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The employer is required to post a copy of this report for 30 days at or near the 
workplace(s) of affected employees. The employer must take steps to ensure 
that the posted report is not altered, defaced, or covered by other material.

The cover photo is a close-up image of sorbent tubes, which are used by the HHE 
Program to measure airborne exposures. This photo is an artistic representation that may 
not be related to this Health Hazard Evaluation. Photo by NIOSH.
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We found that PAHs and 
benzene entered !re !ghters’ 
bodies even though they wore 
full protective ensembles 
during controlled burns. The 
biological levels we measured 
were generally comparable to 
levels in occupational groups 
with low exposures to these 
compounds. Fire !ghters 
should wear full protective 
ensembles during all stages 
of a !re response and wash 
hands and shower soon 
afterwards.    
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Abbreviations

µg   Microgram

µg/m
2

µg/m

µm   Micrometer

µm
2
/cm

Max   Maximum

m
2

mg/m

Min   Minimum

mL   Milliliters

PM10     Particulate  matter  <  10  µm  in  aerodynamic  diameter
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Introduction 
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Methods 
Study Design 
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Table  1.  Summary  of  the  controlled  burns  for  each  round  of  the  study
Day/Burn   

Entry
Knockdown Overhaul Total

y

1 5 10 1 4 15
2 5 11 3 16 30
3 5 15 7 7 29

1 5 10 2 8 20

2 5 10 3 5 18
3 5 10 4 4 18

Burn Structures 
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Figure 1. Schematic showing the interior layout of the burn 
structure used in round 1. 

Figure 2. Schematic showing the interior layout of the burn structure used in round 2. 
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Figure 3. Example of fuel package used for rounds 1 and 2. Photo by 
NIOSH. 

Controlled Burn Safety Precautions
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Measuring Exposures and Biomarkers

  

  

  

  

  

Analyte

Total  PAHs   NIOSH  Method  5506  
[NIOSH  2013]

on  arm  and  neck  
Total  PAHs   NIOSH  Method  5506  

[NIOSH  2013]

on  hand  and  face
Total  PAHs  

on  scrotum  
Total  PAHs  

ELISA                                      

  

tandem  mass  

Exhaled  breath NIOSH  Method  2549  
[NIOSH  2013]

Exhaled  breath  

EPA  lab  
[Sobus  et  al.  2008]
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Personal Air Sampling for Polycyclic Aromatic Hydrocarbons 

Sampling Polycyclic Aromatic Hydrocarbons on Skin 

Figure 4. Fire !ghter wearing a PAH sampler and 
respirable dust cyclone with fabricated aluminum grit 
pot wrapped in Nomex material. Photo by NIOSH. 
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2 2

2

2

2

2

Measuring PAHs and other Aromatic Hydrocarbons 
in Exhaled Breath

Figure 5. Participant exhaling into the 
Bio-VOC sampler. Photo by NIOSH. 
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Sampling Urine for PAH and Benzene Metabolites 

Polycyclic Aromatic Hydrocarbon Metabolites 

Benzene Metabolite (s-Phenylmercapturic Acid) 

Creatinine

Cotinine (Nicotine-N-oxide) 



Page  10 Health  Hazard  Evaluation  Report  2010-0156-3196

Sampling Air Inside the Burn Structure

Analyte
method

NA

TSI  DustTrak™ NA

  
surface  area

EcoChem  DC2000   NA

EcoChem  PAS2000   NA

   NIOSH  
Method  
5506

Total  PAHs   NIOSH  
Method  
5506

VOCs EPA  Method  

Monitoring Particles with Direct-reading Instruments
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Figure 6. Aerosol sampling platform used during round 2. Photo by NIOSH. 
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Sampling Polycyclic Aromatic Hydrocarbons

Sampling Volatile Organic Compounds
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Other Measurements and Data Collection 

Sampling Polycyclic Aromatic Hydrocarbons on Turnout Gear 

Sampling Volatile Organic Compounds O!-gassing from Turnout Gear

  

Testing Performance of Self-contained Breathing Apparatus

Administering a Questionnaire
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Statistical Analysis

Results
Personal Exposure and Biomarker Levels 

m
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Figure 7. Median personal air concentrations of PAHs by round of study and physical state. 

Figure 8. Median personal air concentrations of total PAHs by burn. 
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Figure 9. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total PAHs) measured in the 
personal breathing zones during the round 1 !res (n = 14). 

Figure 10. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total PAHs) measured in the 
personal breathing zones during the round 2 !res (n = 13). 



Page  17Health  Hazard  Evaluation  Report  2010-0156-3196

P

Figure 11. Pre- and post-exposure median dermal exposure levels of PAHs on the neck by round of study. 
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3

  

Analyte Round Pre   Post      MDC

Benzene   1 0.28
2 4.0 5.5 0.28

1 ND 100

2 35 ND ND 50
Toluene 1 2.9 11 0.061

2 3.7 5.8 4.1 0.061

1 ND 71 ND 100

2 ND ND ND 50

Ethyl  benzene 1 0.72 0.83 0.073

2 0.58 0.58 0.68 0.073

Xylene 1 3.5 14 6.2 0.12

2 4.1 7.4 4.5 0.12
Styrene 1 0.5 0.86 0.049

2 0.5 1.6 0.69 0.049

1 0.44 0.61 0.05
2 0.66 0.69 0.51 0.05

Anthracene 1 0.35 0.24 0.24 0.049
2 0.23 0.2 0.17 0.049

Phenanthrene 1 0.68 0.44 0.61 0.18

2 0.72 0.57 0.53 0.18

Fluoranthene 1 0.74 0.63 0.57 0.042

2 0.49 0.47 0.49 0.042

Pyrene 1 0.81 0.66 0.64 0.023

2 0.47 0.46 0.49 0.023

P
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P

Correlations between Exposure and Biomarker Measurements

Figure 12. Median urinary PAH metabolite levels by round and collection period during the study. 
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Round N No.  of  
ND  

Max
test  P  

PAHs
3 1 14 0 750 NA

2 13 0 61 NA

neck  
2 1 15 5 12 150 0.02

2 14 3 11 61 0.07

3 1 15 6 230 0 550 <  0.01

2 15 14 0 0 >  0.99

3 1 14 0 34 340 0.01
2 15 0 7.4 29 0.04

  
1 15 0 17 53 0.12
2 15 1 67 >  0.99

2

P
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Round No.  of  
r P  value

1 13 0.29 0.33
2 13 0.74 <  0.01

1 14 0.49 0.08

  
1 14 0.70 <  0.01

2 13 0.16 0.60

  
   1 15 0.43 0.11

2 14 0.63 0.02

  
   1 14 0.44 0.12

2 15 0.38 0.17

  
   1 15 0.69 <  0.01

Environmental Monitoring Inside the Structure 
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Figure 13. Thermal image of a round 1 !re showing the smoke layer 
and elevated temperatures toward the ceiling of the structure. 
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Figure 14. Air concentration of total PAHs (includes gas and particle phase) inside the structure by the 
response phase. 

Figure 15. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total PAHs) measured in the 
structure during the round 1 !res (n = 3). 
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Figure 16. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total PAHs) 
measured in the structure during the round 2 !res (n = 3). 
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Figure 17. Air concentration of total particulate PAHs by aerodynamic diameter for the round 1 !res. 

Figure 18. Air concentration of total particulate PAHs by aerodynamic diameter for the round 2 !res. 
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µg/m

Figure 19. Air concentration of total particulate PAHs by aerodynamic diameter for the round 1 
overhaul. 
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Figure 20. Air concentration of total particulate PAHs by aerodynamic diameter for the round 2 
overhaul. 
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Figure 21. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total 
particulate PAHs) measured in the structure during the round 1 !res (n = 3). 

Figure 22. Potentially carcinogenic PAHs and other PAHs (as a proportion of the total particulate 
PAHs) measured in the structure during the round 2 !res (n = 3). 
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Figure 23. Air concentration of ten VOCs in the structure during the !re and knockdown phases of burn 3 
of round 2. 
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Figure 24. Median air concentrations of ten VOCs in the structure during the background collection 
period and the overhaul and investigation phases for round 2 (n = 3, error bars represent the maximum 
value). 
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round  2  burns
Analyte Burn Knockdown Overhaul

3 1
2
3

PM10
3 2 0.059 201 26 6 0.08

3 0.044 475 25 12 0.70

  
2/cm3

1 21 342 19
2 31 50 21
3 11 10 43

  
1 4.7 0.5 2.5
2 52 4.2 2.6
3 63 0 3.5

2/cm3

3

3

PM10

Polycyclic Aromatic Hydrocarbons on Turnout Gear
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Round No.  of   Max

1 Pre 15 2.5 ND 3.6

Post 15 1.9 ND 4.4

2 Pre 15 1.2 0.47 3.7

Post 15 0.61 ND 4.5

1 Pre 2 100 8.2 190

2 Post 4 15 5.9 23

1 Post 1 27 NA NA

2 Post 2 4.8 3.3 6.3

O!-gassing of Volatile Organic Compounds from Turnout Gear 

Figure 25. Median air concentrations of ten VOCs o"-gassing from new turnout gear (n = 1) and 
turnout gear worn by !re !ghters in the round 2 burns (n = 6, error bars represent the maximum 
value). 



Page  34 Health  Hazard  Evaluation  Report  2010-0156-3196

Self-contained Breathing Apparatus Performance

Questionnaire Results

Round  1  
n  =  15

Round  2  

Mean Max Mean Max
38 36 41 39 36 42
71 66 76 72 67 76
207 150 265 211 175 245
15 8 21 15 9 21
11 4 15 12 5 15
7 2 30 48 1 365
3.8 1.3 4 4.9 4 5
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s
Structural  
knockdown

Structural  
overhaul

Roof  
knockdown overhaul

Round 1 2 1 2 1 2 1 2 1 2 1 2
n  = 15 15 15 15 15 15 15 15 15 15 15

Turnout   15 15 15 15 15 15 15 15 15 15 11 11

Boots 15 15 15 15 15 15 15 15 15 15 11 12
SCBA 15 15 6 9 2 1 4 5 3 5 0 1
Helmet 15 15 14 15 14 14 15 15 13 15 6 12
Hood 14 14 9 11 11 12 9 11 8 11 3 8
Ensemble   14 15 14 15 14 15 13 15 13 15 8 11

3 5 3 6 4 6 4 6 4 7 2 5

Eye  or  face  

other  than  
SCBA

2 2 2 1 1 0 1 0 2 1 0 0

Round  1 Round  2

Yes No Yes No

10 5 36 10 5 50

13 2 40 11 4 53
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Round  1  
n  =  15

Round  2  
n  =  15

14 13

0 0
6 4
8 6

In  my  home 0 1
2 1
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Round  1 Round  2

Yes No Yes No Don’t  know¶

2 13 2 13 NA

15 0 15 0 NA

   4 11 2 11 2

   15 0 9 2 4

9 6 14 1 NA

Discussion 

Exposures and Biomarkers 
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P
P

Figure 26. (Left) Photograph of !re !ghter in full ensemble showing the area of the neck that is protected 
primarily by the white Nomex hood; (Right) Hood after being worn once for a !re suppression exercise 
during round 1. Photos by NIOSH. 
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P
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Correlations between the Exposure and Biomarker Variables 
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Dermal Absorption of Polycyclic Aromatic Hydrocarbons and 
Benzene
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m

Carcinogenicity of Polycyclic Aromatic Hydrocarbons and 
Benzene
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Protective Equipment Use and Other Potential Exposures 
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2  

Conclusions 
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Recommendations for Protecting Fire Fighters 
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Recommendations for Additional Research 
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Appendix A: Self-contained Breathing Apparatus 
Performance Testing Protocol and Results
Maximum Work Rate Breathing Test 

Standard Work Rate Breathing Test

Facepiece Leakage Test



Page  49Health  Hazard  Evaluation  Report  2010-0156-3196

Exhalation Valve Opening Pressure Test 

Pressure Gauge Test 

Static Facepiece Pressure Test 

Alarm Accuracy Test

Redundant Alarm Accuracy Test 
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202 203
  water 0.3 0.2 0.2 0.3 0.3

  water 2.5 2.4 2.3 3.1 2.5

  water 0.3 0.3 0.3 0.4 0.3

  water 2.1 1.9 1.8 1.9 3

  water 0  
FAIL

1.5  to  2.5   water 1.8 1.7 1.6 1.4  
FAIL

1.7

2953 3049 2963 2961 2937

1954 2055 1971 1969 1932

984 1047 988 1002 942

1 1.2 0.7 1 1.1

Alarm  Accuracy 1050 1131 1191 1102 1090

Redundant  Alarm  Accuracy 1124 1114 1199 1129 1069

206 207 208 209
0.5 0.2 0.1 0.2 0.4

2.5 2.2 2.3 2.4 2.3

0.4 0.4 0.2 0.3 0.5

2 1.7 1.9 1.9 1.9

0  
FAIL

water
1.7 1.3  

FAIL
1.6 1.7 1.6

water
1.1 1 0.9 1 1.3
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210 211 212 213
0.5 0.4 0.1 0   

FAIL

2.4 2.6 2.5 2 2.2

Standard  work  rate   0.4 0.4 0.3 0 0

Standard  work  rate   2 2 1.9 1.4 1.7

0  
FAIL

1.6 1.6 1.2  
FAIL

1.2  
FAIL

1.5

0.9 1.4 0.9 0.6 0.8
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Appendix B: Number of ND Values, MDCs, and 
MQCs for Personal Exposure Variables

Round  1 Round  2

n ND MDC n ND MDC
15 3 22 66 15 5 22 66

15 1 22 66 15 2 22 66

15 3 22 66 15 2 22 66

15 3 22 66 15 5 22 66

60 60 8.5 NA 60 60 8.5 NA

  
3

15 15 100 350 15 14 50 180

  
3

15 6 100 350 15 15 50 180

  
3

15 6 100 350 15 15 50 180

  
3

15 15 100 350 15 15 50 170

  
3

15 10 100 350 15 15 50 170

  
3

15 15 100 350 15 15 50 170

3
15 0 0.05 0.21 15 0 0.05 0.21

3
15 2 0.05 0.21 15 0 0.05 0.21

3
15 1 0.05 0.21 15 0 0.05 0.21
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Round  1 Round  2
n ND MDC n ND MDC

PAHs 3

14 0 1 280 13 0 2 6

14 0 1 5 13 1 2 6

   14 1 3 14 13 0 2 18

   14 14 3 13 11 2

of  PAHs  on  the  neck  
2

Anthracene 15 14 7 20 15 15 12 40
15 15 10 31 15 14 7 238

Chrysene 15 15 10 29 15 14 7 48
Fluoranthene 15 15 7 23 15 15 21 67
Phenanthrene 15 15 14 50 15 14 12 48

Pyrene 15 15 10 29 15 10 17 52

levels  of  PAHs  on  
2

Anthracene 15 11 7 20 15 15 12 40
15 15 10 31 15 13 7 238

Chrysene 15 14 10 29 15 11 7 48
Fluoranthene 15 13 7 23 15 11 21 67
Phenanthrene 15 6 14 50 15 9 12 48

Pyrene 15 14 10 29 15 13 17 52

of  PAHs  on  the  
15 4 0.7 2.4 15 0 0.3 2.0

15 15 1.0 3.3 15 15 0.1 0.50

levels  of  PAHs  
15 3 0.7 2.4 15 3 0.3 2.0

15 15 1.0 3.3 15 15 0.1 0.50
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Appendix C: Occupational Exposure Limits and 
Health Effects
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Short-term Occupational Exposure Limits for Chemicals in this 
Report 

http://www.dguv.de/ifa/en/gestis/limit_values/index.jsp
http://www.cdc.gov/niosh/topics/ctrlbanding/
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Biological Exposure Limits
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3

OSHA  PEL NIOSH  REL ACGIH  TLV

STEL STEL

Ca

Benzene

Benzo[a]anthracene As  low  as  

As  low  as  

As  low  as  

Bromomethane Ca

Chloromethane Ca

Chrysene As  low  as  

1000

Ethyl  benzene

Styrene
Toluene

Ca
Xylene

3
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Appendix D: Linear Regressions for the 
Significantly Correlated Variables

Figure D1. Relationship between the personal air concentrations of PAHs and the change in urinary 
PAH metabolite levels (3-hour minus pre) during round 1 (subjects with cotinine levels > 30 µg/L 
may have been exposed to tobacco smoke and are noted with red circles). 
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Figure D2. Relationship between the change in exhaled breath concentrations of benzene (post 
minus pre; NIOSH data) and the change in urinary PAH metabolite levels (3-hour minus pre) during 
round 1 (subjects with cotinine levels > 30 µg/L may have been exposed to tobacco smoke and are 
noted with red circles). 
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Figure D3. Relationship between the personal air concentrations of PAHs and the change in exhaled 
breath concentrations of benzene (post minus pre) during round 2 (subjects with cotinine levels     
> 30 µg/L may have been exposed to tobacco smoke and are noted with red circles).
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Figure D4. Relationship between the change in PAH levels on the neck (post minus pre) and the 
change in urinary PAH metabolite levels (3-hour minus pre) during round 2 (subjects with cotinine 
levels > 30 µg/L may have been exposed to tobacco smoke and are noted with red circles).



Page  62 Health  Hazard  Evaluation  Report  2010-0156-3196

Appendix E: Temperature Profiles for the Burns
Round 1 Burns

Figure E1. Round 1 burn 1 temperatures inside the burn room and target room. 

Figure E2. Round 1 burn 2 temperatures inside the burn room and target room. 
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Figure E3. Round 1 burn 3 temperatures inside the burn room and target room. 

Round 2 Burns 

Figure E4. Round 2 burn 1 temperatures inside the burn room. 
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Figure E5. Round 2 burn 1 temperatures inside the target room. 

Figure E6. Round 2 burn 2 temperatures inside the burn room. 
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Figure E7. Round 2 burn 2 temperatures inside the target room. 

Figure E8. Round 2 burn 3 temperatures inside the burn room. 
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Figure E9. Round 2 burn 3 temperatures inside the target room. 
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Appendix F: Direct-reading Particle Sampling 
Results from Within the Burn Structure
Round 1 Burns

Figure F1. Particle number concentration during (I) !re, (II) knockdown, and (III) overhaul phases for 
burn 2 of round 1. 

Figure F2. Particle number concentration (as measured) during (I) !re, (II) knockdown, and (III) overhaul 
phases for burn 3 of round 1. 
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Figure F3. Particle number concentration, respirable mass concentration, active surface area concentration, 
and photoelectric response during (I) !re, (II) knockdown, and (III) overhaul phases for burn 2 of round 1. 
Note: the photometer (respirable particle mass) malfunctioned a few minutes after !re ignition. 
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Figure F4. Particle number concentration, active surface area concentration, and photoelectric response 
during (I) !re, (II) knockdown, and (III) overhaul phases for burn 3 of round 1. Note: the photometer (respi-
rable particle mass) did not log data.
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Round 2 Burns 

Figure F5. Particle number concentration during (I) !re, (II) knockdown, and (III) overhaul phases for burn 1 of 
round 2. 

Figure F6. Particle number concentration during (I) !re, (II) knockdown, and (III) overhaul phases for burn 
2 of round 2. 
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Figure F7. Particle number concentration during (I) !re, (II) knockdown, and (III) overhaul phases for burn 
3 of round 2. 
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Figure F8. Particle number concentration, active surface area concentration, and photoelectric response 
during (I) !re, (II) knockdown, and (III) overhaul phases for burn 1 of round 2. Note: the photometer (PM10 
particle mass) did not log data.
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Figure F9. Particle number concentration, particle mass concentration, respirable mass concentration, active 
surface area concentration, and photoelectric response during (I) !re, (II) knockdown, and (III) overhaul 
phases for burn 2 of round 2.
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Figure F10. Particle number concentration, particle mass concentration, respirable mass concentration, 
active surface area concentration, and photoelectric response during (I) !re, (II) knockdown, and (III) over-
haul phases for burn 3 of round 2.
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Delivering on the Nation’s promise:
Safety and health at work for all people through research and prevention

To receive NIOSH documents or more information about 
occupational safety and health topics, please contact NIOSH:

Telephone: 1–800–CDC–INFO (1–800–232–4636)
TTY: 1–888–232–6348
CDC INFO: www.cdc.gov/info
or visit the NIOSH Web site at www.cdc.gov/niosh
For a monthly update on news at NIOSH, subscribe to NIOSH 
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