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Introduction: Military personnel and local civilians at various deployment locations are plagued with serious health conditions. Evidence points to burn pit emissions as the cause of these pathologies; however, similar diseases are also caused by environmental exposures, smoking, genetic predispositions, or other comorbidities. Burn pits, which are large smoldering piles of refuse ignited with jet or diesel fuel, contain human and medical waste as well as paint, plastics, ammunition, and other materials—each of which can be attributed to health concerns in other industrial settings. Here we compare various pathologies attributable to toxic aerosol exposures and discuss distinct pathologies that may be linked to burn pit exposures.



Objectives: We performed a literature review where we provide information on toxic exposures that may pose relevance to burn pit exposure and furthermore, highlight what is already known about burn pit exposures and what steps need to be taken to diagnose and correlate certain respiratory pathologies to chronic exposure from overseas burn pits.



Data sources: We conducted searches through PubMed and Google Scholar to determine where gaps in our knowledge of burn pit exposure lie. Thorough review on jet-fuel properties and particulate matter were performed as supporting evidence of potential toxins from burn pit emissions.



Results: To date, studies on burn pit emissions consist mainly of systematic reviews and discussions to address the problem, with very few acute-exposure studies and little to no chronic-exposure studies. We found that symptoms range from respiratory pathologies to neurological deficits, but treatment has been limited as medical facilities, such as the Veterans Administration (VA), require proof that a condition is service-connected.



Conclusions: To determine the effects of burn pit exposure on humans, chronic exposure to mimicked burn pit emissions is necessary to draw definitive conclusions between phenotypic differences in pathologies linked to exposure. By determining phenotypic differences, conclusions can be made about the pathologic origins, potentially leading to future diagnoses and treatments for veterans and affected civilians.
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1 Introduction


1.1 Introduction to military burn pits

Military burn pits were utilized through various war and support operations throughout the Middle East and Southeast Asia. At 297 total documented locations, burn pits were distributed across Iraq (n = 152), Afghanistan (n = 99), Kuwait (n = 14), Somalia (n = 4), and other deployment sites (n = 28), annotated in Table 1 (2). These pits were mainly used to eliminate refuse; however, due to their proximity to operational sites and living quarters, the emissions from burn pit combustions likely exposed military personnel and local civilians to many potentially toxic chemicals. Refuse in burn pits included human waste, medical waste, various plastics, fabric, wood, munitions, metal, paint, and other potentially carcinogenic materials that aided in combustion (3). Consequently, the burning of various wastes released particulate matter (PM) with numerous harmful toxins including PM2.5., PM10, dioxins, furans, lead, mercury, volatile organic compounds, carbon monoxide, hexachlorobenzene, polycyclic aromatic hydrocarbons and nitrogen dioxide (4, 5), which is commonly associated with negative respiratory health effects. However, pollutant type and level of toxicity will differ depending on the combustion mechanism, such as flaming or smoldering.


TABLE 1 Burn Pit locations.
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To ignite burn pits, chemicals such as diesel fuel and JP-8 jet fuel were used as accelerants. JP-8 jet fuel contains low levels of the harmful chemical benzene and was formerly considered non-toxic (6). However, the levels of benzene in jet-fuel were determined as carcinogenic in 2002 by The American Conference of Governmental Industrial Hygienists (ACGIH) due to kerosene-based jet fuel exposure resulting in increased carcinogenic states in animals (7). In 1996, the National Research Council (NRC) initially reported that lower levels of benzene and other kerosene-based fuels would not cause harm if exposures were under 500 mg/m3. They found that the average aerosol exposure for aircraft mechanics in the Air Force was 350 mg/m3, below the threshold considered harmful at that time (8). However, once the ACGIH determined carcinogenicity, the NRC was prompted to conduct a study published in 2003 where JP-8 jet fuel was analyzed and found to contain various exposure levels of more than 200 aromatic hydrocarbons including naphthalene and benzene. Studies by different NRC subcommittees were conducted, including effects of JP-8 jet fuel on the respiratory and nervous systems. Findings included development of multiple lung pathologies and neurological problems. Symptoms such as headache, nausea, fatigue, dizziness, vomiting, irritability, gait problems, and attention and memory deficits were noted. Interestingly, older studies on long-term occupational exposure to jet fuel had previously indicated the same symptomatic findings (7, 9–12). Importantly, environmental air samples collected from various deployment sites from 2005 to 2012 showed evidence of toxic materials in the air, detecting 23 different volatile compounds including acrolein and benzene. Moreover, various amounts of PM were measured, with increasing levels at sites where there was less vegetation and more industrialization (13).

Given the likely exposure of military personnel to hazardous partial and complete combustion products of the material listed, it would not be surprising if many of the symptoms and pathologies have direct links to specific toxic pathologic mechanisms. Unfortunately, these adverse effects have not been actively studied in the exposed population due to the fact that exposure to burn pits was not considered a cause for concern until after documented burn pits were decommissioned. Because of this, there have been no detailed or comprehensive epidemiological studies regarding the health impacts from these exposures. Despite this, it is important to understand the impacts of emissions related to burn pit exposures so further research can be conducted to link health effects of burn pit exposure, especially chronic exposures, such as exposing rodent models in an aerosolized chamber, similar to previous environmental chamber studies conducted by Biddle et al. (14).

Because of deficiencies in literature, this review is intended to provide a general overview of toxic aerosols that are likely present in burn pit emissions that may have a negative health-related impact on personnel stationed overseas. The information provided is a worthy focus and can lead to future epidemiological and lab-based studies. Currently, veterans registered with the Airborne Hazards and Open Burn Pit Registry (AHOBPR) attribute a plethora of respiratory health conditions to burn pit exposure, so we must understand its components to provide a framework for future studies to identify consequences of these exposures, specifically to distinguish them from other more common causes of chronic lung disease and provide service-connection to disabilities attributable to burn pit emission exposure.



1.2 What is known about volatile aromatic hydrocarbons?

Considering that acrolein was found in environmental air sampling at various deployment locations, it is important to understand its impacts and association with burn pits. Acrolein is formed when certain materials are incinerated, such as organic matter from trash or fuel combustion, released as vehicle exhaust (13). When organic matter combustion is incomplete, it forms a substance known as creosote. Creosote is a natural source that contains various hydrocarbons and is found in materials such as coal and crude oil (15). Other volatile aromatic hydrocarbons (VAHs), such as benzene, xylene, toluene, ethylbenzene, and styrene, are also found in the atmosphere as by-products of increasing industrialization (16). Commonly measured in parts per million (ppm), each VAH has inconsistent reports of potentially hazardous concentrations that are deemed safe for environmental exposure (Table 2). The inconsistencies exist because of discrepancies on exposure type and setting, such as indoor vs. outdoor exposure, and short term vs. chronic exposure.


TABLE 2 Toxic exposures relevant to burn pit emissions.
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Recent studies have shown that in some environments, such as urbanized areas and near petroleum and crude oil industries, levels of hazardous pollutants may go above what is considered safe for exposed humans and animals, resulting in respiratory symptoms such as coughing, wheezing, asthma, and dyspnea (19); and neurological concerns such as fatigue, nausea, confusion, memory problems, and dizziness (20). Detection of increased concentrations of ethylbenzene, toluene, styrene, and xylene in the atmosphere have all been linked to these health concerns (16, 20), all of which are potentially found in burn pit emissions. Other VAHs are known to cause further pathological concerns. For example, benzene causes leukemia and hematotoxicity (16, 17, 21, 22) at low exposure levels (>1 ppm) due to its ability to affect metabolic properties of progenitor cells, leading to a decrease in total blood cell count (21).



1.3 Tumorigenicity and other lung pathologies from aromatic hydrocarbons

A multiple cohort study conducted by The Working Group (comprised of 27 scientists from 13 different countries) followed adults who had evidence of benzene exposure in their daily environment or occupational conditions. Many people from different cohorts developed some form of lung cancer from benzene exposure (17). An increased prevalence of lung adenoma was also found, which coincides with findings from a study involving mouse models where whole-body benzene exposure resulted in 42 out of 118 (36%) mice developing lung adenoma (23). Furthermore, multiple other aromatic hydrocarbons were found to be the cause of both malignant and non-malignant lung diseases (17), and many of these pollutants have been known to adhere to allergens and change the body's allergic response to the affected allergen, resulting in an increased inflammatory status in the lungs (15).

A study by Ramage et al. exposed mice to low burning properties and incomplete combustion, then examined bronchoalveolar lavage fluid (BALF) samples, where carbonaceous properties and varying degrees of lung inflammation were present (24). These observations became more clinically relevant when it was reported that rural African women developed cases of Hut Lung, or pneumoconiosis, due to constant exposure of a low functioning wood burner where the wood was soaked in some form of petroleum (25). Other exposures to poorly ventilated and low-burning solid fuel, such as fuel-soaked wood or coal burning, are further linked to other respiratory diseases, such as Chronic Obstructive Pulmonary Disease (COPD) and diffuse anthracosis (26). COPD in forms of emphysema and chronic bronchitis are also associated with solid fuel smoke exposure, similar to conditions found at open air burn pits. Studies involving COPD, lung carcinogenicity, fibrosis, and other lung diseases have substantial evidence of associations with exposure to aromatic hydrocarbons, resulting in the various aforementioned pathologies (15).



1.4 Lung damage from particulate matter and smoke

Due to incomplete combustion, burn pits are known to release different size fractions of PM (i.e., PM2.5, PM2.5−10, and PM10) into the air. In environmental settings, acute exposure to PM can result in increased cases of hospital admissions, where patients complain of symptoms such as coughing, wheezing, and difficulty breathing (27). These symptoms are consistent with both short and long-term effects of PM in the lungs, along with impaired lung function. Furthermore, adults over the age of 65 are susceptible to the development of cardiovascular disease and respiratory symptom-related hospital admission upon short-term exposure to PM, and those above age 75 have a significantly increased risk of death upon initial PM exposure (27). Multiple studies on humans exposed to the difference size fractions of PM showed that, regardless of race, ethnicity, sex, genetic factors, and comorbidities, respiratory and cardiovascular diseases are most prevalent after short-term PM exposure (27). In terms of respiratory distress, asthma and COPD are the most common forms of pulmonary disease derived from PM exposure, demonstrated in multiple laboratory tests and research methodologies, including measurements of BALF protein concentrations and increased eosinophil counts within the respiratory tract (27, 28).

Aerosolized PM has several potential origins, including particulate formation from volatile organic components, environmental dust from soil, and asphalt and brake dust in urban environments. PM produced from combustion presents an important subset with a variety of specific impacts. For example, studies on exposure to smoke in humans and animals show a multitude of pulmonary pathologies. To date, COPD is by far the most prevalent consequence of smoke exposure from cigarette, wildfire, wood, or other biomass smoke, such as household-originated smoke (29). However, tobacco smoke can induce COPD that presents rather differently from wood or other biomass smoke-induced COPD (Figure 1). The pathophysiology of non-cigarette smoke related COPD remains poorly understudied, even though 25%–40% of COPD diagnoses do not originate from cigarette/tobacco smoke exposure (29). The evidence of varied symptoms between COPD pathologies is important to note when thinking about burn pit emission exposure because the changed components and resulting VAH and PAH emissions within the smoke could indicate a changed pathophysiology in potential COPD and other lung pathology diagnoses from overseas burn pit smoke exposure.


[image: Figure 1]
FIGURE 1
Phenotypic differences in (chronic exposure) COPD diagnoses. COPD is a common diagnosis among cigarette smokers, with high association of emphysema. Biomass/woodsmoke induced COPD exhibits different symptoms and pathologies, mainly being considered a small-airway disease (30). Despite their phenotypic differences, both fall under the umbrella term of COPD. Pathobiology and phenotype changes between COPD diagnoses and other respiratory pathology diagnosis is important because it highlights a direct cause-and-effect relationship, showcasing a link between chronic hazardous exposures and their resulting diseases. Variation in diseases can be linked to components of the initial chronic exposure. *These symptoms are observed differently in both pathologies (e.g., cigarette smoke-induced COPD exhibits quicker lung function decline compared to biomass smoke-induced, whereas biomass smoke-induced exhibits more fibrotic lesions in the lungs).




1.5 Neurological effects of smoke exposures

Burn pit victims experience more than just respiratory effects from smoke and PM exposure. Upon both acute and chronic exposure, many individuals experience attention and memory deficits, concentration and vision problems, and headaches. Furthermore, Iraqi citizens that have been chronically exposed to burn pit smoke and emissions have reported increased instances of chronic headaches and even brain cancer (1). However, neurological effects from burn pit smoke and emissions exposure are still greatly underrepresented in the literature, whereas a multitude of studies exist that encompass derived neuropathology from other smoke-related and PM exposures. While pathophysiology can change depending on what is burnt and where smoke derived, such as a difference in wood species burnt and the initial combustion properties (29), humans and animals alike are prone to toxicological effects causing neuro-deficits because of smoke and woodsmoke properties which contain carbon monoxide, PM, and hydrogen cyanide (31).



1.6 Industrial exposures, negative health outcomes, and burn pit relevance

Studies on volatile compounds and their health impacts suggest that increased exposure leads to pathologies such as leukemia, chronic respiratory and neurological disorders, birth defects, cardiovascular disease and different cancers, annotated in Table 3 (36–38). Chronic lung pathology, including lung cancer, has an increased prevalence in communities where harmful emissions, such as nitrogen dioxide (NO2), aldehydes, and diesel exhaust particles (DEPs), are found in greater atmospheric concentrations and in those who work with different types of emissions, such as diesel mechanics (39). This may provide some relevance to burn pit exposures due to the possibility that diesel fuel, being readily available at deployment locations, may have been used as an attempted accelerant as opposed to JP-8 jet fuel. While diesel fuel is not considered flammable, it is combustible and because of its incomplete combustion, it's possible that NO2, aldehydes, and DEPs may be associated with burn pit emission exposures. Furthermore, a change in chronic respiratory disease prevalence exists in different regions around the world and demonstrates a correlation between a pathology and its origin of exposure (40). Whether it be from tobacco smoke, wildfire smoke, hazardous environmental conditions, or burn pit emission exposure, we can speculate that burn pit-derived pathologies will likely have phenotypic differences from their other-origin derived counterparts.


TABLE 3 Health concerns from various toxins.
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2 Methods


2.1 Literature review

To further understand the correlation between respiratory disease, neurological deficits, and burn pit emission exposure, we searched the literature from 8/1/2023 through 5/8/2024 for specific topics relevant to burn pit exposures. Initially, we used “burn pits” as the keyword search and over 200,000 results returned. From here, we refined our search to specify overseas burn pits, their components, relevant exposure types, potential health concerns, and relevant study types. With this, a methodological approach was used to survey the literature with the following strategies:


	1.Searches based on burn pit components (n = 27,955 results returned)

	a.Key terms used: “burn pit components”; “what’s in burn pits”; “type of trash found in burn pits”




	2.Searches based on emission properties (n = 15,621 results returned)

	a.Key terms used: “burn pit emissions”; “exposure to burn pits”; “what’s in burn pit emissions”; “accelerant used for burn pits”




	3.Searches based on VAH exposure in different settings (n = 40,219 results returned)

	a.Key terms used: “JP-8 jet fuel exposure”; “benzene exposure”; other hydrocarbon “…exposure”




	4.Searches based on particulate matter (PM) exposure (n = 21,840 results returned)

	a.Key terms used: “particulate matter in burn pits”; “particulate matter size fraction”; “particulate matter exposures”




	5.Searches based on chronic diseases from VAH and PM exposures (n = 3,250 results returned)

	a.Key terms used: “health problems from particulate matter exposure”; “acute vs. chronic exposure to particulate matter”; “health problems from benzene exposure”; “toxic effects from VAH exposure in industrial settings”; “toxic effects from VAH exposure in occupational settings”




	6.Searches based on previous studies on burn pit exposure (n = 18,900 results returned)

	a.Key terms used: “what is known about overseas burn pits”; “burn pit exposure experiments”




	7.Searches based on pathologies from burn pit exposure (n = 18,606 results returned)

	a.Key terms used: “respiratory pathologies from burn pit exposure”; “burn pit registry”; “health concerns from overseas burn pit exposure”; “neurological deficits from burn pit exposure”






All searches were conducted via PubMed and Google Scholar. Furthermore, sources from heavily cited articles were analyzed for more information. Multiple reviews of the AHOBPR were analyzed which provided us with further evidence suggesting a direct correlation to increased instances of pulmonary and other diseases prevalent in veterans exposed to burn pits. Additionally, a systematic approach was implemented that refined a multiple literature review analysis to include experimental studies of burn pit emissions in both acute and chronic exposure conditions. Despite various search efforts, few experimental studies were found, although many reviews addressing the concerns of burn pit emission exposure were accessible and analyzed. Overall, despite a lack of research conducted on the topic at hand, a thorough review of current burn pit emission exposure indicated potential findings between chronic exposure and development of various respiratory pathologies. The number of articles we ultimately used for this review regarding burn pit emission exposure was n = 10 for experimental studies, n = 3 for clinical or case studies, and n = 10 for review papers.



2.2 Inclusion and exclusion criteria for burn pit studies

Despite the number of results returned from each search, many searches returned duplicate publications, repetitive information and/or studies, or non-relevant studies such as non-military related burn pit exposures and VAH or PAH exposures that have no significant relevance to burn pit emissions. Both review and research articles were considered for inclusion; however, many of the research articles returned were variations of meta-analyses regarding disease prevalence of various pathologies from VA health records, such as medical reports provided by the AHOBPR. Upon further investigation of returned results, we found that there were not many relevant research or experimental studies published on military burn pit exposures. Due to the low volume of experimental burn pit related studies, all found peer-reviewed sources directly linked to burn pit exposures were used. Sources that were not peer-reviewed, forthcoming, in press, or abstract only were excluded.



2.3 Inconsistencies and bias in literature

Bias existed in toxic exposure studies where different levels of hazardous exposures were highlighted. Because of this, inconsistencies were annotated (found in Table 2) and hazardous levels listed in the table came from sources that either involved burn pit emission exposure or provided relevance to burn pits due to similar properties of exposure types and burn pit exposures. However, other sources that were not used may report different toxic exposure levels for PM and polycyclic or aromatic hydrocarbons.

Currently, there are no existing human-based studies on active burn pit exposure because research efforts to date have been focusing on assessing burn pit exposures retrospectively, and there currently exists no epidemiological data on active human exposures. Because of this, we had to rely on findings from rodent-based active exposure studies, where only acute exposure findings were highlighted.




3 Results


3.1 Potential lung diseases from burn pits

To date, potential lung pathologies have been identified from burn pit exposure but lack experimental data regarding chronic exposure and detrimental respiratory outcomes. Furthermore, a plethora of systematic reviews and possible clinical approaches have been conducted. Many clinical findings and meta-analyses suggest that while lung disease is prevalent, it is heterogenous, meaning that burn pit exposure may predispose personnel to a variety of lung pathologies, such as small airway disease, obstructive lung disease, sarcoidosis, and other deployment-related respiratory diseases (DRRDs) (41–43).

A study done by Liu et al. surveyed 4,343 burn pit registry participants between 2012 and 2015 where an elevated prevalence of emphysema, chronic bronchitis, and COPD were diagnosed in service members who did not have these diseases prior to deployment. Those who were directly exposed to the burn pits for longer time periods each day also had significantly increased prevalence of symptoms linked to emphysema, chronic bronchitis, COPD, and a higher risk of hypertension (4). All information gathered came from personnel who were stationed within two miles of an active burn pit.

Active-duty personnel self-reported different forms of respiratory distress during and after deployment. The Armed Forces Health Surveillance Center (AFHSC) performed a study where they determined that personnel who deployed overseas to locations that had burn pits were more likely to develop respiratory illness than those who never deployed (4). This study jump-started when a symposium was held in 2012 to discuss potential health detriments to burn pit exposure. After initial assessment, the VA created a registry for veterans who reported burn pit exposure in Iraq or Afghanistan (4). The registry, titled Airborne Hazards and Open Burn Pit Registry, is for active-duty military personnel, veterans, national guard, and Coast Guard. Although it was initially available for those who served in Afghanistan, Djibouti, or Iraq on or after September 11, 2001, it has since been modified to include those who served in Southwest Asia on or after August 2, 1990 (3). One of the most common concerns that veterans report on this registry is impairment of respiratory function and shockingly, only about 10% of the personnel that requested a physical examination by the VA have obtained one (1).

Impairment of respiratory function is a broad explanation of some of the symptoms associated with burn pit exposure. Dyspnea is one of the most reported symptoms in exposure-related pathologies. Constrictive bronchiolitis (44), sinonasal disease (45), other lung diseases (46), and lung fibrosis (47) have all been linked to burn pit emission exposure and all of which are commonly referred to as DRRDs. This spectrum of symptoms is related to a broad range of lung diseases, not limited to COPD, asthma, lung cancer, and chronic rhinosinusitis (48).



3.2 Neurological and other health concerns from chronic burn pit emission exposure

Aside from developing chronic respiratory pathologies, many personnel exposed to burn pits for long periods of time have developed other concerning health conditions, such as neurological deficits, cardiovascular disease, and hemorrhagic or ischemic strokes (7, 41). Studies suggest that those with higher instances of cardiovascular disease are potentially predisposed to increased frequencies of ischemic stroke (41). Because a higher probability of stroke is associated with increased cardiovascular concerns, this may suggest a correlation between various neurological and cardiac symptoms and diagnoses. Furthermore, while headaches, abnormal gait, vertigo, irritability, vision problems, and attention and memory deficits have been noted in the exposed veteran population (7, 9–12, 20), many of the underpinning mechanisms of neurological diseases from burn pit exposure are still unknown.

Studies suggest that pathological outcomes from burn pit related exposures are not only present in the exposed veteran population, but also in citizens that lived near burn pits while they were in use. To elaborate, Iraqi citizens were chronically exposed to burn pits near Joint Base Balad—many of which were exposed over ten years. Consequently, these citizens have experienced an increased prevalence of brain cancer (1). Furthermore, mothers who were exposed to the smoke during pregnancy had a significantly higher chance of delivering children with congenital abnormalities. Some of these conditions include congenital heart defects from those exposed to chromium-contaminated drinking water during pregnancy and in-utero development of clubfoot—a malformation that occurs due to a mutation along the neuromuscular unit (49). There also exists an increased prevalence of mental health concerns among those on the AHOBPR but unfortunately, the effects of which are highly underrepresented in veteran-related research and medicine (50). Despite research divulging the potential implications of burn pit exposure on neurological and other health concerns, most studies indicate the importance of needing more research to link many of these negative health outcomes to chronic burn pit emission exposure.



3.3 Limited information about burn pit exposure and rodent studies

For ethical reasons, active-exposure burn pit studies on human subjects would be difficult to achieve in any setting, but detailed longitudinal studies are going to be especially difficult today, since health problems from emission exposure did not draw attention until after documented burn pits were decommissioned by the US military. Thus, clinical studies on military personnel exposed to burn pits will mainly be possible only after a significant lag between active exposure to manifestation of symptoms. Presently, studies addressing chronic illnesses from burn pit exposure have only been conducted in one of four ways: determining the types of pollutants likely present in the smoke from burn pits; sampling air, water, or soil from areas around burn pits and determining the amount of each pollutant present; exposing rodent models to burn pit-like emissions; and reviews or analyses of symptoms reported by those who are on the burn pit registry (6).

While there have not been many studies to date, evidence of decreased respiratory function in animal models exposed to burn pit emissions has been reported. Research performed by Vance et al. involved exposing mice to smoke that was either flaming or smoldering for one-hour periods on two consecutive days. The smoke was generated from burning either plywood, cardboard, mixed plastics, or a combination of all three. Reduced breathing frequency and reduced minute volume were noted in mice after exposure as opposed to their baseline lung function (51).

In a 2018 study performed by the Naval Medical Research Unit Dayton (52), rats were used and separated into three different cohorts, each of the three cohorts consisting of four groups. Cohorts were separated by time (i.e., euthanized four days after exposure, euthanized 32 days after exposure, and euthanized 90 days after exposure) and groups were separated by exposure condition. The only significant finding was an increase of TNF-α (Tumor Necrosis Factor alpha) levels in BALF (52) after exposure. The pro- and anti-inflammatory profiles studied showed some potential for future studies though refinement of the exposure conditions will be needed.

Further studies were conducted on rat models with exposure to both sand and burn pit emissions. Nuclear Magnetic Resonance (NMR)-based metabolomic analysis was performed on urine collected from the rats at different time points to determine any increase in metabolites after sand or burn pit emission exposure. Results indicated that there was an increase in metabolites during exposure; however, the data could not rule out stress-based factors causing the increase in metabolites. While there might be an effect from exposure alone, quantifying it against stress-induced responses has proven difficult (53).

Mouse models were exposed to different forms of emissions that mimicked burn pits to determine the amount of PM they were inhaling. To do this, smoke was created from both flaming and smoldering conditions, where cardboard, plywood, plastic, diesel, and a mixture of all were burned. PM was generated from each combustion with the largest PM size equating to 2.5 µm, derived from plastic combustion. The results indicated that overall, mice had impaired lung function when exposed to the emissions from burnt plastic, with a more severe response compared to other exposures (54). Other mouse model studies have shown that previous airway diseases increase the likelihood of further respiratory system damage with smoke exposure (55). Unfortunately, these studies were all limited by the inability to expose rodents for long periods of time, resulting in only subtle findings from acute exposures and a lack of evidence of chronic health concerns from burn pit emission exposure.

This brief overview of animal studies on burn pit-related exposures illustrates some of the limitations of the methodologies used to date. It is important to note that we must clearly distinguish between studies on chronic lung diseases (e.g., COPD) vs. diseases caused by chronic exposure. Animal studies tend to be limited to relatively brief or acute exposures, which do not replicate the real-world exposures of humans to environmental aerosols. Toxic effects from an acute high dose exposure will be quite different from the effects of chronic exposure at lower doses. Moreover, these studies were not able to provide evidence linking exposures to other diseases including lung cancer. Without specific details of the burn pit, what was burned, type of exposure and how long each person was exposed, it is difficult to draw definitive conclusions.




4 Discussion


4.1 Unanswered questions

Chronic health concerns from burn pit exposure are greatly underappreciated in our veteran population. Multiple systematic reviews have been conducted on veterans registered for the Airborne Hazards and Open Burn Pit Registry, providing evidence that there is a direct correlation between burn pit emission exposure and various chronic respiratory diseases. Recreations of burn pits have been attempted a few times in chamber-exposed rodent studies, but studies involving continuous burning and prolonged exposure to both specific mixtures and individual components of burn pits remain greatly lacking. Furthermore, rodent studies have some limitations. For starters, rodents have notable sex differences and species/strain difference in response to air pollution-induced stress. Sex plays an important role in epidemiology and mechanistic pathophysiological responses as female mice tend to have higher sensitivity to aerosolized environmental exposures (56). Rodents are also obligate nasal breathers and have a different rate of breathing and orientation because they are four-pawed. The mouse lung structure also differs anatomically and physiologically from humans via the total lung capacity, lobe orientation, parenchyma, alveoli, and blood-gas barrier thickness (57). However, the mouse genome is adequately similar to the human genome with a ∼99% similarity (57) and the anatomical differences may not necessarily affect the deposition of aerosols in the lungs. Pre-clinical rodent-based studies are a necessary approach for many health-related studies as human experimentation is often unethical and unachievable due to invasiveness of some experimental procedures. If we can recreate burn pits in environmental chambers and have a controlled, long-term exposure on mice, we can potentially better our understanding of what pathologies, especially chronic lung pathologies, may be a direct result of exposure.

Experimental exposure studies may reveal a range of lung pathologies, so comparisons with respiratory health concerns reported by veteran populations will help us deduce potential cause-and-effect relationships from burn pit exposures. However, the various pathologies may not be distinct and can overlap with each other and with other cause-and-effect relationships, such as lung disease caused by cigarette smoke or asthma caused by pollutant exposure from living next to a major highway. We can address these concerns by comparing what we do know vs. what we do not know. Pathogenic mechanisms can change depending on what caused it. For example, the way COPD presents is very different between COPD caused by tobacco smoke vs. COPD caused by wildfire, wood, or biomass smoke exposure (29). Accordingly, by exposing animal models to chronic burn-pit simulated exposures, we can study the resulting lung pathologies and compare their phenotypes to lung pathologies reported by exposed active-duty personnel and veterans. With the knowledge of phenotypic differences among various lung pathologies and understanding the smoke conditions and involved aromatic hydrocarbons, we can potentially link different chronic respiratory pathogenic mechanisms to specific pollutants or smoke conditions. Thus, studies like these can help provide more effective diagnosis and treatment for exposed personnel by targeting specific underlying mechanisms and pathologies.

To date, a small number of short-term exposures have been conducted, resulting in few significant findings. What is needed are more prolonged exposure studies where animal models can be exposed to controlled and continuous combustion of various burn pit combustion products. Analysis will also benefit from systems enabling comparisons between single component vs. multiple component combustion products, since chemical interactions are well documented in other situations such as urban pollutants (e.g., diesel exhaust). Resulting lung pathologies can be evaluated for inflammatory profiles, tissue changes, and neurological deficits. Combinations of combustible materials should be gathered and organized based on reports of waste used in burn pits overseas. JP-8 jet fuel, diesel fuel, and other accelerants could be compared based on reports from first-hand witnesses to burn pits. Previous environmental chamber exposure studies (14) have shown the feasibility of this approach; exposure chambers can be designed to release specific concentrations of individual combustion components allowing for focused studies on the resulting pathogenesis in the exposed animal models.




5 Conclusion


5.1 A need for chronic exposure research

Rodent based studies remain the most feasible approach to determining an initial understanding of underlying mechanisms of exposure-related disease. Despite differences in their orientation and breathing pattern, there remains enough rationale to use rodents for pre-clinical experimentation. Results derived from rodent-based chronic burn pit exposure studies may provide information regarding potentially derived pathologies from exposure and in turn, researchers can use this information to better determine disease development in exposed personnel. To date, there only exists speculation regarding the origin of chronic respiratory and other pathologies without any direct service-connected evidence of these conditions being the result of chronic burn pit exposure.

In sum, it is clear that more animal model-based chronic exposure studies are needed where burn pit emissions can be simulated. While animal models are not equivalent to human clinical studies, it would of course be impossible to contemplate human clinical studies on such toxic exposures. The complexity of the effects of toxic mixtures also requires carefully designed studies to integrate the interacting pathologies from combinations of components in the combustion products; this will allow us to identify differences in phenotypic mechanisms that underlie specific pathologies. In doing so, we can accurately match one or more phenotypic differences to burn pit emission exposure as distinct from other causes of chronic lung diseases, and in turn draw a more definitive conclusion regarding pathologic origin. Importantly, these results may also eventually provide rationale for conducting more focused clinical studies which will provide more accurate diagnoses and treatments for exposed personnel.
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A total of 297 docurmented burn pits since August 1st, 1990. An estimated 500 +
bum pit locations are presumed, including both  documented  and
undocumented  sites. Locations of currently active burn pits are unclear.
Potentially up to 61 undocumented bum pits (1) are still in use today. Many
inactive burn pits still contain contaminants.
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Exposure type | Reported exposure Levels considgred

levels from sources® hazardous

Benzene (7, 17, 15) | 0.005 mg/m’ 299 ppm | Recommended <0.2 ppm for
short term exposure

PM, 5 (13) >0.084-0.10 mg/m* >0.065 mg/m*

PMio (13) 0.435 mg/m* >0.25 mg/m®

Acrolein (13) 0.0021-0.0040 mg/m* >0.00014 mg/m*

Xylene (7) 2099 ppm 14 ppm for onset of irritation
and neurological effects

Toluene (7) 1603 ppm 1.3 ppm short term;

>0.11 ppm chronic

Ethylbenzene (7) 9.59 ppm inconsistent reports

Decane (7) 31.34 ppm unspecified; low
concentrations considered

toxic
Undecane (7) 3101 ppm unspecified
JP-8 Jet Fuel (7) 1,304 mg/m® >500 mg/m*

Table shows results from multiple studies conducted on toxic exposure levels ir
various occupational and industrial settings. The purpose of this table is meant
to highlight the inconsistencies that exist regarding hazardous exposure levels of
toxins that are likely found in burn pit emissions.

P s f iated source (7, 13, 17, 18). Other
have different exposure levels to each toxin.
*Levels considered hazardous are inconsistent. Toxic levels will vary based or
acute vs. chronic exposure and Indoor vs. outdoor.
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Associated pathologies or health

hazards

Particulate Matter (PM) (1)

Various respiratory and cardiovascular
pathologies

Benzene (17)

Leukemia, multiple myeloma, non-Hodgkin
Iymphoma, various other carcinomas,
hematotoxicity

Dioxins (1)

Various cancers, immune system impairment,
skin lesions, altered liver function

Naphthalene (32)

Benign adenomas in various regions, laryngeal
and colorectal cancers, nasal neuroblastomas

Acrolein (33)

Pulmonary edema, skin irritation, other severe
respiratory problems

Xylene (1) Neurotoxicity, seizures, amnesia, viib, cerebral
hemorrhage
Toluene (7) Neurotoxicity, dizziness and headache,

dyschromatopsia

Nitrogen Dioxide (34)

Development of asthma and increased
susceptibility to respiratory infections

Ethylbenzene (used for
ing Styrene) (35)

Little known for human exposure; kidney,
testicular, lung, liver cancers in rodents

Decane (7)

Reproductive hazard, tumor promoter in skin
cancer

Shown are known health hazards from toxins and aromatic hydrocarbons that are
potentially found in burn pits. Phenotypic differences are likely present in same-
pathologies that are caused by different toxic exposures, providing the abilty to
determine the origin of the disease. Information from various sources (1, 7, 17

32-35).





