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Abstract: The New York State Department of Health has conducted a number of studies over the past 10 years investigating health 
impacts related to the September 11, 2001 (9/11) disaster among New York City residents and New York State World Trade Center 
(WTC) responders. Efforts to evaluate the health effects of WTC exposures in these cohorts presented numerous challenges, including 
study design and associated concerns about bias, identifying the affected populations, gaining community support and participation, 
and determining the most appropriate clinical testing and follow-up approaches. The unique position of a state public health agency 
provided multiple points of support for these efforts. An overview of what was found and the lessons learned during the response to the 
9/11 disaster is presented, from the viewpoint of a state public health agency.
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Introduction
Ten years ago, we began the first investigations of 
health impacts related to the September 11, 2001 
(9/11) disaster among New York City (NYC) resi-
dents and New York State (NYS) World Trade Center 
(WTC) responders. After a substantial effort assess-
ing and following-up their health, we summarize and 
share what we found and the lessons learned from 
the 9/11 disaster, from the viewpoint of a state public 
health agency.

Health Impacts of the WTC Disaster 
Among NYC Residents and Rescue 
Workers
In 2002, the NYS Department of Health (NYSDOH) 
conducted a retrospective cohort study to assess 
the respiratory health impacts of 9/11 among NYC 
residents. Results showed that affected-area residents 
experienced more lower respiratory symptoms (LRS, 
55.8%) and upper respiratory symptoms (URS, 
122%) three months post-9/11 compared to control 
area residents (20.1%).1,2 Both URS and LRS were 
three times more persistent one year after 9/11 in the 
affected areas compared to control areas. Follow-up 
approximately 2–4 years post-9/11, showed declines 
in LRS but higher proportions of persistent symp-
toms among affected area residents.3 In a NYSDOH 
study of NYS WTC responders, URS and LRS were 
reported by nearly half of participants. One third 
reported a psychological symptom. Respiratory 
and PTSD symptoms were associated with being 
in the dust cloud on 9/11.4 Follow-up studies found 
WTC exposure was associated with LRS but not 
with reported asthma two years post-9/11. Smoke 
exposure may have had a greater lower respiratory 
impact than resuspended dust.5 Chronic bronchitis 
was identified as a persistent problem 5-years post-
9/11. Participants with the highest exposures were 
more likely to experience increased severity of 
asthma and/or LRS.6 Additional follow-up, 6 years 
post-9/11, found using a respirator with canister was 
protective for central airways in responders exposed 
to dust and smoke.7 Testing of biological samples 
showed WTC responders were exposed to perfluo-
rochemicals and polychlorinated dibenzofurans.8,9 
Comparing residential with occupational exposures, 
we found new-onset LRS post-9/11 was slightly 
higher in NYS WTC responders than residents of 

affected areas.1,2,5 Cough was the predominant LRS 
among both populations.2,5

Methodological Challenges  
and Strategies to Address Them
We experienced many challenges and developed 
corresponding strategies in conducting these epide-
miologic studies after the WTC disaster. The first 
problem we encountered was recruitment difficulty 
because a significant number of residents moved out 
of the affected area after 9/11 and centralized rosters 
were not available to track WTC responders. Some 
individuals refused to answer questions related to the 
disaster that provoked an emotional reaction, or were 
overwhelmed with requests for participation from 
multiple agencies.

Voluntary response could introduce selection bias, 
i.e., people who experienced symptoms and lived 
or worked in the affected areas were more likely to 
participate than those who did not. This bias may 
have affected the representativeness of our studies 
and could also have led to overestimation of dis-
ease incidence in exposed residents and responders. 
We minimized this bias by: (1) emphasizing the 
importance of participation regardless of respiratory 
issues and using general terms such as “breathing 
problem”; (2) employing similar recruitment efforts 
in residential areas or among all WTC responders to 
reduce differential motivation; (3) using exclusion 
criteria to limit misclassification due to mobility and 
occupational exposure; (4) obtaining similar response 
rates and comparable demographics between exposed 
and control populations; and (5) estimating the change 
in exposure-disease association for areas targeted and 
non-targeted for additional recruitment.

Another important challenge is recall or report-
ing bias, i.e., affected-area participants or exposed 
responders might have recalled and reported more 
symptoms than the controls. To minimize this bias, 
we asked for specific time frames, severity, and 
frequency of symptoms, and lists of prescription 
medications. We also assessed memorable events 
such as new diagnoses, emergency department visits, 
and hospitalizations, as they are less prone to recall 
bias. To estimate reporting bias, we also queried con-
ditions unrelated to WTC and excluded individuals 
who responded affirmatively to all health conditions. 
Finally, in some sub-groups, we conducted pulmonary 
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function tests, methacholine challenge tests, and used 
fractional exhaled nitric oxide (FENO) as a biomarker 
to validate self-reported symptoms.

Another challenge we faced was a lack of objective 
exposure measurements. A semi-quantitative exposure 
assessment was conducted which categorized partici-
pants by different patterns of exposure. The algorithm 
incorporated dust and smoke exposure, time period, 
and duration on-site, location of work, personal pro-
tective equipment used, and quantitative data from air 
monitoring in pertinent locations.10

Additional Lessons Learned  
and Strategies for Future Disaster 
Responses
1.	 Partnership with local community groups and other 

organizations is a critical element for success in a 
large community study after a disaster. Collaborators 
from New York University, several NYC medi-
cal service groups, and community organizations 
offered valuable assistance with recruitment, grass-
roots outreach, and follow-up in our residential 
study. For instance, we held meetings with local 
stakeholders before and after recruitment to iden-
tify community needs, identify the best approaches 
for recruiting local populations, and to receive 
feedback on our study procedures. Collaborators 
worked with landlords in NYC apartment build-
ings to facilitate recruitment efforts. Without the 
valuable knowledge and assistance of individuals 
familiar with the areas and populations living near 
the disaster site, our efforts would likely have been 
less well-organized. Existing partnerships between 
NYSDOH and NYC-based public health groups 
also facilitated our study procedures by generating 
immediate points of contact and a familiarity with 
the affected area.

2.	 Clinical field tests are a useful method to track 
health impacts in the immediate aftermath of a 
disaster. One challenge for an epidemiological 
response to a disaster is collecting pertinent health 
data in a suitable time frame. NYSDOH stud-
ies using impulse oscillometry and offline FENO 
allowed us to gain experience in the use of these 
methods in the field.4 Our experience indicates 
these tests can assist in assessment of respiratory 
effects of disaster-related exposures and can be 
successfully utilized in the field, following strict 

protocols. We employed these tests several years 
post-9/11, but ideally they would be performed 
shortly after a disaster and at periodic intervals 
thereafter. This would allow researchers to better 
track health impacts post-disaster and allow health 
care professionals to administer appropriate treat-
ments in a timely manner.

3.	 The efficiency of IRB review procedures must be 
improved. Most similar disaster research would 
require full Institutional Review Board (IRB) 
consideration, which can be time-consuming and 
limiting when expediency is desirable. While IRB 
review is critical in assuring human subjects’ pro-
tection and research integrity, the review process 
did result in significant delays for many WTC-
related projects, which may have impacted par-
ticipation rates and subject recall. In addition, we 
now know that some of the most profound health 
impacts resulted from exposures in the days and 
weeks immediately after 9/11, before most research 
studies were approved. A fast-track IRB approval 
process and specially-scheduled IRB meetings 
were facilitated by the NYSDOH to improve 
review efficiency, given the urgency of the events 
of 9/11. However, the ability to react more effi-
ciently to such an unexpected event would have 
been ideal. Future studies of disasters may benefit 
from a review process specifically designed to deal 
with the need for an immediate research response 
while enabling multi-agency collaborations and 
maintaining research integrity.11 Having such a 
mechanism in place before a disaster occurs could 
allow a more timely response than was possible in 
the weeks after 9/11.

4.	 The unique strengths of a state public health 
agency should be utilized.
a. Multidisciplinary research teams: In our WTC 

studies, we leveraged NYSDOH’s unique 
resources and networking capacity to assemble 
teams with expertise in clinical medicine, epi-
demiology, biostatistics, toxicology, laboratory 
science, and community outreach. The mul-
tidisciplinary training of the team was com-
plementary and critical to the success of this 
project. We worked closely with local universi-
ties and other government agencies, both state 
and federal, to expand the available expertise to 
the betterment of the research. Access to such 
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resources allows for an efficient and effective 
research response to disasters.

b.	 Disaster preparedness programs: NYS has 
developed programs that provide education 
and training for disaster preparedness and 
management at all levels, including for first 
responders, hospitals, local government agen-
cies, and the public. Vulnerable populations 
have been identified. Available resources 
include outreach materials, toolkits, check-
lists, course suggestions, and web sites. 
NYS also conducts preparedness exercises 
periodically. These existing efforts and avail-
able infrastructure provide for a rapid public 
health response.

c.	 Databases and technology infrastructure: The 
database of NYS WTC responders is updated 
periodically and will be maintained to allow 
for future studies as appropriate. In addition, 
previously collected biological samples have 
been archived and analyses may be expanded 
in the future. Based on our WTC experiences, 
templates for questionnaires and related docu-
ments have been developed to allow a more 
efficient epidemiological response to future 
disasters. While every disaster event will be 
unique, having templates and guidance docu-
ments prepared in advance will allow future 
studies to be designed and implemented 
more quickly and effectively, based on the 
experience we have gained post-9/11.  A leading 
program for the surveillance of environmental 
hazards and health effects in New York is our 
Environmental Public Health Tracking Program 
(EPHT). It is part of a network of 17 states and 
NYC developed by the US Centers for Disease 
Control and Prevention to enhance understand-
ing of hazards in the environment, exposures 
to these hazards, and their relation to disease 
change over time or across regions. Diseases 
currently tracked include asthma, birth defects, 
other birth outcomes such as low birth weight, 
cancer, heart disease, stroke, and vital statistics. 
Other existing NYSDOH databases include 
the Health Emergency Response Data Sys-
tem, Hospital Available Beds for Emergencies 
and Disasters, Syndromic Surveillance 

System, Health Emergency Response Data 
System, and the Biomonitoring Surveillance 
Program. These available datasets have vary-
ing timeliness, provide baseline and emergency 
information, and include both environmental 
and health data. The EPHT and other databases 
maintained by NYSDOH can be used to iden-
tify excess morbidity or mortality related to 
environmental disasters, where critical baseline 
information is often lacking.

Conclusions
The WTC disaster had long-term health impacts for 
NYC residents and NYS WTC responders. As a state 
environmental health agency, we had an important 
role in responding to this tragedy. We developed 
useful methodologies while evaluating the impacts 
of this event, learned valuable lessons which may 
be applied in future natural and manmade disasters, 
and identified surveillance and research priorities for 
emergency response.

Author Contributions
Conceived and designed the experiments: SL, MPM, 
EFF, SAH. Analysed the data: RJ, MLH. Wrote the 
first draft of the manuscript: SL, MPM. Agree with 
the manuscript results and conclusions: SL, MPM, 
RJ, MLH, SAH, EFF. Jointly developed the structure 
and arguments for the paper: SL, MPM, RJ, MLH, 
SAH, EFF. Made critical revisions and approved final 
version: SL, MPM, RJ, MLH, SAH, EFF. All authors 
reviewed and approved of the final manuscript.

Disclosures and Ethics
As a requirement of publication author(s) have pro-
vided to the publisher signed confirmation of compli-
ance with legal and ethical obligations including but 
not limited to the following: authorship and contribu-
torship, conflicts of interest, privacy and confidential-
ity and (where applicable) protection of human and 
animal research subjects. The authors have read and 
confirmed their agreement with the ICMJE author-
ship and conflict of interest criteria. The authors have 
also confirmed that this article is unique and not under 
consideration or published in any other publication, 
and that they have permission from rights holders to 
reproduce any copyrighted material. Any disclosures 

Downloaded From: https://bioone.org/journals/Environmental-Health-Insights on 19 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

http://www.la-press.com


Lessons learned from the 9/11 disaster

Environmental Health Insights 2012:6	 31

are made in this section. The external blind peer 
reviewers report no conflicts of interest.

References
1.	 Reibman J, Lin S, Hwang SA, et  al. The World Trade Center residents’ 

respiratory health study: new-onset respiratory symptoms and pulmonary 
function. Environ Health Perspect. 2005;113(4):406–11.

2.	 Lin S, Reibman J, Bowers JA, et al. Upper respiratory symptoms and other 
health effects among residents living near the World Trade Center site after 
September 11, 2001. Am J Epidemiol. 2005;162(6):499–507.

3.	 Lin S, Jones R, Reibman J, Morse D, Hwang SA. Lower respiratory 
symptoms among residents living near the World Trade Center, two and 
four years after 9/11. Int J Occup Environ Health. Jan–Mar 2010;16(1): 
44–52.

4.	 Mauer MP, Cummings KR, Carlson GA. Health effects in New York State 
personnel who responded to the World Trade Center disaster. J Occup 
Environ Med. 2007;49:1197–205.

5.	 Mauer MP, Herdt-Losavio ML, Carlson GA. Asthma and lower respiratory 
symptoms in New York State employees who responded to the World Trade 
Center disaster. Int Arch Occup Environ Health. 2010;83(1):21–7.

	 6.	 Mauer MP, Cummings KR, Hoen R. Long-term respiratory symptoms in 
World Trade Center responders. Occup Med. 2010;60(2):145–51.

	 7.	 Mauer MP, Cummings KR. Impulse oscillometry and respiratory symptoms 
in World Trade Center responders, 6 years post-9/11. Lung. 2010;188(2): 
107–13.

	 8.	 Tao L, Kannan K, Aldous KM, Mauer MP, Eadon GA. Biomonitoring 
of perfluorochemicals in plasma of New York State personnel respond-
ing to the World Trade Center disaster. Environ Sci Technol. 2008;42: 
3472–8.

	 9.	 Horii Y, Jiang Q, Hanari N, et al. Polychlorinated dibenzo-p-dioxins, diben-
zofurans, biphenyls, and naphthalenes in plasma of workers deployed at the 
World Trade Center after the collapse. Environ Sci Technol. 2010;44(13): 
5188–94.

	10.	 Herdt-Losavio ML, Mauer MP, Carlson GA. Development of an exposure 
assessment method for epidemiological studies of New York State person-
nel who responded to the World Trade Center disaster. Annal Occup Hyg. 
Mar 2008;52(2):83–93.

	11.	 Collogan LK, Tuma F, Dolan-Sewell R, Borja R, Fleischman AR. Ethical 
issues pertaining to research in the aftermath of disaster. J. Traum. Stress 
2004;17(5):363–72.

Downloaded From: https://bioone.org/journals/Environmental-Health-Insights on 19 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

http://www.la-press.com

