
September 11



World Trade Center
History

• Built 1966 – 1973

• 110 floors (x2!)

• ~415m high

• 45 elevators (x2!)

• 50,000 routine workers

• 200,000 visitors/tourists per day

• Tallest building in the world 1970-74

• Tallest building in USA 1970-74

• Tallest building in NYC 1970-2001



September 11th, 2001
Event Timeline

• 846 am AA011 hits WTC North Tower

• 903 am UA175 hits WTC South Tower

• 959 am South Tower collapses

• 1028 am North Tower collapses



September 11th, 2001
Casualties

• 2,996 people died

• >6,000 people injured

• ~80,000 people developed short/long-term morbidity

• ~14,000 rescue workers

• NYPD (Police Dept.)

• FDNY (Fire Dept.)

• EMS (Emergency Medical Services)



September 11th, 2001
Airborne Dust

• 1,200,000 tons of dust

• Bricks/stones (cement)

• Gypsum (CaHCO3, silicate)

• Windows/glass (SiO2)

• Metals (Cr, Ni, Fe, Hg)

• Asbestos

• VOC (Volatile Organic Compounds)

• 90,000 Lit jet fuel (CXHY, benzene, dioxins)



Airborne Dust
Particulate Matter 2.5

• Particulate Matter (PM2.5):

• airborne particles

• <2.5mm

• “respirable”

• can penetrate distal airways



2.5mm = 0.00025 cm

Airborne Dust
Airway “Generations” Sizes



• Air Quality Index (AQI) =

• SO2

• NO2

• CO

• O3

• PM10

• PM2.5

Air Pollution
Air Quality Index (AQI)

carbon / hydro-carbons (organic/elemental)

combustion (coal/oil/gas/wood)

ions (metals…)



ממוצעיםריכוזים שנתיים 

עדיניםנשימיםחלקיקים 
(PM2.5)

2016דוח שנתי , לאיכות הסביבההמשרד , בישראלמצב איכות האוויר 

mg/m3



Air Quality Index (AQI)

NYC~20 μg/m3

Beijing~100 μg/m3

Initial WTC collapse dust cloud: PM2.5 ~ mg/m3
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Reactive Airways Dysfunction Syndrome
Definition

• “Asthma-like” symptoms appearing minutes-hours after 
single inhalation of high concentration airborne irritant

• Previously health individuals

• Spirometry

• airway hyper-responsiveness (Methacholine)

• persist for months-years



Reactive Airways Dysfunction Syndrome
Diagnostic Criteria



RADS Historic Case

• 1988

• Hospital lab

• 100% Acetic Acid

• Rapid odor spread

• 56 Exposed subjects

• Methacholine+

• Opportunity to 
establish existence 
of RADS

• RADS –
valid clinical entity!



RADS Historic Case



RADS
Histology

• Mucosa denudation / desquamation

• Cilia destroyed

• Sub-mucosal hemorrhagic exudate

• Sub-epithelial edema

• Basement membrane thickening

• Epithelial layer regeneration 

• Re-innervation of mucosa

60 hours

15-45 days

60-150 days

Reactive airways dysfunction syndrome: sequential bronchial biopsies and functional assessment, Lemière C, Eur Respir J., 1997



RADS
Histology

• A: Control

• B: 200μg/m3 PM2.5

• C: 1000μg/m3 PM2.5

• D: 3000μg/m3 PM2.5

(3hr/day, 30 days)

Guo Z., PM2.5-Induced Oxidative Stress on Rat Nasal Mucosa, Int. J. Environ. Public Health 2017



RADS
Clinical Manifestation

• Respiratory

• Cough, dyspnea, tachypnea, wheeze

• Non-respiratory
• conjunctivitis / tearing

• pharyngeal erythema

• burning sensation throat/nose

• CXR: Normal

• HRCT: Mosaic pattern (air-trapping)



RADS
Risk Factors

• Incompletely characterized

• Risk factors:

• insulting agent (Chloride)

• concentration

• wet aerosols > dry particulates

• smoking

• Not risk factors:

• atopy



RADS
Management

• No formal trials (animal experiments)

• Same as acute asthma exacerbation

• Bronchodilators

• Systemic glucocorticoids (~2wks)

• Long-term LABA+ICS



RADS – Then & Now…

Acute Irritant-Induced Asthma

(IIA)



WTC Collapse & “Regular” Asthma



WTC Collapse & “Regular” Asthma



• 13954 FDNY+EMS

• 12781 participated

• 61746 Lung Fx Tests

• ~6 year follow-up 

• FEV1 first year

• Minimal recovery



Lung Function (FEV1%)

NYFD vs EMS
Smoking Status

Lung Function (FEV1%)
NYFD vs EMS

(Never Smoked)
Arrival Time



RADS
Reactive Airways Dysfunction Syndrome

• Acute new-onset non-immunological asthma

• Post single massive irritant exposure

• Airway epithelium damage

• Initial drop in FEV1 (minimal recovery)

• Bronchial hyper-responsiveness (Methacholine)

• Persists for months/years

• Treatment ≈ asthma

• Frequency? Not rare…!



One World Trade Center

Completed Nov 2014

Tallest building in 
Western Hemisphere 
(541m)

Memorial Plaza


