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Susceptibility of the nervous system

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

...In particular during development
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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)




Adult Minamata

Focal

Mon-fetal infant
Minamata
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FIG 1: Comparison of the distribution of lesions among
the adult (&), non-fetal infantile (B), and fetal infantile (C) Minamata dissase.
Takeuchl {67), with permission.

From: Choi, BH. Progress in Meurobiology, 32: 447-490, 1989,



Congenital Minamata disease
patient Shinobu Sakamoto

at the UN Environment Conference,
Stockholm, 1972

...and in 1992
with the
Danish
physician
she inspired
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Challenges in assessing clinical
manifestations of developmental toxicity

Non-specific effects are P/ Child with fetal =i
alcohol syndrome -

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
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- Homogeneous, western culture, high *74
participation rate in clinical studies

-'Wicje ra'nge of exposures to mercury
and PCBs because of traditional food
(pilet whale meat and blubber)

e Birth cohort studies started in 1986 and
have involved international scientific T
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 1Q points)

Methylmercury exposure was indicated by the mercury concentration in cord blood
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Declining threshold with time
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Decreases in lead exposure limits show how slow reaction
to science endangered a whole generation of children

Blood-lead concentration (ug/L)

Safe level now recommended
by many public-health officials
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REVIEW & OUTLOOK
The Mercury Scare

{ you've read a newspager lately, chances
are you've @een an ad claiming that mil-
tions of women whi eat tunz and ather fish
with mercury are peisoning their chikiren.
That sure sounds bad. Onky problem is, itz a
whole lot abalme.
About  the only
thing the ads do prove
is that rusting “envi-
ronmentalists” in 8 po-
Iiticz] debate 15 harmful to Four ealth and the
national well belng, Their fury this time i=s di-
rected at Bush Administration plans to reduce
mErcury emkssions feom wiillties T0% by 2018
They want the repulation to go even furiher—
never mind that the Clinten Administratbon did
IlIII'l'I'IlI'Ig [ Fduce emissiots—and Heir strat-

Meet the new
Chicken-Littles of the sem.

The super-greens base their misinforma-
tiam on & problematic study of Faros Island ehil-
dren, The Faree mothers also éeonsumed enor-
mows amiounds «f mercury, though from sea-
fond (such a5 whale) most Americans don't eat.

When their children
| were given 17 newrop-
gichological  lests,
some seored slightly
helyw-average 1]
three, Selentists have sinee disputed whether
Mt was éver @ stalistical correlation and
nate that, even if there was, it's tmposstble to
kaew i1 was caused by mercury (the mothers
were consuming high levels of such other fox-
ing as PCEs and DDTE Either way, the kids
who scored marginally helow peers on a few
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Concerned Abou

Mercury?

The Best Seafocd

Chlcl(en

Delicious Recipes

Product Info

Healthy Livi
caltiy Living What are the health effects associated with

Mermaid Club methylmercury consumption?

Product Locator Excess exposure to methylmercury can result in adverse health effects.
The most severe effects have been seen following high-dose mercury
poisening situations not from average fish consumption.

Mermaid News

Spepia] Offers A current study of children in the Seychelles lslands (in the Indian Ocean)
shows that continuous low-level exposure does not cause any

FAQs neurcdevelopmental problems.

Mereury Qu

Dolphin-Safe Policy E

CONTACTUS | PRIV

Mermaid Store

Our Company

Links

Best Taste Award

2006 @ Chicken of the Sea

You shouldn’t be.
Unless you eat this.

Environmental scares about trace amounts of mercury in fish rely on a stdy of island
gatives who eat hupe amounts of whale meat. However, scientists whe study heavy
fishreaters find no health risks from mercury. So unless you're funching on 2 Moby Dick
sandwich, there's no reason to worry,

Fish is good for you. Baseless anxiety (or whale blubber) isn't.

F1shSca .Com;~



Specific concerns that a mercury
effect may be overestimated

e 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

e Association with beneficial seafood
nutrient(s)

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

 Failure to include multiple outcomes in
joint analyses

e Exposure misclassification



How many human neurotoxicants?

e 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
e 201 human neurotoxicants identified

(Grandjean & Landrigan, The Lancet, 2006)



Types of neurotoxic chemlcals |
(N =201)

.......
-------

» Pesticides (N = 90)

* Metals and inorganics
(N = 25)

» Solvents (N = 43)

» Other industrial
chemicals (N = 43)

~50% are HPV chemicals




How many of these neurotoxicants
cause developmental effects?

 Neurotoxic substances identified in HSDB
with synonyms and CAS numbers

 PubMed, TOXNET, anc
 Primary search terms: “

TOXLINE
Prenatal Exposure

Delayed Effects’[MeSH
Syndromes”[MeSH]

e Limiters “All Child: 0-18

and “Neurotoxicity

years, most recent

10 Years, English, Human”



Search results:
Documented
developmental
neurotoxicants

Lead
Methylmercur
PCBs
Arsenic
Toluene

Grandjean & Landrigan, The Lancet, 2006
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She’s the test subject
for thousands of toxic

chemicals. Why?

Industry falsely discredits
current animal testing.

s ads in this serics, we

sicians and scientists have presented
a body of scientific evidence linking
tosie chemicals to a wide range of
health problems in humans, from
kearning disabilitics and brain inamy
mn children to certain cancers in hoth
children and adulis.

We have emphasized that these health
problems are preventable, We have
strissed that thorousgh preomarket
tecting of chemicals ic a critical
component of Jisese prevention

There is a well-esiablished amd
respected FOW approval process tha

a company must follow before it can
market a chemical as a medicine

That process includes testing at various
dases on animals, Chily of the medicine
is shown to ke safe for animals is it
approved for tests on humans.

Americas phammaceutical indusiry
acknowl %, indeed embraces, these
animal testing regimes for medicines.
At the same tme, however, cortain
scgmenis of the chemical industry

are making false claims about similar
pre-market testing for chemicals other
than medications

They claim that testing has littde value
+ at 2 high encuich dose all

cals couse cancer” That's nok i
The Mational Canc
MNational Toxicalogy Program find that
anly 5-10% af commercial chemicals
L v dise. The industry
alen claims that animal westing bears
little comnectien 1o human risk. Thar's
nat true either — the Human Cenome
Project has shown that laborat
animals and humans have very great
genetic similanity and share very similar
endocrine, immune and nervous systems.

The industry claims that testing has
little vahue unless it involves tens of
thousands of animals at low dese levels
Mot true = the National Toxicology
Program has developed sophisticated

or Institute and the

technologies for testing chemicals ot a
ransge of doses in small mumbers of
animals arsl then predicting horman risk

Inaccurate and false as all these cla
are, they have found a certain andi
i gevernment and the press, These
claims have paralyzed the regulate
process, They are preventing whe
classes of chemicals from being properly
tested. And that puts every bodv's

health at risk, especially the health of
our children.

What We Know

Frrery known human ¢

Oz
Cases cancer in anirmals,

- srmical ko Lo canise
brain damage in humans causes damage
ta the brain and nervous system in
arimals

— Bvery chemical known to interfer:
with reproductive function in humans
interferes with reproduction in animals

— Almost every kiown cause of birth
defects in humans also causes birth
defects in amrmal

— And, with few exceptions, when tosic
chemicals harm animals, they almost
always cause similar harm in humans:

‘What We Can Do
ts shomld limin their children’s
exposre o synthetic chemicals, They
shoubd minimize use of pesticides
outsicle and inside the house, They
should choose safe cleaning products,
Whesever possible, they sheould
purchase neganically produ
Fish from contaminated waters should
be avaided. There are mone suggestions
at hil demviranment

sl fond,

We must do mare. The evidence is
incontravertible. We must move
quickly to phase out those toxic
chemicals that are known o pose a
danger to human health. And we must
imstitute a system of regulation that
tests new symt o chemicals amd

prives them safe belare they are
allerwed to be sold, before our children
are exposed, Tt that the system you
thonight we already had?

Center for
Children's Health
and the
Environment
HOUNT SINAI
SCHOOL OF

MEDICINE

Box 1043, One Gustave Levy Flace, Mew Yark, MY 10029 « www.childenvironment.org




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

A . . 4
Silent pandemic

~

Subclinical effects
in child populations

Neurotoxicity OP pesticides

In adults

J

Number of subjects affected

incidents
Other toxicants

(3[eas palaAUl) 3SOP JUBIIX0]0INSN

Time of recognition
Grandjean & Landrigan, The Lancet, 2006
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“Tve learned alot ins ixty-three years, But,
unfortunately, almost all of it is about aluminum.”



Current status of the documentation

Known neurotoxic to humans
during development, N =5 Sl NN

Neurotoxic to humans

Neurotoxic in lab tests

Chemical universed\iieloNe(e[o



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

e Loss of 1 1Q 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

o Susceptibility to degenerative CNS
disease or heart disease In later life?



Experimental identification of
developmental neurotoxicants

e 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 Iis currently
under final review
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Only one chance to develop a brain
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