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Background

Many chemicals have been associated 
with human disease
Health effects can occur from both 
occupational and environmental 
exposures
We are exposed to multiple 
chemicals through multiple  
routes throughout our lives



Main points

Timing and routes of exposure - as critical as 
dose and type of chemical exposure

• Fetal origins of disease

• Effects can be subtle and not easily recognized

• Threshold of safety?



Embryonic Development & 
Vulnerability



Children are More Vulnerable 
to All Toxins

Immature brain, blood/brain barrier; 
Eat, breathe & drink more per kg;
GI & skin 2x surface area v. adult;
Outside more & closer to ground; 
Hand/mouth behaviors;
Mouth breathers; 
Lower enzyme levels.



Lead 
A Well-Recognized Neurotoxicant

Old paint & water pipes
Home renovation (in dust)
Gasoline 
Industrial/workplace emissions
Electronics manufacturing and 
recycling
Batteries, pigments, stabilizers 
Bullets and fishing weights
Costume jewelry & pottery
Folk remedies
Vinyl and non-glossy mini-blinds 



Effects of Lead on Children’s 
Cognitive and Behavioral Traits

Increases
hyperactivity
impulsivity
distractibility
difficulty following 
instructions
conduct problems 
aggressiveness
antisocial behavior

Decreases
attention
social skills
reading, math skills
spelling
pattern recognition
word recognition
problem solving skills
fine motor
visual motor



The Significance of Small Effects:
EFFECTS OF A SMALL SHIFT IN IQ DISTRIBUTION IN A 

POPULATION OF 260 MILLION
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5 Point Decrease in Mean IQ
just one IQ point drop ~ 2.4% reduction in lifetime earnings

57% INCREASE
IN 

"Mentally
Retarded”
Population
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Other Health Effects of Lead Exposure

Cognitive Decline and Dementia 
Hypertension
Atherosclerosis
Peripheral neuropathy
Behavioral changes
Reduced sperm count and libido 
Chronic renal disease, nephritis
Miscarriages
Brain cancer



Mercury – a Persistent Problem

Power plants
Incinerators
Boilers
Chlor-alkali industry

Cement kilns
Mining 
Natural off-gassing

Methylation in Sediments
Bioaccumulation in wildlife
fish, and humans.



Organic Mercury: 
Prenatal Exposure Effects

Neurological deficits/Mental retardation
Seizures
Cerebral palsy
Disturbances of vision, hearing, sensation
Abnormal gait
Abnormal speech
Disturbances of swallowing and sucking
Abnormal reflexes



Mercury:
Declining Threshold of Harm
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Pesticides

http://cpr.radicaldesigns.org/img/original/chlordiazinon1.jpg


Neurotoxicity of Pesticides
in Children



Adult Neurotoxic Effects

Occupational exposures to organophosphate 
or carbamate pesticides can result in:
permanent loss of short-term memory and 

psychomotor speed, and behavioral 
symptoms including anxiety, irritability and 
depression. 



Reproductive and Developmental 
Toxicity

12 pesticides are listed by the State of 
California as known to cause birth defects or 
other reproductive harm.

• Workers exposed to pesticides have     
increased risks of miscarriage, infertility, and 
a variety of birth defects.

• Poor semen quality has also been 
associated with pesticide exposure



Endocrine Disruptor

“An exogenous agent that interferes with the 
synthesis, secretion, transport, binding, action, or 
elimination of natural hormones in the body that are 
responsible for the maintenance of  homeostasis, 
reproduction, development, and /or behavior.”

U.S. EPA, February 1997

Or in simpler terms: 

“A substance which interferes with natural hormones.”



Endocrine Effects of pesticides

Some mimic or block estrogen, others have been 
shown to block androgens or thyroid hormone.

• In animals effects include altered circulating 
hormone levels, hypospadias, nipple 
development in males, cryptorchidism, 
decreased semen quality, altered time to puberty,
and abnormal behavior



Lindane HCH



Life cycle concerns

Photo courtesy of John Vijgen.



Lindane Toxicity

Endocrine disruptor 
Neurotoxicity in children, elderly, 
immunocompromised
Changes in circulating antibody levels
Possible carcinogen

Not the most effective treatment for lice/scabies 
- 17% killing rate



DDT/DDE



DDT/DDE

Endocrine disruptor 
Pre-term labor
Low birth rate
Pregnancy loss
Shortened period of lactation
Possible Carcinogen
Neurotoxicity from prenatal exposure
Parkinson’s Disease



DDT and DDE in Breast Milk Around the World 
(1990s)
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DDT and non-malarial infant death

Increase in preterm birth 9% increase in total 
infant mortality.
Decreased duration of lactation 20% increase 
in total infant mortality because of infectious 
disease (diarrheal or respiratory)
Estimated an increase in the number of infant 

deaths that is same magnitude as eliminating 
infantile malaria.

Chen and Rogan, Emerging Infect. Dis, 9(8):2003



PROVEN HARM

PARTIALLY 
PROVEN

NOT YET RECOGNIZED

FOREVER UNRECOGNIZED

THE TOXIC ICEBERG



A database linking chemical 
exposures to health conditions.

Authors:  Sarah Janssen, MD, PhD, MPH
Ted Schettler, MD, MPH, 
Gina Solomon, MD, MPH

Available on-line at 
http://database.healthandenvironment.org



Goal of CHE database project
• Develop a database of health conditions 

linked to chemical exposures.

• Based on solid scientific evidence

• Addresses links from viewpoint of disease 
rather than an individual chemical.



Overview of CHE database

• Contains > 180 health conditions linked to 
occupational, environmental, or ambient 
exposures

• Sources were 3 major textbooks
and

>250 peer-reviewed scientific articles



Limitations of CHE database
- Addressed in introductory essay

• Not comprehensive

• Doesn’t address dose, route, duration, 
or  timing of exposures

• Burden of disease

• Categorization of chemicals 



Strong evidence category
• Causal associations

• Large epidemiological studies 
(prospective or retrospective cohort studies) 

• Group 1 human carcinogens by the 
International Agency for Research on Cancer 
(IARC)



Good evidence category

• Smaller epidemiological studies
(cross-sectional, case-series, or case-
control) 

• Chemicals with some human evidence and 
strong corroborating animal evidence

• IARC Group 2A chemicals, 
- limited evidence for causing cancer in humans and 
sufficient evidence in experimental animals.  



Limited or conflicting evidence

• Weak associations by reports from only 
a few exposed individuals (case reports) 

• Conflicting human epidemiological studies 

• Studies demonstrating toxicity in animals. 

• IARC Group 2B and EPA Group B2 chemicals 
- limited or inadequate evidence in humans and 

limited animal evidence of causing cancer
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