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Neurotoxic effects are determined by:

LIVER

the neurotoxicant
the dose

the timing In regard
to windows of
vulnerability

BRAIN

ONE YEAR



How many human neurotoxicants?

* Net search at 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 documented human
neurotoxicants

(Grandjean & Landrigan, The Lancet, 2006)



Types of neurotoxic chemlcals |
(N =201)
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* 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]

 Limiters “All Child: 0-18
10 Years, English, Hum

and “Neurotoxicity

years, most recent
an”



Search results:
Documented
developmental
neurotoxicants

e Lead

e Methylmercury
e PCBs

e Arsenic
 Toluene

 OP pesticides?

Grandjean & Landrigan, The Lancet, 2006

#7 1N & SERIES

She’s the test subject
for thousands of toxic

chemicals. Why?

Industry falsely discredits
current animal testing.

In previous ads in this serics, we
physicians and scientists have presented
a body of scientific evidence linking
toic chemicals to a wide range of
health problems in humans, from
learning disabilitics and brain inpry

in children o certain cancers in hoth
children and adults.

We have emphasized that these health
problems are preventable, Wi have
stressed] that thoroasgh preomarket
testing of chemicals i a critical
component of disease prevention,

There is a well-csiablished and
respected FIWA approval process tha
apany must fallow bBefore i can
market a chemical as a medicine
That process includes res
dases on animals, Chnly af the medicine
15 shown to be safe for animals is it
approved for wests on humans.

a

America'’s phammaceutical industny
acknowledges, indeod embraces, these
animal testing regimes for medicines.
Al the same time, however, coriain
segments of the chemical industry

ar: making false claims about similar
pre-market testing for chemicals other
than medicatians

They claam that testing has liede valus
high enough dose all

I ¢

c: use cancer” That's mod g
The Naticnal Cancer Institute and the
National Toxicalogy Program find that
anly 5-10% of commercial chemicals

case cancer at any dose The industry
also claims that animal vesting bears

little connection to human risk. Thats
nat true either — the Human Cenome
Projece has shown that laborat
animals and humans have very great

genetic similarity and share very similar
endocrine, immune and nerveus systems.

The industry claims that testing has
Titthe value unless it involves tens of
thousands of animals at fow dose levels
Nt true = the Mational Toxicolog
Program has developed sophisticated

technologies for tesing chemicals e a
range of deses in small nombers of

animals ared then predicting homan risk

Iraccurate and false as all thes
are, they have found a
in gevernment and the press, These
claims have paralyzed the regulatony
process, They are preventing whaole
dasses of chemicals from being properly
tested. And that puts every body's

healih at risk, especially the health of
our children.

: cla
tain auci

What We Know
Fvery known human ¢
cases cancer in animals,

al kincwin L caviss

brain damage in humans causes darmage
ta the brain and nervous system in
animals.

= Every chemical known o interfere
with reproductive function in bumans
interferes with reproduction in animals
— Almost every kiown case of birth
defects in humans alen causes birth
defects in amrmale

— And, with few exceptions, when wxic
chemicals harm animals, they almost
alwrays ca cimilar harm in humans

‘What We Can Do

“arents should

it their children’s
exposre to synthetic chemicals, They
shoukd minimize use of pesticides
outsicle and inside the house, They
shiould choose safe cleaning products
Whesever possible, they sheuld
prchase organically produiced fond
Fish from contaminated waters should
be avoided. There are more suggestions
at W hildemviranment

We must do maore. 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,
institute a wystem of regulation that
tests new synthetic chemicals and

e they are
allerwed to e seld, before our children
are exposed, it that the system you
ady had?

privces them safe be

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

MEDICINE

Ba 1043 Oine Gustave Ly Flace, Mew York, 5Y 10029 « www.childenvironment.org




Complications when assessing
developmental neurotoxicity

Effects may depend on the y/* Child with fetal 588
F alcohol syndrome

exact time of exposure

Effects may not be
Immediately apparent,
because the nervous
system must mature to
express relevant functions

Non-specific effects may be
sensitive to confounders

Influence of compensation /
reversibility (brain plasticity)
and reserve capacity




Recent pesticide neurotoxicity studies

e Children exposed to methylparathion illegally
used in Mississippi/Ohio had problems on tests
for memory and attention, and the parents more
often indicated that the child had behavioural
problems (Ruckart PZ et al., EHP 2004; 112: 46-
51)

 New York City children exposed to chlorpyrifos at
home had a poorer Bayley score and a greater
risk of delayed development (Rauh VA et al.,
Pediatrics 2006; 118: 1845-59)

e Two-year-old Latino children from Californian
farms showed delayed development and more
frequent deficits at higher concentrations of
dialkyl phosphates in maternal pregnancy urine
(Eskenazi B et al., EHP, in press)
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Ecuador :
There are
120 flower
plantations
In the
Tapacundo
area.

About 30
belong to
the local
employers’
organization.
The workers
are not
unionized.
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' B Women work during pregnancy J
_— # Exposure is mainly via skin contact
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100% of school children
from grades 1 and 2 °©
participated.in t_he study
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Pediatric neurology examination:
Finger opposition test




Visuospatial function (Stanford-Binet Copying)
was the most affected in exposed children









Prenatal pesticide exposure and stunting both
affected visuospatial performance




Multivariate analysis showed effect of prenatal
pesticide exposure also on blood pressure




Organophosphate pesticides
neurotoxicity due to recent exposures

1200

* Prolonged simple F=0.36: p = 0.002
reaction time at 1000 | o
higher pesticide 2 o
exposures E .

e This functionisalso £ *° e e

. -t Py oo »
affected in older g a0 o ooy .,

children and adults o

200 -

e Attention iIs not
0 ‘ ‘ ‘
affected by prenatal o1 on ) T o
eX p OS u re Dialkylphosphates (nmol/kg*d)

(Grandjean et al., Pediatrics, 2006)



Children may be more
vulnerable than adults

Among adolescents (10-18 years)
from Brazil a strong association was
found between pesticide exposure
and finger tapping, digit span, and
attention. The association was the
strongest for the youngest participants
(10-11 years old). an exposure index
for each participant was derived from
exposure Interview responses.

Eckerman et al., NTT 2007; 29:164-75



“T've learned a lot in sixty-three years, But,
unfortunately, almost all of it is about aluminum.



Current status of the documentation

Known neurotoxic to humans
during development, N =5 ‘A A T Y

Neurotoxic to humans

Neurotoxic in lab tests

Chemical universe AN\Eie[oNe[0]0)



Time course of recognition
of developmental neurotoxicants

A A
Silent pandemic

™~

Subclinical effects
in child populations

Neurotoxicity OP pesticides

In adults
\ ~— Poisoning
./ incidents

Other toxicants

Number of subjects affected
(8]e2s paldAul) 8SOp 1UBIIX010IN3N

Time of recognition
Grandjean & Landrigan, The Lancet, 2006



Framework of neurotoxicant effects

NEUROCOGNITIVE

EUROPHYSIOLOGY TRAITS

testing

SOCIAL
ENVIRONMENT

executive function

introversion/
extroversion

learning DEVELOPMENTAL
dlsablllty - -~ SYNDROMES

Asperger
syndrome

E E = autlsm

-\—\..-_‘.,—-




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 is currently
under final review



Plan of action

ldentify human neurotoxicants
Document human exposures

Record long-term consequences of
developmental neurotoxicity

Screen chemicals for neurotoxicity

Target prevention
to protect brains
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