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Fig 1: Mechanism of action for the PAH in vitro 
bioassay using a luciferase reporter gene. 
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• Firefighters are exposed to a variety of contaminants from combustion
at a fire scene.

• With a greater cancer incidence observed in firefighters compared to
the general population, research is underway to characterize the
toxicity of individual chemicals and complex mixtures to which
firefighters are exposed using in vitro biomarkers of effect.

• Activation of the aryl hydrocarbon receptor (AhR) is one mechanism by
which polycyclic aromatic hydrocarbon (PAH) and other related
compounds express toxicity (Fig 1).

• Extracts of urine from firefighters collected post-fire had greater AhR
bioactivity than extracts of urine pre-fire (Fig 2).

• Based on the relative potencies of several hydroxylated PAHs routinely
used as biomarkers of exposure, greater than 99% of the observed
bioassay response is from unidentified compounds (Fig 2).
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Objective
• Identify currently unknown compounds in the urine of firefighters that

are responsible for AhR activation and associated toxic effects.

Methods
Fig 4: Effect Directed 
Analysis process 
used to separate and 
identify active 
components of a 
complex mixture.

• Urine samples collected during training fires were extracted and
analyzed using the PAH CALUX® bioassay (Fig 1).

• An Effect Directed Analysis approach using fractionation, bioassay
testing and chemical analytical testing is being used to separate and
identify toxicants potentially responsible for the observed bioassay
response (Fig. 4).

Results

Results

• The bioactivity among the 3 individuals had a similar distribution, with
fraction 2-2 and fraction 2-3 having the greatest and least bioactivity,
respectively.

• Initial non-targeted chemical analytical testing predicted the identity of
hundreds of compounds among the bioactive fractions.

• Since hundreds of unknown compounds was not feasible to source and
test on the bioassay for their individual potency, another type of
fractionation was conducted.

Fig 6:  Percent of total bioactivity after 
fractionation of the urine extract. 
Data represented as mean ± SD.

Fig 8:  Percent of total bioactivity after fractionation of a combined urine extract.

Fig 7:  UV 254nm chromatogram and associated fractions of a combined urine 
extract. Fractionation was conducted using an increasing solvent gradient. 

Conclusions

Ongoing Research
• Fractionation experiment #2 will be repeated with multiple individuals

and adjusted slightly to further separate the fraction that represents
the majority of the observed bioactivity.

• Additional analytical testing is underway to identify the compounds
present in the bioactive fractions.

• Once a select number of compounds have been identified, bioassay
testing of analytical standards will be done to confirm and assess the
relative potency of the compounds.

• The preliminary data show that the fractionation procedure is
repeatable and the bioactivity should be able to be isolated.

• Many compounds identified in the urine extracts are metabolites or
derivatives of compounds commonly found in smoke, which helps
connect the responses and newly identified biomarkers with exposure.

Fig 2: B[a]P equivalence of urine sample extracts 
before and after a training fire. 

Fig 3: Image of 
training fire.

Fractionation Experiment #1:

Fractionation Experiment #2:

Fractionation Experiment #2 Continued:

Fig 9:  GC-QTOF extracted ion chromatograms of PAH- and methoxyphenol-like 
compounds of the (A) 12-13.5 min and (B) 13.5-15 min fractions.
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• The second fractionation experiment was able to separate the many
compounds in the complex mixture by their chemical properties (Fig 7).

• Bioassay analysis identified two primary fractions representing ~10 %
and ~85% of the total bioactive response of the mixture (Fig 8).

• Hundreds of compounds were found in each of these fractions (Fig 9).
Use of the NIST17 library resulted in the identification of numerous
compounds with a probability of >70%.

• PAH- and methoxyphenol-like compounds commonly found in smoke
were found in the extract fractions. A few examples are given in Fig 9.

• Further fractionations will narrow the number of compounds detected
that can be tested on the bioassay to understand their contribution to
the bioassay response.
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