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1. NOx (NO + NO2), NOy and O3: Emissions and Atmospheric Significance

3. Proof of NOy concept during the Southern Oxidant and Aerosol Study

• Emissions and subsequent oxidation of NOx play an important role in tropospheric ozone (O3) production.

The NOy measurement from this thermal dissociation cavity ringdown spectrometer (TD-CRDS) was compared to a standard
catalytic converter from Atmospheric Research and Analysis, Inc.
(ARA) at a SEARCH site during a 6 week campaign in Alabama
(SOAS 2013):

• The sum of NOx and all its more highly oxidized species makes up NOy, and which can act as sinks or reservoirs for NOx.

• A simultaneous measurement of NO, NO2, NOy, and O3 provides an important tool for understanding the role of emissions
in air pollution and tropospheric ozone formation.
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• A correlation plot of all the data during the campaign shows good
agreement.
• The 140 pptv average offset between the measurements may be due to the
separation of inlets, different sensitivities of the two instruments to specific
NOy species, such as nitrate aerosol, or some combination of these.
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2. Four-channel cavity ring-down instrument for NO2, NOx, NOy, and Ox
Standard measurements based on chemiluminescence:
Pros: directly detects NO
can be very sensitive
Cons: conversion of NOy and NO2 difficult and unreliable
requirements for vacuum and hazardous materials

NO, O3, and NOy are quantitatively converted to NO2

Measurement based on cavity ring-down:
Pros: directly detects NO2
conversions to NO2 are straightforward
low power requirements
Cons: less sensitive to NO

4. Examples of mobile lab measurements
Measurements in the oil and gas fields of the Uintah Basin, UT
This instrument was deployed on a mobile platform to quantify emissions from the oil and gas sector and related traffic
during numerous drives throughout the Uintah Basin in January 2014. Data from an example drive are shown here:

NOy is converted to NO and NO2 via thermal dissociation in the new heated quartz inlet, and then to NO 2 in excess O3.
NO and O3 are converted via titration using excess O3 or NO

Schematic of the NOy conversion and measurement principle
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ARA inlet

Direct Emissions
NO2 photolysis is the only known
mechanism for tropospheric O3
production. The cycling of NO back to
NO2 is fueled through the oxidation of
Volatile Organic Compounds (VOCs)
by radicals such as OH and Cl.

•
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TD-CRDS inlet

NOAA mobile laboratory

Proof-of-principle thermograms show unit conversion of
most of the major components of NOy.
The main candidates for interference, N2O, nitriles, and
NH3, give negligible signal.
The NH3 signal here is shown in dry air. In air with relative
humidity 10% or greater the NH3 interference is < 0.1%.

• The simultaneous measurements of NOx, NOy,
and O3 helped determine the basin-wide
distribution of these gases.

• The O3 measurement illustrates the observation that
O3 concentrations tended to be highest in lower part of
the basin.
• The NOx and NOy measurements (shown on a logarithmic scale) not only
show generally elevated levels in the regions with prevalent oil and gas wells,
but also captured plumes from individual sources.

Instrument description and performance

tunnel length

Measurements in the Eisenhower Tunnel

Power draw: 300 W

The weight, size, and power requirements make it appropriate for groundbased as well as van or aircraft measurement platforms.
•

•

For ground-based measurements,
1minute integration time results in
~3pptv precision.
For mobile measurements at 1
second integration, plumes can be
measured at ~20 pptv precision.

The highly stable optical cage system keeps cavities aligned with no need for
adjustment for >12 months, including deployment in two field campaigns.

110 cm

Weight: 102 kg (to be reduced)

• The Eisenhower Tunnel takes Interstate 70 under the
continental divide.
• The two-lane bore is 2.73 km (1.7 mi) long, and is utilized
by over 16,000 vehicles per day.

• Measurements show highly elevated levels of NOx and
NOy, which increase in the direction of traffic and drop off
sharply at the tunnel exit.

5. Conclusions

• Our newly developed 4-channel cavity ring down instrument is a compact and robust system to measure NO 2, NO, NOy, and O3.
• Its size, weight, and power requirements make it a versatile instrument suitable for deployment on mobile lab or aircraft
platforms, rivaling standard chemiluminescence-based instruments.

• Future work: Reactive nitrogen measurements in Colorado in Summer 2014 to quantify oil & gas and agricultural emissions.

