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Study Examines Epigenetic Effects 
of Fungicide Exposure
A mother’s environmental exposure can 
result in transgenerational effects that are 
inherited through successive generations, 
even in the absence of exposure of the 
offspring. A new proof-of-principle study 
reports that great-grandchildren of rats 
exposed to the common fungicide vinclozolin 
showed a more profound behavioral and 
neurodevelopmental response to stress, 
compared with offspring of unexposed rats.1 

Following exposure to stressful situations 
during adolescence, ancestrally exposed rats 
were heavier, more anxious, and less sociable 
than unexposed offspring.

Government Announces Action 
Plan to Address Asthma 
Disparities
Asthma affects an estimated 7 million U.S. 
children. Asthma rates among black and 
Hispanic children are more than double 

the rate among white children; poverty 
also is associated with disproportionately 
higher rates. In May 2012 a partnership of 
federal government agencies launched the 
Coordinated Federal Action Plan to Reduce 
Racial and Ethnic Asthma Disparities. The 
action plan will coordinate efforts in four 
areas: reducing barriers to asthma care, 
building capacity for community-based 
asthma care, targeting services to those most 
affected by asthma, and increasing efforts to 
understand the causes of asthma and validate 
interventions to prevent the onset of asthma.2

Pollen Allergenicity Is Higher 
along High-Traffic Roads
When researchers conducted protein 
immunoblot analyses of ragweed pollen 
samples from different areas, they found 
on average that samples collected alongside 
highly traveled roadways exhibited a 
statistically higher IgE-binding signal—a 
measure of allergenicity—than samples 
from less-polluted vegetated areas. Pollen 
from high-traffic areas also expressed a 
greater variety of allergens. Although the 
researchers couldn’t determine whether 
specific environmental factors induced the 
higher reactivity of pollen in plants from 
the more polluted sampling areas, they did 
confirm the plants in these areas produced 
more reactive pollen allergens.3

A Clearer Picture of Graphene’s 
Properties
Graphene nanoplate lets  are being 
incorporated into applications such as 

The Beat | by Erin E. Dooley

A 270 volume 120 | number 7 | July 2012 • Environmental Health Perspectives

Neurologic health

Newly Discovered Mechanism 
for chlorpyrifos effects on 
Neurodevelopment
The organophosphate insecticide chlorpyrifos (CPF) causes loss of brain 
cells in young rats,1 and prenatal CPF exposure in humans has been 
linked to a significant reduction in childhood IQ scores.2 Now a non
invasive magnetic resonance imaging (MRI) study reveals that in chil
dren exposed to the pesticide in utero, CPF alters the structure of brain 
regions that govern a broad range of behavioral outcomes, offering new 
insight into the way in which CPF affects the central nervous system.3 

CPF was once used for food crops, golf courses, indoor pest 
control, and pet collars.4 Residential use was phased out in 2001 after 
the U.S. Environmental Protection Agency (EPA) released a revised 
risk assessment of the pesticide calling for stronger protection for chil
dren and workers.5 However, CPF is still widely used in agriculture, 
potentially exposing farm workers and people who live close to farms. 
Eating grains, fruits, vegetables, and other foods containing CPF 
residues also can expose people to very low levels. In the most recent 
U.S. Department of Agriculture Pesticide Data Program survey, 
levels of CPF detected in produce were 3–500 times lower than EPA 
tolerance levels for individual foods.6

The current study is part of a larger ongoing cohort study of 
minority women and their children conducted by the Columbia 
Center for Children’s Environmental Health (CCCEH) at Columbia 
University. The project started in 1997 before residential use of CPF 
was phased out. CPF measured in the children’s umbilical cords 
indicated the degree to which they had been exposed to the pesticide 
in utero, largely through their mothers’ exposures to pesticides sprayed 
in apartment buildings.7 

Previous reports from CCCEH investigators found an association 
between higher CPF exposures and lower birth weights.8 By age 
3 years, children with higher in utero CPF exposure were more likely 
than lowerexposure children to score lower on tests of cognitive and 
psychomotor development,9 and by age 7 they were more likely 
to have lower IQ and working memory scores.2 The current study 
assessed MRI data for 40 children at age 6–11 years, half of whom had 
umbilical plasma CPF levels of 4.39 pg/g or greater and half of whom 
had levels below 4.39 pg/g. Exposure to lead, another environmental 
toxicant linked to cognitive problems, was low in all the children. 

Children in the higherexposed group were more likely to have 
significant enlargement of the regions of the brain that control 
attention, language, social cognition (e.g., ability to recognize faces), 
emotion and inhibition, and executive functions (e.g., planning 
and reasoning), compared with the lowerexposed group.3 These 
differences are consistent with findings from animal studies of CPF 
exposure.1 In the lowerexposed group, children with greater brain 
enlargement tended to have lower IQ scores, but this relationship 
was not seen in the higherexposed group.3 “Bigger is not always 
better when it comes to the brain,” says coauthor Bradley Peterson, a 
psychiatrist at Columbia University who performed the MRIs. 

The scans revealed that much of the brain enlargement consisted 
of glia, or white matter.3 CPF damages neurons and glia and generates 
scar tissue in animal models,1 and Peterson speculates similar damage 
could account for the enlargement seen in the children. Higher CPF 
exposure also was associated with reduction or reversal of normal 
sexrelated differences in brain development. For instance, the right 
parietal lobe is generally larger in girls than boys, but this was reversed 
in higherexposed children. The behavioral consequences of these 
alterations, if any, are unknown.3

Brain differences between the two groups were found at CPF exposure 
levels well below current EPA dietary reference doses (0.005 mg/kg/day 
for the general public and 0.0005 mg/kg/day for women and children).5 
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Children at a Baltimore housing 
project test their breathing ability 
using a peak flow monitor. 
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electronics, semiconductors, batteries, and 
industrial coatings. A new study reports that 
their unusual dimensions (10 nm thick 
by 5 μm in diameter) make graphene 
nanoplatelets small enough to deposit deep 
into the lungs but too large for the immune 
system to remove them.4 The authors say this 
raises the potential for pleural inflammation 
and disease over time. They propose that 
occupational risks from graphene platelet 
exposure could be lessened if manufacturers 
produce smaller platelets, which could be 
cleared by macrophages. 

Alaskan Law Allows Use of Gravel 
Containing Asbestos
Alaska is home to large deposits of ore 
peppered with naturally occurring asbestos. 
Until now, the discovery of such asbestos in 
the course of construction projects has been 
enough to halt work. In an effort to restart 
stalled development, Alaskan governor Sean 
Parnell passed a law allowing construction 
projects to use local gravel containing 
naturally occurring asbestos.5 If the gravel 
being used contains more than 0.25% 
asbestos, the builders must register with 
the state and provide a site-specific plan for 
meeting asbestos safety standards. The new 
law also absolves construction companies 
of responsibility in lawsuits that may arise 
from health effects resulting from asbestos 
exposure. A body of scientific evidence 
supports the position that there is no safe 
level of exposure to asbestos.6
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This standard represents the lowest level at which CPF exposure is associ
ated with inhibition of the enzyme acetylcholinesterase, which breaks 
down the neurotransmitter acetylcholine. An excess of acetylcholine can 
cause dizziness, tremors, and other neurologic symptoms.4 

“Until now, the guidelines for determining acceptable exposure to 
this pesticide were based on the assumption that the central nervous 
system effects of chlorpyrifos were due to dysregulation of neurotrans
mission,” explains Joseph Jacobson, a psychiatry professor at Wayne 
State University School of Medicine in Detroit, Michigan. He says the 
new MRI data “strongly suggest a very different mechanism—one that 
acts at much lower levels of exposure than were previously believed to be 
associated with increased risk.” Therefore, he adds, this study suggests 
that the EPA guidelines for CPF exposure may need to be revised.

Study coauthor Robin Whyatt, deputy director of the CCCEH, 
agrees. “Our data and other experimental studies show that it’s highly 
likely that chlorpyrifos affects fetal development by mechanisms other 
than acetylcholinesterase inhibition and at doses lower than those that 
inhibit acetylcholinesterase,” she says.

The EPA is currently finalizing a preliminary risk assessment for 
CPF that was issued for public comment in summer 2011 as part of 
the periodic reevaluation of pesticides registered for use in the United 

States.10 On 10–13 April 2012 the Federal Insecticide, Fungicide, and 
Rodenticide Act Scientific Advisory Panel met to review the newest 
information about health issues related to CPF exposure. The MRI study 
“will be evaluated, along with all the other data the agency is assessing, 
as it works to finalize the human health risk assessment,” according to 
an EPA spokesman who spoke on condition of anonymity. 

The combination of epidemiologic and brain imaging data in this 
study provides some of the strongest evidence to date that prenatal 
exposure to CPF causes neurodevelopmental problems in children, 
according to Peterson. He says this type of protocol “should become 
the wave of the future for looking at how environmental [toxicants] 
contribute to neuropsychiatric illness in children.”
Carol Potera, based in Montana, has written for EHP since 1996. She also writes for Microbe, 
Genetic Engineering News, and the American Journal of Nursing.

	 REFERENCES
1. Campbell CG, et al. Chlorpyrifos interferes with cell development in rat brain regions. Brain Res Bull 

43(2):179–189 (1997); http://dx.doi.org/10.1016/S0361-9230(96)00436-4.
2. Rauh V, et al. Seven-year neurodevelopmental scores and prenatal exposure to chlorpyrifos, a common 

agricultural pesticide. Environ Health Perspect 119(8):1196– 1201 (2011); http://dx.doi.org/10.1289/
ehp.1003160.

3. Rauh VA, et al. Brain anomalies in children exposed prenatally to a common organophosphate 
pesticide. Proc Natl Acad Sci USA 109(20):7871–7876 (2012); http://www.pnas.org/
content/109/20/7871.full.

4. ATSDR. Final Interaction Profile. Chlorpyrifos, Lead, Mercury, and Methylmercury. Appendix A: 
Background Information for Chlorpyrifos. Atlanta, GA:Agency for Toxic Substances and Disease 
Registry, U.S. Centers for Disease Control and Prevention (Aug 2006). Available: http://www.atsdr.cdc.
gov/interactionprofiles/ip-11/ip11-a.pdf [accessed 6 Jun 2012].

5. Smegel DC, et al. Human Health Risk Assessment: Chlorpyrifos. Washington, DC:Office of Pesticide 
Programs, U.S. Environmental Protection Agency (8 Jun 2000). Available: http://www.epa.gov/scipoly/
sap/meetings/2008/september/hed_ra.pdf. [accessed 6 Jun 2012].

6. USDA. Pesticide Data Program: Annual Summary, Calendar Year 2010. Washington, DC:Pesticide Data 
Program, Agricultural Marketing Service, U.S. Department of Agriculture (2012). Available: http://
www.ams.usda.gov/AMSv1.0/getfile?dDocName=stelprdc5098550 [accessed 6 Jun 2012]. 

7. Whyatt RM, et al. Residential pesticide use during pregnancy among a cohort of urban minority 
women. Environ Health Perspect 110(5):507–514 (2002); http://dx.doi.org/10.1289/ehp.02110507.

8. Whyatt RM, et al. Prenatal insecticide exposures and birth weight and length among an urban minority 
cohort. Environ Health Perspect 112(10):1125–1132 (2004); http://dx.doi.org/10.1289/ehp.6641.

9. Rauh VA, et al. Impact of prenatal chlorpyrifos exposure on neurodevelopment in the first 3 years 
of life among inner-city children. Pediatrics 118(6):e1845–e1859 (2006); http://dx.doi.org/10.1542/
peds.2006-0338.

10. EPA. Chlorpyrifos [website]. Washington, DC:Office of Pesticide Programs, U.S. Environmental 
Protection Agency (updated 9 May 2012). Available: http://www.epa.gov/oppsrrd1/registration_
review/chlorpyrifos/index.htm [accessed 6 Jun 2012].

A graphene-based coating under 
development at the University 
at Buffalo keeps steel rust-free, 
potentially replacing coatings that 
contain toxic hexavalent chromium.

Alaskan construction may get a 
boost from a new law that allows 
the mining and use of asbestos-
containing gravel.

Warm colors indicate positive correlations between enlargement of 
the cerebral surface and CPF exposure. Cool colors indicate inverse 
correlations.


