
Workplace exposures to polycyclic aromatic 
hydrocarbons (PAHs) and potential mechanisms 

driving adverse signaling events in lung
Alison K. Bauer, Ph.D., ATSF

Department of Environmental and Occupational Health
Colorado School of Public Health

CU Anschutz
May 3, 2023

Presenter Notes
Presentation Notes
Certainly not just workplace; civilians were exposed and it is not clear how many and what health effects they might develop.  However, in the US we also have our own burn pits in places like southeastern VA not too far from Virginia Tech, where the Radford Arsenal operates 16 burn pans, located on the banks of the New River. Google Earth Pro.

From https://grist.org/health/military-burn-pit-health-effects-veterans-overseas-domestic/The Radford Arsenal’s open burning permit, issued by the Virginia Department of Environmental Quality, allows it to burn up to 5,600 pounds of explosive hazardous waste per day for up to 183 days per year, over 1 million pounds annually. On a routine basis, plumes of toxic yellow- and orange-tinged smoke rise from the banks of the river and drift over the surrounding community.



What are PAHs and where are we 
exposed?

• PAHs constitute a major group of pollutants
• Widespread in the environment, including indoor and outdoor environments
• Workplace exposures due to prevalence in DE, and in industries involving coal tar (i.e. roofers, 

chemical oil), coal, coke and steel, among others.
• Formed during incomplete combustion of carbon sources, such as wood, coal, heavy fuel oil, etc

• Due to their bioaccumulation, PAHs are persistent organic pollutants that do not 
easily degrade in the environment and are subject to long-range air transport 
(e.g., burn pit plumes; wildfire smoke plumes)  

• Evidence of PAH exposure in soldiers exposed to burn pits (Olsen et al., 2022)
• Sixteen PAHs have been labeled as priority pollutants by the U.S. EPA, owing to 

their frequency of detection, and potential for human exposure leading to adverse 
health effects. 

• All 16 found in burn pit ash (Masiol et al., 2016; Kim et al, 2021)

• Many of these 16 PAHs are IARC carcinogens
• However, many other species exist that are poorly studied
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PAHs were detected in the lung biopsies of 
soldiers exposed to airborne hazards

• Olsen et al, 2022: 
• All non-smokers and healthy prior to military service
• Deployed to Iraq and Afghanistan since 2003

• Airborne hazards include burn pits, sandstorms, etc
• Identified burned products from incomplete 

combustion from lung biopsies five soldiers
• Used Raman Spectrometry to identify spectra that were 

consistent with PAHs in these samples
• Metals also found (iron and titanium)
• Fibrosis and inflammation noted –all had new onset 

dyspnea
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These results, particularly constrictive bronchiolitis and polarizable crystals, support the prior data of King et al. (N. Engl. J. Med. 365:222–230, 2011) Soldiers in this cohort deployed to Iraq and Afghanistan since 2003, with exposure to airborne hazards, including sandstorms, burn pits, and improvised explosive devices, are at high risk for developing chronic clinical respiratory problems, including: (1) reduction in respiratory muscle strength; (2) airways hyperresponsiveness; and (3) distal airway narrowing, which may be associated with histopathologic evidence of lung damage, reflecting inhalation of burned particles from burn pits along with�particulate matter/dust. Non‑invasive pulmonary diagnostic tests are a predictor of burn pit‑induced lung injury.



Hypothesis: LMW PAHs have adverse biological effects on lung 
that lead to increased potential for lung diseases

Signaling events and pathways altered in 
response to PAH exposures: in vitro lung 
cell studies 
• Gap junctional Intercellular Communication (GJIC) 

• Inflammation (cytokines/chemokines)
• Bioactive lipids (eicosanoids)
• Cell signaling events (MAP kinases)

• Immune system (macrophage function)
• DNA adducts (anti-BPDE adduct 

formation)/genotoxicity
• Mouse carcinogenesis studies

B[a]P Benzo[a]pyrene (B[a]P) is the 
classic PAH used to base all PAH 
toxicity

Lower molecular weight PAHs (2-4 
ring PAHs; LMW; < 202 g/mol)

Not currently classified as 
carcinogens by IARC
More prevalent in indoor and 
outdoor air pollution
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In vitro lung cell models

• Use several in vitro cellular models
• C10 and E10 mouse alveolar type II cell 

lines
• BEAS2B and HBE1 human bronchial 

epithelial cell lines
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Analysis of anti-BPDE-DNA adducts was carried out in terms of the B[a]P-specific analyte (±)-r-7,t-8,t-9,c-10-tetrahydroxy-7,8,9,10-tetrahydro-B[a]P after acidic hydrolysis of DNA. Anti-BPDE-DNA adducts were determined [1].




PAHs inhibit gap junction activity through p38MAPK

• GJIC suppression is implicated in disease due to homeostatic 
imbalances

• Growth factors, environmental toxicants, including carcinogens 
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• P38MAPK is linked to several inflammatory mediator pathways, among other pathways



Eicosanoid pathway involvement downstream of p38MAPK 
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Significant inflammation pathway genes identified by transcriptomics:  analysis at 4 h for C10 cell samples

Additive or maybe synergistic induction of pro-inflammatory mediators
Both P38 dependent and independent responses
Underestimation of the toxicity of PAH mixtures
See AOT 2018 paper for more details 
Dose 40 uM binary PAH mix.







Kinetics of bioactive lipid signaling events following C10 cell exposure 
to the binary PAH mixture 
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Remember all were p38 dependent
Kinetics of lipid signaling events following C10 cell exposure to the binary PAH mixture.  A time course of metabolic enzymes and downstream prostaglandins following exposure to binary PAH mixture.  cPLA2 and COX2 protein expression were measured by immunoblotting and eicosanoids by LC/MS analysis. N=4.  Error bars represent SE.  *Significantly different from control, p<0.05. 



PAH mixture
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A schematic demonstrating the early mechanistic events leading to eicosanoid production from exposure to the binary PAH mixture prior to 24 h.   Cyclooxygenase, COX; cytochrome p450 enzymes, CYP; diacylglycerols, DAGs; epoxyeicosatrienoic acid, EET; gap junctional intercellular communication, GJIC; hydroxyeicosatetraenoic acid, HETE; leukotriene, LT; lipoxin, LX; lipoxygenase, LOX; prostaglandin, PG; phospholipase, cPLA2; phospholipids, PL; reactive oxygen species, ROS; thromboxane, TX. 

We do know if we use proresolving lipids: SPMs include DHA, 17(R)-HDHA, 14(S)-HDHA, and PDX  that we can significantly reduce IL8 in response to 0.1 uM BAP and LPS combined. 




Pilot study in female BALB mice with a 5 PAHs* in NIST diesel exhaust 

*B[a]P, pyrene, fluorene, phenanthrene, and fluoranthene
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A-D: BALB mice exposed to a PAH mixture. A. BALF macrophages (macs) and eosinophils (eos). Mean ± SE, n=5. *p<0.05 compared to control (0 PAH).  Histology (H&E) of control (B) and (C) 10 mg/kg PAH mixture; red arrowhead, macrophages, 40X magnification. D. COX2 mRNA expression and 17-HDHA in lung at 10 mg/kg PAH mixture * p<0.05 compared to 0 PAH.

Serhan et al 2014 among many others.



Conclusions and Future Directions

• Our studies in human lung epithelial cells support the potential role of PAHs (LMW/HMW)
in eliciting adverse health effects in humans, such as the potential to exacerbate allergic
airways in addition to co-carcinogenic or tumor promoting effects

• Our in vivo data (not shown) provide evidence that these LMW PAHs can act as tumor promoters in the
lung when combined with B[a]P.

 Future studies will evaluate the balance between pro-inflammatory and pro-resolving/anti-
inflammatory bioactive lipids in our in vitro and in vivo models
 Potential interventions for future Pro-resolving mediators, probiotics, etc

• Collectively, these studies linking multiple LMW PAHs to adverse lung effects, are critical
to assess potentially upcoming public health risks such as exposures due to burn pits and
the increasing numbers of wildfires.
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