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Referee Comments: Overall this paper presents a useful extension of FTIR analysis for
VOCs in samples taken from challenging environments. The paper is well written and
requires few, if any, typographical corrections. However, I do have some suggestions
that I believe would increase the readability and utility of the paper. The term "Seminal
Detections" is correct but, unfortunately, the term is much more commonly associated
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with seminal fluid detection and may reduce the “searchability” of the paper. Perhaps
"First Detections" could be used in the title and in equivalent places within the body of
the manuscript.

Author Comments: We thank the referee for the constructive suggestions to improve
the readability, utility and “searchability” of the paper. The term “seminal” has been
replaced with “first” in the title and throughout the manuscript.

Referee Comments: Lines 16/17 (first sentence in abstract): split into two sentences
at the semicolon.

Author Comments: Lines 16/17 have been corrected as suggested.

Referee Comments: Line 29 "significantly": in a measurement and analysis paper the
term "significantly" should be retained for use only in the statistical context. While clear
enough here, it is best to avoid it and use, perhaps, "profoundly", "strongly", etc.

Author Comments: The term “significantly” has been replaced with “profoundly” in the
line 29.

Referee Comments: Line 31 "however, prescribed ...": "however" implies "in contrast
to", but this sentence seems more to be about additional sources of VOCs. Perhaps
"Additionally, prescribed..."

Author Comments: The term “however” has been replaced with “additionally” in the line
31.

Referee Comments: Line 55 "thermal decomposition (pyrolysis)": the technical defi-
nition of pyrolysis seems to be something like physical and chemical transformation
induced by high temperature INERT atmosphere (absence of oxygen). I am not sure
that wildfire processes meet that definition. Perhaps the authors can expand upon this
section slightly to make it clear that this is actually pyrolysis and not simply emission
due to pressure increases (gas expansion), vapourisation, etc.
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Author Comments: We thank the referee for this comment, and we have added text
for further clarification. We know that pyrolysis did and does occur (and not simply
vaporization of hydrocarbons) because pyrolysis generates the fuel gases that combust
to produce the flame, which is what is visually observed.

The manuscript now states: “Pyrolysis is the chemical transformation of material by
heat in an oxygen-free or low-oxygen environment. Every wildland fire consists of
two processes. First, thermal decomposition (pyrolysis) of solid wildland fuels into
gases, tars, and char. Second, combustion (oxidation) of these pyrolysis products
resulting in flame gases and particulate matter in the smoke. The visible flame is
sustained by fuel gases that are produced by pyrolysis (Ward et al., 1991). The two
processes (pyrolysis and combustion) are complementary given that heat released
from the oxidation reactions facilitates further pyrolytic reactions allowing the fire to
advance.”

Referee Comments: Line 85-90 Table 1: The order in which the compounds are pre-
sented in the table is not justified. A statement regarding this would be appreciated.

Author Comments: Table 1 has been rearranged, and the compounds are in order
by category (i.e. hydrocarbon, oxygenated hydrocarbon, nitrogen-containing species
etc...) and followed by number of carbons in the molecule. Also, Table 1 now has both
the name along with the formula for each compound.

Referee Comments: Line 114 "Beer’s Law": should not be possessive - "a Beer Law
plot". Preferable would be "a Beer-Lambert Law plot" (the Beer law is concentration
only, Lambert Law is path length only, Beer-Lambert Law incorporates both)

Author Comments: The term “Beer’s law” has been replaced with “a Beer-Lambert Law
plot” in line 114. [We note that Johann Lambert was a Swiss physicist and mathemati-
cian and August Beer was a German physicist for whom the law was named. The use
of the possessive form “Beer’s law” is in fact correct.
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Referee Comments: Line 118-122: Some further details on the calibration would be
appreciated. There is no intercept reported - was the regression constrained to a zero-
intercept? What is the uncertainty in the slope/pathlength?

Author Comments: As suggested by the referee, we have included further details on
the calibration. The axes in Figure 1b have been renamed to add more detail. The
y-axis is now labeled as “Integrated Area of IPA measurements”, and the x-axis is now
labeled as “Mixing Ratio × ε (area of IPA reference)”. Additionally, Section 2.2 includes
the name of the software used for integration as well as the following text, “The y-
intercept was set to zero. The slope is equal to the path length, which was determined
to be 8.1 ± 0.1 m (standard error of the regression).”

Referee Comments: Line 126/127: Dry-air generators are not necessarily CO2-free
generators. I assume that this system does produce dry, CO2, CO and hydrocarbon-
free air, but a statement to that effect should be included.

Author Comments: The air generator produced both dry and CO2-free air, and there
was no evidence of CO nor CH4 in the single-beam background spectra. Trace quan-
tities of H2O(g) and CO2 were present in the background spectra due to ambient air
getting into the system, however, the intensities were negligible in comparison to the
intensities of H2O and CO2 in the experimental spectra. Furthermore, the features
observed in the single beam background spectra are likely cancelled out (or partially
cancelled out) when the experimental spectrum is ratioed to the background spectrum.

We have added the following to section 2.2, “Inspection of a single beam back-
ground spectrum showed no evidence of CO or CH4 contaminants, and only negligible
amounts of H2O and CO2.”

Referee Comments: Line 184 Figure 2: This comment applies to all figures containing
stacked spectra. The colours are not easily distinguishable and colour-blind people
may have some difficulty identifying the correct trace. It would be better to label each
trace with a letter, (ab),(b), (c), etc, and include the legend in the figure caption.
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Author Comments: As suggested, we have labelled each trace with a number (instead
of a letter because Figure 2 already has letters) that corresponds to its description in
the legend. All figure were amended except for Figure 6 since all of the traces are
already labelled.

Referee Comments: Line 191 and following: The authors use the term “Limit of Detec-
tion” or “Detection Limit” in the sense of being the lowest concentration for which they
can provide a value. However, the LoD is the limit at which the analyte can be reason-
ably stated as being present, but without quantification. The Limit of Quantification, the
lowest concentration for which it is acceptable to provide value, is generally given as
10 x StdDev. The authors should clarify and confirm what concept they are employing.

Author Comments: We thank the referee for the comment. After much consideration,
we have decided to use the language “Detection Limit” because it is a standard term
in IR spectroscopy that represents the minimum amount of an analyte that may be
detected. The following text has been added for clarity, “In IR spectroscopy, detection
limits often represent the minimum amount of analyte that may be detected, and can
be determined by two-three times the signal-to-noise (Griffith et al., 2006).”

We acknowledge that our approach of determining this value is unique because it is
obtained from 3× the RMS of the residual instead of 3× peak-to-peak noise of the ab-
sorbance. As stated, we are reporting signal-to-residual, not signal-to-noise detection
limits. For clarification, we have renamed section 2.5 to “Signal-to-Residual Detection
Limits” and we have added the word “residual” to column 5 in Table 3.

Referee Comments: Line 258 Figure 3 and accompanying text: The inclusion of naph-
thalene in the fit has not only improved the fit in the wavenumber range of the naphtha-
lene peak (785 –775 cm-1) but also in the 770 – 760 cm-1 range. While a minor point,
it is probably worth commenting that the fitting process will result in poorer values for
other species without all the contributors to the spectrum being included, as the in-
tensities of those other components are distorted to try to compensate for the missing
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component. This observation holds for most of your spectra.

Author Comments: We thank the referee for the comment, and we fully agree. The
presence of naphthalene in the analysis improves the fit, which consequently improves
the values for the other species. This is mentioned in the introduction, however, it is
worth noting in this section as well.

The manuscript includes the following, “Including naphthalene in the analysis clearly
improves the fit, which consequently improves the derived values for the other species.
This observation is consistent in the spectral analysis for all the target compounds
discussed below.”

Referee Comments: Line 275 – 279 Table 3: This table seems to be somewhat mis-
placed, being in the “3.1 Naphthalene” but referring to all compounds. It would perhaps
be better placed in “3.5 Comparison to Other Sections” (the section can be renamed
to something like “Limits of Detection and Comparison to Other Methods”.

Author Comments: We agree that Table 3 is somewhat misplaced, and we have moved
it to the section before 3.1 Naphthalene. Since Table 3 is referred to in sections 3.1–3.5,
we felt that it was necessary to present it earlier in the manuscript (instead of placing it
in section 3.5).

Referee Comments: Line 280-287 and corresponding text for other compounds: Each
section on a compound finishes with a paragraph of health aspects and atmospheric
chemistry of the compound. This feels to be tacked-on and does not directly relate to
the science being discussed. It would be better if these sections, if included at all, were
collected and condensed to a single space, perhaps in the introduction.

Author Comments: Those paragraphs and corresponding text have been removed from
the manuscript.

Referee Comments: Line 309 – 312: In the discussion of the conformers of methyl
nitrate, it is not obvious if two spectra, one for the cis- and one for the trans-isomer,
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were employed. It would be appreciated if this was discussed.

Author Comments: This is an excellent point. We have added the following text to
section 3.2 for clarity, “The PNNL reference spectrum for methyl nitrite was created
using an equilibrium mixture of cis and trans, and the single spectrum contains feature
from both conformers (Sharpe et al., 2004).”

Referee Comments: Line 451 and following Section 3.5: In this section, it would be
appropriate to include indicative limits of quantification

Author Comments: please see comments below regarding section 3.5

Referee Comments: Line 464-466 Table 4. The way the units are presented in the
header row (in parentheses) and the way the uncertainty of the values are presented
in the table body (in parentheses) caused some confusion. IUPAC requires that paren-
theses are NOT used for units, rather the solidus (divide-by symbol) is used. However, I
suspect that this is too radical-a-step for the journal. The uncertainty in the table would
be clearer if expressed in the form “a ± ε" “. Note that ppb/ppm is the same as per
mille (‰.

Author Comments: We thank the referee for these comments, and we have displayed
the uncertainties as the form suggested in Table 4. We included the parentheses
around the units not because it is too radical a step, but rather for clarity. There is a
solidus in the unit symbol, and we thought it would be too confusing expressing the
units as “/ppb/ppm” instead of (ppb/ppm). We have decided not to use unit symbol for
per mille for clarity and because it is often displayed in ppb/ppm [please see Table 2 in
Koss et al. (2018)]

Referee Comments: It would be appreciated if here, or perhaps earlier, the justification
for using emission ratios is given.

Author Comments: We have included the following text for justification for using emis-
sion ratios. Section 3.5 now includes, “Emission ratio is a standard metric used in fire
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emission measurements, and it is defined as the change in the mixing ratio of the tar-
get compound relative to the change in mixing ratio of the reference species, generally
either carbon monoxide or carbon dioxide (Urbanski et al., 2008). Here, carbon monox-
ide is used as the reference species since the present study focuses on pyrolysis, and
prior fire studies generally provide emission ratios relative to carbon monoxide, which
makes it a convenient quantity for comparison.”

Referee Comments: Section 3.5: It would be appropriate in this section to present
the LoDs or LoQs of other techniques and compare this with your FTIR method. In
addition, it would be appropriate to include a short comparison of sample-handling
requirements, the time required, and other advantages/disadvantages of FTIR over
other methods.

Author Comments: We thank the referee for these comments, and we point out that
Table 1 in Koss et al. (2018) compares (in great detail) the various techniques used for
biomass burning measurements. The table contains detection limits, time resolution
and inlet setup as well as other information for seven instruments (Koss et al., 2018).
The FTIR technique presented in that table is open-path, which has a lower detection
limit (1 ppb) compared to the extractive method used in the present study (low ppm).
We also note that in interest of time and space, we have only given a quick summary
of comparison to other optical techniques. If one begins a comparison of the LoD or
LoQ of a few other techniques, the manuscript rapidly becomes a very lengthy review
article of many other techniques, including their advantages and pitfall. In the interest
of brevity, we have chosen not to go down that path.

However, we have included the following text to acknowledge Table 1 in Koss et al.
(2018) and to include the detection limits for the extractive FTIR for comparison. Sec-
tion 3.5 now includes, “There are of course advantages and disadvantages for the
various measurement techniques typically used in biomass burning investigations. For
a detailed summary of instrumental methods (including species measured, time reso-
lution and detection limits), the reader is referred to Table 1 found in Koss et al. (2018).
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The FTIR technique presented in that table is open-path (OP-FTIR), which has a lower
(better) detection limit (typically on the order of 10s of ppb) as compared to the extrac-
tive method used in the present study (low ppm, see Table 3). It should be acknowl-
edged that the target compounds and spectral analysis methods of this study are also
fully applicable to both infrared laser systems and OP-FTIR systems.”
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