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Abstract

Objective—This study assessed the long-term health impact of environmental exposures 

associated with open pit burning in deployed U.S. service members.

Methods—200 individuals deployed to Balad, Iraq, and Bagram, Afghanistan, with known 

exposure to open pits, were matched to 200 non-deployed service members. Both cohorts were 

followed for adverse health outcomes after returning from deployment.

Results—Slight increased risks were observed for respiratory diseases in the Bagram cohort (adj 

RR: 1.259), and for cardiovascular disease in the Balad cohort (adj RR: 1.072), but the findings 

were not significant. The combined deployed cohort showed lower risks for adverse health 

outcomes, suggesting a healthy deployer effect.

Conclusions—In conclusion, this study did not find significantly increased risks for selected 

health outcomes after burn pit exposure during deployment among two deployed cohorts 

compared to a non-deployed cohort.

Introduction

Environmental exposures to military forces especially during deployments have received 

considerable attention and are of great concern going back to the Vietnam War. Deployed 

personnelare often exposed to elevated levels of ambient particulate matter, including sand, 

dust, combustion of fossil fuels, but also smoke generated from open pit burning with little 

or no air pollution control devices. (1) Burn pits operations are conducted until incinerators 

become available and have been used in deployed settings to dispose of solid waste 

materials, such as plastics, metals, rubber, paints, solvents, munitions, wood. The resulting 

emissions include particulate matter, volatile organic compounds, and polycyclic aromatic 

hydrocarbons, as well as heavy metals. (2,3) The Department of Veterans Affairs asked the 
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Institute of Medicine (IOM) to form a committee to determine the long-term health effects 

from exposures during deployments such as open air burn pits. (4)The committee identified 

burn pit emissions as a concern because some of the concentrations sampled during 2007 

and 2009 at Joint Base Balad (JBB) exceeded U.S. air quality standards and contained 

dioxins and dioxin-like compounds. (4) Thus, identification of environmental exposures 

during deployment became important in an effort to identify and mitigate future long-term 

adverse health outcomes.

One of the major health concerns associated with burn pit emissions is the impact on 

respiratory health. The health effects of particulate matter air pollution may amplify 

susceptibility to respiratory disease as well as increase chronic respiratory conditions 

depending on length of exposure and intensity. (1)However, when comparing respiratory 

encounter rates among deployed personnel to various locations, findings were similar for 

personnel deployed to bases with and without burn pits. (5-7)These findings echo the 2011 

IOMreport on long-term health consequences of exposure to burn pits in Iraq and 

Afghanistan. (4-7)Many of the previous studies assessed environmental exposures at the 

installation-level, suggesting that all military personnel co-located with a burn pit on an 

installation had similar exposures rather than utilizing individual exposure-level monitoring 

data. (5-7) As a result, the risk for adverse respiratory health outcomes among those directly 

exposed to burn pit smoke may have been underestimated. Yet, a study of deployed 

personnel located within 2-, 3-, or 5-mile radii of a documented, open-air burn pit only 

found a slight increase in respiratory symptoms among Air Force personnel deployed within 

2 miles of Joint Base Balad and found that there was no elevated risk for respiratory 

outcomes. (8) The findings of previous studies therefore seem to be inconclusive on risk for 

adverse health outcomes after potential exposure to environmental hazards during 

deployments. One major issue has been to identify the types and amounts of hazardous 

exposures to accurately assess their association to adverse health outcome.

The aim of this study is to assess the long-term health impact of environmental exposures 

associated with open pit burning in deployed U.S. service members. This study will compare 

health outcomes after deployment among those with known burn pit exposure at two 

locations and compare results to a non-deployed cohort. Deployed and non-deployed service 

members were matched by time in service. The health outcome results of the two cohorts 

will be compared to examine potential risk factors for adverse health outcomes.

Methods

Study Design

Data Source—This analysis was part of larger study and provided background information 

on the demographic characteristics and health encounters. The study population was 

identified utilizing the Defense Medical Surveillance System (DMSS) and the DoD Serum 

Repository (DoDSR) both operated and maintained by the Armed Forces Health 

Surveillance Branch, Public Health Division, Healthcare Operations Directorate, Defense 

Health Agency. For this analysis, only DMSS was used, which contains administrative 

records for all medical encounters of military service members who are hospitalized or 
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receive ambulatory care at a military treatment facility or through civilian purchased care as 

well as demographic and deployment-related information.

Study Population—A retrospective cohort study was conducted to compare health care 

utilization after return from deployment among service members who had spent at least 30 

days in one of the U.S. Central Command (CENTCOM) deployment locations. The study 

compared a deployed cohort of 200 U.S. service members to a never deployed cohort of 200 

U.S. service members. The 200 individuals from the deployed cohort consisted of 163 

service members who were assigned to Joint Base Balad (JBB), Iraq, between 2006 and 

2008, and 37 service members who were assigned to Bagram Airfield (BA), Afghanistan 

between 2011 and 2012. The service members deployed to JBB were randomly selected 

from a cohort of 362 individuals from a previous environmental health assessment and had 

known exposure to open air burn pits. The 37 service members deployed to BA, were 

selected from a cohort of 74 with known exposure to open pit burning during their 

deployment as a result of working as security guards or living near the burn pit. Criterion for 

inclusion into the study was the availability of pre- and post-deployment serum specimens 

for each participant. Each deployed service member was matched to a service member who 

had never deployed by time in service at the pre-deployment serum sample date. Non-

deployed individuals were randomly selected from the DMSS. Criterion for inclusion in the 

study was the availability of two serum samples, which were collected +/- 360 days of the 

pre- and post-deployment sample dates of the matched exposed service member. The sera 

were used to analyze for exposure biomarkers, as a result, sera availability was an important 

component for inclusion in the study; yet, the results characterizing the exposure will be 

presented in three other manuscripts in this supplement. Limited serum availability in the 

quantity needed for this study of deployed service members with known exposure restricted 

the cohort size for this study, but the sample size is at the lower limits needed to achieve 

statistical significance.

Outcome Measures

Healthcare Encounters—Records of healthcare encounters from military treatment 

facilities and purchased care hospitalizations as well as ambulatory medical care were 

included in this study. First time encounters with an ICD-9 code of interest, regardless of 

diagnostic position, within the surveillance period were captured. The ICD-9 code groupings 

of interest were:

1. Other Specified Personal Exposure (v97)

2. Neoplasms of the Oral Cavity (140-148)

3. Neoplasms of the Respiratory Organs (160-165)

4. Soft Tissue Sarcoma/NHL (168-199)

5. Neoplasm of Lymphatic/Hematopoietic Tissue (200-208)

6. Diabetes (250)

7. Obstructive Sleep Apnea Syndrome (OSA) (327.2)
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8. Disease of the Circulatory System (410-414)

9. Disease of the Respiratory System (460-466, 477, 490-496)

10. Other Lung Disease Due to External Agents (502-508, 515, 516, 518, 519)

11. Signs, symptoms, ill-defined conditions (SSIC) involving cardiovascular system 

(785)

12. SSIC involving respiratory system and other chest symptoms (786)

13. Toxic Effects (987)

Person-time—Person-time was calculated for the surveillance period, which was the 

follow-up time after returning from deployment. For the matched pairs (exposed/

unexposed), the person time was calculated beginning on the date of return from a 

deployment. Person-time was censored at the earliest occurring date among the following 

events per individual: first encounter for an ICD-9 code of interest, separation from active 

service, the start of a subsequent deployment, or the end of the follow-up period (31 Dec 

2013). An individual censored for one encounter remained in the study to identify other 

encounters of interest.

Statistical Analyses

Counts, incidence and 95% confidence intervals for first diagnoses (number of incident 

diagnoses per 1,000 person-years) of a health outcome were calculated for each condition 

for each cohort. Chi-square statistics were used to compare the non-deployed to the 

deployed cohort, as well as to compare the Balad to the Bagram cohort. Incident rate ratios 

and 95% confidence intervals were calculated to assess risk for the various health outcomes 

among the non-deployed and deployed cohorts. To study deployment effect by location, 

stratified survival analysis was conducted. For the univariate analysis, the relative risk (RR) 

was calculated using Cox proportional hazards regression modeling for outcomes with five 

or more encounters at α=0.05 significance level. For the adjusted analysis and the multiple 

comparisons, Bonferroni correction was used to reduce the chances of obtaining false-

positive results, and the significance level was set at α=0.025.

Results

Baseline Characteristics

Demographic and service related covariates were compared between cohorts (Table 1). 

There were demographic differences in the deployed cohorts when compared to the non-

deployed cohort. These differences were statistically significant for age, gender, race/

ethnicity, Service, occupation and deployment history; rank was the only service-related 

characteristic which was not significantly different between the non-deployed and deployed 

cohorts. Overall, the two deployed cohorts consisted of a slightly younger population 

(64.5%, 20-29 years old) as compared to the non-deployed cohort (57%, 20-29 years old). 

The deployed cohorts were predominantly male (87.5%) and white (69%). There were 

unique differences between the JBB and BA cohorts; yet only rank, Service, and occupation 

were statistically significant different. The JBB cohort consists of Army service members 
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only, whereas the BA cohort consists of Air Force service members only. The non-deployed 

cohort consisted of members from all four Services and the Coast Guard. The population in 

the BA cohort as compared to the JBB cohortwas predominantly enlisted, whereas the JBB 

cohort had a larger component of officers (JBB: 13.5%; BA: 2.7%). JBB service 

membershad similar occupations compared to those in the non-deployed cohort. The 

occupations of the BA cohort were primarily categorized as “other” (91.9%) of which 91.2% 

were law enforcement guarding the burn pit operations. In comparison, the JBB “other” 

category only contained 5% law enforcement. Length of the deployment during the 

surveillance period was different between the two deployed cohorts and was statistically 

significant (Table 2). None of the service members in the BA cohort had deployed for more 

than 365 days, and 40.5% had deployed for 121-180 days only. In the JBB cohort, the 

majority had deployed for at least 181 days (95.1%) of which 22.6% had deployed for more 

than 365 days.

Clinical Outcomes

Among the health encounters of interest no encounters for neoplasms of the oral cavity and 

neoplasms of the respiratory organs were identified during the surveillance period for the 

deployed or non-deployed cohorts. The incidence of the remaining encounters of interest 

were assessed by cohort and stratified for the deployed cohort (Table 3).Encounters for 

neoplasms of lymphatic and hematopoietic tissue and other specified personal exposure 

were identified in the non-deployed cohort only. The most common encounters among the 

deployed and non-deployed were identified for diseases of the respiratory system (deployed: 

n=76, IR: 133.95 per 1,000 person-years [PY]; non-deployed: n=62, IR: 163.0 per 1,000 

PY), and signs, symptoms, and ill-defined conditions (SSIC) involving respiratory system 

and other chest symptoms (deployed: n=33, IR: 69.47 per 1,000 PY; non-deployed: n=33, 

IR: 68.79 per 1,000 PY). Among the deployed cohort, encounters for OSA, diabetes, toxic 

effects, soft tissue sarcoma (NHL), disease of the circulatory system, and other lung diseases 

due to external agents were only identified in the JBB cohort. Incidence rates for SSIC 

involving cardiovascular system, soft tissue sarcoma/NHL, and other lung disease due to 

external agents were higher in the non-deployed cohort compared to the deployed cohort.

The incidence rate for diseases of the respiratory system among the deployed (193.95 per 

1,000 PY) was 19% higher compared to the non-deployed. Among the deployed cohorts, the 

incidence of diseases of the respiratory system among the BA cohort was 79.5% higher 

(317.76 per 1,000 PY) compared to JBB cohort (176.99 per 1,000 PY). To identify potential 

risk factors, cases were stratified by demographic and service-related characteristics (Table 

4). There were statistically significant differences between the cases in the deployed cohorts 

for age, Service, occupation, and length of deployment. Compared to the JBB cohort, he 

incidence rates for diseases of the respiratory system in the BA cohort were higher among 

the 20-29 year olds, “other” occupation category which was predominantly comprised of 

law enforcement, and those who had deployed for 121-180 days. In the JBB cohort, the 

incidence rates were highest among the 40+ year olds, “other” category, and those who 

deployed 180 days or less. There was not a statistically significant difference between the 

cases in the deployed cohorts in regards to prior history of respiratory diseases and the 
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number of prior deployments. History of respiratory diseases was also not statistically 

significant when comparing the non-deployed cohort to the deployed cohort.

Relative risks for health encounters of interest were calculated for outcomes with five or 

more total counts to have minimal power and confidence in the results (Tables 5,6). As a 

result, the unadjusted and adjusted analysis only assessed relative risk for four health 

outcomes:obstructive sleep apnea syndrome (OSA);signs, symptoms, and ill-defined 

conditions (SSIC) involving cardiovascular system; SSIC involving respiratory system and 

other chest symptoms; diseases of the respiratory system. Overall, the risk for the four health 

encounters of interest was lower for the deployed cohort compared to the non-deployed 

cohort. When comparing specific deployed cohorts, JBB had a slightly higher risks for OSA 

(RR: 1.167) and SSIC involving respiratory system and other chest symptoms (RR: 1.023) 

compared to the non-deployed cohort. Both BA and JBB had higher risks for diseases of the 

respiratory system compared to the non-deployed cohort, even though the overall risk for the 

combined deployed cohort showed a lower risk. None of the confidence intervals of the 

unadjusted analysis were statistically significant. After adjusting the risk analysis for each 

health outcome of interest for age, gender, race/ethnicity, occupation, deployment history, 

history of illness prior to deployment, and correcting for multiple comparisons using 

Bonferroni correction, the results did not change, and on the contrary, showed that the risks 

were even lower compared to the non-deployed cohort. None of the confidence intervals for 

the adjusted analysis were statistically significant.

Discussion

During the surveillance period, the JBB burn pit was the largest open-air burn pit in 

CENTCOM until 2009, when burn pits were replaced with incinerators. (9) Since burn pits 

were used to dispose of solid waste as well as plastics, paints, solvents and other hazardous 

materials, inhalation of the resulting smoke may be related to long-term adverse health 

outcomes, especially increase in respiratory diseases. (2,3) Previous studies assessed burn pit 

exposure at the installation-level and may have underestimated the risk of sub-populations 

who had been in direct contact with the smoke and environmental hazards of burn pits. (5-8) 

As a result, these studies did not clearly demonstrate a relationship between the 

environmental hazards of open pit burning and an increased risk for long-term adverse 

health outcomes. This study examined various health outcomes of interest in two deployed 

cohorts who had known exposure to burn pit sites due to the duties they had to perform 

while deployed. Encounters of health outcomes after returning from deployment were 

compared between the two cohorts as well as to a cohort of non-deployed service members.

Of the 13 health outcomes of interest, only four outcomes had sufficient counts for a risk 

analysis. When comparing the cohorts, the risks for the four health outcomes among the 

non-deployed were higher or equal compared to the deployed. When adjusting the results for 

covariates and multi-comparison, the overall outcome did not change. This suggest the 

potential presence of a healthy deployer effect. Deployed personnel have to be medically 

ready and physically fit before being cleared to deploy for more than 30 days. Since the 

comparison cohort had never deployed, this may suggests that individuals were less fit for 

duty and less healthy and therefore at a slightly higher risk for any of the four health 
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outcomes. Service members who do not deploy may have more chronic medical conditions 

than their deployed counterparts. When comparing the two deployed cohorts to the non-

deployed cohort, JBB had slightly higher adjusted relative risk for SSIC involving 

cardiovascular system, and BA had a slightly higher adjusted relative risk for diseases of the 

respiratory system compared to the non-deployed cohort. The analyses by deployed location 

was necessary because the two cohorts deployed five years apart and the theaters were 

uniquely different. Further, the environmental exposure data is more accurate in the 

breathing zone samples that were collected for the BA cohort and presented in the Balash 

article in this supplement. In addition, meteorological conditions in Iraq were different in 

Afghanistan, and the source and types of environmental chemical exposures, including PAH 

and dioxin, were different at each location. The chemical analysis of the sera are presented 

in the Masiol articles in this supplement. This suggests that the results of the two deployed 

cohorts may more accurately reflect health outcome risks than the combined results.

Even though the confidence intervals did not show statistically significant results, the 

deployed cohorts have a slightly increased risk for certain health conditions. Since the 

majority of the BA cohort had no or only one previous deployment, higher incidence rates of 

respiratory diseases are likely due to environmental exposures from both off-base and on-

base sources that contributed to the total contaminant burden and not necessarily to burn pit 

exposure alone. (4) The Institute of Medicine reported that service members on JBB were 

exposed to a combination of regionally and locally generated air pollutants of sources such 

as industrial activities, dust, local combustion, and volatile evaporative emissions, which 

suggests that service members on BA had similar exposure. (4) The differences in 

respiratory disease may be due to higher levels of on-base environmental exposures at BA 

compared to JBB as noted in ambient and breathing zone samples of the BA cohort (see 

Balash and Masiol articles in this supplement). Even though the evidence was not 

statistically significant, further studies of deployed populations with known burn pit 

exposure may be warranted and should be all inclusive of service members exposed to 

increase sample size and the power to detect a difference.

The findings of this study should be interpreted with consideration of several shortcomings. 

One limitation of this study is the lack of behavioral data during deployment, such as 

individual-level tobacco smoking data, which can contribute to confounding. Cigarette 

smoke is a complex mixture of chemical compounds, and researchers estimate that the 

smoke has 7,357 chemical compounds from many different classes. (10) It is therefore 

difficult to determine if the increased rates observed were due to environmental exposure or 

smoking. Another shortcoming is the potential of misclassification of diagnoses when 

utilizing administrative medical encounter data. Also, ICD-9 coded encounters provide little 

to no information on the severity of the condition and may underestimate the true health 

impact. Additionally, members were followed-up for different times after they returned from 

deployment. Some members may have left military service as well. As a result, the follow-

up time was different among the cohorts. The BA cohort deployed five years after the JBB 

cohort, so the follow-up time for health outcomes of interest for the BA cohort was much 

shorter. Furthermore, members who retired or were discharged could have received medical 

care at a non-military or VA treatment facility. Since this data was not captured in this study, 
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this likely resulted in an under representation of the incidence rates and risk ratios in the BA 

cohort.

Conclusion

In conclusion, this study did not find significant increased risks for selected health outcomes 

after burn pit exposure during deployment among two deployed cohorts compared to a non-

deployed cohort. Slight increased risks were observed for respiratory diseases in the Bagram 

cohort, and for cardiovascular disease in the Balad cohort, but the findings were not 

significant. To improve further analysis of this data, individual-level exposure data may be 

needed. Since obtaining environmental exposure data is often difficult because of the range 

of possible exposures and the inherent logistical and operational challenges a proposed 

alternative is to evaluate pre- and post-deployment serum samples, relying upon biological 

signatures of exposure and residues of agents that are persistent within the body. Prior 

research in exposure biomarkers demonstrates the capability of detecting environmental 

agents in the blood and sera of exposed individuals and success in therapeutic drug 

development using chemical signatures in blood or urine as the basis to detect adverse 

effects, even if the damaging agent cannot be detected. (11-13) Emerging evidence indicates 

that poly-aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and organo-

chlorine pesticides, are able to alter hormone function and cause altered metabolic function, 

which can adversely influence health outcomes. (13) As a result, utilizing pre- and post-

deployment serum samples to assess the influence of environmental exposure in the absence 

of individual-level environmental exposure data and linking this data to health encounters 

after deployment will be a focus of future efforts to determine the risk for adverse health 

outcomes. Knowledge of risks can be useful to identify countermeasures to protect service 

members from environmental agents including use of improved protective gear, and 

modifying how deployed personnel locations are established to minimize or eliminate 

potential exposures, and guide post-deployment management practices.
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Table 2
Length of Deployment by Cohort

Exposed Cohort at two sites

Balad, Iraq Bagram, Afghanistan Chisq

Counts (%) Counts(%) p-value

Total 163 (100) 37 (100) <0.0001

0-120 days 6 (3.7) 0

121-180 days 2 (1.2) 15 (40.5)

181-365 days 120(73.6) 22 (59.5)

365+ days 35 (21.5) 0
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