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Faroe Islands

Denmark

• Homogeneous, western culture
• Scandinavian-type health care and
social security

• Traditional food includes pilot whale
meat (MeHg) and blubber (POPs)

• Individual reliance on traditional foods
varies, depends on seasonal availability,
and is weakly associated with
confounders



Cohort studies in the Faroes

• 1986/87: 1023 children
• 1994: 182 children
• 1998/99: 650 children
• 2000/01: 150 mothers
• 2007/09: 500 children



Total mercury in umbilical cord blood in 
Faroese cohorts in µg/l

Cohort Year N Geometric
mean

Min. Max.

Cohort 1 1986-87 894 22.9 0.90 351

Cohort 2 1994 163 20.9 1.90 102
Cohort 3 1998 -2000 603 12.3 1.60 193

Cohort 4
(mother-
serum) 

2000-2001 148 1,86 .001 7.50

Cohort 5 2007-2009 490 3.01 0.25 37.6



Why whales 
concentrate pollutants

Long-lived and large, but accumulation of 
pollutants depends on food:

1) Baleen whales: feed on plankton and fish 
low in the food chains – less pollution

2) Toothed whales: feed on larger fish and 
squid higher up in the food chains - more 
pollution



Faroe Islands: Pilot whales are taken for food, but 
cause exposures to methylmercury, PCB, etc.



Summary of follow-up at age 11 years 
in the Nunavik Child Study



• Neuropsyhological methods

• Neurophysiological methods

• Neuropediatric methods

• Neuroradiographic methods

How we have measured 
neurodevelopment in the Faroes



NES – Reaction Time, Age 7





EP- visual



V: midbrain
(inferior colliculus)

III: pons
(superior olivary
nucleus)

I: acoustic nerve

Brainstem
Auditory
Evoked
Potentials



Evoked potentials at 14 years shows a
mercury-related delay

Murata et al., submitted



Recent exposure (14-year hair-Hg) is associated 
with prolongation of later evoked potential peaks

Murata et al., submitted



Qaanaaq Greenland



Contrast sensitivity



Balance



The Groningen Neonatal Neurological 
Examination records systematically main 
neurological functions, such as posture, 
motility, movements, tonus, responses, tendon 
reflexes, other reactions, reactivity, and 
stability of behavioral status during the 
examination. The technique for the 
examination of the children is a comprehensive 
age-adequate examination as described by 
Prechtl (Prechtl, 1977).

Neurological Optimality Score (NOS)



It has proven to be predictive for later major 
and minor neurological dysfunction. The 
neurological findings were summarized into a 
clinical diagnosis (normal, suspect and 
abnormal). A neurological optimality score 
(NOS) is generated, defined as the number of 
optimal items from a list of 60 items which 
were considered to be representative for the 
neurological condition (Touwen et al., 1980). 

NOS – cont.





Cohort 2, age 2 weeks

5 µg/L cord blood ~
1 µg/g maternal hair



High developmental exposure 
to methylmercury

Low developmental exposure 
to methylmercury (control)

*Averages for three 15-year old boys in each group, White et al. (to be submitted)

Functional MRI:
Finger tapping with left hand*



W-179



• On the average, Se was present in cord blood in a 
molar excess of about 10-fold above Hg

• Se concentrations suggested all children were Se 
sufficient

• No evidence that Se was a significant protective 
factor against MeHg neurotoxicity

• Selenium intake can therefore not explain the 
significant benefits associated with fish intake

• Preventive methods are needed to address MeHg
exposures, rather than Se intakes, while 
maintaining a high fish/seafood intake

Selenium



The increase 
appears at 
cord blood 
mercury 
concentrations 
below 10 µg/l

Sørensen et al., 1999

Blood pressure 
at  7 years:



Methylmercury exposure was associated with 
decreased sympathetic and parasympathetic 
modulation of the HRV. Parallel MeHg-related 
delays of BAEP latencies may be caused by 
underlying MeHg neurotoxicity to brainstem 
nuclei

Heart rate variability in Faroese 
children at age 14 years

(J Pediatr 2004;144:169-76)



• Neurobehavioral effects most clearly on 
attention, memory and language, but also 
visuospatial and motor functions

• Parallel neurophysiological findings
• Prenatal generally more toxic than early 

postnatal exposure
• Results from age 14 and 22 years suggest 

that effects are permanent

Conclusions on developmental 
neurotoxicity related to MeHg



Committee on the Toxicological Effects of 
Methylmercury, Board on Environmental Studies 
and Toxicology, US-National Research Council 
concluded in 2000: 

Based on cord blood  analyses from the Faroe 
Islands study, the lowest BMD (Benchmark Dose) for 
a neurobehavioral end point the committee 
considered to be sufficiently reliable is for the Boston 
Naming Test. 

That approach estimates a BMDL (BMD lower 
confidence limit) of 58 ppb of Hg in cord blood 
(corresponding to a BMDL of 12 ppm of Hg in hair) as 
a reasonable point of departure for deriving a RfD.



A safety factor of 10 leads to a limit value in hair of
only 1,2 ppm. This value not only some of the arctic
populations will exceed, e.g. in Greenland and the
Faroes, but even non-arctic areas.

1,2 ppm in hair corresponds to an intake of 0,1 µg
per kg body weight per day (RfD - Reference Dose)



NRC exposure limit calculated from the 
benchmark dose (and our update)

Mercury concentrations NRC      Updated
BMDL (µg/L cord blood)  58 43+

Cord blood adjustment (1.5*)   - 29
Uncertainty factor (10) (10)
Exposure limit (µg/L blood) 5.8 2.9
Converted to µg/kg*d 0.1 0.05

BMDL: P0 = 0.05, BMR = 0.05, linear slope for BNT
+Adjusted for exposure assessment imprecision by SEM
*Based on hair-to-blood ratios in pregnant and non-pregnant subjects

EPA RfD



Regulatory standards declining

From: In Harm’s Way, 2002
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delayed development  
(2 yr olds,Iraq) [4]

FDA

abnormal reflexes 
(2 yr old boys,Quebec)  

[6] decreased IQ 
(7 yr olds,  
New Zealand) [9]

ATSDR

EPA

delayed walking 
(2 yr olds, Iraq) [8]

developmental delays   
(4 yr olds, New Zealand) 

[7] 
decreased activity 
(2 yr old males, 
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decreased 
attention,  
memory, 
learning  
(7 yr olds,  
Faroe I.) [11]

Increased
blood
Pressure
(Faroe I.)

Delayed
BAEP
Peak V 
(14 yr olds
Faroe I.) 
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