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Background
Toxicological evidence suggests that humans are much
more vulnerable to adverse effects from exposures to
pollutants that occur during development, i.e., prenatally
or in early childhood. However, the adverse effects may
not be immediately apparent and often are expressed
fully only when physiological functions have matured.
Accordingly, research in environmental epidemiology
now emphasizes prospective research, in this case based
on birth cohorts. Given the advantages of conducting
such research in the Faroe Islands, we have therefore
generated five birth cohorts. In addition, we have used
available records on whaling during the past century to
clarify prenatal methylmercury exposure of elderly peo-
ple on the basis of availability.

Cohort 1
A cohort of 1022 singleton births was assembled in the
Faroe Islands during a 21-month period of 1986-1987.
The range of mercury concentrations in cord blood and
maternal hair was about 1000-fold. Frequent whale meat
dinners during pregnancy and, to a much lesser degree,
frequent consumption of fish, and increased parity or
age were associated with high mercury concentrations
in cord blood and maternal hair. Blood-mercury levels
were slightly lower if the mother had ingested alcoholic
beverages (which happened only occasionally in this
group). Mercury in cord blood correlated moderately

with blood-selenium. Lead in cord blood was low (med-
ian, 82 nmol/l), particularly when the mothers had
frequently had fish for dinner and abstained from smok-
ing. Because the effects of fetal childhood exposure to
methylmercury are persistent, detailed examination of
children with prenatal exposure to this neurotoxicant
would be appropriate at school age. At this time, they
have developed sufficiently to perform a wide variety of
neurobehavioral tests, and they are capable of cooperat-
ing for most functional tasks. The first detailed exami-
nation took place at age 7 years, i.e., just before school
entry, between early April and late June in 1993 and, for
the youngest children of the cohort, at the same time in
1994. Children currently residing in Denmark were
examined in 1994. A total of 917 of the surviving chil-
dren (90.3%) completed the examinations. Because of a
slightly lower participation rate of children from the
capital of Torshavn, the prenatal mercury exposure
levels of the children examined was significantly higher
[geometric mean cord-blood mercury concentration,
22.8 µg/l (114 nmol/l)] than that of those who did not
participate [17.9 µg/l (89 nmol/l)]. Because no other
selection bias was apparent, the small attrition would be
unlikely to affect a relationship between mercury expo-
sure and neurobehavioral function. Most of the children
were examined at the National Hospital in Tórshavn,
the capital of the Faroe Islands. All transportation costs
were refunded. Four children were examined during the
morning and four during the afternoon at five examina-
tion stations, with each station taking up to 60 minutes.
Past medical history, current health status and social
factors were recorded on a self-administered form by
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the parent accompanying the child (usually the mother).
The physical examination included a functional neurolo-
gical examination with emphasis on motor coordination
and perceptual-motor performance. Visual acuity was
determined by Snellen’s board and contrast sensitivity
by the Functional Acuity Contrast Test. Otoscopy and
tympanometry were supplemented by audiometry. Main
emphasis was placed on detailed neurophysiological and
neuropsychological tests that had been selected on the
basis of a range of considerations. Tests were chosen to
include tasks that would be affected by the neuropatho-
logical abnormalities described in congenital methylmer-
cury poisoning and the functional deficits seen in
children with early-life exposure to neurotoxicants. The
tests also had to be acceptable to the children and their
parents, viz. painless, not too time-consuming, and appro-
priate for 7-year-old Faroese children who had not yet
begun school. Tests that were likely to provide a high
statistical sensitivity, i.e., with a wide range of scores possi-
ble without floor or ceiling effects, and acceptable test-ret-
est reliability, were preferred. In addition, test versions
standardized in Scandinavian countries were favored. The
second examinations were completed at age 14 years.
Again, the participation rate was very high, almost 90%.
The overall approach was very similar to the one pre-
viously applied, though the clinical tests were adjusted to
be appropriate for the teenage participants. Likewise, com-
prehensive examinations were carried out at age 23 years.
As many cohort members had moved to Denmark for
education or employment, a clinic was also established in
Copenhagen. Educational achievement is being evaluated
using the results from the standardized tests at completion
of the 9th grade and the status at age 22 years.

Cohort 2
The findings from Cohort 1 suggested that exposure
assessment should encompass several lipophilic pollu-
tants in addition to methylmercury. As a follow-up,
Cohort 2 was therefore established during a 12-month
period in 1994-1995 and included 182 singleton term
births from consecutive births at the National Hospital in
Tórshavn, Faroe Islands. Maternal residence was required
in the central and northwestern region of the primary
catchment area, i.e., away from the capital area of Tór-
shavn. About one-third of the Faroese population resides
in this area, where the mercury exposure was expected to
vary the most. A total 64% of all births were included,
incomplete sampling being mainly due to logistic pro-
blems in the busy ward. The overall participation rate
was slightly below the one obtained in Cohort 1, but the
average birth weight was almost the same in the two
cohorts and similar to the Faroese average. Relevant
obstetric data were obtained by standardized procedures
and supplemented by a brief nutrition questionnaire.

These children were first examined by the Neurological
Optimality Score at age two weeks (adjusted for gesta-
tional age), and then again at 7 months of age. Sub-
sequent examinations were at age 18 months and then at
12-month intervals up to age 66 months. At 42 months,
a comprehensive medical examination with the Neurolo-
gical Optimality Score was included. For comparison
with Cohort 1, detailed neurobehavioral tests were car-
ried out at age 7 years. A repeat examination was then
completed at age 10 years. The complete profile of neu-
robehavioral development is currently being analyzed.
This cohort also participated in a study of serum anti-
body concentrations as a measure of the effects of rou-
tine childhood immunizations.

Cohort 3
New insight into health risks caused by environmental
pollutants and changing exposure patterns in the Faroes
lead to the formation of Cohort 3 from consecutive births
in Tórshavn between 1 April, 1998 and 29 February, 2000.
Because of dietary recommendations from the Faroese
health authorities, methylmercury exposures had now
decreased thus allowing better characterization of possible
effects of PCBs and other lipophilic contaminants. The
main part of Cohort 3 consists of 547 children. Inclusion
criteria required appropriate biological specimens for
exposure biomarker determination and a valid examina-
tion by the pediatrician at two weeks of age. The children
included represent approximately 60% of all pregnancies.
Most of the attrition was caused by work schedules in the
busy ward or scheduling problems. Cohort members have
a slightly greater birth weight and slightly older mothers
with a somewhat greater parity as compared to non-
responders. On the other hand, the child’s sex and Apgar
score are similar in participants and non-participants. In
regard to parity, maternal age, smoking and alcohol con-
sumption (very limited), Cohort 3 is quite similar to the
two previously generated cohorts. Serum was again col-
lected from the mother at the last antenatal examination
(34th week of pregnancy). Other samples collected from
the mother-child pairs include cord blood and serum,
maternal hair at parturition, and milk on days 3-5 (before
mother and child were released) and at two weeks. Nutri-
tional habits were recorded by questionnaire (number of
whale meat dinners per month during pregnancy and
before pregnancy; number of fish dinners per week; inges-
tion of blubber with whale meat or fish). A subset of 150
mothers also filled in a detailed food frequency question-
naire. A subgroup of Cohort children was examined with
regard to immunological parameters at ages 11 and
18 months. The first comprehensive medical examination
was carried out just before the booster vaccination at age
5 years, with a follow-up blood sample one month after
vaccination. The children were again examined at age
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7 years, with a main focus on immunological parameters.
A pre-puberty examination is planned for age 12 years to
follow the long-term implications of the immunotoxicity
changes already documented.

Cohort 4
Subsequent to the decision, in August 1998, by Faroese
health authorities to recommend that women should
reduce their intake of pilot whale meat and blubber – in
order to protect the foetus against adverse effects from
food contaminants – we carried out a study to determine
the effects of this recommendation. The data collection
took place during 12 months from October 2000, and 148
women (49.7% of all eligible) completed the full protocol.
Blood samples from the 37th week of pregnancy were ana-
lyzed for heavy metals and organochlorine compounds. In
addition, we used a 24-hour recall as well as a food diary,
and also a food frequency questionnaire for the past 12
months to take in account seasonal differences. The
women were interviewed at home when they were about
28, 33 and 38 weeks pregnant. To estimate the portion
sizes consumed we used models and pictures. The results
showed a highly significant reduction in the intake of both
whale meat and blubber, and blood analysis showed a cor-
responding reduction in the mercury exposure. However,
the serum-PCB concentrations remained high as a possi-
ble consequence of slow elimination of these substances
and perhaps also the impact of other dietary exposure
sources, e.g. seabirds. Blood samples from approximately
100 of the children were drawn at the age of 13 months
for determination of vaccination antibodies shortly after
the third routine vaccination.

Cohort 5
The most recent cohort was born during an 18-month
period between October 2007 and April 2009. The total of
mother-child pairs included is 475 (73% of the eligible
population). Blood was taken from the cord, while blood,
hair, and milk were obtained from the mother. The analy-
tical results show that mercury exposures have declined
substantially, with the geometric means being 4.4 μg/L
cord blood and 0.71 μg/g hair. The maximum maternal
hair-mercury concentration was 6.3 μg/g. The organo-
chlorine exposures have also begun to decline. The geo-
metric mean for serum-PCB was 0.42 μg/g lipid, with a
maximum is 2.97 μg/g. In connection with the birth
cohort formation, detailed data were obtained about the
time to pregnancy and obstetrical parameters. In addition,
281 of the fathers participated in an examination of sperm
quality along with a blood sample for organochlorine ana-
lysis. In addition, both grandmothers were invited for a
dietary questionnaire and blood sampling for organochlor-
ine analyses – as a possible reflection of prenatal exposure
levels of the birth cohort parents. A total of 343 maternal

and 206 of the paternal grandmothers participated. The
children have are been examined at age 18 months, with
more than 3 out of 4 contributing a blood sample. Follow-
up will include a 42-month examination and detailed clini-
cal examinations at 5 years of age, with emphasis on
immunological parameters.

Septuagenarians
To complement the birth cohorts, studies are also being
carried out to examine the health status of elderly Faroese
residents in regard to their life-time exposure to marine
pollutants. In this population, where the contaminants
mainly originate from pilot whale blubber and meat, past
exposures can be estimated from dietary questionnaires.
Persistent substances can also be measured in serum. A
cohort of 1131 Faroese residents aged 70-74 years was
therefore formed. The oldest subjects were invited first for
the examinations, which took place at the National Hospi-
tal in Tórshavn over a 12-month period. A total of 713
subjects were examined (64% of the eligible population,
excluding 14 deceased). Up to six septuagenarians per day
arrived at the clinic before breakfast and, as the first proce-
dure, fasting blood samples were obtained. All subjects
then underwent a thorough physical examination, with a
focus on neurobehavioral and cardiovascular function, as
well as body weight, diabetes, and general health. Birth
weights were extracted from the midwife charts kept at
the Faroese National Archives. Cumulated exposures to
major marine contaminants were assessed from analysis of
blood samples. Serum was analyzed for persistent organo-
chlorine pollutants. Current health and past medical his-
tory, including medication, were recorded by structured
interview. A dietary questionnaire was used to ascertain
the intake of traditional and other food during childhood
and adolescence, adulthood, and the most recent year.
The questionnaire focused on the amount of local food
items, such as fish, whale meat and blubber, and seabirds
in the diet. Other risk factors of possible relevance (such
as smoking and alcohol use, and body weight at age 20)
were also recorded.

Results
The results of the above mentioned studies together with
studies on the adult populations have revealed adverse
health effects that are caused by contaminants in pilot
whale meat and blubber:

Mercury from pilot whale meat adversely affects the
foetal development of the nervous system
Decrements in attention, language, verbal memory, and, to
a lesser extent, in motor speed and visuospatial function,
were associated with the mercury exposure. This associa-
tion was still evident after the exclusion of high exposure
subjects. As an objective neuophysiologial parameter,

Weihe and Grandjean Acta Veterinaria Scandinavica 2012, 54(Suppl 1):S7
http://www.actavetscand.com/content/54/S1/S7

Page 3 of 5



delays on brainstem auditory-evoked potentials were also
associated with increased exposures. Exposure-related
decrease in heart rate variability and a tendency of
increased blood pressure were also found. Findings were
replicated at age 14 years, when cohort members were
examined by comparable methods. Adjustment for poly-
chlorinated biphenyls exposure did not materially affect
the mercury effects [1-6].

The contaminants of the blubber adversely affect the
immune system so that the children react more poorly to
immunizations
A total of 587 children participated in the examinations at
ages 5 and/or 7 years. At age 5 years, before the booster
vaccination, the anti-diphtheria antibody concentration
was inversely associated with PCB concentrations in milk
and 18-month serum. Results obtained two years later
showed an inverse association of concentrations of antibo-
dies against both toxoids with PCB concentrations at age
18 months; the strongest associations suggested a decrease
in the antibody concentration by about 20% for each dou-
bling in PCB exposure. At age 5 years, the odds of an anti-
diphtheria antibody concentrations below a clinically
protective level of 0.1 IU/L increased by about 30% for a
doubling in PCB in milk and 18-month serum. In conclu-
sions developmental PCB exposure is associated with
immunotoxic effects on serum concentrations of specific
antibodies against diphtheria and tetanus vaccinations.
The immune system development during the first years of
life appears to be particularly vulnerable to this exposure
[7-9].

Contaminants in pilot whales appear to increase the risk
of developing Parkinson’s disease in those who often eat
pilot whale
The study aimed to investigate the association of Parkin-
son’s disease (PD) with dietary exposure to polychlori-
nated biphenyls (PCBs) and methylmercury (MeHg) in a
community with increased exposure levels. A total of 79
clinically verified idiopathic PD cases and 154 controls
matched by sex and age were examined in this case–con-
trol study in the Faroe Islands. Blood and hair samples
were collected and a questionnaire recorded lifetime infor-
mation on residence, dietary habits, smoking history, and
occupational exposure to solvents, pesticides, and metals.
Both unconditional and conditional logistic regression
analyses were used to estimate the odds ratio (OR) and
95% confidence interval (CI) in regard to relevant expo-
sure variables. Increased ORs for dietary intakes of whale
meat and blubber during adult life were statistically signifi-
cant. The ORs for occupational exposure to solvents, pes-
ticides and metals also suggested an increased risk for PD.
Current serum concentrations of PCB and related con-
taminants suggested slightly increased ORs, although only

b-hexachlorocyclohexane (b-HCH) was statistically signifi-
cant. Increased intake of whale meat and blubber in adult
life was significantly associated with PD, thus suggesting a
positive association between previous exposure to marine
food contaminants and development of PD [10].

The risk of hypertension and arteriosclerosis of the
carotid arteries is increased in adults who have an
increased exposure to mercury [12]
We examined 42 male members (aged 30-70 years) of the
Faroese whaling society to assess possible adverse effects
within a wide range of methylmercury exposures from
consumption of pilot whale meat. Exposures were assessed
from mercury analysis of toenails, scalp hair, and whole
blood, including a hair sample collected five years
previously. Physiological measures included heart rate
variability (HRV), blood pressures, common carotid
intima-media thickness (IMT), and brainstem auditory
evoked potentials (BAEPs). Structural equation analysis
was carried out with independent exposure variables
and outcome groupings, with adjustment for confounders,
to determine the overall effect of mercury exposure on
outcomes. Because of high correlations among related
measures, the outcome groups consisted of the HRV para-
meters, diastolic blood pressure and heart rate, and BAEP
results. The predictive validity of individual exposure bio-
markers and a latent exposure variable on the individual
outcomes was compared by multiple regression analysis.
The results support the notion that methylmercury expo-
sure promotes the development of cardiovascular disease,
as expression by increased blood pressures and IMT [11].

Marine food pollutants as a risk factor for
hypoinsulinemia and type 2 diabetes
Clinical examinations of 713 Faroese residents aged 70–74
years (64% of eligible population) included fasting plasma
concentrations of glucose and insulin, and glycosylated
hemoglobin. Lifetime exposure to persistent environmen-
tal chemicals from pilot whale and other traditional food
was estimated from a dietary questionnaire and by analysis
of blood samples for polychlorinated biphenyls (PCBs) and
related food contaminants. Septuagenarians with type 2
diabetes or impaired fasting glycemia tended to have
higher PCB concentrations and higher past intake of tradi-
tional foods, especially during childhood and adolescence.
In nondiabetic subjects, the fasting insulin concentration
decreased by 7% for each doubling of the PCB concentra-
tion after adjustment for sex and body mass index at age
20. Conversely, the fasting glucose concentration increased
by 6% for each doubling in PCB. Similar associations were
seen in subjects without impaired fasting glycemia, while
further adjustment for current body mass index and lipid
metabolism parameters attenuated some of the associa-
tions. In conclusion impaired insulin secretion appears to
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constitute an important part of the type 2 diabetes patho-
genesis associated with exposure to persistent lipophilic
food contaminants [12].

Perspectives
Recent risk assessments add perspective to the current
limits for mercury concentration in fish. Because of benefi-
cial nutrients, two seafood dinners per week is generally
recommended as part of a varied diet. Two dinners would
represent up to about 500 g of seafood. The reference
dose determined by the U.S.EPA limit indicates that an
adult (weight 70 kg) should not exceed a weekly mercury
intake of 50 µg. This means that the seafood should con-
tain an average mercury concentration of no more than
0.1µg/g. However, pilot whale meat contains in average 20
times as much [13].
According to the precautionary principle expressed in

the Faroese Statement the medical authorities in the Faroe
Islands have recommended to the government that pilot
whale be considered unsafe for human consumption [14].
An allowance of a few grams per day in order to remain
below intake levels considered safe is simply not realistic.
It is ironic the this remote archipelago, which is not
responsible for any significant mercury pollution, must
now give up a traditional food source, which has contribu-
ted energy and essential nutrients to the population for
many centuries.
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