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Deployment-Related Lung Disorders
Silpa D. Krefft, MD; Cecile S. Rose, MD, MPH; Samia Nawaz, MD; and York E. Miller, MD

Deployment in southwest Asia is associated with a wide range of respiratory disorders related 
to tobacco use and to workplace and environmental exposures. Physicians should carefully 

consider deployment history when assessing and treating veterans with lung disorders.

M
ilitary deployed from World 
War II through the Vietnam 
War have had enough time 
for  respiratory disorders 

with both short and long latencies to 
manifest. More recent deployments 
over the past 13 years to Iraq, Ku-
wait, Afghanistan, and other regions 
in southwest Asia (SWA) have been 
associated with a unique spectrum 
of respiratory disorders. The long-
term respiratory effects of SWA de-
ployments are unknown. This review 
will discuss deployment-related lung 
cancer and then focus primarily on 
the emerging respiratory disorders re-
lated to SWA deployment and case 
examples of deployment-related lung 
disease. 

As the number of recent veterans 
in the VA health care system increases, 
primary care providers (PCPs) and 
specialists are increasingly faced with 
questions about potential hazards of 
deployment, referring patients to the 
VA Airborne Hazards and Open Burn 
Pit Registry, and evaluating patients 
with new-onset respiratory symptoms 
following deployment. Previous re-
views and white papers have offered 
recommendations for evaluation 
and management; however, little has 
been reported in the form of case ex-
amples of patients with deployment-

related lung disorders and their clinical 
course.1,2 

DEPLOYMENT-ASSOCIATED 
LUNG CANCER
Lung cancer is the leading cause of 
cancer death in the U.S. and around 
the world.3 Lung cancer in the U.S. 
causes more deaths than does the 
combination of breast, prostate, 
colon, and rectal cancers. Lung can-
cer is the second most common can-
cer and causes more deaths than does 
any other cancer in the VHA.4 Most 
cancers with an environmental cause 
have a significant latent period of de-
cades between the exposure and can-
cer incidence. Thus, although lung 
cancer risk is relatively low in active-
duty military personnel, the rate of 
lung cancer in VA patients is nearly 
double that of the general population, 
suggesting causes associated with mil-
itary service.5 

Tobacco
The main cause of lung cancer is to-
bacco smoking, which accounts for 
85% to 90% of lung cancer in the U.S. 

The latent period between initiation of 
tobacco smoking and lung cancer in-
cidence is typically ≥ 30 years. Military 
service has long been associated with 
tobacco smoking, due to past prac-

tices that included the provision of 
free cigarettes, the availability of ciga-
rettes at reduced cost, smoking breaks, 
perceived relief from both stress and 
boredom, and social factors.6 More 
recently, the adverse effects (AEs) 
of smoking on health and readiness 
have been appreciated, and many in-
centives encouraging tobacco smok-
ing have been eliminated. In 2009, 
the Institute of Medicine called for 
a tobacco-free military, and both the 
Secretary of the Navy and Secretary of 
Defense have seriously considered this 
change.7

The additional effect of de-
ployment on smoking has been 
reported.8 The longitudinal Millen-
nium Cohort study compared sev-
eral smoking measures between 
55,021 deployers and nondeployers 
who completed both baseline (ac-
quired July 2001-June 2003) and 
follow-up questionnaires (acquired 
June 2004-January 2006). Smoking 
initiation affected 2.3% of deployers 
and 1.3% of nondeployers; smoking 
resumption showed a similar pattern 
with an increase of 39.4% compared 
with 28.7%. The overall prevalence 
of smoking increased 44% among 
nondeployers and 57% among de-
ployers. Those never smokers ex-
posed to combat were 60% more 
likely to initiate smoking compared 
with noncombat deployers. Thus, it 
is clear that tobacco smoking should 
be considered a deployment-related 
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exposure that contributes to lung 
cancer risk.

Asbestos
In 1955, Doll published an analysis 
associating asbestos exposure with 
risk for lung cancer.9 Many naval 
veterans and shipyard workers had 
asbestos exposure, resulting in a 
spectrum of asbestos-related diseases, 
including bronchogenic cancer.10

Depleted Uranium
Depleted uranium was used in mu-
nitions during the first Gulf War and 
more recently during military opera-
tions in SWA as a part of Operation 
New Dawn (OND), Operation Iraqi 
Freedom (OIF), and Operation En-
during Freedom (OEF). Because of 
concerns of military personnel hav-
ing complex exposure to depleted 
uranium, including via inhalation, the 
VA established the Depleted Uranium 
Surveillance Program, which has fol-
lowed a cohort of service members 
exposed to inhaled depleted uranium 
during friendly fire in 1991. No sig-
nificant differences between individu-
als with high urinary uranium levels 
and low urinary uranium levels were 
found in self-reported respiratory 
symptoms and pulmonary function 
testing (PFT). Additionally, 20 years 
after exposure to depleted uranium, 
there was no statistically significant 
difference of low-dose chest computed 
tomography (CT) evidence of lung 
cancer in these 2 groups.11

Mustard Gas
Mustard gas is considered a definite 
lung carcinogen.12,13 Both long-term, 
low-dose and short-term, high- 
intensity exposures are known to 
cause human lung cancer.14 Mustard 
gas was first widely used in warfare 
in World War I. Mustard gas was 
used in training for World War II; 
training accidents resulted in acute 

toxicity even in lower exposures. It 
was later used as a chemical warfare 
agent in the Iran-Iraq conflict in the 
late 1980s and early 1990s. It is esti-
mated that about 4,000 U.S. service 
members have been acutely exposed 
to high concentrations of mustard 
gas. Sulfur mustard may be incor-
porated into improvised explosive 
devices, and there is concern that 
troops in Iraq have been exposed to 
this agent in sites previously used for 
manufacturing and storage.15

Agent Orange
The herbicide Agent Orange is com-
monly contaminated with dioxin, 
which has been demonstrated to be 
a tumor promoter in animal stud-
ies. Agent Orange was used widely 
in the Vietnam War. The National 
Academy of Sciences issued a report 
in 2001 reviewing evidence for a 
link between Agent Orange and vari-
ous neoplasms. Evidence was stron-

gest for Hodgkin lymphoma and 
soft tissue sarcoma. The evidence of 
an association between Agent Or-
ange exposure and lung cancer was 
deemed only suggestive.16

RESPIRATORY DISEASE 
ASSOCIATED WITH SOUTHWEST 
ASIA DEPLOYMENT
Over the past 14 years, > 2.5 million 
U.S. military personnel and civilian 
contractors have been deployed as 
part of 3 major military operations: 
OEF in Afghanistan (2001 to pres-
ent), OIF in Iraq (2003 to 2010), and 
OND in Iraq (2010 to present).17,18 
Deployed personnel encounter a 
wide variety of inhalational exposures 
that include desert dust particulate  
matter, burn pit combustion prod-
ucts, environmental tobacco smoke, 
vehicular diesel exhaust, debris from 
detonations and explosions, and 
other unique or specific job-related 
exposures (Table 1).19,20 

A number of recent studies have 
helped identify and characterize an 
emerging spectrum of deployment-
related lung disorders, including 
asthma, rhinosinusitis, emphysema, 
bronchiolitis, granulomatous pneu-
monitis, and less common condi-
tions such as acute eosinophilic  
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Table 1. Southwest Asia 
Deployment Exposures19-21

• �Desert dust particulate matter

• �Burn pit emission products

• �Vehicular diesel exhaust

• �Jet fuel exhaust 

• �Oil well fires

• �Local industry emissions

• �Controlled detonations

• �Temperature extremes 

• �Cigarette and waterpipe smoke 

• �Biologic and microbial agents (eg, mold 

in residential dwellings, rodent excreta)

• �Debris from detonation of improvised 

explosive devices and rocket mortars

• �Depleted uranium (eg, spent artillery 

rounds)

• �Industrial fires (eg, 2003 Al-Mishraq 

sulfur mine fire)

• �Duty-specific exposures to chemicals, 

fumes, gases, and dusts

Table 2. Deployment- 
Related Respiratory  
Disorders20-30

• �Allergic rhinitis and rhinosinusitis 
• �Vocal cord dysfunction
• �Asthma 
• �Chronic obstructive pulmonary disease 

(emphysema)
• �Constrictive bronchiolitis
• �Respiratory bronchiolitis
• �Acute eosinophilic pneumonia
• �Granulomatous pneumonitis
• �Rapidly progressive idiopathic pulmonary 

fibrosis
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pneumonia and rapidly progressive 
pulmonary fibrosis (Table 2).20-30 
Still, diagnosis of these conditions is 
often challenging, and traditional di-
agnostic tools such as PFT and chest 
radiography may be normal or mildly 
abnormal despite significant histo-
pathologic abnormalities on surgical 
lung biopsy.24,30,31 

Deployment-Related Exposures
As listed in Table 1, there are a num-
ber of other exposures that may be 
encountered during deployment. 
Environmental air sampling was 
conducted in several locations in 
Iraq, Afghanistan, and sites in SWA 
as part of the Enhanced Particulate 
Matter Survey. All sites were notable 
for air pollutant levels that exceeded  
15 μg/m3, the military exposure 
guideline for fine particulate mat-
ter (PM2.5). The PM2.5 fraction 
comprised geologic dust, burn pit 
emissions, and the heavy metals alu-
minum, cadmium, and lead.32,33

Respiratory Disorders
Reports of deployers with respiratory 
symptoms during and after deploy-
ment surfaced as early as 2004.34 The 
Millennium Cohort study reported a 

1.7-fold higher rate of new-onset re-
spiratory symptoms that was indepen-
dent of smoking status, such as cough 
and shortness of breath, in deployers 
compared with nondeployers. These 
increased symptom rates were asso-
ciated with land-based deployment 
and longer deployment duration.35 A 
number of epidemiologic studies also 
demonstrated an association between 
respiratory symptoms and environ-
mental exposures encountered during 
deployment.36-39

Respiratory diseases such as 
asthma, acute eosinophilic pneumo-
nia, and constrictive bronchiolitis 
have been reported following deploy-
ment to SWA, but a review of the lit-
erature supports a more expansive list 
of deployment-related respiratory dis-
eases (Table 2).20-30 The following case 
examples describe findings in veterans 
referred to the authors’ clinic for eval-
uation of chest symptoms associated 
with deployment. 

OEF/OIF/OND CASE STUDIES
Case Study 1 
A 42-year-old male never smoker 
presented to his VA PCP for evalu-
ation of nonproductive cough, dys-
pnea on exertion, chest tightness, 

and recurrent episodes of bronchitis 
since 2004 when he was deployed 
to Afghanistan. He had no his-
tory of asthma or other chronic re-
spiratory disease in childhood or  
adolescence. 

The patient served as a Civil Af-
fairs officer in the U.S. Army and 
was deployed to Bosnia in 1997, Af-
ghanistan in 2004, and Camp Arif-
Jan in Kuwait as well as Mosul, Iraq, 
in 2005. He was exposed to depleted 
uranium while serving in Bosnia. He 
also had exposures to sandstorms, 
desert dust, and burn pit combustion 
products while deployed to Afghani-
stan and Iraq. He developed symp-
toms of chest tightness and dyspnea 
on exertion during his 2004 deploy-
ment, with these symptoms persisting 
after returning home from deploy-
ment. His symptoms occurred fre-
quently while running and limited his 
ability to pass his military physical fit-
ness test requirements and train for 
marathons as he had done previously. 
He also had symptoms of chest tight-
ness and excessive coughing at rest, 
which were treated with antibiotics 
by his medical provider as recurrent 
acute infectious/viral bronchitis.

The patient was medically dis-

Table 3. Case Study 1: Pulmonary Function Testing

Prebronchodilator spirometry
   • �FVC: 2.43 liters (61% predicted)
   • FEV1: 1.90 liters (57% predicted)
   • �FEV1/FVC: 78%
   • �Positive bronchodilator response with 14% increase in FEV1

Lung volumes
   • �Total lung capacity: 4.41 L (77% predicted)

   • �Thoracic gas volume: 2.30 L (83% predicted)

   • �Residual volume: 1.94 L (126% predicted)

Diffusion testing
   • �DLCO: 22.82 mL/min/mm Hg (76% predicted)

   • �DLCO corrected for alveolar volume: 5.47 mL/min/mm Hg/L (106% predicted)

Figure 1. Case Study 1: High-Resolution 
Computed Chest Tomography Demon-
strating Diffuse Centrilobular Nodularity

Arrow illustrates a centrilobular nodule.
Abbreviations: DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity.
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charged from the U.S. Army in July 
2005, primarily due to musculoskel-
etal injuries. His past medical history 
was notable for PTSD, recurrent al-
lergic rhinosinusitis, and lumbosacral 
back pain. Given persistent respiratory 
symptoms of dyspnea after walking  
1 block, the patient presented to his 
VA PCP in early 2006.

The patient’s vital signs and physi-
cal examination were normal. Spirom-
etry showed a mixed restrictive and 
obstructive pattern, prompting refer-
ral for pulmonary consultation. Full 
PFT demonstrated an abnormally in-
creased residual volume and mildly 
decreased diffusion capacity (Table 
3). Laryngoscopy was negative for 
vocal cord dysfunction. A chest X-ray 
showed mild airway wall thickening 
bilaterally in the lower lung fields. 
Subsequent high-resolution CT of 
the chest demonstrated diffuse cen-
trilobular nodularity (Figure 1). Se-
rial spirometry measurements over  
8 months showed severe and wors-
ening airflow limitation despite 
treatment with inhaled bronchodila-
tor and corticosteroid therapy. Seek-
ing diagnostic clarity, the patient was 
referred for surgical lung biopsy via 
video-assisted thorascopic surgery 
(VATS) within 6 months of initial  
consultation. 

The patient’s lung biopsy dem-
onstrated constrictive changes in 
bronchioles, hyperinflation, and 
multiple chemodectomas in all  
3 lobes of the right lung (Figures 2 
and 3). Three pulmonary patholo-
gists reviewed the biopsy and con-
firmed findings of constrictive 
bronchiolitis. Serologies for con-
nective tissue disease were negative, 
indicating no autoimmune cause of 
bronchiolitis. 

As no specific etiology was iden-
tified, the patient was referred for a 
second opinion with a pulmonolo-
gist with expertise in interstitial lung 

disease. Finding no evidence of post- 
infectious or autoimmune bronchiol-
itis, the patient’s diagnosis of constric-
tive bronchiolitis was deemed to be 
idiopathic. A number of years later, 
following publication of a case series 
of 38 OEF/OIF deployers with biopsy-
proven constrictive bronchiolitis, the 
patient was referred for consultation to 
an occupational lung disease clinic.24 
He subsequently was diagnosed with 
deployment-related lung disease, as 
his constrictive bronchiolitis was 
thought to be related to exposures 
encountered during his OEF/OIF de-
ployments from 2003 to 2005. 

The patient was monitored with 
spirometry over the next few months. 

After observing a 10% decline in 
forced expiratory volume in 1 second 
(FEV

1
) over 9 months despite stable 

lung volumes and diffusion capacity, 
the patient was started on macrolide 
therapy with erythromycin 500 mg 
daily. He was switched to azithromy-
cin 250 mg daily due to gastrointesti-
nal AEs of nausea and diarrhea while 
taking erythromycin. He contin-
ued use of an inhaled corticosteroid 
(ICS), as well as bronchodilator ther-
apy with albuterol and formoterol 
and had stable dyspnea. 

The patient was treated briefly 
with prednisone 40 mg, but he dis-
continued this medication after 5 days 
due to worsening anxiety and PTSD  

A, Low-power magnification of constrictive bronchiolitis; thick-walled bronchioles with  
fibrosis of the subepithelial connective tissue are present. There are no associated  
inflammatory changes. The lumina are dilated and tortuous. B, High-power magnification of 
constrictive bronchiolitis.

Figure 2. Constrictive Bronchiolitis Identified on Surgical Lung 
Biopsy in Case Study 1

A, Low-power magnification of chemodectoma; lung sections show scattered microscopic 
nodules located in subpleural region, interlobular connective tissue, and in close proximity to 
the small pulmonary veins. The nodules are composed of bland cells, with abundant slightly 
eosinophilic cytoplasm and ovoid slightly indented nuclei with small inconspicuous nucleoli. 
B, High-power magnification of chemodectoma.

Figure 3. Chemodectomas Identified on Surgical 
Lung Biopsy in Case Study 1

A

A

B

B
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symptoms. Azithromycin therapy was 
discontinued after 4 years, because no 
significant improvement was noted in 
the patient’s lung function. Spirometry, 
lung volumes, and diffusion testing 
were unchanged for 2 years following 
discontinuation of azithromycin and 
continuing therapy with an ICS, long-
acting beta-agonist, and albuterol. The 
patient has stable dyspnea on exertion 
but exercises regularly and recently 
was able to complete a marathon.

Case Study 2 
A 43-year-old female ex-smoker pre-
sented to a VA chest clinic for evalu-
ation of cough that started during a 
2003 deployment to Iraq as well as 
dyspnea on exertion and chest tight-
ness that had been present since her 
2010 to 2011 deployment to Afghan-
istan. The patient had no history of 
asthma or other chronic respiratory 
disease during childhood. 

She enlisted in the U.S. Navy 
in 1987 and later served as a medic 
while in the Navy Reserves. When she 
joined the U.S. Navy, she easily passed 
a 1.5-mile physical fitness readiness 
test run-time requirement with an 

8.5-minute run time. She had no re-
spiratory symptoms and ran in several 
marathons until her first SWA deploy-
ment in 2003. 

In April 2003, she was deployed 
for 3 months to work as a com-
bat medic near the Kuwait and Iraq 
border. She had frequent exposure 
to desert dust and recalled 5 sand-
storms that appeared like a “wall of 
sand” coming toward the base. A 
few weeks into this deployment, the 
patient developed a nonproductive 
cough that persisted after returning 
to the U.S. She stopped smoking for 
a few months after returning home 
but continued to have a nonproduc-
tive cough. She did not seek further 
medical attention, because she had 
no exercise-limiting symptoms.

The patient joined the Army 
National Guard in 2006 and was 
activated in 2009 to deploy to Af-
ghanistan from January 2010 
through January 2011. She was sta-
tioned at Bagram Airbase for the 
entire deployment and worked as a 
military police officer in the prison. 
She had exposure to sandstorms and 
burn pit combustion products. The 

prison was about 2 miles downwind 
from a large burn pit. 

In October 2010, she quit smok-
ing again because of new-onset chest 
tightness and dyspnea on exertion. 
However, her symptoms did not 
abate, and she noted increased chest 
tightness and difficulty catching her 
breath when running near the burn 
pit. While she tried to avoid the burn 
pit, she participated in competitive 
races and a 10-mile run along paths 
that were near the burn pit. 

After returning from deploy-
ment, the patient presented to her 
VA PCP for evaluation of persis-
tent nonproductive cough, chest 
tightness, and dyspnea on ex-
ertion. She was not taking any  
respiratory or allergy medica-
tions at the time of evaluation. Ini-
tial chest X-ray and spirometry 
were normal, and she was referred 
to the chest clinic for consultation. 
At the time of pulmonary consulta-
tion, the patient had a total smok-
ing history of 15 pack-years but 
had now abstained from smok-
ing for about 2 years. She reported 
residential exposure to pet birds for 
> 20 years. High-resolution chest  
imaging and full PFT with lung vol-
umes and diffusion capacity were 
performed to evaluate for hypersensi-
tivity pneumonitis. 

Her vital signs, physical examina-
tion pulmonary function testing with 
spirometry, lung volumes, and diffu-
sion testing were all normal (Table 
4). Bronchial challenge to methacho-
line demonstrated airways hyperre-
sponsiveness at a PC[-20] FEV1 of 
1.25 mg/mL. High-resolution chest 
CT did not demonstrate air trap-
ping, centrilobular nodules, or 
other evidence of chronic inter-
stitial lung disease. A cardiopul-
monary maximum multistage  
exercise test with arterial line place-
ment showed normal exercise toler-

Table 4. Case Study 2: Pulmonary Function Testing

Prebronchodilator spirometry
  • �FVC: 3.87 L (96% predicted)

  • �FEV1: 3.00 L (92% predicted)

  • �FEV1/FVC: 77%

  • �7% increase in FEV1 that does not meet American Thoracic Society criteria for a positive 
bronchodilator response

Lung volumes
  • �Total lung capacity: 5.60 L (91% predicted)

  • �Thoracic gas volume: 2.50 L (81% predicted)

  • �Residual volume: 1.77 L (98% predicted)

Diffusion testing
  • DLCO: 28.25 mL/min/mm Hg (99% predicted)

  • �DLCO corrected for alveolar volume: 5.23 mL/min/mm Hg/L (101% predicted)

Abbreviations: DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity.
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ance with the patient achieving 109% 
of the maximum predicted workload 
and 90% of predicted VO2 max. 

The patient was diagnosed with 
deployment-related asthma based 
on the finding of airways hyperre-
sponsiveness after bronchial chal-
lenge testing. Her asthma was 

considered deployment-related based 
on the temporal onset of cough 
and later chest tightness and dys-
pnea on exertion that occurred dur-
ing deployment. Ongoing smoking  
cessation was emphasized.

The patient was started on bron-
chodilator therapy with albuterol 

prior to exercise and as needed, but 
she continued to have symptoms of 
chest tightness while exercising. Even-
tually, a low-dose ICS was initiated in 
conjunction with albuterol as needed. 
Her symptoms did not resolve with 
this regimen, but she did experience 
improvement in exertional chest tight-
ness. This patient was not referred 
for biopsy given clinical findings of 
asthma. She will continue pulmonary 
monitoring every 6 months. However, 
if her symptoms worsen, she will un-
dergo full PFT, which includes lung 
volumes and diffusion testing and 
possible repeat chest imaging. 

CONCLUSION
These 2 cases are representative of 
the spectrum of deployment-related 
lung disease. This assessment re-
quires a detailed chronologic occu-
pational and environmental history, 
establishing a temporal link between 
respiratory symptoms and deploy-
ment exposures and evidence of lung 
disease on noninvasive testing (or 
confirmation by surgical lung biopsy 
in select cases) in which noninvasive 
testing is nondiagnostic. 

Referral for surgical lung biopsy 
was particularly helpful in the first 
case, because it ruled out other lung 
diseases that are more responsive to 
systemic therapy. However, referral 
for surgical lung biopsy is not recom-
mended in all patients, and in-depth 
discussion of the risks and benefits 
associated with surgery is recom-
mended. Although diagnostic clarity 
is a benefit of surgical lung biopsy, 
the authors also discuss with patients 
that there is no currently available 
therapy for deployment-related lung 
disease and thus management is un-
likely to change after biopsy. The rec-
ommended approach to diagnostic 
evaluation is shown in Figure 4.

In the authors’ experience, treat-
ment of deployment-related asthma 

Does the patient have a history of deployment 
 to southwest Asia (Iraq, Kuwait, Afghanistan)?

Did respiratory symptoms start during or after deployment to southwest Asia?

PRIMARY CARE PROVIDER
Obtain occupational history that includes dates and location of deployment

Refer for spirometry (pre- and postbronchodilator testing)
Refer patient to VA Airborne Hazards and Open Burn Pit Registry

Does testing demonstrate asthma, exercise-induced asthma,  
vocal cord dysfunction, or rhinosinusitis?

PULMONARY EVALUATION should include:
Pulmonary function testing (pre- and postbronchodilator spirometry,  

lung volumes, diffusion testing)
Bronchial challenge if pulmonary function testing normal

High-resolution computed chest tomography with expiratory images
Laryngoscopy to evaluate for vocal cord dysfunction in select cases

Radiographic imaging of sinuses in select cases 

If NO, then consider referral for:  
1) �Cardiopulmonary exercise  

testing
2) Surgical lung biopsy 

Figure 4. Recommended Approach to Diagnostic Evaluation of 
Deployment-Related Respiratory Symptoms

If patient has abnormal test results or normal test results with persistent respiratory 
symptoms, refer patient for pulmonary consultation. 

If YES, then treat conditions with  
recognized therapies for these conditions

YES                   NO

Proceed with usual diagnostic algorithms

YES                    NO
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with standard asthma treatment usu-
ally improves or stabilizes respiratory 
symptoms but often does not result 
in complete resolution of symptoms. 
Improvement in lung function with 
systemic pharmacotherapy in the 
management of deployment-related 
lung diseases, such as constrictive 
bronchiolitis, respiratory bronchiol-
itis, emphysema, or granulomatous 
pneumonitis has not been observed. 
Although little is currently known 
about prognosis, utilization of data 
collected from the VA Airborne Haz-
ards and Open Burn Pit Registry may 
contribute to the understanding of 
deployment exposures and long-term 
respiratory health effects. ●
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