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Carbon Monoxide Analysis in Biological Specimens 

1 INTRODUCTION 

Carbon monoxide (CO) is a colorless, odorless gas produced by the incomplete combustion of 
organic fuels. It is also a common trace pollutant in the atmosphere. CO is present in the body 
at low concentrations, where it is bound to hemoglobin (Hb), to form carboxyhemoglobin 
(COHb).  

When CO is inhaled, it competes with oxygen (O2) for the hemoglobin in red blood cells. The 
affinity of CO for hemoglobin is approximately 250 times that of O2. When COHb is formed, O2 
cannot be transported to the tissues that need it, putting those tissues in a state of anemic 
hypoxia.  Overexposure to CO produces headache, tremor, nausea, weakness, confusion, stupor 
and coma.  Carbon monoxide poisoning may occur in fire victims or as a result of inhalation of 
automobile exhaust, heating system/stove waste products or other combustion gases. 

2 SCOPE  

Analyses ☒ Screening    ☒ Confirmation     ☒ Quantitation 
Matrices Blood (0.2 mL CO-Oximeter, 0.33mL HS-GC-TCD) 
Analytes Carbon Monoxide (CO) 
Personnel This document applies to authorized personnel who perform the described 

tasks, singly or in combination. 

3 PRINCIPLE 

Samples are screened and quantitated by spectrophotometry using a CO-Oximeter. 

Headspace gas chromatography with thermal conductivity detection (GC/TCD) may also be 
used to analyze samples.  Sulfuric acid is added to liberate the CO from the hemoglobin. An 
automated headspace sampler then samples and injects a portion of the headspace onto the 
HS-GC/TCD system. 

4 SPECIMEN CRITERIA 

Blood, spleen or other blood-rich organs can be analyzed by these procedures. 

5 EQUIPMENT 

5.1 Equipment 

A. Vortex mixer 
B. Pipettors: 5 μL - 1000 μL 

5.2 Consumables 

A. Disposable syringes:  1mL 
B. Disposable Test Cuvettes for AVOXimeter® 4000 
C. Kimwipes® and/or BloodBloc® pads 
D. 20 mL headspace vials (HSV) 
E. Magnetic crimp caps for HSV 
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9 CALCULATIONS 

%COHb is estimated from the HS-GC/TCD CO peak and the tHb amount measured by the CO-
Oximeter as described in the example below:  
 
COHb = saturation of carbon monoxide 
TCD = GC/TCD area counts 
tHB = total hemoglobin (CO-Oximeter) 
 
COHbspecimen = (TCDspecimen / TCDlevel2) X (tHblevel2 / tHbspecimen) X (COHblevel2target) 
 
Assume that the Level 2 Control Target Value (from the insert) is accurate. (For the example 
below, this value is 18.6%.) Assume that the Hb average amount for each sample calculated by 
the AVOXimeter is correct.   
  
COHbspecimen = ((2036623/16.6) X (18.6)) / (65409/13.6) 
COHbspecimen = 47.45 
 

10 REPORTING 

10.1 Case Specimen Interpretation 

Interpretation of results will consider variables such as: 
• History of potential exposure to a carbon monoxide source 
• Symptoms consistent with CO poisoning such as headache, dizziness, nausea/vomiting, 

confusion, fatigue, chest pain, shortness of breath, and loss of consciousness. 
• Elevated COHb level (>3-4% in nonsmokers, or >10% in smokers) 

10.2 Case Specimen Reporting (CO-Oximetry) 

• Duplicate measurements must be within 10% (absolute) of the average value in order to 
report. 

• Results less than 5% COHb are reported as “carbon monoxide less than 5% saturation”.  
• Results equal to 5% COHb or greater are reported as “carbon monoxide X % saturation”. 
• If two different blood specimens are analyzed from one case, report them separately. 

Do not average results from two different specimens. 
• Reference Section 10.3 for guidance on measurement uncertainty. 

 

10.3 Measurement Uncertainty 

CO-Oximeter data: Two control levels (purchased from RNA Medical) were analyzed in triplicate 
over five days during the validation period. The “true” value of the controls was taken from the 
package insert. Our testing showed an average 2.7% positive bias for the two levels and gave an 
overall standard deviation value of 1.3%. Since there is no certified reference material that we 
can base our calibration on, we must account for both the bias and the precision of these 
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measurements to estimate our uncertainty. Therefore, these values will be summed to achieve 
a value of 4%. This value will be used as the historical uncertainty for the method, rather than 
the 1.3% value. Any positive case specimens will therefore be reported with a +/-12% 
uncertainty (relative) at a 99.7% confidence level. (For example, COHb was identified at a 
saturation of 50% ± 6%, 99.7% CL, k=3.396). 
 

11 CORRECTIVE MEASURES 

11.1 Co-Oximeter 

11.1.1 Case Specimen Suitability 

Specimens that are putrefied, highly viscous, lipemic or otherwise degraded may not be 
suitable for analysis via co-oximetry. Indications that a sample is not suitable for analysis may 
include an inability to load the cuvette properly or an error message upon an attempt at 
analysis. 

11.1.2 CO-Oximeter Error Messages 

If a specimen does not pass internally preset criteria, the CO-Oximeter LCD will display one or 
more error messages, and no results will print. Review the error messages by pressing “Enter” 
until no new messages appear. Error messages can include: 

● tHB <4 or > 25 
● %O2Hb <-10.0% 
● %CO <-7.0 
● %MetHb >107.0% 
● %HHb>107% 
● % Scat <-15% 
When the only error message is “tHb (total hemoglobin) >25%”, the sample may be diluted 1:2 
with deionized water and re-analyzed.  A higher dilution may be used if tHb >25%. 

11.2 HS-GC-TCD 

The GC column used in this procedure is a molecular sieve column, which may retain water.  
The column may be reconditioned by heating the GC oven to 225°C for >4 hours or overnight.  
Insufficient column conditioning results in poor chromatographic separation between the CO 
and air peaks.   

 

 

 

 

 






