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ABSTRACT 
Personal protective equipment (PPE) is designed to protect firefighters from hazards 
encountered on the fire scene, including heat and products of combustion. 
Decontamination practices for firefighter turnout gear have been developed to remove 
combustion products and other contaminants from the fabric of structural firefighting 
ensembles (i.e., turnout or bunker gear). Chronic exposures to residual polycyclic aromatic 
hydrocarbons (PAH) are a contributing cause of firefighter cancers. To identify and quantify 
residual contamination of PAH, samples were taken from two individual decommissioned 
structural firefighting ensembles and analyzed by layer (outer canvas shell, moisture barrier, 
and the thermal protective liner) for (1) textile integrity via field emission scanning electron 
microscopy and (2) quantity of PAH contamination by high-pressure liquid chromatography 
with ultraviolet/fluorescence detection. The results of these analyses show the presence of 
the PAH compounds pyrene (35% of the total mass of PAH), phenanthrene (21%), benzo(a)
pyrene (14%), and benzo(a)anthracene (14%) which present a risk for dermal absorption. 
The data also revealed that PAH penetration through the layers of the firefighting ensemble 
was strongly inhibited by the moisture barrier layer.
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Introduction

While there is a growing field of research describing 
the correlation between firefighter smoke exposure 
and the development of cancer, there is limited pub
lished research that quantifies the toxic dermal expos
ure received by firefighters in the scope of their 
normal work. More specifically, the potential for 
exposure of polycyclic aromatic hydrocarbons (PAHs) 
from penetration through the materials that make up 
the protective ensemble is of interest in addition to 
the exposure that may occur from openings in the 
ensemble (e.g., wrist and ankle cuffs, neck, waist, etc.).

Repetitive exposures to PAHs from structure fires 
have become widely accepted across firefighting and 
first responder communities as a risk factor for occu
pational cancers (Ormond et al. 2019; Hwang et al. 
2021). Firefighters have an increased risk for non-mel
anoma tumors of the skin, multiple myeloma, non- 
Hodgkin lymphoma, and prostate, colon, rectum, 

bladder, skin, and testicular cancer (Jalilian et al. 
2019; Hwang et al. 2021). Data from studies published 
in 2014 and 2020 show that firefighters are experienc
ing an increase in cancer diagnoses and an increase in 
cancer-related deaths when compared to the United 
States general population (Daniels et al. 2014; 
Pinkerton et al. 2020). Independent research has 
shown elevated cancer development rates in sampled 
groupings of firefighters across the United States. In 
Indiana from 1985 to 2013, firefighters faced a 20% 
increase in mortality rate from all malignant cancers 
compared to non-firefighters (Muegge et al. 2018). 
Firefighters in San Francisco, Chicago, and 
Philadelphia from 1950 to 2009 experienced higher 
rates of cancer in many categories related to respira
tory and dermal exposures, including cancers of the 
esophagus (SIR ¼ 1.62), breast (1.26), lung (1.12), 
intestine (1.21), and rectum (1.11) (Daniels et al. 
2014).
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While a strong relationship between firefighting 
and the development of certain cancers has been 
documented, there is limited information available on 
which areas of firefighting ensembles (i.e., turnout or 
bunker gear that includes the pants, coat, hood, 
gloves, boots, etc.) result in the highest levels of der
mal contact with PAHs. Even if advanced decontam
ination practices recommended by the NFPA 1851 
Standard on Selection, Care, and Maintenance of 
Protective Ensembles for Structural Fire Fighting and 
Proximity Fire Fighting are executed, analysis of fire
fighter ensembles shows soiling remains present 
(Easter et al. 2016). One study of firefighters in the 
UK found strong evidence of cross-contamination 
between laundered and unlaundered PPE even when 
modern best-practice policies were followed (Wolffe 
et al. 2023). A previous study demonstrated that typ
ical laundering practices degrade bunker gear’s tear 
resistance and seam strength, reducing the garments’ 
abilities to resist contamination (Stec et al. 2018).

Since dermal absorption has been identified with 
exposure risks in firefighters, developments in decon
tamination practices should be focused on protecting 
the skin of firefighters (Easter et al. 2016). One 
researcher found that the most contaminated areas of 
a firefighter’s ensemble are the knee, ankle, and neck 
(Polanczyk 2018). While the proper use of SCBA on 
the fire scene has been proven to adequately mitigate 
inhalation of PAHs, a previous study has identified a 
PAH migration rate between garment layers of 4 to 
31% (Kirk and Logan 2015). Hands and gloves have 
been identified as harboring relatively high PAH con
centrations (compared to adjacent sample areas) lead
ing researchers to believe that contamination may be 
spread rapidly to areas of the body or objects that 
contact firefighters’ hands (Stec et al. 2018).

In this study, we explored a unique perspective of 
residual contamination of PAH found on firefighter 
pants and coats post-fire scene by quantifying the resi
dues found on retired firefighting ensembles, specific
ally from pants and coats. More specifically, inward 
penetration of PAHs was explored through the mul
tiple layers of structural firefighting ensembles, outer 
shell, thermal barrier, and moisture barrier and the 
authors hypothesized that the ensemble does not pro
tect against dermal PAH contact, as it is not designed 
to do so. The main goal of this preliminary analysis 
was to identify the residual accumulation of carcino
genic contaminants (PAHs) in retired structural fire
fighting ensembles and use the information to make a 
judgment of the ability of these PAHs to penetrate 
through the three layers of fabric. To achieve these 

goals, two phases were carried out, qualitative analysis 
by use of field emission scanning electron microscopy 
(FE-SEM) for the presence of soot and quantitative 
analysis conducted via high-performance liquid chro
matography (HPLC) for the presence of PAH to 
determine the ability of PAH to penetrate the layers 
of the ensemble.

Methods

Two sets of identical manufacturers and models of 
retired firefighting pants and coats were acquired 
from a metropolitan fire department that consists of 
�1,000 personnel serving a population of �650,000 
citizens, which responds to �70,000 calls per year. 
Swatches were cut from the retired ensembles and 
used as samples in this study (Figure 1). The same 
firefighter exclusively utilized each ensemble for the 

Figure 1. Visually contaminated firefighting ensembles (sample 
set bravo). Coat (Panel A) with location of sample B-10 (over 
left breast). Pant (Panel B) with location of sample B-1 (ankle), 
samples A-10 (over left breast) and B-1 (ankle) were collected 
in the same manner.
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entire 8 years of service before the ensemble was 
retired (mfg. date of 2012) before the allowed 10-year 
duration per NFPA 1851 (NFPA 2020) since the gar
ments were soiled beyond the ability of laundering to 
make presentable. The garments were laundered regu
larly and shipped to the supplier once a year for deep 
cleaning and inspection. While several sets of ensem
bles were available, the two that were retired early and 
showed extensive soiling were selected. Sample 
swatches were taken from what visually appeared to 
be the most contaminated area of the ensembles 
(ankle) and a reference location (left breast).

Subjects and materials

Samples from identical locations on the two ensembles 
were collected by employing the use of scissors 
cleaned with 70% isopropyl alcohol. A fresh pair of 
nitrile gloves were worn for each collection. After 
each collection, the nitrile gloves were removed to 
ensure no cross-contamination took place (CDC 
2020). Each sample was placed into a pre-marked 
receptacle and sealed immediately. The sealed recep
tacles containing each sample were then placed into a 
secondary container that had been previously marked 
with the sample’s code and was sealed again. All three 
layers of the ensemble were marked by a 10 cm �
10 cm stencil and cut simultaneously. These three 
layers include an outer canvas shell, a moisture bar
rier, and a thermal protective liner.

The sample locations were at the left breast (Figure 
1A) and over the ankle (Figure 1B). Samples were 
taken over the left breast because of the relatively low 
visible contamination. In contrast, samples were taken 
from the ankle area due to the amount of soot that 
works its way up the pant leg on the fire scene from 
splashing water. Several other locations were consid
ered to represent a variety of contamination levels but 
were beyond the means of this exploratory study. 
The chosen samples were then cut down to a size of 
2 cm � 2 cm to match the approximate area of the air 
filters (37 mm) used in the standard NIOSH 5506 
(CDC 1998) testing method and separated by layer for 

analysis. To maintain consistency in sample size, each 
gear sample was removed from the gear using the 
same method for both sets. Collection procedures 
were modeled on previous research on firefighter 
hood contamination (Mayer et al. 2019).

Analytical procedure
The first analytical procedure used for this study was 
modeled after two previous studies (Easter et al. 2016; 
Fent et al. 2017). The sample fabric integrity and 
cleanliness were characterized nondestructively using 
Field Emission Scanning Electron Microscopy (FE- 
SEM). An inspection was conducted using FE-SEM 
(Zeiss Neon Dual-beam HR-SEM, Carl Zeiss, White 
Plains, NY) that collected images from 30� to 
1,000,000�. This interaction produces signals that can 
be used to generate imaging of the sample’s surface 
topography and composition (Joy and Pawley 1992). 
The samples were mounted onto SEM stages and 
sputtered coated with approximately 4 nm of iridium 
and imaged using an accelerating voltage of 5 kV.

The second analytical procedure was the use of 
HPLC/UV to identify residual contamination. High-per
formance liquid chromatography with fluorescent/ultra
violet detection is an established analytical method that 
separates constituents via chromatography and identifies 
the constituents via spectrometry. Chromatography has 
been described as “an important biophysical technique 
that enables the separation, identification, and purification 
of the components of a mixture for qualitative and quan
titative analysis” (Coskun 2016). Passing a sample 
through the polarized, stationary medium in several dif
ferent types of columns begins the process of separating 
the molecules into their individual groupings. These mol
ecules are then subjected to ultraviolet waves of light and 
the quantity of light passing through the molecules is 
used to conclude their molecular composition. The 
residual PAH distribution and concentration on the sam
ples were analyzed using NIOSH Method 5506 (Table 1) 
by High-Performance Liquid Chromatography (HPLC) 
incorporating fluorescence/ultraviolet detection. Analysis 
was undertaken at the Liberty Mutual Industrial Hygiene 
Lab (Laboratory ID: LAP-100045).

Table 1. NIOSH 5506 detection limits.
Analytes Limit of quantification [lg/sample] Analytes Limit of quantification [lg/sample]

Acenaphthene <0.71 Chrysene <0.14
Acenaphthylene <0.39 Dibenzo(a,h)anthracene <0.33
Anthracene <0.12 Fluoranthene <0.42
Benzo(a)anthracene <0.20 Fluorene <0.34
Benzo(a)Pyrene <0.39 Indeno(1,2,3-cd)pyrene <0.33
Benzo(b)fluoranthene <0.34 Naphthalene <0.32
Benzo(ghi)perylene <0.45 Phenanthrene <0.20
Benzo(k)fluoranthene <0.42 Pyrene <0.53
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Results

Using the data from SEM analysis allowed researchers 
to (a) identify visual soot contamination present in 
the samples, and (b) make sample selections for fur
ther analysis. Returned SEM photographs displayed 
the visual presence of foreign bodies (soot) in the 
outer shell layers of samples tested (Figure 2A and B), 
which was interpreted to be residue from general 
products of combustion. The presence of residual con
tamination on the outer layer of the ensemble was 
expected from this retired gear.

PAH concentration and layer penetration

A detectable quantity of PAHs was identified in the 
outer canvas shell and moisture barrier of all test sam
ples. Three out of the four sample sets tested (A-1, 
B-1, B-10) contained the highest PAH concentration 
in the outer shell. Both of these sample sets had a 
decrease in PAH concentration by layer, moving from 
the outer shell to the moisture barrier to the thermal- 

protective lining. Samples A10.1–A10.3 returned dif
ferent results with the highest PAH concentration 
occurring in the moisture barrier. Only one of the 
four thermal-protective lining samples contained a 
detectable quantity of PAHs. Returned results from 
the ankle samples (Table 2, Figure 3) and over-left 
breast samples are provided below (Table 3, Figure 4).

The two samples with the highest PAH concentra
tion were the outer canvas shell swatches taken at the 
ankle (A1.1, B1.1). These two samples contained 2.223 
ug/cm2 and 3.125 ug/cm2, respectively. The PAH con
centration found in both samples dropped by more 
than 75% from the outer shell to the moisture barrier. 
By percentage of total PAH concentrations, the largest 
concentrations of contaminants identified were pyrene 
(35%), phenanthrene (21%), benzo(a)pyrene (14%), 
and benzo(a)anthracene (14%).

Discussion

The resulting PAH concentration data returned from 
this analysis did not support the hypothesis of PAHs 
migrating through the ensemble and being available 
for potential dermal absorption. Rather, dermal 
absorption is likely to occur around openings in the 
ensemble (ankles, wrists, and neck). Three out of four 
sample sets displayed evidence of PAHs traveling 
from the outer canvas shell to the moisture barrier. 
However, there is reason to believe that some stop
page occurs between the moisture barrier and ther
mal-protective lining as contaminants migrate through 
the garment layers. This conclusion is supported by a 
lack of identifiable PAH concentration in thermal- 
protective lining samples (e.g., A-1.3, A-10.3, and B- 
10.3), indicating that the majority of contaminants did 
not penetrate through all ensemble layers in this sam
ple set, including non-detect on the inner lining of 
the left breast sample. What is unclear about this lim
ited sample of the left breast is if the SCBA and other 
gear protect that area of the ensemble from contamin
ation, or if the mechanical action of the SCBA strap 
may promote penetration of the contamination 
through the outer layer.

An additional question remains regarding the 
mechanism of contaminant transport through the 
outer layer. The penetration of the PAHs may occur 
at high temperatures in the vapor phase as PAHs are 
semi-volatile. Alternatively, the mechanism may be 
simply mechanical movement through the fibers from 
wearer movement. Finally, the movement may even 
be in an aqueous phase during laundering. The par
ticular transport mechanism is an important area of 

Figure 2. Panel A, sample A-3 outer shell (100� magnifica
tion), Panel B, sample B-6 outer shell (500� magnification).
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research to inform future garment design and/or care 
practices.

The researchers assumed that sample B-1.3, the 
only thermal-protective lining that contained a meas
urable quantity of PAH concentration, accumulated 
PAHs via contaminants moving up the leg on the fire 

scene, similar to findings on the wrist by Easter et al. 
(2016). Two important conclusions were drawn from 
these results: (1) although residual PAH concentra
tions were identified in all samples, the results of this 
analysis did not support the hypothesis that PAHs are 
mobile through the vapor barrier to the point of 

Table 2. NIOSH 5506 Laboratory analysis results – ankle [ug/cm2].

PAH

Outer canvas shell Moisture barrier Thermal protective lining

A1-1 B1-1 A1-2 B1-2 A1-3 B1-3

Benzo(a)anthracene 0.5 0.575 bdl 0.093 bdl 0.055
Benzo(a)Pyrene bdl bdl 0.325 0.168 bdl 0.123
Benzo(b)fluoranthene bdl bdl bdl bdl bdl bdl
Chrysene 0.098 0.15 0.055 0.085 bdl 0.063
Fluorene bdl bdl bdl bdl bdl bdl
Indeno(1,2,3-cd)pyrene bdl bdl bdl bdl bdl bdl
Phenanthrene 0.475 0.725 0.12 0.12 bdl 0.105
Pyrene 1.15 1.675 bdl 0.185 bdl bdl
Total 2.223 3.125 0.5 0.651 bdl 0.346
�bdl¼ below detectable limit.

Figure 3. NIOSH 5506 analysis results – ankle [Total PAH concentration].

Table 3. NIOSH 5506 Laboratory analysis results – left breast [ug/cm2].

PAH

Outer shell Moisture barrier Thermal-protective lining

A10-1 B10-1 A10-2 B10-2 A10-3 B10-3

Benzo(a)anthracene bdl bdl bdl bdl bdl bdl
Benzo(a)Pyrene bdl 0.158 0.2 0.228 bdl bdl
Benzo(b)fluoranthene bdl 0.168 bdl bdl bdl bdl
Chrysene bdl 0.138 bdl 0.115 bdl bdl
Fluorene bdl bdl 0.133 0.2 bdl bdl
Indeno(1,2,3-cd)pyrene bdl 0.115 bdl bdl bdl bdl
Phenanthrene 0.055 0.095 bdl 0.065 bdl bdl
Pyrene bdl bdl bdl bdl bdl bdl
Total 0.055 0.673 0.333 0.608 0 0
�bdl¼ below detectable limit.
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dermal absorption, and (2) the ankle/boot cuff area 
retains residual PAH post decontamination.

Of particular note is the presence of Benzo[a]pyrene 
(BaP) identified in the moisture barrier in an outer layer 
sample. As Benzo[a]pyrene is classified as a Group 1 car
cinogen (IARC Monograph100F-14), this substance 
should be given further attention. The higher abundance 
of BaP on the inner layer may be indicative of the photo
degradation of BaP on the outer layer. Photodegradation 
is a concern for firefighter health as there is evidence that 
the byproducts of this reaction may have higher toxicity 
(Salvo et al. 2016).

Limitations

A notable limitation of this study is the small sample 
size due to the limited availability of heavily soiled 
retired firefighting ensembles and the associated cost 
of conducting the NIOSH 5506 analysis and the lim
ited budget of this preliminary analysis. If the list of 
chemicals analyzed were to be expanded, a clearer pic
ture of contamination status may result. Additionally, 
detailed records of laundering and decontamination 
may provide relevant details for drawing conclusions. 
As more ensembles become available and are ana
lyzed, a trend may appear within the data. Testing a 
wider range of samples taken from ensembles supplied 
by varying fire departments across the country would 
provide a baseline comparison for measuring residual 
compounds. Conducting job-task and decontamin
ation practice-related surveys with the personnel 
would provide insight into the relationship between 
fire ground positioning and garment contamination.

Conclusions

The results indicate that PAH may penetrate through 
the outer layer of structural firefighting ensembles but 

may not be mobile through the vapor barrier. This 
finding is an important step in developing a deeper 
understanding of the relationship between firefighting 
ensemble contamination and penetration mechanisms. 
In brief, all layers of the ensemble should be consid
ered when evaluating firefighter exposure to PAH and 
other contaminants.

Recommendations

Further research in this area is warranted to make 
more definite conclusions about the dangers of 
residual contamination in structural firefighting 
ensembles. The following recommendations are made:

� Additional research is necessary to assess the trans
fer of PAHs by contact before/during the launder
ing process and to determine whether this effect 
occurs with other contaminants.

� Test samples from ensembles exceeding the size of 
4 cm2 may be necessary to meet the NIOSH 
Method 5506 quantification limits.

� This study must be reproduced both with larger 
sample quantities and a larger sample variety, such 
as including samples from garment openings like 
the arm cuffs and neck. Upsizing the size of the 
sample set would also benefit from expanding the 
range of chemicals tested.

� Analysis should be conducted regarding the mech
anism of penetration of PAH through the layer(s) 
i.e., mechanical, vapor deposition, etc.

� The introduction of firefighter personnel surveys 
may provide a specific understanding of types of 
exposure and decontamination practices through
out the life of the ensembles to permit deeper anal
yses of firefighting activity and contamination 
accumulation.

Figure 4. NIOSH 5506 analysis results – over left breast [Total PAH concentration].
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� Additional investigation is necessary to determine 
which fireground contaminants may be mobile 
through the protective ensemble and able to reach 
the skin.

Disclosure statement

No potential conflict of interest was reported by the 
author(s).

Funding

This work was funded by the Oklahoma State University 
(OSU) Fire Protection and Safety Engineering Technology 
(FPST) Excellence Fund through the OSU Foundation 
which is supported by alumni for student support. JH was 
supported by the National Institute for Occupational Safety 
and Health (NIOSH K01OH011891).

Data availability statement

Analytical data are available upon request from the corre
sponding author.

References

CDC. 1998. Polynuclear armatic hydrocarbons by HPLC. 
https://www.cdc.gov/niosh/docs/2003-154/pdfs/5506.pdf.

CDC. 2020. How to remove gloves. https://www.cdc.gov/ 
vhf/ebola/pdf/poster-how-to-remove-gloves.pdf.

Coskun O. 2016. Separation techniques: chromatography. 
North Clin Istanb. 3:156–160.  https://www.ncbi.nlm.nih. 
gov/pmc/articles/PMC5206469/.

Daniels RD, Kubale TL, Yiin JH, Dahm MM, Hales TR, 
Baris D, Zahm SH, Beaumont JJ, Waters KM, Pinkerton 
LE. 2014. Mortality and cancer incidence in a pooled 
cohort of US firefighters from San Francisco, Chicago 
and Philadelphia (1950–2009). Occup Environ Med. 
71(6):388–397. doi: 10.1136/oemed-2013-101662.

Easter E, Lander D, Huston T. 2016. Risk assessment of 
soils identified on firefighter turnout gear. J Occup 
Environ Hyg. 13(9):647–657. doi: 10.1080/15459624.2016. 
1165823.

Fent KW, Alexander B, Roberts J, Robertson S, Toennis C, 
Sammons D, Bertke S, Kerber S, Smith D, Horn G. 2017. 
Contamination of firefighter personal protective equip
ment and skin and the effectiveness of decontamination 
procedures. J Occup Environ Hyg. 14(10):801–814. doi: 
10.1080/15459624.2017.1334904.

Hwang J, Xu C, Agnew RJ, Clifton S, Malone TR. 2021. 
Health risks of structural firefighters from exposure to 
polycyclic aromatic hydrocarbons: a systematic review 
and meta-analysis. Int J Environ Res Public Health. 
18(8):4209. doi: 10.3390/ijerph18084209.

Jalilian H, Ziaei M, Weiderpass E, Rueegg CS, Khosravi Y, 
Kjaerheim K. 2019. Cancer incidence and mortality 
among firefighters. Int J Cancer. 145(10):2639–2646. doi: 
10.1002/ijc.32199.

Joy DC, Pawley JB. 1992. High-resolution scanning electron 
microscopy. Ultramicroscopy. 47(1-3):80–100. doi: 10. 
1016/0304-3991(92)90186-N.

Kirk K, Logan M. 2015. Firefighting instructors’ exposures 
to polycyclic aromatic hydrocarbons during live fire 
training scenarios. J Occup Environ Hyg. 12(4):227–234. 
doi: 10.1080/15459624.2014.955184.

Mayer AC, Fent KW, Bertke S, Horn GP, Smith DL, 
Kerber S, La Guardia MJ. 2019. Firefighter hood contam
ination: efficiency of laundering to remove PAHs and 
FRs. J Occup Environ Hyg. 16(2):129–140. doi: 10.1080/ 
15459624.2018.1540877.

Muegge CM, Zollinger TW, Yiqing S, Wessel J, Monahan 
PO, Moffatt SM. 2018. Excess mortality among Indiana 
firefighters, 1985-2013. Am J Ind Med. 61(12):961–967. 
doi: 10.1002/ajim.22918.

NFPA. 2020. NFPA 1851: standard on selection, care, and 
maintenance of protective ensembles for structural fire 
fighting and proximity fire fighting. NFPA National Fire 
Codes Online.

Ormond RB, Kwon CH, Mathews MC. 2019. Performance 
evaluation of newly developed smoke and particulate 
resistant structural turnout ensemble. Paper presented at 
the Symposium on Homeland Security and Public Safety: 
Research, Applications and Standards 2019, June 28, 
2018–June 29, 2018, San Diego, CA.

Pinkerton L, Bertke SJ, Yiin J, Dahm M, Kubale T, Hales T, 
Purdue M, Beaumont JJ, Daniels R. 2020. Mortality in a 
cohort of US firefighters from San Francisco, Chicago 
and Philadelphia: an update. Occup Environ Med. 77(2): 
84–93. doi: 10.1136/oemed-2019-105962.

Polanczyk A. 2018. The usefulness of Gram staining method 
for analysis of the effectiveness of decontamination of 
firefighter’s protective outfit. Paper presented at the 2018 
Fire and Environmental Safety Engineering, FESE 2018, 
November 7, 2018–November 8, 2018, Lviv, Ukraine.

Salvo LM, Severino D, Silva de Assis HC, da Silva JRMC. 
2016. Photochemical degradation increases polycyclic aro
matic hydrocarbon (PAH) toxicity to the grouper 
Epinephelus marginatus as assessed by multiple 
biomarkers. Chemosphere. 144:540–547. doi: 10.1016/j. 
chemosphere.2015.09.013.

Stec AA, Dickens KE, Salden M, Hewitt FE, Watts DP, 
Houldsworth PE, Martin FL. 2018. Occupational expos
ure to polycyclic aromatic hydrocarbons and elevated 
cancer incidence in firefighters. Sci Rep. 8(1):2476. doi: 
10.1038/s41598-018-20616-6.

Wolffe TAM, Clinton A, Robinson A, Turrell L, Stec AA. 
2023. Contamination of UK firefighters personal protect
ive equipment and workplaces. Sci Rep. 13(1):65. doi: 10. 
1038/s41598-022-25741-x.

JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE 219

https://www.cdc.gov/niosh/docs/2003-154/pdfs/5506.pdf
https://www.cdc.gov/vhf/ebola/pdf/poster-how-to-remove-gloves.pdf
https://www.cdc.gov/vhf/ebola/pdf/poster-how-to-remove-gloves.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5206469/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5206469/
https://doi.org/10.1136/oemed-2013-101662
https://doi.org/10.1080/15459624.2016.1165823
https://doi.org/10.1080/15459624.2016.1165823
https://doi.org/10.1080/15459624.2017.1334904
https://doi.org/10.3390/ijerph18084209
https://doi.org/10.1002/ijc.32199
https://doi.org/10.1016/0304-3991(92)90186-N
https://doi.org/10.1016/0304-3991(92)90186-N
https://doi.org/10.1080/15459624.2014.955184
https://doi.org/10.1080/15459624.2018.1540877
https://doi.org/10.1080/15459624.2018.1540877
https://doi.org/10.1002/ajim.22918
https://doi.org/10.1136/oemed-2019-105962
https://doi.org/10.1016/j.chemosphere.2015.09.013
https://doi.org/10.1016/j.chemosphere.2015.09.013
https://doi.org/10.1038/s41598-018-20616-6
https://doi.org/10.1038/s41598-022-25741-x
https://doi.org/10.1038/s41598-022-25741-x

	Preliminary analyses of accumulation of carcinogenic contaminants on retired firefighter ensembles
	Abstract
	Introduction
	Methods
	Subjects and materials
	Analytical procedure


	Results
	PAH concentration and layer penetration

	Discussion
	Limitations
	Conclusions
	Recommendations
	Disclosure statement
	Funding
	References


