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Abstract

Background: While much attention is focused on national policies intended to protect human
health from environmental hazards, states can also prevent environmentally mediated disease
through legislation and regulation. However, relatively few analyses have examined the extent to
which states protect children from chemical factors in the environment.

Methods: Using Lexis Nexis and other secondary sources, we systematically reviewed
environmental regulation and legislation in the fifty states and the District of Columbia as of July
2007 intended to protect children against neurodevelopmental disabilities and asthma.

Results: States rarely address children specifically in environmental regulation and legislation,
though many state regulations go far to limit children's exposures to environmental hazards.
Northeast and Midwest states have implemented model regulation of mercury emissions, and
regulations in five states set exposure limits to volatile organic compound emissions that are more
stringent than US Environmental Protection Agency standards.

Discussion: Differences in state environmental regulation and legislation are likely to lead to
differences in exposure, and thus to impacts on children's health. The need for further study should
not inhibit other states and the federal government from pursuing the model regulation and
legislation we identified to prevent diseases of environmental origin in children.

Introduction munities, waste sites and homes.[1] Rates of many com-

More than 80,000 new synthetic chemicals have been
developed and disseminated in the United States over the
past 50 years. Children are at special risk of exposure to
the 2,800 high-volume chemicals that are produced in
quantities greater than one million tons per year and that
are most widely dispersed in air, water, food crops, com-

mon diseases are increasing in American children, and
evidence is accumulating that environmental exposures
are partially responsible for these alarming trends.[2]
These illnesses include asthma,[3,4] certain childhood
cancers, [5,6] certain birth defects, [7-9] and neurodevel-
opmental disabilities. [10-12]
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Federal regulation of chemicals that are widely dispersed
into the environment through industrial and other activi-
ties has proven successful in the reduction of childhood
disease and disability.[13] Reductions in exposure associ-
ated with the elimination from lead in gasoline in the
United States resulted in IQs among preschool aged chil-
dren in the 1990s that were 2.2-4.7 points higher than
they would have been if those children had a distribution
of blood lead levels found among children in the 1970s
[14]. Before the US Environmental Protection Agency's
(USEPA) phase out of diazinon and chlorpyrifos, these
two pesticides were frequently detected in the cord blood
of New York City children and associated with decrements
in birth weight and length. After these phaseouts, the pes-
ticides and the association with predictors of cognitive
potential were no longer detected [15]. Local policy can
also dramatically influence children's exposure to envi-
ronmental chemicals, and result in reductions in child-
hood morbidity.

Restrictions instituted by the city of Atlanta on vehicular
travel during the 2000 Olympic Games were associated
with significant reductions in ambient ozone and in
asthma acute care events [16].

States also can influence the environment in which chil-
dren live, work (i.e., go to school), and play, both through
public health programs and policies as well as environ-
mental regulation and legislation. Public health programs
and policies, such as fish advisories for mercury, can
reduce exposure to chemical factors in the environment,
[17] but they are routinely implemented under broad
public health authority, and no database exists to analyze
how states implement programs to reduce chemical expo-
sures under this authority.

National and international agencies have developed
reports to evaluate the effectiveness of environmental leg-
islation and regulation designed to protect children from
environmental hazards. The World Health Organization
(WHO) has developed children's environmental health
indicators so that countries can judge the effectiveness of
their legislation and regulation. [18] USEPA has produced
reports on America's Children and the Environment
which utilize data from extant national sources to evalu-
ate trends in children's exposure to environmental chem-
icals and diseases of environmental origin over time [19].

State regulation and legislation can serve as models for the
improvement of national policy, yet few comparisons of
state policy have been made. The National Conference of
State Legislatures has produced a database of proposed
and enacted legislation on issues of children's environ-
mental health, but does not compare the effectiveness of
state approaches to protecting children from environmen-
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tal hazards [20]. We therefore chose to review systemati-
cally environmental regulation and legislation that has
been enacted in the fifty states with respect to children's
environmental health. A major goal of our analysis was
also to identify initiatives that could serve as models for
disease prevention in other states and across the country.
We focused our review upon environmental regulation
and legislation with regard to prevention in two disease
categories: neurodevelopmental disabilities and asthma,
those for whom the most evidence has been established
for causation of environmental factors, and for possible
prevention through environmental regulation and legisla-
tion. [13]

Methods

We began by selecting chemicals which had sufficiently
strong evidence to support a possible etiologic link with
neurodevelopmental disabilities and asthma. In this
effort, the authors relied heavily upon a recent systematic
review of the industrial chemicals known to be neurotoxic
in humans, [21] and the American Academy of Pediatrics
(AAP) text Pediatric Environmental Health. [22] The AAP
text was the authors' main source for identifying chemi-
cals which had sufficiently strong evidence to support a
possible epidemiologic association with the exacerbation
or development of asthma. This approach yielded the fol-
lowing list of candidate chemicals for neurodevelopmen-
tal disabilities: pesticides, mercury, polychlorinated
biphenyls (PCBs), arsenic, dioxins, lead, and environ-
mental tobacco smoke. We chose not to include perfluor-
inated compounds, polybrominated diphenylethers
(PBDEs), manganese, perchlorate and flouride due to the
lack of high quality human studies. [21] For asthma, the
authors identified mold, volatile organic compounds, die-
sel exhaust, criteria air pollutants and environmental
tobacco smoke as chemical factors with sufficient evi-
dence for further analysis. As a secondary confirmation,
we confirmed that these chemicals have been associated
with impacts on neurodevelopment or asthma in one or
more human studies.[15,23-32] A lack of human studies
prevented us from examining the impact of mixtures in
assessing candidate chemicals in this study.

While "best practices" do exist for clinical and public
health practice,[33,34] few studies have compared the
effectiveness of state-level regulatory/legislative interven-
tions to reduce exposure. [13] As the WHO indicators for
children's environmental health are currently only
designed to judge legislative and regulatory success,[18]
we could not use the WHO criteria to judge whether legis-
lative or regulatory approaches were effective. We there-
fore relied upon knowledge of the exposure pathways,
bioavailability and toxicity for each of these chemicals to
judge regulation and legislation in different states with
respect to the extent to which they could reduce burden of
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disease. [13] Policies are identified in this manuscript if,
based upon a review of the literature cited in this manu-
script, they were judged by two of the authors to be able
to reduce exposure to one of the chemicals that have been
associated with neurodevelopmental disabilities or
asthma. Those legislative and regulatory efforts that were
judged by two of the authors to reduce exposure most
effectively when fully implemented were identified as
"model legislation" and "model regulation." A summary
of the criteria used for each chemical exposure in judging
legislation and regulation is provided below.

For lead exposure, we identified lead-based paint hazards
as the major source of childhood lead exposure, and
focused our analysis on primary prevention (e.g., efforts
to encourage eradication of hazards) and secondary pre-
vention efforts (e.g., screening programs), recognizing
that the former programs have been cited as the most
effective programs to produce reductions in children with
lead poisoning. [26] While use of lead paint in toys does
appear to pose a hazard, this was deemed a lower risk for
exposure across the population of children, and regula-
tion and legislation that banned lead in toys were not con-
sidered model policies for prevention. For mercury
exposure, for example, the authors focused their analysis
on policies that limited exposure to methylmercury, as
ethylmercury exposure has not been associated with
adverse effects on neurodevelopment in multiple human
studies.[35] Consumption of contaminated fish is the
major source of human exposure to methylmercury, and
the authors used Toxic Release Inventory data to identify
most common sources of methylmercury contamination
through mercury emissions, such as coal-fired power
plants. [36,37]

For pesticide exposures, the authors identified three major
pathways - take-home exposures for children with par-
ents who work in agricultural settings, [38] residues from
food sprayed with pesticides,[39] and home exposures
when pesticides are sprayed to treat infestations.[40] Rec-
ognizing that these exposure pathways contribute to dif-
ferent degrees in individual children, the authors chose to
weight each pathway equally in considering legislation
and regulation. For arsenic, water contamination [41] and
dermal exposure through play on copper chromium arse-
nate wood [42] were considered the most effective path-
ways, while soil contamination was identified as another
contributor. [43] Human milk exposure, the primary
pathway for exposure to dioxin, [22] was deemed unlikely
to be immediately reduced through environmental regu-
lation and legislation, and fish advisories were identified
to be largely executed through broad public health
authority. While dermal, ingestion and inhalational expo-
sures to dioxin are likely to contribute less to children's
daily exposure, we did compare states with respect to the
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regulation and legislation they have implemented to
reduce exposures through these pathways.

Exposures to criteria air pollutants are largely a product of
safety thresholds set by USEPA and federal legislation
such as the Clean Air Act,[29] but we considered state
efforts to supersede these thresholds and to encourage
clean fuel usage. We also considered school bus idling and
retrofit programs for school buses [44] given that children
spend five days per week and nine months per year com-
muting to and from school. We also identified as models
those regulations that could reduce exposure to volatile
organic compounds (VOC) and mold in schools given the
many hours that young children spend in these environ-
ments, and the evidence that these exposures can contrib-
ute to asthma exacerbations. [45,46] Building materials
are more likely to contribute to VOC emissions in the
long-term than furnishings or consumer products, [22]
and we therefore we considered as models those laws and
regulations that could effectively limit these exposures.
Programs to eradicate mold exposure in homes were iden-
tified as being implemented under broad public health
authority, and therefore not included in this analysis.

We then proceeded to develop a search method for these
chemicals to identify the relevant environmental regula-
tion and legislation in each of the fifty states and the Dis-
trict of Columbia. Lexis-Nexis® (LN) is internationally
known as the leading database for legal documents, and
provides ongoing updates of legislative and regulatory
activity in each of the fifty states. The State Codes, Consti-
tutions, Court Rules & Advance Legislative Service com-
bined group file [47] contains the statutory codes, state
constitutions, court rules and current laws from the fifty
states. We began our analysis by running preliminary
searches with each of the chemicals we identified in LN
and made further refinements in the search terms to
ensure that our search terms did not inadvertently exclude
results on the basis of differing terminology or nomencla-
ture. Table 1 presents the chemicals and the associated
search terms we used for neurodevelopmental disabilities
and asthma.

When LN search results or secondary sources (see Table 1)
referred to a specific state regulation, we subsequently
obtained the regulation from the relevant state agency's
website, and reviewed the entire statute for completeness.
When our search results referred to another statute, we
went directly to this statute and determined relevancy for
the report. The relevant results (as of July 2007) were sum-
marized for each chemical and policies were organized
into issue area subgroups. For example, we divided the
diesel exhaust legislation results into three distinct sub-
groups: diesel emissions, school bus policies, and diesel
truck and commercial vehicle idling.
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Table I: Search Terms Applied in the Systematic Review

Toxin

Search Terms (Lexis-Nexis Unless Otherwise Noted)

Pesticides

Heading "pesticide” AND "Integrated Pest Management" OR "integrated w/ pest w/
management"

Heading "pesticide" OR "pest" AND (full-text) "schools" or "daycare"

"pesticide” AND "notification" OR "notice" OR "notify"

"pesticide” in heading AND "exposure" AND "occupational” OR "worker" OR
"employee"

Mercury

"mercury" AND "emissions"

"mercury" AND "incinerate" OR "incineration" OR "dispose" OR "disposal"
"mercury" AND "thermometers" OR "devices" OR "esophageal dilators, bougie tubes,
gastrointestinal tubes" OR "blood pressure" OR "sphygmomanometers"

Polychlorinated Biphenyls (PCBs)

"Polychlorinated Biphenyl" OR "PCBs" AND "waste" OR "disposal" OR "dispose"

Dioxins

"dioxin"

Arsenic

"Arsenic" AND "water"

"Copper Chromium Arsenate" AND "wood"
"Pressure Treated Wood" AND "Arsenic"
"Wood" AND "Arsenic"

"Arsenic" AND "playground"

"Arsenic" AND "maximum contaminant level"

Lead

Heading "Lead" AND "screening"

Heading "Lead" AND "report" OR "reporting" OR "tracking"

Heading "Lead" AND "tax credit" OR "loan"

Heading "Lead" AND "prevent" OR "prevention" OR "education" OR "educate"
Heading "Lead" AND "paint"

Environmental Tobacco Smoke

Search terms from American Lung Association's State Legislated Actions on Tobacco
Issues (SLATI) Database at http:/slati.lungusa.org/
State Regulatory Agency websites

Healthy Homes and Schools: Mold, Volatile Organic
Compounds, and other Indoor Air Pollution

"indoor air quality"

"Volatile Organic Compounds"

California Air Resources Board search for consumer products

"mold" AND "indoor" OR "home"

"green cleaning" OR "environmentally-sensitive cleaning” OR

("green" AND "cleaning" OR "clean" OR "supplies")

Secondary Source for Executive Orders:

DSIRE (Database of State Incentives for Renewables & Efficiency) "Energy Standards for
Public Buildings for Energy Efficiency" http://www.dsireusa.org

Diesel Exhaust

"School bus" AND "emissions"

Secondary Sources: Environmental Protection Agency, "Compilation of State, County,
and Local Anti-ldling Regulations," April 2006, http://www.epa.gov/smartway/documents/
420b06004.pdf and Union of Concerned

Scientists "School Bus Pollution Report Card 2006," http://www.ucsusa.org/assets/
documents/clean_vehicles/pollution-report-card-2006.pdf

Toxin

Search Terms (Lexis-Nexis Unless Otherwise Noted)

Criteria Air Pollutants and the National Ambient Air
Quality Standards

USEPA Green Book http://www.epa.gov/air/oagps/greenbk/

Volatile Organic Compounds

"Volatile Organic Compounds"

State Environmental Regulatory Agency regulation searches of states in the Ozone
Transport Commission (Connecticut, Delaware, the District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode
Island, Vermont, and Virginia)
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As we could not identify a previous published approach to
analyzing state environmental regulation and legislation
with regard to children's environmental health, we per-
formed a final validity screen to our results. We compared
our results using LN and secondary sources with those
from the Centers for Disease Control and Prevention's
Childhood Lead Poisoning Prevention Program's review
of state programs for lead, [48] the American Lung Associ-
ation's review of state tobacco regulation and legislation,
[49] and the review performed by National Conference of
State Legislatures for other chemical exposures.[50]

Having divided the results of our search into issue area
subgroups, two of the authors assessed whether the legis-
lation/regulation could actually reduce children's expo-
sure. Two of the authors then compared effectiveness of
the regulatory/legislative initiatives, and identified the
regulatory/legislative initiatives that could most effec-
tively reduce exposure. These initiatives were identified as
"models" for other states to consider. The results pre-
sented below represent a comparison of states with
respect to approaches they have taken to protect children
from neurodevelopmental disabilities and asthma, and
an identification of those enacted laws and regulations
that are most likely to prevent disease and disability from
environmental exposures. We identify these laws and reg-
ulations as "model legislation" and "model regulation" to
call attention to them in the subsequent section.

Results

Neurodevelopmental Disabilities

With the exception of lead, state environmental regula-
tion and legislation rarely addressed children specifically.
However, states did vary in the number of approaches that
were intended to protect the general public and effective
in limiting morbidity from neurotoxic exposures.

In the five categories of lead paint that we examined
(screening, data tracking, lead abatement funding, lead
prevention programs, and lead paint bans), eleven states
had regulation or legislation in four or more areas,
twenty-eight had in two or more, and thirty-six (and the
District of Columbia) had policies in at least one area
(Figure 1). We identified only thirty states which statuto-
rily require screening, but also found that nearly all states
have established a screening program through broad pub-
lic health authority. [48] This was the only area in which
our validity screen yielded different results from that
which we obtained using our base methodology. Many
states exceeded the Centers for Disease Control and Pre-
vention guidelines that encourage screening of high risk
children by requiring mandatory screening of all children.
Massachusetts has model regulation that most proactively
identifies children with lead poisoning by requiring the
most intensive screening regimen, with the first test done
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between the ages of 9 and 12 months, followed by testing
at ages 2 and 3. Children in high risk areas must also be
tested at age 4 years.

Most states statutorily require the tracking of elevated lead
levels: some states require the reporting of all results,
while others require the reporting only of elevated lead
levels, often defined as < 10 pg/dL. Statutes in California
and New Jersey require that databases contain geographi-
cal data that can be used to map locations where lead poi-
soning has occurred, which permits further targeting for
lead hazard abatement efforts and primary prevention. A
number of states also have implemented legislation that is
likely to be extremely effective in preventing childhood
lead poisoning, ranging from tax credits to grants and
loans for lead abatement (Rhode Island, Massachusetts,
Missouri and Minnesota). Many states have limited or
banned the use of lead paint in common products that are
accessible to children, such as toys, but these efforts are
less likely to reduce the burden of lead poisoning than
programs to eliminate lead-based paint hazards in homes.

In limiting mercury exposure, multiple states in the
Northeast and Midwest have instituted model legislation
to prevent prenatal methylmercury toxicity (Figure 2).
Connecticut, New Hampshire, Maryland, Michigan and
Pennsylvania have implemented model regulations that
protect children from this neurotoxic exposure by lower-
ing mercury emissions from coal-fired power plants to
80-90% of 1990 levels. While USEPA has banned use and
manufacture of polychlorinated biphenyls (PCBs),
another fish contaminant that has been documented to
cause damage to the developing brain, twenty-eight states
also have statutes regarding its disposal. California bans
the incineration of PCB containing materials while Con-
necticut, Idaho, Indiana, Minnesota and North Carolina
limit it or have notification requirements for PCB inciner-
ation.

Twenty-six states and the District of Columbia have
enacted model legislation that bans smoking in all, or vir-
tually all, public places such as bars, restaurants, places of
employment, schools and child-care centers, and three
more states ban smoking in most public places. Of the
twenty-one states that have not enacted wide-ranging
indoor-smoking bans, virtually all of them ban smoking
in schools, daycare and healthcare facilities, although
some states permit smoking in designated areas.

While twelve states require Integrated Pest Management
(IPM) for school grounds and/or public lands, only Cali-
fornia, Texas, and West Virginia require the use of least
toxic pesticides, which is most likely to reduce risk for
neurodevelopmental impact. California also has enacted
legislation that requires notification for pesticide spraying
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Figure |
Comparison of State Lead Regulation/Legislation.

in other public facilities such as parks, going so far as to
requiring the posting of bilingual signs. Maine and New
Hampshire require public notification for aerial spraying.
These laws empower parents somewhat to prevent expo-
sure, and should be considered as a model approach for
other states to prevent disease, but not a very good model
in that it gives the citizen a "choice" to essentially restrict
his/her activities or those of his/her family in order to
accommodate the application of pesticides. More effective
approaches would limit use of pesticides in public places
to the least toxic available or eliminate pesticide use
entirely. California is the only state to ban pharmaceutical
use of Lindane, an organochloride pesticide used to treat
lice and scabies.

A number of states have enacted other pesticide regula-
tions that are less likely to reduce children's exposure to
pesticides. Louisiana and Pennsylvania require schools to
maintain a pesticide sensitivity registry, and Michigan,

http://www.ehjournal.net/content/8/1/9

No State Statutes
| Statutes in 1 Category
Statutes in 2 Categories
Statutes in 3 Categories
B Statutes in 4 Categories
B Statutes in 5 Categories

Colorado and Washington maintain registries of patients
who are certified by a physician to be sensitive to pesticide
use, so that they receive prior notification before pesticide
use in their area. These registries unfortunately do not
fully recognize the scientific knowledge that pesticides can
cause toxicity to the developing brain in populations who
are not classified as sensitive. New York has a registry to
track all pesticide use in the state, which may be useful to
guide studies for possible etiologic associations, but have
limited promise otherwise to prevent disease.

Recent federal activity has resulted in a lower maximum
contaminant level for arsenic (10 parts per billion) in
water and a voluntary withdrawal of arsenic-containing
wood products from market. With the exception of Cali-
fornia, which required a disclosure for bottled water with
arsenic levels between 5 and 10 parts per billion in Octo-
ber 2007, states have thus far pursued few additional
efforts besides funding programs to remove arsenic from
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water supplies (California and New Mexico). Through our
systematic review, we identified no state with a lower
maximum contaminant level than USEPA, even though
toxicity has been documented at lower levels of expo-
sure.[51] North Carolina has prohibited chromated cop-
per arsenate-treated wood for future use on school
grounds, and requires testing for arsenic in new private
wells. No state has proceeded to implement regulation or
legislation that bans the sale of chromated copper arse-
nate treated wood, though a plan has been announced by
USEPA to have producers voluntarily cease sale of this
wood.[52]

States have also undertaken a number of statutory efforts
to limit dioxin contamination, monitor and limit its emis-
sions, or outright ban it. While some states have instituted
caps on dioxin emissions from waste treatment facilities
and require testing of dioxin emissions, Maine, New Jer-
sey and New Hampshire have model regulation that
requires "best available" technology be used to limit
dioxin emissions. Maine also has established a "Dioxin

Monitoring Program" to test for levels near wastewater
treatment plants and fish in their waters. New Hampshire
has enacted model legislation that bans building of new
medical waste incinerators and will prohibit all medical
waste incineration, a major source of dioxin exposure, by
2014. A number of states have banned dioxin in dust-mit-
igating compounds and the District of Columbia and
Georgia have banned the use of all dioxin containing
materials for dust suppression or road treatment. Further,
action levels for remediation vary widely across states.
Oregon requires action at 3.9 parts per trillion (ppt),
while Minnesota requires action at 200 ppt.

Asthma

We identified few states that specifically designed regula-
tion and legislation to protect children from asthma, but
did identify a number of approaches that many states took
to protect the whole population and also are effective in
limiting morbidity from childhood asthma. In the previ-
ous section, we described differences in state legislation
and regulation with regard to tobacco smoke, which is
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associated with impacts on neurodevelopment and
asthma. California has consistently protected children by
exceeding federal diesel emissions requirements, institut-
ing a cap on particulate matter emissions beginning in
model year 2004. Several years later, the federal govern-
ment implemented similar regulations including requir-
ing ultra-low sulfur diesel fuel and capping particulate
matter emissions from heavy duty engines. Three other
states have implemented additional diesel policies includ-
ing emissions testing and purchasing of low emission
vehicles for use by state agencies. In addition, fourteen
states have implemented legislation or regulation that
limits the time allowed for idling of diesel-fueled com-
mercial vehicles.

To limit exposures in the school setting, four states have
implemented legislation or regulation that limits the time
allowed for school bus idling and/or requires a minimum
distance for the parking of buses near school buildings
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Figure 3
School Bus Regulation/Legislation Among States.
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(Figure 3). However, Connecticut is the only state to
explicitly enforce these limits and ensure that these regu-
lations have their intended effect of protecting children by
making it a finable infraction to leave a school bus idling
for more than three consecutive minutes. Ten states have
implemented retrofit programs for school buses, but only
Rhode Island has required that these retrofit programs
will be implemented by September 2010, thereby reduc-
ing exposures to children most immediately and effec-
tively. Other state retrofitting programs have uncertain
impact in reducing childhood exposures because they
only provide inducements (e.g., grants) to encourage
implementation. The Rhode Island legislation also
requires that newer buses either be retrofitted with a
crankcase ventilation system; a model year 2007 or later
engine; or the use of alternative fuels, such as compressed
natural gas, which achieve reductions of diesel particulate
matter (DPM) emissions.
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Illinois, Maine, and New York have passed legislation that
most effectively reduces exposure to VOCs in school
indoor air by requiring schools to phase in the use of
green cleaning products. In contrast, Connecticut only
requires air quality testing for compounds such as VOCs
in school buildings built or renovated in 2003 or beyond,
and Maryland only requires portable classrooms to be
built with materials that have low VOC content. Several
states including Connecticut, West Virginia, and Wiscon-
sin have set specific indoor air quality standards for
schools. Of the nine states have policies for indoor air
quality monitoring and/or assessment for public and/or
private dwellings, only five states have taken the most
effective approach of establishing specific standards or
guidelines for indoor air quality. Oregon is the only of
these states that has enacted regulations that most effec-
tively protect children by requiring an adequate margin of
safety for sensitive populations. Nine states have included
indoor air quality improvements in the definition of
energy savings measures that are eligible for tax breaks or
other financial incentives, or exempt from regulatory lim-
itations. These fiscal incentives are also very effective
approaches that other states should consider to encourage
limitation of indoor air pollutants that increase morbidity
from asthma.

Five states have more aggressive safety thresholds than
USEPA for volatile organic compound (VOC) emissions
from indoor materials or consumer products. Of these,
California and Rhode Island have implemented model
regulation that most proactively protects children by ban-
ning the sale or manufacture of products with VOC levels
greater than state standards, while Maine has model regu-
lation that bans the sale or manufacture of any "architec-
tural or industrial maintenance coating," manufactured
after January 2006, that contains VOCs in excess of spe-
cific standards. The Clean Air Act Amendments of 1990
establish tighter VOC emission standards for automobiles
and trucks and also set minimum requirements for a fee
system for VOC emissions [53]. Many states have imple-
mented policies to reduce VOC emissions and impose
emissions fees as well. Five states provide financial incen-
tives or other benefits for "clean fuel" with low VOC emis-
sions. Three states require or recommend the use of clean
fuel or clean fuel vehicles, and one state has established
working groups to study clean vehicle implementation.

Seven states have legislation that specifically require the
disclosure of mold on property transactions, and Virginia
has model regulation that requires landlords to disclose
any "visible evidence" of mold and permits tenants to
break a lease within five days if the landlord reports there
is visible mold. Four states have policies that address
mold in school buildings; of these, California has model
regulation that requires school districts to ensure that
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schools are in "good repair," including no evidence of
mold. Nine states created specific mold programs or work-
ing groups to assess mold issues in the state, and several
states have public education programs.

Discussion

Our analysis identified few regulations or laws that are
specifically intended to protect children. Nonetheless, we
identified a number of states that have implemented
measures to protect the general public that also are effec-
tive in limiting morbidity from asthma and neurodevel-
opmental disabilities in children. Some of these measures,
such as establishment of incentives for lead hazard abate-
ment, reduction of mercury emissions, requirements for
schools to phase in green cleaning products, and limits on
school bus idling are models that other states and the fed-
eral government may wish to consider in the interest of
preventing childhood disease.

We limited our analysis to those chemical factors in the
environment that have been associated with an increased
risk of developmental disability or asthma. There are no
doubt other important policies that states have pursued to
limit other exposures of concern for children. Our
approach did not compare policies regarding polybromi-
nated diphenyl ethers (PBDEs), a type of flame retardants
for which there is laboratory evidence to support toxicity
of animals, but not in humans. Nine states have banned
the use or sale of products containing Penta- or Octa-
PBDE, while three states have authorized studies of the
hazard posed by use of Deca-PBDE, and Washington has
banned its use outright. More human studies are needed
to identify whether these legislative interventions may
indeed have prevented neurodevelopmental disabilities
in children.

We do comment that the absence of a regulation or legis-
lation may underrepresent the effort devoted by states to
debating the importance of these issues. Another impor-
tant caveat to our analysis is that some states may choose
not to enact regulation or legislation to limit exposures for
contaminants that are not commonly experienced or do
not originate in that state. Given that most coal-fired
power plants are located in the Northeast and Midwest,
efforts to limit mercury emissions from these sources in
Southeastern states may not reduce methylmercury con-
tamination of fish eaten by women and children in those
states. Nonetheless, we identified many gaps in environ-
mental regulation and legislation that could prevent dis-
ease and disability in all states. Lead paint hazards do not
obey state boundaries, yet many states have not imple-
mented programs to accelerate process towards eradica-
tion of these hazards. Similarly, chloralkali plants are
largely located in the Southeast, yet we identified no regu-
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lation in those states to limit mercury emissions from
these sources.

It is important to note that some state regulations may
also result in benefits that cross political boundaries. Reg-
ulation of mercury emissions by coal-fired power plant in
the Northeast and Midwest prevents mercury pollution
from being swept by air currents into the Southeast and
may reduce contamination in fish caught elsewhere but
sold in the Southeast or other parts of the country. We also
applied the same evaluation approach to each state, when
in actuality, some policy measures may be more impor-
tant than others. In agricultural states, legislation prevent-
ing take-home exposures from agricultural workers may
be more important, while legislation regarding integrated
pest management may be more important in more
densely populated, urban states. State government offi-
cials may wish to view our analysis with this caveat, and
researchers may wish to study the impact of "lab experi-
ments" in which states with highly prevalent risks manage
them with legislation that reflects local contexts. Our
approach also fails to highlight special risks experienced
by vulnerable subpopulations of children with genetic
predispositions or coexisting exposures that may have
additive/synergistic effects.

Further research is also needed to examine the impact of
interest groups in shaping how epidemiologic knowledge
is translated into policy. The openness and responsiveness
of the various state legislatures to adopting model legisla-
tion or regulations may be an important determinant of
health in its own right. It is beyond the scope of this paper
to analyze the historical underpinnings of the legislation
and regulation we identified, and this too could be an
important area for further research.

Our analysis represents the first published systematic
review of children's environmental health legislation at
the state level, and we recognize that our approach may
not be perfect. However, our validity screen identified
only one significant difference between our results and
those from other sources - for lead screening. We recog-
nize that the AAP's support and educational efforts to
encourage provider screening may be as important if not
more so to the prevention of lead exposure, and thus a
comparison of states by this metric only provides one per-
spective on a larger problem. We did not analyze funding
of lead screening programs, or effectiveness of state health
departments in executing lead abatement where affected
children live.

By eliminating public health programs and policies from
our analysis, we did eliminate good initiatives which
states have implemented to limit children's exposure to
hazardous chemicals. Fish advisories are likely to reduce
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prenatal exposure more immediately [17] than future
reduction of mercury emissions of coal-fired power
plants. We also comment that we did not analyze efforts
by states to perform the necessary inspection and testing
to confirm enforcement of environmental legislation and
regulation. These are important caveats to judgments that
policy makers and the public should consider in weighing
the results of our analysis.

Recognizing these limitations, the differences in environ-
mental regulation and legislation we identified are likely
to lead to differences in exposure. Reduction of children's
exposure to diesel exhaust, a known human carcinogen
[54] and exacerbant of asthma [29], is likely to have quan-
tifiable impact on children's health as well. Lead [55] and
mercury [37,56] exposure each pose significant economic
burdens on America, and reduction of these exposures is
likely to result in economic benefits to those states that
pursue prevention of environmental hazards. Policy mak-
ers may wish to consider the model legislation and regu-
lation we identified for their own states as a proactive
investment in the future health of their states' children.

We identified a number of environmental issues for which
states exceeded federal standards for environmental pro-
tection. While federal regulation and legislation can pro-
duce greater uniformity in prevention of childhood
disease and disability across states, political and other
considerations can prevent enactment of federal law even
when scientific evidence abounds to support efforts to
limit exposure. Policy makers in the states do not have the
luxury of waiting for research to unfold in considering reg-
ulation and legislation, and must weigh the scientific evi-
dence for prevention against the many social and political
factors that diminish or enhance interest in protecting
children's health. Our analysis suggests that many states
have many opportunities for improvement, and need not
be original in developing new legislation. As Justice Louis
Brandeis stated in a 1932 US Supreme Court case, "It is
one of the happy incidents of the federal system that a sin-
gle courageous state may, if its citizens choose, serve as a
laboratory; and try novel social and economic experi-
ments without risk to the rest of the country." [57]. The
states truly serve that President Thomas Jefferson envi-
sioned for them as policy laboratories for children's envi-
ronmental health, and provide opportunities for
improvement in federal policy as well.

Conclusion

Few states have regulations or laws that are specifically
intended to protect children from environmental hazards
but many states that have implemented measures to pro-
tect the general public that also are effective in limiting
morbidity from asthma and neurodevelopmental disabil-
ities in children. Some of these measures are models that
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other states and the federal government may wish to con-
sider in the interest of preventing childhood disease.
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