
Formaldehyde is an important species in atmospheric chemistry, especially in urban 
environments, where it is a decay product of methane and volatile hydrocarbons.  It is 
also a toxic, carcinogenic compound that can contaminate ambient air from 
incomplete combustion, or outgassing of commercial products such as adhesives 
used to fabricate plywood or to affix indoor carpeting.   Formaldehyde has a clearly 
resolved ro-vibrational absorption spectrum that is well-suited to optical analysis of 
formaldehyde concentration.  We describe an instrument based on cavity ring-down 
spectroscopy for the quantitative analysis of formaldehyde concentration in ambient 
air.  The instrument has a precision (1-sigma) of about 1 ppb at a measurement rate 
of 1 second, and provides measurements of less than 100 ppt with averaging.  The 
instrument provides stable measurements (drift < 1 ppb) over long periods of time 
(days).  The instrument has been ruggedized for mobile applications, and with a fast 
response time of a couple of seconds, it is suitable for ground-based vehicle 
deployments for fence line monitoring of formaldehyde emissions.  In addition, we 
report on ambient atmospheric measurements at a 10m urban tower, which 
demonstrate the suitability of the instrument for applications in atmospheric chemistry.
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Absorption Spectra For Key Species

We have built a prototype formaldehyde instrument operating at 1.778 mm (5625.85 cm-1). The absorption
spectrum in this region have been measured by Barry et al. (2002), and modeled by Saha et al. (2007). Our
experimental spectrum match the band structure observed in the literature. The prototype has a single
narrowband laser that scans across the region including H2CO, H2O, and CH4 (lower right panel). The upper
right panel shows the spectrum on a log scale to highlight potential interfering species. 100 Torr has been
selected as the operating pressure.

To measure the precision and drift of the formaldehyde, ambient air was scrubbed of both water vapor and
formaldehyde (left panel time series and middle panel Allan standard deviation. Because the water vapor line is very
strong, we measured the analyzer drift in a humid gas stream (right panel). The measurement noise in about 1 second is
about 1 ppb in both cases, and averages well for several hours (to about 0.02 – 0.03 ppb).
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Calibration of Formaldehyde

Currently, the prototype analyzer derives the calibration constant relating the measured
absorbance to the concentration from published line intensities (Saha et al. 2007). We
confirmed that this calibration agrees with the output of a certified permeation tube within
±20%. We will be obtaining gravimetric standards for improved calibration.

The two instruments were used
to analyze ambient air samples
from August through the end of
November, 2017. The time series
are shown in the five panels
above, to the left, and to the
right. On many mornings,
condensation was observed in
the unheated sampling line
(example in upper right panel).
Evaporation of the condensation
was accompanied by a short
pulse of formaldehyde,
presumably due to dissolved
formaldehyde that was released
into the gas stream. These
events were detected and
removed from further analysis.
The daily maximum in the
ambient air ranged from a
fraction of a ppb to 40 ppb.
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Interfering Species

Known cross-interference from water vapor and methane

• Both species included in spectral model

• Residual cross-talk empirically removed with linear post-fit corrections

• -0.127 ppb H2CO /ppm of methane

• -3.1 ppb H2CO /% of water vapor

• Water and methane are measured well enough that uncertainty does not add appreciably to 
formaldehyde uncertainty

Other small molecules in the Hitran database

• Hitran also has entries for CO2, O3, N2O, NO, DF, HCl, and H2S in this region

• None are expected to be significant interferences for normal air

Other “unknown unknowns”, especially VOCs

• Formaldehyde absorption comes from overtone of CH asymmetric stretch

• Other hydrocarbons with -CH2- groups might be expected to pose a risk

• The analyzer has been exposed to neat samples of IPA, acetone, and turpentine:  baseline 
elevation up to several hundred ppb/cm but no noticeable cross-talk at ppb level

Long Term Cylinder Measurements for 

tracking drift

The single bottle was measured for 10 minutes, twice per day. The
results of this cylinder measurement are shown in the panels above,
for H2O, H2CO, and CH4. The formaldehyde measurement shows a
clear correlation to ambient pressure, which indicates that the drift
in the formaldehyde measurement is due primarily to parasitic
reflections at the input and/or output of the optical cavity whose
phase change depends upon ambient pressure. The recommended
zero drift tracking period is 4-24 hours for this instrument, or longer,
depending upon desired accuracy. The composite Allan standard
deviation for H2CO, using the 72 hour test and the calibration
cylinder measurements, is in the lower left panel.
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Diurnal Cycle

The diurnal cycles of the
time series shown above are
shown in this series of plots
for the five gases. Unlike
CO2, CH4, and CO, which
peak in the nighttime /
morning hours,
formaldehyde peaks in the
mid- to late afternoon,
indicative of the fact that
during this time period, the
principle source of
formaldehyde is via
photochemical breakdown
of VOCs in the atmosphere
by UV light.

Eclipse Detection

The 21 August 2017 eclipse was a 75% partial eclipse at
Picarro headquarters. By analyzing the diurnal cycle in
the week immediately preceding the eclipse, we see a
clear signature of the eclipse in a reduced formaldehyde
signature, due to lower solar irradiation. Note: The
transients at about 0.1 and 0.6 days are due to
interruption for cylinder measurements.


