Environmental methyl mercury and pesticide exposures 
from industrial sources such as coal plants and agriculture

associated with neurodevelopmental disorders such as autism, ADHD and lowered IQ.
These articles were among those sent to Aubrey Baldwin, Staff Attorney and Clinical Professor at the Pacific Environmental Advocacy Center (PEAC) at the Lewis and Clark Law School, who has an active lawsuit against PGE’s Boardman coal plant for violations of federal emissions standards including mercury.  She told me she was going to send the articles to all other environmental lawyers in the U.S. involved in similar legal action.   These were also sent to (and well-received by) Earthjustice, the legal arm of the Sierra Club, as they have current action going to limit mercury emissions from U.S. cement kilns. – Margie Kircher, October, 2008
 

1) Windham G, Zhang L, Gunier R, Croen L and Grether J. (2006) Autism Spectrum Disorders in relation to distribution of hazardous air pollutants in the San Francisco Bay area.  Environmental Health Perspectives, 14 (9), 1438-1444. http://www.ehponline.org/members/2006/9120/9120.pdf
Abstract
Objective To explore possible associations between autism spectrum disorders (ASD) and environmental exposures, we linked the California autism surveillance system to estimated hazardous air pollutant (HAP) concentrations compiled by the U.S. Environmental Protection Agency. Methods:Subj included 284 children with ASD and 657 controls, born in 1994 in the San Fran Bay Area.  Assigned exposure level by census tract of birth residence for 19 chemicals identified as potential neurotoxicants, developmental toxicants, and/or endocrine disruptors from the 1996 HAPs database. Results:Adjusted Odds Ratios were elevated by 50% in the top quartile of chlorinated solvents and heavy metals (95% C.I.) but not for aromatic solvents.  Adjusting…led to decreased risks for the solvents and increased risk for metals…The individual compounds that contributed most to these associations included mercury, cadmium, nickel, tri-chloroethylene, and vinyl chloride. Conclusion:Our results suggest a potential association between autism and estimated metal concentrations, and possibly solvents, in ambient air around the birth residence, requiring confirmation and more refined exposure assessment in future studies.

 

2) Palmer R, Blanchard S, Stein Z, Mandell D, Miller C. (2005) Environmental mercury release, special education rates, and autism disorder: an ecological study of Texas. Health & Place, currently in press. Abstract The association between environmentally released mercury, special education and autism rates in Texas was investigated using data from the Texas Education Department and the United States Environmental Protection Agency.  A Poisson regression analysis adjusted for school district population size, economic and demographic factors was used.   There was a significant increase in the rates of special education students and autism rates associated with increases in environmentally released mercury.  On average, for each 1000 lb. of environmentally released mercury, there was a 43% increase in the rate of special education services and a 61% increase in the rate of autism.  The association between environmentally released mercury and special education rates were fully mediated by increased autism rates.  This ecological study suggests the need for further research regarding the association between environmentally released mercury and developmental disorders such as autism.  These results have implications for policy planning and cost analysis.

 

 (Comment:  This landmark study has been cited in most of the literature on autism since its on-line publication, and was cited in the Summer 2008 Earthjustice (legal arm of Sierra Club) newsletter announcing their current legal actions to regulate mercury released by cement manufacturers and coal power plant industries.)

 

3) Cheuk D and Wong V. (2006) Attention-Deficit Hyperactivity Disorder and blood mercury level: a case control study in Chinese children. Neuropediatrics 37: 234-240. Abstract Objective:To investigate the association between blood mercury level and ADHD in Chinese children in Hong Kong. Methods: 52 children with ADHD aged below 18 yo diagnosed by DSM IV criteria without perinatal brain insults, mental retardation or neurological deficits were recruited from a developmental assessment center.  59 Normal controls were recruited from a nearby hospital.  Blood mercury levels were measured by cold vapor atomic absorption spectrophotometry. Results:…There was significant difference in blood mercury levels between cases and controls, p < 0.00l.  The geometric mean blood mercury level was also significantly higher in children with inattentive and combined subtypes of ADHD.  Blood mercury levels were above 29 nmol/L in 17 (26.9%) cases and 6 (10.2%) controls.  Children with blood mercury level above 29 nmol/L had 9.69 times higher risk of having ADHD after adjustment for confounding variables. Conclusion:High blood mercury level was associated with ADHD.  Whether the relationship is causal requires further studies.

 

4) Trasande L, Landrigan P and Schechter C. (2005) Public health and economic consequences of Methylmercury toxicity to the developing brain. Environmental Health Perspectives 113, 590-596. http://www.ehponline.org/docs/2005/7743/abstract.html
Abstract Methyl mercury is a developmental neurotoxicant.  Exposure results principally from consumption by pregnant women of seafood contaminated by mercury from anthropogenic (70%) and natural (30%) sources.  Throughout the 1990s, the U.S. Environmental Protection Agency (EPA) made steady progress in reducing mercury emissions from anthropogenic sources, especially from power plants, which account for 41% of anthropogenic emissions.   However, the U.S. EPA recently proposed to slow this progress, citing high costs of pollution abatement.  To put into perspective the costs of controlling emissions from American power plants, we have estimated the economic costs of methylmercury toxicity attributable to mercury from these plants.  We used an environmentally attributable fraction model and limited our analysis to the neurodevelopmental impacts—specifically loss of intelligence.  Using national blood mercury prevalence data from the Centers for Disease Control and Prevention, we found that between 316,588 and 637,233 children each year have cord blood mercury levels > 5.8ug/L, a level associated with loss of IQ.  The resulting loss of intelligence causes diminished economic productivity that persists over the entire lifetime of these children.  This lost productivity is the major cost of methyl mercury toxicity, and it amounts to $8.7 billion annually (range, $2.2-43.8 billion; all costs are in 2000 US dollars).  Of this total, $1.3 billion (range, $0.1-6.5 billion) each year is attributable to mercury emissions from American power plants.  This significant toll threatens the economic health and security of the United States and should be considered in the debate on mercury pollution controls.

 

4) Deth R, Muratore C, Benzecry J, Power-Charnitsky V, Waly M. (2008) How environmental and genetic factors combine to cause autism: a redox/methylation hypothesis. Neurotoxicology 29, 190-201. Abstract: Recently higher rates of autism diagnosis suggest involvement of environmental factors in causing this developmental disorder, in concert with genetic risk factors. Autistic children exhibit evidence of oxidative stress and impaired methylation, which may reflect effects of toxic exposure on sulfur metabolism.  We review the metabolic relationship between oxidative stress and methylatin, with particular emphasis on adaptive responses that limit activity of cobalamin and folate-dependent methionine synthase.  Methionine synthase activity is required for dopamine-stimulated phospholid methlation, a unique membrane-delimited signaling process mediated by the D4 dopamine receptor that promotes neuronal synchronization and attention, and synchrony is impaired in autism.  Genetic polymorphisms adversely affecting sulfur metabolism, methylation, detoxification, dopamine signaling and the formation of neuronal networks occur more frequently in autistic subjects.  On the basis of these observations, a “redox/methylation hypothesis of autism” is described, in which oxidative stress, initiated by environmental factors in genetically vulnerable individuals, leads to impaired methylation and neurological deficits secondary to reductions in the capacity for synchronizing neural networks.

 

5) Nataf R, Skorupka C, Amet L, Lam A, Springbett A, Lathe R (2006) Porphyrinuria in childhood autistic disorder:  implications for environmental toxicity.  Toxicology and Applied Pharmacology 214, 99-108. Can snail mail this article if interested 
Abstract To address a possible environmental contribution to autism, we carried out a retrospective study on urinary porphyrin levels, a biomarker of environmental toxicity, in 260 children with neurodevelopmental and related disorders referred to a Paris clinic (2002-2004), including 106 with autistic disorder.  Urinary porphyrin levels determined by high-performance liquid chromatography were compared between diagnostic groups including internal and external control groups.  Coproporphyrin levels were elevated in children with autistic disorder relative to control groups. …The elevation was significant (p < 0.00l).   Porphyrin levels were unchanged in Asperger’s disorder, distinguishing it from autistic disorder.  The atypical molecule precoproporphyrin, a specific indicator of heavy metal toxicity, was also elevated in autistic disorder (p < 0.001) but not significantly in Asperger’s.  A subgroup with ASD was treated with oral DMSA with a view to heavy metal removal.  Following DMSA there was a significant drop in urinary porphyrin excretion (p < 0.002).  These data implicate environmental toxicity in childhood autistic disorder.

 

6) Roberts E., English, P, Grether, J, Windham G, Somberg, L and Wolff, C (2007) Maternal residence near agricultural pesticide applications and autism spectrum disorders among children in the California Central Valley. Environmental Health Perspectives, 115, 1482-1489. http://www.ehponline.org/members/2007/10168/10168.pdf
Abstract Background:Ambient levels of pesticides from drift are detectable at residences near agricultural field sites. Objective:Our goal was to evaluate the hypothesis that maternal residence near agricultural pesticide applications during key periods of gestation could be associated with the development of autism spectrum disorders (ASD) in children. Methods:We identified 465 children with ASD born 1996-1998 using the California Dept of Developmental Services electronic files, and matched them by maternal date of last menstrual period to 6975 live-born, normal birth weight, term infants as controls.  We determined proximity to pesticide applications using California Department of Pesticide Regulation records. Results: Of 249 unique hypotheses, four that describe organochlorine pesticide applications—specifically those of dicofol and endosulfan—occurring during the period immediately before and concurrent with central nervous system embryogenesis (clinical weeks 1 through 8) met a priori criteria and were unlikely to be the result of multiple testing.  Multivariate aposteriori models comparing organochlorine poundage to those with mothers not living near field sites suggested an odds ratio for ASD of 6.1 (95% confidence interval, 2.4-15.3). 

Conclusions Risk for ASD was consistently associated with residential proximity to organochloride pesticide applications occurring around the period of CNS embryogenesis; this association appeared to increase with dose and was attenuated with increasing distance of residence from the field site. The association between residential proximity to organochlorine pesticide applications during gestation and ASD among childen should be further studied.

 

BONUS:  The following one may describe a possible mechanism for how substances (think also, plastics) are neurotoxic to the developing fetus, through endocrine disruption:
8) Roman G (2007) Autism:  Transient in utero hypothyroxinemia related to maternal flavonoid ingestion during pregnancy and to other environmental antithyroid agents. J of the Neurological Sciences 262, 15-26. Abstract The incidence and prevalence of autism have increased during the past two decades.  Despite comprehensive genetic studies the cause of autism remains unknown. This review emphasizes the potential importance of environmental factors in its causation.  Alterations of cortical neuronal migration and cerebellar Purkinje cells have been observed in autism.  Neuronal migration, via reelin regulation, requires triiodothyronine (T3) produced by deiodination of thyroxine (T4) by fetal brain deiodinases.  Experimental animal models have shown that transient intrauterine deficits of thyroid hormones (as brief as 3 days) result in permanent alterations of cerebral cortical architecture reminiscent of those observed in brains of patients with autism.  I postulate that early maternal hypothyroxinemia resulting in low T3 in the fetal brain during the period of neuronal cell migration (weeks 8-12 of pregnancy) may produce morphological brain changes leading to autism.  

Insufficient dietary iodine intake and a number of environmental antithyroid and goitrogenic agents can affect maternal thyroid function during pregnancy.  The most common causes could include inhibition of deiodinases D2 or D3 from maternal ingestion of dietary flavonoids or from antithyroid environmental contaminants.  Some plant isoflavonoids have profound effects on thyroid hormones and on the hypothalamus-pituitary axis.  Genistein and daidzein from soy (Glycine max) inhibit thyroperoxidase that catalyzes iodination and thyroid hormone biosynthesis.  Other plants with hypothyroid effects include millet; thiocyanate is found in Brassicae plants including cabbage, cauliflower, kale, rutabega and kohlrabi, as well as tropical plants such as cassava, lima bans, linseed, bamboo shoots, and sweet potatoes.  Tobacco smoke is also a source of thiocyanate.  Evnironmental contaminants interfere with thyroid function including 60% of all herbicides, in particular 2,4-dichlorophenoxyacetic acid (2,4-D, a component of agent orange), acetochlor, aminotriazole, amitrole, bromoxynil, pendamethain, mancozeb, and thioureas.  Other antithyroid agents include PCBs, perchlorates, mercury and coal derivatives such as resorcinol, phthalates, and anthracenes. Additional multidisciplinary epidemiological studies will be required to confirm this environmental hypothesis of autism.

