








 
 

 
 

Figure 3: A photograph of the Bedfont Scientific sensors tested during the Secondment at NPL  
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Figure 4: CO lack of fit tests for Micro+ Smokerlyzer® (S/N: MP022254) 
       
  Ti = 1.03Ci – 0.817    

       
Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 

0.0 0.0 0.0 0.0 -1.28 1.28 1.28 
23.1 22.0 22.0 21.5 22.1 -0.58 0.58 
50.8 50.0 50.0 48.9 50.2 -1.24 1.24 
103 105 105 103 103 0.073 0.073 
149 153 153 149 149 0.465 0.465 

       
Response Factor (fi / ppm)    max residual 1.28  ppm 

0.98    FR= 250  ppm 
    % 0.5   
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PiCO+TM Smokerlyzer® CO lack of fit
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Figure 5: CO lack of fit tests for PiCO+TM Smokerlyzer® (S/N: PP039264) 
       
  Ti = 1.04Ci + 0.167    
       

Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 
0.0 0.0 0.0 0.0 0.162 -0.162 0.162 

7.90 8.0 8.0 7.67 8.02 -0.351 0.351 
23.1 24.8 24.8 23.7 23.1 0.593 0.593 
37.4 39.0 39.0 37.4 37.4 0.034 0.034 
50.8 53.0 53.0 50.8 50.7 0.132 0.132 
75.6 78.3 78.3 75.1 75.3 -0.251 0.251 

       
Response Factor (fi / ppm)    max residual 0.59  ppm 

0.96    FR= 80.0  ppm 
    % 0.7   
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Figure 6: CO lack of fit tests for re-calibrated PiCO+TM Smokerlyzer® (S/N: PP039264) 
       
  Ti = 0.933Ci + 0.927    
       

Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 
0.0 0.0 0.0 0.0 0.972 -0.972 0.972 

20.6 21.3 21.3 22.4 21.1 1.25 1.25 
50.8 48.5 48.5 50.8 50.6 0.193 0.193 
75.6 71.0 71.0 74.4 74.8 -0.472 0.472 

       
Response Factor (fi / ppm)    max residual 1.25  ppm 

0.97    FR= 80.0  ppm 
    % 1.6   
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Figure 7: CO lack of fit tests for ToxCOTM (S/N: TM010075) 
       
  Ti = 1.02Ci – 0.264    
       

Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 
0.0 0.0 0.0 0.0 -0.261 0.261 0.261 

23.1 23.0 23.0 22.5 22.9 -0.372 0.372 
50.8 51.0 51.0 50.0 50.7 -0.751 0.751 
103 105 105 102 103 -0.094 0.094 
149 152 152 149 149 0.304 0.304 
200 206 206 202 201 1.193 1.193 
299 306 306 300 300 0.193 0.193 
400 408 408 400 401 -0.761 0.761 
485 496 496 486 486 0.052 0.052 

       
Response Factor (fi / ppm)    max residual 1.19  ppm 

0.98    FR= 500  ppm 
    % 0.2   
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Figure 8: H2 lack of fit tests for Gastro+ Gastrolyzer® (S/N: Not available) (Calibration cylinder: FS21495) 

       
  Ti = 0.994Ci – 1.37    
       

Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 
0.0 0.0 0.0 0.0 -1.42 1.422 1.422 

20.3 18.0 18.0 18.6 19.5 -0.841 0.841 
40.0 37.0 37.0 38.3 39.7 -1.45 1.45 
60.3 58.3 58.3 60.3 60.6 -0.261 0.261 
80.4 79.7 79.7 82.4 81.2 1.133 1.133 

       
Response Factor (fi / ppm)    max residual 1.45  ppm 

1.03    FR= 500  ppm 
    % 0.3   
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Figure 9: H2 lack of fit tests for Gastro+ Gastrolyzer® (S/N: Not available) (Calibration cylinder: P2851ZD909460) 

       
  Ti = 1.03Ci – 1.47    
       

Concentration (Ci / ppm) Mean Response (Si, Zi / ppm) Zero Corrected Response (Gi / ppm) Ti / ppm Predicted Ti / ppm Residual ABS Residual 
0.0 0.0 0.0 0.0 -1.43 1.43 1.43 
40.4 38.0 38.0 37.1 39.1 -2.00 2.00 
79.6 79.7 79.7 77.9 78.5 -0.652 0.652 
99.7 102 102 99.7 98.7 0.991 0.991 
150 153 153 150 149 0.223 0.223 

       
Response Factor (fi / ppm)    max residual 2.00  ppm 

0.98    FR= 500  ppm 
    % 0.4   
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Figure 10: A schematic diagram showing the detailed steps of the cross sensitivity tests  
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Figure 11: PiCO+TM Smokerlyzer® water vapour test (S/N: PP039264) 
(CO measurements)
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Table 1: Details of cylinders used for the tests 

Gas Manufacturer Cylinder No: Concentration / ppm Uncertainty (%) 
CO/air BOC 151685 508 2 
H2/air CryoService FS21495 99.5 2 
H2/air CryoService P2851ZD909460 197.8 2 
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Analyser Details Type of test Conditions Date 
Micro+ Smokerlyzer® S/N: MP022254 Lack of fit CO = 0-149ppm 09/12/09 

PiCO+TM 
Smokerlyzer® S/N: PP039264 Lack of fit CO = 0-75.6ppm 09/12/09 

ToxCOTM S/N: TM010075 Lack of fit CO = 0-485ppm  10/12/09 
PiCO+TM 

Smokerlyzer® S/N: PP039264 Lack of fit  
(after re-calibration) CO = 0-75.6ppm  11/12/09 

Gastro+ Gastrolyzer® S/N: Not available 
Model: H2/CA-1000 Lack of fit CO = 0-80.4ppm  11/12/09 

Gastro+ Gastrolyzer® S/N: Not available 
Model: H2/CA-1000 Lack of fit CO = 0-150ppm  11/12/09 

Micro+ Smokerlyzer® S/N: MP023188 Cross sensitivity 
Span = CO, Int. = H2 

CO = 51.0ppm 
H2 = 99.9ppm 19/01/10 

ToxCOTM S/N: TM010075 Cross sensitivity 
Span = CO, Int. = H2 

CO = 51.0ppm 
H2 = 99.9ppm 19/01/10 

Gastro+ Gastrolyzer® S/N: GP020425 
Model: H2/CB-1000 

Cross sensitivity 
Span = H2, Int. = CO 

H2 = 101ppm 
CO = 50.4ppm 19/01/10 

PiCO+TM 
Smokerlyzer® S/N: PP039264 CO, Water vapour  CO = 50.8ppm, 

breath 10/12/09 – 11/12/09 

Table 2: Summary of tests performed with each sensor 
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Table 3: CO cross sensitivity tests with Gastro+ Gastrolyzer® 
 (H2 sensor, S/N: GP020425) 

Gas Si, Zi   / ppm Hi, Gi   / ppm Ti   /ppm Ci   /ppm csi /ppm csi , % range / %
zero 0.00 0.00 0.00 0.00 0.00 0.00 

zero + H2 111 111 101 101 0.00 0.00 
zero + CO 0.25 0.25 0.23 0.00 0.23 0.23 

zero + CO + H2 112 112 102 101 0.91 0.90 
       

Response Factor / fi 0.91  Sum, Zero Responses  0.2 % of FR 
H2 Full Range (ppm) 101  Sum, Span Responses 1 % of FR 
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Table 4: H2 cross sensitivity with Micro+ Smokerlyzer®  
(CO sensor, S/N: MP023188) 

Gas Si, Zi   / ppm Hi, Gi   / ppm Ti   /ppm Ci   /ppm csi /ppm csi , % range / %
zero 0.00 0.00 0.00 0.00 0.00 0.00 

zero + CO 52.8 52.8 51.0 51.0 0.00 0.00 
zero + H2 5.25 5.25 5.07 0.00 5.07 9.95 

zero + CO + H2 58.5 53.3 51.4 51.0 0.48 0.95 
       

Response Factor / fi 0.97   Sum, Zero Responses 10 % of FR 
CO Full Range / ppm 51  Sum, Span Responses 1 % of FR 
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Table 5: H2 cross sensitivity with ToxCOTM  
(CO sensor, S/N: TM010075) 

Gas Si, Zi   / ppm Hi, Gi   / ppm Ti   /ppm Ci   /ppm csi /ppm csi , % range / %
zero 0.00 0.00 0.00 0.00 0.00 0.00 

zero + CO 51.5 51.5 51.0 51.0 0.00 0.00 
zero + H2 5.50 5.50 5.44 0.00 5.44 10.7 

zero + CO + H2 57.8 52.3 51.7 51.0 0.74 1.46 
       

Response Factor / fi 0.99  Sum, Zero Responses  11 % of FR 
CO Full Range (ppm) 51  Sum, Span Responses 2 % of FR 
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D-piece 1 
1st test (dry) 

D-piece 1 
1st Breath test 

D-piece 1 
2nd test (wet) 

D-piece 1 
2nd breath test 

D-piece 1 
3rd test (wet) 

D-piece 1 
3rd breath test 

D-piece 1 
4th test (wet) 

D-piece 2 
5th test (dry) 

D-piece 2 
6th test (dry) 

Response / ppm Response / ppm Response / ppm Response / ppm Response / ppm Response / ppm Response / ppm Response / ppm Response / ppm 
57 5 59 8 61 8 60 60 54 
56 4 59 8 61 7 60 60 54 
  3   7   9     54 
 4  8  10    
 5  7  8    
 5  7  8    
 5  8  8    
 6  8  9    
 4  9  7    

Input [CO] 
= 50.8ppm 

 6  8  9    
Mean / ppm 57 5 59 8 61 8 60 60 54 

Ti / ppm 51 4 53 7 55 7 54 54 49 

Key: Definition 
 Span tests run on 10/12/09 
 Breath tests run on 10/12/09 
 Span test run on 11/12/09 

Table 6: Tests to determine the effects of breath water vapour on CO  
using the PiCO+TM Smokerlyzer® (S/N: PP039264) 
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