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Susceptibility of the nervous system

• Development involves 
multiple stages to be 
completed sequentially 

• Optimal function 
depends on the integrity 
of the complete organ

• Designed to be uniquely sensitive to external stimuli, 
thereby likely also vulnerable to adverse stimuli

…in particular during development



Neurotoxic effects are determined by:

1. the neurotoxicant
2. the dose
3. the timing in regard

to windows of 
vulnerability
The Faroes statement:
www.pptox.dk



Learning from Minamata:

…in every case the mother was healthy, 
and it was not until more than three 
months after birth that the symptoms 
were recognized

Shoji Kitamura (1959)
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Congenital Minamata disease
patient Shinobu Sakamoto
at the UN Environment Conference,
Stockholm, 1972 

…and in 1992 
with the
Danish 

physician
she inspired



Challenges in assessing clinical 
manifestations of developmental toxicity

• Non-specific effects are 
sensitive to confounders

• Effects may depend on the 
exact time of exposure

• Effects may not be 
immediately apparent, 
because the organ system 
must mature to express 
relevant functions

• Influence of compensation / 
reversibility, reserve 
capacity, and unmasking

Child with fetal 
alcohol syndrome



Faroe Islands

Denmark

• Homogeneous, western culture, high
participation rate in clinical studies

• Wide range of exposures to mercury
and PCBs because of traditional food
(pilot whale meat and blubber)

• Birth cohort studies started in 1986 and
have involved international scientific
collaboration funded by the EC, NIH and
national agencies



Delay in development (months) at age 7 yrs for 
each doubling of the prenatal MeHg exposure

Motor (Finger tapping, preferred hand) 0.9
Attention (CPT-reaction time) 1.3
Visuospatial (Bender errors) 0.6
Language (Boston Naming) 1.6
Verbal memory (CVLT short delay) 2.0

(Average effect ~10% of s.d. or ~~1.5 IQ points)

Methylmercury exposure was indicated by the mercury concentration in cord blood



Delayed electrical signalling
associated with mercury
in 14-yr-old children

Murata et al., Journal of Pediatrics, February 2004

JECFA exposure limit

U.S.EPA exposure limit

FDA
exposure
limit



Declining threshold with time

From: In Harm’s Way, 2002
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Decreases in lead exposure limits show how slow reaction 
to science endangered a whole generation of children
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Specific concerns that a mercury 
effect may be overestimated

• Association with other neurotoxic seafood 
toxicant(s)

• Other residual confounding (residence, 
transportation)

• Failure to adjust for multiple comparisons

Subsequent studies failed to demonstrate overestimation



Reasons that a mercury effect may 
be underestimated

• Association with beneficial seafood 
nutrient(s)

• Other residual confounding (e.g., toxicants 
in non-seafood)

• Failure to include multiple outcomes in 
joint analyses

• Exposure misclassification



How many human neurotoxicants?

• NLM Hazardous Substances Data Bank
• Industrial chemicals only (no biological 

toxins or drugs)
• Evidence from human poisoning cases 

or epidemiological studies
• Published in peer-reviewed literature
• 201 human neurotoxicants identified

(Grandjean & Landrigan, The Lancet, 2006)



• Pesticides (N = 90)
• Metals and inorganics

(N = 25)
• Solvents (N = 43)
• Other industrial

chemicals (N = 43) 

~50% are HPV chemicals

Types of neurotoxic chemicals
(N = 201)



How many of these neurotoxicants
cause developmental effects?

• Neurotoxic substances identified in HSDB 
with synonyms and CAS numbers

• PubMed, TOXNET, and TOXLINE 
• Primary search terms: “Prenatal Exposure 

Delayed Effects”[MeSH] and “Neurotoxicity 
Syndromes”[MeSH] 

• Limiters “All Child: 0-18 years, most recent 
10 Years, English, Human”



Search results:
Documented 
developmental 
neurotoxicants

• Lead
• Methylmercury
• PCBs
• Arsenic 
• Toluene
• Manganese (?)
• OP pesticides (?)

Grandjean & Landrigan, The Lancet, 2006



Time of recognition
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OP pesticides

Emerging paradigm: Time course of recognition
(of developmental neurotoxicants)

Other toxicants

Grandjean & Landrigan, The Lancet, 2006





Chemical universe  N ~ 100,000

Current status of the documentation

Neurotoxic in lab tests     N > 1,000

Neurotoxic to humans               N > 200

Known neurotoxic to humans 
during development, N = 5



In interpreting
research results,
we must recognise
that a phenomenon
may exist, even if we 
cannot see it:

What could be known,
given our study  
opportunities and 
methodologies?

René Magritte



Public health significance of 
developmental neurotoxicants
• Loss of 1 IQ point: 

Economic value: $8,350 (U.S. EPA, 1998)
• Developmental neurological disabilities 

(including dyslexia, mental retardation, 
ADHD, autism spectrum disorders) 
– Affect one of out six children - possibly 

increasing in incidence
• Susceptibility to degenerative CNS 

disease or heart disease in later life?



Experimental identification of
developmental neurotoxicants

• Cell-based systems for screening
• U.S. EPA protocol (rarely used)
• REACH: rodent toxicity includes

brain weight, gross morphology
• OECD effort to harmonize 

protocols initiated in 1996           
– a revised protocol is currently 
under final review



Plan of action
• Identify human neurotoxicants
• Document human exposures
• Record long-term consequences of 

developmental neurotoxicity 
• Screen chemicals for neurotoxicity 

Target prevention 
to protect brains



Only one chance to develop a brain


