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Introduction 
 The attacks on the World Trade Center (WTC) on Sept 11, 
2001: 

• More than 400,000 men and women were exposed to dust, 
debris, pulverized building materials, and potentially toxic 
emissions: 

-asbestos, hydrochloric acid, 
polychlorinated biphenyls, silica, heavy metals 
-firespolycyclic aromatic hydrocarbons 
(PAHs), dioxins 

• Created an environmental disaster of unprecedented scale 
for the NY area 



 

    
  

Introduction 
Inhalation of WTC particulate matter 

• High alkalinity of the dust impaired nasal clearance 

• >90% of particulate matter was > 10 μm in diameter 

 Lung deposition of large particles in the small airways 

-Induced sputum testing collected 10 months after 9/11 in a sample of highly exposed NYC 
firefighters still contained WTC dust 

-On day 1, less than 20% of FDNY reported wearing a mask, of any type, most of the time 

Concern has arisen about the long-term respiratory consequences 

• 90% of FDNY rescue/recovery workers were found to have acute respiratory symptoms within 48 
hours, including wheezing, chest tightness, nasal congestion, acute cough 

Fireman EM, et.al. 2011, Induced sputum assessment in New York City firefighters exposed to World Trade Center Dust. 
Prezant DJ, et al. 2002, Use of respiratory protection among responders at the World Trade Center Site—New York City, September 2001. 



 

 

 

Risk Factors 

 Dust and debris cloud exposure on the morning of 9/11 

 Early arrival at the WTC site 

 Cumulative exposure (particularly >90 days) 

 Delay in mask and respirator use 

Workers’ role 
• Firefighters had heavier dust exposures than other workers 

Wheeler K., et al. 2007. 



 

WTC Health Program Overall Enrollment: Responders and Survivors 

Member Type # % 
General Responders 61,075 58% 
FDNY Responders 17,016 16% 
Survivors 26,271 25% 
Pentagon / Shanksville Responders 910 1% 

Total Members* 105,272 100% 

Note: The Program started on July 1, 2011, and at that time, 56,188 Responders were “grandfathered” from previous Federal activities. 

Data current as of June 30th, 2020. CDC.gov 



 

Respiratory Outcomes Associated with WTC 

 Upper airway 
• RUDS (reactive upper airways dysfunction syndrome) 
• Aerodigestive disorders (GERD) 
• Chronic rhinosinusitis 

Lower airway 
• Lower Respiratory Symptoms (LRS) 

-Cough 
-Wheezing 
-Shortness of breath 

• Non-specific chronic bronchitis 
• Asthma 

-Irritant-induced asthma 
-Reactive airway dysfunction syndrome (RADS) 



Proportion of World Trade Center (WTC) Health Registry participants reporting any respiratory outcome (shortness of breath, 
wheezing, chronic cough, upper respiratory symptoms, asthma/reactive airways dysfunction syndrome, chronic obstructive 

pulmonary disease) (n = 6348) (Wave 2 survey, 11/2006–12/2007). 

Antao V, et al. 2019. 9/11 Residential Exposures: The Impact of World Trade Center Dust on Respiratory Outcomes of Lower Manhattan Residents. Int J Environmental Research and Public Health 



  

Scope of  WTC Asthma Prevalence 

• According to the WTC Health Program, as of Sept 2019: 12,419 responders and 4,043 survivors 
have asthma 

• Symptom-based surveys have identified increased incidence of self-reported asthma for 18 
months following the attack 

• 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 

• Increased incidence of new-onset asthma has been associated with the time of arrival at the site, 
cumulative exposure, and lack of appropriate respiratory protections 

• 27% of NYC residents reported increased asthma symptoms in the weeks after the disaster 
-not clear how many had pre-existing asthma 

Desai A. & Skloot, G. 2018. World Trade Center Asthma. 



 

 

 

 

Initial Clinical Presentation of WTC Respiratory Symptoms 

• Chest Tightness 

• Exertional and non-exertional dyspnea 

• Wheezing 

• “WTC cough” 

• Persistent cough syndrome recurring during the 6 months after 9/11 

• Associated with underlying airway inflammation and symptoms of rhinosinusitis, bronchitis, and GERD 

• Symptoms severe enough to require at least 4 consecutive weeks of medical leave 

Prezant DJ, et al. 2002. Cough and bronchial responsiveness in firefighters at the World Trade Center site. 



 

 
 

Bronchial Hyperreactivity and Reactive Airways Dysfunction Syndrome 

Banauch et al. (2003)-prospective, longitudinal study 

 Bronchial hyperreactivity (BHR) at 1 or 3 months- significant predictor of both its persistence and the 
development of RADS in highly exposed subjects at 6 months 

Banauch G, et al. (2003). Persistent Hyperreactivity and Reactive Airway 
Dysfunction in Firefighters at the World Trade Center. Am J Respir Cit Care Med. 



 

 
 

Bronchial Reactivity and Lung Function After 
World Trade Center Exposure 

 Evaluated bronchial hyperreactivity (BHR), as defined by methacholine PCO2 ≤8 mg/ml, in 173 WTC-exposed 
FDNY firefighters 
• Baseline methacholine challenge test (within 2 years after 9/11) 
• Follow-up methacholine challenge test in 2013 and 2014 

 Obtained FEV1 measurements from late pre-9/11, early post-9/11, and late post-9/11 periods 

Those with BHR at baseline were more than 6 times more 
likely to have BHR at follow-up than those without BHR at 
baseline (OR 6.46, 95% CI 2.49-16.77). 

Aldrich T., et al. 2016. Chest. 

https://2.49-16.77


  

 
 

 

Results 12-13 years later 

• Dyspnea more prevalent among those with BHR vs. without BHR (OR: 2.28 [1.09-4.73]) 
• At baseline MCT shortly after 9/11, 16% had BHR, which increased to 25% by the follow-up study 
• Use of corticosteroid therapy had no effect on BHR, although those who received corticosteroid therapy had 

slower FEV1 decline rate 
• BHR did not resolve with removal from the noxious exposure, even after more than one decade post-9/11 
• Persistent BHR predicted an accelerated decline in lung function 

Figure 2A. Baseline respiratory symptoms and percentage of subjects with 
abnormal lung function (FEV1 < LLN (lower limit of normal)) among those with 
and without BHR at baseline. 

Figure 2B. Follow-up respiratory symptoms and percentage of subjects 
with abnormal lung function (FEV1 < LLN (lower limit of normal)) 
among those with and without BHR at follow-up. 

Aldrich T, et al. 2016. Chest. 

https://1.09-4.73


 

 

  

Persistence of  multiple illnesses in WTC rescue and recovery workers 

 Cohort study of 27,449 participants in the WTC Screening, Monitoring, and Treatment Program 

 Mental health screening and self-report of physician-diagnosed asthma, sinusitis, and gastro-
oesophageal reflux disease (GERD) 

 Four exposure groups: very high, high, intermediate, and low. Based on the total time spent working at
the WTC site, exposure to the cloud of debris from the collapse, and work on the pile of debris 

Cumulative incidence of 
sinusitis was similar in the 

intermediate and low 
exposure groups (B). 

Cumulative incidence of asthma (A). Incidence of GERD was increased only 
in the very-high-exposure group 
compared with other groups (C). 

Wisnivesky J, et al. 2011. Lancet. 



     

Cumulative incidence of abnormal spirometry: 
• 23.7% at year 1 
• 29.1% at year 5 
• 41.8% at year 9 

Annual incidence of new abnormalities in lung 
function was about 1-2% in the initial years after 
exposure and then increased to 5-6% in the latter 
years of follow-up. 

At year 9, prevalence of obstructive pulmonary 
disease in rescue and recovery workers was 4.4%, 
low FVC 21.8%, and mixed abnormalities 2.1%. 

Figure 3. Cumulative incidence of abnormal spirometry in the WTC Screening, 
Monitoring, and Treatment Program study population. 

Wisnivesky J, et al. 2011. Lancet. 



 

 

Health Outcomes in WTC-Exposed Firefighters and EMS Workers 
from 2001 to 2016 

• FDNY instituted a WTC medical monitoring and treatment program for the WTC-exposed workforce of almost 16,000 
firefighters and EMS workers 

• Routine monitoring exams every 12-18 months and physicals and mental health appointments, as required 

• By 2015, the prevalence of obstructive airways disease (asthma/RADS, COPD, chronic bronchitis) was 24% 

• Prevalence of physician-diagnosed asthma among FDNY firefighters (21%) and EMS workers (10.3%) 

Figure 2. Self-reported lower respiratory symptoms by FDNY-WTC rescue/recovery workers. 

Yip J, et al. 2016. American Journal of Industrial Medicine. 



 

 

 

 
  

  

Standardized morbidity ratios of four chronic health conditions among World Trade Center 
responders: Comparison to the National Health Interview Survey 

 Compared to NHIS, WTC responders of both 
genders showed significantly higher 
prevalence of asthma over the 9 year 
period, with generally increasing trends 

 Lifetime prevalence of asthma more than 
doubled by 2010 
 SMR=2.57 (females) 
 SMR=2.82 (males) 

Figure 1. Age-adjusted SMRs with 95% confidence intervals, comparing lifetime 
prevalence with NHIS data for the four health conditions among WTC responders 

by gender over the 9 years following 9/11. Note: The numerator is the lifetime prevalence of the health outcome observed in the World 
Trade Center (WTC) Health Program, while the denominator is the corresponding age 
standardized expected prevalence derived from the National Health Interview Survey (NHIS). 

Kim H, Moline J, et al. 2018. Am J Ind Med. 

https://SMR=2.82
https://SMR=2.57


 

Standardized morbidity ratios of  four chronic health conditions among World Trade 
Center responders: Comparison to the National Health Interview Survey 

 Asthma risk was higher among those who 

arrived earlier at the site 

 Benefit of half- or full-face respirator in 

reducing asthma risk 

Kim H, Moline J, et al. 2018. Am J Ind Med. 



 

  

 

   
 

The Utility of  Biomarkers of  Occupational Lung Function Loss 

 Weiden and colleagues (2015)-identified biomarker subtypes that may be indicators of associated pathways active in the 
development of WTC associated lung injury 

 Nested case-cohort control design of exposed workers who needed subspecialty pulmonary evaluation and treatment 
within 6.5 years of 9/11 

 FEV1 as outcome and indicator of disease state 
 Defined WTC-Lung Injury (WTC-LI) in this population of firefighters by their FEV1<LLN measured during subspecialty visit 

after exposure and upon becoming symptomatic. 

WTC-FDNY Biomarker Timeline and development of Nested Case-
Cohort Control Study Design 

Biomarkers of World Trade Center Particulate Matter 
Exposure. Semin Respir Crit Care Med. 



 

 

  

 

 

   

Biomarkers of WTC Particulate Matter Exposure 

Elevated Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF) and 
Macrophage Derived Chemokine (MDC) increased the risk for subsequent
FEV1<LLN by 2.5 fold and 3.0 fold. 

 Dyslipidemia, elevated heart rate and elevated leptin significantly increased 
the odds of being a case: 

 Dyslipidemia, OR=3.03 
 Heart rate≥66 bpm, OR=2.20 
 Leptin ≥ 10,300 pg/mL OR=3.00 

Elevated amylin was strongly protective, decreasing the odds of being a case 
by 84% 

a 10 μM increase of Lysophosphatidic acid (LPA) was associated with a 14% 
increase in the odds of having WTC-LI while an increase of 1 mg/mL 
of Apolipoprotein (ApoA1) increased the odds of developing WTC-LI by 29%. 

The odds of having World Trade Center Lung Injury in patients with a value of 
Pulm Art/Aorta ≥0.92 was 4.02 

 Identifying predictive biomarkers of FEV1 loss allows for 
early identification of at-risk individuals allowing for early 
screening, necessary treatment and risk avoidance. Overview of Biomarkers predicting WTC-LI as defined by FEV1 < LLNA. 

A. Utilizing a Susceptible case-cohort control design 
B. Utilizing a resistant case-cohort control design. *Represents relative risk 

Weiden D, et al. (2015) Biomarkers of World Trade Center 
Particulate Matter Exposure. Semin Respir Crit Care Med. 
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Airway Disease Presenting as Restrictive Dysfunction 
 Berger et al. (2013)- characterized a physiologic phenotype of dysfunction due to airway injury and 
compares this phenotype to the phenotype of interstitial lung disease (ILD) 

 Retrospective study of 54 subjects exposed to WTC dust with persistent respiratory symptoms and 
unexplained reduction in vital capacity (VC) 

Measurements included: spirometry, plethysmography, diffusing capacity of lung for carbon 
monoxide (DLCO), impulse oscillometry (IOS), inspiratory/expiratory CT scan, and lung compliance 

Figure 1. Mean values for measured lung volumes are illustrated 
(± SD). The shaded area represents normal range. 

All subjects demonstrated reduced VC (range 46%-83% predicted). Reduced VC 
was predominantly due to reduced ERV (43% ± 26% predicted) rather than 
reduced IC (85% ± 16% predicted). TLC was below the LLN in all subjects, 
confirming restriction. Mean values for FRC and TLC were 70.0% ± 14% and 73% ± 
8% predicted, respectively. Reduced FRC and TLC were not related to BMI (r2 < 
0.04). Mean value for residual volume (RV)/TLC was 0.35 ± 0.08, suggesting AT 
despite low TLC. 

ERV = expiratory reserve volume; FRC functional residual capacity; IC inspiratory capacity; Lessons from the World Trade Center disaster: airway 
RV residual volume; TLC = total lung capacity; VC = vital capacity. disease presenting as restrictive dysfunction. Chest. 



 

 

  

 

 

 
 

 Abnormality resembled a restrictive defect, with reduced VC, 
FRC, and TLC and preservation of FEV1/VC 

-parenchymal, chest wall, or neuromuscular disease not 
present 

 Patterns of pulmonary dysfunction should be expanded to 
differentiate: 

-restriction due to inspiratory impairment (eg, 
parenchymal, pleural, chest wall, and neuromuscular diseases) 

-restriction due to expiratory impairment (eg, distal 
airway disease and obesity) 

 This pattern of expiratory restriction due to airway disease was 
observed following WTC dust exposure, has been previously 
demonstrated in other clinical settings (eg, asthma), and should 
be incorporated into the definition of restrictive dysfunction. 

Figure 3. Maximal expiratory flow-volume curves. 
A, a representative patient in the present study. 
B, a patient with known interstitial lung disease with 
similar vital capacity. Tidal loops are superimposed upon 
the maximal curves for both subjects. 

Berger K et al. (2013). Lessons from the World Trade Center 
disaster: airway disease presenting as restrictive dysfunction. Chest. 



 

Asthma Morbidity 

 Xu et al. (2016)- prospective cohort of 218 WTC workers with physician-diagnosed asthma who were 
enrolled in the World Trade Center Health Program (WTCHP) 

Factors associated with increased morbidity of asthma 
1. Low levels of asthma control 

◦ Well-controlled asthma in 29%; not well-controlled in 28%; very poorly controlled in 44% 
◦ Very poor asthma control associated with: 

-increased age (OR: 1.89 per 10 years, [1.05-3.41]) 
-lower income (OR: 7.52, [2.56-22.08]) 
-high WTC exposure levels (OR: 5.19, [1.14-23.73]) 
-higher GERD scores (OR: 1.13, [1.06-1.20]) 
-PTSD (OR: 3.44, [1.08-10.95]) 

2. Poor asthma quality of life 
3. Low adherence to asthma self-management behaviors 

Xu K, et al. (2016). Determinants of Asthma Morbidity in World Trade Center 
Rescue and Recovery Workers. Ann Allergy Asthma Immunol. 

https://1.08-10.95
https://1.06-1.20
https://1.14-23.73
https://2.56-22.08
https://1.05-3.41


   
 

   
 

Comorbidities 

Yip et al. (2016), obstructive airway disease (OAD) 
diagnosis increased risk of: 

• Firefighters with OAD were more than 4 
times more likely to have a chronic 
rhinosinusitis (CRS) diagnosis 

RR: 4.15, [3.70-4.66] 

• More than three more likely to have GERD 
diagnosis 

RR: 3.18, [2.90-3.48] 

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. 

https://2.90-3.48
https://3.70-4.66


 

 
 

Asthma Control and PTSD 

Mindlis and colleagues (2017) evaluated the relationship between 
asthma and PTSD among 181 rescue/recovery workers in the General 
Responder cohort diagnosed with asthma 

• Among workers with asthma, 28% had PTSD 

• Worse asthma control scores among workers with full PTSD 
compared to those without PTSD 

(mean difference: 0.57, 95% CI: [0.12, 1.02]; p=0.01) 

• Higher odds of inpatient healthcare utilization in patients: 
-with full PTSD compared to those without PTSD 
(OR=11.86, CI: [3.51, 40.09]) 
-with full PTSD and sub-threshold PTSD 
(OR=6.99, CI: [1.89, 25.86]) 

Post-traumatic stress disorder dimensions and asthma morbidity in World 
Trade Center rescue and recovery workers. Journal of Asthma. 

https://OR=11.86


 

 

     
   

Persistent Lower Respiratory Symptoms (LRS) in the WTC Survivor Program 

 The Bellevue Hospital World Trade Center Environmental Health Center 
(WTC EHC )- treatment program for symptomatic community members 
exposed to WTC dust, gas, or fumes. 

One-third of the people in the study have continued to have respiratory 
symptoms even though their spirometry tests were normal during their 
follow up exams. 

Many of the patients with normal spirometry tests had abnormal 
impulse oscillometry test results suggesting that the small airways of the 
lung may be affected. 

Many patients also continue to show airway hyperresponsiveness. 

PTSD was associated with lower respiratory symptoms. These findings 
are associated with some markers of inflammation. 

Fig. 2 Distribution of LRS severity at 
initial and monitoring visits (n = 798) 

Caplan-Shaw C., Reibman J. (2018) Persistent Lower Respiratory Symptoms in the World Trade Center (WTC) Survivor Program, a Treatment 
Program for Community Members. In: Szema A. (eds) World Trade Center Pulmonary Diseases and Multi-Organ System Manifestations. 



 

  

Neurological Implications of  WTC Exposure 

 Cognitive impairment during midlife 

• Inhalation of toxic dust and smoke, or secondary to PTSD 

 Prior research links PTSD to accelerated cognitive decline and an elevated risk for dementia 

 Recent epidemiological studies link exposure to airborne pollutants with: 

• Increased neuropathology 

• Dopaminergic changes 

• A higher risk for dementia 

• Incidence of Alzheimer’s disease (AD) 

Clouston S, et al.( 2019). Incidence of mild cognitive 
impairment in World Trade Center responders. Alzheimer's 
Dement. 
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Reduced Cortical Thickness In WTC Responders With Cognitive Impairment 

 A growing number of WTC responders at midlife are experiencing early cognitive impairment (CI) and dementia 

 Sean Clouston and colleagues from Stony Brook University and Icahn School of Medicine at Mount Sinai (2020): 
1. To determine whether CI is associated with reduced cortical thickness (CTX) in WTC responders at midlife 
2. CI among responders with PTSD vs CI alone 
3. Examine the potential for population-wide differences in comparison to population norms 

• Cortical thickness is a commonly used as a parameter to measure neurodegeneration 

• WTC responder patients (aged 45-65) from Stony Brook’s WTC Wellness Program who participated in a previous study 
of cognitive aging that used the Montreal Cognitive Assessment (MoCA) 

• Cognitively unimpaired: 51 responders 
• Cognitively impaired: 48 responders 

• T1-MPRAGE imaging to calculate CTX in 34 regions of interest 

• 2x2 design: 
• WTC-CI vs unimpaired responders 
• PTSD to non-PTSD responders 

Clouston S, et al.( 2020). Reduced cortical thickness in World Trade Center 
responders with cognitive impairment. Alzheimer s Dement. 



 
 

 

Results 

Cortical Thickness (CTX) 
• WTC-CI vs unimpaired responders 

• Gray matter: 603.30 cm3 vs 629.22 cm3 (P=0.30) 
• Whole-brain average CTX: 2.41 [0.08] mm vs. 2.48 [0.08] mm 
• Total intracranial volume, white matter volume, white matter 

hypointensity volume were similar across groups 

• No differences were evident in mean CTX when comparing PTSD to non-
PTSD groups (P=.261) or in analyses comparing PTSD-CI to CI alone 
(P=.521) 

• CTX was significantly reduced in WTC-CI in 23/34 regions throughout the 
frontal, temporal, and occipital lobes 

Comparison to published norms 
• CTX significantly reduced in 7/34 regions in cognitively unimpaired 

responders vs 14/34 regions in WTC-CI 

Absolute differences in mean whole-brain mean 
cortical thickness expressed in mm by patient 
diagnostic group. *Statistically significant 
at P < .05; o P = .055 

 Many responders with CI have reduced gray matter thickness in the brain consistent with neurodegenerative conditions 

 Brain “age” is about 10 years older on average than the normal population. 



  

 

     
 

Molecular Linkage Between Post-Traumatic Stress Disorder and Cognitive Impairment 

 Existing work on proteomics has found common biomarkers that are altered in individuals with PTSD and mild 
cognitive impairment (MCI) 

Sean Clouston and Benjamin Luft from the Stony Brook WTC Health Program 

 2017: 2.67-fold increase in the incidence of MCI among responders with PTSD two decades after exposure 

 2020: systematically assessed changes in the proteome of 181 WTC male responders in midlife – their average 
age 55 years. 

 34 responders with comorbid PTSD-MCI 
 39 with PTSD only 
 27 with MCI only 
 81 unaffected controls 

 Profiled 276 plasma proteins involved in neurodevelopmental processes, cellular regulation, cardiovascular 
disease, immunological functions, inflammatory processes, and neurological diseases 

Clouston S, et al. (2017). Traumatic exposures, posttraumatic stress disorder, and 
cognitive functioning in World Trade Center responders. Alzheimer's Dement. 

Kuan P, Clouston S, et al. (2020). Molecular linkage between post-traumatic stress 
disorder and cognitive impairment: a targeted proteomics study of World Trade Center 
responders. Alzheimer's & Dementia. 



 

 

  

   

   
 

 PTSD only (24 proteins), MCI only (20 proteins), and PTSD–MCI (16 proteins), resulting in 
a total of 50 unique proteins from the combined lists. 

• Cathepsin (CTSS) in common across the three subset analyses (r=0.35-0.45) 
• Role in antigen production and immune response 
• Cathespins B, D, K – implicated in AD 

• MDGA1 and EPHA10 – PTSD-only and MCI-only analyses 
• Associated with pathologic and clinical diagnoses of AD 

• ATP6V1F and CD200 – PTSD only and MCI-only 
• ATP6V1F was downregulated – shown to be a potential enhancer of tau 

toxicity, a hallmark of AD 

• Neurocan (NCAN) and brevican (BCAN) – decreasing protein expression patterns 
across PTSD-only and MCI only 

• Possible biomarkers for disease burden characterized by co-occurrence of 
PTSD and MCI 

• Members of the CSPG protein families – have been shown to accumulate 
in senile plaques in brains of patients with AD 

Fig. 1: Overlap between the top proteins at P < 0.05 
from the three subset analyses. 

Kuan P, Clouston S, et al. (2020). Molecular linkage between post-traumatic stress 
disorder and cognitive impairment: a targeted proteomics study of World Trade Center 
responders. Alzheimer's & Dementia. 

https://r=0.35-0.45


 

 

 

   
 

Key Findings 

 Both MCI and PTSD were associated with serologic proteinopathy 

 Comorbid PTSD-MCI was likely a more severe form of PTSD rather than a separate 
condition 

 Protein dysregulation was more systematically associated with MCI 

 Identified several novel protein biomarkers for PTSD, MCI, and their co-occurrence 
• Implicated in other neurological and psychiatric disorders, AD and schizophrenia 
• Similarities in the profile of protein alterations of PTSD and MCI 

 Multiprotein composite score  potentially be used to monitor patients longitudinally 

Kuan P, Clouston S, et al. (2020). Molecular linkage between post-traumatic stress 
disorder and cognitive impairment: a targeted proteomics study of World Trade Center 
responders. Alzheimer's & Dementia. 



 

 
Members with Certifications by Zadroga Act 

Categories of Conditions 

Data current as of June 30th, 2020. CDC.gov 



   
 

Top 10 Certified Conditions 

*Individual members may have certifications in more than one category. 
Data current as of June 30th, 2020. CDC.gov 



   
 

Top 15 Certified Cancers 

*Individual members may have certifications in more than one category. 
Data current as of June 30th, 2020. CDC.gov 



 

Long Term Goals 

 Ongoing monitoring and treatment 

 Improved health and well-being of 
responders and survivors 



Thank you! 
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