The Challenge of Preventing Environmentally Related Disease in Young
Children: Community-Based Research in New York City

Frederica P. Perera,” Susan M. lliman,’ Patrick L. Kinney,” Robin M. Whyatt," Elizabeth A. Kelvin,'
Peggy Shepard,"? David Evans,” Mindy Fullilove,” Jean Ford," Rachel L. Miller,” llan H. Meyer," and

Virginia A. Rauh’

1Columbia Center for Children’s Environmental Health, Mailman School of Public Health, Columbia University, New York, New York,

USA; 2West Harlem Environmental Action, Inc., New York, New York, USA

Rates of developmental and respiratory diseases are disproportionately high in underserved,
minority populations such as those in New York City’s Washington Heights, Harlem, and the
South Bronx. Blacks and Latinos in these neighborhoods represent high risk groups for asthma,
adverse birth outcomes, impaired development, and some types of cancer. The Columbia Center
for Children’s Environmental Health in Washington Heights uses molecular epidemiologic meth-
ods to study the health effects of urban indoor and outdoor air pollutants on children, prenatally
and postnatally, in a cohort of over 500 African-American and Dominican (originally from the
Dominican Republic) mothers and newborns. Extensive data are collected to determine exposures
to particulate matter < 2.5 pm in aerodynamic diameter (PM, 5), polycyclic aromatic hydrocar-
bons (PAHs), diesel exhaust particulate (DEP), nitrogen oxide, nonpersistent pesticides, home
allergens (dust mite, mouse, cockroach), environmental tobacco smoke (ETS), and lead and other
metals. Biomarkers, air sampling, and clinical assessments are used to study the effects of these
exposures on children’s increased risk for allergic sensitization, asthma and other respiratory dis-
orders, impairment of neurocognitive and behavioral development, and potential cancer risk. The
center conducts its research and community education in collaboration with 10 community-based
health and environmental advocacy organizations. This unique academic—community partnership
helps to guide the center’s research so that it is most relevant to the context of the low-income,
minority neighborhoods in which the cohort resides, and information is delivered back to these
communities in meaningful ways. In turn, communities become better equipped to relay environ-
mental health concerns to policy makers. In this paper we describe the center’s research and its
academic—community partnership and present some preliminary findings. Key words: asthma,
cancer, children, development, environmental health, prenatal, prevention, susceptibility.
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The Columbia Center for Children’s
Environmental Health (CCCEH) is study-
ing the health effects of exposure to several
common urban air pollutants in a cohort of
over 500 African-American and Dominican
(originally from the Dominican Republic)
mothers and children residing in three low-
income neighborhoods in New York City:
Washington Heights, Harlem, and the
South Bronx. The center’s mission is to
identify prenatal and postnatal exposures
that increase children’s risk for asthma and
other respiratory disorders, neurocognitive
and behavioral disorders, and cancer risk, so
that the most harmful exposures can be
reduced or eliminated.

Molecular epidemiologic methods are
used to study the correlation between levels
of exposure effects found in personal and
indoor/outdoor air monitoring samples, bio-
logic samples (i.e., maternal blood and urine,
umbilical cord blood, meconium, and chil-
dren’s blood at 2 years of age), neurodevelop-
mental assessment results, and questionnaire
responses. Psychosocial stressors and nutri-
tional deficits are being measured as potential
effect modifiers. This comprehensive data

collection, repeated at regular time intervals
from in utero through 3 years of age, affords
CCCEH researchers the ability to determine
prenatal and postnatal levels of exposure that
may increase children’s risk of the outcomes
under study.

The center is measuring exposure to a
range of air contaminants that are common in
Washington Heights, Harlem, and the South
Bronx: particulate matter < 2.5 pm in acrody-
namic diameter (PM, 5), polycyclic aromatic
hydrocarbons (PAHs), diesel exhaust particu-
late (DEP), nitrogen oxide, nonpersistent pes-
ticides (NPPs), home allergens (dust mite,
mouse, cockroach), environmental tobacco
smoke (ETS), and lead and other metals such
as mercury. These two Northern Manhattan
neighborhoods and the South Bronx are
located in a densely populated metropolitan
region that has in recent years exceeded the
annual PM, (particulate matter < 10 pm in
aerodynamic diameter) standard of 50 pg/m?.
In addition, these lower-income neighbor-
hoods contain substantial local sources of
combustion-generated pollution. Infants and
young children in urban areas also spend a
large part of time indoors where irritating and
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allergenic substances (i.e., gaseous and partic-
ulate emissions from gas stoves, space heaters,
cigarettes, pest populations, and NPPs) may
increase susceptibility to allergic sensitization,
respiratory symptoms, and eventually, the
development of asthma.

In this paper, we describe the unique
susceptibility of the fetus and infant as well
as additional contributing risk factors,
including environmental exposures and dis-
ease rates in the three neighborhoods from
which the study cohort is derived and the
CCCEH’s innovative research methods and
preliminary results. We also describe a com-
munity education campaign called “Healthy
Home Healthy Child,” which involves a
partnership of 10 community-based direct
service health and environmental advocacy
organizations whose health educators inform
neighborhood residents about how to pro-
tect themselves from unnecessary risk.

Special Vulnerability of the
Fetus and Infant
There is mounting evidence that the fetus
and infant are significantly more sensitive to
a variety of environmental toxicants than
adults because of differential exposure, phys-
iologic immaturity, and a longer lifetime
over which disease initiated in early life can
develop. For example, experimental and
human data indicate that the fetus and
young child are especially vulnerable to the
toxic effects of ETS, PAHs, particulate mat-
ter, nitrosamines, pesticides, polychlorinated
biphenyls (PCBs), metals, and radiation
(1-5) (Table 1).

Genetic damage/potential cancer risk.
Several studies suggest that the fetus clears
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toxicants less efficiently than the adult and
may be more vulnerable to genetic damage
and the resultant risk of cancer. For example,
given experimental evidence that the amount
of PAH crossing the placenta and reaching
the fetus is less than one-tenth of the dose to
the mother (10,11), the levels of PAH-DNA
adducts measured in rodent fetal tissue are
higher than expected (12,13). Similarly, our
research in Poland has shown that PAH—
DNA adduct levels in the white blood cells of
newborns actually exceeded those in paired
maternal samples, despite the estimated 10-
fold lower dose of the parent compound to
the fetus (13,14). In addition, plasma coti-
nine and aromatic DNA adduct levels in the
Polish newborns were higher than in paired
maternal samples, suggesting reduced ability
of the fetus to clear cigarette smoke con-
stituents (13,14). Increased adducts in the
fetus relative to the adult could result from
lower levels of phase IT (detoxification)
enzymes and decreased DNA repair effi-
ciency in the fetus (3,714-16).

Respiratory disease. With respect to res-
piratory disease, there are critical windows
in both prenatal and postnatal development
during which exposure to irritants and other
toxicants can modify the formation and
maturation of the lung. The complete
development of the human lung occurs
through the sixth to eighth years of life (17).
There is recent evidence from the CCCEH
study of pregnant women and children that
in utero sensitization to specific allergens can
occur independent of maternal sensitization,
possibly putting the child at higher risk of
asthma (78). Children have been identified
as a sensitive population to particulate mat-
ter, especially in those with respiratory
symptoms (19).

Neurologic development. The exquis-
itely sensitive process of development of the
human central nervous system has been
reviewed by Faustman (20). This process
involves the production of 100 billion
nerve cells and 1 trillion glial cells, which
then must follow a precise stepwise chore-
ography involving migration, synaptogene-
sis, selective cell loss, and myelination (20).
A mistake at any one step can have perma-
nent consequences. Experimental studies of
prenatal and neonatal exposure to chlor-
pyrifos have reported neurochemical and
behavioral effects as well as selected brain
cell loss (21,22). The behavioral and mor-
phologic effects of developmental toxicants
are highly dependent on the timing as well
as on the dose and duration of exposure.
This is illustrated by both rodent and
human studies showing that the effect of
irradiation on brain malformation is height-
ened during a window of susceptibility of
fetal development (20).

198

Susceptibility Factors in

Addition to Young Age

The enhanced susceptibility of the fetus and
newborn is likely to be compounded by
cofactors including nutritional deficits,
genes, and social stressors.

Nutrition. Deficits in antioxidants have
been strongly implicated in asthma. These
micronutrients can moderate the effect of
oxidants on lung function, reducing oxida-
tive stress and resultant tissue damage and
airway inflammation (23-25). With respect
to growth and development and cancer,
antioxidants remove free radicals and oxidant
intermediates, thereby inhibiting chemical—
DNA binding that has been associated with
decreased weight, length, and head circum-
ference at birth (9) and also with cancer (26).
In addition, essential fatty acid status con-
tributes to observed variations in cognitive
and motor function and to low birth weight
and reduced head circumference (27-29).
Nutritional deficits are associated with
poverty, although there is interindividual
variation in nutritional status within socioe-
conomically disadvantaged populations.

Genetics. Genetic susceptibility can take
the form of common polymorphisms that
affect the toxicity to the individual. For
example, there are two genes that can
increase an individual’s vulnerability to
organophosphates (OPs) such as chlorpyrifos
by reducing the reservoir of functioning pro-
tective enzymes (30). The first gene has a
prevalence of 4% and results in a poorly
functioning form of the enzyme acety-
cholinesterase; the second gene results in a rel-
atively inactive form of the enzyme,
paraoxonase (prevalence of 30-38%) (20,30).
Other examples of gene—environment interac-
tions involve the gene coding for the §-ALA
enzyme that affects lead metabolism and stor-
age (30), and the P450 and glutathione-§-
transferase genes that play a role in activation
and detoxification of PAH and influence
PAH-DNA damage (30). Genetic suscepti-
bility may vary by race and ethnicity.

Individual- and community-level psy-
chosocial stressors. The notion that commu-
nity-level conditions can produce profound
effects on host susceptibility to disease is
derived from the long-standing existence of
strong social class gradients in health (31).
Recent studies have shown that women who
live in violent, crime-ridden, physically
decayed neighborhoods are more likely to
experience pregnancy complications and
adverse birth outcomes, after adjusting for a
range of individual level sociodemographic
attributes and health behaviors (32,33).
Other studies have suggested that the stresses
of racism and community segregation are
associated with lower birth weight (34,35).

Several studies have shown that the effects of

individual poverty on birth outcomes are
exacerbated by residence in a disadvantaged

neighborhood (36).

Disproportionate Exposure in
Minority Populations

Children in the United States suffer from
unacceptably high rates of developmental
disorders, asthma, and cancer [Table 2
(30,37—42)]. Rates of asthma and behavioral
disorders have increased in the past decades
(30). Although improved detection and
reporting have contributed, environmental
factors are known or suspected to play a role.
The rates of these diseases are disproportion-
ately high in underserved, minority popula-
tions such as those in New York City where
CCCEH is located. African Americans and
Latinos in Northern Manhattan and the
South Bronx represent high risk groups for
asthma, adverse birth outcomes, impaired
development, and some types of cancer
(43,44) (Table 2).

Washington Heights, a low-income
community in northern Manhattan, has a
large Latino population. According to 1990
census data (45), the median household
income in 1989 was $22,175, with 29.4% of
the population living below the poverty level
(46). Two-thirds (66.9%) of residents were
Latino, with 65.2% being Dominican.
Central Harlem is also a low-income minor-
ity community that was 91.9% African
American in 1990 (45). The median house-
hold income in 1989 was $13,861, and
38.9% of the population lived below the
poverty level. The South Bronx is another
low-income minority community made up
largely of Latinos (57.2%) and African
Americans (31.4%). The median household
income in 1989 was $12,088, and 45.8% of
the population lived below the poverty level.

PM, s, diesel exhaust particulate, and
PAH;s. Harlem, Washington Heights, and
the South Bronx are at the center of a large
sprawling metropolitan region that in recent
years has been out of compliance with the
National Ambient Air Quality Standard for
particulate matter, exceeding the annual
PM;, standard of 50 }1g/m3 (47). The
regional influx of polluted air is augmented
by substantial local sources of combustion-
generated pollution. Ambient PM; 5, DEP,

Table 1. Some exposures for which differential
susceptibility of the fetus and child has been
demonstrated.

Exposure Effect

Lead (6) Developmental disorders
Radiation (7) Cancer

PCBs (8) Developmental disorders

PAHs (9) Developmental disorders, genetic

damage, cancer

Based on experimental and/or human data.
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and PAH levels result from region-wide pol-
lution emissions upwind of New York City,
as well as from local sources such as diesel bus
depots, waste incinerators, industrial opera-
tions, and a network of commuter highways.
Foremost among the local combustion
sources are the cars, trucks, and buses using
the highways and the commercial truck and
bus routes that surround and interlace
Harlem and Washington Heights. Two of the
major north/south avenues passing through
the center of these communities—Broadway
and Amsterdam Avenues—are the principal
truck routes for moving goods in and out of
Manhattan. In addition, diesel bus depots,
waste incinerators, and a multitude of small
industrial operations release substantial
amounts of airborne particulates and gaseous
pollutants in these areas. Diesel engines emit
30-100 times more particles than are emitted
by gasoline engines that have contemporary
emission-control devices (48). Sources of
diesel particulate located in northern
Manbhattan include six Metropolitan Transit
Authority bus garages, each one housing from
200 to 400 diesel buses, a large marine trans-
fer station, and a commerical bus terminal.
The South Bronx is similarly congested,
with local pollution point sources such as a
sewage waste treatment plant, traffic from
seven bridges feeding into the area, as well as
excess trucks and buses passing through reg-
ularly en route to the Harlem River Yards,
bus depots, Hunts Point Terminal Food
Distribution Center, and the New York Post
printing plant. Commerce from the Hunts
Point Market alone brings roughly 7,000
diesel trucks and tractor-trailer trucks into
the neighborhood daily (49). The majority
of the borough’s waste facilities and transfer
stations located in the South Bronx process
21% of the city’s commercial waste and pel-
letize 70% of the city’s sewage sludge (49).
The South Bronx is located beneath the
takeoff and landing corridors of LaGuardia

Airport and a mile from two power plants,
which are the second and fourth dirtiest in
New York State (50). Residents are justifi-
ably concerned about the potential health
impacts of the many ambient pollution
sources on children growing up in these
communities.

The impact of diesel bus and truck traffic
(DEP) on the spatial variability of fine ele-
mental carbon particle concentrations in
Harlem was demonstrated in a community-
based pilot study conducted by CCCEH sci-
entists along with high school interns from
West Harlem Environmental Action (WE
ACT), the center’s lead community partner
(51). Over a 5-day period, researchers wearing
backpacks containing personal ambient air
monitors that collected information on fine
particle (PM, 5) and elemental carbon con-
centrations in the air they breathed counted
trucks, buses, cars, and pedestrians at four
intersections in Harlem between 1000 and
1800 hr. This study showed that reflectance
measurement of the “blackness” of the partic-
ulate sample on the filter is highly correlated
with elemental carbon concentration (7 =
0.95) and may be used as a surrogate for
diesel exposure (51). Results also showed that
diesel traffic density varied widely at the four
locations, with 8-hr PM, 5 concentrations
ranging from 22 to 69 pg/m?’. For compari-
son, the annual fine particle standard pro-
posed by the U.S. Environmental Protection
Agency (EPA) in 1998 is 15 pg/m? (52).

Environmental tobacco smoke. Recent
research indicates that ETS exposure is more
prevalent among African Americans and
Hispanics than whites (53-55). In addition,
there is evidence that minorities are more sus-
ceptible to the chemicals in tobacco smoke.
Higher levels of cotinine and a tobacco-spe-
cific carcinogenic nitrosamine have been
reported in black smokers than in white
smokers, after controlling for self-reported
amount of smoking (55-57). In a recent

Table 2. Rates of growth, learning, developmental and behavioral disorders, and asthma in children.

study, African-American children had 2-fold
higher cotinine levels than white children as
a result of exposure to 1 cigarette/day (58).
Similarly, after adjusting for cigarette dose,
cotinine levels in pregnant women were
higher in African Americans than in whites,
while the rate of decrease in infant birth
weight per nanogram of maternal cotinine
was similar in the two groups (59). These
findings point to the possibility that ciga-
rette smoking may have a more deleterious
effect on fetal development among African
Americans than among whites (59).

Pest allergens. Goldstein et al. (60)
reported levels of airborne cockroach aller-
gen in Harlem apartments that were orders
of magnitude higher than those seen in pre-
vious studies in New Orleans, Louisiana,
and Rochester, Minnesota. Sarpong et al.
(61) found that African-American race was a
predictor of higher allergen exposures. As
will be discussed below, 85% of the homes
of pregnant women studied by the CCCEH
had detectable cockroach allergen levels.

Poorer Health Outcomes in
Northern Manhattan and the
South Bronx
The context for our research is the high rates
of neurodevelopmental disorders, asthma,
and cancer in children in the United States
(30). Although improved detection and
reporting have contributed to marked
increases in some of these disorders over the
past decade, environmental factors are
known or suspected to affect these increases.
The rates of neurodevelopmental disorders,
asthma, and cancer in children are dispro-
portionately high in the underserved, minor-
ity populations of Washington Heights,
Harlem, and the South Bronx (43,44,48).
Asthma. Pediatric asthma is a serious and
growing public health problem in the
United States (62). New York City is one of
four metropolitan areas in the country with

Disorder/iliness

Rate

Growth, learning, developmental and behavioral disorders

Incidence of low birth weight

=1 Developmental disability

ADHD

Learning disabilities

Reading below grade level

Mental retardation

Autism

Rates of ADHD, learning disabilities, and autism
Asthma

Mortality

Diagnosis

Prevalence
Hospitalization rates

15.7% among African Americans in Central Harlem and 10.6% among Latinos in Washington Heights (37)
17% (12 million) of U.S. children (< 18 years of age) (30)

3-6% of all U.S. school children are affected (30)

5-10% of children in U.S. public schools may be affected (30)
74% of elementary school children in Washington Heights, 68% in Central Harlem, and 46% citywide (38)

~1% of all U.S. children (30)

Incidence may be as high as 2/1,000 in the United States (30)
Have markedly increased in the United States in the last decade (30)

Increased steadily between 1978 and 1987 at an estimated 6.2% per year; this increase was faster among
5-14-year-old children compared to adolescents >14 years of age and adults (39
16.7% (94/561) of 5—14-year-old children in Harlem schools had a recorded asthma diagnosis

in their medical chart (40)

14.3% in children < 18 years of age in the Bronx in 1994 (47)
5 times greater for children < 18 years of age in Northern Manhattan and the Bronx than the New York City

average (42)

ADHD, attention-deficit/hyperactivity disorder.
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the highest annual increase in asthma mor-
tality (34). Asthma rates vary markedly
within New York City. Five of the seven
New York City zip code areas with the high-
est asthma hospitalization rates are located in
Harlem (42). In the South Bronx in 1994,
prevalence of asthma among children
< 17 years of age was 17.9% in Hispanics,
11.6% among non-Hispanic blacks, and
8.2% among whites (41). A recent study of
pediatric asthma rates suggested that mater-
ial and behavioral characteristics associated
with poverty, such as parental smoking, air
pollution, housing conditions, and allergens,
may contribute to the disparities (63). Early
life wheezing, especially in the presence of
atopy and sensitization to environmental
allergens, appears to be a good predictor of
persistent wheezing and asthma (64-66).

Impairment of fetal growth and child
development. Low birth weight is the second
leading predictor of infant mortality in the
United States as well as a major cause of
delayed development (67,68) and a risk fac-
tor for childhood asthma (26). As a whole,
the largely minority population in our three
target communities is at elevated risk for low
birth weight and subsequent cognitive delay
compared to other U.S. populations, but
here, too, rates vary. In 1997, the incidence
of low birth weight was 13.5% in central
Harlem, 10.5% in the South Bronx, and
7.7% in Washington Heights, compared to
7.1% in whites in New York City (69).
Children are also at elevated risk of subse-
quent cognitive delay compared to other
populations: 68% of elementary school chil-
dren in Washington Heights and 74% in
central Harlem are reading below grade
level, compared with 46% city-wide (38).

Cancer and other outcomes. Nationally,
African Americans continue to exceed white
Americans in deaths from diseases with
known or suspected environmental compo-
nents, including cancer (70,71). Early life
exposures may be important determinants of
risk. It has been estimated that for genotoxic
carcinogens, as much as one-half of total life-
time cancer risk may be accrued before the
age of 6 years (72).

Research at the CCCEH

The CCCEH is one of eight national
Children’s Centers established in 1998 by
National Institute of Environmental Health
Sciences and the U.S. EPA. The center’s mis-
sion is to prevent environmentally related dis-
ease in children, specifically developmental
disorders, asthma, and early damage leading
to increased risk of cancer. The center is based
on a broad definition of “environmental toxi-
city” that includes toxic contaminants in the
indoor and outdoor environment as well as
genetic, nutritional, and community-level risk
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factors, including socioeconomic disadvan-
tage, that can adversely affect the health of
populations (73).

The specific goals of the CCCEH are to
assess environmental risks to infant and child
health and to test interventions to reduce
those risks. The CCCEH is conducting
related research projects on the impact on
children’s health of prenatal and postnatal
environmental exposures to airborne particu-
late matter (PM, 5), PAHs, NO,, ETS, pesti-
cides, and home allergens. The CCCEH is
also examining the possibility that inadequate
nutrition and socioeconomic and other stres-
sors exacerbate the impact of these toxicants.

At the heart of the center’s research is a
prospective cohort of over 500 nonsmoking
pregnant women (of which 370 women who
are fully enrolled have been monitored pre-
natally, delivered, and given biologic samples,
and are undergoing postnatal assessments).
The women are either African American or
Dominican and all reside in Washington
Heights, Harlem, or the South Bronx. The
women and their babies, once born, are
closely monitored during the years after
birth. Figure 1 summarizes the research
design in which biomarkers play a central
role. The research team gathers information
from each pregnant woman to estimate her
exposure to particular allergens, indoor and
outdoor pollutants, and pesticides, as well as
social stressors, and to monitor her health.

In the third trimester of pregnancy, each
woman carries a portable monitor, which she
keeps with her at all times during a 48-hr
period. The monitor measures and records
the levels of pollution the woman is inhaling
and possibly passing on to her unborn baby.
The pumps operate continuously at 4 L/min,

collecting particles of < 2.5 pm in diameter
on a precleaned quartz microfiber filter and
semivolativel vapors and aerosols on a
polyurethane foam cartridge backup.
Samples of dust in the home are analyzed for
pollutants, pesticides, and allergens. The
monitoring is repeated during successive
years. In addition to a urine sample collected
during pregnancy, blood is collected from
each woman after giving birth, and from the
infant’s umbilical cord to test for biomarkers
that indicate exposure to common home
allergens (including cockroach, dust mite,
and rodent), air pollutants (including ETS
and PAHs), pesticides, and PCBs, and for
nutritional deficits, indicated by low levels of
antioxidants.

Biomarkers of immune changes and pro-
carcinogenic DNA damage are also mea-
sured in the blood samples. The child’s
blood is tested again at 2 years of age. After
delivery, the health of each baby is followed
closely to check for respiratory problems and
other early signs of asthma and developmen-
tal disorders. CCCEH staff interview the
mothers every 3 months and collect infor-
mation about each child’s growth, feeding,
allergies, and medical condition.

Preliminary Results

The descriptive results briefly summarized
here are based on samples analyzed from the
first 250 pregnant women enrolled in the
study cohort unless otherwise noted.

PAHs. Analysis of personal air samples
from the first 250 pregnant women enrolled
showed universally detectable levels of one or
more carcinogenic PAHs. Total PAH expo-
sures averaged 4.0 ng/m> and varied signifi-
cantly among the women, with a range of

Columbia Center for Children’s Environmental Health

Pregnancy

Exposure | Biom!

agsessment -

Environmental exposures Biomarkers

Susceptibility factors
Nutritional deficits Vitamins A, C, E

Socioeconomic stressors

grkers of expo
| effect/susceptibilit

PAHs PAH-DNA adducts
ETS Cotinine, 4-ABP
Allergens Immune changes
PMZ..‘)
DEP
NO,

Lead, mercury
PCBs PCBs, DDT/DDE
Pesticides

Organophosphates, carbamates, etc.
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Outcome

Clinical outcomes

Growth
Neurodevelopment
Asthma/persistent wheeze
Cancer risk

Figure 1. Summary of CCCEH research.
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0.36-44.81 ng/m? (74). These PAH con-
centrations can be compared to those in a
previous study of nonsmoking women who
worked outdoors in the Czech Republic, a
country with elevated air pollution from coal
burning (average of 12.5 + 6.8 ng/m?, range
2.9-26 ng/m?, in one of the most polluted
areas) (75). Thus the mean PAH concentra-
tion in the New York City population is
lower, but the range is wider and the upper
bound higher. To our knowledge, this is the
first study in the United States to quantify
personal exposures to PAHs among urban
women.

Environmental tobacco smoke. There was
also widespread exposure to ETS. Analysis of
cotinine in the first 224 maternal and new-
born blood samples collected showed that
41% of mother/newborn pairs had cotinine
levels < 25 ng/mL. Of these, 49% of infants
and 53% of mothers had levels of cotinine
indicative of ETS exposure (= 0.03-25
ng/mL). Maternal and newborn plasma coti-
nine levels were significantly higher if the
mother reported smoking by household
members or regular visitors, compared to
mothers who reported no smoking in the
house (p < 0.001 Mann-Whitney test).

Pesticides. Analysis of the first 127 per-
sonal air samples tested showed that all of
the women and developing fetuses were
exposed to at least three different pesticides
known to be neurotoxic: the OPs chlorpy-
riphos and diazinon, and the carbamate
propoxur (74). These pesticides are widely
used to control cockroaches and other pests
in urban homes. The range of exposure was
similar to that seen in the Non-Occupational
Exposures to Pesticides Study (NOPES)
among residents in Jacksonville, Florida, a
location selected to represent an area with
high household pesticide use (76).

Nonpersistent pesticides. Levels of 29
NPPs widely used for residential pest control
in these minority communities (including
chlorpyrifos, propoxur, bendiocarb, carbaryl,
and diazinon), have also been measured in a
subset of urine samples collected from 60
women during pregnancy, as well as in 142
maternal and 155 cord blood samples col-
lected at delivery. Pesticides and/or their
metabolites were commonly detected in
these biologic samples. In general, cord pes-
ticide levels were similar to and, in most
cases, significantly correlated with levels
detected in maternal blood. Collectively,
these results show substantial NPP exposure
among the cohort. Consistent with experi-
mental data, these findings suggest that pes-
ticides are readily transferred from the
mother to the developing fetus.

Validating a new biomarker. Measure-
ments of xenobiotics in meconium may pro-
vide dosimeters that integrate exposure

during the latter half of gestation. In a vali-
dation study, OP metabolites collected from
20 noncohort newborns were measured in
meconium samples by laboratory technicians
blinded to the babies’ pesticide exposure sta-
tus (77). Six metabolites were analyzed:
diethylphosphate, diethylthiophosphate,
dimethylphosphate, diethyldithiophosphate,
dimethylthiophosphate, and dimethyldithio-
phosphate. Results indicate that OP metabo-
lites in meconium may have utility as a
biomarker of prenatal exposure. OP levels
were detected frequently in the meconium
samples, and detection limits were compara-
ble to or lower than those in urine.
Metabolite levels in meconium measured
several orders of magnitude higher than
those usually detected in umbilical cord
blood samples.

Pest allergens. In the initial 117 prenatal
dust samples analyzed, high levels of cock-
roach (63%, = 798 U/g) and mouse (46%,
= 1,478 pglg) allergens were detected in
kitchens, but low levels of dust mite aller-
gens were detected. Bla g 2 exposure has
been associated with asthma morbidity (78).
The high correlation (r = 0.82) between the
two cockroach Blatella germanica allergens,
Bla g1 and Bla g 2, led us to discontinue
further analyses of Bla g 1. Analysis of dust
mite allergens has also been discontinued
because the dust mite Dermatophagoides
pteronyssinus is less viable in New York City
apartments due to its need for high humid-
ity. Homes of 158 1-year-old children have
been revisited to collect postnatal dustborne
allergens. Cockroach allergens were observed
in 80% of postnatal kitchen dust samples
(= 325 Ulg), and mouse allergen was
detected in 58% of kitchen samples (= 723
pg/g). These data show that exposure to
these allergens is prevalent, ranging up to
levels associated with health effects.

Allergic sensitization. Inmune biomark-
ers have been analyzed in the initial subset of
mothers and newborns, including total IgE
levels, allergen-specific IgE levels, mitogen or
allergen-induced lymphocyte proliferation,
and cytokines. Among the most important
findings to date are that in the first 167
women enrolled and their babies, there was a
high prevalence of i utero allergic sensitiza-
tion as evidenced by the lymphocyte prolifer-
ation assay (79). For example, as many as
54% of the lymphocyte samples from new-
borns proliferated in response to cockroach
allergen. In many cases, cord blood allergen-
induced proliferation occurred in the absence
of maternal blood allergen-induced prolifera-
tion. Although only low levels of dust mite
allergens have been detected in dust samples,
65% of maternal and 40% of newborn blood
samples have proliferated in reponse to dust
mite allergen (79). Prospective follow-up of
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the cohort enables us to determine the clini-
cal significance of these early biomarkers and
to determine which biomarkers may identify
a child at risk for subsequent asthma.

Respiratory symptoms. Preliminary analy-
ses of the first 158 infants enrolled showed
that 46% experienced wheezing and other
respiratory symptoms between birth and 3
months of age, and had slightly greater symp-
tom occurrence at 6 (54%) and 9 months of
age (50%). These symptom levels corre-
sponded with a high rate of doctor and emer-
gency department visits for respiratory
problems (80). It is unknown at this time
whether these respiratory symptoms at such a
young age indicate a greater risk for develop-
ing asthma between ages 4 and 5 years, but
continued follow-up of this cohort will reveal
if these early symptoms are predictive. In a
cross-sectional study that surveyed the
asthma prevalence of 1,285 children < 17
years of age living in the Bronx, 14.3% of the
children had asthma at one time and 8.6%
suffered from asthma in the last year (81).
This asthma prevalence rate among Bronx
children is twice the U.S. rate (4.3%).

Lead and mercury. In the initial 137 sam-
ples analyzed, umbilical cord lead levels
ranged from nondetectable to 7.6 pg/dL,
while mercury levels ranged from nonde-
tectable to 9.4 pg/L. These levels are below
the levels of immediate health concern for
both contaminants (= 10 pg/dL for lead, = 30
pg/L for mercury), but thresholds have not
been established for their neurotoxic effects.

Organocblorines. Analyses of PCBs,
DDT/DDE, and other organochlorines have
been completed on 105 plasma samples.
Levels were low and generally nondetectable,
thus further analyses have been discontinued.

This is the first study to comprehensively
measure pollutants and dustborne allergens
in homes of newborns and young children in
communities of color in northern Manhattan
and the South Bronx. The preliminary
results show that exposures are variable (over
several orders of magnitude), with cockroach
allergen levels ranging above concentrations
associated with asthma morbidity (78,82,83)
and pesticide levels that exceed current
health-based standards. Although their full
significance for children’s health remains to
be determined, these findings indicate sub-
stantial in utero exposure and even early
signs of potential risk from toxicants known
or suspected to be capable of contributing to
the childhood illnesses and disorders of con-
cern to center investigators.

Community Outreach

The CCCEH is modeled on the premise that
the challenge of prevention requires an inter-
disciplinary, community-based research strat-
egy to identify preventable risk factors and
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act upon that information. It incorporates
both molecular epidemiology and multilevel
analyses (84,85). Molecular epidemiology
using biomarkers is a relatively new and use-
ful tool in defining environment—susceptibil-
ity relationships, when used in conjunction
with reliable monitoring and epidemiologic
methodologies to provide individual esti-
mates of exposure, dose, biologic response
and susceptibility to pollutants (86-93).
The center’s research also follows the para-
digm of the Chinese box described by Susser
and Susser (85) in that it aims to integrate
mutiple levels of organization (individual/
molecular and community/ecologic) in
design, analysis, and interpretation, nesting
the individual level analysis within the over-
arching environment of the community.

Within the center’s study area of north-
ern Manhattan and the South Bronx, there is
considerable variation in exposure, suscepti-
bility factors, and risk belying the stereotype
of a uniformly disadvantaged population.
This allows us to study dose-response rela-
tionships as well as community impacts on
individual outcomes. We anticipate that this
multilevel approach will provide a more com-
plete understanding of the complexity of the
disease process, permitting the development
of a variety of independent and complemen-
tary approaches to intervention at the indi-
vidual and macro levels. These interventions
might include education regarding lifestyle
changes, regulations to control involuntary
exposure to toxic pollutants, and even
broader social policy changes.

The center has an active group of advisors
on its Community Advisory Board (CAB).
WE ACT is the center’s lead community
partner and has advocated for improved envi-
ronmental conditions in Harlem for over a
decade. Directors of nine additional health
service and environmental advocacy organiza-
tions that are well-established in Washington
Heights, Harlem, and the South Bronx also
serve on the CAB: Alianza Dominicana, Best
Beginnings, Community Association of
Progressive Dominicans, E.C.H.O. for
Sustainable Development, Harlem Dowling
West Side, Heart of Harlem, Northern
Manbhattan Perinatal Partnership, St. Mary’s
Episcopal Church, and The South Bronx
Clean Air Coalition. For several years, these
organizations have provided direct health ser-
vices to community residents, advocated for
improved care as well as better access to care,
and worked steadily toward improving envi-
ronmental conditions in these communities.

In collaboration with its CAB, the center
developed a community education campaign
called “Healthy Home Healthy Child.” The
campaign works to increase local residents’
awareness of environmental health threats and
preventive techniques to reduce pollution
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exposure to themselves, their families, and, in
particular, their children. Focus groups were
established with residents of Washington
Heights, Harlem, and the South Bronx to
help identify environmental issues that were
of special concern to these communities.
Additionally, 555 young mothers were sur-
veyed in public places to gauge awareness of
environmental hazards. The center’s scientists
combined their knowledge of current research
findings with community concerns to target
seven environmental hazards—air pollution,
cigarette smoke, nutrition, pesticides, lead
poisoning, drugs and alcohol, and garbage
management—in the “Healthy Home
Healthy Child” campaign.

Written materials on each topic were
developed in collaboration with WE ACT to
ensure that the literature incorporated local
cultural values and were at an appropriate
reading level for the community. The mate-
rials aim to educate community parents
about sources of environmental hazards,
their health consequences, and how to take
steps to prevent or at least diminish every-
one’s exposure to toxic pollutants. The liter-
ature is distributed at health fairs, various
community events, and through the 10 CAB
organizations” regular activities. A WE ACT
health educator delivers presentations to par-
ents at day care centers, distributing cam-
paign materials throughout Washington
Heights and West Harlem. The CCCEH is
currently collaborating with the full CAB to
train health educators on staff at each orga-
nization to deliver presentations on the seven
environmental health topics. The effort will
expand the reach of the campaign into more
neighborhoods, including those in the South
Bronx, and improve its sustainability.

The center and CAB have also hosted
community events including an environ-
mental health fair attended by over 300
study cohort mothers and children as well as
local residents, and a large national confer-
ence called “The Health of Our Children in
the Urban Environment: A Dialogue among
Scientists, Community Leaders and
Policymakers” held 27 March 2000. At this
conference, David Satcher, U.S. Surgeon
General, and Kenneth Olden (National
Institute of Environmental Health Sciences,
Research Triangle Park, NC) addressed an
audience of 500 local residents and profes-
sionals in environmental health-related fields
about the need for exactly the kind of
research combined with community outreach
that the center is conducting. CAB members
participated in the panel discussions address-
ing the intersection of scientific research
with community health and public policy.

The CAB is invaluable for its counsel and
is a necessary stepping stone toward building
a larger communication network within local

neighborhoods and changing perceptions
that have previously inhibited a better and
more substantial working relationship
between community members and scientific
researchers. The center’s partnership with its
CAB helps to dissolve some of the barriers to
better health care and at-home prevention
practices by opening lines of communication
with community leaders who may have had
no former relationship with the university.
With that contact, multiple opportunities
arise for education of local residents who
have established relationships with these
community-based organizations on which
they depend for health services and advo-
cacy. Ultimately, a larger segment of the
community is reached in the dissemination
of important health findings and preventive
methods for reducing risk.

Conclusion

The health of a society can be judged by the
health of its children. As a society we can
and must do better in preventing harm to
this vulnerable group. This will entail the
early identification of preventable risks and
the prompt translation of this knowledge
into protective policies and interventions.

Preventive steps such as banning the
clearly neurotoxic pesticide chlorpyrifos for
home use are now being taken to protect
fetuses and young children. However, we
need to better understand the interactions
between multiple exposures and susceptibil-
ity factors that may disproportionately affect
children, particularly those in certain social
and ethnic groups, putting them at greater
risk from toxic pollutants.

The CCCEH is working to understand
the health risks from early life exposures to
environmental contaminants in combination
with susceptibility factors and is attempting
to address these threats through education,
policy-relevant research, and the timely dis-
semination of research results. We hope that
this work and that of the other national cen-
ters for children’s environmental health will
help improve the environments in which
children grow so they may reach their full
potential in life.
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