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Guyton et al. 2018. Chem. Res. Toxicol 31: 1290 – 1292.



Genetic Damage

Mutations

Chromosomal 

Abnormalities

Cancer
Blood disorders

Skeletal disorders

Metabolic disorders

Skin diseases

Heritable Genetic Diseases

Genetic Toxicity

Different assays detect 
different stages of 

genetic toxicity



• Genetic damage assays
• Comet assay

• DNA adducts

• Clastogenicity/aneugenicity
• Micronucleus Assay

• Mutations
• Ames/Salmonella assay

Genetox for human studies?

Results transient – optimal sample collection 4 
– 6 hours after exposure

Results can be repaired but can be detectable 
days/weeks/months later



Exposed plateControl plate

Urine sample prep
• Extracted urine samples are concentrated

Ames/Salmonella Mutation Assay
• Concentrated urine extracts tested using 

bacterial mutation assay

• Mutant colonies counted

Urinary mutagenicity using Ames/Salmonella Assay

YG1041 
Salmonella

S9 + 
cofactors

Concentrated Urine 
Extract

Score mutant colonies

72 hrs
37ºC

Urine sample collection timing dependent on 
excretion kinetics – i.e., the timing of when the 

chemicals come out in urine (usually sample 
within 24 hours). Depending on shift length 

may need to start collecting immediately 
following shift.



Study Types (systems)

Most relevent

Least relevent

Mechanistic Data

Pre/post sampling – firefighters served as own 
controls:
• On-shift studies involving fire event
• Training course

Cross-sectional – firefighters vs. non-firefighter 
control:
• Firefighters sampled following fire event vs 

control
• Firefighter (no specific exposure event) vs 

control

• Exposed humans

• Human cells 

• Experimental systems
• Animals

• Non-human mammalian 
cells

• Bacterial cells
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Keir et al. (2017) Environ Sci Technol 51(21): 12745-55

Urinary Mutagenicity
• Canadian municipal firefighter study (Ottawa fire service)

• Samples collected pre & post on shift fire suppression events 
(31 samples from 16 non-smoking firefighters)

• Also included an unexposed control group (17 office workers)

• Did not consume charbroiled food & were not exposed to 
non-occupational combustion sources throughout the study

• Exposure assessment: personal air monitors, dermal wipes, 
urine metabolites

Structure Fire

Ottawa Metro, 2015



Ottawa Metro, 2015
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Keir et al. (2017) Environ Sci Technol 51(21): 12745-55
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FF Pre Fire
N=31 

FF Post Fire
N=31 

OFS Office 
Workers N=18

*

*

Urinary Mutagenicity

4.3-fold

Structure Fire

Up to 75-fold
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Wu et al. (2020) Occup Environ Med 78(5): 315-322

Urinary Mutagenicity
• American study, wildland firefighters

• Samples collected around both prescribed burn (burn day) and regular (non-burn 
day) work shifts:

• Immediately before

• Immediately after

• Morning following

• 19 firefighters

• Exposure assessment: Air monitors for PM2.5

Wildland Fire (prescribed burns)
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Wu et al. (2020) Occup Environ Med 78(5): 315-322

Urinary Mutagenicity

Wildland Fire (prescribed burns)
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• Cross-shift changes in urinary mutagenicity 
significantly associated with length of smoke 
exposure (p = 0.01)

2.56-fold

0

1

2

3

4

5

6

7

pre-shift post-shift next morning

re
ve

rt
an

ts
/m

l-
eq

 u
ri

n
e

Burn day

Non-burn day



G

E

N

O

T

O

X

I

C

I

T

Y
Andersen et al. (2018) Mutagenesis 33(1): 105-115

Comet assay - blood
• Denmark, 9-month firefighter training course

• Samples collected around a 3-day course involving fire extinction exercises 

• 14-day before

• immediately after

• 14-days after

• 12 female & 41 male non-smoking firefighters

• Exposure assessment: dermal wipes, urine metabolites -> compounds in 
combustion emissions

Structure Fire
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Andersen et al. (2018) Mutagenesis 33(1): 105-115

Comet assay - blood

Structure Fire

*

• DNA damage frequency +ve
correlated with: 
• Skin total polycyclic aromatic 

hydrocarbon concentration 
(p<0.001)

• Skin pyrene concentration 
(p<0.001)

• urinary 1-hydroxypyrene 
concentration (p<0.001)

pyrene 1-hydroxypyrene

(polycyclic aromatic hydrocarbons)
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Abreu et al. (2017) J Toxicol and Env Health Pt A, 80: 13-15, 596-604.

Comet Assay - PBMC
• Portuguese study of wildland firefighters

• No specific exposure event - Cross-sectional study, samples collected from:

• 60 volunteer wildland firefighter (>1 year experience)

• 63 office-worker controls

• Samples matched by age, gender, smoking habits

• PPE use not recorded

Employment as a firefighter (Wildland Fires)
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Abreu et al. (2017) J Toxicol and Env Health Pt A, 80: 13-15, 596-604.
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Employment as a firefighter (Wildland Fires)
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All study 
subjects

0

2

4

6

8

10

12

14

female male

%
 D

N
A

 in
 t

ai
l

Control Firefighter

By Gender:

N=10 N=10 N=53 N=50

0

2

4

6

8

10

12

14

<29 29-38 >38

%
 D

N
A

 in
 t

ai
l

control firefighter

By Age:

N=19 N=20 N=20N=20N=20 N=24



G

E

N

O

T

O

X

I

C

I

T

Y
Liou 1989

DNA adducts (polycyclic aromatic hydrocarbons) - blood
• American study of municipal firefighters

• No specific exposure event - Cross-sectional study, samples collected from:

• 43 male municipal firefighters

• 40 male controls

• Samples matched by age & smoking status

Employment as a firefighter (Municipal firefighters)

Benzo[a]pyrene
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Liou 1989

DNA adducts (polycyclic aromatic hydrocarbons) - blood

Employment as a firefighter (Municipal firefighters)

Benzo[a]pyrene
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Ray et al. (2005) Int J Hum Genet 5(1):45-48.

Micronucleus – exfoliated buccal epithelial cells (mouth)
• Indian study of municipal firefighters

• No specific exposure event - Cross-sectional study, samples collected from:

• 47 male municipal firefighters with >10 years of service

• 40 male office worker controls

• Samples matched for age, ethnicity, smoking status, alcohol consumption +

Employment as a firefighter (Municipal firefighters)
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Micronucleus – exfoliated buccal epithelial cells (mouth)

Employment as a firefighter (Municipal firefighters)
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3.1-fold

Ray et al. (2005) Int J Hum Genet 5(1):45-48.



IARC Monograph 132 Infographic



Classification
Cancer in 
Humans

Cancer in 
experimental 
animals

Mechanistic Evidence

Group 1 
(carcinogenic)

Sufficient

Sufficient Strong (exposed humans)

Group 2A 
(probable)

Limited Sufficient

Limited Strong

Sufficient Strong (human cells or tissues)

Group 2B 
(possible)

Limited

Sufficient

Strong

Group 3 (not
classifiable)

Sufficient Strong (does not operate in 
humans)

All situations not meeting minimum criteria listed above

Need 1 in exposed 
humans

Need 1 in exposed 
humans or human 
cells or tissues

Impact of mechanistic data to final classification

Strong



Thank you!


