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List of Human Behavioral Teratogens/Developmental Neurotoxicants

Environmental Chemicals
Lead
Mercury
PCBs
Manganese
Pesticides

Drugs of Abuse
Ethanol
Cocaine

Maternal Medications
Epilepsy
Depression



http://www.geocities.com/minoltaphotographyw/williameugenesmith.html

Methylmercury -Fetal  Minamata Disease



Methylmercury -Pathology of Minamata Disease

Minamata Disease, Study Group of Minamata Disease, Kumamoto University, Japan, 1968

Comparison of the distribution of 
lesions among the adult, non-fetal 
infantile and fetal infantile 
Minamata disease.



Methylmercury -Functional Effects
Faroe Island Study

Neurotoxicology and Teratology, Vol. 19, 417-428, 1997



Methylmercury -Functional Effects
Faroe Island Study

Neurotoxicology and Teratology, Vol. 19, 417-428, 1997

Cord Blood Mercury 
Levels Associated with 
Poor Performance on 
Neuropsychological Tests.



EPA Safety Standard for Methylmercury Intake 
(RfD) is based on Human Studies of Exposure 
through Fish Consumption During Pregnancy

In 2000, NAS panel supported EPA’s action to 
lower Safety Standard (RfD) to 0.1ug/kg/day



The Controversy: Thimerosal in Vaccines



The Controversy: Thimerosal in Vaccines
Mercury exposure from 
vaccines during first 6 months 
of life exceeds EPA safety 
standard for methylmercury
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The Controversy: Thimerosal in Vaccines
1999 Statement from American 
Academy of Pediatrics and US 
Public Health Service

Conclusion: Thimerosal 
containing vaccines should be 
removed as soon as possible to 
reduce exposure to mercury.



NIAID Meeting on Thimerosal, November 28, 2000

Basic Question
“What do we know about what happens to the 

mercury in Thimerosal (or ethylmercury) when it 
is injected in infants (human or animal).”

Answer: Very Little
Delayed-type hypersensitivity reported in humans
Acute poisonings reported in humans (coma, death)
Acute toxicity studies reported in adult animals (several species)
Only one study could be found that actually measured mercury 

levels in infants following a vaccine



Levels of Mercury in Blood of Preterm and Term 
Newborns after administration of Hepatitis B 

Vaccine

From: Journal of Pediatrics, Vol 136, Number 5, May 2000



Estimates of Mercury Doses from 
Vaccines



Thimerosal Monkey Study
(Comparison of Thimerosal and Methylmercury Toxicokinetics)
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From: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerosa



Mean Blood Total Hg Concentration During and After 
Four Weekly Oral Doses (20 μg/kg) of Methylmercury

From: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerosa

Methylmercury
Total Mercury in Blood
Half-Life = 21.5 days



Mean Blood Total Hg Concentration During and After
Four Weekly I.M. Injections of Vaccine Containing

Thimerosal at 20 μg/Kg Hg

From: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerosa

Thimerosal
Total Mercury in Blood
Half-Life = 6.9 days



From: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerosa

Mean (SE) Total Mercury Concentrations in Brain of 
Oral Methylmercury and I.M. Thimerosal Groups
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Mean (SE) Inorganic Mercury Concentrations in Brain of 
Oral Methylmercury and I.M. Thimerosal Groups

From: Burbacher, et al. Comparison of Blood and Brain Mercury Levels in Infant Monkeys Exposed to Methylmercury or Vaccines Containing Thimerosa

Sacrifice or Washout Period (Brain)
Half-Life could not be estimated
(previous estimates over 1 year)
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Review of Study Results and Recommendations
Methylmercury is not a good reference for Thimerosal Risk

Absorption rate and initial distribution are similar
Blood clearance rates are different (thimerosal cleared more quickly)
Brain levels of total mercury are different (levels are lower for thimerosal)
Brain clearance of total mercury are different (thimerosal cleared more quickly)
Ratio of total mercury in brain to blood is different (thimerosal is higher)
Brain levels of inorganic mercury are different, with no clearance (levels are higher 
for thimerosal)

Future studies of Thimerosal should focus on the neurotoxic
effects of organic and inorganic mercury following exposure.

Inorganic mercury has been associated with activation of microglia in the brain of 
adult non human primates (neuroinflammation)
Inorganic mercury has a very long half-life in the brain (years)
A recent report suggests that neuroinflammation is present in brains of autistic 
children
Information on the developmental neurotoxicity of thimerosal is critical if we are to 
respond to public concerns regarding the safety of childhood immunizations.





Projected Levels of Mercury in Blood of 
Infants after administration of Vaccines

Projections based on data from 40 full-term infants aged 6 months and younger.
From: The Lancet, Vol 360, November 2002



Disorder in Mercury Excretion in Children with Autism?

From: International Journal of Toxicology, Vol 22, 277-285, 2003
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From: International Journal of Toxicology, Vol 22, 277-285, 2003



Disorder in Mercury Excretion in Children with Autism?

From: Journal of American Physicians & Surgeons, Vol 8, 2003



Biochemical Basis of Thimerosal Neurotoxicity?

From: Neurotoxicology, Vol 26, 1-8, 2005 From: Molecular Psychiatry, 2004



From: American Journal of Clinical Nutrition, Vol 80, 1611-1617, 2004



The Controversy: Thimerosal in Vaccines
2002 IOM Report on Thimerosal and 
Neurodevelopmental Disorders

Conclusions
Hypothesis of a link is biologically plausable.

Current evidence is inadequate to accept or reject 
a causal relationship.

Additional studies are needed at all levels, 
epidemiology, clinical, basic science.



The Controversy: Thimerosal in Vaccines
2004 IOM Report on Thimerosal and 
Autism

Conclusions
Evidence favors rejection of a causal relationship.

Continue surveillance for autism as exposure to 
thimerosal declines.

Increase efforts to quantify the level of prenatal 
and postnatal exposure to thimerosal and other 
forms of mercury in infants, children, and 
pregnant women.

Available funding for autism research be 
channeled to the most promising areas.



From: Journal of American Physicians & Surgeons, Vol 11, 8-13, Spring 2006



Note: The NIEHS is working with CDC to convene an expert panel in May 2006 to review the use of 
the CDC-supported Vaccine Safety Data Link (VSDL) to address questions about changes in autism 
rates and their potential association with thimerosal exposure through childhood vaccination.


