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Carbon Monoxide (CO) 

Field of 
Application 

Continuous ambient air monitoring analyzers used to measure carbon monoxide (CO) 
must meet the following performance specifications, unless an equivalent, 
alternative analyzer is authorized in writing by the Director. It is not the intent of 
the Department to exclude analyzers with operating principles and/or equivalent 
performance specifications different than those provided. Written authorization 
from the regulator must be received prior to the purchase, installation and/or use of 
any analyzer based on an alternative principle of operation or differing performance 
specifications from those herein. 

CO is a colorless, odourless, tasteless, and highly poisonous gas. It can affect the 
oxygen carrying capacity of the blood, putting a strain on tissues with high oxygen 
demand, such as the heart and the brain. Exposure effects can include headache, 
dizziness, nausea, and even death at high levels. CO is relatively stable in the 
atmosphere and has an average global atmospheric lifetime of 1 to 4 months. The 
atmospheric stability of CO makes trace level measurements useful as a background 
tracer for industrial processes and as a worldwide tracer for long-range pollution 
transport. 

Air Quality 
Objectives 

The applicable Alberta Ambient Air Quality Objectives for CO are as follows. 

1-hour average of 15,000 µg m-3

† (13,000 ppbv*) 

8-hour average of 6,000 µg m-3 † (5,000 ppbv*) 

† µg m-3is the weight, in micrograms, of the substance in one cubic metre of air. 

* Standard conditions of 250C and 101.325 kPa are used as the basis for conversion from µg m-3to
ppbv (parts per billion by volume) or from mg m-3 to ppmv (parts per million by volume). 

Note: Underscore indicates this digit is the last significant figure in the number e.g. 100 has two 
significant figures. 

In the case of disagreement between the information contained herein and the Alberta Ambient Air 
Quality Objectives and Guidelines Summary, the Summary as amended from time to time shall be 
considered the correct version. 

Principles of 
Operation  

Continuous ambient air monitoring methods accepted by the Department for 
measuring ambient or trace levels of CO include the following. 

Non-Dispersive Infrared (NDIR): This is the most commonly used continuous CO 
measurement method. These analyzers operate on the principle that the CO 
molecule has a sufficiently characteristic infrared (IR) absorption spectrum for 
detection. Sample air passes through a chamber in front of an IR source. Optical 
Band Pass Filters focus the wavelength of the IR energy to the CO absorption range. 
The detector produces a signal proportional to the amount of IR absorbed and the 
concentration of CO is calculated. 

NDIR (trace level): Trace level NDIR CO analyzers are fundamentally the same as 
those used for routine measurements, but with modifications to enhance 
performance and sensitivity. Trace level analyzers have more sensitive detectors, 
tighter temperature controls, sample stream dryers to remove water, and utilize 
frequent auto-zero adjustments. 
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Carbon Monoxide (CO) 

Principles of 
Operation 
(continued) 

Gas Filter Correlation (GFC): These analyzers also rely on the absorption of IR by 
CO. The GFC method alternates between the IR absorption of a known CO 
concentration and the absorption of the ambient sample. The correlation between 
the IR absorption of the known concentration and the absorption of a blank sample is 
used to calculate the ambient CO concentration. 

Performance 
Specifications 

Specifications listed here are minimum performance specifications, and some 
applications may warrant use of equipment with better specifications. Minimum 
performance specifications for both routine and trace level CO analyzers are 
provided below. Note that some minimum specifications for trace level monitoring 
are more stringent than those for routine monitoring. 

Criteria 
Routine Monitoring 
Performance Specification 

Trace Level 
Performance Specification 

Required Operating 
Range (Full Scale): 

50 ppm 
5 ppm or 
50 ppm 

Zero Noise: 25 ppb RMS  20 ppb RMS 

Lower Detection Limit: 50 ppb  40 ppb 

Zero Drift (24-hr): 100 ppb  100 ppb 

Span Drift (24-hr): 1% of full scale 1% of full scale 

Linearity: 1% of full scale 1% of full scale 

Precision: 100 ppb or 1.0% of reading 0.5% of reading 

Rise time: Maximum 60 seconds Maximum 60 seconds 

Fall time: Maximum 60 seconds Maximum 60 seconds 

RMS is the root mean square of differences 

ppm is parts per million by volume 

ppb is parts per billion by volume 

Operational 
Requirements 

Installation and operation of CO analyzers must meet all requirements specified in 
the Air Monitoring Directive (AMD). All analyzers must be operated according to 
manufacturer’s specifications. 

Calibration 
Requirements 

Refer to the manufacturer’s requirements for calibration and the calibration section 
of the AMD. 

Reporting 
Requirements 

Refer to the reporting section of the AMD. 

Additional 
Information 

NDIR CO analyzers determine CO concentration by measuring the amount of light 
that is absorbed at a select wavelength specific to CO absorption. Interferences can 
be caused by other gas in the air sample that also absorbs at a similar wavelength. 
Of particular concern are water vapour and CO2. 

High-sensitivity CO analyzers are equipped with driers that selectively remove water 
vapour from the sample gas without removing CO. 

CO2 interferences are addressed in high sensitivity analyzers by converting all CO to 
CO2 for frequent auto-zero measurements. Incomplete removal of CO can affect 
auto-zero measurements. To avoid incomplete CO conversion, it is important that 
the CO oxidation system (a heated palladium or hopcalite scrubber) be maintained at 
the manufacturer’s recommended temperature. 


