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Abstract 
This study investigates the influence of the CO/N2 certified reference material (CRM) on the results 
of the calibration of CO monitors used for the periodic inspection of vehicles at fixed stations. Four 
CO monitors were calibrated across the four seasons in various regions of Saudi Arabia. The 
calibration data using four CRM mole fractions (2200, 3500, 6800, 8200 µmol/mol) was analyzed 
to assess the impact on data quality of these seasons, regions, type of monitors and persons 
performing the calibration. The two tailed t-test at 95 % indicated that the slope of the values was 
not a statistically significant difference in slopes from zero, suggesting that the response values 
were consistent with the CRM value. In addition, the p-values exceeded 0.05 for all the CRMs and 
their responses confirmed the consistency found by the t-test. These findings ensure data integrity 
and accuracy, which is crucial for formulating effective air pollution control strategies and 
safeguarding public health and the environment. 

1. Introduction 
Periodic vehicle inspections at fixed stations serve as a crucial source of data for environmental 
control. The assessment of vehicle emissions leads to identification of those emissions that are non-
compliant with the respective regulations [1]. However, the quality of the inspection data depends 
on a range of factors, each of which plays a significant role in ensuring the measurement accuracy. 
The selection of high-performance gas monitors and ensuring that their accuracy meets the 
requirements of the applicable international and regional standards in addition to ensuring that well-
trained technicians are employed, represent the initial step towards securing reliable data [2]. 

CRMs are key to ensuring the accuracy of the equipment by comparing their readings with the 
certified value of a reference material, enabling the identification and correction of any 
measurement deviations [3]. Moreover, reference materials are used to ensure that the inspection 
measurement results are traceable to the SI. Ensuring traceability also facilitates the comparison of 
measurement results across diverse inspection monitors, even when situated in different 
geographical locations [4]. The measurement traceability fosters data comparability and enhances 
the reliability of the inspection data. The use of validated testing methods that guarantee accurate 
measurements significantly contributes to achieving reliable inspection results [5]. Moreover, the 
dedication of the relevant authorities to training technicians in the proper usage of measurement 
equipment and data analysis serves as an additional safeguard for data integrity and accuracy [2]. 

The present study aims to evaluate the impact of the CO/N2 CRM with other factors on the quality 
of periodical vehicle inspection results. This is carried out through the calibration of carbon 
monoxide (CO) monitors during the summer, winter, autumn, and spring across various 
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geographical regions in Saudi Arabia, encompassing the north, east, middle and southwest. 
Calibration data of the CO monitors for each of the four CO CRM mole fractions: 2200, 3500, 6800 
and 8200 µmol/mol was analyzed using linear regression models to determine whether any of the 
aforementioned factors exert an influence on the quality of the results [6]. This enabled the 
formulation of effective air pollution control strategies, whose effectiveness was evaluated with the 
objective of safeguarding public health and the environment. 

2. Experimental 
2.1 Equipment and methods 

The CO exhaust monitors used in stations that carry out periodic technical inspections of vehicles 
were of models CET 210, CET2200C and CAP320-GAZ manufactured by CARTEC, Italy, CARTEC, 
Germany and VTEQ, France respectively. These monitors require a 10 min warm-up time and 
operate with a gas flow of 4 L/min, with a minimum acceptable flow of 2.5 L/min. The CO/N2 
primary gas mixtures were produced at SASO/ NMCC in accordance with the requirements of ISO 
6142, ISO 6143 and ISO 17034 [7]. The calibration was performed using the procedure described 
in a previous article [8]. 

3. Results and discussion 
The CO monitors in the four visited fixed inspection stations were of different models and were 
calibrated in four geographical regions of Saudi Arabia as shown in Figure 1. Calibration was 
performed by two individuals, each calibrating two monitors in different seasons. The monitor in 
the north (N) was calibrated in the winter and the monitor in the southwest (SW) was calibrated in 
the summer. Meanwhile, the monitor in the east (E) was calibrated in the spring, and the monitor 
in the middle (M) was calibrated in the autumn. 
 

 
 
 
 
 
 
 
 
 

 
Figure 1: The four regions in which calibration was performed as shown on a map of the Kingdom of Saudi 

Arabia 
 
The calibration results were analyzed to see whether they were influenced by factors such as 
monitor type, region, season, and the person performing the calibration. This was investigated by 
noting the responses of each monitor to each calibration mole fraction of the CO CRM (2200, 3500, 
6800, and 8200 µmol/mol). Table 1 shows the average of the five readings taken by each monitor 
for each CRM mole fraction across the four regions (E, SE, N, and M). 
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Table 1: Calibration results of the four monitors at four regions 
 CRM, µmol/mol Region 

Monitor No. 2200 3500 6800 8200  
 x̄ of monitor response, µmol/mol 

  
A 2000 3360 7000 8200 East (E) 
B 2300 3550 7000 8450 South west (SW) 
C 2000 4000 6900 8500 North (N) 
D 2520 3550 6850 8500 Middle (M) 

 
These results are represented graphically in Figure 1. Parts A, B, C, and D of the figure represent 
the responses of the four monitors to the CRM mole fractions of 2200 µmol/mol, 3500 µmol/mol, 
6800 µmol/mol, and 8200 µmol/mol respectively. This analysis aims to determine the consistency 
of the response values from the four monitors with the corresponding CRM values across the 
different seasons. 

 
 

  

  
 
Figure 2: Consistency line of each CRM mole fraction with its corresponding monitor responses 
 
A two-tailed t-test was carried out in which the critical area of distribution is two-sided. This tests 
whether a sample is greater than or less than a certain range of values used to test whether the 
deviation of the slope from zero was significant. The t-statistic defined in equation 1 was calculated 
using degree of freedom n–2 (df = 3) and compared with the t-critical. 
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The slope b1 and the standard error s(b1) were calculated by using equations 2 and 3 respectively 
[9,10], 
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xi - CRM mole fraction value 

x̄ - average of CRM mole fractions 

yi - monitor response value 

ȳ - average of the response values 
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In addition, the p-values were calculated by the regression test and the calculated values of b1, 
s(b1) and p-values are shown in Table 2. 
 
Table 2: t-statistic, t-critical and p-values 
 

CRM (µmol/mol) 2200 3500 6800 8200 
b1 64 74 0 70 
s(b1) 71.031 76.92 32.66 31.091 
t=b1/s(b1) 0.901 0.962 0 2.251 
df 3 3 3 3 
tCrtic 3.182 3.182 3.182 3.182 
P-value 0.43 0.41 1 0.11 

 

From Table 2, it can be seen that the t-statistics for the four CRMs (2200, 3500, 6800, and 8200 
µmol/mol) calculated based on the responses in Table 1 are all less than or equal to 1. This indicates 
that the slope of each line consisting of the CRM value and the corresponding response values 
shown in Figure 1 is not statistically different from zero. In addition the p-value, which represents 
the probability of observing a t-statistic which is either less extreme than or more extreme than the 
one calculated, was typically used to assess significance. A common threshold for significance is 
0.05. Since all the p-values in Table 2 are greater than 0.05, we can conclude that the response 
values are not statistically different across the CRM values. 

4. Conclusion 

This study investigated the calibration of CO monitors at fixed stations of periodical inspection of 
vehicles in different regions in Saudi Arabia. The calibration was carried out in different climate 
seasons using a CO/N2 gas mixture. The slope of the regression line for each CRM value and the 
corresponding response values of the four monitors did not deviate significantly from zero, 
indicating the consistency of the calibration results. The calibration results were found independent 
of the type of monitor, climate, season, geographical area, and the person performing the 
calibration. 

  

(3) 
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