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Foreword

The terrorist attacks of September 11, 2001, occurring at the World Trade Center in
New York City; at the Pentagon in Arlington, Virginia; and in a field near Shanksville,
Pennsylvania, led to profound changes in American society. Changes in the security
of air travel, expansion of the role of government in homeland security, and an
increase in civil society anti-terrorism protections are the most apparent changes to
most people. But to those brave women and men who responded to the 9/11 terrorist
attacks from all over the USA, and from several foreign countries, and to those sur-
vivors (adults and children) who lived nearby the sites which were attacked, they
have personally experienced another, more personally troubling change—a decline
in their own health.

Since September 11, 2001, a group of healthcare professionals—physicians,
nurses, psychologists, and social workers—have provided care for responders and
survivors whose health was affected by 9/11. While providing care, these healthcare
providers worked hard to understand the medical basis for the signs and symptoms
they were seeing in responders and survivors. A significant body of medical science
has been generated by these selfless healers in leading scientific publications. Many
of these healthcare providers have now authored chapters on the most pervasive
physical and mental health conditions seen in 9/11 responders and survivors in a
new medical textbook.

As 9/11 medical science grows, more will become known about the long-term
effects of the September 11, 2001, attacks on the health of responders and survivors.
For now, though, this textbook represents a pioneering effort to bring knowledge
about 9/11 health effects to a wider audience of healthcare providers. As more and
more 9/11 responders and survivors are now living in every part of the USA, they
are likely to present to a healthcare provider who will be grateful for the knowledge
contained in this valuable textbook.

John Howard, MD
Administrator, World Trade Center Health Program,
Washington, DC, USA
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The Influence of the WTC Programs
on Research

Jacqueline Moline, Leigh Wilson, and Francine R. Smith

Introduction

The attack on the World Trade Center (WTC) buildings on September 11, 2001,
resulted in the destruction of the towers and production of a dust plume which exposed
workers and residents of Lower Manhattan to a vast array of chemical and physical
agents as well as mental and emotional traumatogens. There were fires ignited at the
site as the result of 91,000 L of jet fuel from the two airplanes that crashed into the
towers in addition to an estimated 490,000 L of transformer oil, 380,000 L of diesel
and heating oil, 100,000 tons of organic debris, and fuel from the thousands of cars in
the parking structure under the WTC [1]; these burned for 3 months.

The components of the dust plume included particulate matter and products of
combustion including but not limited to asbestos, pulverized concrete, glass fibers,
crystalline silica, polycyclic aromatic hydrocarbons, polychlorinated biphenyls,
furans, organochlorine pesticides, and dioxins as well as combustion products of jet
fuel, soot, metals, and volatile organic compounds [2, 3]. The air pollution constitu-
ents of the dust plume initially were from both the structural collapse and combus-
tion, though predominantly structural. The cement, ceiling tiles, and drywall
contained calcium carbonate, gypsum, vitreous fibers, and calcium sulfate. Windows
from the towers contained glass fibers and silicates. Additional materials from the
collapse include mercury, benzene, volatile organic compounds (VOCs), chlorodi-
fluoromethane, heavy metals, hydrogen sulfide, and inorganic acids. The dust plume
also affected indoor air quality, infiltrating homes and offices, with up to several
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inches in some cases [4]. Asbestos was used as insulation and a fire retardant in the
World Trade Center towers. The composition of the dust evolved as rescue and
recovery began, with organic hydrocarbons, polynuclear aromatic hydrocarbons
(PAHs), and diesel exhaust from fires, combustion, and engines becoming the main
airborne exposures [5]. Health consequences from these airborne exposures include
airway irritation and cancer [2, 3, 6—10]. The makeup of the dust plume likely
evolved rapidly once initiated; unfortunately, this remains uncertain, since there
were no air samples available from September 11, 2001, as there were no air sam-
pling devices operating in close proximity to the WTC site. In the days following
the collapse of the buildings, environmental researchers and a number of state and
federal agencies collected settled dust. Ambient air samples were first collected on
September 18, 2001, in an effort to characterize human exposure. There were hun-
dreds of thousands of samples of outdoor air, bulk dust, and indoor air and wipe
samples in addition to personal air samples from worker breathing zones [11].

Concerns regarding the toxins created by this disaster and possible health effects
of exposure to the WTC disaster site were recognized early on by the New York City
Department of Health and Mental Hygiene (NYCDOHMH) [5]. The NYCDOHMH
reached out to the CDC to conduct occupational health exposure assessments for the
firefighters and emergency medical technicians at the WTC disaster site. The
National Institute of Environmental Health Sciences Superfund Basic Science
Research Program conveyed a meeting in New Jersey in late September 2001 to
discuss possible research projects. This meeting led to some of the earliest research
funding related to the WTC disaster.

As a result of this partnership with the CDC, the Fire Department of the City of
New York (FDNY) began a medical monitoring program within 1 month of
September 11 to evaluate the health of the FDNY members who were at the site.
Comparisons of firefighters exposed on 9/11 and those without exposure were also
performed, providing additional information [12].

Adverse health effects in workers and volunteers at the WTC cleanup site and
Staten Island landfill were initially reported in descriptive articles reporting a high
frequency of upper and lower respiratory signs and symptoms including persistent
cough, wheeze, shortness of breath, new diagnoses of asthma, reactive airways dys-
function syndrome/irritant-induced asthma, sinusitis, and laryngitis [13—15]. Case
reports describing exposed individuals with persistent respiratory symptoms led to
investigations such as bronchoscopies, and lung biopsies revealing diagnoses
including but not limited to acute eosinophilic pneumonia, granulomatous pneumo-
nitis, and bronchiolitis obliterans [16—-18].

History of the WTC Health Program

Due to concerns for the health of workers participating in the rescue and recov-
ery effort at the WTC disaster site, the WTC Worker and Volunteer Medical
Screening Program began July 16, 2002. This program was similar in scope to
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the newly established FDNY Program for Core Clinical Evaluation and Medical
Monitoring Services [19]. Funded by the National Institute for Occupational
Safety and Health (NIOSH) and the Centers for Disease Control and Prevention
(CDC), this multicenter consortium was established to provide a free standard-
ized physical and mental health screening program to non-FDNY WTC respond-
ers involved in rescue, recovery, restoration of services, and cleanup. In 2003,
Congress appropriated $90 million to implement longer-term monitoring for the
WTC responders. Rather than awarding contracts solely to FDNY and Mount
Sinai School of Medicine (MSSM), separate contracts were awarded to partici-
pating occupational medicine centers. In addition to FDNY, contracts were given
to MSSM, Bellevue Occupational Health, the State University of New York
(SUNY), Stony Brook Occupational Medicine, Queens College—Center for the
Biology of Natural Systems, and the University of Medicine and Dentistry of
New Jersey—Robert Wood Johnson Medical School. The goal was to continue
the provision of care at regional clinical centers with occupational medicine
expertise in more convenient locations for the majority of responders.

Treatment for WTC-related health conditions of responders was initially funded
through philanthropy, but in November of 2006, federal funds became available for
treatment and allowed for expansion of services to this population. From the WTC
Workers and Volunteer Screening and Monitoring Program, the World Trade Center
Medical Monitoring and Treatment Program (WTC MMTP) was established. A
change of the program title also meant a change in funding and covered services for
responders. The program evolved to provide annual medical surveillance examina-
tions to assess health status, identify health conditions related to exposures at the
WTC site, and deliver comprehensive care for WTC-related medical conditions,
including physical and mental health and social work services. Estimates from
50,000 to 90,000 workers are believed to have participated in activities as first
responders at the WTC disaster site, with the true number thought to be closer to
60,000-70,000 [20]. Data published in Environmental Health Perspectives [13]
from the early years of the program revealed that of the 9,442 responders who pre-
sented to the program between July 2002 and April 2004, 69% reported new or
worsening respiratory symptoms while performing work at the WTC site; in addi-
tion, 59% reported that the symptoms persisted at the time of their exam. Among
those reporting respiratory symptoms and were asymptomatic prior to September
11,2001, 61% reported that their respiratory symptoms began while working on the
WTC effort. Twenty-eight percent of these responders had abnormal spirometry (in
21% FVC was low and 5% had evidence of obstruction).

On January 2, 2011, President Obama signed the James Zadroga 9/11 Health and
Compensation Act of 2010 (Zadroga Act) into law. This law amended the Public
Health Service Act, establishing the WTC Health Program, to be administered by
the NIOSH, part of the CDC, within the US Department of Health and Human
Services. Instead of requiring the WTC MMTP Consortium clinics to reapply to the
CDC for funds annually, a 5-year contract for funding was available for these clin-
ics. The centers that applied for and were awarded these contracts in 2011 are part
of what is now called the World Trade Center Health Program [21]. In the Zadroga
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Act, three specific cohorts were defined: the FDNY cohort (FDNY and FDNY
EMS), the responder cohort (rescue and recover workers), and the survivor cohort
(building reoccupants in the downtown area, residents below Canal Street, students
and teachers, and those exposed on 9/11/01). The Zadroga Act was reauthorized in
2016 for 75 additional years providing resources to pay for medical conditions
related to the World Trade Center as well as research funding.

Pulmonary Findings

Early research focused on the health effects of the dust and implications for adverse
health effects. WTC dust was collected from different locations in Lower Manhattan
near the WTC site on September 12 and 13, and additional dust was collected the
following week [3, 22, 23]. Multiple chemicals, products of combustion, construc-
tion materials, and metals were found. One notable finding in the settled dust was a
highly alkaline pH (9.0-11.0) (Fig. 1).

Dust samples were used in toxicological evaluations. Gavett compared WTC
dust (PM2.5) to similar-sized PM2.5 dust from Mount Saint Helens’ dust, residual
of fly ash, and National Institute of Standards and Technology (NIST) standard
reference material 1649a (urban PM2.5 dust from Washington DC). Rodents that
died at a relatively high level (100 mg) of WTC dust show a mild to moderate degree
of pulmonary inflammation, but it was not as severe as the inflammation noted with
residual oil fly ash (ROFA) or the NIST 1649a dust. However, rodents exposed to
the same dose of WTC PM2.5 dust experienced a significant degree of airway
hyperresponsiveness as measured by methacholine aerosol [25].

Work published in the New England Journal of Medicine by Prezant et al. in
2002 defined and described “World Trade Center Cough Syndrome” as well as
other symptoms present in a sample of FDNY firefighters with varied degrees of
exposure at the WTC site. WTC Cough Syndrome was defined as persistent cough
that developed following WTC exposure and was sufficiently severe to result in 4
or more weeks of medical leave. Evaluations included spirometry, a standardized
questionnaire, chest imaging, and airway responsiveness testing. Results included
presence of WTC Cough Syndrome in 8% of 6,958 firefighters in the group identi-
fied with the highest level of exposure, 3% of 1,320 with the defined “moderate”
level of exposure, and 1% of the 1,320 with low-level exposure. From October 1
to 14, 2001, a methacholine or bronchodilator challenge for bronchial hyperreac-
tivity was performed on 102 firefighters with moderate to high levels of exposure
to inorganic dusts, pyrolysis products, etc., on September 11, 2001. None of the
firefighters were out on medical leave, and all had reported cough within 24 hours
of exposure on September 11, 2001. Twenty-three percent of firefighters with high
levels of exposure also had bronchial hyperreactivity [15].

FDNY firefighters in the highest stratified exposure group had 23% hyperreactiv-
ity (as defined by methacholine PCO2 <8 mg/mL) compared with 11% moderately
exposed with hyperreactivity. FDNY rescue workers vs. 11% in the moderately
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Street
Sample Cortlandt Cherry Market
Color Pinkish gray Pinkish gray Pinkish gray
pH 11.5 9.2 9.3
Nonfiber (cement/carbon: %)? 50.0 49.2 37.0
Glass fiber (%)? 40.0 40.0 40.0
Cellulose (%)? 9.2 10.0 20.0
Chrysotile asbestos (%)? 0.8 0.8 3.0
Aerodynamically seperated sample (% mass)
< 2.5 um diameter 1.12 0.88 1.30
2.5-10 um diameter 0.35 0.30 0.40
10-53 um diameter 37.03 46.61 34.69
> 53 um diameter 61.50 52.21 63.60
Sieved sample (% mass)
< 75 um diameter 38.00 30.00 37.00
75-300 um diameter 46.0 49.00 42.00
> 300 pum diameter 16.0 23.00 21.0
Anions/cations (ng/g)
Fluoride 220 70 ND
Chloride 800 270 220
Nitrate 330 ND ND
Sulfate 41.400 35.200 42.100
Calcium 18.200 14.000 17.700
Sodium 400 200 130
Potassium 60 170 270

ND, not detectable.
2Values reported to L.C. Chen by the Ambient Group, TNC (New York, NY), measured by polarized light
microscopy (400—-450x).

Fig. 1 A table listing characteristics of WTC dust and a figure of the dust that settles near the WTC
disaster site [24]

exposed group and 4% reactivity of controls, as defined by nonexposed FDNY
members, had evidence of persistent airway hyperreactivity at 1 year; 16% of the
highly exposed FDNY workers met criteria for reactive airways dysfunction syn-
drome. The results from both the animal and human studies showed that exposure
to WTC dust caused increased bronchial hyperreactivity.
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Later work by Prezant et al. documented evidence of an exposure gradient which
cited that 57% of 8,418 WTC registry participants who were caught in the dust
cloud reported new or worsening respiratory symptoms after exposure. Over time,
World Trade Center Cough Syndrome was further described as a “chronic cough
syndrome” which was the consequence of upper and lower respiratory tract disease
manifesting as cough. Disorders of the upper airway included reactive upper air-
ways dysfunction syndrome, chronic rhinosinusitis, and gastroesophageal reflux
disease in combination or individually. Lower airway causes of chronic cough were
often identified with other symptoms such as shortness of breath, chest tightness,
and decreased exercise tolerance, and attributed to asthma, reactive airways dys-
function syndrome, and asthma-bronchitis overlap syndrome (in some cases, other
etiologies such as sarcoidosis, bronchiolitis, or pulmonary fibrosis were identified)
[26].

In September 2011, Wisnivesky et al. published a review of persistent illnesses
in rescue workers from the WTC site. Data from 27,449 participants in the “WTC
Screening, Monitoring and Treatment Program” (now known as the World Trade
Center Health Program) reported the 9-year cumulative incidence rates for the
most common WTC-related conditions: asthma 27.6% (representing 7,027 mem-
bers), sinusitis 42.3% (5,870), and gastroesophageal reflux disease (GERD) 39.3%
(5,650). In police officers, depression was 7.0% (3,648 members), post traumatic
stress disorder (PTSD) 9.3% (3,761), and panic disorder 8.4% (3,780). In other
rescue and recovery workers, cumulative incidence of depression was 27.5% (4200
members), PTSD 31.9% (4,342), and panic disorder 21.2% (4,953). A 9-year
cumulative incidence for spirometric abnormalities was 41.8% (5,769 members),
with low forced vital capacity making up 75% of these abnormalities. Highest level
of exposure was correlated with members having the greatest number of disorders.
Physical health conditions were frequently comorbid with mental health disorders
[27].

Sarcoidosis and Sarcoid-Like Granulomatous Disease

Work by the responder cohort, FDNY, and the World Trade Center Health Registry
evaluated whether there is a higher than expected rate of sarcoidosis and sarcoid-
like granulomatous disease among WTC responders and registry enrollees.

Izbicki et al. studied the incidence of biopsy-proven sarcoidosis and sarcoid-
like granulomatous pulmonary disease in 26 cases of FDNY rescue workers (23
firefighters, 3 EMS) identified in the 5 years following September 11, 2001.
Sarcoidosis is a multisystem noncaseating granulomatous disease typically affect-
ing young to middle-aged adults and predominantly involving the lungs, lymph
nodes, and skin, all of which are thought to be potential sites of entry for immuno-
genic occupational and environmental exposures. Although the etiology of sar-
coidosis is not well understood, some infectious and occupational agents have been
implicated due to their immunogenicity. All 26 cases had intrathoracic adenopathy,
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and 18 had findings consistent with concomitant asthma. All cases had pre-hire
chest X-rays which were negative for findings suggestive of granulomatous disease
and normal spirometry; in addition, every 3 years, these workers had chest X-rays
as part of the medical monitoring program. Cases were stratified based on whether
they were in evaluation for symptoms (17 cases) or found on monitoring chest
X-ray (9 cases). Thirteen of the cases were identified in the year after September
11, 2001 (calculated incidence rate of 86/100,000), and according to the authors’
calculations, the overall 5-year relative risk following exposure at Ground Zero
was 2.36 (2.36; 95% confidence interval, 1.17-4.78; p = 0.017) [28].

Jordan et al. [29] performed case-control analysis of biopsy-proven cases of sar-
coidosis diagnosed post-September 11, 2001, among WTC Health Registry enroll-
ees. Controls were matched to cases on age, sex, race/ethnicity, and the case’s WTC
registry status (responder or survivor). This study included 28 cases and 109 con-
trols and identified “working on the debris pile” as carrying an elevated risk for
sarcoidosis; however, dust cloud exposure was not an independent risk factor [29].

Crowley et al. [30] described 38 patients classified as “definite” cases and calcu-
lated a 6-year incidence rate of 192/100,000 with the peak incidence of 54 per
100,000 person-years between September 11, 2003, and September 11, 2004. They
found nearly double the incidence in black vs white responders. Low FVC was the
most common spirometric abnormality.

Other Persistent PFT Abnormalities

In 2009, Skloot et al. published the first longitudinal study of lung function among
WTC responders. Skloot et al. found that lung function improved in never smokers
with hyperresponsiveness between exams 1 and 2 but not in smokers [31]. Berger
described 58 patients with reduced vital capacity, FRC, TLC, and preserved FEV 1/
FVC who after thorough evaluation have no evidence of parenchymal, chest wall, or
neuromuscular disease. The authors propose that the decrease in TLC is the result
of functional abnormalities in the distal lung attributable to WTC dust exposure
(reduced TLC differentiates this group of subjects from patients with ILD as TLC is
not known to be a hallmark of ILD) [32].

A case-control study was conducted which identified 180 people from the World
Trade Center Health Registry who reported persistent “lower respiratory symp-
toms”: cough, wheeze, and shortness of breath, compared with 473 control subjects.
Nineteen percent of cases vs 11% of controls were found to have abnormal spirom-
etry (p < 0.05). In addition, impulse oscillometry which was measuring airway
resistance revealed higher airway resistance in cases than controls, suggesting distal
airway dysfunction may be a mechanism for symptoms [33].

Banauch et al. measured bronchial hyperresponsiveness in FDNY-exposed
firefighters. FDNY researchers evaluated pulmonary function declines among
FDNY firefighters and emergency medical service workers stratified by arrival
time at the WTC site (as a surrogate for intensity of exposure). In the first year
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after 9/11, there was an average 372 mL decline in forced expiratory volume in
the first second (FEV1) compared to a normal annual decline of 31 mL in the
5 years prior to September 11 [34]. The proportion of nonsmoking firefighters
with an FEV1 below the lower limit of normal increased from 3% to 18% for
firefighters and from 12% to 22% for EMS workers. Follow-up evaluations after
6 years showed that pulmonary function did not recover to pre-9/11 levels but did
not appear to decline beyond normally expected levels [35]. While the predomi-
nant spirometric abnormality among FDNY rescue workers was a decreased
forced expiratory volume in 1 second (FEV1) [36], persistent spirometric abnor-
malities, notably decreased forced vital capacity (FVC), were noted among non-
FDNY responders [31]. Banauch found that FDNY rescue workers with mild to
moderate ol-antitrypsin deficiency had significant decline accelerations in FEV 1
above normal aging-related declines [37]. The authors postulated that this repre-
sented a mild gene-by-environment interaction. Cough was also persistent in
many WTC-exposed firefighters with al-antitrypsin deficiency.

Pulmonary function tests among New York City Police Department (NYPD)
emergency service unit workers showed higher rates of pulmonary function test
abnormalities and bronchodilation response in officers with higher-intensity expo-
sure [38]. Skloot found abnormal forced oscillometry indicating large airway dys-
function in WTC-exposed ironworkers who did not wear canister respirators [39].
Oppenheimer studied 174 individuals who had WTC exposure, pulmonary symp-
toms, and normal spirometry [40]. The authors found elevated airway resistance and
frequency dependence of resistance determined by impedance oscillometry, hetero-
geneity of distal airway function, and reversibility of functional abnormalities to or
toward normal following bronchodilator administration. Oppenheimer concluded
that dysfunction in airways distal to those evaluated by spirometry might be the
reason for the symptoms [40].

Cancer

Due to the numerous known and probable human carcinogens present in the dust at
the WTC site, there is biological plausibility for exposure-related cancers to develop
in the exposed population. As of October 2012, the World Trade Center Health
Program began the process of surveillance and care for many types of cancer. Given
the anticipated long and varied latencies for cancer, the data related to cancer sur-
veillance is in its infancy. Data presented in this article describes 20,984 rescue
workers and 575 cancers in 552 individuals. For all cancer sites combined, the over-
all SIR = 1.15 and 95% CI, 1.06 and 1.25 [41].

Moline et al. reported on eight histologically confirmed cases of multiple
myeloma (MM) among 28,252 WTC responders for which there was known age
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and gender data. In their report, exposure to benzene, PAHs, polychlorinated
biphenyls, and other organochlorines were cited as possible sources for toxicity
that may have contributed to the development of this disease. The authors noted
that overall 6.8 cases of MM would have been expected and only 1.2 of those cases
in responders under 45; however, four of their cases were under 45 (5.6 would
have been expected in the over 45 group and four were documented) [20].

Zeig-Owens et al. published in The Lancet an evaluation of cancer incidence in
9,853 men who were employed as firefighters as of January 1, 1996, and were
exposed at the WTC site. This cohort was compared with other nonexposed fire-
fighters and with the general population. It was found that 7 years after September
11,2001, firefighters exposed to WTC dust at a standardized incidence ratio of 1.19
were 19% more likely to have a cancer diagnosis; this was reportedly corrected for
surveillance bias [42].

Zadroga Act

The Zadroga Act amends the Public Health Service Act. It ensures the provision of
medical monitoring and treatment to “eligible firefighters and related personnel, law
enforcement officers, and rescue, recovery and cleanup workers who responded to
the September 11, 2001 terrorist attacks in New York City, Shanksville, PA, and the
Pentagon, and to eligible survivors of the New York City attacks [43].” The Zadroga
Act ensures contracts with Clinical Centers of Excellence and Data Centers. The
Clinical Centers of Excellence (CCEs) provide the evaluation, medical monitoring
and treatment services, outreach, and translation services to responders. The Data
Centers are available “for receiving, analyzing, and reporting to the WTC Program
Administrator on data that have been collected and reported by the corresponding
Clinical Centers of Excellence.” These services are provided at no cost to enrolled
WTC responders and survivors [21].

In 2015 the CDC published a draft WTC Health Program Research-to-Care
Logic Model and Narrative. This document illustrates and describes the inputs,
activities, outputs and short-, intermediate-, and long-term outcomes of members
[44] (Fig. 2).

Data Center Mandates

The Zadroga Act also gives a description of what information the Data Center
should be collecting and providing. It should be providing a means of uniform data
collection across all clinical centers. This includes developing uniform monitoring
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WTC Health Program Research-to-Care Logic Model (iterative)

| Inputs | | Activities | _ Outcomes
Short Intermediate Long
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Program fund quality
Members research
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Clinical Erop Improved curriculum for
Centers of Conduct quality recognition of WTC- NIOHS Educational Improved
Excellence research related conditions Resource Centers member health &
P well-being
Nationwide n
r\"rovidekr m:iﬁ:ngﬁ:iity kncwlé'dge about I;mp{o;'ed Itmlesdfgél
! ngitudinal medi
letworl provider networks - treatment outcome gl e s
Data Centers - or
Render high Improved training & future disasters
Program quality patient education for WTC Improved customer
Support care _ providers satisfaction
Technology Develop & apply Improved patient Improved patient
Program Staff medical quality compliance with care and
9 indicators treatment management of
NYC 9/11 chronic WTC
Health Conduct & diseases
i analuze health
Registry .
surveillance
Extramural
RS Translate findings
Advisory from research &
Committee heaiih
oy Bt
Zadroga Act
and Rules

Contextual Conditions:
- Legislative environment: Health Insurance Portability and Accountability Act, Feederal Employee Compensation Act,
Social Security Act, Affordable Care Act, Federal Information Security Modernization Act, Public Health Service Act
- Limited care model (‘medical neighbor”)
- Program enrollment (low statistical power)

Fig. 2 WTC Health Program Research-to-Care Logic Model [44]

and initial health evaluation and treatment protocols with respect to WTC-related
health conditions. The Data Center coordinates outreach activities with the CCEs
and the administration of activities with the WTC Health Program Steering
Committee. Collaboration between the Data Center and the World Trade Center
Health Registry is required.

When research funding became available in 2011, the amount of patients that
had been seen for mental health problems, instead of physical health problems,
motivated researchers to apply for research funding to investigate further into the
subject matter. Additionally, early papers investigating exposure and cancer in WTC
responders [20, 45-48] led to an additional request for proposal (RFP) in 2012,
allotting for coverage and additional dollars for treatment of WTC-related cancers.

As part of the Zadroga Act, funding for research related to the aftermath of the
WTC became available in 2011. The number of grants awarded has steadily
increased since 2011. As of 2016 with the reauthorization of the Zadroga Act, a
yearly RFP for research projects occurs.

Since 2011 a total of 53 research projects have been funded. Table 1 lists the
titles and year of the funded research.
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Table 1

WTC research grants funded 2011-2016 [49]

Year | Title

2011 | Burden of mental-physical comorbidity in World Trade Center responders

2011 | Cancer among WTC responders: enhanced surveillance, exposure assessment, and
cancer specific risks

2011 | Cardiovascular health impact

2012 | Biomarkers of psychological risk and resilience in World Trade Center responders

2012 | Bronchial reactivity and the course of lung function

2012 | Epigenetic linkage between PTSD and respiratory disease in WTC responders

2012 | Extension of the World Trade Center Health Registry

2012 | For how long is WTC exposure associated with incident airway obstruction?

2012 | Obstructive sleep apnea in WTC responders: role of nasal pathology

2012 | Prognosis and determinants of asthma morbidity in WTC rescue and recovery workers

2012 | Pulmonary diseases in WTC workers: symptoms, function, and chest CT correlates

2012 | Service need and use among youth exposed to the WTC attack

2012 | The impact of 9/11 on youth: mental health, substance use, and other risk behaviors

2013 | Early identification of World Trade Center conditions in adolescents

2013 | Mind body treatment for WTC responders with comorbid PTSD and respiratory illness

2013 | Post-9/11 incidence of systemic autoimmune diseases in the FDNY cohort

2013 | Prostate cancer risk and outcome of WTC respondents

2013 | Trace elements in autopsy tissues from World Trade Center decedents

2013 | Uncontrolled lower respiratory symptoms in the WTC survivor program

2014 | Assessing the impacts of epidemiologic biases in WTC health studies

2014 | Biorepository of cancer tissue samples from WTC responders

2014 | Deciphering biological linkages between PTSD and respiratory disease in WTC
responders

2014 | Evolution of risk factors for sinusitis in WTC exposed firefighters

2014 | For how long is WTC exposure associated with chronic rhinosinusitis?

2014 | Mental health impact and service use among Asian survivors and rescuers exposed to
the WTC attack

2014 | Post-9/11 cancer incidence in FDNY firefighters

2014 | Renal and cardiovascular impairment in WTC responders: implications for diagnosis
and treatment

2014 | The daily burden of PTSD and respiratory problems in World Trade Center responders

2014 | WTC-heart: a cohort study of heart disease in World Trade Center responders

2015 | A pilot test of the relaxation response resiliency program (3RP) in Spanish-speaking
World Trade Center disaster survivors with PTSD

2015 | Childhood exposures to persistent organic pollutants in the World Trade Center disaster
and cardiovascular consequences

2015 | Child characteristics and outcomes of WTC-associated sarcoidosis

(continued)
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Table 1 (continued)

Year | Title

2015 | Cognitive function among World Trade Center rescue and recovery workers—direct
mediation through comorbidities

2015 | Context and ethnic diversity: children’s responses to 9/11

2015 | Enhanced assessment of WTC exposure and global DNA methylation
2015 | Gene expression profiles as markers of PTSD risk and resilience in WTC responders
2016 | Extension of the World Trade Center Health Registry

2016 | Head and neck cancer in the World Trade Center health program cohort; elucidating
risk factors to reduce incidence and morbidity

2016 | Evolution of risk factors for lung function decline in WTC exposed firefighters

2016 | Maintenance and extension of a cohort of career firefighters as non-WTC exposed
comparison for the FDNY firefighter cohort

2016 | Small airway chronic obstructive disease syndrome following exposure to WTC dust

2016 | World Trade Center exposures, neuropathic symptoms and nervous system injury

2016 | RDoC domains underlying emotional health and trajectories of psychopathology in
families of WTC first responders and evacuees: a genome-wide GxE study

2016 | 9/11 trauma and toxicity in childhood: longitudinal health and behavioral outcomes

2016 | Incidence, latency, and survival of cancer following World Trade Center exposure

2016 | Hepatitis C virus infection in WTC responders

2016 | Structural and functional neuroimaging of post-traumatic stress disorder and cognitive
impairment in World Trade Center responders

2016 | Thyroid cancer risk in WTC responders

2016 | Assessing inflammatory and behavioral pathways linking PTSD to increased asthma
morbidity in WTC workers

2016 | Impact of WTC dust on immune functions and prostate cancer promotion

2016 | Roles for WTC dust and DEP co-pollutant in first responder cardiovascular ailments
2016 | A randomized controlled trial of Internet CBT for PTSD in WTC responders
2016 | Personality-informed care model for 9/11-related comorbid conditions

There were 11 pulmonary projects funded as of 2016 which are described in
Table 2.

Table 3 lists scholarly journal articles that were published as a result of the fund-
ing of the pulmonary research projects in Table 2.
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Table 2

WTC pulmonary research grants [49]

2011

Title: Burden of mental-physical comorbidity in World Trade Center responders

Synopsis of project: The study objective is to test mechanisms thought to be responsible
for the comorbidity between psychiatric and medical sequelae of World Trade Center
(WTC) exposures. We propose to study responders participating in the WTC Health
Programs. Of the entire cohort, approximately 16,000 completed the first two
monitoring visits, about 2 years apart. In addition to routine questionnaires completed
by responders at their monitoring visits, we conduct standard interviews designed to
diagnose WTC-related post-traumatic stress disorder (PTSD). The longitudinal data
will allow us to evaluate potential mechanisms underlying the links between mental and
physical disorders

2012

Title: Biomarkers of psychological risk and resilience in World Trade Center responders

Synopsis of project: This study will employ a multilevel approach to study clinical,
psychosocial, neuroendocrine, genotypic, gene-environment interaction, and molecular
factors associated with PTSD risk and resilience in a sample of 500 WTC responders.
The study will provide important information about the risk and resilience factors for
PTSD in disaster responders and make possible the development of improved
preventive and treatment interventions for this disorder in disaster responders and
trauma-exposed individuals in general

2012

Title: Bronchial reactivity and the course of lung function

Synopsis of project: Persistent obstructive airways disease (an asthma-like condition) is
common among World Trade Center-exposed firefighters, though rare in this population
before September 11, 2001. In about 30%, there is accompanying bronchial
hyperreactivity (easily triggered airway narrowing). This study will reexamine a large
number of firefighters who had bronchial reactivity soon after 9/11 to determine
whether those with bronchial hyperreactivity at onset have persistent hyperactivity more
than 10 years later, whether they have accelerated lung function decline, and whether
those treated with anti-asthma medications were more likely to show resolution of
bronchial hyperactivity or show less rapid decline in lung function

2012

Title: Epigenetic linkage between PTSD and respiratory disease in WTC responders

Synopsis of project: World Trade Center disaster responders exhibit persistent
symptoms of post-traumatic stress disorder (PTSD) and respiratory illness linked to the
severity of their exposures. One-quarter of responders affected by these conditions
suffer from both, resulting in increased disability and utilization of medical services.
This study will examine the potential mechanisms underlying PTSD/respiratory
comorbidity that may facilitate the development of more effective, theory-driven
interventions for these difficult to treat patients

2012

Title: For how long is WTC exposure associated with incident airway obstruction?

Synopsis of project: The study uses innovative statistical methods—parametric survival
models with change points—to study the incidence of new-onset obstructive airway
disease (OAD) diagnoses and symptoms over the first 10 years following WTC
exposure, with the goal of determining the length of time that exposure response
gradients are observed among exposed FDNY firefighters. This study will allow
estimation of the length of time that a relatively short-term, high-intensity exposure
may be associated with incident respiratory illness

(continued)
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2012

Title: Health and socioeconomic sequelae of the WTC disaster among responders

Synopsis of project: Overall health status of WTC responders was evaluated by
comparing prevalence of five major health outcomes to the general population surveyed
by the National Health Interview Survey (NHIS). Potential associations between new
onset of asthma and WTC exposures were investigated, especially the protective effect of
respirator use during rescue and recovery activities. A total of 26,796 responders who
participated in the WTC Health Program (WTCHP) from 2002 to 2010 were included in
the analysis. Standardized morbidity ratios (SMR) were calculated after adjusting for age
and occupation, separately, and stratified by gender. Self-reported lifetime prevalence of
each outcome was used for SMR. Internal comparison was conducted for asthma
incidence. Incidence rate ratios (IRR) were estimated using the generalized estimating
equations with robust Poisson family and log link. SMR for asthma was the only
outcome showing an elevated rate compared to the general population. From the internal
comparison, protective service (IRR = 1.31 (1.12-1.54)) and utility workers (IRR = 1.39
(1.11-1.73)) had a higher risk of experiencing asthma compared to construction workers.
Responders who arrived at the site on 9/11 not in the dust cloud (IRR = 0.81 (0.71-
0.93)) or later had a lower risk of getting asthma than those who arrived on 9/11 in the
dust cloud. Notably, responders who used a full-/half-face respirator on September 11 to
September 18 had a significantly lower risk (IRR = 0.70 (0.60-0.82)) than when none
was worn. We confirmed that asthma was the main health problem among WTC
responders, though we did not observe an increased risk of the other four health
outcomes. We also found a clear protective effect of using a respirator on asthma
incidence. This is an important finding not only for future disaster preparedness but also
for protecting general workers from their daily occupational exposures

2012

Title: Obstructive sleep apnea in WTC responders: role of nasal pathology

Synopsis of project: Obstructive sleep apnea (OSA) is a highly prevalent disorder with
significant morbidity and impact on quality of life that can be improved by treatment
with continuous positive airway pressure (CPAP). This study will examine the role of
nasal pathology in World Trade Center (WTC) responders in the development of OSA
and its impact on their ability to use CPAP. The present study contributes to
understanding the relationship of nasal/upper airway mechanisms to the development of
sleep apnea in this population and explores the possibility of improving comfort and
adherence to CPAP treatment by modifying how CPAP is delivered

2012

Title: Pulmonary diseases in WTC workers: symptoms, function, and chest CT
correlates

Synopsis of project: The overall goal of this study is to identify the early manifestations
of lung disease among the World Trade Center (WTC) workers and volunteers, as well
as investigate their risk factors. The study team will perform standardized and computer-
assisted readings of all chest CT scans received by WTC workers and volunteers at the
Mount Sinai Medical Center since January 2003; assess the findings in a systematic
way; evaluate the correlation of findings with clinical, functional, and exposure
indicators; and develop a protocol for continued radiological surveillance of this cohort

2013

Title: Uncontrolled lower respiratory symptoms in the WTC survivor program

Synopsis of project: Many “survivors” (community members) in the World Trade Center
(WTC) clinical treatment program have persistent lower respiratory symptoms (LRS)
despite treatment. This study will test the hypothesis that patients with uncontrolled
LRS have (despite aggressive medical therapy) increased rates of abnormal airway
physiology, airway inflammation, and comorbid conditions when compared to those
with controlled symptoms. Identifying these mechanisms for uncontrolled LRS is
imperative to guide therapy with the important potential to reduce secondary adverse
health outcomes
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Table 2 (continued)

2014 | Title: Deciphering biological linkages between PTSD and respiratory disease in WTC
responders

Synopsis of project: The September 11, 2001, terrorist attack on the World Trade Center
was an extraordinary environmental disaster resulting in an unprecedented combination
of physical and emotional trauma. As many as 60% of responders will experience
clinically significant symptoms, most prominently post-traumatic stress disorder
(PTSD) and lower respiratory symptoms (LRS). Our group found that PTSD is not only
associated with LRS but may contribute to the development of these symptoms as well
as diminish their response to treatment. We have performed epigenetic studies and are
beginning to untangle the genes responsible for this association. The proposed study
will extend these findings to identify the precise cell where these pathogenic
relationships are occurring. Ultimately, this knowledge will lead to the development of
better diagnostics and more specific treatment for this disease process

2014 | Title: The daily burden of PTSD and respiratory problems in World Trade Center
responders

Synopsis of project: Comorbid post-traumatic stress disorder (PTSD) and lower
respiratory symptoms (LRS) are among the most common and persistent health burdens
faced by World Trade Center (WTC) responders following the attacks on 9/11. For the
first time, the proposed study will use ecological momentary assessment approach to
survey WTC responders in real time about the prevalence, burden, and the sequence of
PTSD and LRS and to test biological processes involved

Table 3 Papers published from WTC pulmonary research grants [49]

Longitudinal study of the impact of psychological distress symptoms on new-onset upper
gastrointestinal symptoms in World Trade Center responders, Psychosomatic Medicine.
Authors: Lam, Y., Luft, B. J., Litcher-Kelly, L., Shaw, R. D., Bucobo, J. C., Bromet, E., Kotov,
R., Banker, S. V., Brand, D. L., Broihier, J. A., Record Number: 3294, Pages: 686-93 Volume:
76 Number: 9 Edition: November 07, 2014

World Trade Center disaster exposure-related probable posttraumatic stress disorder among
responders and civilians: a meta-analysis, PloS One, Authors: Kim, H., Bromet, E. J., Liu, B.,
Tarigan, L. H., Record Number: 3075, Pages: e101491 Volume: 9 Number: 7 Edition: July 23,
2014

Post-disaster stressful life events and WTC-related posttraumatic stress, depressive symptoms,
and overall functioning among responders to the World Trade Center disaster, Journal of
Psychiatric Research, Authors: Vujanovic, A., Reissman, D. B., Gonzalez, A., Udasin, 1., Crane,
M., Pietrzak, R. H., Luft, B. J., Kaplan, J., Zvolensky, M. J., Moline, J., Kotov, R., Southwick,
S. M., Schechter, C. B., Feder, A. Record Number:3270, Edition: December 17, 2014

Bromet, E. J., Moline, J., Kotov, R., Kaplan, J., Luft, B. J., Guerrera, K., Von Korff, M.,
Gonzalez, A., Udasin, 1., Schechter, C., Pietrzak, R. H., Broihier, J., Reissman, D., Feder, A.,
Ruggero, C., Friedman-Jimenez, G., Southwick, S. M. Posttraumatic stress disorder and the risk
of respiratory problems in World Trade Center responders: longitudinal test of a pathway,
Psychosomatic Medicine, Record Number:3301, Edition: April 29, 2015

Schechter, C. B., Southwick, S. M., Kotov, R., Moline, J., Farris, S. G., Kaplan, J., Zvolensky,
M. J., Crane, M., Bromet, E., Feder, A., Gonzalez, A., Udasin, 1., Vujanovic, A., Reissman,

D. B,, Pietrzak, R. H., Luft, B. J. World Trade Center disaster and sensitization to subsequent
life stress: a longitudinal study of disaster responders, Preventive Medicine Pages: 70-74,
Volume: 75 Edition: April 04, 2015




16 J. Moline et al.

Conclusion

The WTC disaster has led to an innovative medical screening and treatment pro-
gram, providing needed care to the men and women who responded when the
United States was attacked on September 11, 2001. Not only did we see the heroism
that ensued, but it has furthered medical understanding of diseases like sarcoidosis,
and provided unique insights into the physical manifestations of illness after a large
disaster. The information gathered from the medical programs developed in the
years after September 11 have been informative, and, through the Zadroga Act,
research will continue into the years to come. This valuable cohort of exposed indi-
viduals will teach us not only about bravery and perseverance, but also the long-
term sequelae of a massive disaster.
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Introduction

Responders to the World Trade Center (WTC) disaster were exposed to emo-
tional horrors and complex environmental toxins from gases and fine airborne
particulate matter. The ~90,000 responders included trained first responders
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(e.g., police and firefighters) and inexperienced nontraditional responders, such
as construction workers, electricians, and transportation and utility workers [1].
In the aftermath of the tower collapse, three large-scale health monitoring pro-
grams were funded by the National Institute of Occupational Safety and Health
(NIOSH): the Fire Department of the City of New York Medical Monitoring
Program (FDNY-WTC-MMP); and the WTC Health Program (WTC-HP) estab-
lished for police, other non-FDNY professionals, and nontraditional rescue/
cleanup/recovery workers at five coordinated centers of excellence (Mount Sinai
School of Medicine, Stony Brook University, Bellevue/New York University,
Queens College, and Rutgers Robert Wood Johnson Medical School); and the
WTC Health Registry (WTC-HR) which conducts longitudinal surveys of
exposed civilians and responders.

The FDNY-WTC-MMP and WTC-HP provide ongoing assessments of both
physical and mental health from direct physical examinations and self-report ques-
tionnaires and also treat WTC-related conditions. The WTC-HR collects survey
data on physical and mental health. It is important to note that these programs are
the first known health surveillance programs established after a toxic disaster that
evaluate both physical and mental health, rather than solely focusing on physical
outcomes.

This chapter focuses on posttraumatic stress disorder (PTSD) among respond-
ers. PTSD is a condition that can arise soon after a traumatic event (although
symptoms may appear or become impairing after months or years have passed).
The Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-1V)
organized PTSD symptoms into three clusters: reexperiencing symptoms (e.g.,
intrusive recollections, nightmares, flashbacks), avoidance and numbing symp-
toms (e.g., avoiding reminders of the event, feeling detached, sense of foreshort-
ened future), and hyperarousal symptoms (e.g., difficulty falling or staying asleep,
irritability, difficulty concentrating, hypervigilance, exaggerated startle response).
The diagnosis is made only when a sufficient number of symptoms in each cate-
gory co-occur, last longer than a month, and interfere with a person’s
functioning.

Because PTSD was the most common mental health condition being studied in
disaster research, each of the three large-scale monitoring programs has assessed
PTSD since 2002, when they were established. The assessment instrument used by
all three programs is the Posttraumatic Symptom Checklist (PCL), a 17-item self-
report measure designed to assess the severity of the PTSD symptoms listed in
DSM-1V [2] over the past month on a scale from 1 (not at all) to 5 (extremely).
Scores can range from very low (17) to very high (85). Numerous WTC publica-
tions have described the prevalence of probable PTSD based on PCL cut points of
either 44 or 50 or a proxy DSM-based PTSD measure created from the requisite
number of moderate to severe symptoms in each of the three clusters (reexperienc-
ing, avoidance, and hyperarousal).
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Prevalence of PTSD in WTC Responders

The first paper on probable PTSD in WTC-HP responders examined more than
10,000 participants whose first monitoring visit occurred within 5 years of the attack
[3]. Eleven percent met criteria for probable PTSD, a rate the authors described as
similar to the rate in US veterans returning from Afghanistan. The rate is also almost
three times higher than the rate of PTSD among men in the general population who
reported being exposed to a traumatic event (4.1%; [4]). Stellman et al. also found
that PTSD decreased across the 5 years of observation (2002-2006), but a study of
FDNY using data from the same period of time found the reverse, namely, that the
rate of probable PTSD increased during that period [5]. In addition to the early
reports from the WTC-HP and FDNY programs, a number of reports on probable
PTSD were published by the WTC-HR. The latter confirmed the high rate of PTSD
in responders and also reported significantly more PTSD in nontraditional com-
pared to police responders [6], a pattern also observed in WTC-HP participants [7].
Subsequently, Pietrzak et al. [8] conducted trajectory analyses using PCL data from
WTC-HP responders’ three initial monitoring visits and found that 5.3% of police
and 9.5% of nontraditional responders had chronically elevated symptom levels.
The data from all three large monitoring programs were consistent in reporting that
exposure severity, defined by variables such as death of colleagues, early arrival at
the site (September 11 to September 12), injuries, and relatively long duration of
work, was significantly associated with an increased rate of PTSD.

A few studies evaluated the long-term prevalence of probable PTSD more than a
decade after 9/11. Cone et al. [9] analyzed data from police enrolled in the WTC-HR
and found that 11% had probable PTSD at 10—11-year follow-up, half of whom also
had PTSD at earlier time points. Thus, even more than a decade after 9/11, in men
who were previously considered “a healthy worker” cohort and indeed were
screened for resilience prior to entry into the police academy, the rate of long-term,
probable PTSD was more than double that of an unselected sample of men in the
general population who reported trauma exposure.

To date, only four studies of WTC-PTSD in responders have been based on
actual clinical diagnostic interviews rather than the PCL. A clinical interview allows
a professional rater to probe for all DSM-IV criteria, symptoms, duration, and
impairment. Two studies administered the Clinician-Administered PTSD Scale
[10], which is considered the gold standard for assessment of PTSD. The first study
assessed mental health relief workers 6—-8 months after 9/11; 6.4% met developed
WTC-related PTSD [11]. The second was a longitudinal study of utility workers
that reported a decline in PTSD from 15% in 2002 to 5% in 2008 [12]. The
Diagnostic Interview Schedule was administered to a large sample of retired fire-
fighters 5-6 years after 9/11; 7% of the sample had active PTSD [13]. The fourth
study was conducted at the Stony Brook WTC-HP and involved an assessment of
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~3500 responders in 2012-2014 using the Structured Clinical Interview for DSM-IV
(SCID; [14]). Eighteen percent developed WTC-PTSD during that period, and 10%
had current PTSD at the time of interview. Consistent with the PCL findings, the
rates were higher in nontraditional than police responders and were significantly
associated with severity of exposure (early arrival, longer hours of work, exposure
to the dust cloud).

Comorbidity of PTSD and Physical Health

A large number of studies have shown strong reciprocal and longitudinal associa-
tions of PTSD with several aspects of physical health, particularly respiratory (e.g.,
[7, 15]) and gastrointestinal [16, 17] conditions. The Stony Brook studies in particu-
lar [7, 15] showed that PTSD was not just a correlate but was a significant driver of
lower respiratory symptoms, with new onsets being twice as common and recovery
being half as common in responders with PTSD at their previous visit compared to
responders free from PTSD. This finding was consistent with evidence of a biologi-
cal pathway between these conditions. As shown in Fig. 1, the pathway also includes
poor health behaviors, such as smoking and substance abuse.

Indeed, it is important to note that PTSD has consistently been tied to neurohor-
monal dysregulation in stress response systems (e.g., [18]), including sympathetic
hyperactivity [19] and altered hypothalamic-pituitary-adrenal (HPA) axis function-
ing [18]. The latter has been reflected in low peripheral cortisol at rest, increased
suppression during pharmacological challenge paradigm, and increased cortisol
reactivity following cognitive challenge. Dysfunction in both sympathetic and HPA
systems is known to be associated with increased levels of pro-inflammatory cyto-
kines (e.g., interleukin-1 and interleukin-6) (e.g., [20]). Of note, immunologic dys-
regulation has been documented across several studies of PTSD. These inflammatory
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Fig. 1 Pathways between PTSD and lower respiratory symptoms. Modified from Vaccarino and
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processes in turn may contribute to medical comorbidities, including respiratory
illnesses, as observed in the Stony Brook responder cohort [15].

In addition to associations between PTSD and physical health, a recent study
showed that PTSD, especially the reexperiencing symptom cluster, was also predic-
tive of cognitive impairment 14 years after 9/11 [21]. Recent studies of veterans
have also shown associations between PTSD and cognitive impairment, but a large
proportion of veteran samples has comorbid traumatic brain injuries, making it dif-
ficult to disentangle the effects of PTSD from those of traumatic brain injury. While
the results from the Stony Brook study need to be replicated, if confirmed, they
suggest that the consequences of persistent PTSD reach beyond the medical symp-
toms that have been the focus of most of the WTC research to date. They also raise
questions about potential changes in the brain resulting from chronic and persistent
PTSD.

The findings on PTSD in WTC responders have been consistent with 50 years of
research showing that mental ill health is associated with disability, physical mor-
bidity, and even mortality. Thus, treating PTSD in WTC responders and survivors is
a priority for WTC health programs as well as society more generally. The most
commonly prescribed medications are antidepressants, and the most common forms
of psychotherapy are psychoeducation, exposure therapy, and cognitive behavioral
therapy. However, it has been estimated that the majority of individuals with PTSD
either improve slowly or fail to improve after various medication and psychotherapy
trials. Thus, in light of the protracted nature of PTSD, the need for care remains a
continuing challenge.

Comorbidity of PTSD and Major Depression

Many clinical- and population-based studies have shown that PTSD and major
depressive disorder are significantly comorbid and that this is particularly true for
chronic PTSD, as shown in several WTC PCL-based studies (e.g., [9, 22, 23]) and
diagnosis-based research [14]. In the Stony Brook study of 3504 responders, 204
responders met diagnostic criteria for both current DSM-IV PTSD and current
major depressive disorder (MDD) 11-13 years after 9/11. This represented almost
half (47.7%) of responders with either one of these disorders (N = 428; odds
ratio = 1.42; 95% confidence interval = 1.43-1.53; p = 0.000). For the remainder of
the chapter, we explore whether responders with current comorbid PTSD/MDD
were significantly more disadvantaged with regard to their health and quality of life
than responders with single or with no current disorder.

Specifically, we compared three groups: responders with current DSM-IV PTSD/
MDD, responders with either PTSD or MDD, and responders with neither condition
(Table 1). We first compared them on demographic characteristics. In the three-way
comparison, the groups were similar in age at the time of 9/11 but differed signifi-
cantly on sex, occupational and marital status, and police versus nontraditional
responder status. That is, the comorbid PTSD/MDD group contained the largest
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Table 1 Comparison of Stony Brook WTC Health Program responders with current comorbid
PTSD and MDD, single disorder, and neither

Neither Single disorder | Current PTSD/MDD

N=3076 N=224 N=204

% % % 14
Demographics
Age in 2001, 40+ 39.8 37.5 46.6 NS
Sex, female 8.1 12.9 14.2 Fkk
Currently not working 26.4 55.9 65.2 oAk
Currently not married 12.0 15.6 21.1 ok
Nontraditional responder 25.4 42.4 46.6 o
WTC experiences
Lost co-workers/colleagues 66.9 74.5 77.1 ok
Exposed to the dust cloud 22.5 25.1 28.2 NS
WTC lower respiratory 39.5 69.5 74.9 K
condition
Diagnosed with a WTC 44.2 68.3 81.9 K
condition
Quality of life
Rate their health as poor 5.6 24.2 39.1 Hokk
Poor life satisfaction 29.5 63.7 83.3 ok
Poor relationships with friends | 16.8 37.1 524 o
Inadequate social support 28.4 58.0 63.1 ok

NS not significant, * p < 0.05, ** p < 0.01, *** p < 0.001

proportion of women, unmarried and unemployed responders, and those coming
from nontraditional occupations, while the group with neither condition contained
the fewest responders who were female, unmarried, out of the workforce, or in the
nontraditional responder category. The single-disorder group fell in between. Of
note, two-thirds of responders with PTSD/MDD were out of the workforce com-
pared to ~50% in the single-disorder group and one-quarter in the group having
neither disorder. The two-way comparisons of responders in the PTSD/MDD versus
single-disorder groups indicated a trend for those with both disorders to be older
(p = 0.057) and not in the workforce (p = 0.052).

Regarding WTC experiences, we analyzed two key exposures and two key health
effects. With regard to exposures, the three groups did not differ significantly on
dust cloud exposure. However, three-quarters of responders with single and with
comorbid PTSD/MDD lost colleagues and friends when the towers collapsed com-
pared to two-thirds of responders with neither disorder (»p = 0.002). In terms of
WTC health effects, responders with neither PTSD nor MDD were the least, and
comorbid PTSD/MDD responders the most, likely to have current lower respiratory
symptoms and to report that they were told by a doctor that they have a WTC-
related condition. In the no-disorder group, 44.2% reported that they were diag-
nosed with a WTC-related condition. In contrast, among responders with comorbid
PTSD/MDD, 81.9% reported such a diagnosis. In the single-disorder group, the
figure was 68.3% (p value for the two-way comparison = 0.003).
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We next examined health-related quality of life (self-rated health as poor or very
poor on a five-point scale) and impairments in life satisfaction, relationships with
friends, and adequacy of social support. The latter three domains were determined
from the Range of Impaired Functioning Tool (RIFT) developed by Leon et al. [24].
These domains represent interviewer ratings made after a series of probes on a five-
point scale from very positive to very negative. Impairment scores for each scale
were dichotomized as follows: life satisfaction (fair/poor/very poor versus good/
very good), impaired friendships (mild/moderate/severe impairment versus
satisfactory/non-impaired friendships), and social support (fair/poor social network
involvement versus good/very good).

As shown in Table 1, each of the three-way comparisons was highly significant,
with the no-disorder group having the lowest and the comorbid group the highest
percent reporting poor subjective health and rated as having impairment in each
domain. Indeed, four out of five comorbid responders had impaired life satisfaction,
and two out of three had inadequate social support. The rank ordering across the
three groups was particularly striking. The two-way comparison further indicated
that significantly more comorbid responders had poor subjective health ratings and
impaired functioning compared to responders with a single disorder (p < 0.001).

Conclusion

WTC experiences have taken an enduring toll on responders. Fortunately, there are
programs in place to monitor and treat their physical and mental health conditions.
Comorbid PTSD/MDD has proven to be a particularly severe mental health out-
come, having an adverse association with not just physical health but also quality of
life. One surprising finding was that although nontraditional responders are at
increased risk of long-term PTSD and MDD, there was no difference by responder
status in the rate of comorbid PTSD/MDD. In general, the findings from the pub-
lished literature and from this secondary analysis of comorbid PTSD/MDD 11-13
years after 9/11 showed that half of responders with long-term PTSD also had
comorbid MDD and comorbidity was associated with multiple forms of impairment
many years after 9/11, including being out of the workforce and having poor life
satisfaction. These results confirm earlier findings based on the PCL [23] and sup-
port the need for continued screening and treatment of both PTSD and MDD and
comorbid PTSD/MDD.

Since the bombings in Japan in 1945, a number of toxic disasters have occurred,
ranging from the gas leak at Bhopal primarily from methyl isocyanate (1984), to
the vast radiation contamination from the explosion at the Chernobyl nuclear power
plant (1986), to the sarin attack on the Tokyo subway (1995), and to the triple disas-
ter in Fukushima which led to the evacuation of 220,000 residents living in the
20-30 km area near the Daiichi plants (2011). Each event had both physical and
mental health consequences. Yet only after the WTC attacks were both physical
and mental health evaluated concurrently. After the Fukushima radiation disaster,
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self-report health questionnaires were mailed to evacuees and other affected popu-
lations, and self-report mental health and lifestyle questionnaires were also posted.
But they were done as separate mailings. After the three nuclear power plant acci-
dents (Three Mile Island, Chernobyl, Fukushima), the consensus reports issued by
the major international radiation agencies all concluded that the biggest public
health impact of these events was on mental health. Yet in spite of the 1948 World
Health Organization statement that health encompasses physical, mental, and
social well-being, and in spite of the research findings on mental health after these
large-scale toxic disasters, mental health was not viewed as a direct effect and
hence did not fall within the purview of health monitoring and research programs,
even as a risk factor. It is well established that mental and physical health are two
sides of the same coin, each influencing the other, with mental health in some
instances serving as the driver of physical morbidity and mortality. The fact that the
WTC monitoring programs assess and offer treatment for both aspects of health
has been a momentous step forward.

Since the first epidemiologic evidence on PTSD [25], the chronicity of PTSD has
been well known. Furthermore, the original study by Kessler, the National
Comorbidity Survey, showed that respondents with a history of untreated PTSD had
a longer course of illness than those who had sought treatment. PTSD is one of the
most difficult disorders to treat effectively, in part because of its complexity and in
part because of its comorbidity with other disorders, including depression described
in this chapter but also substance abuse and other anxiety disorders. Nonetheless,
some treatments, such as exposure therapy and antidepressants, are effective for
some individuals. Although treatment often proceeds by trial and error, it is reason-
able to hope that an effective treatment can be found for responders with PTSD,
even if initiated long after its onset. Short of that, long-term support from clinical
staff in programs such as the Stony Brook WTC-HP and certification of PTSD and
depression, which allows for treatment without charge to the responders, minimize
the sense of isolation and unhappiness that arise in individuals with chronic mental
disorders.
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Interstitial Pulmonary Disease After Exposure
at the World Trade Center Disaster Site

Jaime Szeinuk

Introduction

Exposure to the airborne toxins that resulted from the attack to and subsequent col-
lapse of the World Trade Center (WTC) has been reported to result in development
of new-onset and persistent airway disease. This has been well documented by sur-
veillance and clinical and epidemiological data [1-8].

In addition, several case reports and case series in the medical literature doc-
ument the development of interstitial lung disease (ILD) [9-15] and distal air-
way disease with evidence of some involvement of the interstitial structures
[3, 16] following exposures at the WTC disaster site. To the author’s knowledge,
no systematic epidemiological review of the incidence or prevalence of ILD in
WTC-exposed individuals has been published up to date. This chapter will
review the literature that suggests that ILD is likely to occur after exposure at
the WTC disaster site. The chapter first discusses issues related to the nature of
the WTC dust and which of its components have been causally linked to the
development of ILD, subsequently analyzes exposure considerations based on
the reported experience with WTC-related ILD conditions, and, finally, reviews
the inflammatory response and clinicopathological evidence of WTC-related
ILD conditions.
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WTC Dust

The destruction of the WTC towers produced a plume of a complex mixture of
chemical agents in different forms. The plume contained the combustion products
of jet fuel from the two commercial aircraft that crashed into the towers and the
heating, diesel oil, and fuel from the several thousand automobiles and transformers
that were destroyed when the towers collapsed, in addition to soot, metals, volatile
organic compounds, and hydrochloric acid from the destroyed structures. The
plume also contained particulate matter from pulverized building materials such as
cement, glass, asbestos, crystalline silica, metals, polycyclic aromatic hydrocar-
bons, polychlorinated biphenyls, polychlorinated furans, organochlorine pesticides,
and dioxins [17]. Lioy et al. [18] and Offenberg et al. [19] have reported on the
composition and characteristics of collected settled dust samples in the immediate
vicinity of the WTC site. By weight, at least 96% of these samples were composed
of particulates larger than 10 pm in mass median aerodynamic diameter (MMAD).
Respirable particulates including coarse particulates (PM,,: particulates >2.5 pm
and <10 pm MMAD) and fine particulates (PM,5: particulates <2.5 pm MMAD)
were found at much lower proportions (<1 and 0.5-4%, respectively). However,
settled dust may not accurately represent the relative proportions of airborne respi-
rable particulates following the collapse of the towers. Small particulates may
coalesce or agglomerate to form larger particulates, altering the relative proportions
of fine and coarse particulates. Bulk dust samples collected from the vicinity of the
WTC area were composed of both fibrous and nonfibrous materials. Fibrous com-
pounds included chrysotile asbestos, glass fibers, and fibers from cotton, wood, and
paper (cellulose). Nonfibrous components included gypsum, calcite, bassanite (cal-
cium sulfate hemihydrate), and quartz [20]. Composition of dust collected from
indoor locations adjacent to the WTC site was similar [18, 21, 22]. A total of 287
chemicals or compounds to which people who came in contact with the cloud of
dust from the WTC collapse were exposed have been identified. Information on
these chemicals is kept by the Contaminants of Potential Concern (COPC)
Committee of the World Trade Center Indoor Air Task Force Working Group [17].

There were no air sampling devices operating close to the WTC site at the time
of the attacks and collapse of the towers to characterize and quantify the constitu-
ents of the dust cloud and smoke plumes. As a consequence, the people’s expo-
sures to the specific agents and concentrations in the early moments after the
disaster will never be known with certainty [17]. By one estimation, the ambient
fine particle mass concentration was approximately 500 pg/m? of air on September
12, 2001 [23], which far exceeds the current US EPA 24-h air quality standard of
65 pg/m? of air [24].

Banauch et al. [25] have classified the chemical toxic components of WTC dust
into four categories: (1) particulate matter (calcium carbonate and silica) and fibers
(chrysotile asbestos, fibrous glass, gypsum); (2) organic pollutants, including poly-
cyclic aromatic hydrocarbons, other hydrocarbons (naphthalene, fluorine, polychlo-
rinated biphenyl, dibenzo-p-dioxins, and diphenyl ethers), benzene, and Freon; (3)
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gases, such as carbon monoxide, hydrogen sulfide, combustion by-products from
the fires that burned until mid-December 2001, and diesel exhaust fumes from the
vehicle/machinery employed; and (4) heavy metals (calcium, iron, zinc, aluminum,
antimony, titanium, and magnesium). Additionally, Wu et al. [15] have identified
carbon nanotubes (CNT) in the lungs of WTC patients and in WTC dust samples.

Exposure Categorization

Attempts to categorize the exposure of individuals to the attacks and collapse of
the towers and to the efforts of rescue, recovery, and restoration that continued
until the end of December 2001, when the fires were finally extinguished, suggest
that there were two significant initial time windows for a sufficient exposure that
could have resulted in significant health consequences. The first one corresponds to
the initial 5-6 h after the actual collapse of the towers, when the earliest release and
distribution of the pulverized building materials and plume emissions caused by
the jet fuel fires occurred. The second one occurred between September 11 and 14,
2001. During this time, fires were still burning, and the highest levels of re-sus-
pendable particulate mass could be mobilized from surfaces. This period probably
ended with the first post-September 11 rains, which may have decreased the inten-
sity of the fires, washed away the settled re-suspendable materials, and thus reduced
exposure to ambient background levels [23]. However, during the days that fol-
lowed September 14, intermittent releases of high concentrations of gaseous sub-
stances and particulate matter into the local atmosphere within the Ground Zero
area still occurred, caused by uncovered fires and the disturbance of settled dust by
rescue workers during debris movement and removal [23]. Smoldering fires con-
tinued for some 4 months after the initial attack, during which WTC dust was
released and aerosolized [26]. Rescue/recovery efforts finally concluded by the end
of May 2002 [26].

Additionally, there was exposure in the indoor environment, in dwellings and
offices, and in other commercial buildings in close proximity to the site. Given
the facts that conditions of affected residences and buildings were not uniform
and that people responded differently in their attitudes to confront such expo-
sures, the estimate of this exposure is virtually impossible in terms of general
characterization [23].

Assessment of the exposure during the disaster response has been carried out by
a variety of means. Environmental air samples collected between September 18 and
October 4, 2001, have been reported [27]. Personal air sample results collected from
the breathing zones have been reported in truck drivers [28, 29] and emergency
responders [30]. Biomonitoring has been carried out in firefighters [31, 32] and in
National Guard and New York State personnel [33, 34]. Measured agents in the dif-
ferent published papers included asbestos, concrete, crystalline silica, carbon mon-
oxide, diesel exhaust, chlorodifluoromethane, heavy metals (e.g., cadmium,
mercury), hydrogen sulfide, inorganic acids, particulate matter (including PM;, and
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PM, ), total dust, volatile organic compounds, perfluorochemicals, polychlorinated
aromatic hydrocarbons (such as benzopyrene, hydroxypyrene, xylene), biphenyls
(PCB), and dibenzodioxins and dibenzofurans. Overall, these studies show that the
levels of measured agents generally remained within NIOSH Recommended
Exposure Limits or Occupational Safety and Health Agency (OSHA) Permissible
Exposure Limits, with exceptions including perfluorochemicals, polychlorinated
aromatic hydrocarbons and dibenzofurans, lead and antimony, and cadmium and
carbon monoxide, the two last ones associated mostly with the use of oxyacetylene
torches. Measurements show an exposure/response relationship in that the earlier
individuals were exposed to the plume or dust, the higher the concentrations found
and also a gradient exposure ranging from measurements taken in close proximity
to the pile to those taken at the perimeter.

Accounts of the exposure in the published case reports that describe ILD in
WTC-exposed individuals show that the vast majority of the cases reported had
sustained heavy exposure to the collapse, within the two window periods of heavy
exposure as described by Lioy and Georgopoulos [23]. The firefighter who devel-
oped eosinophilic pneumonia [13] was present at the site on the day of the collapse
of the towers and continued to work for periods of 16 h a day for 13 days. The
patient who developed a granulomatous pneumonitis [14] was also exposed on the
day of the collapse of the towers and then returned to the area for 1 day on September
14 and later on October 3, on a more regular basis. This patient worked at a building
located one block away from the WTC. The NYC highway patrol officer who devel-
oped bronchiolitis obliterans [16] was exposed to the WTC dust on the day of the
attacks and continued to work for periods of 16 h a day for 3 weeks when he first
experienced symptoms. Patients included in the NYC firefighter series of “sarcoid-
like” granulomas [11] were all present at the site within the initial 3 days after the
collapse of the towers. Ten of the 26 reported patients had arrived in the morning of
September 11, 2001, 14 arrived within the next 36 hours, and the last 2 arrived on
day 3 after the attack. No specific information as to the duration of the exposure is
reported in this article. Of the two cases that reported rheumatologic manifestations
in WTC rescue workers with sarcoidosis [35], one was present during day 1 and
continued working for some 3 months, while the second patient worked for some
6 months, starting on day 4 after September 11, 2001. The two cases with peripheral
airway disease with extension to the parenchyma had worked at the disaster area for
over 80 h before November 30, 2001 [3]. Of the 43 patients with sarcoidosis
included in the WTC Health Registry report, 34 (79%) sustained their initial expo-
sure within the first 4 days after the attacks. Three of the remainder nine had to
evacuate their homes because of the presence of WTC dust. This study documented
that working on the WTC debris pile was associated with diagnosis of sarcoidosis
[12]. No “statistically significant trend” between level of exposure and diagnosis of
sarcoid-like granulomatous disease was found in the series described by Crowley
et al. [10]. Finally, only two of the six cases of local residents who underwent pul-
monary biopsies and presented with an “interstitial” disease pattern were present in
the initial dust cloud; however, no additional information on duration of exposure
was provided [9].
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Identification of WTC Dust in the Respiratory Tract

There are several reports on the characterization and composition of the WTC dust
deposited in the airways or pulmonary tissue of individuals who were exposed and/
or developed diseases as a consequence of their exposure.

Rom et al. [13] reported on bronchoalveolar lavage (BAL) analyses in a fire-
fighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC
exposure. Significant quantities of fly ash, degraded fibrous glass, and asbestos
fibers were found. BAL revealed 305 fibers per million alveolar macrophages.
Types of fibers included chrysotile and amosite asbestos, chromium, and predomi-
nantly silica-containing fibers that were attributed to degraded fibrous glass. A vari-
ety of nonfibrous particles were identified, including fly ash, silica, metal particles,
and various silicates. The fact that only uncoated asbestos fibers were found was
interpreted as indicative of recent exposure since coated asbestos bodies are
expected in more regular, chronic exposure.

A study of induced sputum samples from nonsmoking New York City firefight-
ers exposed to WTC dust (NY-FF), some 10 months after the collapse of the WTC
towers, was reported in 2004 [32]. The firefighters’ exposure duration varied from 1
to 75 days. Induced sputum is a noninvasive alternative to study inhaled particle
matter and the lung’s inflammatory response to inhaled toxins and has yielded simi-
lar results to BAL in silica and hard metal workers and other patients with occupa-
tional lung diseases [36]. Induced sputum findings on NY-FF were compared to
those in a control population of Israeli hospital workers free from respiratory dis-
ease and also with a group of Tel Aviv firefighters (TA-FF). The study showed that
the NY-FF samples contained a higher percentage of particulates of size >2 and
>5 pm than TA-FF, but no relationship between particle size and length of stay at the
WTC area was found. Particles found in NY-FF were irregularly shaped as com-
pared to the smaller, regularly shaped particles found in TA-FF. Chemical and min-
eralogical analyses of these particles revealed metal alloys and oxides consistent
with the composition of WTC dust and different from that of non-WTC-exposed
firefighters. These mineral particles were seen within the macrophages and epithe-
lial cells of the NY-FF. Minerals detected included silica in three out of four samples
and aluminum and magnesium silicates in one of the samples, in addition to metals
found in the WTC building components, including titanium, iron, calcium, nickel,
chromium, and zinc.

Wau et al. [15] described mineralogical findings in seven previously healthy
responders who were exposed to WTC dust on either September 11 or 12, 2001,
and developed severe respiratory impairment or unexplained radiologic findings.
Tissue analyses showed large amounts of aluminum and magnesium silicates in
an unusual sheet configuration in all those who had interstitial disease. Four of
the seven patients with interstitial lung disease had single-walled CNT of various
lengths. Chrysotile asbestos, calcium phosphate and calcium sulfate, and small
shards of glass containing mostly silica and magnesium were identified in some
cases as well.
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More recently, Caplan-Shaw et al. [9] published on scanning electron micros-
copy of tissue blocks in five of twelve local workers, residents, and cleanup workers
exposed to WTC dust who underwent surgical lung biopsy for suspected interstitial
lung disease. All had presence of particles on light microscopy, but not an over-
whelming number. Silica was detected in individual particles in four of the five
patients. Aluminum silicates, titanium dioxide, and talc particles were also found.
All cases had metals identified in the particles, including aluminum, steel, zirco-
nium, chromium, copper, zinc, and tin.

Toxicological Effects in Laboratory Animals and Cultured
Cells

Mice exposed to oropharyngeal aspiration of 100 pg (microgram) samples of WTC
dust particles with a MMAD of less than 2.5 pm (PM, 5) exhibited a slight increase
in BAL neutrophils. In addition, this exposure caused significant airflow obstruction
in response to methacholine challenge. Lower doses administered directly into the
airways (32 and 10 pg) or nasal inhalation of 11 mg/m* WTC PM, for 5 h did not
induce significant inflammation or airflow obstruction. These results suggest that
there may be a threshold dose for respiratory effects of WTC PM, 5 in healthy mice.
Theoretical calculations indicate that the 100 pg dose in mice corresponds to inhala-
tion of 425 pg/m* WTC PM, s for 8 h by humans to achieve a comparable dose in
the tracheobronchial region. Such exposures likely existed immediately after the
collapse of the WTC towers, especially given the lack of sufficient respiratory pro-
tection in most rescue personnel. However, most individuals would not be expected
to experience such exposures if they were not caught in the dust cloud immediately
after the collapse of the towers [37].

Studies in cultured human alveolar macrophages and type II cells exposed to the
PM, s fraction of indoor and outdoor WTC collected settled dust showed dose-
dependent increases in pro-inflammatory cytokines such as tumor necrosis factor
alpha, interleukin (IL)-8, and IL-6 and in gamma-glutamyl transpeptidase (GGT), a
membrane-bound enzyme that transfers extracellular precursors of the antioxidant
glutathione into the cell cytoplasm where it protects against oxidative tissue dam-
age. The coarse and very coarse fractions of WTC PM caused similar though gener-
ally lower responses in these cell types [38]. An additional study has shown that the
mitogen-activated protein kinase signaling pathway is activated in a dose-dependent
manner by WTC dusts, which could play an important role in the production of
inflammatory cytokines [39].

Inflammatory Markers in Response to WTC Dust Exposure

Inflammatory markers have been reported in studies of induced sputum and BAL
from patients who developed lung disease due to WTC exposure.
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The BAL of the NYC firefighter who was hospitalized with acute eosinophilic
pneumonitis several weeks after WTC exposure [13] had a significant inflammatory
response with elevated number of cells recovered (730,000 compared to a normal of
less than 250,000), 70% of which were eosinophils. The eosinophils were not
degranulated. Lymphocyte subpopulations (B cells, NK cells, CD8+ cells, and CD4
T cells) were normal, but the alveolar CD4+ lymphocytes exhibited a highly stimu-
lated surface phenotype. IL-5, an eosinophilic chemotactic factor, was elevated.

Inflammatory markers were studied on induced sputum from nonsmoking NY-FF
some 10 months after the collapse of the WTC towers and compared with markers
in induced sputum of TA-FF and an unexposed control population of hospital work-
ers [32]. NY-FF and TA-FF had significantly more neutrophils, lymphocytes, and
eosinophils and fewer macrophages than hospital workers, but differential cell
counts were not different between NY-FF and TA-FF. Percentage of neutrophils and
eosinophils significantly increased with longer exposure at the WTC area, thus sug-
gesting a dose (exposure)-response (inflammation) relationship. Higher levels of
matrix metalloproteinase-9 (MMP-9) were found in NY-FF as compared to TA-FF
and to non-firefighters. MMP-9 plays an important role in neutrophil recruitment to
the lungs. It is reliably and reproducibly detectable in induced sputum and has been
shown to be elevated in workers exposed to hazardous dust. This elevation was
interpreted as evidence for exposure-related immune activation in the lungs, which
was persistent some 10 months after WTC dust exposure.

Interstitial Lung Disease Due to WTC Exposure:
Clinicopathological Responses

Two main clinicopathological responses have been documented in case series of
WTC-exposed individuals with ILD reported in the medical literature: a granuloma-
tous response and a “diffuse pulmonary fibrosis”-type response. Other papers have
identified single cases with different clinicopathological responses, some of which
have been presented above.

Several studies have documented a granulomatous response to WTC exposure.
An initial report described a non-sarcoid granulomatous pneumonitis in a WTC-
exposed individual [14]. Lung biopsy of this patient demonstrated non-caseating
granulomata with silica, silicate, and calcium oxalate particles. The patient was
acutely ill and recovered with corticosteroid therapy. Izbicki et al. [11] reporting on
surveillance data among NYC firefighters suggested an increased incidence after
September 11, 2001, of “sarcoid-like” granulomatous pulmonary disease, in com-
parison with before that date. This study included 26 NYC firefighters with
“sarcoid-like” granulomatous pulmonary disease. Inclusion into this study required
pathology finding of non-caseating granulomas without evidence for foreign body
reaction, malignancy, or fungal or mycobacterial infection. Nine patients presented
with adenopathy only, and the remaining 17 had adenopathy and parenchymal dis-
ease. Only three of the cases had a total lung capacity and/or diffusion capacity
below 80% of predicted, and extra-thoracic disease was present in 23% of the cases.
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Half of the cases were reported within a year after September 11, 2001, and the
remaining half over the following 4 years. Bowers et al. [35] reported two cases of
WTC rescue workers who presented with extrapulmonary rheumatologic manifes-
tations. The first patient initially presented with shortness of breath on exertion con-
comitantly with severe joint pain and swelling involving ankles and knees, as well
as painful erythematous lesions on his legs consistent with erythema nodosum. The
second patient presented with relapsing uveitis followed by swelling of his ankles,
left knee, and left elbow. Both patients had hilar adenopathy identified on CT scans,
with no reported parenchymal abnormalities. Crowley et al. [10] reported on their
findings of sarcoid-like granulomatous pulmonary disease among a population of
some 19,756 responders examined through the WTC Medical Monitoring and
Treatment Program. Cases were identified by self-report, physician report, and
ICD-9 codes and evaluated by three pulmonologists to include only “definite” cases.
Thirty-eight patients were classified as “definite” cases of sarcoid-like granuloma-
tous pulmonary disease, with a peak incidence in the year between September 11,
2003, and September 11, 2004. Incidence in black responders was nearly double
that of white responders. Nineteen patients had lymphadenopathy only, and 15 had
adenopathy and parenchymal disease, with the remaining having normal radio-
graphs (3) or x-rays not available for review (1). Twelve of 26 with acceptable qual-
ity spirometry had a low forced vital capacity (FVC), and 14 had normal spirometry.
Jordan et al. [12] reported on biopsy-proven sarcoidosis post-9/11 among some
46,322 individuals who are part of the NYS WTC Health Registry. Cases were
defined as sarcoidosis if confirmed by demonstration of non-caseating granulomas
and the absence of any known granulomagenic organism or particle on tissue biopsy
performed after October 2001, as verified by the authors. Forty-three cases fulfilled
inclusion criteria, out of 430 who initially reported having been diagnosed with
sarcoidosis. Twenty-seven cases had lymphadenopathy only, seven had parenchy-
mal abnormalities by CT (although not necessarily nodules) only, and four had both.
The remaining cases were either normal (two) or had radiography not available.
Extra-thoracic involvement was present in 44%. Cases were overall evenly diag-
nosed between 2002 and 2006, with much less proportion of cases diagnosed in
2007 and 2008. There is no mineralogical information reported on the tissue biop-
sies of these cases, except for the requirements of “non-evidence of foreign body
reaction or particles in biopsy.” Mineralogical information in granulomatous
responses associated with WTC exposure has been reported in an analysis of patients
from the World Trade Center Environmental Health Center who were diagnosed
with sarcoidosis after their exposure to WTC dust. This abstract reported silica and
aluminum silicates in a limited mineralogical analysis of lymph node and parenchy-
mal biopsy specimens (Parsia et al., cited in [9]).

Two case series have reported a “diffuse pulmonary fibrosis”-like response to the
WTC exposure. Wu et al. [15] reported seven patients who underwent pulmonary
biopsy because of severe respiratory impairment or radiologic findings. Table 1
summarizes the findings of this case series. All the patients except for case 6 are
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Table 1 Summary of cases with interstitial findings presented in the Wu et al. paper

Case | Clinical Pathology findings/ Chest CT scan
no. history mineralogical findings | PFT findings findings
1 Shortness Interstitial pulmonary | Severe restrictive, low Honeycombing, severe
of breath, fibrosis with DLco peripheral fibrosis,
hoarseness, | subpleural peribronchiolar Usual
cough, distribution, interstitial fibrosis
wheezing, | prominent mediastinal (UIP) like fibrosis
asthma, nodules. AS, MS,
bronchitis, | CNT
pneumonia
2 Dyspnea, 7 small nodules, Mild restrictive/ Bronchiolocentric
cough, prominent interstitial obstructive, O, interstitial fibrosis,
throat markings, desaturation on exercise | multiple patterns: UIP.
irritation, bronchiectasis. CNT, Nonspecific interstitial
wheezing AS, MS, no asbestos pneum onia (NSIP),
hypersensitivity
3 Cough, Subpleural interstitial | Severe restriction, low | Peribronchiolar
dyspnea on | linear and ground DLco fibrosis, NSIP type,
exertion glass changes, extensive lymphocytic
enlarged lymph nodes. infiltrates and
Chrysotile, AS, MS, bronchiolitis
CNT
4 Dry cough, | Mosaic lung. CNT, Moderate restriction Bronchiolitis, mild
sore throat, | AS, MS, calcium peribronchiolar
hoarseness, | sulfate, chrysotile fibrosis
wheezing,
GERD,
diarrhea
5 Shortness Peripheral changes Mild restriction, low Focal areas of fibrosis
of breath suggestive of UIP, DLco with fibroblastic foci
on effort, lymph nodes mildly small granulomas,
chest pain, |enlarged. AS, MS, non-necrotizing,
wheezing chrysotile peribronchiolar
lesions. Airways:
mucopurulent
6 Dry cough, | Marked mosaic Normal spirometry and | Small airway disease,
wheezing pattern. No mineral DLco respiratory
detected bronchiolitis,
peribronchial
metaplasia, lung
parenchyma
unremarkable
7 Dyspnea Multiple nodules, Minimal restriction, Granulomas non-
on some calcified, positive bronchodilator | necrotizing epithelioid
exertion, peribronchial response
cough, interstitial disease.
wheezing, MS, chrysotile
chest

tightness
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nonsmokers. All the patients with interstitial disease had large amounts of alumi-
num silicates (AS) and magnesium silicates (MS), in what was described as an
“unusual platy configuration.” Both the configuration of the silicates and the exces-
sive amount of silicates were not found in a comparison group of construction work-
ers heavily exposed to asbestos in the course of their work. Additionally, the lung
specimens of three of the patients with interstitial fibrosis contained CNT that were
virtually identical to those identified in samples of settled WTC dust. CNT were not
found in lung samples of a control population of construction workers. Small airway
disease was present in almost all cases with different degrees of severity. Interstitial
disease was present in four cases, characterized by a generally bronchiolocentric
pattern of interstitial inflammation and fibrosis of variable degree of severity.
Caplan-Shaw et al. [9] report on 12 patients who underwent surgical lung biopsy
for suspected interstitial lung disease or abnormal pulmonary function tests. Table 2
summarizes the findings of this case series. The authors divided their patients into

Table 2 Summary of cases with interstitial disease presented in the Caplan-Shaw paper

Pathology findings/
Case | mineralogical findings
no. (MF) PFT findings Chest CT scan findings
Interstitial disease on HRCT
1 Moderate fibrosis, small Restrictive, low DLco Mild reticulation and
airway fibrosis. MF not bronchiectasis, mostly
available subpleural in lower
lobes
2 Severe fibrosis, Restrictive/obstructive, Severe reticulation,
honeycombing, small markedly low DLco moderate bronchiectasis,
airway fibrosis. AS, silica, upper and lower lobes,
titanium, talc diffuse
3 Moderate fibrosis, cellular Unable to perform Moderate reticulation,
infiltrates, granuloma, severe bronchiectasis,
small airway fibrosis. AS, moderate ground glass
silica, titanium, talc opacity and mosaic
attenuation, lower lobe,
diffuse
4 Granuloma, organizing Normal, DLco not available Mild reticulation, mild
pneumonia, no fibrosis and mosaic attenuation,
no small airway fibrosis. lower lob, subpleural
MEF not available
5 Severe fibrosis, Restrictive, severely decreased | Marked reticulation and
honeycombing, organizing | DLco bronchiectasis,
pneumonia, small airway honeycombing, all
fibrosis. MF not available lobes, diffuse
6 Severe fibrosis, Restrictive, mildly decreased Moderate reticulation,
honeycombing, small DLco mild bronchiectasis, all
airway fibrosis. MF not lobes, subpleural
available
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Table 2 (continued)

Pathology findings/
Case | mineralogical findings
no. (MF) PFT findings Chest CT scan findings
No interstitial findings on HRCT
7 Small airway fibrosis. MF | Restrictive, moderately Mild mosaic
not available reduced DLco attenuation, upper and
lower lobes, air trapping
8 Granuloma, small airway Restrictive/obstructive, DLco Diffuse bronchial wall
fibrosis. AS, silica, not available thickening, lower lobe
titanium, talc
9 Moderate fibrosis, Restrictive, moderately Marked ground glass
granuloma, small airway reduced DLco and mosaic attenuation,
fibrosis. AS, titanium, talc, diffuse bronchial wall
no silica thickening and air
trapping
10 Granuloma, small airway Restrictive/obstructive, mildly | Moderate mosaic
fibrosis. MF not available reduced DLco attenuation, diffuse
bronchial wall
thickening and air
trapping
11 Moderate fibrosis, no small | Restrictive, mildly reduced Minimal air trapping
airway fibrosis. AS, silica, DLco
titanium, talc
12 Emphysema Restrictive, mildly reduced None
DLco

two groups: those with predominant “interstitial” disease on HRCT and those who
had abnormal physiology and HRCT abnormalities but not “interstitial” findings.
Authors state that when identified, granulomas were scant and poorly formed.
Pathological analysis identified emphysematous changes in all but one patient (case
10) and mild and patchy cellular infiltrates in all but one patient (case 12). All cases
had opaque particles consistent with combustion products and birefringent particles
containing inorganic compounds, including silica and aluminum silicates, as well as
titanium dioxide and other metals identified within macrophages. Their analysis
was not able to detect nanotubes or asbestos fibers.

Constrictive bronchiolitis has been documented histologically in three WTC-
exposed workers [3, 16] and suggested radiologically in several others [16]. While
this entity is excluded from the histological definition of ILD, one case reported in
a WTC-exposed worker [16] demonstrated chronic bronchiolitis, focal obliterative
bronchiolitis, and rare non-necrotizing granulomas in the parenchyma on open lung
biopsy. Histological findings in a second case included focal and mild interstitial
fibrosis with lymphocyte aggregates but without fibroblastic foci or honeycombing
[3]. In a third case, end-expiratory air trapping was documented together with peri-
bronchiolar fibrosis in association with severe restriction, reduced diffusion capac-
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ity, and radiologic and histological interstitial pulmonary fibrotic changes [3]. Thus,
in these three cases of primarily distal airway disease, there is histopathological
evidence suggesting some degree of extension of the inflammatory process more
distally into the interstitial space.

Discussion

The development of environmentally induced pulmonary fibrosis can be conceptu-
alized as starting with the inhalation of the causative agent. Physical characteristics
of the inhaled toxin (e.g., dimensions, solubility), chemical composition, dose, and
lung clearance mechanisms (including anatomic and physiologic characteristics of
the airways, presence of disease, and minute ventilation) all contribute to the deliv-
ery of the agent to the alveolar spaces and affect the distribution, uptake and reten-
tion of the toxin at the lung parenchyma, and its potential to cause lung injury [40].
Analyses of WTC dust as reviewed above demonstrated that some percentage of the
dust was composed of particles small enough to penetrate deep into the pulmonary
system and to reach distal airways and alveoli [18, 19, 41]. The presence and reten-
tion of such particles has been confirmed in studies of induced sputum and BAL in
WTC-exposed firefighters [13, 32] and in pathology studies of lung tissue from
individuals involved in rescue and recovery work [14, 15] as well as from commu-
nity residents [9]. The two main series and the limited review on granulomatous
responses that have described mineralogy composition of the pathology samples of
the lungs from WTC-exposed individuals consistently report the presence of silica
and aluminum and magnesium silicates, in addition to other mineral findings [9,
15]. It appears so far that these silicates may be the primary agents responsible for
the generation of the inflammatory response that results in ILD in WTC-exposed
patients.

Following their retention in the pulmonary tissue, and either by their chemical
and/or physical characteristics, the inhaled toxins injure the alveolar epithelial cell,
dysregulating normal homeostatic wound healing and repair pathways mediated by
epithelial mesenchymal interaction, resulting in fibroblast activation and prolifera-
tion and continued pathologic production of a provisional matrix primarily of inter-
stitial collagens [42]. Variations in the pattern of immunologic response, probably
genetically determined, play a major role on the individual’s response to the injury
and the final development of persistent damage and disease [40]. As previously
reviewed herein, animal, in vitro studies, and case reports all suggest that WTC dust
is capable of inducing a pulmonary inflammatory response. Animal models [37] and
cell culture models [38] have shown the ability of the dust to induce production of
inflammatory mediators. Studies of induced sputum and of BAL in firefighters and
in patients who developed disease as a result of their exposure confirm the presence
of elevated levels of matrix metalloproteinases and interleukins and alteration in the
number and the immunologic properties of pulmonary parenchymal inflammatory
cells [13, 32]. Two main inflammatory responses have been described in series that
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document findings of ILD in individuals exposed to WTC fumes: a granulomatous
response [10-12] and a patchy interstitial fibrosis in a predominant bronchiolocen-
tric pattern [9, 15].

In most of the cases in which a clear environmental cause for ILD can be identi-
fied, clinical history usually reveals exposure to the toxin for long periods of time
before development of symptoms [43—45] or for shorter periods of time (months) if
the exposure was unusually heavy [26, 46, 47]. In the case of drug-induced lung
disease, for example, fibrotic lung diseases develop after months to years of using
the medication and sometimes even years after it has been stopped, except for acute,
idiosyncratic reactions [48]. Similarly, in cases of hypersensitivity pneumonitis,
exposure to the sensitizing agent usually occurred over a long period of time [49].
Almost all of the pneumoconioses present after long latency periods. These points
illustrate the need to accrue and retain significant amounts of toxins in the lung
parenchyma in order to trigger clinical disease and to allow for sufficient latency
time for symptoms and clinical findings to manifest. The one common denominator
in the vast majority of the cases of post-WTC exposure ILD summarized above is
the fact that the affected patients were exposed during the period when the environ-
mental concentration of WTC dust was at its highest, i.e., during the day of the
attacks and/or up to 3 days after the collapse of the towers, thus allowing for a suf-
ficient dose of inhaled WTC dust to generate a disease response. The one unusual
issue in WTC-DPLD is the relative short latency between exposure and disease.
Some of the reported cases of ILD related to exposure to WTC dust have been diag-
nosed within a short latency period after exposure, while others have been diag-
nosed several years after the attacks.

An additional unusual feature when comparing WTC-DPLD to other more “tra-
ditional” environmentally induced ILD is the lack of a common histopathological
pattern. As stated in this review, the current literature has identified two major clini-
copathological responses: a granulomatous inflammation and a more diffuse,
interstitial-type response with a bronchiolocentric pattern, which we have termed
“diffuse pulmonary fibrosis”-like in this chapter. Whereas the studies reported in the
articles describing a granulomatous response have significant methodological dif-
ferences, including recruitment, surveillance, and case ascertainment methods, and
are all subject to reporting biases, the fact that this finding has been reported in three
different populations (although with some overlap in between) gives some consis-
tency to this finding. Similarly, the two case series that described a more diffuse,
“diffuse pulmonary fibrosis”-like response to exposure to WTC dust present some
similarities: CT images showed findings consistent with interstitial lung disease,
and pathology demonstrated histologic patterns of patchy interstitial fibrosis, often
in a bronchiolocentric pattern, with bronchiolitis and peribronchiolar fibrosis, and
intracellular particles within collections of macrophages. Again, although the two
studies had significant differences as to recruitment and surveillance of cases, the
fact that similar clinicopathological responses have been reported in these two dif-
ferent populations gives some consistency to this finding as well.

In summary, at present the most frequently reported pulmonary consequence
related to WTC exposure is airway disease. However, granulomatous responses,
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interstitial-like pulmonary disease, eosinophilic pneumonitis, and bronchiolitis
obliterans with elements of extension into the parenchyma have all been reported.
Most of these cases were exposed at the WTC site during the first few hours and
days after the attack and the collapse of the towers, when the concentrations of
inhalable toxicants are presumed to have been highest. Pathology and mineralogy
studies have identified particles and toxicants within the macrophages at the distal
airway/alveolar level. The presence of aluminum and magnesium silicates appears
to be a common denominator in many of these cases. The variability in the reported
pathological descriptions remains a challenge.

In conclusion, published reports so far suggest the possibility of development of
an inflammatory response to WTC dust with clinicopathological consequences in
the pulmonary tissue manifesting as ILD. Ongoing surveillance and follow-up of
the cohort of exposed individuals are warranted, especially to allow for a longer
latency period for these diseases to occur and to assess the additional potential for
cumulative dose over time on the development of ILD.
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Persistent Lower Respiratory Symptoms

in the World Trade Center (WTC) Survivor
Program, a Treatment Program

for Community Members

Caralee Caplan-Shaw and Joan Reibman

Introduction: Populations at Risk for Health Effects

On September 11, 2001, Southern Manhattan was filled with the hundreds of
thousands of people who visited, worked, lived, and studied in the financial and
residential hub of New York City. In addition to the responders (firefighters,
police, and volunteer construction and utility workers) who rushed to the site,
approximately 300,000 of these community members were at risk for exposure
after the WTC disaster. This group included more than 250,000 local workers,
8000 grade school students, 45,000 college students, and more than 60,000 resi-
dents living south of Canal Street [1]. On the day of the disaster, some were hit
with falling debris when the planes crashed through the buildings, others were
caught in the massive dust cloud produced by the collapse of the towers, and
still others wandered for hours in the dust before finding their way out of the
area [2].

The ensuing chaos brought on by the unprecedented disaster resulted in delays
of assessment of potential health risks. Reassured by claims from the US
Environmental Protection Agency (EPA) that “their air is safe to breathe,” [3]
huge numbers of area residents never left the area, and many resident evacuees
and local workers returned to their homes and offices within a week after the event
[2]). Since the area was not declared a toxic waste site, cleanup was unregulated,
left to individual owners and tenants of dust-filled buildings in Southern Manhattan
and parts of Brooklyn. Thus, workers and residents returned to indoor spaces
whose interiors and ventilation systems were cleaned inconsistently or not at all,
resulting in exposure of these individuals to resuspended dust and persistent odors
from fires that burned for months [4, 5]. Although the New York City Department
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of Health and Mental Hygiene distributed leaflets with recommended cleaning
techniques, most residents were unaware of them and proceeded to clean their
apartments without personal protective equipment of any kind and in ways that
were likely to have increased potential for dust inhalation [4, 6]. Cleanup workers
hired by private companies similarly received little guidance on safe cleaning
methods, and many were unofficially discouraged from using masks so as not to
frighten their clients.

Toxicology and Health Effects in Responder Populations

Despite initial difficulties due to restricted access to the site and destruction of all
local preexisting ambient air monitors, toxicologic studies of WTC dust and fumes
accumulated over time. Preliminary information was presented at a symposium at
Pace University in October 2001 [7] when the extreme alkalinity of the dust was
revealed. Exposures were complex due to the massive amounts of pulverized
materials (over 1.2 million tons), the chemical transformations occurring at high
temperatures, resuspension of particles during rescue and recovery and cleaning
attempts, and continuous release of fumes from fires [8]. Analyses of dust samples
performed by university-based Environmental Health Sciences Research Centers
funded by the National Institutes of Environmental Health Sciences showed that
settled dusts were a mixture of building debris and combustion products, consist-
ing of concrete, gypsum, synthetic vitreous fibers, metals, radionuclides, ionic
species, and asbestos [4, 5, 9]. Chemical analyses revealed that the dusts were
highly alkaline and contained polycyclic aromatic hydrocarbons, polychlorinated
biphenyls, and other hydrocarbons [10, 11]. The dust was also found to be unusu-
ally aerosolizable, resulting not only in heavy acute exposures on the day of the
disaster but chronic exposures from resuspension of dusts in indoor and outdoor
spaces [8, 9].

Labor organizations and unions representing police officers, construction work-
ers, and utility workers as well as physicians from the Fire Department of New York
City (FDNY) argued the need for health surveillance given the substantial risks.
With advocacy from these entities, a federally funded screening program for first
responders only was initiated in July 2002 [12—14]. The first reports of adverse
health effects were reported in firefighters, including “WTC cough” new-onset per-
sistent upper and lower respiratory and gastrointestinal symptoms and reductions in
lung function [15, 16]. After a federal program for treatment of WTC-related health
effects in responders was established in 2006, research confirmed the presence of
sinusitis, asthma-like illnesses, interstitial lung diseases, sarcoidosis-like lung dis-
ease, and gastroesophageal reflux that began or were aggravated by 9/11 exposures
as well as an excess incidence of cancer [8, 17-21]. Studies in responders also
showed a high prevalence of mental health conditions, including post-traumatic
stress disorder, depression, and anxiety [12, 22-24].
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Evolution of a Survivor Program

Implementation of health surveillance and treatment programs for at-risk commu-
nity members lagged way behind those of responders [2]. Without early national
advocacy, formal representation, or a system in place to coordinate research coupled
with a barely functional postal service in the aftermath of the disaster, efforts to
study health effects in community populations were difficult, requiring extensive
fieldwork [2]. Despite the challenges, over 2800 residents completed surveys in
English, Spanish, Mandarin, and Cantonese as part of a research study funded by
the US Centers for Disease Control and Prevention (CDC) and completed by
New York University/Bellevue Hospital in partnership with the New York State
Department of Health and a coalition of community groups within 2 years of 9/11.
Providing the first evidence of health effects in a local community population, the
residents’ respiratory health study compared these local residents to a control group
living in Northern Manhattan and documented a greater than threefold increase in
new-onset persistent respiratory symptoms associated with unplanned medical vis-
its and use of rescue inhaler medications [25, 26]. The presence of physical damage,
dust, and odors in the home was related to new-onset respiratory symptoms, with
the greatest risk observed in those with an increased frequency or duration of dust
or odors in their homes, suggesting a dose-response [27].

In 2003, the New York City Department of Health and Mental Hygiene and the
federal Agency for Toxic Substance and Disease Registry launched the WTC Health
Registry (WTCHR), a $20 million joint research program to collect data on the
physical and mental health issues in WTC-exposed responders and community
members. The WTCHR began enrollment in 2003 and confirmed the presence of
respiratory symptoms in survivors of collapsed or damaged buildings in addition to
reporting dose-response associations [1, 18, 21, 28, 29]. Subsequent studies by the
registry documented increased asthma rates in children [30-32].

In response to the perceived need for care of community members with WTC
exposures, the asthma clinic of Bellevue Hospital, the flagship hospital of New York
City’s public health system, launched a small, unfunded community treatment pro-
gram. The program expanded in 2005 from a clinic serving a few hundred to a
program enrolling thousands with the help of funding from the American Red Cross
Liberty Disaster Relief Fund. Thanks to advocacy from community organizations,
an additional 5 years of funding was secured from the City of New York in 2006. In
2008, again in response to pressure from community organizations and local politi-
cians, federal money was provided for the first time through a 3-year grant awarded
by the National Institute for Occupational Safety and Health (NIOSH) for provision
of medical and mental health treatment to community members with symptoms
after 9/11 exposures [33].

In 2010, Congress passed the James Zadroga 9/11 Health and Compensation
Act, which created a World Trade Center Health Program (WTCHP) with Centers
of Excellence with expertise in screening, monitoring, and comprehensive treat-
ment of WTC-related conditions for “responders” and “survivors” (community
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members). The clinical care is closely monitored, and treatment is provided only for
conditions that are “certified” by a physician as having been caused, contributed to,
or aggravated by confirmed WTC exposures. There was great political resistance to
including community members in the bill: many assumed community members had
insignificant exposures compared to responders and were not at risk, and most were
concerned about the costs of ongoing treatment of such a large group of people.
Through the concerted efforts of community groups, labor organizations, and local
politicians, community members were eventually written into the bill, although
with conditions and restrictions on coverage. Whereas “responders” undergo rou-
tine surveillance (monitoring) as well as treatment of certified conditions, “survi-
vors” undergo monitoring only after diagnosis of a certified condition. “Responders”
receive services at no cost; for “survivors,” personal insurance is billed first, and the
WTCHP is the secondary payor. As of August 2015, over 62,700 “responders” were
enrolled for surveillance and over 24,000 for treatment of a certified condition; 8475
“survivors” were enrolled for treatment only [2].

The Survivor Program at Bellevue Hospital: The World Trade
Center Environmental Health Center (WTC EHC)

The Bellevue Hospital World Trade Center Environmental Health Center (WTC
EHC) is a multidisciplinary medical and mental health treatment program for symp-
tomatic community members exposed to WTC dust, gas, or fumes. Individuals pres-
ent to the clinic in response to information about the program distributed by
community organizations and local news reports. Inclusion in the program is based
on an initial telephone screen to document potential WTC exposure as a local
worker, resident, cleanup worker, or passerby in Southern Manhattan on or in the
months after September 11, 2001, and the presence of any physical symptom that
occurred or was exacerbated after September 11, 2001 [33].

Ataninitial visit, patients respond to a multidimensional interviewer-administered
questionnaire to obtain information on demographic characteristics and confirm and
characterize WTC exposures as a local worker, resident, or cleanup worker, student,
or passerby; symptoms, including severity and temporal relationship to September
11, 2001; and functional status. Questionnaires are translated into Spanish,
Mandarin, Cantonese, and Polish using Bellevue Hospital Center’s remote, real-
time translation system. Severity of dyspnea is assessed using the modified Medical
Research Council (MRC) dyspnea scale. All patients undergo a standardized medi-
cal evaluation, including a detailed medical and exposure history and physical
examination, a mental health screen, blood tests, chest radiograph, and pulmonary
function studies, including spirometry and impulse oscillometry (I0S). When chest
radiography is abnormal or spirometry shows a reduced forced vital capacity, fur-
ther evaluation with high-resolution inspiratory expiratory computerized tomogra-
phy (CT) of the chest and complete pulmonary function testing with plethysmography
and diffusing capacity of carbon monoxide (DL,,) are performed. Patients may also
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undergo cardiac evaluation with exercise stress testing and echocardiogram, as clin-
ically indicated. The WTC EHC treatment protocol includes treatment of asthma-
like symptoms based on guidelines for asthma management [33]. Patients are
subsequently invited for monitoring visits every 18 months, during which question-
naires and standardized evaluation are repeated [34].

Summary of Findings in Survivors

Exposures and Demographics

In contrast to assessment of exposure in responder populations, in whom time of
arrival to the site and hours spent on the pile could be quantified to define exposure
intensity, exposures among community members were varied, complex, changed
over time, and occurred in both indoor and outdoor spaces [8]. Thus, the WTC EHC
has defined exposures among survivors by exposure category (local worker, area
resident, or cleanup worker) and by self-report of having been caught in the dust
cloud [33]. Characteristics of the population as a whole and by exposure category
are summarized in Table 1. In the early years of the program, when a small number
of rescue and recovery workers were still included, local workers formed the largest

Table 1 Characteristics of WTC EHC population (N = 1898)

Local Cleanup Rescue and
Characteristic, Total worker Resident worker recovery
N (%) (N=1898) | (N=709) (N=378) | (N=566) (N =200)
Gender
Male 1005 (53) 322 (45) 194 (51) 313 (55) 156 (78)
Age, mean +SD |48 =12 50+ 11 52+ 14 43+ 10 47+ 10
Race
White 867 (46) 309 (44) 158 (42) 247 (44) 130 (65)
Black 318 (17) 227 (32) 28 (7) 25 (4) 28 (14)
Asian 217 (11) 59 (8) 146 (39) 3(1) 7 (4)
Other 48 (2) 22 (3) 3(1) 12 (2) 6(3)
No answer 448 (24) 92 (13) 43 (11) 279 (49) 29 (14)
Ethnicity
Hispanic 1792 (42) 1172 (24) 68 (18) 1482 (85) 157 (29)
Income/year
<30K (1178(62) 293 (41)  [270(71) 499 (88) 190 (45)
Insurance
Uninsured 746 (39) 1133 (19) (154 (41) 383 (68) 162 (31)
Tobacco
>5pack years | 423 (23) 182 (26) 103 (28) 74 (13) 62 (32)
Dust cloud 749 (40) 413 (60) 151 (41) 115 (21) 67 (34)

Adapted from [33]
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exposure group (37%), with area residents comprising 19%, cleanup workers 30%,
and rescue and recovery workers 11% of the population. Approximately 40% of
patients reported having been exposed to the dust cloud; most of those caught in the
dust cloud were area residents and workers [33].

The WTC EHC patient population is racially diverse, with nearly half of the
group and most of the cleanup workers self-reporting as Hispanic. In contrast to
firefighter and responder populations, survivors include a large proportion of
women (nearly half), with a mean age of 48 at enrollment and little variation in age
among the exposure groups. The vast majority have minimal or no smoking his-
tory. Residents and cleanup workers tended to have low incomes and no health
insurance [33].

Symptoms

Although enrollment in the WTC EHC requires report of any physical symptom
without any restriction as to the type of symptom, reported symptoms are similar to
those reported in occupationally exposed rescue and recovery workers and include
lower respiratory symptoms (LRS), nasal and sinus congestion, and gastroesopha-
geal reflux symptoms. The first description of the WTC EHC population explored
characteristics of nearly 2000 patients enrolled 4—7 years after September 11, 2001.
Symptoms were considered “new” if they developed after 9/11 and “persistent” if
they occurred 22 times per week in the month preceding evaluation. New-onset
persistent lower respiratory symptoms in survivors are summarized in Fig. 1.
Dyspnea on exertion and cough were the most common LRS (67% and 46%, respec-
tively); some reported wheeze (27%) and chest tightness (28%). Nearly half of the
population (41%) reported a modified MRC score of 3 or more, consistent with

100

40
30 |
20
10 1
0 :

Cough Wheeze Chest MRC >3
tightness

% population

Fig. 1 Lower respiratory symptoms in the WTC EHC (N = 1852). Adapted from [33]. *N = 1075
for MRC > 3
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moderately to severely disabling dyspnea. Dust cloud exposure was significantly
associated with new-onset persistent dyspnea on exertion and with moderately to
severely disabling dyspnea in the area worker population [33].

Among both responder and survivor populations, an increased prevalence of per-
sistent LRS has been associated with mental health symptoms, including post-
traumatic stress disorder (PTSD), depression, and anxiety, even when adjusting for
exposure intensity [28, 29, 35-38]. A study of nearly 2500 registry participants
showed a dose-response relationship between the number of mental health condi-
tions and poorer asthma control, with participants with three mental health condi-
tions having five times the odds of very poor control compared to those without
mental health issues [39]. Longitudinal data in responders demonstrated that PTSD
increased the likelihood of development of LRS and decreased the rate of symptom
remission [23]. Across all exposure types, LRS, especially in combination with
PTSD, has been associated with reduced measures of quality of life [29]. A cross-
sectional study of nearly 19,000 registry participants showed persistent LRS in
nearly 15%, half of whom also had probable PTSD, depression, or anxiety and
decreased quality of life 10 years after 9/11 [40].

Lung Function and Imaging

In the first description of WTC EHC patients, the vast majority (71%) had normal
spirometry, and 90% had normal chest radiographs, consistent with findings in
responder populations [33]. Spirometry was classified into normal and abnormal
patterns using the lower limits of normal (LLN), defined as values below the lower
fifth percentile, derived from the National Health and Nutrition Education Survey
(NHANES) III population, as previously described [13, 41]. A low forced vital
capacity (FVC) pattern was the most common abnormality and was associated with
new-onset, persistent DOE [33]. The remaining patients with abnormal spirometry
showed either an “obstructed” or combined “obstructed and low FVC” pattern. The
distribution of the four spirometry patterns in the survivor population was consistent
with other occupationally exposed populations [13] and with the spectrum of dis-
eases that have been described in WTC-exposed responder populations, including
reactive airway dysfunction, irritant-induced asthma, sarcoidosis, and interstitial
lung diseases [16, 26, 42, 43]. These patterns have been studied in detail and suggest
varied mechanisms of injury in WTC dust-exposed community members. The dis-
tribution of spirometry patterns in WTC EHC patients is provided in Table 2.

A normal spirometry pattern, seen in most survivors, can be seen in patients
with no underlying lung disease but also in those with asthma or airway hyperre-
sponsiveness. Alternatively, the possibility existed that exposed individuals with
normal spirometry might have distal airway disease not reflected in spirometry
[47, 48]. In a longitudinal analysis, FVC improved over time, suggesting revers-
ible airway closure even in those with normal spirometry [44]. Additionally, in a
subset of consecutive patients in the WTC EHC who underwent methacholine
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Table 2 Spirometry patterns in WTC EHC patients with <5 pack-year tobacco history

Spirometry Response to Longitudinal
pattern N (%) bronchodilator? | improvement? Clinical associations
Normal 791 (71) Yes
Obstructed 67 (6) Yes Yes Wheeze
Elevated peripheral
eosinophils
Low FVC 224 (20) | Minimal Yes, but not to normal | New-onset persistent
DOE
Air trapping and
bronchial wall
thickening on CT
Obstructed and | 28 (3) Yes Yes, greatest Lowest spirometry
low FVC improvement but not parameters at baseline
to normal

Data from [33, 44-46]

challenge testing, nearly half showed airway hyperresponsiveness, a rate that is
much higher than that reported in asymptomatic individuals [44, 49]. Airway
hyperresponsiveness has been well described in firefighter and rescue and recov-
ery populations [15, 16].

Although most patients with WTC exposures and LRS have been suggested to
have asthma, an obstructed pattern is uncommon in the WTC EHC population as
well as in other WTC-exposed groups [15, 16, 50]. In WTC EHC patients with an
obstructed pattern, there was some improvement in spirometry parameters after
administration of bronchodilator [33], and spirometry values improved over time,
consistent with reversible airway disease [44]. Reinforcing the similarities to asthma
in this group, an obstructive pattern was also associated with wheeze and elevated
peripheral eosinophils [46]. Patients with an “obstructed and low FVC” pattern had
the lowest spirometry values at baseline and showed improvement in both FVC and
FEV, after administration of bronchodilator, suggesting airway disease with air
trapping [33]. In a longitudinal analysis, this group showed the greatest improve-
ment in FVC and FEV, over time [44].

Because the vast majority of symptomatic WTC-exposed individuals have nor-
mal spirometry, and because abnormalities of the distal airway may not be
reflected in spirometry, multiple studies in a variety of WTC-exposed populations
have used impulse oscillometry (IOS) to characterize the “quiet zone” of the
lung. IOS measures include airway resistance (Rs, resistance at an oscillating
frequency of 5 Hz), frequency dependence of resistance (Rs o, the fall in resis-
tance from 5 to 20 Hz), and heterogeneity of distal airway function (Ax, reactance
area) [48, 51]. In a study of 174 WTC EHC patients with respiratory symptoms
and normal spirometry, IOS values were elevated, and 37 of 43 were found to
have frequency dependence of compliance by esophageal manometry, another
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measure of distal airway heterogeneity [51]. All parameters improved after
administration of a bronchodilator. Since spirometry was normal in all subjects,
the findings likely reflected at least partially reversible dysfunction in airways
distal to those measured by spirometry. A nested case-control study of WTC
Health Registry area residents and workers showed similar findings, with cases
(individuals with LRS) substantially more likely than control subjects without
LRS to have elevated airway resistance (Rs, 68% vs. 27%, P < 0.0001) and fre-
quency dependence of resistance (Rs_g, 36% vs. 7%, P < 0.0001) [50]. These
findings were reproduced in a larger study of 848 symptomatic WTC EHC
patients compared to asymptomatic controls from WTC Registry, revealing
higher IOS measures in symptomatic compared to asymptomatic subjects as well
as an association between higher IOS values and increased severity and frequency
of wheezing [52]. Finally, in a study of 166 symptomatic WTC EHC patients with
normal spirometry undergoing bronchoprovocation with methacholine, 67 met
spirometric criteria for bronchial hyperreactivity; however, an additional 24
patients had onset of LRS during bronchoprovocation coinciding with elevations
in IOS values, suggesting the presence of isolated small airway reactivity as a
mechanism for LRS [53].

The “low FVC” pattern, the most common abnormality found in both responder
and survivor populations, can be seen in a variety of scenarios, including submaxi-
mal effort during lung function testing, parenchymal disease, obesity, or patchy
peripheral air trapping [45]. In an effort to elucidate the etiology of the low FVC
pattern in WTC EHC patients with lower respiratory symptoms, a retrospective
physiologic study of 54 symptomatic subjects in the WTC EHC with reduced FVC
and normal chest radiographs was undertaken [45]. Complete pulmonary function
testing with plethysmography and DL, IOS measures, and inspiratory expiratory
HRCT of the chest were analyzed. Lung function parameters suggested restriction
due to air trapping; elevated IOS measures were found in 50 subjects, and imaging
revealed bronchial wall thickening and/or air trapping in 40. In the 16 patients who
underwent measurements of lung compliance, compliance was normal. In a study
of 724 WTC EHC patients, elevated CRP levels (a marker of ongoing inflamma-
tion) were associated with the presence of LRS, elevated I0S parameters, and a
low FVC pattern 611 years after 9/11, supporting the notion that ongoing inflam-
mation may contribute to symptoms and distal airway dysfunction in survivors
[54]. Taken together, these findings describe a distinct physiologic phenotype of
restriction due to airway dysfunction. Studies in rescue and recovery workers [55]
and firefighters [56] have similarly documented air trapping and bronchial wall
thickening on CT scans associated with LRS and physiologic signs of airway dys-
function, including improvement in spirometry parameters after bronchodilator
administration, elevated residual volume (a sign of air trapping), and airway hyper-
responsiveness by methacholine challenge even in those with normal spirometry or
a low FVC pattern.
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Pathologic Findings

The ability of particulate matter to be inhaled and retained in the lung has been
documented. Bronchoalveolar lavage fluid from a firefighter presenting with
eosinophilic pneumonia contained large amosite asbestos fibers, fly ash particles,
and degraded fibrous glass [57]. Induced sputum of New York City firefighters
after 9/11 demonstrated inflammation and particles containing titanium [58].
Pathologic findings of bronchiolitis obliterans were found in a symptomatic
responder [59]. In seven symptomatic WTC responders, histopathologic findings
of small airway disease and bronchiolocentric parenchymal disease were identi-
fied in the presence of aluminum and magnesium sheet silicates, chrysotile
asbestos, calcium phosphate, and calcium sulfate and, in some cases, carbon
nanotubes [60].

Studies in survivors have shown similar findings. In a study of pathologic find-
ings in survivors, lung function, high-resolution CT scans of the chest, and patho-
logic findings were reviewed in 12 patients who had undergone surgical lung biopsy
for evaluation of suspected interstitial lung disease (ILD) or abnormal lung func-
tion [61]. While pulmonary function tests were predominantly restrictive, half of
the group had radiologic findings consistent with ILD and half had normal or
airway-related findings, including bronchial wall thickening or dilatation and air
trapping. The predominant pathologic findings were interstitial fibrosis (mostly in
those with ILD findings on CT), emphysematous changes, pulmonary arteriopathy,
and small airway abnormalities, including bronchiolitis or small airway fibrosis
associated with opaque and birefringent particles with macrophages. Analysis of
tissue blocks by scanning electron microscopy with energy dispersive x-ray spec-
troscopy revealed silica, aluminum silicates, titanium dioxide, and talc, as well as
metals (aluminum, steel, zirconium, chromium, copper, zinc, and tin) in concentra-
tions not expected in a population without occupational exposure. Additionally,
limited mineralogic analysis of WTC EHC patients with post-9/11 sarcoid also
showed silica and aluminum silicates in lymph node and parenchymal biopsy spec-
imens [62].

Longitudinal Assessment of LRS and Lung Function

In a longitudinal analysis of lung function in 946 patients in the WTC EHC, there
was an overall improvement in spirometry parameters during an average 2.4-year
follow-up period, with the degree of improvement varying by spirometry pattern at
enrollment as described above as well as by exposure category and smoking status
[44]. In contrast to the group as a whole, temporal improvement in lung function
was not seen among heavy smokers. When stratified by WTC exposure category,
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longitudinal analysis indicated statistically significant improvement in lung func-
tion parameters among all exposure groups (local worker, resident, cleanup worker)
with the exception of %FEV; in the cleanup group; local workers showed the least
improvement over time. Additionally, longitudinal changes over time differed by
spirometry pattern, as described above and summarized in Table 2.

A longitudinal assessment of nearly 800 WTC EHC patients showed minimal
improvement in the proportion of patients with severe or mild LRS between initial
and monitoring visits, with a majority of patients (63%) still meeting asthma
guideline-based criteria for severe symptoms at monitoring (Fig. 2) [34]. Severe
LRS at initial visit (present in 70%) was associated with dust cloud exposure, expo-
sure as a local worker, elevated BMI, and the presence of mental health symptoms
but not with spirometry. Among the 559 patients with severe LRS at initial visit,
there were statistically significant improvements in functional status and frequency
and severity of specific symptoms (cough, wheeze, chest tightness, and dyspnea)
over time. The presence of PTSD or anxiety at initial visit was associated with per-
sistence of severe LRS at monitoring; no other demographic or lung function
parameters were distinguished between patients whose symptoms resolved or
improved and those whose severe LRS persisted. As illustrated in Table 3, improve-
ment in severe LRS was associated with improvements in distal airway function as
measured by I0S, suggesting that LRS are not merely manifestations of mental
health comorbidity but related to partially reversible abnormalities at the level of the
distal airways.

Monitoring 172

Initial 137

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Severe Mild = None

Fig. 2 Distribution of LRS severity at initial and monitoring visits (n = 798). Adapted from [34]
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Table 3 Longitudinal change in spirometry and impulse oscillometry, by Symptom Trajectory, for
the Severe LRS Group (n = 559)

Improved | Persistent | P-value | Trend test
Resolved (47) | (105) 407) (K-W) | P-value
Spirometry delta (M1-V1)
mean (SD)*
FVC, % predicted 4.88 (2.77) 477 (2.55) |5.01(2.51) 047 0.80
FEV,, % predicted 3.66 (2.34) |3.84(2.02) |3.84(1.52) |0.11 0.11
FEV,/FVC, % 0.91 (0.87) |0.88(1.22) |1.04(1.28) 0.12 0.08
Oscillometry delta
6 =MI1-V1, median (IQR)
Rs_5, cm H,O/L/s —0.060 (0.47) |0.02 (0.65) |0.12(0.83) 0.02
M monitoring visit, V/ initial visit

Adapted from [34]

Conclusions and Future Questions for the Survivor Program

Taken together, studies in survivors show persistence of LRS many years after the
WTC disaster associated with mental health symptoms and distal airway dysfunc-
tion. Although resolution or improvement in LRS is seen in a small proportion of
patients associated with improvements in measures of distal airway function, the
vast majority of survivors have persistent severe LRS and mental health symptoms
impacting quality of life. Thanks to the Zadroga Act and ongoing federal funding
for the survivor program, essential multidisciplinary care with concurrent treatment
of medical and mental health issues will continue to be provided. Future studies in
survivors are needed to consider the following questions:

What are the relative contributions of and relationships between mental health
comorbidity and airway function, including distal airway function, in survivors
with persistent LRS?

Does vocal cord dysfunction play a role in persistent LRS in survivors?

What are the pathophysiologic mechanisms of distal airway dysfunction in survi-
vors with persistent LRS?

Can we improve treatment of persistent LRS in survivors with targeted therapies of
the distal airway based on these pathophysiologic mechanisms?

What is the course of symptoms and lung function in survivors with persistent LRS
due to interstitial lung disease?

Given the presence of pulmonary arteriopathy in lung tissue from survivors, does
subclinical pulmonary vascular disease contribute to persistent LRS in
survivors?

Funding Centers for Disease Control and Prevention (CDC)-National Institute for Occupational
Services and Health (NIOSH) #200-2011-39413 Evaluation of Distal Airway Injury Following
Exposure to World Trade Center Dust U0l OHO11317 Small Airway COPD in the Survivor
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Population U0O10OH010404 Uncontrolled Lower Respiratory Symptoms in WTC Survivor
Population Clinical Center of Excellence: 1E110H0030 (2008 —2011) 200-2011-39391C (previ-
ous), 200-2017-93427 (current) Data Center: 200-2011-39379C (previous), 200-2017-93327
(current)
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Asthma in Children from New York City’s
Chinatown Post-9/11

Anthony M. Szema

Introduction

Asthma diagnoses in the pediatric population of Manhattan’s Chinatown increased
50% in the year after September 11, 2001. Peak expiratory flow rates were reduced
for those previously-diagnosed asthmatics living within 5 miles of Ground Zero, with
increased asthma medication use and visits to the pediatrician for asthma. Years later,
spirometry values for those alive in the neighborhood on 9/11, those born on 9/11,
and those born thereafter are all reduced. The ongoing ambient air pollution with
airborne metals suggests a two hit hypothesis with 9/11 plus post-9/11 air pollution,
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the latter likely related to traffic over the Manhattan Bridge. These studies and those
by Trasande suggest a need for long-term monitoring of this vulnerable population.

From the 2000 United States Census, serendipitously collected just 1 year prior
to September 11, 2011, we were able to determine the rate of asthma in New York
City’s Chinese—American households was only 6.8%—among the lowest of all ten
ethnic groups surveyed in NYC. Rosenbaum et al. reported that among these
New York households in 2000 with at least one case of asthma, other Asian ethnici-
ties had much higher rates of 11.7%: Korean, Japanese, Filipino, Vietnamese, and
other Pacific Islanders. Other ethnicities ranged from a low of 7.3% (Asian Indian)
to a high of 28% (Puerto Rican) (Fig. 1) [1]. Yet, the number of children with asthma
in Chinatown increased 50% in the year post-9/11 [2].

The substantial increase in asthma among children in Chinatown after the World
Trade Center disaster may be attributed to airborne hazards causing lung injury,
which may clinically interpreted as asthma. Air pollution may irritate and inflame
airways, leading to cardinal features of asthma: airway hyperresponsiveness and
inflammation. Samples of signature World Trade Center dust, collected after falling
to the ground in the vicinity by Paul Lioy on September 16 and 17, 2001, included
calcium, phthalate esters, plastic, combusted jet fuel, soot, inorganic metals, radio-
nuclides, ionic species, and asbestos (0.8% to 3% of the mass) [3]. All of these
particulates are known hazards to the lung.

The satellite photo from the International Space Station shows Chinatown
directly affected by the plume which headed east (Fig. 2). Manhattan’s Chinatown,
seen in a local map, is blocks from the Twin Towers site (Fig. 3).

* Non-Hispanic white 11.0
* Non-Hispanic black 15.8
e Puerto Rican 28.0
e Dominican 14.8
e Central/South American 13.0
e Mexican 5.0
e Other Hispanic (Cuban) 16.8
e Chinese 6.8
e Asian Indian 7.3
e Other Asian 11.7
Other Asian comprises Korean, Japanese, Filipino, Vietnamese, and other pacific
Islanders)

Fig. 1 NYC households with at least one person with asthma (2000 US Census Data) from [1]
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Fig. 2 Satellite photo of
New York City on
September 11, 2001, which
shows plume of smoke
from the burning World
Trade Center enveloping
Chinatown, Manhattan
(from International Space
Station downloaded from
globalsecurity.org with
permission)
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Sept-11, 2001

Fig. 3 New York City map shows proximity of the Chinatown Manhattan neighborhood to the
World Trade Center Twin Towers, and the closest border is three blocks away
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‘What our team found specifically was that Chinese—American children enrolled
in an Asthma Registry and living in Chinatown, blocks away from Ground Zero,
had more asthma-related clinic visits post-9/11 compared to the prior twelve
months. Asthmatic children living within 5 miles of the World Trade Center site had
more clinic visits than those living more than 5 miles away (Fig. 4). There were
more prescriptions for asthma medications.

Whereas in the 12 months following the 9/11 attacks, new cases of asthma
increased 50% in Manhattan’s Chinatown, cases decreased 11.9% in Queen’s
Chinatown (aka Flushing) approximately 12 miles away. Both groups comprised
urban, lower socioeconomic strata Chinese—American children treated by the same
salaried physicians.

Mean percent predicted peak expiratory flow rates decreased solely for those
patients living within 5 miles of Ground Zero after September 11, 2001 (Fig. 5). All
values in Region 2 shown in yellow (which is greater than 5 miles from Ground

with zip codes from
es B. Wang

Fig. 4 Map of NYC shows zip codes of children living within 5 miles of Ground Zero in red com-
pared to those living beyond 5 miles. Blue stars indicate locations of the clinics where children
were examined. Zip codes in red are in zone 1 (<5 miles from the Twin Towers of the World Trade
Center), while zip codes in tan are for those New York City zip codes greater than 5 miles away [2]
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Mean Percent Predicted Peak Flow Rates By Quarter
110%
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90%
80%
70%

60%

9/11/01
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40%

Mean Percent Predicted Peak Flow Rates

Quarter 4, Quarter1, Quarter2, Quarter3, Quarter4, Quarter1, Quarter2, Quarter3,
2000 2001 2001 2001 2001 2002 2002 2002

Yearly Quarters

Fig. 5 Reduction in Peak Flow Rates for those students living within 5 miles of WTC [2]

Zero) were within normal limits (greater than 80% predicted) throughout the 2-year
study period. In Region 1 shown in red, however, values fell below normal (73.4%)
for the quarter following 9/11/01 and gradually returned to baseline (within the
normal range) two quarters after the disaster.

Lin et al. found self-reported asthma rates among 476 second graders at four
Chinatown elementary school students to be 16% in 2005 and 21.6% in 2006.
Redline screening questionnaire data yielded rates of 46.1% and 52%, respectively
[4]. So, these data support the concept that asthma rates are now persistently high in
Chinatown children post-9/11.

Our study population comprised 1000 students attending the closest, ethnically
and socioeconomically homogeneous elementary school proximal to the World
Trade Center. Deployed on the roof of the school, 14 m above ground, were two fine
particulate sampler monitors installed by the New York State Department of
Environmental Conservation. These monitors sampled 2.5 pm-sized particulate
mass samples collected continuously every 3 days (Fig. 6). We distributed a ques-
tionnaire to parents and students (Redline asthma questionnaire) [5] (Figs. 7, 8, 9,
and 10) and also obtained demographic information, age, gender, height, weight,
presence of household smokers, use of asthma medications, diagnosis of asthma by
apediatrician, and alternative medicine (herbal, moxibustion) for asthma. Spirometry
required parental consent and student assent; we used the KoKo Legend Spirometer.
Spirometry calibrated daily and results adjusted for temperature, barometric
pressure, age, height, gender, and race. A minimum of eight forced vital capacity
(FVC) maneuvers were performed to achieve three acceptable flow-volume loops
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Fig. 6 Particulate sampler
monitor installed by the
New York State Department
of Environmental
Conservation

Outdoor
Collecte

A.M. Szema

Air Pollution Levels
d on Roof of School
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Fig.7 Outdoor air pollution levels collected on the roof of the school. Outdoor air pollution levels

frequently exceeded Environmental Pro

tection Agency (EPA) limits 35 pg/m*/24 h (blue line) [9].

Data supplied by David Wheeler, New York State Department of Environmental Conservation
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STUDENT QUESTIONNAIRE

Name
Race

Age Grade

Teacher

O Atrican American O Asian Amarican O Hupanic 0 white

Piease t2ll us how often you have any of the foliowing:

O Native American O Omer

1. My breathing sounds nolsy or wheezy 0 o 0O
NEVER  SOMETMES  ALOT

2. Rlshard to take 3 deep breath 5 o (o)
NEVER  SOMETMES  ALOT

3. Ris hard for me 10 slop coughing. 0 o (o)
NEVER SOMETMES ALOTY

4. My chest feais tight or hurts after | run, piay hard, 0 o (o)
Or G0 Sporss. NEVER  SOMETMES A LOT

S. 1wake up at night coughing. o o (o)
NEVER  SOMETMES  ALOT

6. |wake up at night because | have trouble o o O
breatnlng_ NEVER SOMETMES ALOT

7. 1cough when I run, ciimb stairs or piay sports. 0 o (o)
NEVER  SOMETMES  ALOT

8. My eyes get itchy, pufty or burn o o (o)

NEVER  SOMETMES ALOT

3. 1have problems with a runny or stuffy nose o o (o)

NEVER SOMETMES ALOT
Please answer the following questions

10. A doctor or nurse toid me that | have asthma. O fo)

YES NO

11. 1stayed In the hospial overnight for asthma or trouble O O

breatning this past year Yes NO

12. 1lake medicine or use an inhaker for asthma. O 0]

YES NO

13, |lake medicine for alergles. O o)

YES NO

Fig. 8 Redline questionnaire for asthma

with two being within 200 mL for FVC and forced expiratory volume at 1 s (FEV1).
The value assigned to a participant was the largest acceptable value within 200 mL
of a second value [6-8].

We received 353 questionnaires from parents of children at an elementary school
in Chinatown.

We conducted spirometry on 202 students.

Using a DUSTREAM™ vacuum collection system, dust from around the school
was collected and sent to Indoor Biotechnologies (Charlottesville, VA) [10] for
analysis by ELISA for concentrations of antigens:
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PARENT OR GUARDIAN QUESTIONNAIRE

Student's Name Lgs Grads Teacher

Swdent's Race: O Afican Americin D Asion Amedcan O Hispane Owhite O Natve Americin 0 Omver

Fleasa tell us how often your child nas any of e folowing. (If your child has more problems In some
§easons of the year, please tell us about problems during the worst season.) Doss your child .

1. Make noisy or wheezy sounds when breatning? o o o) [m )
NIVIR SOMITINIS ALOT m
2. Have a hard time taking a desp oreath?
gadesp o o o0 3
NOVER SOMITIMES ALOT Koo
2. Deve coughs that won't go away?
lop coug 9o away o o fo) E‘
NIVER SOWMITIMES ALOT Koo
4. Compiain about a chest that f2els tight or hurts 0 0 o m
after running, playing hard, or doing sporis? EER SONERESS  ALOT e
5. Wake up atnignt coughing? o o o) a
NIVIR SOMITIMES ALOT m
£ Wake Up 31Nignt Decause of boubie breathing? o o o 3
Dot
NEVER  SOMETIMSS  ALOT  Neow
7. Cough when running. cimbing stairs or piaying o o o) a
sports? NOVER  BOMETIMES  ALOT o]
8. Miss days of school (absent from school) because o o [o) [m )
of breathing problems? mneR  sowemuss AT o
2. Have eyes that ltch, get pufty or bum 0 o o m)
=)
NEVER SoMITIMES ALOT lm;_
10. Have problems with a runny, sufy nose o o [m ]
D}
NEVER  SOMETIMES  ALOT Keow
Fiease answer the llowing questions about your chlla:
11. Has a doctor or nurse told you that your child has asthma, 0 0 a
reactive alrway disease or wheezy bronchiis? o st m
12. Has your child stayed In the hospital ovemignt for asthma or e} O [m)
for trouble breathing this past year? — perd San
Korarw
12, Does your chlld take medicing (or use an nhalker) for o) 0 m ]
asthma? e ot Suan
-
14. Does your child take medicine for aliergles? [e) m)
YES L v
Fig. 9 Parental questionnaire regarding their child’s asthma

— Mouse

— Rat

— Feline (cat)

— Cockroach

— Three groups of dust mites
— Dog

Undetectable of extremely low levels of these indoor aeroallergens supports a
lack of a role for specific allergic sensitization to these common indoor triggers of

asth

ma (Fig. 11).
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EEZERARBAE (TR F/MK)

BEHSE L2 FiR BEEE

BEWE  HAZE) TRzm) LRSS A’ it
BB AN ES SHR AT FHUT R, (0 Rt FARAEE SEL BN ZOMN . IENTAFRNOTE S
WEAME, ) TOEFN....

1. R TFMIE f R 2 0 0 0 0
et  HY 5] TR
2. REREEE 2 0 0 0 0
Rxpy  HG 23 Tl
3. AREENEHANE®? 0 0 0 0
RxBH HY %] TR
4 FRESFRENN PR ~¢ . ROEA T TeEM? O 0 0 n}
Rxpy  HG 23 TR
5 HETERRRTRER? 0 0 0 0
RxBH HY %] TR
6. BFRTIEBEEELER 2 0 0 0 O
REDy  wAG 23 TR
7. ER  JEE E B B e 0 0 0 0
Rxpy  wG &3 Tl
8. AFRENEEMNFLE (RE )82 0 0 0 0
Rxpy  wG &3 B
9. WRRNHE , (IH , BWE 2 0 0 0 0
fxpH  HY %] TR
10. AMALREHBEE 2 0 0 0 n}
Rxpy HY %] TR
WE 2 TEAR BT O R
1. REERERE SR HINAN , FHFESwH2 O O 0
B %5 Tl
12. H AEN—F  REZARERESNELF R emngiR, O O u]
@ &5 Tl
13. 27 RE IARRS A o 02 F SRR 2 O O 0
B %5 el
14, fREFHE R AQT LA NOR 2 O O u]
# %5 Tl

Fig. 10 Parental asthma questionnaire translated into Chinese

Among children who answered questionnaires but refused spirometry, 12.6% of
those living within 1 mile of Ground Zero self-reported asthma vs. 4.8% for those
living further away (Fig. 12).
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Mite Allergens - Dog | Cockroach Rat Mouse

Derp1| Perf1 | Mite Group2 [Feld1|Canf1 Blag2 Ratn 1| Musm 1

0 0 0 0.31 0 0 0 0.068

Fig. 11 Undetectable and insignificant levels of indoor aeroallergens in dust from an elementary
school in Chinatown [6]
Self-Reported Asthma Rates Among Students Without Spirometry
12.6% for those Living < 1 Mile from Ground Zero

vs. 4.8% for those living further away

61
> 1 mile

90
<1 mile

20 40 60 80 100

o 4

m no asthma m asthma

Fig. 12 Higher self-reported asthma rates among children living within 1 mile of Ground Zero
who refused spirometry

Fig. 13 Rates of asthma Self Reported Asthma From Children with Spirometry
higher for children living 180
> | mile away 160 1 ® Asthma

M No asthma

140 -
120
100
80
60
40
20
0 -

# of children

<1 mile > 1 mile
Residential Distance from Ground Zero

For those children who underwent spirometry, rates of asthma were actually
higher for those living more than 1 mile away. However, there are more children
living further away (Fig. 13).
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Post 9/11: High asthma rates among
children in Chinatown, NY

e ™ e
58/202 or 29% of Spirometric Values for
Students 4-12 Years Children > 7 Years Old
Old With FEV1 <80% with FEVI< 75%

(72%:+6.8% S.D.)

m FEV1<80%
m FEV1>80%

m FEV1<75%
m FEV1>75%

\ J \ J

Fig. 14 Children born on 9/11 had a 17% airway obstruction rate, while 29% of those alive on
9/11 exhibited airway obstruction

Fig. 15 Impulse
Oscillometry (I0S) from
Jaeger Carefusion Website

For those children alive on 9/11 (>7 years old in 2008), 17% had airway obstruc-
tion with FEV1 < 75%. For those students born after 9/11, 29% had an FEV1 < 80%
(Fig. 14) [6].

Chinatown asthma rates are therefore still higher than other groups (29% vs. the
NYC reference rate of 13%). These rates indicate persistence of elevated rates, as
suggested by Lin and colleagues. Air pollution levels exceed EPA standards and are
unhealthy (>25 pg/m?/day). This ongoing air pollution may account for increased
asthma incidence in children living in Manhattan’s Chinatown whether they were
alive on 9/11 or born thereafter. It is possible that exposure to various toxins on 9/11
accentuated the effect of subsequent exposure to air pollution.
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The difference between parent-reported prevalence of asthma (12.6%) and tested
prevalence (29% overall) corresponds to those reported by the Harlem Children’s
Zone Asthma Initiative and suggests a high degree of unmet need for asthma treat-
ment and lower-than-necessary child well-being and health status [6].

We next measured impulse oscillometry (I0S) of the small airways as a measure
of peripheral airways lung function and airway hyperresponsiveness. IOS can be
used to determine geographic location of airways narrowing, distal vs. proximal, as
well as airway hyperresponsiveness. One hundred and fifty-eight students com-
pleted Redline questionnaires (Fig. 8) with their parents (Fig. 9) and 129 completed
impulse oscillometry (Fig. 15). We also analyzed speciated air pollution data for
metal content.

A Jaeger MasterScreen impulse oscillometry system (CareFusion Germany
234 GmbH) was loaned by CareFusion Corporation, and training was provided by
Steven Spungen, M.S. The IOS requires three trials of 20 s each to take 100 com-
plete measurements. A loudspeaker delivers pulse-shaped pressure flow excitation
to the respiratory system. The overall impedance of the pulse is due to the resistive
and viscoelastic forces of the respiratory system. IOS is reported as resistance and
reactance measured in cm of water per liter per second. The Jaeger I0S was cali-
brated with a reference resistor (2 cm H,0/L/s) according to the manufacturer’s
instructions. Multifrequency impulses were applied over 20 s trials to the airway
through the mouthpiece during tidal breathing. Children used a noseclip. Three
reproducible trials were obtained if they lacked artifacts from coughing, breath
holding, swallowing, or vocalization.
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Fig. 16 RS values appropriate for height and linearly correlated
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Allergy and respiratory symptoms are common among those children (confirmed
by parents) responding to the survey distributed among classrooms at the closest
elementary school to the World Trade Center site. There were strong correlations
between responses from children and their parents (Fig. 16). Frequent severe symp-
toms such as wheezing and chest tightness, juxtaposed with use of allergy and
asthma medications, support the concept that these patients are not clinically well
controlled. Boys and girls in this cohort had increased values of airway resistance
at 5 Hz, with boys having higher values than girls (Figs. 17 and 18). Frequency

Correlations of Parent and Child Responses for Asthma and All Allergy Symptoms from
the Validation Sample*(n = 158)

Student Question# Sample Responses Two-sided
(Paired with Parent Questions**)  Size Spearman r P value
Making noisy sounds or wheezing (1) 87 0.748 <0.001
Hard to take a deep breath (2) 84 0.895 <0.001
Hard to stop coughing (3) 90 0. 646 <0.001
Chest feels tight after run (4) 85 0.880 <0.001
Wake up at night coughing (5) 93 0.749 <0.001
Wake up at night because of
Trouble breathing (6) 87 0.713 <0.001
Cough when climbing stairs (7) 85 0.738 <0.001
Have eyes itch, get puffy (8) 89 0.870 <0.001
Have problems with a runny,

Stuffy nose (9) 89 0.824 <0.001
A doctor or nurse told me that

| have asthma (10) 89 0.935 <0.001
Stayed in hospital overnight (11) * **

Take medicine for asthma (12) 90 0.848 <0.001
Take medicine for allergies (13) 93 0.832 <0.001

Fig. 17 Strong correlation between parental and child surveys for asthma symptoms

Table1 (n=114)

Variables Boys(57) Girls(57)
Means + SD Means + SD
Age(year) 8.20+1.86 8.35+1.79
Height(cm) 131.57+11.65 132.28+11.08
Weight(kg) 31.24+8.92 30.08+8.66
Mean_R5 7.24+2.14 6.74+2.28
Mean_R20 3.42+1.13 3.28+0.80
Mean_x5 —2.77+2.58 —2.74+2.94

When comparing boys higher vs. girls

Fig. 18 R5-R20 is a measure of distal airways narrowing and is higher in boys vs. girls. Mean RS,
X5, and R20 (resistance at 5 Hz, reactance at 5 Hz, and resistance at 20 Hz, respectively) given in
centimeters of H20 per liter per second were high. Boys and girls with average ages of 8§ years,
height of 132 cm, and weight 31 kg, had: boys values of R5 = 7.2, X5 = -2, and R20 = 3; and girls
values of RS = 6.7, X5 = —=2.7, and R20 = 3.2. Mean values for the entire group of boys and girls
were R5 = 6.99, X5 = —2.75, and R20 = 3.35. R5 resistance at 5 Hz, X5 reactance at 5 Hz, R20
resistance at 20 Hz. +IOS measurements are given in centimeters of H,O per liter per second,
except for resonant frequency, which is given in Hertz. IOS measurements are given as resistance
and reactance at 5 and 20 Hz
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Total PM2.5 Levels from 6/1/08 to
8/31/08 at the Bronx, Queens, and
Manhattan Sites
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Fig. 19 Air pollution levels at several NYC sites compared to school (Manhattan Division Street)

Indium Concentrations at the Bronx, Queens, and Manhattan Sites
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Fig. 20 Indium concentrations in air

dependence between resistance values at 5 Hz and 20 Hz suggest small airways
dysfunction rather than central airways narrowing. Air pollution levels are high and
contain detectable lead, vanadium, and indium (Figs. 19, 20, 21, and 22).

Trasande et al. performed a cross-sectional study of 148 children who were
<18 years old on September 11, 2001, and presented to the World Trade Center
Environmental Health Center/Survivors Health Program. In this cohort, 38.5% were
caught in the dust cloud from the collapsing buildings on September 11; over 80%
spent >1 day in their home between September 11 and 18, 2001, and 25.7% reported
home dust exposure. New-onset nasal/sinus congestion was reported in 52.7%,
while nearly one-third reported new gastroesophageal reflux (GERD) symptoms.
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Vanadium Concentrations at the Bronx, Queens, and Manhattan Sites
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Multivariable regression with exposure variables, body mass index category, and
age as covariates identified strongest associations of dust cloud with spirometry
(17.1% decrease in maximum midexpiratory flow). Younger children experienced
increased peripheral eosinophils (+0.098% per year, p = 0.023), while older chil-
dren experienced more new-onset GERD (OR 1.17, p = 0.004), headaches (OR
1.10, p = 0.011), and prehypertension (OR 1.09, p = 0.024). Home dust exposure
was associated with reduced high-density lipoprotein (—10.3 mg/dL, p = 0.027) and
elevated triglycerides (+36.3 mg/dL, p = 0.033). These data concur not only with
our findings but also suggest the need for more extensive study of respiratory, meta-
bolic, and cardiovascular consequences [11].
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Conclusion

In conclusion, the events of September 11, 2001, at the World Trade Center led to
airborne hazards, increasing asthma rates in NYC’s Chinatown and exacerbating
those pediatric patients with preexisting asthma in a dose-dependent manner related
to residential proximity for peak flow rates and high rates in the neighborhood over-
all. The persistence of high asthma rates and symptoms for those alive on 9/11 and
the very high rates for those children born even after 9/11 suggests ongoing unmet
pulmonary health care needs similar to that of the Harlem Children’s Zone Asthma
Initiative and 9/11 rescue workers [12-15].
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Cancer Risk Post 9/11

Elizabeth Ward

Introduction

Individuals caught in the dust cloud on 9/11 and working on or near the site in the
days immediately following the attack experienced intense acute exposures to a
mixture of substances whose concentration and composition will never be fully
known. The dust was highly alkaline, due to pulverized cement, and contained
numerous particles, fibers, and glass shards, soon resulting in eye, nose, and throat
irritation and what came to be known as WTC cough [1]. Smoke from persistent
fires contained polycyclic aromatic hydrocarbons, metals, and many other chemi-
cals. Although levels of airborne contaminants were not measured in the first 4 days,
the high prevalence of acute and chronic respiratory conditions in firefighters and
rescue and cleanup workers amply documents significant exposure levels and toxic-
ity [1]. Although some of the dust and smoke was carried away into higher levels of
the atmosphere, significant amounts of dusts and smoke settled in surrounding
streets, residences, and office buildings, creating substantial potential for chronic
airborne exposure to resuspended dusts and dermal exposure through contact with
contaminated surfaces.

Both responder populations and area residents and workers had potential for
significant exposures to known and possible carcinogens present in the materials
released from the WTC site (Table 1). The presence of these carcinogens raised the
possibility that exposures related to the WTC collapse and fires could lead to an
increased risk of cancer. The potential association between WTC exposures and
cancer has been investigated in four WTC-exposed populations to date: firefighters
employed by the Fire Department of New York (FDNY) [1], rescue and recovery
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Table 1 Carcinogens present in WTC dust and fume

Asbestos

Asbestos is designated as a known human carcinogen by IARC, with
sufficient evidence for cancer of the larynx, lung, mesothelioma, and
ovary and limited evidence for cancer of the colorectum, pharynx, and
stomach. Bulk samples of outdoor dusts collected on September 16,
2001, on Cortland Street, Cherry Avenue, and Market Street, outside
the perimeter of the WTC site, had 0.8-3% asbestos by weight [23].
The main source of asbestos was the chrysotile used to insulate the
lower half of the first tower

Polycyclic aromatic
hydrocarbons

Carcinogenic polycyclic aromatic hydrocarbons (PAHs) are produced
by combustion of wood, coal, and any other carbonaceous material and
are important causes of occupational lung cancer. The carcinogenicity
of specific PAHs has been evaluated by IARC. Benzo(a)pyrene is listed
by IARC in Group 1 (carcinogenic), dibenz[a,h]anthracene is listed in
Group 2A (probably carcinogenic), and benz[a]anthracene, benzo[b]
fluoranthene, and benzo[k]fluoranthene are listed in 2B (possibly
carcinogenic). Sources of PAHs at the WTC included the burning of
about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000
liters of fuel oil, and approximately the same amount of gasoline plus
any and all burning items. Heavy machinery and power tool brought to
the site added to particulate and PAH exposures

Polychlorinated
biphenyls, chlorinated
dioxins, furans

Polychlorinated biphenyls (PCBs) were present in the transformer oil
in the electrical power substation s located in the World Trade Center,
and dioxin-like compounds are formed when chlorinated plastics like
PVC are burned. Polychlorinated biphenyls, dioxin-like, with a toxic
equivalency factor (TEF) according to WHO (PCBs 77, 81, 105, 114,
118, 123, 126, 156, 157, 167, 169, 189), 2,3,7,8-tetrachlorodibenzo-
para-dioxin, 2,3,4,7,8-pentachlorodibenzofuran, and
3,3',4,4',5-pentachlorobiphenyl, are classified by IARC as carcinogenic
to humans (Group 1)

Particulates

A wide variety of particulates were generated from the building
materials when the WTC collapsed, including silica, an IARC Group 1
carcinogen. Exposure to small particulates (PM less than 2.5 microns)
in outdoor air pollution and air pollution from burning biomass in
poorly ventilated cooking stoves has also been designated by IARC as
known human carcinogens based on increased lung cancer in exposed
population. Diesel exhaust was also generated by construction and
transportation vehicles used at the site and is also designated as a
known human carcinogen based on excess lung cancer in exposed
occupational groups

Carcinogenic metals

Five metals (arsenic, beryllium, cadmium, chromium, and nickel)
measured in WTC dust and air samples are listed as Group 1
carcinogens by IARC; all increase risk for lung cancer with other
cancer sites of sufficient or limited evidence in humans varying by
metal

Volatile organic
compounds (VOCs)

Benzene, 1,3 butadiene, and formaldehyde are common exposures
present in combustion products that are listed as Group 1 carcinogens
by IARC
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workers enrolled in the World Trade Center Health Program (WTCHP) health mon-
itoring program [2, 3], WTC registry enrollees (rescue and recovery workers and
community survivors) [4, 5], and police officers employed by the New York City
Police Department [7]. A systematic review of the methods and results of three of
the studies on cancer incidence in rescue and recovery workers has also been
published [8].

Fire Department of New York (FDNY) Firefighters

A cancer incidence study was conducted among 9853 men who were employed as
firefighters on Jan 1, 1996, 8927 of whom had exposure to the WTC site [2]. The
cancer experience of all firefighters before 9/11 and nonexposed firefighters after
9/11 was used as an internal control population. Cancers diagnosed before the study
end date (12/31/2008) were identified through linkage with state cancer registries in
New York and four other states where the majority of retirees live and self-reported
cases were confirmed from medical records. The expected number of cancer cases,
adjusted for age, race, and ethnic origin, and secular trends was calculated sepa-
rately for exposed and nonexposed person-years using SEER Registry rates as the
referent. The standardized incidence ratios (SIRs) for exposed person time and the
ratios of SIRs for nonexposed and exposed person time were the primary outcome
measures. Additional analyses included corrections for potential surveillance bias
and modified cohort inclusion criteria.

The study found that the standard incidence ratio (SIR) for cancers of all sites in
exposed firefighters was 1.10 (95% CI, 0.98-1.25) and the SIR for exposed vs. non-
exposed person time was 1.32 (95% CI, 1.07-1.62). There were no significant
excesses for specific cancers; however, the SIR for exposed compared to unexposed
person-years was greater than 1.00 for 10 of 15 cancers examined. Given the rela-
tively small numbers of total cancers identified among exposed firefighters, the
expected number of cancers for most specific sites was small, and the study had
limited statistical power to detect excesses. The study found no evidence of an
exposure-response gradient on the basis of either FDNY arrival time or the common
WTC exposure categories.

World Trade Center Health Program (WTCHP) Enrollees

A cancer incidence study was conducted among WTC responders enrolled in the
World Trade Center Health Program (WTCHP) [2]. The WTCHP provides medical
monitoring and treatment for individuals who participated (as employees and/or
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volunteers) in the rescue, recovery, and cleanup efforts at Ground Zero (WTC
responders). Medical monitoring and treatment for responders is one of the four
programs administered by NIOSH to provide services to 9/11-affected populations;
the others include FDNY firefighters, survivors of Pentagon, and Shanksville, PA,
responders. Eligibility for enrollment in the WTC responder program, which
remains open, is based on the type of duties, site location, and dates and hours
worked. In addition to medical monitoring, treatment is provided for responders
who develop WTC-related conditions.

A cancer incidence study was conducted in 20,984 responders enrolled in the
WTCHP from July 16, 2002 to December 31, 2008 [2]. Cancer case identification
was performed through linkage with the state tumor registries of New York, New
Jersey, Connecticut, and Pennsylvania, which account for 98% of the residences for
responders at time of enrollment. Self-reported exposures were categorized based
on four variables: occupation, extent of exposure to the dust cloud on 9/11, duration
working at the site, and work on the debris pile during four time periods (September
2001, October 2001, November—December 2001, January—June 2002) [6]. An inte-
grated exposure variable was created using a 4-point scale (very high, high, interme-
diate, and low) based on total time spent working at Ground Zero, exposure to the
dust cloud, and work on the debris pile [10]. Vital status was obtained through link-
age with the National Death Index and next-of-kin reports. Person-years at risk
were censored at the time of death or December 31, 2008, whichever came sooner.
Expected numbers of cancer cases were calculated based on state rates (New York,
New Jersey, and Connecticut) and national rates (Pennsylvania). The SIR among
registrant “responders” was elevated and statistically significant for all cancer sites
combined (SIR = 1.15; 95% CI, 1.06—1.25) and for thyroid cancer (SIR =2.39; 95%
CI, 1.70-3.27), prostate cancer (SIR = 1.21; 95% CI, 1.01-1.44), combined hema-
topoietic and lymphoid cancers (SIR = 1.36; 95% CI, 1.07-1.71), and soft tissue
cancers (SIR =2.26; 95% CI, 1.13—4.05). When restricted to 302 cancers diagnosed
>6 months after enrollment to control for any potential bias from responders enroll-
ing in the program after they become ill, the SIR for all cancers decreased to 1.06
(95% CI, 0.94-1.18), but thyroid and prostate cancer diagnoses remained greater
than expected (Table 2). The relative risk of all cancers combined was elevated in
the very high-exposure group compared with the low-exposure group (relative risk
(RR)=1.19;95% CI, 0.70-2.01 in the unrestricted analysis and RR = 1.40; 95% (I,
0.71-2.76 in the restricted analysis). Compared with those who arrived at the WTC
sites after 14 September, the incidence of all cancers for the unrestricted analysis
was increased in responders who were directly exposed to the dust cloud and in
those who experienced significant amounts of dust on 9/11 (RR = 1.22, 95% CI,
0.94-1.58, and RR = 1.32, 95% CI, 1.01-1.73, respectively). The results for the
restricted analysis were similar, with an increase in cancer incidence in responders
who were directly exposed to the dust cloud (RR = 1.13; 95% CI, 0.79-1.61) and
for responders who experienced significant amounts of dust (RR = 1.23; 95% CI,
0.85-1.76).
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Stein et al. (2016) conducted a mortality study of 28,918 responders enrolled in
the WTCHP between July 16, 2002, and December 31, 2011, who completed exam-
inations at any of six clinical sites consented to participate in research. A total of
16,177 responders was known to be alive due to follow-up visits after the end of
2011, and the remainder (n = 12,741) only were linked with the National Death
Index (NDI). Social security number (SSN) was available for only 37% of the
records sent to NDI for linkage, limiting the quality of the matches. Mortality
information from the NDI was supplemented by next-of-kin report. Exposure was
categorized as described in the incidence [2] study. Expected numbers of deaths
were calculated based on US population rates. Overall mortality in this cohort was
significantly decreased (SMR 0.43; 95% CI, 0.39-0.48); an all-cancer SMR was not
reported. Most cancer site-specific SMRs were significantly decreased. SMRs for
neoplasms of the lymphatic and hematopoietic tissue (SMR = 1.09; 95% CI, 0.66—
1.70) and benign and unspecified neoplasms (SMR = 1.15; 95% CI, 0.24-3.36)
were slightly, but not significantly, increased.

World Trade Center Registry Enrollees

A cancer incidence study was conducted among enrollees in the World Trade Center
(WTC) Health Registry [4]. The WTC Health Registry is an epidemiological cohort
study created as a public health response to 9/11. Enrollment in the WTC Health
Registry was voluntary for people who lived, worked, or went to school in the area
of the WTC disaster, or were involved in rescue and recovery efforts. The registry
was open for enrollment in 2003 and 2004, and participants answered a series of
questions about where they were on 9/11, their experiences, and their health.
Participants were either identified through lists provided by employers, government
agencies, and other entities (30%, list identified) or they responded to an outreach
campaign (70%, self-identified). Coverage of the eligible population was estimated
as 34% for rescue/recovery workers and 23% for residents. A total of 71,434 indi-
viduals enrolled in the registry.

The cancer incidence study included registry enrollees who were residents of
New York State on 9/11 and had no history of cancer at the time of enrollment [4].
A total of 55,778 individuals were eligible for the study, including 33,928 not
involved in rescue/recovery and 21,850 involved in rescue/recovery. The rescue/
recovery group included 479 individuals who worked exclusively at the Staten
Island recovery operation landfill or on recovery barges. Cancers were identified
based on linkage of cohort member records with records of 11 state cancer registries
based on the state of residence of the cohort member, and expected numbers of
cancers were based on New York State rates. Separate analyses were conducted for
rescue/recovery workers and survivors, and separate results were presented for the
time period of enrollment through 2006 and 2007 through 2008, with greater



Cancer Risk Post 9/11 87

emphasis on the results from the latter time period. Among rescue/recovery work-
ers, the SIR for all cancer sites combined in 2007-2008 was not significantly ele-
vated (SIR = 1.14; 95% CI, 0.99-1.30), but SIRs were significantly elevated for
three cancer sites: prostate cancer (SIR = 1.43; 95% CI, 1.11-1.82), thyroid cancer
(SIR = 2.02; 95% CI, 1.07-3.45), and multiple myeloma (SIR = 2.85; 95% CI,
1.15-5.88). No significantly increased incidence was observed in 2007-2008 among
those not involved in rescue/recovery. Hodgkin lymphoma was elevated in the early
(SIR = 2.60; 95% CI, 1.12-5.13) but not the later period, and breast cancer was
nonsignificantly elevated in both periods (SIR enrollment 2006 = 1.19, 95% CI
0.95-1.48, and SIR 2007-2008 = 1.20, 95% CI, 0.93-1.42). Using within-cohort
comparisons, the intensity of World Trade Center exposure was not significantly
associated with lung, prostate, and thyroid cancer, non-Hodgkin lymphoma, or
hematologic cancer in either group.

A mortality study was also conducted among World Trade Center Registry
enrollees [6]. Deaths occurring in 2003-2009 in WTC Health Registry participants
residing in New York City were identified through linkage to New York City vital
records and the National Death Index. Standardized mortality ratios (SMRs) were
calculated with New York City rates from 2000 to 2009 as the reference. Within the
cohort, proportional hazards were used to examine the relation between a three-tiered
WTC-related exposure level (high, intermediate, or low) and total mortality. A total
of 156 deaths were identified in 13,337 rescue and recovery workers and 634 deaths
in 28,593 non-rescue and non-recovery participants. All-cause SMRs were signifi-
cantly lower than that expected for rescue and recovery participants (SMR = 0-45,
95% CI, 0-38-0-53) and non-rescue and non-recovery participants (SMR = 0-61,
95% CI, 0-56-0-66). There were no significantly elevated SMRs for any category of
cancer examined.

Police Officers

Cancer incidence was investigated in 39,946 police officers employed by the
New York City Police Department on September 11, 2001, followed from 2002 to
2014. The results of this study are difficult to interpret because SIRs were not pre-
sented based on an external referent group.

Summary of Findings of Cancer Incidence and Mortality
Studies to Date

The results of cancer incidence studies among rescue/recovery workers are sum-
marized in Table 2 and are reviewed below for specific sites.
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Cancers of the Upper Aerodigestive Tract

Cancers of the upper aerodigestive tract among WTC responders and survivors are
of particular concern for several reasons. The upper aerodigestive tract was a major
target organ for non-cancer WTC exposure-related health effects, including chronic
nasopharyngitis, upper airway hyperreactivity, chronic laryngitis, interstitial lung
disease, “chronic respiratory disorder—fumes/vapors,” reactive airway disease syn-
drome (RADS), and chronic cough syndrome. Inflammatory processes are impli-
cated in many of these conditions and are also considered a mechanism that
contributes to cancer development. Cancer of the lung in particular has been associ-
ated with a large number of occupational and environmental exposures [7, 12].

Cancer incidence studies in WTC rescue and recovery workers have not detected
evidence of an excess in lung cancer incidence (Table 2), which is not surprising for
several reasons. The incidence of cancer of the lung in the general population is
strongly associated with tobacco smoking. Tobacco smoking prevalence varies dra-
matically by geographical area, socioeconomic status, occupation, and other factors
and has been declining faster in the New York City area than in most other parts of
the country due to aggressive tobacco control measures [13—16]. Moreover, rescue
and recovery workers who developed WTC-related respiratory conditions may be
more likely to stop smoking. Thus, any excess of lung cancer associated with WTC
exposure may be difficult to detect using external referent rates, and even internal
analyses may need to adjust for differential smoking as well as conduct exposure-
response analyses based on estimated intensity and duration of WTC exposure. A
second reason why it is not surprising that an excess of lung cancer has not been
detected in studies to date is that cancers of the lung resulting from tobacco smoking
and from occupational exposures typically take 20 or more years to develop after
exposure begins.

Cancers of the oral cavity and pharynx were reported in the World Trade Center
Registry cohort and the WTC Consortium cohort with SIRs close to 1.00 (Table 2).
Risk factors for cancers of the oral cavity and pharynx in the general population
include tobacco smoking, smokeless tobacco, HPV infection, betel quid, and alco-
hol [7, 12]. The lip, oral cavity, and pharynx are of concern for WTC-exposed res-
cue and recovery workers because these areas have high potential for direct exposure
to toxic materials through hand-to-mouth contact. However, because cancers of the
oral cavity and pharynx are strongly related to tobacco use, SIRs based on external
referent populations may underestimate the true risk, and it will be important to
emphasize internal analyses for these cancers as well.

Slight elevations in the SIRs for cancer of the esophagus were found in the
FDNY internal referent analysis and the WTC Registry study, while moderately
(but nonsignificantly) increased SIRs were observed in both the unrestricted and
restricted cohorts in the WTC Consortium study (Table 2). There are two etiologi-
cally distinct subtypes of esophageal cancer, squamous cell, which typically arises
in the upper part of the esophagus and is strongly associated with tobacco smoking
and alcohol consumption, and adenocarcinoma of the esophagus, which is strongly
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associated with obesity and gastrointestinal reflux disease (GERD [8]). GERD,
a WTC-related health condition, is capable of producing esophageal adenocarci-
noma directly or, more commonly, through an intermediate preneoplastic lesion,
the Barrett’s esophagus (BE). As of June 30, 2016, 16,418 individuals had been
certified as having WTC-related GERD by the WTC Health Program. Although
treatment of GERD is protective against the development of BE and adenocarci-
noma of the esophagus, it will be important to monitor the incidence of esophageal
cancer in future updates of the cancer incidence studies among WTC responders
and survivors.

Moderate (nonsignificant) elevations in the SIRs for stomach cancer were
observed in the FDNY study, small elevations in the WTC Consortium study, and
no elevation in the WTC Registry study (Table 2). Since cancer of the distal esopha-
gus, gastroesophageal junction, and gastric cardia share common risk factors, the
high prevalence of GERD in WTC rescue and recovery workers suggests that WTC
exposures may increase risk of stomach cancer as well.

Lymphatic and Hematologic Cancers

Lymphatic and hematologic cancers are of particular concern among WTC
responders and survivors because these cancers have been associated with expo-
sure to a large number of exogenous carcinogens including ionizing radiation, ben-
zene, formaldehyde, reactive chemicals, chemotherapeutic agents, and tobacco
smoke [7, 12]. Excess risks of leukemia and lymphomas are often observed after
much shorter latency periods than solid tumors. Thus, observation of excess SIRs
for these cancers might be seen as an early signal of increased cancer risks associ-
ated with WTC exposures. Non-Hodgkin lymphoma (NHL) incidence was moder-
ately elevated in the FDNY cohort, slightly increased in the WTC Registry cohort,
and in the unrestricted but not the restricted WTC Consortium study (Table 2).
Multiple myeloma, which was the subject of an early case-series report from the
WTC Consortium [9], remained moderately elevated in the unrestricted cohort
analysis in the cancer incidence study. The SIR for myeloma was substantially
elevated in the WTC Registry cohort and moderately elevated in the FDNY study.
SIRs > 1.00 were also observed for leukemia in all three studies although none
approached statistical significance. The incidence of the lymphatic and hematopoi-
etic cancers will be of great interest in future follow-up of these cohorts.

Cancers of the Urinary Tract

Cancers of the urinary tract are of particular concern because cancer of the bladder
in particular has been associated with a variety of exogenous carcinogens, including
occupational exposure to carcinogenic aromatic amines, coal tar pitch, and soot as
well as tobacco smoking [7, 12]. Most SIRs for bladder and kidney cancer were
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greater than 1.00 but did not approach statistical significance (Table 2); the highest
SIR of 2.91 (CI 0.64-13.3) was reported in the internal referent analysis of the
FDNY cohort.

Cancers of Other Sites

The SIR for melanoma was moderately elevated in the FDNY cohort and statisti-
cally significant in the external referent analysis, somewhat elevated in the WTC
Registry cohort and not elevated in the WTC Consortium study (Table 2).
Melanoma has been associated with ultraviolet radiation and polychlorinated
biphenyl exposure [7, 12]. Skin examination and biopsy may detect melanoma
earlier than they would be detected by patients [10] and therefore increased med-
ical scrutiny in WTC-exposed populations and may play a role in the increased
melanoma incidence observed in early follow-up of WTC rescue and recovery
workers.

The SIR for prostate cancer was moderately elevated in the FDNY cohort
(Table 2) and statistically significant in the external referent analysis. Prostate can-
cer was statistically significantly elevated in the WTC Registry cohort and the
unrestricted analysis of the WTC Consortium cohort (Table 2). Prostate cancer is
one of the most common cancers in men and has not been strongly associated with
exposure to exogenous carcinogens; there are no agents classified by IARC as hav-
ing sufficient evidence of causing prostate cancer in humans and only a few classi-
fied as having limited evidence [7, 12]. Although prostate cancer has not been
strongly associated with exposure to exogenous carcinogens, the etiology of pros-
tate cancer is poorly understood, and therefore it is possible that WTC exposure
may have increased prostate cancer risk through the presence of multiple agents or
mechanisms unique to the exposure circumstance. The incidence of prostate cancer
in the United States has been strongly correlated with the introduction and preva-
lence of PSA testing [11], and therefore increased healthcare utilization and medical
scrutiny may also be a factor in the observed excess in prostate cancer incidence.
PSA screening is not offered as part of WTCHP health screening for rescue and
recovery workers since the US Preventive Services Task Force recommended
against it in 2012 [12].

Thyroid cancer incidence is significantly elevated in all three rescue and
recovery worker cohorts (Table 2). There is no recommended screening test for
thyroid cancer, but it may be detected as a nodule during a routine medical exam
or as an incidental finding in an ultrasound or CT scan of the neck. The inci-
dence of thyroid cancer has been rising rapidly in the United States and many
other high-income countries, and most of this increase is thought to be due to
increased use of such scans [22]. Exogenous agents associated with thyroid can-
cer include exposure to radionuclides, including iodine-131 and X and gamma
radiation [7, 12].
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Summary of Limitations and Strengths of Cancer Incidence
and Mortality Studies to Date

An inherent limitation of all of the published studies is the relatively short time of
follow-up since 9/11. Excess cancer risks associated with many environmental,
occupational, and other exogenous carcinogens (such as tobacco) become apparent
only decades after exposure. Thus, it will be extremely important to continue to fol-
low cancer incidence in these populations over time. Population-based registry link-
age will facilitate complete and accurate ascertainment of incident cancer cases.
Continued follow-up will not only allow for longer latency but also increase the
numbers of cancer cases expected based on general population rates, increasing
statistical power and ability to conduct exposure-response analyses.

Potential overlap in participation among the various cohorts is of concern, espe-
cially since consistency in results for specific cancer sites among the studies will be
important in interpreting the results. Overlap between the WTCHP responder cohort
and the FDNY cohort is thought to be minimal; however, approximately 20% of
responders enrolled in the WTCHP are also registered with the health registry [3].

An important limitation of the WTC Registry and the WTC Consortium studies
is the potential biases associated with self-selection into the cohort. This is not a
criticism of the methodology of the studies. There was no mechanism to maintain a
roster of rescue and recovery workers and others performing paid or volunteer work
at the site or residents, students, or individuals employed in the area. The WTC
Registry used lists of potentially exposed individuals (such as employees of firms
contracted to work at the site and/or located in the area) as well as other forms of
outreach for recruiting and obtained a large and fairly representative sample of indi-
viduals with various types of exposure. Nonetheless, as in any voluntary study, it is
possible that there was differential participation according to socioeconomic status,
race/ethnicity, age, or other characteristics. It is also possible that there would have
been greater participation among those who felt that they had been affected by WTC
exposures or lack of participation among those who were more affected and wished
to put the experience behind them. Nonetheless, the registry cohort has been an
important source of information on mental and physical health effects in a variety of
WTC-exposed populations and will continue to be so for cancer. Moreover, since
enrollment in the registry cohort has been closed since 2004, self-selection into the
cohort as a result of emerging health conditions after 2004 will not be a concern.
The WTC Registry has also been the only source of information about health out-
comes of community survivors, including children.

Biases due to self-selection according to health status are an important concern
for analysis and interpretation of WTC Consortium studies. Although eligibility for
the program is based on WTC-related exposure history and medical monitoring and
screening are offered for asymptomatic individuals, it is likely that some members
sought care after developing WTC-related symptoms, although not necessarily
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cancer. Since 2012, many cancers have been designated as WTC-related conditions,
and therefore some individuals may have enrolled in the program as a result of their
cancer diagnosis. Although various analytic strategies can be employed to address
self-selection biases in the WTC Consortium cohort, this will continue to be a chal-
lenge as cancer incidence follow-up continues.

The FDNY cohort is the only WTC-exposed rescue and recovery worker cohort
that is not affected by self-selection, since it includes all FDNY firefighters employed
during a defined time period. An additional strength is the ability to define an inter-
nal referent population. Although the statistical power of the study to detect excesses
in cancer of specific types is currently limited due to its small size, the statistical
power will increase as the cohort ages and the expected numbers of cancers based
on general population rates increase.

Conclusion

Although the existing cohorts provide important opportunities to gain knowledge
about the cancer risks related to WTC exposures, even after prolonged follow-up,
there may be considerable uncertainty about these risks. It’s possible that excess
cancers could occur in subsets of the populations and not be detectable in epidemio-
logic studies due to the lack of uniformity of WTC-related exposures and inability
to characterize them. The composition of the materials present varied from place to
place and day to day, and individual exposures varied according to work activities,
proximity to fires, use of respirators and protective clothing, and other factors. If
cancer excesses are observed in future follow-up of these cohorts, the variability in
exposures and lack of environmental monitoring data may make it difficult to apply
criteria for causality such as consistency between studies and evidence of a positive
exposure gradient. It is nonetheless important to learn what we can using the best
methods we have available. Although we hope to never experience a terrorist attack
of this nature and magnitude again, it is important that the public health community
be prepared to apply the lessons learned from 9/11 to improve assessment of poten-
tial hazards and protection of responders and community residents.
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World Trade Center Asthma

Alpa G. Desai and Gwen S. Skloot

Introduction

More than 40,000 men and women were exposed to products of combustion and
particulate matter as a result of the terrorist attacks on the World Trade Center
(WTC) on September 11, 2001 [1]. Pulverization of the structural components of
the towers released a plume of dust and ash into lower Manhattan and beyond. The
dust was a complex mixture of over 400 substances including glass fibers, asbestos,
silica, lead, polycyclic aromatic hydrocarbons, metals, and polychlorinated biphe-
nyls [2] with a particulate matter concentration of 100,000 mg/m [3]. In addition,
prolonged smoldering fires [4] emitted gaseous and particulate combustion prod-
ucts. Exposures were ongoing for hundreds of thousands of people who lived,
worked, or volunteered in the area since recovery and cleanup efforts took 9.5 months
to complete [4]. Multiple studies have reported increased rates of asthma as well as
worsening of preexisting asthma in those exposed [4-9]. Although most of the par-
ticulate matter was expected to deposit in the upper airway, it is clear that lower
airway deposition and injury occurred. Longitudinal studies have demonstrated per-
sistent airway hyperresponsiveness (AHR) years after the attacks. This chapter dis-
cusses the following aspects of WTC asthma: epidemiology, pathogenesis and risk
factors, clinical presentation and comorbidities of disease, as well as a multidisci-
plinary approach to management.
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WTC Asthma Epidemiology

It is difficult to clearly define the scope of WTC asthma prevalence. Symptom-
based surveys have identified increased incidence of self-reported asthma for 18
months following the attack [10]. A WTC registry of rescue and recovery workers
(n=25,748) documented self-reported post-9/11 asthma in 926 workers for a 3-year
incidence rate of 3.6%, or 12 times higher than that expected for the general adult
population [11]. Increased incidence of new-onset asthma has been associated with
the time of arrival at the site, cumulative exposure, and lack of appropriate respira-
tory protections [12]. Twenty seven percent of New York City residents reported
increased asthma symptoms in the weeks after the disaster [13] although it is not
clear how many of these individuals had pre-existing asthma.

Pathogenesis

WTC asthma is a distinct entity that arose in individuals exposed to products of
combustion and particulate matter following the collapse of the towers on 9/11.
Although most of the particulate matter (>90%) was >10 pm [2] and expected to
deposit mainly in the upper airways, mouth breathing and alkalinity of the material
impaired nasal clearance. Analyzed samples were highly alkaline, with a pH > 10.
WTC responders breathed at high minute ventilations where mouth breathing pre-
dominates [6]. Though only a small percentage of particles were <10 pm (i.e., respi-
rable fraction), the enormity of the dust cloud still led to significant exposure for
many individuals. Induced sputum testing in a sample of highly exposed NYC fire-
fighters has demonstrated WTC dust in the lower airways measuring >10 pm [14].
WTC asthma is part of the spectrum of disorders ranging from reactive airways
dysfunction syndrome (RADS) that involves an acute high-level irritant exposure to
irritant-induced asthma with recurrent lower-level exposures [5, 6, 15]. The mecha-
nism of injury is believed to be non-immunologic [16, 17]. Asthma symptoms are
due to direct airway epithelial damage with release of pro-inflammatory mediators
[18]. Pathologic changes of the airways include denuded epithelium, submucosal
chronic inflammation, and focal thickening of the basement membrane [19]. The
inflammatory process of irritant-induced asthma is not thought to be primarily Th2
cell mediated [20]. In a mouse model, acute exposure to high levels of WTC particu-
late matter induced mild pulmonary neutrophilic inflammation and marked AHR to
inhaled methacholine [21]. Interestingly, Kazeros et al. reported peripheral eosino-
philia that correlated with persistent wheeze and airflow obstruction in WTC
disaster-exposed residents and workers [22]. Although eosinophilia is generally
thought typical of Th2-related inflammation, asthma is phenotypically heteroge-
neous, and a “low Th2” lymphocyte/eosinophil cohort has been described based on
analysis of bronchial epithelial cells [22, 23]. Induced sputum analysis in a study of
39 WTC firefighters revealed rising neutrophil and eosinophil counts with increasing
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work duration [14]. In the same study, sputum analysis also revealed elevated
metalloproteinases (MMP)-9 levels in WTC firefighters [14]. Metalloproteinases
(MMPs) are also thought to play a role in the airway remodeling of asthma and in
the induction of AHR [24].

Nolan et al. [3] demonstrated that elevated granulocyte-macrophage colony-
stimulating factor (GM-CSF) and macrophage-derived chemokine (MDC) were
associated with subsequent increased risk of airflow obstruction in WTC disaster-
exposed firefighters with normal pre-September 11, 2001, forced expiratory volume
in 1 s (FEV,), suggesting that such inflammatory biomarkers were important in the
pathogenesis of asthma post-9/11. Others have shown that human bronchial epithe-
lial cell produce GM-CSF in response to particulate matter [25, 26] and that MDC
is elevated in the bronchoalveolar lavage fluid of asthmatic patients. Different
WTC-related exposures and individual susceptibility to exposure (lower baseline
lung function) may have influenced the levels of these biomarkers and their physi-
ologic impact.

Regardless of the predominant inflammatory cellular subtype and the cytokine
milieu, the consequences of allergic asthma and irritant-induced asthma are the
same with AHR and airflow obstruction with or without reversibility [16, 17]. It is
possible that WTC asthma is phenotypically heterogeneous although this is not yet
known.

Risk Factors

Risk factors for the development of WTC asthma relate predominantly to the mag-
nitude of irritant exposure.

A clear exposure-response gradient exists, with most severe asthma symptoms in
those directly exposed to the dust cloud on the morning of 9/11 [27-29]. In a pro-
spective cohort study, airway hyperreactivity at 1, 3, and 6 months was associated
with exposure intensity (evaluated by self-administered questionnaires), indepen-
dent of ex-smoking and airflow obstruction [27]. At 6 months after collapse of the
towers, highly exposed workers (on site on the morning of day 1) were 6.8x more
likely than moderately exposed workers (arrived on the afternoon of day 1 or during
day 2) and controls (workers absent from the site during the first 2 weeks or longer)
to be hyperactive [27]. Each additional month of work increased the likelihood of
respiratory symptoms by 8—11% [30], although the effect on new-onset asthma is
not specifically known.

Risk factors associated with an increased incidence of WTC asthma are shown in
Table 1. Among WTC workers who arrived at the disaster site on 9/11/01, increased
time to mask or respirator use was associated with a greater risk for the development
of asthma [11]. In one study of 1660 individuals with high-intensity exposure (arriv-
ing on the morning of the collapse of the towers) at the WTC site, only 22% of
workers reported frequent mask use [31]. In another study, respirators were worn
rarely or not at all by 93% on the day of the collapse, 85% on the day after, and 76%
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Table 1 Risk factor for Increased incidence of WTC asthma associated with:
WTC asthma

Dust cloud exposure on the morning of 9/11
Earlier arrival time relative to collapse

Work on the “pile”

Cumulative exposure (particularly >90 days)

Adapted from [11]

on the second through sixth days after the attack [29]. There were multiple reasons
for lack of respirator use including lack of adherence and availability of masks for
many responders [31].

In some reports, the workers’ role at the site was a risk factor for new-onset
asthma. This was particularly true for firefighters, who had heavier dust exposures
than other workers. The significance of these reports was enhanced by the availabil-
ity of lung function and methacholine bronchoprovocation data that preceded the
exposure [8, 31]. Although there are many reports of respiratory symptoms in mul-
tiple other rescue/recovery workers, volunteers, lower Manhattan residents, and
office workers, these do not specifically link the symptoms to new-onset asthma
[31-34].

Smoking status was an additive risk factor for WTC asthma [5]. Other reports on
irritant-induced asthma demonstrate that tobacco use at the time of inhalational
resulted in lower FEV, and FEV,/FVC, as well as in increased AHR [5, 18, 35, 36].

Preexisting atopy can predispose individuals to develop irritant-induced asthma
in general [18], though this was not clearly demonstrated in the WTC population
[37]. In fact, the atopy prevalence in this WTC population was similar to that of the
general US population [37].

Age may have also influenced the risk of new onset asthma in those with WTC
exposure, but data on this are limited.

Clinical Presentation

Upper and lower respiratory symptoms were common in individuals exposed at
the WTC disaster [4-7, 28, 29, 38, 39]. In most cases, the onset of symptoms con-
sistent with asthma began within 6 months following irritant exposure at the WTC
site [5]. Individuals diagnosed with WTC asthma presented similarly to the gen-
eral asthma patient with chest tightness, exertional and non-exertional dyspnea,
wheezing, and cough [29]. Diurnal variation of symptoms and sensitivity to fumes,
weather extremes, and other classic asthma triggers are common. Patients typically
complain of nighttime awakenings with asthma that is not ideally controlled. One
unique clinical feature of this population was the “WTC cough,” described as per-
sistent cough syndrome recurring during the 6 months after 9/11. WTC cough was
associated with underlying airway inflammation and symptoms of rhinosinusitis,
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bronchitis, and GERD [29]. Workers with preexisting asthma may have experienced
greater severity of asthma symptoms than controls [7].

Multiple studies have evaluated lung function in those exposed at the WTC
disaster, but not all of these individuals carry the diagnosis of asthma [1, 3, 28, 31,
40, 41]. Although an obstructive pattern is described, other studies have reported a
restrictive pattern with or without air trapping [40]. In the setting of small airway
obstruction, forced expiratory maneuvers may result in bronchial collapse and ces-
sation of airflow. The airways that close off at a higher than normal closing volume
during the maneuver do not contribute to the full vital capacity or to FEV, after
closing volume is reached, resulting in a proportional drop in forced vital capacity
(FVC) and FEV, [42]. This allows for a maintained FEV,/FVC ratio and explains
the restrictive pattern [43, 44].

AHR and variable response to bronchodilator has also been demonstrated [1, 8,
27, 29]. In fact, Banauch et al. found that AHR developing shortly after the WTC
attacks predicted RADS at 6 months in highly exposed workers (present within 2 h
of the towers’ collapse) [27] (Fig. 1).
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Fig. 1 Highly exposed subjects who were hyper-reactive at 1 or at 3 months were more often
hyper-reactive at 6 months. Highly exposed subjects who were hyper-reactive at 1 or at 3 months
had RADS (defined as both symptomatic and hyper-reactive) at 6 months significantly more often
(p = 0.021) than those who were not hyper-reactive. Reprinted with permission of the American
Thoracic Society. Copyright © 2017 American Thoracic Society [27]. The American Journal of
Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society
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Interestingly, many individuals had normal spirometry despite significant respi-
ratory symptoms, which may point to a lack of sensitivity of spirometry to fully
demonstrate abnormalities of airway function [28, 45]. In a study of ironworkers
exposed at the WTC disaster, lung function abnormalities were far more evident by
forced oscillometry (FO) testing than by spirometry [28]. Similarly, while spiromet-
ric response to bronchodilator was variable, there was a higher prevalence of bron-
chodilator response as assessed by FO [28, 46]. FO has shown correlation between
asthma symptoms and isolated small airways dysfunction even in the setting of
normal spirometry [47]. FO evidence of small airway disease, possibly at the level
of the terminal bronchiole, has been an important finding and may be a key charac-
teristic of asthma in the WTC population [28, 46, 48].

Chest imaging is not typically used to diagnose asthma (unless utilized to exclude
other entities), but it has played a larger role in WTC patients and has been corre-
lated with physiologic data. Inspiratory and expiratory chest CT findings may dem-
onstrate air trapping and bronchial wall thickening [49, 50]. Though not diagnostic,
this may help support a diagnosis of asthma in cases where clinical symptoms are
consistent.

Comorbidities

Comorbidities that impacted the presentation of asthma were common in those
exposed at the WTC disaster. There was an increased prevalence of chronic rhinosi-
nusitis in those with highest WTC dust exposure (reactive upper airway dysfunction
syndrome (RUDS)) [6]. One study of 1138 rescue/recovery workers and volunteers
found 92% had new or worsened ear, nose, and throat symptoms [11], including
nasal congestion/drip, sore throat, and sinusitis.

Gastroesophageal reflux disease was found in up to 45% of FDNY rescue work-
ers between 1 and 6 months after collapse, with higher rates in those with bronchial
hyper-reactivity [27]. Also, in a survey of 332 firefighters with WTC cough, 87%
reported heartburn, often with findings of laryngopharyngeal reflux disease [5, 29].
GERD was associated with spirometric abnormalities and with a diagnosis of WTC-
related lower airway disease [51]. It is unclear if GERD is a cause, effect, or com-
plication of asthma, but concurrent treatment is essential to optimize asthma
control.

Increasing WTC exposure was associated with a trend toward more severe
obstructive sleep apnea (OSA) [52], although further studies are necessary to con-
firm this association. Additionally, a significant relationship exists between OSA
and poorly and very poorly controlled asthma [53]. Treating OSA can improve
asthma symptoms in individuals with concurrent OSA [54] although we are not
aware of any studies demonstrating this in WTC patients.

COPD was also seen in those exposed at the WTC disaster. This is particularly
important since individuals may have the asthma-COPD overlap syndrome.
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Extensive review of available literature did not reveal any data in the WTC
population, but this is a particularly challenging comorbidity as irreversible airway
obstruction can make treatment less effective. It was suspected when fixed obstruc-
tion, hyperinflation, decreased diffusion capacity, and/or emphysematous changes
on CT were present in individuals who smoked cigarettes [5].

Post-traumatic stress disorder (PTSD) was experienced by many who were
exposed to the WTC attacks. PTSD may considerably impact the individual’s as
well as the healthcare worker’s perception of respiratory symptoms, thereby delay-
ing or confounding the diagnosis of asthma and treatment [10, 53].

Diagnostic Evaluation of WTC Asthma

As with traditional asthma, the diagnosis of WTC-related asthma should be sus-
pected in patients with typical respiratory symptoms provoked by classic triggers.
Differential diagnosis includes chronic obstructive pulmonary disease (COPD),
bronchitis, bronchiectasis, bronchiolitis, hyperventilation/panic attacks, chronic
sinusitis, GERD, vocal cord dysfunction, recurrent respiratory infections, and heart
disease [55]. It is important to assess for comorbidities that can worsen asthma
symptoms, contribute to the pathophysiology of the disease, and influence treatment
response [56].

Clinical evaluation should include a focused history and physical exam, detailed
assessment of clinical symptoms, occupation and WTC-related exposure history
(e.g., arrival time, exposure time, work performed, and use of respirator) (Fig. 2).

Diagnostic challenges in this population include the fact that (1) multiple comor-
bidities may impact the presentation, (2) the spirometric pattern may not be typical
for asthma (i.e., restrictive pattern or isolated small airways dysfunction) [5, 28, 40,
46], and (3) bronchial hyper-reactivity may be intermittent or disappear in irritant-
induced asthma with time after exposure removal [4, 57].

Treatment of WTC-related asthma should follow the same guidelines for
asthma patients in general [54, 58]. Inhaled corticosteroid therapy is the corner-
stone of asthma therapy for symptom control. Short-acting beta agonists are used
as rescue medications. Importantly, treatment of WTC asthma patients involves
limiting irritant exposure and addressing the multiple physical and mental health
comorbidities that often coexist and can decrease asthma control. There is a dose-
response relationship with the number of mental health conditions (PTSD,
depression, and generalized anxiety disorder) and poorer asthma control [53].
Specialists from allergy and immunology, gastroenterology, otolaryngology,
occupational and environmental medicine, and psychiatry must work together
with pulmonologists and primary care practitioners to manage WTC-related
asthma. Various multidisciplinary treatment centers exist in the tri-state area and
function in such a capacity to provide individualized diagnostic and management
services to this population.
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Initial clinical assessment:
History and examination
Spirometry with bronchodilator response
Allergy skin prick tests
Peak flow monitoring (twice daily for 2 weeks)
Chest radiograph

Appropriate Suggestive of No Bronchoprovocation
treatment primary ﬁ Sputum cytology

{} diagnosis?

Response to No
treatment?
Yes? ii No
Primary Further investigation: L~ Diagnosis
diagnosis Bronchoprovocation (if not already done) not
established Sputum cytology (if not already done) established

24-hour esophageal monitoring
Thoracic CT scan

Pulmonary function tests
Bronchoscopy

Otolaryngology referral

Fig. 2 Algorithm for the diagnostic evaluation of lower respiratory symptoms among former
World Trade Center workers and volunteers [4]

Longitudinal Follow-Up and Prognosis of WTC Asthma

There have been multiple studies demonstrating decline in lung function in indi-
viduals exposed to WTC dust [1, 12, 31, 48]. Skloot et al. found high rates of abnor-
mal spirometric indices (particularly a low FVC) among non-FDNY workers [1].
Although the majority of the cohort manifested normal decline of lung function
between baseline and follow-up (about 3 years later), a small percentage were rapid
decliners, losing >300 mL/year of FVC [1]. Aldrich et al. also discovered initially
decreased FEV, values in its firefighter and EMS workers, with ongoing lung func-
tion decline from 2002 to 2008 [12]. The firefighters had an average decline in FEV,
of 600 mL during this 6-year period [12]. In individuals with persistent lung func-
tion decline, it is possible that airway inflammation may progress to remodeling
[12]. This may also explain why AHR can continue after termination of exposure in
spite of appropriate therapy [8].

Since many responders were previously healthy and fit, a greater loss of function
may be required before pulmonary function tests appear abnormal. For those work-
ers without pre-9/11 spirometric data, identifying and treating asthma may be par-
ticularly challenging.
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In conclusion, asthma continues to be a significant problem in individuals
exposed to particulate matter as a result of the WTC disaster. Although some have
improved, others have persistent and often difficult-to-control lower respiratory
symptoms. The impact of comorbidities on WTC asthma is substantial. As the
WTC-exposed population ages, the structural and functional changes of the lung
associated with normal aging (i.e., mechanical changes resulting in decreased air-
way caliber and decreased airflow) may lead to more severe asthma in those affected.
Since the trajectory of lung function decline in WTC asthma over many years is not
yet known, continued long-term monitoring is imperative to effectively evaluate and
manage this population.
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World Trade Center Dust: Composition
and Spatial-Temporal Considerations
for Health

Marc Kostrubiak

Introduction

On September 11, 2001, 1.2 million tons of dust and debris were released onto one
of the most densely populated areas in the country [1]. Just 7 days later, the
Environmental Protection Agency (EPA) declared that the air and water were safe;
however, the exact nature of what was in this enormous amount of dust was not fully
understood [2]. Long-term results from exposed rescue workers, locals, and those
involved in the cleanup suggest that the EPA’s decision was both premature and
inappropriate. Over the subsequent 12 to 18 months, significant amounts of dust
were deposited across Brooklyn, exposing additional millions [3]. In addition to the
initial dust exposure from the collapse of the towers, fires—which reached over
1000 °C—in dust-covered rubble created a vast array of chemicals not originally in
the dust and spread them throughout the area for several months prior to being fully
extinguished in December 2001 [4]. Despite millions of homes in the area, there
was little effort to contain and immediately clean up the area, as it was not declared
a toxic waste site [1]. In fact, after the EPA decided to regulate ground zero and the
cleanup, the New York City Department of Health simply suggested using a wet
mop to clean the area [1].

Without a legal requirement to remove dust, many people received significant
indoor exposures every day for months [1]. This was further exacerbated by the fact
that the dust was 10—-1000 times more easily aerosolized than normal dusts, allow-
ing easy re-suspension and recontamination [3]. This was likely a result of being
smaller, with more than 50% of particles <53 pm in diameter, a size pattern unique
to WTC [3]. This dust migrated indoors and was further compounded by the fact
that these characteristics made it more easily inhalable therefore magnifying its
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impacts and allowing particles to reach smaller airways [3, 5]. In addition to straight
inhalation, dust was subject to both dietary and non-dietary ingestion due to deposi-
tion and suspension in homes and workplaces [6].

Despite the initial EPA safety claim, we now know that understanding the com-
position of the dust and the various kinds of exposure is critical for efforts to under-
stand the significant health effects and determine research avenues for future
treatments. Presently, we know that locals and first responders have high incidences
of aerodigestive issues including gastroesophageal reflux onset or exacerbation,
interstitial lung diseases, sinusitis, and various asthma-like illnesses [1]. Higher
rates of solid tumors and hematological cancers have also been found in this group
[1, 7]). Finally, it is clear that mental health issues arose and remain in many who
were affected directly or indirectly [1, 7, 8, 9]. While this is only a brief summary
of the range of effects, it is clear that the 9/11 attacks have affected the health of
thousands for nearly two decades and will probably continue to do so for the rest of
their lives. Furthermore, understanding the exact nature of the dust and related dis-
ease states may help treat thousands around the world with various industrial, mili-
tary, and environmental exposures.

On September 16 and 17, three initial samples of dust were taken from wind-
protected areas and provide much of our understanding of the dust composition [6].
The majority of the highly alkaline (pH 9-11.5) dust consisted of pulverized build-
ing materials: concrete, gypsum, synthetic vitreous fibers, various metals, and
asbestos [6]. Overall composition structure can be broken down to between 37 and
50% non-fiber content, 40% glass fibers, between 9.2 and 20% cellulose, and 0.8 to
3% chrysolite asbestos [6]. Combustion created radionuclides, ionic species, poly-
cyclic aromatic hydrocarbons, and polychlorinated biphenyls (PCBs), among other
organic byproducts that became significant components of dust [1, 4, 6]. The parti-
cles were mostly (52.21-63.60%) greater than 53 pm in diameter with between 0.8
and 1.30% less than 2.5 pm [6]. The smallest components of the dust, with diame-
ters less than 2.5 pm (known as PM,5), are particularly important as they play a
stronger role in cardiovascular disease processes than do larger particles [5, 10].

Geographic and Temporal Aspects

The declared New York City disaster area included all of Manhattan, south of
Houston Street, and all areas within 1.5 miles of the location where the World Trade
Center once stood. This includes a minimal portion of Governor’s Island and the
DUMBO neighborhood and parts of Brooklyn Heights and Vinegar Hill in Brooklyn.
People who lived in this area for at least 4 days in the 4 months, or 30 days prior to
July 31, 2002, are eligible for the World Trade Center Health Program; however, as
previously mentioned, the dust spread was not limited to a 1.5 mile radius [11]. In
the first 12—18 h, the dust and smoke cloud largely dispersed toward the east and
subsequently southeast across Brooklyn [6]. On that first day, the plume dispersion
was modeled as traveling much further south than the disaster area—possibly as far
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as through Brighton Beach and on onto Rockaway Point [4, 11]. The plume
modeling output covers about half of Brooklyn. Unfortunately, the spread of dust
was subsequently enlarged on September 13 when the south/southeast winds gave
way to an east/northeasterly flow exposing parts of Manhattan up to East Harlem,
Roosevelt Island, southern parts of the Bronx, and much of Queens [11].

Luckily, despite this large area, the exposures outside of lower Manhattan are
presently not thought to have been significant but are to be noted as long-term health
effects may still arise [4]. Furthermore, while the winds may have changed on the
13th and increased the potential exposure area, the most intense exposures were
only during the first 12 h, and burning jet fuel and building fires were put out within
1.5-2 days (although as previous mentioned, various debris fires last until December)
[4]. Exposures have been classified based on severity with category 1 accounting for
the first 12 h, category 2 then lasts until 2 days afterward, category 3 for days 3 to
13, and category 4 for days 14 through December 29, 2001 [4]. While some aspects
of exposure in these categories—such as gaseous inhalation—remain unknown,
only categories 1 and 2 were exposed to jet fuel and building fires. Due to rain on
day 4—September 15—dust re-suspension was generally caused by cleanup efforts
and, in particular, moving trucks and large equipment rather than winds which had
been able to stir up loose dry dust beforehand [4]. This fortunate change made cat-
egory 4 exposures smaller and much more localized [4]. While many locals were
afflicted in the first 12 h—category 1—large numbers left the area and did not return
to their homes or work for a week, thus escaping the time period for category 2
exposure [1]. Therefore many of the locals may have avoided the two most serious
outdoor exposure categories. After the second rainfall on day 14—September 25—
re-suspension was uncommon and resulted in very limited exposures [4]. Due to the
inconsistent nature of indoor cleanup, it has been assigned its own category—5—
without a known or consistent end point.

Due to the unprecedented nature of the September 11 attacks, testing for pollut-
ants, particularly near ground zero, was not immediately performed and thus early
levels (categories 1-3) of various chemicals remain uncertain: asbestos was not
assessed until the 14th; benzene, PCBs, lead, dioxins, and volatile organic com-
pounds (VOCs) on the 16th, PM,s (particulate matter smaller than or equal to
2.5 microns in diameter) on the 21st, and PAHs on the 23rd [5, 12, 13].

Nonorganics, Metals, Ions, and Asbestos

Building materials found include vermiculite, paint, plaster, foam, lead, calcite,
wood, glass, and asbestos [6]. Glass found varied in size from 1 pm to over 10 pm in
width and ranged in length from 5 to 100 pm. It was often coated with other mate-
rials, bringing in other components, frequently calcium, silicon, and sulfur, when
inhaled or consumed [6]. These elements are associated with pulmonary toxicity
and various potentially fatal pulmonary disease states such as silicosis, which can
reduce gas exchange and potentially decrease surface tension within alveoli [14, 15].
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Dust samples taken on September 16 and 17 contained a variety of ions in
varying concentrations. Sulfate (SO,*") (Fig. 1), most likely from fires, and calcium
were present in the greatest amounts by weight although a variety of other biologi-
cally active ions were isolated (Table 1).

Health considerations of exposure to these ions vary from insignificant to poten-
tially severe. Long-term fluoride exposure can cause skeletal fluorosis, while short-
term effects include bronchiolar ulceration and other lung injury [16]. Fluoride is
also reactive and could have become a number of highly toxic substances such as
oxygen difluoride in the immediate aftermath [16]. Many of these ions, including
the most common by mass—sulfate—can create highly oxidizing species and free
radicals, creating oxidative stress [17]. Sulfates were particularly common in the
PM, 5 portion and may thus have a stronger cardiovascular impact than otherwise
expected [5, 10]. Nitrates, the other polyatomic ion (NO;~), can cause hypotension
and headaches and have been found to be potentially beneficial in some cases but
may increase risk of stroke and heart disease-related mortality due to chronic expo-
sure, as well as being considered “probably carcinogenic to humans” [18]. While
most people were not chronically exposed to dust, all of these long-term effects may
still impact local residents via category 5 exposure or the more severe, albeit briefer
categories 1-4 exposures.

Fig. 1 Structure of a
sulfate ion

Table 1 Ion concentrations Minimum
in the dust as found by [6] Ton (ng/g) Maximum (ng/g)
Fluoride Not detectable 220
Chloride 220 800
Nitrate Not detectable 330
Sulfate 35,200 42,100
Calcium 14,000 18,200
Sodium 130 400
Potassium 60 270
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Asbestos is widely recognized as a potent carcinogen and a factor in the vast
majority of mesothelioma cases (National Cancer Institute) as well as recently recog-
nized contributions to laryngeal, ovarian, and many other cancers [19]. Even short-
term limited exposure, as short as a 16 h, has been associated with mesothelioma later
in life and is thus a huge concern for first responders and the local population [20].
Outdoor dusts varied from 0.8 to 3% asbestos, whereas indoor samples were all less
than 1%. The outdoor dusts may raise concerns, and while the indoor samples had
low asbestos concentrations, they may have provided much longer exposure dura-
tions [3, 6]. A risk assessment based on outdoor exposures for a month found an
increased cancer risk of only 1/40th of the lifetime risk and thus negligible; however,
as established, both outdoor and indoor exposures may have lasted significantly lon-
ger [12, 13]. Furthermore, this assessment is limited by using data from several days
after 9/11 and may be using artificially low asbestos levels, and thus others recom-
mend long-term monitoring and follow-up studies [21].

Overall elemental analysis showed levels consistent with the source of the dust
and included relatively high levels of titanium (Table 2) and lead from paints, but

Table 2 The minimum and Minimum

maximum levels of metals Element (ng/g) Maximum (ng/g)

highlight some important Lithium 22,650 29,520

health considerations Beryllium 2638 3754
Magnesium 110,300 179,000
Aluminum 558,800 908,700
Titanium 1,485,000 1,797,000
Vanadium 33,890 42,610
Chromium 142,600 182,000
Manganese 565,100 828,100
Cobalt 7230 10,460
Nickel 41,140 47,290
Copper 133,500 336,300
Zinc 1,718,000 2,992,000
Gallium 26,990 34,060
Arsenic 2464 2792
Rubidium 18,630 21,710
Strontium 478,900 720,800
Silver 1945 2565
Cadmium 5695 8454
Cesium 1085 1327
Barium 365,300 406,500
Thallium 905 1954
Lead 142,400 483,500
Bismuth 1087 1466
Uranium 3920 4213




112 M. Kostrubiak

undetectably low levels of mercury [6]. The most common element, zinc, has unclear
effects. It has been found to be minimally toxic in one study [22], while being impli-
cated in antioxidation, DNA damage, and membrane stability deficits [23]. In terms
of quantity and deposition, some elements were very consistent, whereas others had
large variation; thus, exposures to certain elements may have varied greatly depend-
ing on temporal and locational effects.

Titanium, the second most common element in the samples (by ng/g), when
inhaled, particularly in conjunction with iron, is suspected to be a key component
of Irag-Afghanistan War Lung Injury [24]. It has also been linked to interstitial
pneumonitis, peribronchial inflammation, and pulmonary fibrosis [25].

While lead was high in dust samples, it was similar to levels in cities suffering
from old leaded fuel combustion [26]. However, in the immediate aftermath of the
attacks and subsequent collapse of the towers, persons were exposed to high levels
of lead, but it faded quickly over several days and was quickly dissipated over sev-
eral blocks from ground zero. Long-term health effects are believed to be limited to
children of women who were pregnant in the immediate vicinity [11].

Chromium levels were elevated up to four times greater than background how-
ever remained under OSHA health guidelines [11]. Chromium VI is a carcinogen
associated with lung and nasal cancers; however, Cr III is an essential nutrient and
dietary supplement [11, 27]. The body is able to reduce chromium VI to III, and it
is unlikely to have had long-term impacts at these low levels [27].

Additionally, arsenic and cadmium were relatively low but still at potentially
concerning levels [6]. Arsenic, a highly toxic metal, has been linked to a wide
variety of health concerns including neurological and cognitive dysfunction, dia-
betes, hypertension-related cardiovascular disease and strokes, cancers, and
chronic respiratory disease [28-30]. With such a broad and severe set of symp-
toms, it is of long-term significance for a large portion of the exposed population.
Cadmium generates oxidative stress and is thus an International Agency for
Research on Cancer (IARC) class 1 carcinogen and able to cause renal failure via
tubular proteinuria ([31, 32]; EPA). Furthermore cadmium inhalation has been
associated with COPD, chronic obstructive lung disease, emphysema, rhinitis and
even lung cancers [33].

Aluminum, another major constituent, was once thought to be protective
against silicosis [34]. Unfortunately, it lacks the previously theorized protective
benefits and can instead contribute to cardiovascular diseases and Alzheimer’s
disease [34].

Similarly, manganese found in the dust can be deposited in the brain after inhala-
tion and accumulated preferentially parts of the brain including the striatum and
pineal gland [35]. By accumulating in these areas, it appears to modulate dopamine
systems and can therefore impact behavior, including motor defects, along with its
general neurotoxic effects [35]. Furthermore, only 3 weeks of inhalation, a short
time for ground zero locals, was shown to cause lung injury and change dopamine
receptor expression in rats [35].
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Organics: PAHs, Pesticides, VOCs, and Dioxins

Analysis of outdoor dust provides an interesting picture of organic materials found
in WTC dust, both from initial dispersal and from the subsequent months of fires in
ground zero rubble. The high cellulose content, about 20% of the dust, is attributed
to paper and office materials that were distributed by the explosions and collapse of
the towers [6]. The only pesticides in the test that were detected were hexachloro-
benzene (HCB) (Fig. 2) and 4,4-dichlorodiphenyldichloroethylene (DDE) and
mirex (Table 3) [6]. While there was high relative variability, overall the composi-
tions are quite similar.

Hexachlorobenzene (HCB) is categorized as a possible human carcinogen, is
globally banned, and has been illegal in the USA since 1966 but was still found in
the WTC dust. HCB has been found to cause liver and breast cancer in rats [36]. It
has also believed to cause hypothyroidism with even subchronic exposures [37],
oxidative stress, and DNA damage [38].

Fig. 2 The relatively
simple organic structure of
HCB

Table 3 Fortunately most concerning pesticides were not found, although the presence of HCB,
DDE, and mirex remain significant

Pesticide Minimum (ng/g) Maximum (ng/g)
Hexachlorobenzene 0.9 1.9

Heptachlor Not detected Not detected
4,4-DDE 1.3 3.0

2,4-DDT Not detected Not detected
4,4-DDT Not detected Not detected
Mirex Not detected 0.8

Total chlordane pesticides 3.1 5.6
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Like HCB, mirex has been illegal for decades with its last allowed use in the
USA occurring in 1978, 2 years after sale was outlawed. Animal models have simi-
larly shown a significant carcinogenic potential for mirex. Prenatal exposure to
mirex is believed to impair neural development and cause cognitive deficits in chil-
dren [39] along with general neurotoxic effects.

4,4-DDE, a breakdown product of dichlorodiphenyltrichloroethane (DDT)
(Fig. 3), is highly lipophilic, bioaccumulates readily, and is neurotoxic [40, 41].
The only major source of excretion is actually through breastmilk—thus poten-
tially affecting those who were not even alive on 9/11 [40]. Prenatal and pediatric
exposure has been associated with visual processing defects and general neuronal
apoptosis [41, 42]. Like HCB, it is another IARC class 2 carcinogen—possibly
causing cancer in humans. Further, DDE is an endocrine disruptor that can hinder
spermatogenesis, potentially causing type 1 diabetes and hepatic lipid dysfunction
[43, 44].

Polycyclic aromatic hydrocarbon (PAH) levels varied heavily from sample to
sample; however, the profile of various PAHs was consistent, implying a common
source but unequal dispersion of gross PAHs over the region [6, 45]. PAH exposure
is quite concerning as they have been linked to a variety of cancers including lung,
skin, kidney, and bladder among others [46]. With their aromatic carbon rings,
PAHs and their metabolites are able to bind directly to DNA causing mutations [47].
PAH-induced mutations are believed to be heritable and can actually be passed to
children via breastmilk [47].

Overall, polycyclic aromatic hydrocarbons (PAHs) (Fig. 4) accounted for more
than 0.1% of the dust mass (Table 4)—a high level that has both short- and long-
term health implications [6]. Generally, relative levels of PAHs in dust were
elevated close to ground zero and particularly near fires [6]. Levels of PAHs,
along with polychlorinated biphenyls (PCBs), polychlorinated naphthalenes
(PCNs), and polybrominated diphenyl ethers (PDBEs) were markedly higher
within 1 km of ground zero and declined to background levels by 3.5 km (2.2
miles) [48]. This radius does extend past the official WTC disaster area. While

J

Fig.3 DDT and its breakdown product DDE are of particular concern for those exposed to WTC
dust
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Benzo[a]pyrene Benzo[a]anthracene Benzolb]fluoranthene

Fig.4 PAH:s like the ones shown tend to have similar structures and pose similar threats including
potential DNA damage

Table 4 Significant levels of several different PAHs were found albeit with significant variability
from sample to sample

Compound (PAHs) Minimum (ng/g) Maximum (ng/g)
Fluorene 2620 32,200
Phenanthrene 22,300 44,100
Fluoranthene 13,700 40,300
Benzo(a)pyrene 12,100 23,000
Benzo(b+k)fluoranthene 15,600 36,600
Total PAH’s 218,100 383,300

PAHs are not acutely toxic, chronic exposure has been reported to cause chronic
bronchitis, coughs, and dermatitis and thus add to the litany of pulmonary threats
found in the WTC dusts [47].

Over 90,000 L of jet fuel and subsequent fires contributed to creating a vast array
of volatile and semi-volatile organic compounds (VOCs and SVOCs) [6]. Many
VOC:s are also categorized as PAHs and share many of the same characteristics and
accordingly health concerns. Lioy et al. [6] tested for 300 of these hydrocarbons and
found significant amounts of many of them. Especially concerning was the presence
of phthalate esters, which accounted for over 100 pg/g in the samples. This particu-
lar group of organics has been found to cause birth defects, potentially through their
endocrine-disrupting impacts [49]. This antiandrogen action has been further asso-
ciated with testicular and breast cancers [50, 51]. Phthalate exposure has also been
correlated with obesity, a particularly troubling impact as many affected by 9/11
suffer from lung function declines and may therefore have a reduced ability to exer-
cise [52].

Other significant VOCs include naphthalene: 5.3—7.5 pg/g and fluorene: up to
50,000 pg/g, both of which are also PAHs [6]. Naphthalenes in general are another
potential human carcinogen (IARC class 3) and have been found to cause respira-
tory lesions and tumors in animal studies [53]. Methylnaphthalene has been found
to cause pulmonary alveolar proteinosis [54]. Despite these concerns, it is difficult
to assess whether naphthalene exposures are significant as it is nearly ubiquitous
due to a variety of applications such as mothballs, deodorants, and other household
products. Therefore, WTC-related exposures might be marginal compared to life-
long exposures [53].
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Many of the VOCs found were paraffins and cycloparaffins from the JP-8 jet fuel
and subsequent combustion [6]. Long-term paraffin exposure may be associated
with chronic lipoid pneumonia [55]. Overall, it is difficult to assess dangers from
VOCs, as many have not undergone significant research. However, current research
has found associations between VOCs and various cancers, neurological effects,
liver and kidney damage and asthma and allergies [56, 57, 58].

An analysis of indoor dust found that PCB levels were comparable to outdoor
levels, and even similar to an unaffected area [45]. While PCBs have been illegal for
decades, since the World Trade Center was built in the 1970s, it likely housed vari-
ous electronic components that became a source of PCBs [11]. The collapse of the
towers destroyed two electrical substations located underground that contained
about 490,000 L of PCB containing oil [48]. PCBs are another class B2 probable
human carcinogen, particularly affecting the liver [11]. Overall, levels in the air
after 9/11 remained below limits set by NIOSH [11]. Unfortunately, hexachloroben-
zene (and heptachlor, which was undetected in outdoor dusts) levels were elevated
in these same indoor dust samples [45]. Conversely, several aforementioned organo-
chloride pesticides—4,4-DDT, 2,4-DDT, 4,4-DDE, and mirex—were actually well
below ambient levels [45]. Finally, just like in outdoor dusts, PAH levels varied
heavily but remained relatively constant in proportion to one another [45].

Polychlorinated dibenzodioxins (PCDDs) (Figs. 5 and 6), known simply as
dioxins, were another unfortunate component of the dust, although levels may not
have been significantly higher than background [6]. However it is still important
to consider their effects due to their long half-lives and being considered class 1
carcinogens by the IARC. PCDD exposure may cause hypertension, atherosclero-
sis, thyroid function, diabetes, and central and peripheral neurological impairment
and birth defects in children [59-61]. These various impacts are often only associ-
ated with dioxins in cases where patients experienced high exposure due to the

Fig. 5 PCDDs are of particular concern due to their strong Cl._ ~ O. X _Cl
carcinogenic qualities LN | | e m
X o =

Fig. 6 PCDD structure shares commonalities with the other concerning organics such as PAHs
and HCB but has unique characteristics such as their central oxygen atoms (red)
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time delay and the symptoms nonspecific multifactorial nature; thus they may be
under-reported [61]. As dioxins have severe long-term consequences, the possibility
that exposures were elevated from dust in the air and indoors suggests the need for
long-term monitoring.

Conclusion

The World Trade Center disaster on September 11, 2001, created a unique environ-
mental hazard exposing many to a complex amalgam of chemicals through inhala-
tion of dust for months. Many of the components in the dust are carcinogens and
have a variety of cardiopulmonary impacts. In fact, 6 months afterward, 38% of fire
and rescue workers reported a severe cough from their exposure [4]. Furthermore,
many of the chemicals are acutely toxic as well as causing long-term damage to
important organs such as the liver and kidneys. While we still do not know the effects
of hundreds of elements and organic chemicals in the dust, it is important to follow
those exposed to WTC dust and be aware of the various disease end points possi-
ble. Further, following those affected may prove beneficial for our understanding of
many poorly researched chemicals as well as helping treatment for other exposures
such as burn pits in Iraq or industrial sites especially prominent in South East Asia.
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The Mental Health of Children
and Adolescents Exposed to 9/11: Lessons
Learned and Still to be Learned

Talya Greene, Raz Gross, Lawrence Amsel, and Christina W. Hoven

Introduction

The events of September 11, 2001 had, and will continue to have, a profound eco-
nomic, political, and psychological impact on the entire population of the United
States. However, those exposed to the events of 9/11 as children or adolescents had
a very distinct experience, with unique sequelae. As Klassen et al. [1] noted in a
related context, ‘Children are not just small adults’. Thousands of children and ado-
lescents had direct experience of the attack on the World Trade Center (WTC), and
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many others knew someone who was injured, killed, or directly exposed. But even
those young people who lived far from New York City on 9/11 were impacted by
this unprecedented disaster and continue to experience its ripple effects on their
mental and physical well-being to this day [2].

A systematic review looking back over a decade of research concerning children
living in the vicinity of the WTC found that they were indeed uniquely affected by
this untoward event [3]. Yet, it is important to recognize that while the WTC attack
generated a significant body of literature focused on its mental health impact on
adults, there has been a much less thorough research approach to those exposed as
children and adolescents [4, 5]. Moreover, this limitation is being perpetuated today
in the disproportionately small amount of funds allocated to services and research
targeting those under 18 years of age on September 11, 2001, through the Zadroga
Act, a congressionally mandated mechanism created to provide services to, and an
understanding of, physical and mental health-related outcomes among those
exposed.

In 2019, the youngest of those exposed will reach adulthood, carrying that expe-
rience with them. It seems useful, therefore, to look back at studies that did investi-
gate the mental health effects of 9/11 on those exposed as children or adolescents,
in order to understand what was done, what might have been done differently, and
what yet remains to be done. Our intention here is to provide a critical overview of
the studies that investigated psychopathological outcomes attributed to the WTC
attack among youth ages 0—18 years on 9/11, as well as to identify what else might
have been done and what still needs to be done to fill the knowledge gaps. Because,
to date, very little has been done to address the physical health-related consequences
in youth, the methodologies of studies included here focus on those directly or indi-
rectly exposed and their measured outcomes, ranging from isolated psychiatric
symptoms to full psychiatric disorders and from documenting patterns of substance
use to prevalence of substance use disorders (SUD). Importantly, the intentions of
the investigators of those studies were always to identify which categories of youth
were most affected, how they were affected, and which risk factors contributed to
the outcomes. We present this overview for the purpose of asking the readers and
ourselves what lessons have been learned and how might the scientific research
community better serve public health in the future?

Children Are Not Just Small Adults

Obviously, children and adolescents differ from adults in multiple ways, some of
which are relevant here. In particular, youth are in the process of physical and psy-
chological development and have specific vulnerabilities depending upon where
they are in this process. Second, they are dependent on their adult caregivers for
their basic physical and emotional needs. Third, at least for those 4 years of age and
older, their activities and social roles are largely centered around school, which can
be a source of both great support and distress.
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The first post-9/11 studies of adults reported that those living in the New York
City (NYC) area and particularly those who directly witnessed the attack were most
negatively affected [6—8]. For adults, the measure of their direct exposure, including
being injured, seeing the towers burn or fall, seeing the planes hit, seeing bodies fall
from the towers, being in or near the dust cloud, or being evacuated to safety became
central to understanding subsequent mental health effects. Simultaneously, the ini-
tial studies investigating the effects of 9/11 on children living in NYC suggested
similar results [9-11]. But it was quickly recognized that even children and adoles-
cents not present at Ground Zero could be profoundly affected if family members
were exposed, especially if exposure affected their functioning and parenting. This
indirect exposure did not require the death or injury of a parent to have a negative
effect. For example, if a child’s home environment felt unsafe or insecure because
of worry about a parents’ well-being due to 9/11-related activities, such as being a
first responder or having been evacuated from a WTC area building, that home and
the child(ren) in it were essentially, indirectly ‘infected’ with 9/11 trauma. The
safety of their lived environment was compromised after 9/11 for an extended
period of time. Thus for research on children and adolescents, it became important
to understand both direct exposure and different forms of indirect exposure, espe-
cially through family exposure.

Studies of Directly Exposed New York City Children
and Adolescents

It has been estimated that 25,000 children were in close proximity to the WTC on
9/11 [12], and many child-focused studies explored the relationship between
direct exposure and subsequent mental health outcomes. A study looking at early
effects found that 1-2 months after September 11, 60% of parents in NYC reported
that their children were upset by the attacks [8]. Similarly, a study of children liv-
ing in NYC 4 months after 9/11 found that, according to parental reports, 18% had
very high levels of PTSD symptoms, while another 66% had moderate PTSD
symptoms [13]. A citywide investigation of 8236 NYC public school children,
known as the World Trade Center-Board of Education (WTC-BOE) Study, exam-
ined a representative sample of NYC public school students in grades 4—12 using
students’ self-report rather than parental impressions and was conducted 6 months
after 9/11. It found that 28.6% of the sample had probable anxiety or depressive
disorders [10]. Another study of NYC school children, with high rates of pre-9/11
exposure to trauma, found that 2.5 years after the WTC attack, 35% met criteria
for PTSD. In addition, almost half of these students could be classified as func-
tionally impaired [11].

Moreover, direct or high-level exposure was identified by a number of studies as
a particularly salient risk factor, establishing a dose-response relationship. For
example, the WTC-BOE Study found that level of exposure was associated with
high rates of probable disorders [10]: probable PTSD was 10.6% for the full sample
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but 18.4% for those with severe exposures. Similarly, for probable major depres-
sion, it was 8.1% (overall) and 11% (severe exposure), probable agoraphobia 14.8%
(overall) and 21.8% (severe exposure), probable separation anxiety 12.3% (overall)
and 20.1% (severe exposure), probable generalized anxiety disorder 10.3% (over-
all) and 14.1% (severe exposure), probable panic disorder 8.7% (overall) and 13.0%
(severe exposure), and probable conduct disorder 12.8% (overall) and 14.3% (severe
exposure). For those in grades 6—12, probable alcohol abuse/dependence was at
4.5% (overall) and 6.0% (severe exposure). These rates were up to three times
higher compared with rates in same-aged youth pre-9/11 according to epidemio-
logical studies [10].

A study investigating lower Manhattan pre-schoolers operationalized ‘high-
intensity’ exposure as directly witnessing the towers collapsing, injured or dead
people, or people jumping out of the towers. It was found that pre-schoolers who
had witnessed at least one high-intensity exposure were nearly three times as likely
to be either depressed or anxious and nearly five times as likely to have sleep prob-
lems [14]. Another study of lower Manhattan pre-schoolers similarly found that
higher exposure was associated with more PTSD symptoms [9].

Direct exposure was also associated with an increased risk of behavioral prob-
lems among adolescents 6—7 years after 9/11, who were aged 5—12 at the time of the
attack [5], as well as with an increased risk of substance use in these adolescents.
Compared with adolescents who had not been exposed, those with one exposure-
related risk factor were five times more likely to report substance use, those with
two exposure-related risk factors had eight times greater risk, while those reporting
three or more exposure-related risk factors had nearly 19 times increased risk of
substance use [15].

A number of studies found that proximity to the WTC was associated with higher
levels of symptoms (e.g. [13]). Interestingly, however, the WTC-BOE Study found
that children attending schools very close to the WTC actually had lower rates of
anxiety or depressive disorders compared with students attending school in other
areas of New York City. The authors speculated that this might have been due to the
high level of mental health and general support services that were specifically tar-
geted at this population of youth in the immediate aftermath of the attacks [10].

In summary, these findings established that direct exposure to 9/11 as a child or
adolescent resulted in elevated rates of a range of psychiatric and behavioural prob-
lems, not just PTSD, and that the outcomes showed a dose response to the intensity
of exposure. These studies also illustrate gaps in the research approach. For exam-
ple, exposure intensity was identified as being important yet was often measured by
recall months after the event. It would be helpful to be prepared for the next disaster
so that researchers could measure exposure as soon after a disaster as possible using
self-report and possibly also other observational measures.

It would also be helpful to measure the effects of the exposure longitudinally,
starting as early as possible. This might have documented, for example, that chil-
dren nearest Ground Zero had high rates of distress soon after the disaster but that
they were eased by services that were made available. While we conjecture this
pattern, to be able to prove it would help the design of future interventions.
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Family Exposure

Many children who did not live in the immediate vicinity of the WTC, and who
therefore did not directly witness the attack, nevertheless had high levels of indi-
rect exposure by having family members or friends who were in or near the WTC
during the attack. Family exposure, defined as having a family member who was
killed or injured or who was in or near the WTC at the time of the attack, was more
strongly associated with psychopathology than direct exposure, in some studies
[10]. A latent class analysis of the WTC-BOE data identified four classes of par-
ticipants and found that indirect exposure was associated with membership in the
class with the most severe profile of psychopathology and impairment [16]. As
mentioned above, this may be understood as chronic exposure, in the home, to the
effects of 9/11 through loss of a parent, dysfunction in a parent, illness in a parent,
or unemployment of a parent, to name a few examples of 9/11 sequelae on
families.

It has been estimated that more than 3250 children lost at least one parent in the
attack [17]. Understandably, bereavement had a particularly strong impact on men-
tal health, with significantly more bereaved children having at least one psychiatric
disorder compared with non-bereaved children [18]. The differences were particu-
larly remarkable for PTSD (29.6% bereaved vs 2.9% non-bereaved). Fortunately,
the rates for all disorders declined for both groups over time. Another analysis of
selected data from the WTC-BOE Study [10] found 16% of children who had a
family member or friend who died in the attack screened positive for probable
PTSD, compared with 7% of those who did not [19]. Another analysis reported
PTSD rates of 17.6% among children who lost a family member in the attack [20].
In that analysis, an interaction effect was found among those who had both direct
exposure and had a family member die in the attack, resulting in rates of 36.4% of
probable PTSD.

There were, of course, many more children who were non-bereaved but whose
parents were involved in 9/11 in some way, either by being present at Ground Zero,
being evacuated from the WTC itself, or through their work as FRs, and these chil-
dren and adolescents also showed significant psychological effects. As mentioned,
the WTC-BOE Study found that the children and adolescents of WTC evacuees and
FRs had even higher rates of mental health problems than directly exposed children
and adolescents, as well as having elevated rates of substance use/abuse [10, 21,
22]. Researchers note that the mechanism by which parental trauma contributes to
their offspring’s psychopathology is unknown. However, the finding is of vital
importance as this mode of transmission has not been a focus of post-disaster ser-
vice intervention in the past.

The WTC-BOE Study also examined the differential impact of 9/11 on children
of different types of FRs. The highest rate was among children of emergency
medical technicians (18.9%), the next highest was among children of police officers
(10.6%), and the lowest rate was found among children of firefighters (5.6%) [23].
The authors suggested that these differences could partially be explained by a
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combination of selective demographics of these professions, as well as rates of
parental exposure. They also suggested that the appraisal of firefighters as ‘heroes’
may have been a factor that moderated distress among their children.

Kaitz et al. [24] reviewed several proposed mechanisms for the transmission of
trauma, including parental distress, altered parenting behaviors, more general dis-
turbances in parental thinking and behaviors, and growing up in a stressed house-
hold environment that may operate not only psychologically but biologically
through cortisol and the HPA axis. Yehuda and Bierer [25] report that the transgen-
erational transmission of trauma has been described in a number of different types
of parental trauma, ranging from combat to the Holocaust to sexual abuse. They
argue that in addition to an environmental transmission, based on parents’ behav-
iors, there may also be, for those born after the trauma, an epigenetic modality of
transmission, in which a parent’s epigenetic profile might be modified by trauma
and/ or PTSD, and this modification passed along to offspring.

Yet another modality of transmission involves pregnant mothers exposed to a
trauma. While not directly relevant to the central concern of this chapter, namely,
the population of children and adolescents who were born prior to 9/11 and exposed
between ages 018, the issues related to prenatal exposure are complex and might
also include epigenetics and may prove important for a more complete understand-
ing of the multifactorial transmission of trauma. A burgeoning body of literature
does indicate that the effects of stress exposure on pregnant mothers can be passed
onto fetuses. Studies have also indicated that pregnant mothers exposed to the WTC
attack were more likely to have low birth weight babies [26], while lower cortisol
levels were observed among babies born to mothers who developed PTSD in
response to 9/11 while pregnant [27].

In summary, the findings on family transmissions of 9/11 trauma are extremely
important for research into the effects of 9/11 on children and adolescents as well
as a powerful validation of prior work on trauma transmission. These findings
have public health consequence as well, as they identify a set of youth who were
not directly exposed to 9/11 and may not have been targeted for surveillance and
preventative interventions without these findings. At the same time, this research
exposes important gaps in our understanding. The multiple mechanisms of this
intergenerational transmission (behavioral, environmental, biological, and epi-
genetic) are poorly understood. We need longitudinal studies that assess the
effects of trauma soon after exposure, examine the family and household struc-
tures in detail, and track how those structures are altered over time by a traumatic
exposure of a parent. We also need studies that integrate biological, epigenetic,
and behavioral approaches and are sensitive to developmental stage of the chil-
dren and adolescents involved. Finally, we need more studies that directly assess
the mental health effects on children who were in utero during the time of 9/11
and assess epigenetic transmission to progeny born years after a parental trauma
exposure.

We also need studies that can capture the differences between first responder
families, to ascertain what protective factors are acting in the homes of firefighters
and how we can use those protective factors in all households. More generally, these
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findings indicate that we need more research into preventive approaches that take
the whole family into account. For example, we still do not know if just treating the
traumatized parent will block the transmission of trauma.

National Effects and the Relation to Media Exposure

The effects of 9/11 were also felt by children outside of New York City [28]. One
nationally representative study conducted in the first few days after the attack
found that over a third of parents reported that their children had at least one stress
symptom and that nearly half had been worried about their own safety or that of
their loved ones [29]. Another survey conducted 1-2 months after 9/11 found that
nearly half of the parents living outside of the NYC or Washington DC reported
that their children were distressed by the attacks [8]. A study of children living in
Seattle, Washington, conducted 2-9 weeks after 9/11, found that 77% of children
reported being worried, while 68% said that they were upset by reminders of the
attack [30].

In a web-based survey of a national sample of adolescents, 60% of those not liv-
ing in the vicinity of the WTC reported feeling that their own life or the life of
someone close to them was in danger as a result of the attack. They also reported
some initial stress symptoms; however, these were reduced to a low level 1 year
after the attack [31]. A national, repeated, cross-sectional survey of adolescents liv-
ing in cities throughout the United States found that adolescents interviewed in Fall
2001 had 35% higher odds of experiencing presleep worry compared with those
interviewed in Fall 1998 [32].

A study conducted in California compared 227 adolescents surveyed 4 weeks
after 9/11 with a comparable group of Californian teenagers who had been surveyed
4 and 2 years before the WTC attack. The study found that those surveyed after 9/11
perceived their risk of dying from a natural disaster to be higher than those inter-
viewed before 9/11 [33]. A study of 171 Californian high school students conducted
2-5 months after 9/11 reported changes in their daily life activities and in PTSD
symptoms related to the attack. However, these pre-post 9/11 differences were not
found when the experience sampling methods were used to measure momentary
mood reports in the same sample [34].

The national effects described above may have been a result of exposure to the
highly repeated and very disturbing media images and reporting in the days and
weeks following 9/11. Many schoolchildren were undoubtedly exposed, through
TV, to shocking images of the WTC North Tower burning, only to be further shocked
by the second plane hitting the other tower and the visuals of both the towers col-
lapsing [35]. Furthermore, in the days and weeks following the attack, videos and
images of the events were featured heavily in news reports and were widely avail-
able via the internet, causing many children and adolescents to be highly exposed to
these images [36]. Nevertheless, the mental health consequence of exposure to dis-
tressing media images has been the subject of much debate [4].
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Interestingly, among those living in NYC, more exposure to distressing media
images was associated with more severe posttraumatic reactions in children [13]
and adolescents [37]. However, analysis of the WTC-BOE data found that the asso-
ciation between intensive media use and PTSD was more likely to occur among
those who were not directly exposed to the attacks [36]. Similarly, among elemen-
tary schoolchildren in Washington DC, who were not directly exposed, greater tele-
vision exposure to the events of 9/11 was associated with increased distress [38].
Most importantly, studies conducted among children not living near NYC or
Washington DC (both 9/11 attack sites) also reported an association between greater
media exposure and increased symptoms of PTSD in children [29, 35].

In summary, the findings on the national effects of the local 9/11 attacks for both
adults and children/adolescents are striking in that individuals thousands of miles
from the trauma site were significantly psychologically impacted. The public health
consequences are immense and run counter to traditional models of local emer-
gency response. They have even affected the very definitions of PTSD in the DSM-5
[39]. At the same time, the mechanism of this traumatization at a distance remains
unclear. Marshall et al. [40] put forth potential models that include the idea of shared
‘ongoing threat’ that may now apply, not only to terrorism but to the increasingly
frequent and ubiquitous weather and earthquake phenomena. And, while it is seems
hard to develop a model of the national effect that does not include media as a trau-
matic transmitter, the role of media remains controversial [41]. Thus we sorely need
research that can clarify the role media plays in the immediate aftermath of a mass
trauma, to discover ways of limiting the traumatic contagion. In particular, we need
to understand whether and how the response to mass media depictions of trauma
differs between children, adolescents, and adults. Intuitively, it seems that adoles-
cents and especially children would have fewer defences than adults against disturb-
ing images or the fear they elicit, but this will need to be explored. We also need far
more in-depth and longitudinal research across wider geographic territory to under-
stand the ancillary mechanism of this nationalization of a local trauma for children
and adolescents, as well as research on how to curb those mechanisms once they are
understood.

Risk and Resilience Factors

Prior Exposure to Traumatic Events and Violence

Prior trauma exposure was associated with a substantially increased risk for PTSD
symptoms in pre-schoolers [9], as probable anxiety or depressive disorders in
school-aged children [10], following 9/11. Prior trauma exposure was also found to
increase the impact of high-intensity exposure to the WTC attack on child behav-
ioral problems [14]. For NYC children with low prior exposure, a dose-response
impact of the WTC attack was still evident 2.5 years after the attack [11]. In con-
trast, for those who had higher pre-attack trauma exposure, the severity of their
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post-traumatic distress 2.5 years later was best predicted by pre-9/11 trauma expo-
sure, rather than the level of exposure on 9/11. In other words, prior trauma expo-
sure was an important risk factor for subsequent distress and significantly
compounded the effects of any exposure to 9/11. Pre-9/11 exposure to violence also
emerged as a predictor of post-9/11 PTSD, depression, and conduct disorder symp-
toms, regardless of whether the exposure involved the adolescent as a witness or a
victim of the violence [37].

Prior Mental Health Problems

Unfortunately, few studies investigated pre-9/11 mental health problems as risk fac-
tors for attack problems. However, a few ongoing longitudinal studies did include
questions investigating the role of prior mental health as a predictor of distress fol-
lowing 9/11 [28]. Children who had exhibited higher levels of depression or anxiety
6 years prior to 9/11, when they were aged five, had higher levels of fear and anxiety
in the months after the WTC attack [28]. Similarly, adolescents with a history of
mental health problems were more distressed by the 9/11 events [34]. It should be
noted, however, that one study did not find any moderation effect of prior mental
health symptoms on the relationship between exposure to 9/11 and subsequent men-
tal health symptom level [37].

Parental Reactions

In addition to parents’ ability to transmit trauma to their unexposed children and
adolescents, a number of studies indicate that parental reactions may have mediated
or moderated their exposed child’s reactions to 9/11. Parents reporting substantial
stress symptoms in the days after the attack were more than twice as likely to report
that their children had stress symptoms [29], while children whose parents had pos-
sible PTSD were found to be over four times more likely to have severe PTSD
symptoms themselves [13]. Children living in NYC who saw their parents crying
following the attack were also more than three times more likely to have severe
PTSD symptoms than those who did not [13], and NYC adolescents who saw a par-
ent crying were more likely to have behaviour problems 6 months after the attack
compared with other adolescents [42]. It should be noted, however, that the afore-
mentioned studies were based on parental reports which may bias the findings.
Nevertheless, other studies that did not rely on parental report reinforce the find-
ing that parental reactions had an impact on their child’s mental health response to
9/11. For example, there is evidence from a study of Lower Manhattan pre-schoolers
that young children of mothers with co-occurring probable PTSD and depression
were independently rated as having more behaviour problems by their teachers,
compared with mothers with depression only or with neither disorder, 2—4 years
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after the attack [43]. A study conducted in Washington DC showed that parents with
more distress were more likely to report distress among their children, but this was
consistent with the children’s self-report of their own distress [30]. Finally, two
adolescent studies showed that parental distress or endorsement of PTSD symptoms
was associated with their teenage children’s PTSD symptoms [44] and behavioral
difficulties [S]. These findings indicate that parental reactions likely played an
important role in moderating or mediating offspring’s responses to 9/11 and were
not merely the result of biased ratings provided by distressed parents. This raises a
question about mechanisms. Were these children/adolescents more distressed
because they had been ‘infected’ by their parents’ traumatic reactions, or does this
reflect a more general family vulnerability for distress reactions due to biological,
economic, and social risk factors affecting both parent and child? Again, the answer
to this question would help direct interventions more effectively.

Economic Resources

The 9/11 attack impacted the economic stability of the United States, and many
youths, most especially in NYC, found themselves affected financially. For exam-
ple, in a study of high school students in Bronx County 8 months after the event,
participants who reported financial difficulty as a result of the attack were five times
more likely to have PTSD [45]. Many people living in the NYC area lost their jobs
as a result of the attack [46], and studies investigating the impact of this on child
mental health found that parental job loss was associated with higher levels of PTSD
and other anxiety disorders [46], as well as being significantly associated with
parental PTSD and depression [53], which in turn was associated with child anxiety
and poor family relationships.

In summary, research on risk factors for mental health sequelae to 9/11 exposure
have begun to identify individual, family, and contextual economic factors that pre-
dispose children/adolescents to the development of negative outcomes and could
potentially serve as targets for preventive interventions. Yet these risk factors also
raise many questions for public health research and intervention. Should we, for
example, identify children/adolescents with prior trauma or mental health condi-
tions for special intervention after a mass trauma? Should those treating these indi-
viduals be especially vigilant in monitoring these individuals after a mass trauma?
How can we transform prior challenges into resilience-building experiences rather
than deficits? Can parents be trained to respond to mass traumas in ways that are
less damaging to their children? Is economic recovery a public health concern? To
answer these questions will require the type of research we have been advocating
throughout this chapter. We will need research that includes large representative
samples with appropriate controls, the use of in-depth assessments across multiple
biopsychosocial domains, a developmentally oriented longitudinal design, and
timely initiation after a trauma.
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Health Care Utilization by Children/Adolescents
Affected by 9/11

The evidence in the studies reviewed here indicates that there was a significant men-
tal health impact on children and adolescents from exposure to 9/11, particularly
among those directly exposed or who were indirectly exposed through their families.
This further suggests that there was also a significant need for mental health services
to provide support and treatment for young people who were affected. Thus, an addi-
tional area of public health interest is to determine if these services were sought and
how well the mental health needs were met by existing delivery systems.

Based on the WTC-BOE data, there is evidence that around 18% of children liv-
ing in NYC utilized mental health services in the months following the attacks, with
more than half of those receiving support services in school [49]. There was a 24%
rate of mental health service use among children who were directly exposed and a
30% rate of use among those meeting criteria for probable PTSD. While this indi-
cates that mental health service use was more likely to be provided to those in need,
it still highlights the large numbers of children who met criteria for a probable dis-
order, yet had not sought out mental health treatment, and perhaps were not even
aware of services that were and continue to be available for this population [54].
This suggests a need for greater outreach in the wake of such a disaster, perhaps
school-wide interventions, and not limited to those in the immediate proximity of
the event.

It should be noted, however, that those living in the immediate vicinity of the
WTC attack and who were exposed to the dust cloud that was generated when the
towers fell were also most likely to be at increased risk for a range of physical health
problems, such as respiratory problems, gastrointestinal symptoms, allergies, and
cancer, among others [48, 51, 54]. Moreover, physical health problems are risk fac-
tors for mental health problems and vice versa. These potential interactions can be
seen, for example, in a cross-sectional study conducted among adolescents with
asthma 10-11 years after 9/11, who had been in close proximity to the WTC at the
time of the attack. The study found that probable PTSD was associated with poorly
controlled asthma [12]. It is, therefore, important to think about both traumatic and
toxic exposures, both physical health problems and mental health problems as all
part of an interacting system, in which comorbidities are common and mutually
reinforcing.

Individuals suffering mental health problems as a result of their exposure to 9/11
are now known to be at increased likelihood of presenting to primary care physi-
cians [50, 52]. Primary care physicians working in the NYC area should consider
asking their patients whether they were exposed to the attacks, and what the nature
of their exposure was, as this information may help them to better diagnose and treat
their patients with both physical and mental disorders. In this respect, the NYC
Department of Health have developed a set of clinical guidelines for physicians that
clarify potential reactions to 9/11 among children and adolescents and include treat-
ment recommendations [47].
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In summary, from a population perspective, we know very little about the unmet
mental and physical health care needs of children/adolescents exposed to 9/11.
While we are gaining knowledge about their physical and mental health outcomes
despite the small and generally unrepresentative samples, we know less about ser-
vice utilization and its effectiveness. One barrier to research has been that the ser-
vices that are accessed are distributed across a complex health care system with
poor central communication. Nevertheless, we need to find creative ways to answer
these questions, so we might better serve those already suffering from 9/11-related
traumatic exposures as children and adolescents, as well as those who will become
exposed to other mass traumas in the future.

Conclusions

In each of the sections above, we attempted to summarize the most relevant find-
ings, as well as critique limitations of the existing relevant research, and to make
recommendations for future investigations. We conclude with an overview of what
we have learned, what we have missed, and how we might better proceed in the
future to protect our most vulnerable and most precious citizens, our youth, in the
face of mass trauma.

What emerges from the literature is that many individuals throughout the United
States who were children or adolescents on 9/11 were and continue to be profoundly
affected in a myriad of ways as a result of that event. Not surprisingly, distress was
highest among children and adolescents who lived in close proximity to the WTC
and were either exposed directly or were living away from Ground Zero but were
indirectly exposed through their families. For many living outside of New York with
neither direct nor indirect exposure, the attack impacted their sense of safety and
well-being nevertheless, and some developed mental health symptoms in reaction to
the attack, particularly those with greater media exposure. Having prior trauma or
mental health issues and having a parent who developed PTSD or other distress
were associated with higher levels of child mental health problems. Low socio-
economic status and life disruptions resulting from 9/11, including parental job loss
and physical health problems, also compounded the distress of children and adoles-
cents. Comorbidities between traumatic exposures and toxic exposures on and
immediately following 9/11, as well as other physical-mental health comorbidities,
are just beginning to be recognized in those exposed during childhood or adoles-
cence and who are now entering young adulthood or are already into the third
decade of life. Although many have utilized mental health services, there clearly
remains a large unmet need for mental and physical health services that are appro-
priately targeted and effective.

The existing body of research has significant limitations, partly because a focus
on children/adolescents was possibly viewed as less important than on adults, many
of whom died. Many research studies did not begin immediately after 9/11, as
would have been ideal, and subsequently, much of it was conducted within 2 years
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of the disaster and then stopped. Consequently, much of the research has been too
little, too late, without planned follow-up, insufficiently powered samples, and with
almost a total lack of valid comparison groups. Most importantly, we cannot learn
from information never collected.

We need to proceed based on a life course perspective that recognizes that child-
hood is a vulnerable, developmental period and that well-being during childhood
often determines successful educational, occupational, and social functioning into
adulthood. Individual development takes place in a context that influences how chil-
dren process their experiences, and, therefore, understanding the consequences of
events in childhood requires repeated contextual, physical, and psychosocial assess-
ments that are sensitive to developmental phases across the life course.

Based on these principles, we advocate for research that contains meaningful
representative samples with matched controls and that is longitudinal in design and
developmentally focused. The research needs to be based on the best practice of
epidemiologic research in terms of field-based, face-to-face evaluations with mul-
tiple informants and valid, reliable measures of mental health symptoms and condi-
tions, as well as of other key constructs. These studies must include comprehensive
biopsychosocial assessments that address the crucial factors that the existing litera-
ture has identified as important, such as neighbourhood characteristics; school char-
acteristics; family context; parenting styles before and after the event; prior mental,
physical, and learning challenges; in-depth assessment as to the nature of the expo-
sure; and thorough assessment of physical, psychiatric, behavioral, and role-
functioning outcomes. To capture the interface biologically and psychologically, we
will need to conduct thorough physical assessments and to collect key biomarkers
such as genetics, epigenetics, inflammatory signals, and stress-related hormones, as
well as a judicious use of neuroimaging.

While this is a formidable challenge, the closer we come to achieving it, the bet-
ter we will be prepared to support the next generation as it faces the challenges of
past and future trauma.
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World Trade Center Related Health Among
NYC Firefighters and EMS Workers

Jennifer Yip, Mayris P. Webber, Rachel Zeig-Owens, Madeline Vossbrinck,
Ankura Singh, Theresa Schwartz, and David J. Prezant

Introduction

FDNY WTC Health Program: 2001-2016

On September 11, 2001 (9/11), the collapse of the World Trade Center (WTC)
resulted in the loss of 343 Fire Department of the City of New York (FDNY)
responders and exposed thousands more to a hazardous mix of inorganic dust, prod-
ucts of combustion and respirable particulates [1]. In response, FDNY Bureau of
Health Services (FDNY-BHS) instituted a rigorous medical monitoring and treat-
ment program for the nearly 16,000 FDNY firefighters and emergency medical ser-
vice (EMS) workers who performed rescue/recovery work on 9/11 and during the
subsequent 10-month recovery period at the WTC site. Concurrently, FDNY physi-
cians and others documented the early health symptoms and conditions presented
by the FDNY workforce, most notably respiratory and mental health symptoms,
which were the most problematic immediately post-disaster. In 2005, the FDNY
data center was established to institutionalize the collection and analysis of data on
health conditions associated with WTC exposure.
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FDNY’s multifaceted approach (monitoring, treatment, and research) has
enabled us to document and ameliorate the health effects of 9/11. FDNY-BHS and
its WTC Health Program (WTCHP) provided clinical care and referrals for services,
while research studies from the FDNY data center identified trends and risk factors
for WTC-related health conditions to improve our understanding of exposure-host
interactions and, in so doing, to provide appropriate clinical services. In this report,
which is an update from a previous review article [2], we describe FDNY’s post-
9/11 clinical care and health interventions and provide a summary of health out-
comes that we have identified between 2001 and 2016.

Evolution of the FDNY WTC Health Program

FDNY’s WTC treatment program began on 9/11, when FDNY-BHS physicians were
deployed to the WTC site, some prior to the collapse, to provide triage and on-site
treatment. Treatment continued and three weeks after 9/11, formal medical monitor-
ing began, leveraging the existing health infrastructure already in place at FDNY-BHS
at the time of the disaster. This occupational health service was established well before
9/11 to provide monitoring and treatment medical exams for active FDNY firefighters
and EMS workers, primarily to assess and improve their fitness to perform work-
related activities. The early WTCHP incorporated FDNY-BHS routine exams that
included physical examinations by FDNY physicians, self-administered health ques-
tionnaires (rapidly updated to include WTC-related questions), pulmonary function
tests, chest x-rays, cardiograms, audiograms, and the collection of blood and urine
samples for testing. Since then, the WTCHP, based in Brooklyn, NY, has added satel-
lite locations in Queens, NY, Staten Island, NY, and Suffolk and Orange counties to
increase access to care. It has also expanded to include more in-depth clinical exams
and physical and mental health monitoring exams as well as free treatment services.

Free treatment services for WTC-related health conditions are offered to all active
and retired WTC-exposed FDNY responders. FDNY-WTCHP provides on-site diag-
nosis and treatment of WTC-related physical health conditions (e.g., lower and upper
respiratory diseases and gastroesophageal reflux disease [GERD]), mental health
conditions (post-traumatic stress disorder [PTSD], depression, anxiety, prolonged
grief, and substance abuse [primarily alcohol and tobacco use]), and when necessary
referrals to an extensive network of specialty providers conveniently located in the
New York metropolitan area. Referrals are provided for diagnostic procedures and
treatment. After epidemiological findings from FDNY and others demonstrating a
link between WTC exposure and cancer [3-5], and the subsequent addition of can-
cers as a WTC-covered condition in 2012 under the James Zadroga 9/11 Health and
Compensation Act of 2010 Act [6], FDNY-WTCHP expanded to provide diagnos-
tic evaluations for WTC-related cancers and added providers such as the Memorial
Sloan Kettering Cancer Center to its external network for cancer treatment. Program
expansion also included adding an FDNY case management unit primarily to pro-
vide care coordination for patients with cancer and other severe diseases, cancer
screening for early diagnosis, and, for patients unresponsive to treatment, end-of-life
care through hospice referrals.
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WTC Health Program Utilization

There are 15,634 FDNY WTC-exposed responders enrolled in the FDNY-
WTCHP. Since the inception of FDNY-WTCHP, 15,245 (98%) received at least one
monitoring exam, and to date (December 1, 2016), 10,971 (70%) have received at
least eight monitoring exams. Participation rates remain high; in the last 12 months,
10,818 (69%) enrolled members received an FDNY WTC monitoring exam.
Between 9/11 and 12/1/2016, not including monitoring, 14,028 (90%) individu-
als visited an FDNY-WTCHP physician for diagnosis and treatment of a physical
health problem. Many of these conditions, initially acute, have evolved to become
chronic illnesses requiring ongoing treatment. To date, 10,433 persons have been
certified by the National Institute for Occupational Safety and Health (NIOSH) as
having at least one WTC-related health condition, and 9484 (61% of enrolled mem-
bers) have filled at least one medication under this program (Table 1). Over the last
12 months, 7718 (49%) enrolled members with at least one certified WTC-related
illness have presented for treatment of a physical or mental health problem at the
FDNY-WTCHP. The most common types of medications for physical health condi-
tions were proton pump inhibitors for those certified with GERD; saline wash and
nasal anti-inflammatory steroids for those certified with upper airway diseases, pre-
dominantly chronic rhinosinusitis (CRS); and beta-adrenergic agents and inhaled

Table 1 Selected characteristics of WTC-exposed firefighters and EMS workers enrolled in the
FDNY World Trade Center Health Program?*

Firefighters EMS workers Total
Characteristics N %o N % N %o
Total 13195 100 2439 100 15634 100
WTC arrival group
Arrival on the morning of 9/11 1812 13.7 459 18.8 2271 14.5
Arrival during the afternoon of 9/11 6094 46.2 719 29.5 6813 43.6
Arrival on 9/12/2001 2442 18.5 293 12.0 2735 17.5
Arrival any day between 9/13/2001 2042 15.5 603 24.7 2645 16.9
and 9/24/2001
Arrival after 9/24/2001 265 2.0 215 8.8 480 3.1
Undefined exposure 540 4.1 150 6.2 690 4.4
Duration—months at the WTC
Median [IQR range] 3[1-5] | 2[1-5] | 2[1-5] |
Age on 9/11 years
Median [IQR range] ‘ 40.6 [34.0-46.7] ‘ 34.9[28.2-41.0] ‘ 39.6 [33.0-46.0]
Gender
Male 13165 99.8 1956 80.2 | 15121 96.7
Female 30 0.2 483 19.8 513 33
Race
White 12340 93.5 | 1267 52.0 | 13607 87.0
Nonwhite 855 6.5 |1172 48.1 2027 13.0

(continued)
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Table 1 (continued)

Firefighters EMS workers Total
Characteristics N % N % N %o
Total 13195 100 2439 100 15634 100
Current smoking status°
Current 652 4.9 319 13.1 971 6.2
Former 4580 34.7 895 36.7 5475 35.0
Never 7680 582 | 1189 48.8 8869 56.7
Retirement status*
Retired 8735 66.2 | 1304 53.5 | 10039 64.2
Not retired 4460 33.8 1135 46.5 5595 35.8
Post-9/11 prevalence of respiratory health diagnoses®
Chronic rhinosinusitis 4618 35.0 357 14.6 4975 31.8
Gastroesophageal reflux disease 4396 33.3 379 15.5 4775 30.5
Obstructive airways disease 3733 28.3 334 13.7 4067 26.0
Asthma 2920 22.1 274 11.2 3194 20.4
Chronic bronchitis 1408 10.7 88 3.6 1496 9.6
Chronic obstructive pulmonary 256 1.9 19 0.8 275 1.8
disease
At least one of the above respiratory | 7202 54.6 665 27.3 7867 50.3
diagnoses®
Prevalence of probable mental health conditions in year 159
PTSD 720 8.0 100 6.8 820 7.8
Depression 1395 15.4 223 15.1 1618 15.4
At least one medication fill under 8617 65.3 867 35.5 9484 60.6
FDNY-WTCHP

aAs of December 1, 2016

N =319 had unknown current smoking status

‘Between 2001 and 2016

dPercentages of N = 10,538 who completed a mental health questionnaire in 9/11 year, year 15

corticosteroids for those certified with obstructive airways diseases (OAD) includ-
ing asthma, reactive airways dysfunction syndrome (RADS), chronic bronchitis,
and emphysema. The three most common types of medications for those certified
with mental health conditions, predominantly PTSD, depression, and anxiety were
selective serotonin reuptake inhibitors, anti-anxiety drugs, and norepinephrine and
dopamine reuptake inhibitors.

WTC exposure

We use two measures to characterize WTC-exposure in our research studies: initial
arrival time and duration of work at the WTC site. Initial arrival time was obtained
from the earliest post-9/11 questionnaire, which was completed a median of
four months after 9/11. Initial arrival time is categorized from highly exposed to
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least exposed as follows: arriving on the morning of 9/11 (highest exposure level);
arriving during the afternoon of 9/11; arriving on 9/12/2001; arriving any day
between 9/13/2001 and 9/24/2001; and arriving after 9/24/2001 (lowest exposure
level). Duration of work was added to later questionnaires and was obtained a
median of four years post-9/11. Duration of work is a summation of each calendar
month that an individual worked for at least one day at the WTC site (range
1-10 months). For most analyses, we did not have a non-WTC-exposed group, as
virtually all active FDNY members worked at the WTC site. Table 1 shows that
close to 14% of firefighters and 19% of EMS workers arrived at the WTC site during
the morning of 9/11, although most firefighters (46%) and EMS workers (30%)
arrived during that afternoon. The median duration of time worked at the site was
three months for firefighters and two months for EMS workers. The FDNY-WTC
rescue/recovery cohort was mostly white (87%), was male (97%), and had a median
age of 40 years (IQR range: 33—46 years) on 9/11.

WTC Health Findings

To describe various health conditions, we use both self-reported symptoms from
monitoring questionnaires and physician diagnoses from FDNY medical records.
Pulmonary function was analyzed using forced vital capacity (FVC) and the forced
expiratory volume in the first second (FEV,) results from routine spirometry.
Bronchial reactivity information was obtained from methacholine challenge tests.

Pulmonary Function and Lower Respiratory

Among 12,781 WTC-exposed firefighters and EMS workers who had 61,746 spi-
rometry measurements, [7] reported accelerated lung function decline from serial
FEV, measurements, which averaged 372 ml over the first year after 9/11, the equiv-
alent of 1012 years of normal, age-related loss. During the subsequent six years
post-disaster, there was little to no recovery. In updated studies extending follow-up
time up to 14 years after 9/11, most firefighters and EMS workers continued to show
alack of lung function recovery [8, 9]. The dose-response association of WTC expo-
sure in relation to lung function remained: firefighters who arrived during the morn-
ing of 9/11 averaged lower lung function than did lesser exposed firefighters, a
difference that remained statistically significant during most of the follow-up [10].

Methacholine challenge tests identify individuals with bronchial hyperreactivity
(BHR), a hallmark of asthma/RADS. At six months post-9/11, firefighters who
arrived during the morning of 9/11 were 6.8 times more likely to experience BHR
than those who arrived later (odds ratio [OR]: 6.8; 95% CI: 1.8-25.2) [11]. Further,
in a recent follow-up study, we found that for many, BHR did not resolve with
removal from the noxious exposure, even more than one decade post-9/11, and that
persistent BHR predicted an accelerated decline in lung function [10].
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Fig. 1 Prevalence of lower respiratory symptoms by FDNY-WTC responders

Figure 1 shows that immediately after 9/11, cough was the most common respira-
tory symptom reported by 53% of the FDNY-WTC rescue/recovery cohort, followed
by shortness of breath (38%) and wheezing (33%). In the first published post-9/11
study on respiratory health, [1] described “World Trade Center cough syndrome” in
an initial sample of 332 WTC-exposed firefighters who were evaluated 6 months
after 9/11. WTC cough syndrome was characterized by a constellation of symptoms
including a persistent cough and upper respiratory and lower respiratory symptoms
(e.g., nasal congestion, nasal drip, sore throat, bronchial hyperreactivity, and/or
GERD symptoms). In this sample of 332, the prevalence of this syndrome was great-
est in those arriving earliest at the WTC site, on the morning of 9/11 [1].

Subsequent studies confirmed the association between WTC-exposure intensity
(as measured by arrival time) and lower respiratory conditions, such as OAD. OAD
includes the following physician diagnoses from FDNY medical records: asthma/
RADS, chronic obstructive pulmonary disease/emphysema, and chronic bronchitis.
In a sample of 8930 firefighters, those who arrived during the morning of 9/11 had
four times the OAD diagnosis rate (relative rate, 3.96; 95% CI, 2.51-6.26) of later-
arriving firefighters during the first 15 months after 9/11 [12]. Similarly, EMS work-
ers with the earliest arrival time have more than twice the risk (relative risk, 2.4;
95% CI, 1.7-3.6) of being diagnosed with OAD compared with their unexposed
counterparts [13]. By 2016, the prevalence of FDNY physician-diagnosed OAD
was 26%, with asthma at 20% as the most common diagnosis (Table 1).

Interstitial Lung Diseases

Interstitial lung diseases (ILD) such as sarcoidosis, pulmonary fibrosis, and bron-
chiolitis obliterans remain far less common than OAD in our cohort, and, with the
exception of sarcoidosis, are extremely rare. In the first 14 years post-9/11, we
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identified 75 FDNY-WTC responders with new incident sarcoidosis. Pre-9/11, all
had normal chest X-rays and normal spirometry and were asymptomatic [14]. This
post-9/11 sarcoidosis rate of ~22/100,000 was considerably higher than the average
pre-9/11 incidence rate of ~15/100,000. Further, in contrast to pre-9/11 sarcoidosis
cases, many FDNY sarcoidosis cases diagnosed post-9/11 were not only symptom-
atic due primarily to OAD (69%) [14] but also upon further workup, had evidence
of cardiac involvement (12%) [15] and/or rheumatologic involvement (15%) [16],
the latter often requiring biologicals for disease control.

Upper Respiratory

While not as immediately obvious as a cough and other lower respiratory symptoms,
CRS symptoms were also commonly reported by FDNY firefighters and EMS work-
ers. From the first post-9/11 year to 15 years post-9/11, CRS symptoms consistently
affected about 40% of the FDNY-WTC rescue/recovery cohort (Fig. 2), in contrast to
pre-9/11 reports of frequent rhinosinusitis by 4.4% of FDNY firefighters [17].
Rhinosinusitis symptoms four years post-9/11 were still associated with WTC expo-
sure as measured by both arrival time and duration of work [17].

Examining FDNY medical records, the post-9/11 prevalence of physician-
diagnosed CRS increased from 11% in 2005 [18] to 32% in 2016 (Table 1) and was
highest in FDNY-WTC responders who arrived either during the morning (36%;
Fig. 3) or afternoon of 9/11 (35%). Recent studies confirmed the risk of CRS among
early arriving FDNY-WTC responders: firefighters with the earliest arrival time had
almost twice the rate of physician-diagnosed CRS when compared with later-arriving
firefighters (relative rate: 1.99; 95% CI: 1.64-2.41) [19], and EMS workers with the
earliest arrival time had nearly four times the risk of being diagnosed with CRS com-

pared with their unexposed counterparts (relative risk, 3.7; 95% CI, 2.2-6.0) [13].
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Fig. 2 Prevalence of upper respiratory symptoms by FDNY-WTC responders
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Fig. 3 Post-9/11 prevalence of respiratory health and GERD diagnoses between 2002 and 2015.
Note: Arrival Group 1 arrived on the morning of 9/11, Arrival Group 2 arrived during the afternoon
of 9/11, Arrival Group 3 arrived on 9/12/2001, Arrival Group 4 arrived any day between 9/13/2001
and 9/24/2001, and Arrival Group 5 arrived after 9/24/2001

GERD

Before 9/11, symptoms consistent with GERD (acid reflux, sore throat, chest burn-
ing/tightness, and difficulty swallowing) were reported by 5.2% of FDNY firefight-
ers [17]. However, in the first year post-9/11, 41% reported GERD symptoms, of
which sore throat symptoms were the most prevalent (61%; Fig. 2). GERD symp-
toms, previously shown to be significantly associated with WTC arrival time and
duration of work [17], consistently affected about 40% of the FDNY-WTC rescue/
recovery cohort (Fig. 2).

The prevalence of FDNY physician-diagnosed GERD was 31% in 2016 (Table 1)
and was highest among FDNY-WTC responders with the earliest arrival time (36%;
Fig. 3). Firefighters with the earliest arrival time had 1.5 times the rate of having a
GERD diagnosis than later-arriving firefighters (relative rate, 1.48; 95% CI, 1.27—
1.73) [20], and EMS workers who arrived during the morning of 9/11 had nearly
four times the risk of being diagnosed with GERD compared with unexposed EMS
(relative risk, 3.8; 95% CI, 2.4-6.1) [13].

Obstructive Sleep Apnea

In 2011, we showed that early arrival time at the WTC site was significantly associ-
ated with scoring at high risk for obstructive sleep apnea (OSA) using an adapted
Berlin screening survey [21]. In a later study, we confirmed that 81% of 636
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participants who scored high risk for OSA had polysomnogram-confirmed OSA
[22]. We also found that FDNY responders who arrived at the WTC during the
morning of 9/11 had almost twice the odds (OR, 1.91; 95% CI, 1.15-3.17) of
polysomnogram-confirmed OSA than those with lower levels of WTC exposure.

Cancer

We showed that seven years after 9/11, FDNY-WTC-exposed firefighters had a 10%
higher overall cancer incidence rate (standardized incidence ratio [SIR], 1.10; 95%
CI, 0.98-1.25) than the general US male population and a 32% higher rate than in
unexposed FDNY firefighters (SIR, 1.32; 95% CI, 1.07-1.62), the latter reaching sta-
tistical significance [23]. WTC-exposed firefighters had significantly higher rates for
some specific cancers when compared with the general US male population (e.g.,
prostate [SIR, 1.49; 95% CI, 1.20-1.85] and thyroid [SIR, 3.07; 95% ClI, 1.86-5.08])
[23]. In contrast, lung cancer incidence in WTC-exposed firefighters was significantly
lower than expected (SIR, 0.42; 95% CI, 0.20-0.86) in the general US male popula-
tion, likely due to lower smoking rates and the short follow-up period of seven years
post-9/11. Two other WTC-exposed cohorts, the WTC Health Consortium and the
WTC Health Registry, showed results generally consistent with our findings [4, 5, 24].

Recently, we compared cancer incidence in FDNY-WTC-exposed firefighters to
incidence in a combined cohort of career firefighters from Chicago, Philadelphia,
and San Francisco [25]. This comparison to firefighters, rather than to the US gen-
eral population, demonstrated similar, rather than increased, rates of all cancers
combined, although rates for thyroid cancer and late-onset prostate cancer remained
significantly elevated, similar to our previous results [23].

Autoimmune Diseases

Between 2001 and 2013, we identified 59 FDNY-WTC responders with
rheumatologist-confirmed systematic autoimmune disease (SAIDs), of whom 37%
had rheumatoid arthritis [26]. In a case-control study, prolonged work at the WTC
site was significantly associated with SAIDs: the odds for incident SAIDs increased
by 13% (conditional OR, 1.13; 95% CI, 1.02-1.26) for each additional month
worked at the site [26].

In a later study, we identified 63 rheumatologist-confirmed cases of SAIDs, but
also included 34 additional “probable” cases, that, according to two rheumatolo-
gists, likely had SAIDs [27]. Although we found that overall SAIDs rates were not
significantly different from expected rates (SIR, 0.97; 95% CI, 0.77-1.21), based on
comparison with incident cases from Rochester Epidemiology Project (REP)
participants, highly WTC-exposed FDNY responders had an excess of 7.7 cases of
SAIDs, while lesser exposed workers had 9.9 fewer cases than expected.
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Mental Health

Immediately after 9/11, FDNY-WTC monitoring questionnaires included screening
questions for PTSD. In 2005, mental health screening questionnaires were improved
and expanded to include validated instruments to assess symptoms consistent with
common mental health conditions. The PTSD Checklist (PCL-17) [28] and Center
for Epidemiological Studies-Depression scale (CES-D) [29] were used to assess
probable PTSD and probable depression, respectively. Before 2005, FDNY assessed
probable PTSD using a modified version of the PCL [30]. Alcohol Use Disorders
Identification Test (AUDIT) [31] was used to assess harmful alcohol use. Details
and scoring of the screening instruments have been previously described [3, 13].
Information from these instruments identified at-risk individuals who were referred
to FDNY-CSU. Analyses of these screeners also helped describe the prevalence of
probable PTSD, probable depression, and harmful alcohol use and its association
with WTC exposure.

Between 2002 and 2005 (years 1 through 4 on Fig. 4), the highest prevalence of
probable PTSD was found immediately post-9/11 (10%; Fig. 4) and was especially
high among workers with the earliest arrival (25%; data not shown). In fact, this
rate of 25% is similar to that reported in survivors of the WTC collapse [32]. In
year 15, probable PTSD prevalence was 8% and continued to be higher among
workers with the earliest arrival (13%j; data not shown). Previous analyses have
consistently found an association between PTSD and earliest arrival at the WTC
site [13, 30, 33]. Notably, firefighters who arrived during the morning of 9/11 had
six times the odds (OR, 6.0; 95% CI, 4.4-8.3) of screening positive for PTSD [33]
and EMS workers who arrived during the morning had seven times the risk (OR,
7.0; 95% CI, 3.6-13.5) of screening positive for PTSD [13].
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Fig.4 Probable depression and post-traumatic stress disorder (PTSD) in FDNY-WTC responders.
Footnote: PTSD data is unavailable in year 5
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High prevalence of probable depression is also documented among FDNY-WTC
responders, ranging from 20% in year 6 to 15% in 15 (Fig. 4), and is highest among
those with the earliest arrival (20% in year 15; data not shown).

Health Comorbidities

Very substantial comorbidities exist between mental health conditions. Figure 5a
shows that, among those who had a mental health questionnaire in year 15, 7%
(N = 744) screened positive for both probable PTSD and probable depression.
Further, among FDNY-WTC responders with probable PTSD (N = 820), 91% also
screened positive for probable depression, and among those with probable depres-
sion (N = 1618), 46% also screened positive for probable PTSD. FDNY-WTC
responders with harmful alcohol use were twice as likely to screen positive for either
PTSD (OR, 2.4; 95% CI, 1.9—4.3) or depression (OR, 1.9; 95% CI, 1.5-2.4) [3].

Physical health conditions also commonly co-occur, such as between WTC
cough syndrome and GERD [1] and between CRS, OAD, and GERD [13, 20]
(Fig. 5b). By 2016, 1617 (10%) of FDNY-WTC responders had been diagnosed
with all three health conditions: CRS, OAD, and GERD (Fig. 5b). Further, 1199
(8%) had both CRS and GERD, 825 (5%) had CRS and OAD, and 692 (4%) had
GERD and OAD (Fig. 5b).

CRS
N=1,334
(8.5%)

N=1,199
(7.7%)

N=1,617
(10.3%)

PTSD Depression
N=76 (.72%) N=874 (8.3%)

GERD
N=1,267
(8.1%)

Total PTSD: 820 (7.8%) Total CRS: 4,975 (31.8%)
Total Depression: 1,618 (15.4%) Total GERD: 4,775 (30.5%)
Total OAD: 4,067 (26.0%)

Fig. 5 Mental health (a) and physical health (b) comorbidities in FDNY-WTC responders.
Footnote: Percentages of probable PTSD and probable depression were among N = 10,538 who
completed a mental health questionnaire in 9/11 year, year 15 (9/11/2015-9/11/2016). Percentages
of CRS, GERD, and OAD were among N = 15,634
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Fig. 6 Obstructive airways
disease and probable
depression comorbidity.
Footnote: Percentages
were among N = 15,235
who ever had a mental .
health questionnaire OAD N=2,215 Depression

N=1,840 (12.1%) (14.5%) N=3,668 (24.1%)

Total OAD: 4,055 (26.6%)
Total ever Depression: 5,883 (38.6%)

Importantly, we found that an OAD diagnosis increased the risk of additional
diagnoses: firefighters with an OAD diagnosis were more than four times more
likely to have a CRS diagnosis (relative rate, 4.15; 95% CI, 3.70—4.66) and more
than three times more likely to have a GERD diagnosis (relative rate, 3.18; 95% CI,
2.90-3.48) [20].

Finally, physical and mental health conditions also frequently occur in the same
individuals: 15% of those who ever had a mental health questionnaire had both a
diagnosis of OAD and reported symptoms consistent with depression (Fig. 6).
Nearly 38% of 5883 FDNY-WTC responders who ever screened positive for prob-
able depression also had an OAD diagnosis, and 55% of 4055 workers who had
OAD at any time also had probable depression. In another study, we found that
firefighters who had probable PTSD shortly after 9/11 had increased odds of WTC
cough syndrome up to four years post-9/11 (OR: 1.56; 95% CI: 1.23-1.99) [34].
And among EMS workers who screened positive for PTSD, depression, or harmful
alcohol use, 35% had at least one respiratory condition: CRS, GERD, or OAD [13].

Discussion

This report showed that FDNY firefighters and EMS workers with the highest levels
of WTC exposure had the greatest risk for adverse health conditions ranging from
OAD to PTSD and that, over time, this disproportionate health burden remained. To
date, the most highly exposed continue to have the highest prevalence of physician-
diagnosed respiratory health conditions such as OAD (33% vs. overall 26%), CRS
(36% vs. overall 32%), and GERD (36% vs. overall 31%); 15 years after 9/11, they
have the highest prevalence of mental health conditions such as probable PTSD
(13% vs. overall 8%) and probable depression (20% vs. overall 15%).

A substantial number of FDNY-WTC responders exhibited impaired pulmonary
function. Most of those who experienced an unprecedented decline in lung function
shortly after 9/11 continue to show either lack of recovery or only a partial recovery
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up to 15 years later. Symptoms or diagnoses of respiratory health conditions were
rare before 9/11; by 2016, half of the FDNY-WTC rescue/recovery cohort had at
least one of the following physician diagnoses: OAD, CRS, or GERD.

The pathophysiological causes of these respiratory conditions, which frequently
co-occur in the same individuals, are a topic of intense investigation. Inhalation inju-
ries of toxic, highly alkaline dust at the WTC site, and the lack of personal protective
respirators, likely triggered upper and lower respiratory tract injury, inflammation,
and symptoms [35]. For the majority of those affected, this has resulted in airways
obstruction, as indicated by pulmonary function and methacholine challenge tests
and chest CT scans [36]. As for the high incidence of GERD symptoms, ingestion of
WTC dust, and other hazardous substances, along with risk factors such as stress in
general and PTSD specifically, poor diet, side effects from medications prescribed
for WTC-related conditions, and weight gain likely irritated the gastroesophageal
tract [1, 35]. Given the observed high comorbidity between GERD, CRS, and OAD,
it is unknown whether GERD causes respiratory symptoms or contributes to the
persistence of airway inflammation [1, 35]. Nonetheless, WTC treatment guidelines
stress that successful management of respiratory conditions is linked to successful
treatment of GERD symptoms [35]. It is also important to consider evaluation of
possible mental health problems such as PTSD in the treatment of persistent respira-
tory and GERD conditions, especially given the high comorbidities in this cohort.

Persistence of disease is likely the result of chronic inflammation initiated by
exposure to the dust and potentiated by host characteristics as demonstrated by
induced sputum studies showing significantly increased percentages of inflamma-
tory biomarkers, neutrophils, and eosinophils in those with high WTC exposure
[37] and by serum studies from blood drawn within six months of 9/11 showing
elevated levels of known inflammatory biomarkers, such as macrophage-derived
chemokines, that were associated with increased risk of subsequent abnormal pul-
monary function [38]. The protease/anti-protease imbalance defined by mild to
moderate genetic deficiency of alpha-1 antitrypsin deficiency [39] and the elevated
set points of eosinophils and IgE levels observed in those with non-resolving upper
and lower airways inflammation [40, 41] are intrinsic characteristics of patients that
can be assessed repeatedly using inexpensive, commercially available techniques.
The ultimate goal of this line of investigation is to develop risk stratification models
that allow for more intensive monitoring and treatment of those individuals at the
highest risk for WTC-related health effects based not only on WTC-exposure inten-
sity but also on host sensitivity. In so doing, it may also identify targets for more
effective therapeutic agents in those with poorly controlled symptoms.

Strengths and Limitations

As described elsewhere [3, 13], our studies may have limitations. First, some of our
results may be affected by surveillance bias because the WTCHP schedules periodic
monitoring evaluations and provides free treatment for FDNY-WTC responders.
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As such, FDNY-WTC responders have increased access to care than the general
population. However, we consistently make efforts to address this potential bias.
For example, in our cancer studies, we delayed the recorded cancer diagnosis date
by two years or more in some analyses and found results similar to those uncor-
rected for surveillance bias [23, 25].

Another limitation is the lack of a suitable comparison group to WTC-exposed
FDNY firefighters. Nearly 99% of the active firefighter workforce participated in
the WTC rescue/recovery efforts either on the day of the collapse or in subse-
quent months. The small minority of firefighters who never worked at the WTC
site were older on 9/11 and had worse pre-9/11 health status compared with those
who worked at the site, rendering the two groups dissimilar. For that reason,
many of our analyses have used external comparison groups including the gen-
eral US population, REP participants [26], and more recently, NIOSH 3-cities
firefighter cohort [25]. Because FDNY-WTC responders had stringent pre-hire
health requirements, and were routinely screened post-hire, previous compari-
sons with the general US male population and REP participants may be limited
by dissimilar health status at baseline [3, 27]. The NIOSH 3-cities firefighter
cohort, a group more similar to FDNY WTC firefighters, is limited by data that
ends in 2009 [25, 42] and an absence of data on smoking status and other poten-
tial confounders.

In addition, for mental health conditions, our research studies used validated
screening tools rather than physician diagnoses. The use of screeners taken as part
of routine monitoring exams, however, may have yielded more in-depth information
about the size of the at-risk population. Finally, we acknowledge limited generaliz-
ability of our findings to women and minorities and to individuals with lower levels
of WTC exposure. The FDNY WTC-exposed cohort is highly exposed and com-
prised predominantly of white males.

Despite these limitations, FDNY-WTCHP has strengths that enabled us to
identify new health conditions and to make causal inferences about the role of
WTC exposure in their development. These strengths result from the fact that this
cohort existed prior to 9/11, minimizing selection bias, and was served by a pre-
existing health infrastructure that had the confidence of both FDNY responders
and their leaders to continue serving in this capacity after 9/11. First, because the
cohort existed prior to 9/11, we avoided self-selection bias into the FDNY-WTC
cohort. Second, because FDNY members had routine health assessments by BHS
starting years before 9/11, we have pre-9/11 health information on nearly all of
the enrollees, which has allowed us to document the temporal order of disease
development in relation to WTC exposure. Third, for physical health conditions,
we have direct access to FDNY medical records, which contain FDNY physician
diagnoses and clinical data from pulmonary and radiographic tests. Finally,
because retirees are included in the program for both monitoring and treatment,
the FDNY-WTCHP has minimal longitudinal dropout, thereby allowing health
surveillance epidemiologic studies to be more representative of the entire FDNY
rescue/recovery cohort.
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Conclusion

The collective experience of FDNY-WTCHP physicians and researchers has con-
tributed greatly to the identification and treatment of WTC-related health condi-
tions. FDNY and the FDNY-WTCHP remain committed to providing effective
medical care and documenting existing and emergent health conditions for the
FDNY-WTC rescue/recovery cohort and, by extension, for all affected individuals
in the NYC community and beyond.

Acknowledgments We thank FDNY BHS and World Trade Center Health Programs clinicians
for their dedication in providing care for affected FDNY firefighters and EMS workers. We also
thank the FDNY data center team and other FDNY researchers for their contributions to data
preparation and data analysis. This project was funded by contract # 200-2011-39378 and con-
tract # 200-2011-39383 from the National Institute for Occupational Safety and Health.

References

1. Prezant DJ, Weiden M, Banauch GI, McGuinness G, Rom WN, Aldrich TK, et al. Cough
and bronchial responsiveness in firefighters at the World Trade Center site. N Engl J Med.
2002;347(11):806-15.

2. Yip J, Webber MP, Zeig-Owens R, Vossbrinck M, Singh A, Kelly K, et al. FDNY and 9/11:
Clinical services and health outcomes in World Trade Center-exposed firefighters and EMS
workers from 2001 to 2016. Am J Ind Med. 2016;59(9):695-708.

3. Chiu S, Niles JK, Webber MP, Zeig-Owens R, Gustave J, Lee R, et al. Evaluating risk factors
and possible mediation effects in posttraumatic depression and posttraumatic stress disorder
comorbidity. Public Health Rep (Washington, DC: 1974). 2011;126(2):201-9.

4. Li J, Cone JE, Kahn AR, Brackbill RM, Farfel MR, Greene CM, et al. Association between
World Trade Center exposure and excess cancer risk. JAMA. 2012;308(23):2479-88.

5. Solan S, Wallenstein S, Shapiro M, Teitelbaum SL, Stevenson L, Kochman A, et al. Cancer
incidence in world trade center rescue and recovery workers, 2001-2008. Environ Health
Perspect. 2013;121(6):699-704.

6. James Zadroga 9/11 Health and Compensation Act of 2010, Pub. L. 111-347, 42 USC §§
300mm - 300mm-61 (Pub. L. No. 111-347).

7. Aldrich TK, Gustave J, Hall CB, Cohen HW, Webber MP, Zeig-Owens R, et al. Lung func-
tion in rescue workers at the World Trade Center after 7 years. N Engl J Med. 2010;362(14):
1263-72.

8. Aldrich TK, Vossbrinck M, Zeig-Owens R, Hall CB, Schwartz TM, Moir W, et al. Lung func-
tion trajectories in WTC-exposed NYC Firefighters over 13 years: the roles of smoking and
smoking cessation. Chest. 2016;149(6):1419-27.

9. Vossbrinck M, Zeig-Owens R, Hall CB, Schwartz T, Moir W, Webber MP, et al. Post-9/11/2001
lung function trajectories by sex and race in World Trade Center-exposed New York City emer-
gency medical service workers. Occup Environ Med. 2016;74(3):200-3.

10. Aldrich TK, Weakley J, Dhar S, Hall CB, Crosse T, Banauch G, et al. Bronchial reactivity and
lung function after World Trade Center exposure. Chest. 2016;150(6):1333-40.

11. Banauch GI, Dhala A, Alleyne D, Alva R, Santhyadka G, Krasko A, et al. Bronchial hyper-
reactivity and other inhalation lung injuries in rescue/recovery workers after the World Trade
Center collapse. Crit Care Med. 2005;33(1 Suppl):S102—-6.



152

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

J. Yipetal.

Glaser MS, Webber MP, Zeig-Owens R, Weakley J, Liu X, Ye F, et al. Estimating the time
interval between exposure to the World Trade Center disaster and incident diagnoses of
obstructive airway disease. Am J Epidemiol. 2014;180(3):272-9.

Yip J, Zeig-Owens R, Webber MP, Kablanian A, Hall CB, Vossbrinck M, et al. World Trade
Center-related physical and mental health burden among New York City Fire Department
emergency medical service workers. Occup Environ Med. 2015;73(1):13-20.

Izbicki G, Chavko R, Banauch GI, Weiden MD, Berger KI, Aldrich TK, et al. World Trade
Center “sarcoid-like” granulomatous pulmonary disease in New York City Fire Department
rescue workers. Chest. 2007;131(5):1414-23.

Hena K, Yip J, Jaber N, et al. Clinical characteristics of sarcoidosis in World Trade Center
(WTC) exposed Fire Department of the City of New York (FDNY) firefighters. Chest.
2016;150(4):514A.

Loupasakis K, Berman J, Jaber N, Zeig-Owens R, Webber MP, Glaser MS, et al. Refractory
sarcoid arthritis in World Trade Center-exposed New York City firefighters: a case series.
J Clin Rheumatol Pract Rep Rheum Musculoskelet Dis. 2015;21(1):19-23.

Webber MP, Gustave J, Lee R, Niles JK, Kelly K, Cohen HW, et al. Trends in respiratory
symptoms of firefighters exposed to the world trade center disaster: 2001-2005. Environ
Health Perspect. 2009;117(6):975-80.

Niles JK, Webber MP, Liu X, Zeig-Owens R, Hall CB, Cohen HW, et al. The upper respiratory
pyramid: early factors and later treatment utilization in World Trade Center exposed firefight-
ers. Am J Ind Med. 2014;57(8):857-65.

Weakley J, Hall CB, Liu X, Zeig-Owens R, Webber MP, Schwartz T, et al. The effect of World
Trade Center exposure on the latency of chronic rhinosinusitis diagnoses in New York City
firefighters: 2001-2011. Occup Environ Med. 2016;73(4):280-3.

Liu X, Zeig-Owens R, Weakley J, Webber MP, Schwartz TM, Prezant DJ, et al., editors. The
effect of World Trade Center exposure on the timing of aerodigestive diagnoses in New York
City Firefighters: 2001-2011. New York, NY: New York City Epidemiology Forum; 2016.
Webber MP, Lee R, Soo J, Gustave J, Hall CB, Kelly K, et al. Prevalence and incidence of high
risk for obstructive sleep apnea in World Trade Center-exposed rescue/recovery workers. Sleep
Breathing = Schlaf Atmung. 2011;15(3):283-94.

Glaser MS, Shah N, Webber MP, Zeig-Owens R, Jaber N, Appel DW, et al. Obstructive sleep
apnea and World Trade Center exposure. J Occup Environ Med/Am Coll Occup Environ Med.
2014;56(Suppl 10):S30-4.

Zeig-Owens R, Webber MP, Hall CB, Schwartz T, Jaber N, Weakley J, et al. Early assess-
ment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational
cohort study. Lancet. 2011;378(9794):898-905.

Boffetta P, Zeig-Owens R, Wallenstein S, Li J, Brackbill R, Cone J, et al. Cancer in World
Trade Center responders: findings from multiple cohorts and options for future study. Am J Ind
Med. 2016;59(2):96-105.

Moir W, Zeig-Owens R, Daniels RD, Hall CB, Webber MP, Jaber N, et al. Post-9/11 cancer
incidence in World Trade Center-exposed New York City firefighters as compared to a pooled
cohort of firefighters from San Francisco, Chicago and Philadelphia (9/11/2001-2009). Am
J Ind Med. 2016;59(9):722-30.

Webber MP, Moir W, Zeig-Owens R, Glaser MS, Jaber N, Hall C, et al. Nested case-control
study of selected systemic autoimmune diseases in World Trade Center rescue/recovery work-
ers. Arthritis Rheumatol (Hoboken, NJ). 2015;67(5):1369-76.

Webber MP, Moir W, Crowson CS, Cohen HW, Zeig-Owens R, Hall CB, et al. Post-September
11, 2001, incidence of systemic autoimmune diseases in World Trade Center-exposed firefight-
ers and emergency medical service workers. Mayo Clin Proc. 2016;91(1):23-32.

Weathers F, Litz B, Herman D, Huska J, Keane T, editors. The PTSD checklist (PCL): reliabil-
ity, validity, and diagnostic utility. In: Annual meeting of the international society of traumatic
stress studies, San Francisco, TX, 1993.

Radloft LS. The CES-D scale a self-report depression scale for research in the general popula-
tion. Appl Psycholog Meas. 1977;1(3):385-401.



World Trade Center Related Health Among NYC Firefighters and EMS Workers 153

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Soo J, Webber MP, Gustave J, Lee R, Hall CB, Cohen HW, et al. Trends in probable PTSD
in firefighters exposed to the World Trade Center disaster, 2001-2010. Disaster Med Public
Health Prep. 2011;5(Suppl 2):S197-203.

Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. The alcohol use disorders identi-
fication test: guidelines for use in primary care, 2nd ed. Geneva: World Health Organization;
2001.

Brackbill RM, Cone JE, Farfel MR, Stellman SD. Chronic physical health consequences of
being injured during the terrorist attacks on World Trade Center on September 11, 2001. Am
J Epidemiol. 2014;179(9):1076-85.

Berninger A, Webber MP, Cohen HW, Gustave J, Lee R, Niles JK, et al. Trends of elevated
PTSD risk in firefighters exposed to the World Trade Center disaster: 2001-2005. Public
Health Rep. 2010;125(4):556—66.

Niles JK, Webber MP, Gustave J, Cohen HW, Zeig-Owens R, Kelly KJ, et al. Comorbid trends
in World Trade Center cough syndrome and probable posttraumatic stress disorder in firefight-
ers. Chest. 2011;140(5):1146-54.

Prezant DJ, Levin S, Kelly KJ, Aldrich TK. Upper and lower respiratory diseases after occu-
pational and environmental disasters. Mt Sinai J] Med NY. 2008;75(2):89-100.

Weiden MD, Ferrier N, Nolan A, Rom WN, Comfort A, Gustave J, et al. Obstructive air-
ways disease with air trapping among firefighters exposed to World Trade Center dust. Chest.
2010;137(3):566-74.

Fireman EM, Lerman Y, Ganor E, Greif J, Fireman-Shoresh S, Lioy PJ, et al. Induced sputum
assessment in New York City firefighters exposed to World Trade Center dust. Environ Health
Perspect. 2004;112(15):1564-9.

Nolan A, Naveed B, Comfort AL, Ferrier N, Hall CB, Kwon S, et al. Inflammatory bio-
markers predict airflow obstruction after exposure to World Trade Center dust. Chest.
2012;142(2):412-8.

Banauch GI, Brantly M, Izbicki G, Hall C, Shanske A, Chavko R, et al. Accelerated spi-
rometric decline in New York City firefighters with alpha(1)-antitrypsin deficiency. Chest.
2010;138(5):1116-24.

Kazeros A, Maa MT, Patrawalla P, Liu M, Shao Y, Qian M, et al. Elevated peripheral eosino-
phils are associated with new-onset and persistent wheeze and airflow obstruction in world
trade center-exposed individuals. J Asthma Off J Assoc Care of Asthma. 2013;50(1):25-32.
Kwon S, Putman B, Weakley J, Hall CB, Zeig-Owens R, Schwartz T, et al. Blood eosinophils
and World Trade Center exposure predict surgery in chronic rhinosinusitis: a 13.5-year longi-
tudinal study. Ann Am Thorac Soc. 2016;13(8):1253-61.

Daniels RD, Kubale TL, Yiin JH, Dahm MM, Hales TR, Baris D, et al. Mortality and cancer
incidence in a pooled cohort of US firefighters from San Francisco, Chicago and Philadelphia
(1950-2009). Occup Environ Med. 2014;71(6):388-97.



Index

A
Adverse health effects, 2, 4, 48
Airway hyperresponsiveness (AHR),
95, 96, 98, 99
Alcohol Use Disorders Identification
Test (AUDIT), 146
Anxiety, 123, 124, 128-130
Asthma, 63, 64, 6679
in children, 63, 65, 76
airborne lead levels, 76, 79
air pollution levels, 76, 77
air pollution monitor, 66, 68
airway hyperresponsiveness, 63
airway obstruction rate, 68, 74
higher self-reported rates, 73, 74
indium air pollution levels, 76, 78
indoor aeroallergens, 67, 73
inflammation, 63
108, 70, 71,75
NYC households, 64
outdoor air pollution levels, 66, 69
parental questionnaire, 66, 70, 71
plume, Chinatown, Manhattan, 64
R5-R20, 76, 77
redline questionnaire, 66, 69, 72
symptoms, parental and child
surveys, 74, 75
vanadium levels, 76, 78
zip codes of, 66
clinical presentation, 97-100
comorbidities, 100-101
diagnostic evaluation, 101, 102
epidemiology, 96
longitudinal follow-up, 101-103
pathogenesis, 96-97

© Springer International Publishing AG 2018

prognosis of, 102

risk factors, 97, 98

survivor program, 54
Autoimmune disease, 145

B

BAL. See Bronchoalveolar lavage (BAL)
Bronchial hyperreactivity (BHR), 141
Bronchoalveolar lavage (BAL), 35-37, 42

C
Cancer, 8-9
Cancer risk, 88-92
carcinogens, WTC dust and fume, 81, 82
FDNY firefighters, 83
FDNY-WTCHP, 145
incidence and mortality
hematologic cancers, 89
limitation and strengths, 91-92
lymphatic cancers, 89
melanoma, 90
upper aerodigestive tract, 8889
urinary tract, 89
WTC HR, 86-87
WTCHP enrollees, 83-86
Center for Epidemiological Studies-
Depression scale (CES-D), 146
Centers for Disease Control (CDC), 2, 3
Chronic obstructive pulmonary disease
(COPD), 100
Chronic rhinosinusitis (CRS)
symptoms, 143
Cognitive impairment, 25

155

A.M. Szema (ed.), World Trade Center Pulmonary Diseases
and Multi-Organ System Manifestations, DOI 10.1007/978-3-319-59372-2



156

Comorbidity(ies), 24, 25
PTSD
major depression, 25-27
physical health, 24, 25
WTC asthma, 100-101
Contaminants of Potential Concern (COPC)
Committee, 32

D
Data Center, 10
funded research, 10-12
World Trade Center Health Registry, 10
WTC pulmonary research grants, 12—15
DDE. See 4,4-dichlorodiphenyldichloroethyle
ne (DDE)
Depressive disorders, 123, 124, 128
Diagnostic and Statistical Manual of Mental
Disorders 4th edition (DSM-1V),
PTSD, 22, 25
Diffuse pulmonary fibrosis, 37, 38, 43
Dioxins. See Polychlorinated dibenzodioxins
(PCDDs)

E

Emergency medical service (EMS) workers,
137-144, 146, 148

Environmental Protection Agency (EPA), 47,
69, 107, 108

F
Family exposure, 125
Fibrotic lung diseases, 43
Fire Department of New York (FDNY), 3, 4,
137-140, 144, 145, 148, 149
bronchial hyperresponsiveness, 7
cancer risk, 81, 83, 88, 92
persistent PFT abnormalities, 7-8
WTCHP, 139-140, 145
autoimmune disease, 145
BHR, 141
cancer, 145
comorbidities, 147, 148
evaluation of, 138
FDNY-BHS, 137, 138
GERD, 144, 149
ILD, 142-143
lower respiratory, 142
mental health, 146
OSA, 145
protease/anti-protease imbalance, 149
proton pump inhibitors, 139

Index

pulmonary function, 141, 142, 148
strengths and limitations, 149-150
upper respiratory, 143, 144
WTC-exposure, 140
Fire Department of New York Bureau
of Health Services (FDNY-BHS),
137,138
Fire Department of the City of New York
Medical Monitoring Program
(FDNY-WTC-MMP), 22
FNDY. See Fire Department of New York
(FDNY)
Forced vital capacity (FVC), 53, 55, 67, 141
4,4-dichlorodiphenyldichloroethylene (DDE),
113,114
FVC pattern. See Forced vital capacity (FVC)

G
Gastroesophageal reflux disease (GERD),
76, 89, 100, 144, 149

H

Hematologic cancers, 89

Hexachlorobenzene (HCB), 113

Hodgkin lymphoma, 87

Hypothalamic-pituitary-adrenal (HPA) axis,
24

1
ILD. See Interstitial lung disease (ILD)
Impulse oscillometry (I0S), 50, 54, 70, 75
Inflammatory markers, 36-37
Interstitial lung disease (ILD), 31, 40,
41, 44, 56
bronchiolitis, 41
Caplan-Shaw paper, 4041
diffuse pulmonary fibrosis, 38, 43
diffuse pulmonary fibrosis-type response,
39-40
environmental cause of, 43
exposure categorization, 33-34
FDNY-WTCHP, 142
granulomatous response, 37, 38, 42, 43
pulmonary fibrosis, 42
toxicological effects, animal and cell
culture models, 36, 42
WTC-DPLD, 43
WTC dust
gases, 33
heavy metals, 33
inflammatory markers, 36-37



Index

nonfibrous components, 32

organic pollutants, 32

particulate matter and fibers, 32

plume, 32

respiratory tract, identification
in, 35-36

L

Lower limits of normal (LLN), 53

Lower respiratory symptoms (LRS)
distal airway function, 58
longitudinal assessment, 56, 57
lung function and imaging, 53, 56, 57
symptoms, 52

Lymphatic cancers, 89

M
Major depressive disorder (MDD), 25, 26
Median aerodynamic diameter (MMAD), 32
Melanoma, 90
Mental health, 121-123
adolescents
direct exposure, 123
economic resources, 130
family exposure, 125
health care utilization, 131-132
media exposure, 127
mental health problems, 129
national effects, 127
parental reactions, 129-130
children
depression, 129
direct exposure, 123-124
economic resources, 130-131
family exposure, 125-127
health care utilization, 131
indirect exposure, 123
media exposure, 127
national effects, 127-128
parental reactions, 129
traumatic events and violence, 128
PTSD, 146
Mirex, 113, 114
Multiplemyeloma (MM), 8-9

N

National Death Index (NDI), 84, 86, 87

National Institute of Occupational Safety and
Health (NIOSH), 3, 22, 34, 49, 84,
139, 150

NDI. See National Death Index (NDI)

157

New York City Department of Health and
Mental Hygiene (NYCDOHMH), 2
New York City firefighters (NY-FF), 35, 37
NIOSH. See National Institute of Occupational
Safety and Health (NIOSH)
Non-Hodgkin lymphoma (NHL), 87, 89
NY-FF. See New York City firefighters

(NY-FF)

(0]

Obstructive airways disease (OAD), 140, 142,
143, 147, 148

Obstructive sleep apnea (OSA), 14, 100,
144, 145

P

PAHS. See Polycyclic aromatic hydrocarbons
(PAHs)

PCL. See Posttraumatic Symptom Checklist
(PCL)

Pesticides, 113, 116
Polychlorinated biphenyls (PCBs), 116
Polychlorinated dibenzodioxins (PCDDs), 116
Polycyclic aromatic hydrocarbons (PAHs),
114
Posttraumatic stress disorder (PTSD), 24-26,
101, 146
avoidance, 22
comorbidity
major depression, 25, 26
physical health, 24
diagnosis, 22
hyperarousal symptoms, 22
mental health, 123, 125, 128-130
numbing symptoms, 22
PCL, 22
prevalence, in WTC-HP responders, 23-24
reexperiencing symptoms, 22
survivor program, 53
Posttraumatic Symptom Checklist (PCL), 22,
23
PTSD. See Posttraumatic stress disorder
(PTSD)
Pulmonary fibrosis, 42
Pulmonary findings, 4-6
Pulmonary function tests (PFT), 7-8

R

Range of Impaired Functioning Tool (RIFT), 27

Reactive airways dysfunction syndrome
(RADS), 88, 96



158

Reactive upper airway dysfunction syndrome
(RUDS), 100
Rochester Epidemiology Project (REP), 145

S
Sarcoid-like granulomatous disease, 6
Sarcoidosis, 6-7, 34, 38
Semi-volatile organic compounds (SVOCs),
115
SIR. See Standardized incidence ratios (SIRs)
SMR. See Standardized mortality ratios
(SMRs)
Social security number (SSN), 86
Standardized incidence ratios (SIRs), 83-85,
87-90
Standardized mortality ratios (SMRs), 86, 87
Structured Clinical Interview for DSM-IV
(SCID), 24
Substance use disorders (SUD), 122
Survivor program, 52
Bellevue Hospital, 50
demographics, 51
evolution of, 49-50
exposure, 51-52
health effects
populations at risk, 47-48
toxicology, in responder populations,
48-49
LRS
and lung function, 56-58
distal airway function, 58
longitudinal assessment, 56-58
lung function and imaging, 53-55
symptoms, 52-53
pathologic findings, 56
SVOCs. See Semi-volatile organic compounds
(SVOCs)
Systematic autoimmune disease
(SAIDs), 145

T
Tel Aviv firefighters (TA-FF), 35, 37

U
Upper aerodigestive tract, cancer of, 88
Urinary tract, cancer of, 89

\%
Volatile organic compounds (VOCs), 115, 116

Index

w
World Trade Center-Board of Education
(WTC-BOE) Study, 123-125, 131
World Trade Center cough, 4, 6, 48, 81, 98,
142
World Trade Center Cough Syndrome, 4, 6
World Trade Center dust, 95
aluminum, 112
arsenic, 112
asbestos, 111
cadmium, 112
carcinogens, 81, 82
chromium levels, 112
DDE, 113,114
EPA, 107, 108
fibrous compounds, 32
fluoride, 110
gases, 33
geographic aspects, 108—109
glass, 109
HCB, 113, 114
heavy metals, 33
highly alkaline, 108
ion concentrations, 110
lead, 112
manganese, 112
metals, minimum and maximum levels of,
111
mirex, 113, 114
nonfibrous components, 32
organic pollutants, 32
outdoor and indoor exposures, 111
PAHs, 114-115
particulate matter and fibers, 32
PCB, 116
PCDDs, 116
plume, 1, 32
pulmonary findings, 4-6
rescue and recovery, 2
respiratory tract, identification in, 35-36
September 11, 2001, 1
smallest components, 108
sulfate structure, 110
SVOCs, 115
temporal aspects, 108
titanium, 112
VOCs, 115, 116
World Trade Center Environmental Health
Center (WTC EHC), 50-57
Bellevue Hospital, 50-51
characteristics of, 51
FVC, 55
longitudinal assessment, 56-58



Index 159

LRS symptom, 52-53
lung function and imaging, 53-55
World Trade Center Health Program

avoidance, 22
comorbidity, 24-27
diagnosis, 22

(WTCHP), 23, 49, 83, 85, 91,
139, 140

FDNY, 139, 151

autoimmune disease, 145
cancer, 145

evaluation, 138
FDNY-BHS, 137, 138

hyperarousal symptoms, 22
major depression, 25, 26

mental health, 123, 125, 128-130
numbing symptoms, 22

PCL, 22

physical health, 24, 25
prevalence, 23-24

GERD, 144, 149 reexperiencing symptoms, 22

ILD, 142 survivor program, 53
lower respiratory, 142 toxicology and health effects, 48
OSA, 144 WTC-BOE Study. See World Trade

Center-Board of Education
(WTC-BOE) Study

WTC EHC. See World Trade Center
Environmental Health Center

protease/anti-protease imbalance, 149
proton pump inhibitors, 139
pulmonary function, 142, 148
strengths and limitations, 149

upper respiratory, 144 (WTC EHC)
WTC-exposure, 140 WTCHP. See World Trade Center Health
WTC health findings, 141 Program (WTCHP)

WTC-HR. See World Trade Center Health
Registry (WTC-HR)

FDNY-WTC-MMP, 22
history of, 2—4
World Trade Center Health Registry
(WTC-HR), 6, 7, 10, 22, 49, 86, 87
World Trade Center responders, 121-122 Z
PTSD, 24-26, 101, 146 Zadroga Act, 4, 9, 10, 122



	Foreword
	Acknowledgment
	Contents
	About the Author
	Contributors
	The Influence of the WTC Programs on Research
	 Introduction
	 History of the WTC Health Program
	 Pulmonary Findings
	 Sarcoidosis and Sarcoid-Like Granulomatous Disease
	 Other Persistent PFT Abnormalities
	 Cancer
	 Zadroga Act
	 Data Center Mandates
	 Conclusion
	References

	Long-Term PTSD and Comorbidity with Depression Among World Trade Center Responders
	 Introduction
	 Prevalence of PTSD in WTC Responders
	 Comorbidity of PTSD and Physical Health
	 Comorbidity of PTSD and Major Depression
	 Conclusion
	References

	Interstitial Pulmonary Disease After Exposure at the World Trade Center Disaster Site
	 Introduction
	 WTC Dust
	 Exposure Categorization
	 Identification of WTC Dust in the Respiratory Tract
	 Toxicological Effects in Laboratory Animals and Cultured Cells
	 Inflammatory Markers in Response to WTC Dust Exposure
	 Interstitial Lung Disease Due to WTC Exposure: Clinicopathological Responses
	 Discussion
	References

	Persistent Lower Respiratory Symptoms in the World Trade Center (WTC) Survivor Program, a Treatment Program for Community Members
	 Introduction: Populations at Risk for Health Effects
	 Toxicology and Health Effects in Responder Populations
	 Evolution of a Survivor Program
	 The Survivor Program at Bellevue Hospital: The World Trade Center Environmental Health Center (WTC EHC)
	 Summary of Findings in Survivors
	 Exposures and Demographics
	 Symptoms
	 Lung Function and Imaging
	 Pathologic Findings
	 Longitudinal Assessment of LRS and Lung Function

	 Conclusions and Future Questions for the Survivor Program
	References

	Asthma in Children from New York City’s Chinatown Post-9/11
	 Introduction
	 Conclusion
	References

	Cancer Risk Post 9/11
	 Introduction
	 Fire Department of New York (FDNY) Firefighters
	 World Trade Center Health Program (WTCHP) Enrollees
	 World Trade Center Registry Enrollees
	 Police Officers
	 Summary of Findings of Cancer Incidence and Mortality Studies to Date
	 Cancers of the Upper Aerodigestive Tract
	 Lymphatic and Hematologic Cancers
	 Cancers of the Urinary Tract
	 Cancers of Other Sites

	 Summary of Limitations and Strengths of Cancer Incidence and Mortality Studies to Date

	 Conclusion
	References

	World Trade Center Asthma
	 Introduction
	 WTC Asthma Epidemiology
	 Pathogenesis
	 Risk Factors
	 Clinical Presentation
	 Comorbidities
	 Diagnostic Evaluation of WTC Asthma
	 Longitudinal Follow-Up and Prognosis of WTC Asthma
	References

	World Trade Center Dust: Composition and Spatial-Temporal Considerations for Health
	 Introduction
	 Geographic and Temporal Aspects
	 Nonorganics, Metals, Ions, and Asbestos
	 Organics: PAHs, Pesticides, VOCs, and Dioxins
	 Conclusion
	References

	The Mental Health of Children and Adolescents Exposed to 9/11: Lessons Learned and Still to be Learned
	 Introduction
	 Children Are Not Just Small Adults
	 Studies of Directly Exposed New York City Children and Adolescents
	 Family Exposure
	 National Effects and the Relation to Media Exposure
	 Risk and Resilience Factors
	 Prior Exposure to Traumatic Events and Violence
	 Prior Mental Health Problems
	 Parental Reactions
	 Economic Resources

	 Health Care Utilization by Children/Adolescents Affected by 9/11
	 Conclusions
	References

	World Trade Center Related Health Among NYC Firefighters and EMS Workers
	 Introduction
	 FDNY WTC Health Program: 2001–2016
	 Evolution of the FDNY WTC Health Program
	 WTC Health Program Utilization

	WTC exposure

	WTC Health Findings
	 Pulmonary Function and Lower Respiratory
	 Interstitial Lung Diseases
	 Upper Respiratory
	 GERD
	 Obstructive Sleep Apnea
	 Cancer
	 Autoimmune Diseases
	 Mental Health
	 Health Comorbidities

	 Discussion
	 Strengths and Limitations
	 Conclusion

	References

	Index



