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I.

INTRODUCTION

A.

Qualifications
1. I am an assistant professor of pediatrics at Boston University, where I

have been a researcher since 1999. My research has concentrated on the effects of the
indoor environment on children’s health, focusing on residential hazards and the
manifestation of childhood illnesses, including asthma, lead poisoning, and unintentional
injuries. I am currently a co-Principal Investigator of the Boston Healthy Homes
Partnership, a $1.9 million dollar study funded by the United States Department of
Housing and Urban Development to examine cost effective strategies to remediate
substandard housing conditions and evaluate any effects on health of children. I am also
an investigator in a study with researchers from the National Institute of Environmental
Health Sciences to examine effective cockroach allergen reduction in heavily infested
homes. A recent copy of my Curriculum Vitae in attached.
2. I serve as faculty for the first Environmental Health Fellowship offered
to pediatricians. I will supervise two Environmental Health fellows in their community
and research placements, as well as participate in teaching sessions at the Harvard School
of Public Health, the Boston Children’s Hospital and the Cambridge Health Alliance.
3. I have written extensively about the connection between indoor
environment and child health, both in reports and medical journals. My reports have
included “Not Safe at Home: How America’s Housing Crisis Threatens the Health of its
Children,” and peer-reviewed and invited journal articles have included “How
Substandard Housing Affects Children’s Health,” “Inner City Asthma,” and “Housing
Subsidies and Health of Children.”
4. I have lectured extensively about the connection between indoor
environment and children’s health, both regionally and nationally. I was a featured
speaker at Department of Housing and Urban Development’s Healthy Home training
throughout New England. I also have spoken at national meetings for Affordable
Comfort and Department of Housing and Urban Development’s Lead Grantees
conferences.
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5. I have served as a consultant to many projects, including the Urban
Institute’s HOPE VI panel study evaluating the effects of relocation of families from
public housing. I also serve as a member of the Asthma Regional Council a consortium of
educational, environmental and public health agencies from the six New England states
and regional federal offices of the United States Departments of Health and Human
Services and Housing and Urban Development, and the Environmental Protection
Agency.
6. I am a practicing pediatrician with many primary care patients. I will
include case examples from my practice to complement the medical evidence offered in
this report.

B.

Scope of Assignment
7. I have been asked by the plaintiffs in the Williams case to provide my

opinion as to whether the physical condition of school facilities has an effect on students’
short term and long term health.
8. Specifically, I have been asked to assume that the schools at issue
cover grades K through 12, and that one or more of the following conditions exist in
those schools: (1) excessive heat; (2) inadequate air conditioning, heating and ventilation
systems; (3) mold and other biologic hazards; (4) pest infestation; (5) lead and other toxic
hazards; (6) overcrowding as measured by the stated capacity of the school structure. My
report outlines the health consequences of these conditions on children.

C.

Summary of Opinions
9. Based on my review of pertinent research studies, and my background

and experience in the field, my conclusion is that school facility conditions do affect
student short term and long term health. In particular, I reach the following conclusions:
a.

Evidence suggests that conditions within school facilities

may cause children to become sick with both acute temporary illnesses, as
well as chronic illnesses. Some of these conditions, such as molds or
allergens, may manifest themselves within days to weeks, while others,
2

such as toxins, may manifest themselves years later. Examples of acute
illness include children who become ill with coughing or headaches in
response to conditions such as mold, toxic off-gassing of chemicals or
extremes in temperature. Examples of chronic illness include children who
may develop asthma symptoms in response to conditions in the school, or
may develop cancer later in life in response to carcinogens in schools.
b.

Conditions within schools may have both direct and

indirect effects on child health, since many facility conditions in schools
may manifest themselves through multiple indoor hazards. Certain
conditions can both cause a health hazard to develop as well as encourage
the development of a second or third hazard, therefore increasing the ill
effects. Examples include moist or humid conditions. High humidity can
directly result in mold growth. Indirectly, it can also encourage
infestations, or cause lead paint to deteriorate and cause lead exposure,
conditions which affect children’s health as well.
c.

School building conditions can exacerbate many diseases

students have, which can result in not only severe illness but also missed
school days. Examples include children with asthma exposed to conditions
they are sensitive or allergic to, such as cockroaches. Exposure to
allergens has been proven to make asthma worse in sensitive individuals.
10. All of the studies cited in this report demonstrate a clear relationship
between student health and various conditions of the indoor environment. Though the
amount of evidence may vary from condition to condition, overall, substandard
conditions in school environment lead to poor health and school absences in many
children.
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II.

CHILDREN’S INDOOR ENVIRONMENTS IN CALIFORNIA SCHOOLS
11. Children spend 90% of their time indoors. A majority of that time is

spent in the school, day care and home environments. Considering this, the indoor
environment is considered the most important environment to children’s health.
12. School and home environments are similar and generally manifest the
same problems (Institute of Medicine 2000). California classrooms have similar species
of mold found in homes when testing has been done in both locations. (Dungy 1986).
Cockroach allergen has been found at similar levels in home and classroom dust when
schools have warm moist environments (Sarpong 1997). Though the home environment
has been more extensively studied, the same conditions that are unhealthy in homes are
also unhealthy in schools and vice versa (Etzel 2001).
13. School conditions can be similar in many parts of the country.
California schools have been found to have molds, allergens from dust mites, animals and
insect allergens, high levels of many chemicals, and inadequate ventilation, all of which
are common indoor air problems throughout the nation (EWG 1999, Tootelian 2001,
Daisy and Angell, 1998). A 1996 GAO report also cites problems with inadequate
heating and cooling in many California schools, undoubtedly resulting in temperatures
being too hot and too cold at times (GAO 1996). Similar problems have been investigated
in Chicago as well (Institute of Medicine 2000).
14. In my opinion, it is essential to children’s health that schools maintain
“decent facilities”, which have been defined as “…structurally safe, contain fire safety
measures, sufficient exits, an adequate and safe water supply, an adequate sewage
disposal system, sufficient and sanitary toilet facilities and plumbing fixtures, adequate
storage, adequate lighting, be in good repair…”(GAO 1995). Many schools have leaking
roofs, plumbing problems, inadequate HVAC systems and other systemic failures (GAO
1996). Inadequate in the GAO report was defined as any one of the following ratings:
fair, poor or replace. (GAO 1996).
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15. Reports from the U.S. General Accounting Office have shown that
school buildings nationwide, including California, are inadequate (GAO 1995). Eighty
seven percent of California schools reported at least one unsatisfactory environmental
factor (GAO 1995, GAO 1996).
16. In California, over half of the schools are over 30 years old or older
(EdSource 1998). Many old buildings need basic repairs such as roof replacement,
plumbing updates, new heating systems, new paint and new flooring (EdSource 1998).
These substandard schools expose children to such conditions as water leaks, mold
growth, pest infestation, temperature extremes, lack of ventilation, and unsanitary
bathroom conditions (GAO 1996, Institute of Medicine 2000, Daisy and Angell 1998).
Older schools may also have toxic exposures to lead paint, (DHS 1999), and asbestos.
17. The California Department of Health Services (DHS 1999) was
required to conduct a study of prevalence of lead and lead hazards in California public
elementary schools and childcare facilities. Data collected from 1995-1997 among 200
randomly selected schools estimates that 77.7% of California public elementary schools
have lead based paint and over a third of them (37.6%) have either lead based or lead
containing paint in deteriorating condition present in the schools, representing a high risk
for lead exposure to children. (DHS 1999)
18. However, dilapidated schools are not alone in unhealthy conditions.
Poorly constructed new schools may also have substandard conditions from inadequate
ventilation, inadequate water drainage and toxic materials used (GAO 1995, EWG 1999).
19. Because of overcrowded conditions and class size mandates, many
students are taught in portable classrooms, built of materials containing high levels of
many toxins. One report estimates that over 2 million children in California have at least
one class per day in a portable classroom (EWG 1999). Many portable classrooms have
little to no ventilation, which only increases the amount of exposure to toxic chemicals.
(Daisy and Angell, 1998).
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III.

PHYSICAL CONDITIONS AND STUDENT HEALTH

A.

Biologic Hazards
20. One of the most common biologic hazards in schools is mold. Damp

and moldy indoor conditions are associated with worsening asthma and cough symptoms
in children and adults, even after controlling for potentially confounding factors such as
family income, social class, smoking, crowding, and unemployment (Bornehag 2001,
Peat 1998). Overcrowding increases the needs of HVAC systems to provide adequate
ventilation per person. (Spengler 2001). Lack of an adequate ventilation system can
result in increased humidity and moisture in schools, which can result in mold growth.
(Spengler 2001, Institute of Medicine 2000, Daisey and Angell 1998).
21. Overcrowding has also been shown to increase transmission rates of
infectious diseases, resulting in significantly missed work and school days (Spengler
2001, Institute of Medicine 2000).
22. Water intrusion is linked to damp and mold problems, especially in
schools (Institute of Medicine 2000, Daisey and Angell, 1998). Leaking roofs, poorly
sealed windows and inadequately drained basements provide multiple water sources in
schools to encourage mold growth. Personally, I have had children in my practice who
will not attend school on rainy days since their schools have water leaks and mold grows
rapidly on those days. After mold exposure, they have asthma attacks that require
medication every few hours, even through the night, to prevent a trip to the hospital.
23. Studies of children with and without asthma, also known as case
control studies, have documented the connection between increased mold and dampness
in the indoor environment and asthma, probably due to increased dust mite and molds
(Williamson 1997). Cross sectional studies, or surveys of children at one point in time,
have connected indoor mold and dampness exposures with increased rates of cough,
wheezing, atopic dermatitis, and increased bronchial hyper-reactivity (Dales 1991,
Verhoeff 1995).
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24. Large survey studies of children have also established associations
between indoor mold and dampness exposures and recurrent headaches, fever, nausea ,
allergic rhinitis, and vomiting, and sore throats (Bornehag 2001, Platt 1989).

B.

Allergens
25. Allergens are small proteins that cause the human immune system to

react (Rudolph 1987). Allergic reactions can include swelling, redness, and itchy feelings
in the throat and skin. Atopic dermatitis or eczema, is an allergic reaction of the skin,
causing severe itching, darkening and drying of the skin. Allergic rhinitis is a swelling of
the airways in the nose, resulting in congestion and sore throat. Asthma is an allergic
reaction in the airways of the lung, where the airways swell to a point where very little to
no air can pass through. People who have asthma describe it as trying to breathe through
a coffee stirrer.
26. People develop allergies by being exposed to these proteins in the
environment at times when they are vulnerable, such as childhood. Some people are also
more likely to develop allergies if they have a certain genetic predisposition. Most people
develop allergies in childhood, though some adults will develop allergies and allergic
reactions from occupational or other environmental exposures. Regardless of where the
allergy was developed, once a person is allergic to certain conditions in the environment,
being exposed to the conditions will make them sick.
27. One of the strongest allergens results from pest infestations. Pest
infestations, through their association with asthma and infectious diseases, provide
another linkage between substandard school facility conditions and childhood illness.
Pests, such as cockroaches, mice, and rats, seek indoor environments if certain conditions
are present. Pests require an entry point into a building, ready water supply, and access to
some food (Howard 1993). Without these conditions, pest infestation is entirely
preventable. Conditions in schools where water leaks, trash is not well sealed and
bathrooms poorly maintained invite pests into schools, where they leave behind their
feces and skin to cause and exacerbate allergies and asthma in children. Therefore, where
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cracks in walls and foundation can be corrected, and regular cleaning and maintenance
can be done, the likelihood of pest infestation can be decreased or prevented.
28. Exposure to cockroaches can cause allergic sensitization and has
emerged as an important asthma trigger. Children with asthma who are sensitized and
exposed to cockroaches are at elevated risk for hospitalization (Rosenstreich 1997).
Though many children suffer from many allergens, cockroach allergy is associated with
particularly severe and chronic asthma (Kang 1989, Kang 1990).
29. A seminal study from the New England Journal of Medicine examined
skin test sensitivity, bedroom dust allergen levels, and asthma morbidity among 476
asthmatic children (Rosenstriech 1997). Children with the combination of a positive skin
test reaction to cockroach extract and a bedroom level of cockroach allergen exceeding 8
U/g of dust, a relatively small amount of cockroach residue as result of cockroach
infestation, had significantly more hospitalizations for asthma, more unscheduled medical
visits, and more missed school than non-exposed cockroach allergic children.
(Rosenstreich 1997) Parents of children exposed to cockroaches reported their kids
wheezed more than other children. Children also reported more nights awake, a risk
factor for poorer performance in school. (Rosenstreich 1997) I have had many children as
patients whose asthma symptoms worsen after increased cockroach allergen exposure.
30. Mouse allergen also acts as a clinically important cause of allergy and
asthma morbidity (Phipantakul 2000). When children are exposed to an allergen in early
life, their immune systems can react strongly to the allergen and become “sensitive” to it.
The child is now sensitized or allergic. Many studies have shown sensitization and
exposure to rodents can make asthma worse. Epidemiologic or survey studies among
workers in laboratories with rodents, such as mice and rats, showed increases in asthma
symptoms and decreased lung function among workers exposed to rats (Hollander 1996).
Other studies showed positive associations between mice and rat allergy and asthmatic
symptoms (Cockcraft 1991).
31. However, even if children developed an allergy from exposure in
another environment, being exposed to cockroaches at school will still exacerbate
8

allergies and asthma (Institute of Medicine 2000). Other studies have also shown that
exposure to mice or rats in laboratories among asthmatics who already have a sensitivity
to mice or rats will exacerbate allergies and asthma (Institute of Medicine 2000).
32. Leaking pipes, roofs and other sources of water provide drinking
sources for many pests. Inadequate trash disposal facilities, in classrooms and bathrooms,
provide opportunities for obtaining pests to find food. Dead spaces in walls harbor pests
and permit circulation throughout many rooms and floors in large buildings (Howard
1993).

C.

Toxins
33. Exposure to volatile organic compounds (from particle board and floor

coverings) has been linked with asthma and sick building syndrome (Institute of
Medicine 2000, Daisey and Angell, 1998). Sick building syndrome is defined as a
“phenomenon whereby people experience a range of symptoms when in specific
buildings. The symptoms are irritation of the eyes (e.g., dry/watery eyes), nose (e.g.,
runny/blocked nose), throat (e.g., dry/sore throat), and skin (e.g., dryness/redness),
together with headache, lethargy, irritability, and lack of concentration. Although present
generally in the population, these symptoms are more prevalent among occupants of
some buildings more than others and are reduced or disappear over time when the
afflicted persons leave the building concerned.” (Spengler 2001).
34. Moderately elevated levels of carbon monoxide (from poorly
functioning heating systems) cause flu-like systems, while higher levels result in acute
intoxication (Walker 1999).
35. Portable classrooms can frequently expose children to toxic chemicals
such as formaldehyde, benzene and toluene, which can be respiratory irritants and
carcinogens. Formaldehyde is a known carcinogen, with even relatively small exposure
times increasing ones chances of developing blood and lung cancers to a level two to
three times what is deemed acceptable under the Clean Air Act. Since 2 million children
are exposed to portable classrooms in California, primarily as a result of overcrowding,
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there is a demonstrable risk of increased number of cases of cancer in children and adults
due to overcrowding. (EWG 1999). Many studies have shown indoor air to have higher
formaldehyde levels than outdoor air and portable classrooms are likely to have higher
levels than permanent buildings (Daisey and Angell 1998). A limited number of studies
in California have showed some classrooms to have levels of formaldehyde higher than
the 0.05ppm standard recommended by California Department of Health Services
(Daisey and Angell 1998). In my opinion, as a result of using portable classrooms to
alleviate overcrowding, some California children could be diagnosed with cancer in the
future.
36. The relationship of lead exposure (from leaded paints) and neurodevelopmental abnormalities is clearly established. (Rosen 1995, Needleman 1990).
Though most studies focus on the neuro-developmental outcomes from lead exposure in
children under 72 months of age since they have the hand to mouth behaviors that
increased lead dust exposure, there is still documented risk associated with of lead
exposure in young elementary school age children as well (CDC 1991, DHS 1999). Some
children already diagnosed with developmental disorders, such as autism, may be at
continued risk because of the persistence of hand to mouth behaviors in these children
(Shannon 1988).
37. Lead exposure to children predominately comes from lead paint dust
(Lanphear 1998, DHS 1999). Lead dust can arise from chipping paint, but also can arise
from inside window wells and doors from friction after opening and closing (Schwartz
1994). Therefore, many children can become lead poisoned without ever ingesting a paint
chip, but by simply sitting or playing near windows and doors that shed lead paint
particles into household dust. Another possible exposure is through improper and unsafe
lead remediation. If lead was removed in a way that does not control dust, then lead
particles can travel and potentially poison children. I once treated a child in the hospital
whose lead exposure was from his father who worked at an unregulated construction site
dealing with lead paint. The father had brought the lead dust home on his clothes and
poisoned his child. The child’s lead level was so high he needed to be hospitalized for
intravenous medication to bring down his lead level.
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38. Lead has been found to be especially toxic to the developing brain.
Children with high levels of lead in the umbilical cord had lower mental development
scores and problems with fine motor and interactional/linguistic skills (Bellinger 1992).
Some studies have found long lasting cognitive effects, with an estimated 2.5 point drop
in IQ for each increment of 10ug/dl in blood lead level (Rosen 1995). Children with lead
levels 15 ug/dl and higher have poorer speech and language processing, disordered
classroom behavior, more daydreaming, and an inability to follow directions than
children without high lead levels (Needleman 1990).
39. However, there is increasing evidence that no detectable threshold or
minimum safe amount exists for the adverse effects of lead exposure on
neurodevelopment (Schwartz 1991, Rosen 1995). Therefore no level of lead exposure
should be considered safe. Blood lead concentrations as low as 5 mg/dl are associated
with deficits in cognition and academic abilities (Lanphear 2000). Low-level elevation in
blood lead concentration has been associated with cognitive deficits, poor growth,
aggressive behavior, and hearing dysfunction (Baghurst 1992, Frisancho 1991, Schwartz
1991, Needleman 1990). Lead exposure has been associated with delinquent behaviors in
adolescents (Needleman 1996), and increased rates of cardiovascular disease and
mortality from all causes in adulthood (McDonald 1996).
40. The long-term effects of lead exposure are not limited to cognitive or
delinquent behaviors. Evidence suggests lead exposure in childhood can be a risk factor
for development of hypertension in adulthood as well, one of the leading causes of
premature death in this country (Schwartz 1988).
41. Another toxin present in many school environments is asbestos
exposure. Like lead, no level of asbestos exposure is considered safe for children or
adults. Asbestos exposure (from deteriorating insulation) can cause mesothelioma and
other lung cancers (Landrigan 1998). This is an easily detected and removable health
hazard and entirely preventable cause of cancer.
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IV.

INDIRECT CAUSES OF POOR STUDENT HEALTH
42. Absence of hot water and lack of soap for washing, pest infestations,

and ineffective disposal of trash have long been identified as contributing to the spread of
infectious diseases, such as diarrhea and other viruses (Marsh 1982).
43. Old, dirty carpeting is often found in substandard buildings and is an
important reservoir of dust, allergens and toxic chemicals (Roberts 1995). Exposure to
these agents can result in allergic, respiratory, neurologic and hematologic illnesses.
44. Deviation of indoor temperature beyond a relatively narrow range has
been associated with increased risk of disease in vulnerable populations, such as infants
and the elderly (Collins 1986). These health concerns have contributed to the
development of standards for thermal comfort (ASHRAE 1981). Adequate temperatures
are accepted conservatively to be 67 degrees to 76 degrees (Spengler 2001).
45. Extremes of temperature have been well recognized to worsen
infectious and other diseases. Heat related illnesses include fainting, rashes, dehydration,
and viral infections, which are more serious in children than adults. (Markus 1993).
Extremes of cold can exacerbate asthma and encourage influenza and other respiratory
illnesses to proliferate and spread (Spengler 2001).
46. HVAC problems may increase exposure to mold, because inadequate
HVAC systems tend to increase humidity thereby encouraging mold growth and other
allergy problems. (Institute of Medicine 2000)
47. High humidity, dampness, and overheating can also lead to increased
pest and dust mite proliferation, which are both respiratory irritants and allergens
(Institute of Medicine 2000, Williamson 1997). Adequate humidity is conservatively set
at 20%-60% humidity for human comfort (Spengler 2001).
48. In sum, damp conditions provide a nurturing environment for mites,
roaches, respiratory viruses and molds, all of which play a role in respiratory disease
exacerbation (Institute of Medicine 2000, Williamson 1997). I have had some patients
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describe headaches and dizziness in association with damp, humid and overheated
environments that resulted in missed school days and eventual transfer of schools. After
moving to a more temperate and less humid environment, the child improved and was
able to attend school on a regular basis.

V.

DISEASES AND MORBIDITY ASSOCIATED WITH PHYSICAL
CONDITIONS IN SCHOOLS
49. It is commonly accepted that childhood asthma is the most frequent

health-related cause of school absenteeism, accounting for more than 10 million missed
school days annually (ALA 2002). Asthma is one of the most common admitting
diagnosis for children (Mannino 1998), accounting for 190,000 annual hospitalizations
for children aged 0-14 in 1999 (Mannino 2002).
50. This asthma epidemic caused heavy increases in health expenditure:
direct and indirect monetary costs related to asthma were estimated at approximately
$11.3 billion in 1998 (NHLBI 2002), to $14.5 billion in 2000 (CDC 2001).
51. The most important factor contributing to asthma is the indoor
environment, which includes many known asthma triggers (Lanphear 2001, Institute of
Medicine 2000). Excessive dust mite allergen, which generally occur in poorly
maintained carpet, excessive humidity, poor ventilation, and pest allergens, such as
cockroach (Rosenstreich 1997), mouse and rat (Phipatanakul 2000), all worsen asthma
symptoms for allergic children. Mold exposure can also make children with asthma
wheeze (Williamson 1997). In my opinion, substandard conditions in schools cause
excess asthma attacks and children miss school unnecessarily.
52. Allergic rhinitis and chronic cough symptoms are highly correlated
with mold and dust in school environments (Etzel 2001). One child described to me that
he developed a chronic cough after construction was done in their school. The child
stated that a fine white dust was on the desks each morning. After construction stopped,
the cough symptoms went away as well.
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53. Infectious diseases are among the most common conditions suffered
by children. Many viruses and bacteria are spread airborne. Inadequate ventilation can
effectively increase children’s exposure to these germs by keeping air longer in
classroom and other school space. Also, very dry conditions or low humidity can
dehydrate children’s lung tissue, making them more vulnerable to germs (Rudolph 1987).
Many children will describe dry centrally heated classrooms make their eyes “hurt”
because they are dry and some children will have nose bleeds from drying of the mucus
in their nose.
54. Lead exposure can cause lifelong learning problems, and may result in
increased juvenile delinquency and other behavioral problems as well. (Needleman 1990,
Needleman 1996).
55. Life long problems may result from environmental exposures in
childhood. Increased risk of hypertension from lead exposure, increased cancer risk from
asbestos, benzene and toluene, and worsened chronic asthma from chronic dampness,
mold and pest allergens, all can result from environmental exposures in the schools
(Schwartz 1994b, EWG 1999, Landrigan 1998, Lanphear 2001, Williamson 1997,
Rosenstreich 1997).
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