using an 
axial plasma and an internal standard (Yb) 
to compensate for matrix effects and instru-
ment drift. Final calculations utilized off-
peak background correction and interelement 

Table I. Microwave digestion program.
Stage	 Temperature	 Pressure	 Power	 Time 
	 (°C)	 (atm)	 (%)	 (min)	
1	 100	 1	 40	 30 (ramp 10, hold 20)
2	 100	 1	 40	 30 (ramp 10, hold 20)
3	 80	 1	 40	 30 (ramp 10, hold 20)
4	 80	 1	 40	 30 (ramp 10, hold 20)
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Table II. Quality assurance and quality control (QA/QC) data for element analyses.

Element	 MDL	 Blank	 Duplicate	 LCS	 Spike 	             SRM Recovery (%)
	 (ppm)	 (ppm)	 (RPD)	 Recovery	 Recovery	 1577b	 DOLT-3	 DORM-2
				    (%)	 (%)	
Al	 1	 0.2	 3.9 (1)	 91 (7)	 91 (10)			 
As	 0.42	 0.08	 3.6 (1)	 99 (7)	 103 (11)		  77 (7)	 95 (6)
B	 0.21	 0.08	 9.8 (3)	 88 (7)	 90 (11)			 
Ba	 0.021	 0.00	 7.7 (2)	 101 (7)	 101 (11)			 
Be	 0.011	 0.00		  93 (7)	 95 (11)			 
Ca	 0.42	 0.9	 14.4 (11)	 101 (7)	 101 (10)	 95 (1)		
Cd	 0.023	 0.005	 9.3 (18)	 97 (7)	 99 (10)	 94 (1)	 84 (7)	 105 (1)
Co	 0.11	 0.02		  101 (7)	 102 (11)			 
Cr	 0.11	 0.03		  104 (7)	 104 (11)			   75 (6)
Cu	 0.11	 0.02	 6.3 (9)	 101 (7)	 102 (10)	 92 (1)	 96 (7)	 79 (5)
Fe	 0.21	 0.09	 11.1 (11)	 104 (7)	 106 (5)	 90 (1)	 96 (7)	 90 (6)
Hg	 0.003	 0.002	 4.9 (8)	 109 (7)	 95 (8)		  90 (7)	 86 (6)
K	 2.1	 0.6	 4.1 (11)	 96 (7)		  90 (1)		  82 (6)
Mg	 0.21	 0.1	 5.0 (11)	 101 (7)	 102 (8)	 90 (1)		
Mn	 0.042	 0.001	 15.2 (6)	 103 (7)	 105 (11)	 92 (1)		
Mo	 0.21	 0.04		  100 (7)	 100 (11)	 102 (1)		
Na	 42	 0.5	 3.1 (10)	 106 (7)		  92 (1)		
Ni	 0.11	 0.03		  98 (7)	 99 (11)		  94 (7)	 74 (6)
P	 9.2	 0.1	 5.1 (11)	 105 (1)		  94 (1)		
Pb	 0.005	 0.003		  102 (7)	 103 (9)	 106 (1)	 94 (7)	 89 (3)
S	 9.4	 0.5	 6.1 (11)	 90 (7)		  84 91)		
Se	 0.005	 0.004	 6.0 (10)	 97 (6)	 93 (10)	 92 (1)	 86 (7)	 93 (5)
Si	 2.1	 0.04						    
Sr	 0.011	 0.001	 7.7 (8)	 101 (7)	 101 (10)	 94 (1)		
Ti	 0.11	 0.02		  100 (7)	 98 (10)			 
V	 0.21	 0.003		  98 (7)	 99 (11)			 
Zn	 0.11	 0.1	 4.0 (10)	 99 (7)	 101 (7)	 83 (1)	 93 (7)	 78 (6)
(n) number of valid observations; Duplicate values are valid when average concentration is not less than 3 x MDL; LCS 
values are valid when the observed concentration is not less than 3 x MDL; Spike values are valid when spike level 
added is not less than the original concentration; SRM values are valid when the SRM is certified and when the observed 
concentration is not less than 3 x MDL.

correction equations. Calibration on all instru-
ments utilized a blank and three calibration 
standards that bracketed the measured sample 
concentrations. Instrument response was eval-
uated immediately following calibration and, 
thereafter, following every 10 samples and at 
the end of each analytical run, by running a 
check standard and a check blank. Table II 
outlines the results of the QA/QC data.

Tissue concentrations of the following 
elements were determined: aluminum (Al), 

arsenic (As), boron (B), barium (Ba), beryllium 
(Be), calcium (Ca), cadmium (Cd), cobalt (Co), 
chromium (Cr), copper (Cu), iron (Fe), mercury 
(Hg), potassium (K), magnesium (Mg), manga-
nese (Mn), molybdenum (Mo), sodium (Na), 
nickel (Ni), phosphorous (P), lead (Pb), sulfur 
(S), selenium (Se), strontium (Sr), titanium 
(Ti), vanadium (V), and zinc (Zn). For tissues 
in which > 50% of the samples submitted had 
concentrations below the level of detection, we 
do not report a concentration for that element 
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and tissue combination. The following elements 
were not reported Al, Co, Cr and Ni. For kidney, 
the elements not reported include As, B, Ba, 
Mo, Ti and V. For liver, As, B, Ba, Be and Ti 
are not reported. For muscle, the elements not 
reported include As, B, Ba, Be, Mo, Pb, Ti and 
V. For heart, the elements not reported are As, 
B, Ba, Be, Mo, Pb, Ti and V. For intestine, the 
elements not reported are As, B, Ba, Be, Mo, 
Ti and V. For tongue, the elements not reported 
are B, Ba, Be, Mn, Mo and V. For blubber, 
the elements not reported are B, Ba, Be, Mn, 
Mo, Ti and V. For epidermis, the elements not 
reported are As, Be, Cd, Mn, Mo, Ti and V.

RESULTS

Metals analyses
Summary statistics for concentrations of essen-
tial and non-essential elements detected in at 
least 50% of the samples for each tissue type 

are compiled in Tables III-IV. Current RDAs 
for each element are shown in Tables V-VI, 
along with the percentage (%RDA) of the daily 
requirement met by consuming 100 g, or 3 
ounces, of a given tissue for an adult male 31-
50 years of age. 

Elemental nutrient value of tissues studied
Among the tissues we analyzed, kidney and liver 
are the most elementally rich (Table III and V). 
On average, kidney (100g) provides > 10% of the 
RDA for the following elements: Cr (88%), Cu 
(13%), Fe (42%), Mo (42%), P (17%), Se (236%), 
Na (45%) and Zn (14%) (Table V); whereas 
100g of liver supplies > 10% of the RDA for 
Cr (88%), Cu (33%), Fe (566%), Mo (20%), P 
(29%), K (11%), Se (200%), Na (32%) and Zn 
(230%) (Table V).

Skeletal muscle provides > 10% of the RDA 
for the elements Fe, Mo, P, K, Se and Zn (Table 
V). Heart provides > 10% of the RDA for Fe, P, 
K, Na, Se and Zn, while tongue supplies > 10% 

Table III. Bowhead whale (Balaena mysticetus) kidney, liver, muscle and heart element concentrations (ppm w.w.) summary 
statistics (arithmetic mean, or “ar mean”, and range).
	K idney	 Liver	 Muscle	 Heart
Ca	 132.9 (77.5 - 287)	 57.8 (26.7 - 101)	 39.8 (26.4 - 61.5)	 65.4 (46.2 - 93.8)
Cd	 13.9 (0.47 - 70.2)	 9.47 (0.28 - 42.2)	 0.04 (0.007-0.212)	 0.87 (0.03 - 3.64)
Cu	 1.65 (1.13 - 2.2)	 4.91 (3.08 - 8.96)	 0.57 (0.36 - 0.76)	 1.20 (0.90 - 1.36)
Fe	 60.1 (26.9 - 110)	 791.6 (72.2-3690)	 169.7 (97.1 - 286)	 70.6 (50.9 - 98.7)
Hg	 0.032 (0.003 - 0.18)	 0.05 (0.01 - 0.19)	 0.02 (0.003 - 0.04)	 0.016 (0.006 - 0.031)
Mg	 91.5 (72.2 - 132)	 122.9 (90.5 - 178)	 232.0 (180 - 268)	 190.8 (165 - 211)
Mn	 0.36 (0.20 - 0.55)	 1.24 (0.45 - 2.43)	 0.12 (0.05 - 0.18)	 0.21 (0.16 - 0.271)
Se	 1.30 (0.77 - 2.04)	 1.07 (0.50 - 1.79)	 0.20 (0.13 - 0.25)	 0.41 (0.24 - 0.92)
Zn	 21.1 (12.7 - 57.2)	 34.5 (23.6 - 65.1)	 36.3 (24.7 - 62.8)	 27.1 (21.8 - 30.3)
Pb in kidney was ar mean = 0.008, range = 0.005-0.015. Pb in liver was ar mean 0.015, range = 0.006-0.03;
Mo in liver was ar mean = 0.46, range 0.29-0.99. V in liver was ar mean = 0.69, range = 0.23-1.76;
n = 33 (33 samples analyzed) and reported except for Pb: n = 21 (12 < detection level or DL) for kidney;
n=34 (analyzed) and reported except V: n = 31 (3 < DL), and Mo: n = 33 (1 < DL) for liver;
n = 33 (analyzed) and reported except Cd: n = 22 (11 < DL) for muscle. n = 10 for heart;
Mean (ppm ww) K for kidney = 1441.6, liver = 2222.6, muscle = 2793.0, heart = 3098.0;
Mean (ppm ww) Na for kidney = 2227.6, liver = 1581.7, muscle = 478.5, heart = 1325;
Mean (ppm ww) P for kidney = 1361.6, liver = 2312.1, muscle = 2021.5, heart = 1732;
Mean (ppm ww) S for kidney = 1465.1, liver = 2109.4, muscle = 1795.8, heart = 1791;
Mean (ppm ww) Sr for kidney = 0.34, liver = 0.13, muscle = 0.04, heart = 0.12.
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of the RDA for Cr, Fe, Se and Na (Table IV). 
Intestine provides > 10% of the RDA for P, K, 
Na, Se and Zn (Table VI). 

As expected, blubber is a poor source of 
elements, providing 10% or more of the RDA 
for Cr, Se and Na only (Table VI). Epidermis 
(Table V) supplies > 10% of the RDA for Cr, 
P, K, Mo, Na and Se. Blubber and epidermis 
comprise 66% and 33% of maktak, respec-
tively. Using the same proportions to assess 
the nutrient quality of maktak, > 10% of the 
RDA for Cr, Se, Zn and Na are provided in a 
100-g serving (Table VI). 

Non-essential elements
For bowhead whale kidney, Cd concentra-
tions allow for consumption rates of 7- 35 g 
per week (Table V), or 364 g to 1,820 g per 
year, and much higher rates of consumption 
for the other non-essential elements (Hg up to 

9.4 kg and Pb 219 kg per week). With respect 
to liver (rarely consumed), Cd content allows 
for consumption rates of 10.3-51.7 g per week 
(Table V), and much higher rates of consump-
tion for the other non-essential elements (Hg 
up to 6.0 kg and Pb 117 kg per week).

For heart, allowable consumption rates are 
113-563 g per week for Cd, and much higher 
rates for the other non-essential elements (for 
Hg up to 18.8 kilograms per week). For intes-
tine and tongue, allowable consumption rates 
based on Cd concentrations are 204-1021 g 
per week and 1633 g (1.6 kg) to 8167 g (8.2 
kg) per week, respectively, and much higher 
rates for the other non-essential elements. 
Skeletal muscle and epidermis (as well as 
maktak) are not significant sources of non-
essential elements and weekly consumption 
rates in excess of 2.5 or 18 kg, respectively, are 
required to reach levels of concern (Table V).

Table IV. Bowhead whale (Balaena mysticetus) intestine, tongue, blubber and epidermis element concentrations (ppm 
w.w.) summary statistics (arithmetic mean or “ar mean”, and range).
	 Intestine	 Tongue	 Blubber	 Epidermis
Ca	 99.0 (57.5-137)	 47.5 (13.6-113)	 26.8 (16.5-37)	 89.3 (44.8-142)
Cd	 0.48 (0.04-1.52)	 0.06 (0.005-0.22)	 0.02 (0.009-0.015)	 -
Cu	 0.86 (0.45-1.47)	 0.25 (0.11-0.35)	 0.13 (0.10-0.16)	 0.34 (0.22-0.72)
Fe	 13.3 (5.67-44.4)	 40.3 (2.39-186)	 4.29 (1.95-13.8)	 3.42 (0.94-16.6)
Hg	 0.007 (0.004-0.014)	 0.012 (0.003-0.046)	 0.006 (0.005-0.008)	 0.017 (0.004-0.037)
Mg	 119.7 (94-144)	 30.8 (9.1-85.9)	 14.5 (9.42-18.6)	 171.8 (136-202)
Pb	 0.03 (0.01-0.05)	 0.008 (0.005-0.011)	 0.008 (0.006-0.012)	 0.008 (0.004-0.016)
Se	 0.364 (0.18-0.63)	 0.10 (0.045-0.18)	 0.10 (0.06-0.14)	 0.64 (0.39-0.86)
Zn	 21.6 (14.3-31.7)	 5.22 (1.10-15.7)	 0.93 (0.70-1.16)	 12.5 (9.88-18.7)
Mn in intestine was ar mean = 0.21, range = 0.06-0.87. Ti in tongue was ar mean 0.18, range = 0.11-0.22;
Ba in epidermis was ar mean = 0.04, range 0.02-0.10,. B in epidermis was ar mean = 0.73, range = 0.38-1.15;
As in tongue was ar mean = 1.44, range = 0.89 – 2.6, in blubber and ar mean = 1.31, range = 0.77-1.77;
Intestine n = 8 (analyzed) Pb n = 6 (2 < DL), and Hg n = 7 (1<DL);
Tongue n = 8 (analyzed); As, Cd and Hg n = 6 (2 < DL), and Cu, Pb and Ti n = 4 (4 < DL);
Blubber n = 6 (analyzed), Cd and Hg n = 5 (1 < DL) and Pb n = 4 (2 < DL);
Epidermis n = 33 (analyzed); Ba n = 26 (7 < DL), Hg n = 29 (4 < DL), and Pb n = 19 (14 < DL);
Mean (ppm ww) K for intestine = 2441.3, tongue = 489.8, blubber = 211.7, epidermis = 3567. 9;
Mean (ppm ww) Na for intestine = 1853.8, tongue = 1029.5, blubber = 624.7, epidermis = 631.5;
Mean (ppm ww) P for intestine = 1402, tongue = 308.9, blubber = 168.3, epidermis = 1744.2;
Mean (ppm ww) S for intestine = 1790, tongue = 583, blubber = 362.5, epidermis = 3087.2;
Mean (ppm ww) Sr for intestine = 0.58, tongue = 0.09, blubber = 0.06, epidermis = 0.32.
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Table VII. Element concentrations for products purchased locally in Barrow, Alaska (USA), and from published data for food 
products of domestic livestock origin that are potentially analogous to the bowhead whale products studied.
Product	 Ba	 Ca	 Cu	 Fe	 Hg	 Mg	 Mn	 Se	 Zn
Barrow-Purchased Items									       
	 pork loin chop	 < MDL	 36.7	 0.32	 7.05	 0.022	 247	 0.099	 0.619	 14.8
	 beef shank	 0.023	 91.1	 0.557	 17.1	 < MDL	 172	 0.119	 0.162	 66.3
	 reindeer steak	 0.027	 38.0	 1.80	 37.2	 0.017	 257	 0.265	 0.208	 29.8
	 B.m. muscle mean		  39.8	 0.57	 169.7	 0.02	 232	 0.120	 0.200	 36.3
	 beef tongue	 0.036	 60.2	 1.05	 82.4	 < MDL	 170	 0.148	 0.069	 33.8
	 B.m. tongue mean		  47.5	 0.25	 40.3	 0.012	 31		  0.100	 5.22
	 honeycombed tripe	 0.101	 153.0	 0.53	 5.24	 < MDL	 115	 0.278	 0.257	 22.9
	 B.m. intestine mean		  99.0	 0.86	 13.3	 0.007	 120		  0.364	 21.6
	 Crisco	 < MDL	 19.7	 < MDL	 < MDL	 0.004	 0.4	 < MDL	 < MDL	 < MDL
	 B.m. blubber mean		  26.8	 0.13	 4.29	 0.006	 14.5		  0.10	 0.93
Published Data		  Ca	 Cu	 Fe	 Hg	 Mg	 Mn	 Se	 Zn
	 Calves (liver)*	 -	 30-100	 35-200	 45-300	 -	 90-200	 2.5-6.0	 0.25-0.5	 25-50
	 B.m. liver mean	 -	 57.8	 4.91	 791.6	 0.05	 122.9	 1.240	 1.07	 34.5
	 Beef (muscle)**	 -	 -	 0.91	 -	 -	 -	 0.081	 0.14	 27
< MDL indicates sample was below level reportable (or below detection);
B <0.229, except 0.279 in pork loin chop; Cr < 0.114, except 1.1 in reindeer steak; Ni < 0.114, except 0.142 in Crisco; 
As <0.46, except 0.53 in pork loin chop (0.53) and Crisco (0.68); Pb < 00.00573, except in pork loin chop (0.00602) and in 
beef tongue (0.00579);
*Johnson et al., 1989 (40); perinatal cattle (calves) range of “normal” hepatic elemental concentrations based on Puls, 1994 (32);
**Jorhem et al., 1996 (41), mg/kg fresh weight, USA values;
K, Na, P, S and Sr were generated, but are not provided here

Comparison to store-bought products
For the most part, store-bought meats had 
similar concentrations of elements as the analo-
gous bowhead whale product (Table VII). Some 
interesting differences are noted. Muscle of 
the bowhead whale is much richer in Fe than 
the other muscle-based store-bought products. 
Beef tongue is slightly more mineral rich than 
bowhead whale tongue. Not surprisingly, the 
most dramatic difference is between Crisco (a 
common blubber substitute) and blubber. Crisco 
is very low in Cu, Fe, K, Mg, Na, P, S, Se and Zn, 
as compared to bowhead whale blubber. Basi-
cally, Crisco is devoid of nutritional value from 
a trace element perspective. Bovine calf liver is 
richer in Cu and Mn; while bowhead whale liver 
is richer in Fe and Se.

DISCUSSION

As expected, raw bowhead whale tissues are 
variable sources of essential and non-essen-
tial elements. In some cases, these nutrients 
were below the level of detection of the assays 
employed, and thus cannot be reviewed here. Of 
course, this means that those elements and tissues 
are of no concern for toxicity. Of the elements 
evaluated, Ca, Co, Cr, Fe, K, Mg, Mn, Mo, Na, Cu, 
Zn, P, S and Se are the major essential elements, 
while As, Cd, Pb and Hg have no known function 
in mammals and are considered non-essential, or 
potentially “toxic”, elements. The non-essential 
elements important for toxicological assessment 
in the arctic food chain include Cd, Hg and Pb 
(31). For most arctic residents Hg is a major issue 
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in fish and seals. However, Hg concentrations 
in bowheads are relatively miniscule compared 
to other marine mammals, and are below levels 
used by regulatory agencies for marketed 
animal products. Compared to other species of 
northern Alaska, bowhead whales of this study 
had similar or lower tissue concentrations of 
the toxic metal Hg (17, 18). The Cd concentra-
tions are similar to those previously reported for 
bowhead whales (18, 27), which accumulate Cd 
with age in liver, and particularly in kidney (18), 
similar to other arctic mammals, including both 
terrestrial and marine species (17, 18, 32, 33, 34, 
35, 36, 37, 38, 39). Other reports have addressed 
potential nutritional and toxic effects of such 
elemental concentrations in bowhead whales 
and domestic animals (32, 18).

Element nutrient value by tissues type
Many nutrients are present in numerous tissues 
of the bowhead whale at adequate (>10% of the 
RDA or AI met by 100 g or 3 ounces of that 
specific tissue) to excellent (meets, or exceeds, 
>100% the RDA or AI for 100 g or 3 ounces of 
that specific tissue) levels. Among tissues from 
a single whale, it is obvious that the organ meats 
(kidney, intestine, heart) are of limited mass rela-
tive to the more abundant skeletal muscle and 
maktak (composed of epidermis and blubber), 
but are comparatively higher in concentrations 
of essential elements. Both kidney and liver 
are potentially very good sources (>10%) of 
Cr, Cu, Fe, Na, Mo, P and Zn. Kidney is more 
commonly consumed (highly prized), but is of 
limited mass compared to muscle and maktak, 
while liver is consumed rarely. Skeletal muscle 
(Table III) provides > 10% of the RDA for Cu, 
Mo, Fe, P, K and Zn, and represents a relatively 
massive amount of available food from a whale. 
Heart and intestine are both good sources of 

Cu, Fe, Na, K, Zn and P, while tongue supplies 
Cr, Cu, Na and Fe (Table IV). 

While rarely eaten alone, blubber offers a 
very good source of Cr, Cu and Mo. Epidermis 
represents a good source of Cr, Mo, P, K, Na and 
Zn (>10%). Together (blubber and epidermis) 
comprising maktak, these tissues constitute 
good sources of the above elements. 

Non-essential elements
The PTWI is set at 7 µg/kg body weight for Cd 
(22). However, the MRL for chronic-duration 
(≥ 365 days) oral exposure to Cd proposed by 
the ATSDR is somewhat lower, at 0.0002 mg/
kg/day (23). Using the ATSDR’s MRL, a 70 kg 
person could safely consume 98 µg of Cd per 
week, but according to the WHO/FAO’s PTWI, 
should consume no more than 490 µg Cd per 
week for their lifetime. The WHO/FAO’s guide-
line is more applicable here, as it represents an 
upper boundary for chronic intake and we are 
discussing many years of exposure.

Cd concentration in liver and kidney 
increases in conjunction with whale age (and 
size). Thus the level of Cd exposure to human 
consumers would vary correspondingly. If 
kidney or liver were the only source of Cd in 
the diet, the PTWI for Cd would be reached 
(on average) by consumption of 520 g of liver, 
or 35.3 g of kidney per week. Using the more 
conservative MRL, a 70 kg human could safely 
consume, on average, up to 10.3 g of liver, or 
7.1 g of kidney per week, over the year. The 
ATSDR has noted the existence of a relatively 
narrow margin of safety with respect to Cd 
and renal function, especially among tobacco 
smokers (20). Cadmium concentrations in 
whale muscle and other tissues were low across 
all age classes and pose no appreciable expo-
sure risk to human consumers. 
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For Pb, the PTWI is 25 µg/kg body weight 
(29), or 1.75 mg for a 70 kg individual. If 
there were no other sources of Pb exposure, a 
70 kg person would reach the PTWI level by 
consuming (on average) 219 kg of bowhead 
liver, or 117 kg of bowhead kidney per week. 
The PTWI established for Hg is 300 µg per 
person (30), of which no more than 200 µg 
should be present as the readily bioavailable 
form, methylmercury. If no other sources of 
Hg are considered, on average, a person would 
have to consume 6.0 kg bowhead liver, or 9.4 kg 
bowhead kidney per week to attain the PTWI 
level for THg. 

In other cetaceans, slightly more than 66% 
of total mercury comprises methylmercury, 
or other organic forms, whereas the mercury 
in liver and kidney is predominately inor-
ganic (18). For example, in beluga whales, 
mean methylmercury levels expressed as a 
percentage of total Hg were 14.2 % in liver, 
12.8 % in kidney, 96.0 % in muscle, and 97.1 % 
in epidermis (18). Among bowhead whales, the 
total Hg concentrations are typically too low to 
justify evaluating organic forms, and such low 
levels of total Hg imply that this element poses 
little risk to human consumers. 

We recognize that some elements are not 
limited in most diets and may even, on occa-
sion, be prevalent, or even supplemented, well 
above recommended limits (e.g., Na). Commu-
nication of nutrient data must be conducted 
carefully in the context of the overall diet and 
other health influences (i.e., smoking tobacco 
is a significant source of Cd and disease). Simi-
larly, risk assessments of contaminants should 
not be conducted in isolation (6, 16). Rather, 
data pertaining to concentrations of toxic 
elements should be evaluated in the context 
of the many important nutrients these tissues 

contain. Not to be underestimated is the socio-
cultural value of hunting and sharing, which is 
tremendously important to these communities. 
Furthermore, remote villages frequently lack 
healthy, affordable and desirable alternatives. 
The bioavailability of certain elements (i.e., 
Cd, Hg and Se) from organ meats as they are 
eaten (raw, or processed by cooking or fermen-
tation) should be determined to better assess 
actual risks to subsistence users.

Conclusions

As expected, most of the tissues from bowhead 
whales used as foods are rich in many elements, 
with the exception of blubber. As for most arctic 
mammals, the broad range of Cd concentra-
tions in kidney and liver does not allow us to 
give precise, reassuring guidance, especially 
because data are lacking pertaining to bioavail-
ability (proportion absorbed into blood circula-
tion from diet) and the effects of food prepa-
ration techniques on Cd concentrations. The 
potential protective effects of concurrent essen-
tial element intake (i.e., Se) must also be consid-
ered. The very low concentrations of Hg should 
not be a concern for consumption of bowhead 
whale-based products. The bowhead whale 
tissues studied here had element concentrations 
similar to those encountered in store-bought 
meat products. However, the occasional blubber 
substitute, Crisco, was nearly devoid of trace 
element content and is not similar to bowhead 
whale blubber element concentrations.
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