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Abstract: 

Carbon monoxide (CO) is typically measured with electrochemical sensing cells: The drawing of 

air into the sensing cell, the chemical reaction and signal transmission results in a delay in the 

logging of the actual CO concentration.  At times, it is important to be able to accurately record 

the timing of changing CO concentration, which requires correction for the delay, or time-lag.  

The aim of this study was to quantify the time-scale of response of LASCAR EL-USB-CO 

monitors while CO concentrations were increasing and decreasing. We found that it is possible 

to reconstruct the real CO concentrations from the measured CO concentrations.   

 

 

 



 

INTRODUCTION  

     Electrochemical CO sensors oxidize CO to CO2, generating an electrical current proportional 

to the concentration of CO. (1,3,4) This process takes time, introducing a lag between the time of 

exposure to CO and the time that the applied concentration is logged. Quantifying the time-scale 

of instrument response is important when high temporal accuracy in pollutant concentration 

measurements is required, such as when measuring contaminant dispersion for estimation of 

mixing time or turbulent diffusion coefficients.  

Cheng et al.(2) described a method for the quantification of the time-scale of instrument 

response, denoted τ. The experiment involves application of little or no CO to the instrument 

(e.g., ambient air, Yo), followed by the application of gas with a known concentration of CO to 

the instrument (e.g., span gas, Yc), which is then followed by another application of gas with 

little or no CO (e.g., Yo) to the instrument. Assuming that the instrument response is a first-order 

exponential process, the measured CO concentration at time t, X(t), is equal to: 
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for t ≥ 0,  where τrise and τdecay are the time-scale of the instrument response when the instrument 

is registering increased and decreased CO concentrations, respectively. Note that one of the 

terms on the right-hand side of (1) drops out during application of a gas, Yc or Yo.  For example, 

during application of the span gas, Yc, the second term on the right-hand size is irrelevant; and 

the first term quantifies the instrument response to a step-increase in CO, from Yo to Yc.  In this 

case after τrise seconds, the instrument is reading 63% of the current concentration, Yc.  The 

second term on the right-hand side of (1) quantifies the instrument’s response when the applied 



CO concentration decreases to Yo.  In this case, after τdecay seconds, the instrument is reading a 

CO concentration that is 37% higher than Yo. 

To calculate τ from the measured CO concentration, X(t), only a segment of the data is 

utilized.  Specifically, a time period is chosen when Yc or Yo equals zero. Taking the logarithm 

clarifies the log-linear relationship between X(t) and t, and τ is calculated from the slope of the 

regression line. For example, when span gas is applied, Yc = Yspan and Yo = 0, such that (1) 

reduces to: 

spanYln( =− ))(tX tY
rise

span τ
1ln −           (2a) 

for t ≥ 0. After span gas application, the monitor is exposed to ambient air conditions (Yc = 0 and 

Yo may equal 0), such that the first term on the right-hand side of (1) equals zero, and where the 

subscript decay on τ indicates the time-scale of the response when the instrument is registering 

decreasing CO concentrations. Thus, τdecay is derived from the following equation for t ≥ 0.  
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Cheng et al.(2) developed and applied this method of step input signals of alternating low and 

high CO concentrations to evaluate Langan CO monitors, which are capable of recording CO 

concentrations every two seconds. LASCAR monitors are substantially less expensive than 

Langan monitors and are capable of recording CO concentrations every ten seconds, and we 

were interested in evaluating if these less expensive monitors would be capable of providing high 

temporal accuracy. The objective of this study was to quantify the response time of LASCAR 

EL-USB CO Data Logger monitors. Specifically, we measured τrise and τdecay three times in each 

of seven LASCAR monitors, and tested the hypotheses: 1) the mean τrise is the same for the 



individual monitors, 2) the mean τdecay is the same for the individual monitors, and 3) that τrise 

equals τdecay in each individual monitor.  

  

 METHODS  

We fabricated a small chamber that encloses one monitor: The chamber is only slightly larger 

than the monitor, such that air is quickly displaced when gas is applied. The chamber has a fitted, 

removable cap with a gas tube connector, which fits snug into the casing with a rubber gasket. 

The chamber has holes at the distal end to allow gas to exit after it has flowed over the monitor. 

Owing to the design of the Lagan instruments, Cheng et al.(2) were able to apply gas through a 

small cap over the sensor intake, instead of using a chamber.  In both the Cheng et al.(2) and our 

experiments, instruments were exposed to ambient air by removing the CO source (e.g., the cap 

was removed from the chamber). 

After an initial exposure to ambient air with an approximate CO concentration of zero, 

measured with each LASCAR monitor, we applied a known concentration of CO (span gas with 

concentration of 49.12 ppm) to the monitors for 140 s, followed by exposure to ambient air for 

the same duration. This application process was repeated three times for each of seven LASCAR 

monitors.  The CO concentration was logged every 10 s, the most frequent measurement interval 

available.  Instrument response was corrected with a multiplicative calibration factor prior to 

analysis, though this correction does not alter the estimates of τ. 

Using equation (2a), we calculated τrise when the span gas was applied (Yc = 49.12 ppm). 

Using equation (2b), we calculated τdecay when ambient air was applied (Yo = 0 ppm), after 

application of the span gas. Using the measured values of τrise and τdecay, the repetitive step input 



signals of alternating high and low concentrations of CO was reconstructed at each measurement 

from the measured concentration following a finite difference approach:  
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where τ = τrise when Xn-1 < Xn+1 and τ = τdecay when Xn-1 > Xn+1, and where n indexes the 

measurement intervals in the experimental run.  

 

RESULTS 

The range of τrise values for the test monitors was 41.2–113.4 seconds. The range of τdecay 

values was 34.9–67.5 seconds. The null hypothesis that the mean τrise was the same for each 

monitor was not rejected (ANOVA p > 0.05), as was the null hypothesis that the mean τdecay was 

the same for each monitor (ANOVA p > 0.05).  The coefficients of variation in τrise and τdecay for 

each monitor ranged from 0.86 to 32.5%. The null hypothesis that τrise = τdecay was rejected 

(paired t-test p < 0.05).  

The reconstruction of the CO concentration using the measured values of τrise and τdecay 

(Equation 3) is presented for one monitor in Figure 1. Notably, the reconstructed CO 

concentration captures the timing of the step-change in the applied CO concentration, though the 

CO concentration reconstructed in the first twenty seconds after the change is higher than the 

applied concentration. This was also observed by Cheng et al.,(2) who noted that the effect can be 

minimized by additional smoothing steps.  

 

CONCLUSIONS 

The time-scale of the LASCAR monitor response is 50-70 seconds (Table I), and more than 

100 seconds was required before the instrument registered the span gas concentration (Figure 1). 



The mean 90% response time for the LASCAR monitors in these experiments was 80 seconds. 

However, we found that the τrise and τdecay values can be used to reconstruct the applied CO 

concentration from measured CO concentrations when temporal accuracy is required for CO 

monitoring.   

While we observed τrise to generally be greater than τdecay, the opposite was observed by 

Cheng et al.(2) The mean measurements for τrise and τdecay measured by Cheng et al.(2) was 31.2 s 

and 36.6 s, respectively; we measured 59.7 s and 44.1 s, respectively. Those authors attributed 

the anisotropy of the response time-scale to the forcing of span gas, but not ambient air, across 

the sensing cell.  The use of forced span gas and un-forced ambient air was similar in both 

studies.  However, though the volume of air in the exposure chamber in our study was small, it 

may have introduced a longer time-lag into the instrument response (increasing τrise ) than the 

sensor cap used by Cheng et al.(2)  The instrument and electrochemical sensor designs may also 

explain the difference in findings.  

Overall, though we found the time-scale of the response in the LASCAR instruments to be 

longer than the time-scale of the response in the Langan instruments studied by Cheng et al.,(2) 

this analysis demonstrates that it is feasible to determine the timing of changes in CO 

concentration using the LASCAR instruments.   

 

 



 

REFERENCES  

1. Azad, A.-M. and E.D. Wachsman. Solid state chemical sensors for CO. in Solid-state 

Ionic Devices II: Ceramic Sensors: Proceedings of the International Symposium. 2001. The 

Electrochemical Society. 

2. Cheng, K.C., et al., Model-based reconstruction of the time response of electrochemical 

air pollutant monitors to rapidly varying concentrations. Journal of Environmental Monitoring, 

2010. 12(4): p. 846-853. 

3. Cole-Parmer. The Theory Behind Carbon Monoxide Electrochemical Sensors. 2010  

[cited 2010 June 24, 2013]; Available from: 

http://www.coleparmer.com/TechLibraryArticle/1192. 

4. Dieter Kitzelmann, B. and F. Jacques Deprez, Electro-chemical sensor for the detection 

of reducing gases, in particular carbon monoxide, hydrazine and hydrogen in air, 1983, Bayer 

Aktiengesellschaft, Leverkusen, Fed. Rep. of Germany: Germany. 

 

 
[1-4] 

 

 

 

 

 



 

FIGURE 1. Reconstructed (Y(t), dashed lines), measured (X(t), dotted lines), and applied (solid 
line) carbon monoxide concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

TABLE I. Time-scale of LASCAR EL-USB Carbon Monoxide Monitors (mean ± standard 

deviation) when Concentration is Increasing (τrise) or Decreasing (τdecay). 

Monitor Number τrise (s) τdecay (s) 

1 50.7 ± 8.0 40.1± 1.8 

2 54.7 ± 17.8 45.7 ± 2.4 

3 71.7 ± 5.5 42.0 ± 6.5 

4 55.5 ± 0.5 38.5 ± 1.5 

5 69.4 ± 8.0 45.9 ± 12.0 

6 64.8 ± 2.4 54.2 ± 11.7 

7 51.4 ± 2.1 42.4 ± 5.9 

 Grand Mean: 59.7 s 44.1 s 

 

 

 

 

 

 

 

 

 

 


