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HF and Children’s Environmental Health
• Pediatric internship and residency (1968-72)—CHOP and AECOM
• CDC EIS Officer (1972-4)—Texas Children’s Hospital
• CDC/…National Center for Environmental Health (NCEH)—1974-99
• Director, Agency for Toxic Substances and Disease Registry (ATSDR)/NCEH/Coordinating Center for
EH and Injury Prevention—1999-2010
• Consultant in Environmental and Global Health; Adjunct Prof, Rollins SPH—2010…

Outline for HF Presentation on
US Children’s Health Roadmap
• Increasing concerns about children’s environmental health (pre-1995)
• Pediatricians, scientists, government agencies, NGOs, public…
• NGOs- eg, Children’s Environmental Health Network
• NGOs- eg, Environmental Defense Fund

• Creation of official children’s environmental health programs (1990s)
• EPA Office of Children’s Health Protection (OCHP); Health and other government Agencies

• Program accomplishments (1997…)
• Children’s Env Health issues of concern in US (1990s)
• Children’s Env Health issues of concern in Asia-Pacific today

American Academy of Pediatrics (AAP)-Committee on Environmental Hazards (COEH)
• AAP/COEH started in 1957; issued 45 statements through 2004
• H Falk CDC Liaison, 1978-1998; participated in 18 Committee statements
•
•
•
•
•
•
•

Childhood lead poisoning
Chemical exposures: PCBs, breast milk
Radiation: TMI, nuclear fallout, radon
Asbestos in schools
Environmental tobacco/secondhand smoke
Hazards of child labor
Noise effects on fetus and newborn

Handbook of Pediatric Environmental Health/AAP Green Book
Edition 1 in 1999, 2nd in 2003, 3rd in 2012, 4th in 2018
Multiple conferences, communications, educational programs

Government Programs—EPA & HHS Agencies
Examples of key priorities pre-1995
• Childhood lead poisoning prevention programs, regulations, policies—CDC, EPA, and
National Institute of Environmental Health Sciences (NIEHS)/NIH
• Childhood cancer—National Cancer Institute (NCI)/NIH
• Neurodevelopmental toxicity of lead and other metals/chemicals—NIEHS and EPA
• Asthma— CDC, NIH, EPA
• Children’s health and environment expertise—Multiple EPA/NIH/CDC programs:

• EPA: air, water, soil, waste, pesticides, etc: policies and regulations; R&D; strong focus on
chemical and media specific exposure and risk assessment; regulatory science; environmental
remediation
• CDC/ATSDR: Biomonitoring, birth defects surveillance, autism, hazardous waste sites, toxicology
profiles, translational research, state/local children’s health programs, disaster response, clinical
toxicology, epidemiologic investigations of disease outbreaks, built environment
• NIH: exposure assessment, risk assessment, biomarkers, gene-environment interactions, basic
research, toxicology, pathogenesis of disease, chemicals (metals, organics, etc), intramural
research, extramural research, grant support of academic programs

Key Takeaway Lessons from Events Leading to the
Successful Development of the US Roadmap
• Strong collaboration among health and environmental agencies, despite different
missions and organizational emphases
• Strong interactions between scientific research and Agency programs, regulations &
policies
• Growing engagement in widely prevalent pediatric diseases (eg, asthma, cancer,
neurodevelopment) in which environment is one of a number of risk factors
• Primary prevention is paramount for environmentally induced diseases
• An extraordinary array of Agency scientific, programmatic, and regulatory expertise
supported the initiation of the children’s health roadmap
• Low socioeconomic and minority status magnify children’s issues
• Addressing children’s needs is a gateway to other vulnerable groups
• Elderly, sick, disabled, poor, minorities..
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Childhood Cancer Incidence and Mortality
for Children Under 20, 1974-1998

Source: Woodruff et al. (2005). Trends in Environmentally Related Childhood Illnesses.
Pediatrics 13(4), 1133-1140.
Incidence – SEER Data, Mortality – CDC National Vital Statistics System

Childhood asthma prevalence and mortality
US: 1980-2000
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• Metals
• Polychlorinated biphenyls,
dioxins and furans
• Organochlorine pesticides
• Carbamate pesticides
• Organophosphate pesticides
• Herbicides
• Polycyclic aromatic hydrocarbons
• Phthalates
• Phytoestrogens
• Pest repellants
• Cotinine

• 38 new chemicals
• One new class
• Pyrethroid pesticides
• Additions w/in class
• PAHs
• Aldrin, dieldrin, endrin
• Phthalate metabolites
• Dioxins, furans and PCBs
• Pesticides and herbicides

EPA: Key Milestones Leading to Creation of the
Office of Children’s Health Protection (OCHP)
• EPA is heavily focused on environmental regulation and R & D
• Regulations and policies impact children as well as adults

• National Research Council (NRC) Report (1993): Pesticides in the Diets
of Infants and Children
• Report highlighted inadequate consideration of impact on children, and
recommended additional scientific, risk assessment, and safety approaches to
protect children in pesticide regulations
• Food Quality Protection Act (1996) implemented many of the NRC
recommendations within the EPA pesticide regulatory program
• EPA Policy on Evaluating Health Risks to Children (1995):
• Directed EPA to explicitly and consistently take infant & children’s issues into
account in all risk characterizations and public health decisions by EPA.

--OCHP/EPA created in 1997--

President Clinton Executive Order—1997

Protection of Children from Environmental Health Risks
and Safety Risks
• Each Federal Agency:
• Shall make it a high priority to identify and assess environmental health risks
and safety risks to children that may disproportionately affect children; and
• Shall ensure that its policies, programs, activities and standards address
disproportionate risks to children that result from environmental health risks
or safety risks.
• Each independent regulatory agency is encouraged to participate in the
implementation of this order and comply with its provisions.
• Environmental health and safety risks: such as air, food, water, soil, products…

President Clinton Executive Order—1997

Protection of Children from Environmental Health Risks
and Safety Risks (cont.)
• Established a Task Force on Environmental Health Risks and Safety Risks to
Children.
• Co-chaired by the Secretary of Health and Human Services and Administrator of the
Environmental Protection Agency
• Participants: long list of Agency Heads and Presidential policy advisors
• Functions: Recommendations on policy, research, partnerships, public
outreach/communications, high priority initiatives, and new legislation

• Task Force shall develop a Federal Agency plan for research coordination and
integration
• Each Federal Agency shall consider risks to children and impact as part of their
required analysis for all proposed regulatory actions
• Establish an Interagency forum on Child and Family Statistics

Key accomplishments—OCHP/EPA
• Education: Public, health care providers and schools:
• Outreach materials for parents; PEHSU program for pediatricians jointly funded with ATSDR; “Healthy
Schools, Healthy Kids”

• Exposure and risk assessment guidance:
• Age specific exposure assessment guidance; carcinogen risk assessment guidance for infants/children

• Regulatory support to EPA Offices:
• Guidance to consider children’s health when developing EPA regulatory actions for air, water, etc

• Input to specific regulatory actions:
• National Ambient Air Quality Standard (NAAQS) for lead (2008); Pesticide restrictions for home use
(2000); reduced greenhouse gas emissions from vehicles (2011 and 2012)

• Children’s environmental health research:
• Children’s Environmental Health and Disease Research Centers, jointly funded with NIEHS
• From: “Two decades of enhancing children’s environmental health protection at the US Environmental
Protection Agency”. Firestone M, Berger M, Foos B, and Etzel R. Environmental Health Perspectives 124:
A214-A218, 2016

NIEHS/EPA Children’s Environmental Health
and Disease Prevention Research Centers
•
•
•
•

Jointly funded by EPA and NIEHS since 1997
46 grants to 24 Centers in highly competitive process (>$300million)
2,544 publications total (average of 141/year)
Areas of research—Health: asthma, birth outcomes, cancer, immune function, neurodevelopment,
autism spectrum disorder, obesity, reproductive development

• Example: Asthma- exacerbated by multiple air pollutants, and rural exposures to pesticides and farming

• Areas of research—Environmental Exposures: air pollution, arsenic, BPA, PBDEs,
phthalates, lead, pesticides, secondhand tobacco smoke

• Example: Air Pollution- studied links to preterm birth, low birth weight, birth defects, lung development, asthma,
neurodevelopment, and autism spectrum disorder

• Hallmark Features—Community outreach and research translation, exposure assessment, new methods
and technologies, population based studies, rodent models, sample repository, interdisciplinary approaches

• Example: New Methods- changes in DNA methylation and gene expression from lead, bisphenol A, and phthalates
• From: EPA/NIEHS Children’s Research Centers Impact Report, 2017

EPA/600/R-17/407

NIEHS/EPA Children’s Environmental Health
and Disease Prevention Research Centers

ATSDR/EPA Pediatric Environmental Health
Specialty Unit (PEHSU) Program
• Began in 1997; rapidly grew to 11 regional units across US—see pehsu.net for current information
• Focused broadly on education/outreach to communities and consultation/referrals for
pediatricians
• The complex mixtures of chemicals addressed by ATSDR and EPA at Superfund hazardous waste
sites are well beyond the usual problems addressed by practicing pediatricians
• Existing resources at poison control centers and other sources of information generally had
limited pediatric expertise
• The PEHSU units essentially link pediatric specialty expertise to existing adult and poison control
center expertise
•
•
•
•
•

Pediatricians can get rapid diagnostic and patient management consultations from PEHSUs
PEHSU pediatricians have assisted at Superfund site community meetings to educate public
PEHSUs provide many innovative educational materials and outreach resources on complex toxicology issues
PEHSUs have educated a growing cadre of pediatricians broadly knowledgeable about environmental hazards
PEHSUs established strong links to medical toxicology and poison control center training programs

Many Ways that an Asia-Pacific Roadmap Can
Build on and Benefit from the US Experience
• Science: Over 2 decades of extensive, highly respected, rigorous scientific
data on health, exposure and methodologic issues.
• Environmental Standards and Regulation: Broad and very detailed EPA
experience media, standards and challenging issues
• Public Health: Enhanced programmatic expertise for specific diseases (lead
poisoning, asthma, cancer, and altered neurodevelopment, as well as crosscutting efforts such as biomonitoring and surveillance
• Education and Communication: experience working with the public, health
care providers, and special interest groups
• Interagency Coordination and Leadership
• Extensive Engagement with Academic community, Private sector, NGOs….

Consideration of Key Health Issues for the 1990s
US and Potential 2019 Asia-Pacific Children’s
Health Roadmaps—Similarities and Differences
US Roadmap 1990s

Asia-Pacific Roadmap 2019

• Asthma
• Lead (primarily paint)
• Chemicals & neurodevelopment

• Air pollution (ambient and household)

• Lead, mercury, PCBs, solvents, pesticides

• Childhood cancer

• Asthma

• Lead (multiple sources plus paint)
• Chemicals & neurodevelopment

• Original 5, plus long list of new/emerging toxins:

• Water and sanitation
• Climate change

• Heat, floods, drought, coastal erosion, vectors…

• Note: This is just a personal list from
HF to stimulate discussion. Final list
would require multiple stakeholder
input and consensus building

• Natural disasters; environmental emergencies
• Children are particularly vulnerable

• Solid, hazardous, and E-wastes
• Other: TBD in Asia-Pacific countries:

• such as NCDs, child labor, obesity/built
environment, arsenic, urban planning/megacities,
vaping/e-cigarettes

From USEPA
Question: What happens when the population is still experiencing
excess morbidity and mortality at low levels?

MOHFW Report of Steering Committee
on Air Pollution and Health--2015
• Air pollution recognized as world’s largest single environmental risk
• GBD 2010 ranked air pollution as leading cause of death and disability in
India
• ~1.6 million premature deaths and 49 million DALYs can be attributed to
fine particulate matter ≤ 2.5 µm in diameter
• HAP and AAP together account for 9% of the national disease burden,
making it the single largest risk factor of over 60 risk factors examined in
the study
• WHO AAP database – 13 of the top 20 cities in the world with highest
levels of PM2.5 are now in India

Leading cause
ofCooking
disease
burden
in (%)
2010 by country
Population
with Solid
Fuels in 2010

The Global Asthma Report, 2018
The Global Asthma Network; Auckland, NZ

Major Sources of Lead Exposure
• US: paint, gasoline, and localized sources such as mines/smelters have been main
historical source. Water and lead pipes a growing concern.
• Global: battery recycling, mining/smelting, hazardous wastes, consumer
products/toys, unregulated or cottage industries, electronic waste, child labor,
herbal medications, cosmetics, many others
• Paint is an emerging global issue: Global Alliance to Eliminate Lead Point
(GAELP) (supported by UNEP, WHO, and EPA) has a leadership role.

Chemicals and Neurodevelopment
US Roadmap- 1990s

• Main chemicals of concern:
•
•
•
•
•

Lead
Mercury
PCBs
Solvents
Pesticides

• Neurodevelopment-Main focus:
• IQ
• Developmental delays

Asia-Pacific Roadmap- 2019

• More chemicals of concern:
• Original 5 plus many others, such as:
•
•
•
•
•
•
•

Arsenic
Phthalates
BPA
PBDEs
PAHs
Broader array of pesticides
dioxin

• Neurodevelopment-Broader
focus:
• Expanded array of neurodevelopmental outcomes
including birth weight, premature birth, autism
spectrum disorders, ADHD, behavioral disorders

WHO. Drinking Water Fact Sheet. 2017
• In 2017, 5.3 billion people used safely managed drinking-water
services – on premises, and free from contamination.
• The remaining 2.2 billion people without safely managed services in
2017 included:
•
•
•
•

Safer water, leading to:
1.4 billion people with basic services, meaning an improved water source
Better health
located within a round trip of 30 minutes
Higher productivity
Less expenditure on clinics and
206 million people with limited services, or an improved water source
medicines
requiring more than 30 minutes to collect water
Children miss school less;
Improved education outcomes
435 million people taking water from unprotected wells and springs
Better knowledge about safe
144 million people collecting untreated surface water from lakes, ponds, rivers
water practices, particularly
and streams.
household water treatment and
storage
• Increased confidence in the
water supply system

• Photo and list at right from SEARO/WHO Water Safety Plan brochure. 2015

•
•
•
•
•
•
•
•

WHO. Sanitation Fact Sheet. 2017
• In 2017, 45% of the global population (3.4 billion people) used a safely
managed sanitation service.
• 31% of the global population (2.4 billion people) used private sanitation
facilities connected to sewers from which wastewater was treated.
• 14% of the global population (1.0 billion people) used toilets or latrines
where excreta were disposed of in situ.
• 74% of the world’s population (5.5 billion people) used at least a basic
sanitation service.
• 2.0 billion people still do not have basic sanitation facilities such as toilets
or latrines.
• Of these, 673 million still defecate in the open, for example in street
gutters, behind bushes or into open bodies of water.

Bhopal, India – 1984
Methyl Isocyanate (MIC release)
• > 3,000 deaths
• 60-100,000 injured
• Approximately 250,000 evacuated
• Potential long-term impact on lung growth
and function in children

Haiti Earthquake (2010) and Children
• Earthquakes:
• 2001-2019: 7 earthquakes with mortality >20,000, with 2, Indonesia tsunami
and Haiti, 2-300,000
• Most vulnerable groups are elderly and children
• Risks to Children:
• Large numbers of Haitian children impoverished and at severe risk
beforehand with high mortality rates
• General needs for shelter, water, food, PH and health services…
• Trauma to limbs, head, abdomen, chest…can often lead to amputations,
prostheses, and disability
• Infections at various stages of recovery, eg cholera which heavily impacted
children
• Crush syndrome, with rhabdomyolosis and acute renal failure (questions
about frequency in children)
• PTSD, anxiety, depression, developmental disorders, and mental health
services

Banda Aceh, Indonesia. Tsunami Aftermath

Hurricane Katrina and Children
• General: Children shared many of the environmental and other hazards
ubiquitous in New Orleans:
• Widespread mold and heat, vectors, unsafe food, poor shelter…

• Unique: Many concerns applied specifically to children

• Mass transport of very sick neonates and children from New Orleans hospitals
• Many pediatric practices closed, many of which did not reopen
• Disruption of necessary pediatric services such as newborn screening
• Mental Health threats to several hundred thousand children:
•
•
•
•
•
•
•

Experiencing the trauma of the flooding
Disruption caused by the evacuation
Fragility of the shelters (particularly the Superdome and the Convention Center)
Separation from parents and caregivers for thousands of children
Shock of returning to destroyed or heavily damaged homes
Limited MH resources as part of services to returning or relocated children
Lessons learned on facilitating evacuation, providing shelter, caring for children with special needs,
and addressing mental health needs

April 3, 2006

October 3, 2005

Six Most Costly Hurricanes in US Since 1980
CPI Adjusted, in Billions, NOAA, 2017
•
•
•
•
•
•

Hurricane Katrina
Hurricane Harvey
Hurricane Maria
Hurricane Sandy
Hurricane Irma
Hurricane Andrew

2005
2017
2017
2012
2017
1992

$161
$125
$ 90
$ 70
$ 50
$ 48

• Most Costly Year:
2017• 2nd most costly year: 2005-

$306 billion
$214 billion

• Note: GDP of Hong Kong in 2017: $450b; Sri Lanka $178b; Myanmar: $311b; Nepal: $84b

Climate Change: Children are very vulnerable

Gamble, J.L., J. Balbus, M. Berger, K. Bouye, V. Campbell, K. Chief, K. Conlon, A. Crimmins, B.
Flanagan, C. Gonzalez-Maddux, E. Hallisey, S. Hutchins, L. Jantarasami, S. Khoury, M. Kiefer, J.
Kolling, K. Lynn, A. Manangan, M. McDonald, R. Morello-Frosch, M.H. Redsteer, P. Sheffield, K.
Thigpen Tart, J. Watson, K.P. Whyte, and A.F. Wolkin, 2016: Ch. 9: Populations of Concern. The
Impacts of Climate Change on Human Health in the United States: A Scientific Assessment. U.S.
Global Change Research Program, Washington, DC, 247œ286. http://dx.doi.org/10.7930/J0Q81B0T

“As seas rise, Indonesia is moving its capital city. Other
cities should take note.” --Washington Post, May 3,2019

Source: EHP (November 2002)

World Bank Report on South Asia’s Hotspots-The Impact of Temperature and Precipitation
Changes on Living Standards. Mani, et al, 2018

How Do We Measure Impact—Mortality, Plus…
• Mortality: Bhopal and WTC: thousands of deaths. Hundreds of thousands
following the Indonesia and Haiti earthquakes.
• Morbidity: Mental health effects are always present, particularly in children and
other vulnerable groups. Illnesses, injuries and disability are disaster specific.
• Environment: Chernobyl and Fukushima: clean-up to extend past 2060/70.
• Socioeconomic: We have limited data on long-term impact post Katrina in New
Orleans or post Hurricane Maria in Puerto Rico. This is generally true for most
major disasters; long term follow up is very challenging.
• Migration: Major impact of mass migration from war, civil disturbances, drought,
natural disasters, Syria, etc.
• Infrastructure: Can we predict the impact from the “settling” of Jakarta, Mexico
City, and Miami as the water tables become depleted and the oceans rise?
• Climate Change: Costs incalculable.

Asia-Pacific Roadmap 2019
Other possibilities. TBD

REGIONAL PREVALENCE OF CHILD LABOUR. ILO. 2017.
▪▪ Africa 19.6%
▪▪ Americas 5.3%
▪▪ Arab States 2.9%
▪▪ Asia and the Pacific 7.4%
▪▪ Europe and Central Asia 4.1%

Consideration of Key Health Issues for the 1990s
US and Potential 2019 Asia-Pacific Children’s
Health Roadmaps—Similarities and Differences
US Roadmap 1990s
• Asthma
• Lead (primarily paint)
• Chemicals & neurodevelopment
• Lead, mercury, PCBs, solvents, pesticides

• Childhood cancer

Asia-Pacific Roadmap 2019
• Air pollution (ambient and household)
• Asthma

• Lead (multiple sources plus paint)
• Chemicals & neurodevelopment

• Original 5, plus long list of new/emerging toxins:

• Water and sanitation
• Climate change

• Heat, floods, drought, coastal erosion, vectors…

• Natural disasters; environmental emergencies
• Note: This is just a personal list from HF to
stimulate discussion. Final list would require
multiple stakeholder input and consensus
building.

• Children are particularly vulnerable

• Solid, hazardous, and E-wastes
• Other: TBD in Asia-Pacific countries:

• such as NCDs, child labor, obesity/built
environment, arsenic, urban planning/megacities,
vaping/e-cigarettes

