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Abstract: Residual gas in exetainer vials leads to nitrous oxide (N2O) gas underestimation. This study 
compared four evacuation methods such as gas exchange by displacement (GED), evacuation with a vacuum 
pump (VP), evacuation with a syringe (VS) and pre-evacuated Exetainer (PEE) to assess the residual gas effect 
on gas sample concentration. PEE and VP methods showed superior performance, displaying lower deviations 
from actual gas concentrations with RMSE values of 0.239 and 0.179, respectively, at 12.5 ppm standard gas 
levels. Conversely, GED and VS methods exhibited higher deviations with RMSE values of 0.740 and 0.448, 
respectively, at 12.5 ppm. Errors were more pronounced at lower gas concentrations. To address residual gas 
effects in GED and VS methods, standard gases were stored for calibration in evacuated vials (EVM) matching 
the sample collection method, rather than in syringes (SM). This EVM approach enhanced precision by 14.43% 
and 6.24% for GED and VS methods, respectively, at 0.781 ppm standard gas levels. The study concludes that 
PEE and VP methods are more reliable for vial evacuation. Using vials prepared using the same method as 
sample collection vials can mitigate residual gas effects effectively. This study holds substantial importance in 
enhancing the accurate measurement of greenhouse gas emissions, particularly focusing on nitrous oxide. 

Keywords: calibration gas; evacuation methods; exetainer vials; greenhouse gas; nitrous oxide; 
precision; residual gas; vacuum pressure 

 

1. Introduction 

Greenhouse gases (GHG) play a pivotal role in driving global warming by effectively trapping 
heat within the Earth’s atmosphere. The primary GHGs are carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O) and fluorinated gases [1,2]. Anthropogenic activities such as deforestation, 
burning fuel, agriculture, and industrial processes exacerbate the release of GHG into the 
atmosphere, surpassing the natural rate of release [3,4]. The increasing concentrations of greenhouse 
gases are a significant driver of climate change, leading to the heightened frequency and intensity of 
extreme weather events, the rise of sea levels, and widespread disruptions to ecosystems [5,6]. 

Although N2O is present in lower concentrations than CO2 in the atmosphere, it possesses a 
global warming potential 300 times greater than that of CO2 [7,8] and has a very high half-life time of 
121 years in the atmosphere [9]. Agricultural activities contribute to nearly 65% of the N2O emission, 
amounting to an estimated 2.8 (1.7– 4.8) Tg N2O-N year−1 of N₂O released into the atmosphere 
annually [7,10]. The primary sources of nitrous oxide (N₂O) emissions from agriculture are the 
application of nitrogen-based fertilizers [11–13] and the deposition of animal urine on soils [14]. Due 
to their low concentration in the atmosphere and episodic nature of flux, accurately measuring 
nitrous oxide levels presents significant challenges compared to other GHGs [15–17]. Ensuring the 
use of precise methodologies in the pipeline from gas collection to measurement is crucial for 
accurately representing N₂O emissions from agricultural soils [18–20]. 
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Various factors are considered to ensure the precise measurement of agricultural emissions of 
N2O in academic research including design of the collection method [21], time and frequency of 
collection [17], sampling method [18], sample transferring method [16], storage time and temperature 
[22] and method used for measuring the N2O concentration [23]. In every stage of the process, it is 
imperative to validate the accuracy in order to attain a precise and representative measurement of 
N2O at the field level. In pursuit of this objective, only a limited number of research studies have 
documented the preparation method of vials and comparisons of the methodology employed in 
transferring N2O gas from the chamber to the vials. For example, Rochette, et al. [24] tested the 
performance of polypropylene syringes and glass vials for storing the N2O gas and found that gas 
losses and adsorption of gas on the inner surface were higher in the former than the latter. Rochette, 
et al. [24] reported that the double-wadded septa of the gas vials are suitable for gas sampling up to 
seven instances, beyond which continued use may lead to gas leakage. Only one study reported the 
comparison of different vial evacuation methods in accurately reflecting the actual N2O concentration 
of the gas collected from the field [16]. 

In this study, gas vials were evacuated using three methods: gas exchange by displacement 
(GED), vacuum by manual pump (VP) and vacuum by syringe (VS) [16]. Subsequent to this, N2O gas 
samples were gathered from 30 chambers, with the peak concentration from any of the 
aforementioned methods being considered as the N2O concentration in the field. Following this, the 
variance in N2O concentration from the peak level for each method was calculated, and the best 
evacuation technique was determined based on these findings. Nonetheless, several uncertainties are 
inherent in this experiment. Firstly, the peak N2O concentration was presumed to represent the actual 
concentration of N2O gas in the field, although it could potentially deviate from this value. Secondly, 
the collection of gas samples from the same chamber for all three methods may have led to a gradual 
decrease in N2O concentration within the chamber. Lastly, N2O gas concentrations vary from 
chamber to chamber, thereby rendering comparisons against a constant concentration unfeasible. 
Additionally, pre-evacuated gas vials are not tested in this study. 

Understanding these uncertainties, the present research was designed to eliminate each of them. 
Instead of collecting the N2O gas directly from the chamber, a series of known N2O concentrations 
was employed in this research, effectively circumventing the aforementioned uncertainties. In light 
of this, the study was undertaken with the following aims: 1) to investigate the influence of the 
exetainer vial evacuation method on the residual gas, 2) to identify the most appropriate vial 
evacuation technique, and 3) to assess the effects of compensating for concentration disparities by 
introducing N2O gas into the vial from the corresponding evacuation method during calibration. 

2. Materials and Methods 

This study was conducted in two different experiments. The first experiment was conducted to 
achieve the first two objectives while the second experiment was to achieve the last objective.  

2.1. Preparation of Standard N2O Gas Concentration for Calibration 

Six different standard N2O gas concentrations were prepared using the following method [25]. 
From 100 ppm commercially available N2O and N2 gas cylinders, an adequate volume of each gas 
was transferred to separate rubber gas sampling bags. Subsequently, 25 ml of N2O gas was 
transferred from its sampling bag to a 60 ml syringe equipped with a 3-way stopcock valve. Similarly, 
25 ml of N2 gas was transferred from its corresponding bag to a separate 60 ml syringe with a similar 
valve setup. The N2O and N2 gas syringes were then interconnected through the female luer lock port 
of the 3-way stopcock valve, with the male luer lock port sealed. Thorough mixing of the gases was 
achieved by alternately stroking the pistons of both syringes. This process resulted in the production 
of 25 ml of 50 ppm N2O gas in each syringe. 

Subsequently, an additional 25 ml of N2 gas was extracted from its sampling bag and transferred 
to a new 60 ml syringe with a 3-way stopcock valve. This N2 gas was combined with the previously 
prepared 50 ppm N2O gas syringe and mixed thoroughly using the same method, yielding 25 ml of 
25 ppm N2O gas in both syringes. By employing this series dilution technique with N2 gas, six distinct 
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standard N2O gas concentrations were prepared: S1 (12.500), S2 (6.250), S3 (3.125), S4 (1.563), S5 
(0.781), and S6 (0.391). These standardized N2O gases were subsequently utilized for calibration 
purposes. 

2.2. Experiment 1: Residual Gas Effect on N2O Gas Concentration for Different Evacuation Methods 

In this experiment, glass gas vials were evacuated using three methods such as gas exchange by 
displacement method (GED), evacuation with a vacuum pump (VP) and evacuation with a syringe 
(VS) and the performance of these methods was tested against a pre-evacuated vial (Labco® Limited, 
Lampeter, UK). All the vials used in this study were 12 mL in volume, made of glass with a flat 
bottom, free from creaks, damage of septum and air-leak. The vials used in this study were taken 
from the same production batch to minimize the variability in the residual gas level [26].  

2.2.1. Gas Exchange by Displacement (GED) Method 

This GED method was proposed by the United States Department of Agriculture [27]. In 
summary, a fine needle is inserted into the septum of a glass vial, while another needle connected to 
a syringe containing collected N2O gas is inserted into the septum (refer to Figure 1). By pressurizing 
the syringe plunger, the N2O gas is transferred into the vial, displacing the pre-existing gas. To ensure 
complete gas removal from the vial, an injection of N2O gas four times the volume of the vial is 
required. In this method, a 12 ml exetainer vial and a 60 ml syringe were used. Used 12 ml vials were 
pierced with a needle, and a syringe containing N2O (known concentration standard gas levels) was 
injected up to 40 ml to purge the vial. Subsequently, the needle used to release the existing gas was 
withdrawn, and the remaining 20 ml of N2O in the syringe was injected into the vial. Finally, the 
needle connected to the syringe was disengaged from the vial’s septum. This process for completed 
for 10 replicate vials and the gas concentration of them were measured using GC (GC-2010, 
Shimadzu, Tokyo, Japan). 

Figure 1. The schematic diagram explains the different residual gas evacuation method: gas exchange 
by displacement (GED), evacuation with vacuum pump (VP) and evacuation with syringe (VS). 

2.2.2. Evacuation with Vacuum Pump (VP) 

This method is widely employed in numerous research facilities and academic institutions due 
to its ease of use, rapidity, and cost-effectiveness. A small vacuum pump equipped with a pressure 
gauge was utilized to evacuate the gas from the 10 ml glass vials [26] (Figure 1). Two vials were 
simultaneously connected to the vacuum pump using two separate needles with a divider, and 
suction pressure was applied using the pump until a constant pressure reading of -90 Kpa was 
reached on the gauge. Subsequently, the needles were disengaged from the vials, and 20 ml of 
standard N2O gas from a syringe (known concentration series) was injected into the evacuated vial. 
Ten replicate vials were prepared using this procedure and the N2O gas concentrations were 
measured using the GC method. 
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2.2.3. Evacuation with a Syringe (VS) 

In situations where gas evacuation facilities are unavailable, this method is employed. In this 
study, a 60 ml syringe equipped with a needle was inserted into the vial’s septum, and the syringe 
piston was fully extended to extract the residual air from the vial (Figure 1). Subsequently, the 
extracted residual air was released, and this procedure was iterated four times (possible maximum 
number of evacuations). Following this, a 20 ml volume of standard N2O gases (different known 
concentrations) was injected into the evacuated vials to prepare ten replicates. The N2O concentration 
in the vials was measured using GC.  

2.2.4. Pre-Evacuated Exetainer (PEE) 

Pre-evacuated exetainer (PEE) vials are commercially available vials used for gas collection. In 
this method, 12 ml pre-evacuated vials were used (Labco® Limited, Lampeter, UK). Ten vials were 
filled with 20 ml N2O standard gas (known concentration series) from the syringe and N2O gas 
concentrations were measured using GC. 

2.3. Measure the Vacuum Level of the Exetainer 

The vacuum levels in the exetainer vials prepared using all four methods were assessed 
following the approach outlined by Sturm, et al. [26]. In this procedure, a 25 ml syringe devoid of the 
piston was filled with 25 ml of double distilled water. The initial weight of the exetainer vial was 
determined using a precision balance. Subsequently, the syringe needle was inserted into the vial’s 
septum, allowing the water to be drawn into the vial due to the vacuum. Once the water ceased 
dripping into the vial, the needle was disengaged, and the final weight was recorded. The quantity 
of water introduced into the exetainer vial was calculated based on the weight differential and the 
vacuum pressure within the vial is expressed in terms of water weight.  

2.4. Experiment 2: Impact of Standard N2O Gas Storage Method 

This experiment was conducted to evaluate the influence of the vial and syringe employed for 
storing various concentrations of N2O standard gas utilized for calibration. For this purpose, two 
methods were selected: 1) preparing different N2O stand gas concentrations in a syringe and directly 
using it to inject into the GC and 2) preparing the N2O concentrations in a syringe and then 
transferring it to the exetainer vials for which the evacuation method is testing. 

2.4.1. Standard N2O Gas in a Syringe (SM) 

The standard procedure involves preparing known concentrations of N2O gas in a syringe using 
the previously outlined method in section 2.1 and subsequently injecting the N2O gas directly into a 
gas chromatograph (GC) for the measurement of the N2O concentration. By obtaining readings for 
various standard N2O gases, a calibration curve was established. This curve facilitated the 
determination of the unknown N2O gas concentrations in the test vials, which were then compared 
to the standard concentrations for assessment. This method was followed for ten replicates for each 
standard N2O concentration level. 

2.4.2. Standard N2O Gas in Exetainer Vials (EVM) 

In this exetainer vial method (EVM), once various concentrations of stand N2O gas are prepared 
in the syringe, they were transferred to the corresponding exetainer vials designated for testing. For 
instance, in the evaluation of the GED method, standard N2O gas was also transferred to the vial 
prepared using the GED method for comparative analysis. Then different concentrations of standard 
N2O gas were injected into the GC and the readings were obtained. Followed by, the calibration curve 
was plotted and the unknown concentration of the testing vials were calculated. Thereafter, the 
calculated N2O concentrations were compared with the standard concentrations. For each standard 
N2O concentration level, ten replicates were used.  
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2.5. Statistical Analysis 

The values were expressed as mean ± standard deviation (SD) of ten replicates. One-way 
analysis of variance (ANOVA) was performed to test the mean difference between different 
treatments at a 5% significance level. If at least one mean was different from the other, the Tukey 
honest significant difference (HSD) post hoc method at a 5% significance level was employed. The 
linear regression and hierarchical clustering were performed using Origin 8.5 software (OriginLab 
Corporation, Northampton, MA, USA).  

3. Results and Discussion 

3.1. Residual Air Pressure of the Exetainer Vials Prepared with Different Methods 

The vacuum created by different evacuation methods is shown in Figure 2 and it is expressed as 
the weight of water (g) that is intruded from the syringe due to vacuum pressure. The vacuum levels 
created by the VP and PEE methods were found not to be statistically different but were significantly 
(P<0.05) higher compared to the VS method. The mean weights of water intruded into the vials using 
the VP, PEE, and VS methods were 1.71±0.1, 1.75±0.09, and 0.77±0.07 grams, respectively. Although 
the PEE method did not exhibit a statistical difference from the VP method, the average water weight 
was 2.6% higher than that of the VP method. Furthermore, the mean weights of the VP and PEE 
methods were 123% and 128% higher, respectively, than those of the VS method. 

 
Figure 2. The vacuum pressure of the vials evacuated using different methods (in weight basis). 

3.2. Residual Gas Effect on the N2O Gas Concentration for Different Excavation Methods 

The linear relationship between the actual N2O concentration and the measured N2O 
concentration using different excavation methods is illustrated in Figure 3. Notably, all excavation 
methods exhibited a strong coefficient of determination (R2) close to 1. However, the deviation of the 
linear correlation line diverges significantly from the 1:1 line for the GED method (Figure 3-a), while 
it nearly aligns with the 1:1 line for the NEE method (Figure 3-d). This observation implies that the 
GED method displayed a more pronounced residual gas effect, whereas the NEE method 
demonstrated the least residual gas effect on the measured N2O concentration. According to 
Cosentino, et al. [16], the GED method measured gas concentration showed a high correlation with 
actual concentration (R2 = 0.99) which is in line with these findings. However, the VS method 
demonstrated a reduced correlation (R2 = 0.84) in contrast to the findings of the current study. Within 
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this study, the peak gas concentration among all examined methods was defined as the effective gas 
concentration within the chamber. Nevertheless, deviations from this peak value could potentially 
account for this discrepancy in observations. 

 

Figure 3. The correlation between actual concentration of N2O (AC N2O (ppm)) and measured 
concentration of N2O (MC N2O (ppm)): a) gas exchange by displacement (GED) method, b) evacuation 
with vacuum pump (VP) method, c) evacuation with syringe (VS) method and d) pre-evacuated 
Exetainer (PEE) method (dashed line represents 1:1 line). Error bar represents SD (n=10). 

The difference in N2O concentration between excavation methods at all six standard N2O 
concentrations are shown in Figure 4. The VP (12.346 ppm) and PEE (12.271 ppm) methods showed 
insignificantly (P<0.05) highest N2O concentrations compared to the other two methods at 12.5 ppm 
(S1) standard gas concentration level (Figure 4-a). At the same standard concentration level, the GED 
method showed significantly (P<0.05) lower (11.785 ppm) concentration than the VS method (12.074 
ppm). At 6.5 ppm standard gas concentration level (S2), the GED method exhibited significantly 
(P<0.05) lowest concentration (6.005 ppm) than the VP and PEE method, but not significantly 
different from the VS method (6.041 ppm) (Figure 4-b). However, the VP method showed comparable 
N2O concentration (6.126 ppm) with the PEE method (6.177 ppm).  

The N2O gas concentrations showed a similar pattern at 3.125 (S3) and 1.563 ppm (S4) standard 
gas concentration levels (Figure 4-c & d). At both these levels, N2O gas concentrations did not 
statistically differ between VP and PEE methods but were significantly higher (P<0.05) than the other 
two methods. The N2O gas concentrations were 3.051 and 3.069 ppm for VP and PEE methods, 
respectively, at 3.125 ppm standard gas concentration level. The N2O concentration was significantly 
(P<0.05) lower for the GED method (2.884 and 1.259 ppm for S3 and S4, respectively) than the VS 
method (2.962 and 1.341 ppm for S3 and S4, respectively).  

All evacuation methods exhibited consistent trends at standard gas concentrations of 0.781 ppm 
(S5) and 0.391 ppm (S6) as depicted in Figure 4 (e & f). At both concentration levels, the VP method 
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demonstrated significantly higher N2O concentrations than the GED and VS methods (P<0.05). 
However, the N2O concentration of the VP method did not show a statistically significant difference 
from the PEE method. Remarkably, the GED method displayed the lowest N2O concentration 
significantly (P<0.05) for both S5 and S6 standard N2O concentrations. These findings indicate that 
the VP and PEE methods performed similarly, a conclusion further supported by cluster analysis as 
shown in Figure 5. In the cluster analysis, both the VS and NEE methods clustered together, distinct 
from the VP method at a distance of approximately 2.5 x 10-5. The GED method formed a separate 
cluster from the other three evacuation methods.  

 
Figure 4. The residual gas effect of different evacuation methods (GED, VP, VS and PEE) on measured 
concentration of N2O concentration (MC N2O): a) S1 (12.5 ppm), b) S2 (6.250 ppm), c) S3 (3.125 ppm), 
d) S4 (1.563 ppm), e) S5 (0.781 ppm) and f) S6 (0.391 ppm). Error bar represents SD (n=10). 

These findings collectively indicate that the GED method inadequately displaced residual gas 
with the purged sample gas, as noted by Cosentino, et al. [16]. According to the suggestion by Sturm, 
et al. [26], exetainer vials need to be flushed with at least 100 ml of sample gas to reduce the residual 
gas effect. However, practically collecting a 100 ml sample for purging the vial is cumbersome and 
laborious. Similarly, the VP method failed to thoroughly evacuate residual gas from the vials, as 
evidenced by the observed vacuum pressure in this method. Consequently, the sample gases become 
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diluted within the vials, leading to the underestimation of gas concentration. Across all standard 
concentration levels, both the GED and VS methods consistently underestimate the gas concentration, 
aligning with similar conclusions reported by Cosentino, et al. [16]. Specifically, this study revealed 
that the GED method and VS method underestimate the gas concentration by 19% and 52%, 
respectively. Notably, while the highest underestimation was observed for the VS method in this 
study, the GED method demonstrated the highest underestimation in the current investigation. 

 
Figure 5. The cluster analysis of different evacuation methods. 

The lower the RMSE and MAE values, the better the evacuation method.  The RMSE and MAE 
values were lowest for PEE at S2, S3 and S4 standard N2O gas concentrations (Table 1). The 
corresponding RMSE values were 0.074, 0.067 and 0.147 whereas MAE values were 0.073, 0.056 and 
0.146. Similarly, the RMSE and MAE values were lowest for the VP method at S1, S5 and S6 standard 
N2O concentrations. The highest RMSE and MAE values were recorded for the GED method. 
Generally, the RMSE and MAE values increased with decreased stand N2O concentration. This 
suggests that, at a low level N2O concentration the measured values are highly deviating from the 
actual N2O concentration (Table 1). Cosentino, et al. [16] also reported that the sample with lower N2O 
concentration was highly deviated from the actual concertation value. This observation is ascribed to 
the high dilution of small N2O concentrations due to the residual gas in the excavated vials. Therefore, 
more precautions need to be taken when low N2O concentrations are collected in the exetainer vials.  

Table 1. The Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) of stand N2O gas 
measurements for different exetainer vials evacuation methods. 

N2O Standard RMSE MAE 
 GED VP VS PEE GED VP VS PEE 

S1 (12.500) 0.740 0.179 0.448 0.239 0.715 0.154 0.426 0.229 

S2 (6.250) 0.254 0.141 0.231 0.074 0.245 0.124 0.209 0.073 

S3 (3.125) 0.257 0.078 0.175 0.067 0.241 0.074 0.163 0.056 

S4 (1.563) 0.311 0.154 0.224 0.147 0.304 0.151 0.221 0.146 

S5 (0.781) 0.176 0.026 0.085 0.051 0.164 0.020 0.084 0.047 

S6 (0.391) 0.080 0.029 0.048 0.044 0.080 0.025 0.046 0.039 
*GED: Gas exchange by displacement method, VP: evacuation with vacuum pump method, VS: evacuation with 
syringe method and PEE: pre-evacuated Exetainer method. 

3.3. Impact of Standard N2O Gas Storage Method on N2O Concentration 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2024 doi:10.20944/preprints202410.1669.v1

https://doi.org/10.20944/preprints202410.1669.v1


 9 

 

The discrepancy in N2O gas concentrations was notably pronounced at low levels, which could 
be due to differences in gas collection methods. N2O gas collection in exetainer vials contrasts with 
the calibration process using syringes. When utilizing a syringe, residual gas can be entirely purged, 
a process not feasible with exetainer vials. Consequently, the standard gas remains free of dilution 
with residual gas, while N2O gas collected in exetainer vials undergoes dilution, leading to an 
underestimation of the N2O gas concentration. To rectify this bias and ensure consistent dilution 
levels for both the N2O standard gas and collected samples, standard gases were prepared in syringes 
and then transferred to exetainer vials for comparison with standard gases prepared solely in 
syringes. This comparative analysis was specifically conducted for the GED and Vs methods, given 
their notable deviations from the actual N2O gas concentrations.  

The gas contained in exetainer vials (EVM) evacuated using the GED method exhibited 
significantly higher N2O concentrations (P<0.05) compared to the gas stored in syringes method (SM) 
across all standard N2O gas concentrations (Figure 6-a). This discrepancy highlights that the standard 
N2O gas stored in syringes (SM) for calibration has not undergone the same level of dilution as the 
gas collected in vials (EVM) evacuated using the GED method. Under the evacuation with syringe 
(VS) method, the concentrations of standard gases collected in exetainer vials (EVM) were 
significantly higher (P<0.05) than those collected using the syringe method (SM) at concentration 
levels from S3 to S6 (Figure 6-b). However, concentrations were comparable between the SM and 
EVM methods at the S1 and S2 standard N2O gas concentration levels. The RMSE and RAE values 
for the EVM method were lower than the SM method for both GED and VS vial evacuation methods 
(Table 2). This also suggests that the EVM method reduces the error in N2O concentration 
measurement. The precision of N2O concentration was increased between 2.4% to 14.43% for the GED 
method and between 0.73% to 7.63% for the VS method (Table 2). Overall, as the standard N2O 
concentration increases, the precision percentage also increases for both the GED and VS methods. 
These results suggest using the same evacuation method for standard N2O gases and sample gas. A 
comparable strategy was recommended by Laughlin, et al. [28] for storing calibration gas alongside 
collected N2O samples to compensate for measurement errors. 

 

Figure 6. The N2O concentrations of various N2O standards (S1: 12.500 ppm, S2: 6.250 ppm, S3: 3.125 
ppm, S4: 1.563 ppm, S5: 0.781 ppm, and S6: 0.391 ppm) vary based on the storage method, either 
syringe method (SM) or exetainer vial method (EVM), for two different evacuation methods of 
exetainer vials: a) Gas exchange by displacement (GED) method and b) Evacuation with syringe (VS) 
method. Error bar represents SD (n=10). 
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Table 2. Summary of the standard N2O gas storage methods; syringe method (SM) and exetainer vial 
method (EVM) for vial evacuation methods; gas exchange by displacement (GED) method and 
evacuation with syringe (VS) method. 

Evacuation 
Method 

Storage 
Method 

Parameter Standard N2O gas concentration (ppm) 
   

S1 
(12.500) 

S2 
(6.250) 

S3 
(3.125) 

S4 
(1.563) 

S5 
(0.781) 

S6 
(0.391) 

GED  SM RMSE 0.740 0.254 0.257 0.311 0.176 0.080   
MAE 0.715 0.245 0.241 0.304 0.164 0.08  

EVM RMSE 0.457 0.164 0.111 0.196 0.084 0.061   
MAE 0.432 0.142 0.082 0.184 0.075 0.06  

EVM % Increase 2.40 1.72 5.49 9.56 14.43 6.36 
VS  SM RMSE 0.448 0.231 0.175 0.224 0.085 0.048   

MAE 0.426 0.209 0.163 0.221 0.084 0.046  
EVM RMSE 0.370 0.200 0.112 0.140 0.048 0.023   

MAE 0.338 0.151 0.092 0.127 0.040 0.019  
EVM % Increase 0.73 0.96 2.38 7.02 6.24 7.63 

4. Conclusion 

In this study, various evacuation methods of exetainer vials were evaluated concerning residual 
gas levels. The evacuation with a vacuum pump (VP) method demonstrated comparable 
performance to the pre-evacuated Exetainer (PEE) method, displaying minor deviations in N2O gas 
concentrations from the actual values. Conversely, N2O gas collected using the gas exchange by 
displacement (GED) method and the evacuation with a syringe (VS) method exhibited significant 
deviations from the actual concentrations, with higher deviations observed at lower gas 
concentrations. 

To address the errors associated with the GED and VS evacuation methods, standard calibration 
N2O gases were stored in vials evacuated using the same method as the sample vials (SVM), instead 
of in syringes (SM). The findings indicated that aligning the evacuation method of standard gas vials 
with that of sample vials compensated for residual gas errors and enhanced measurement precision. 
This precision enhancement was pronounced at low gas concentrations. Therefore, the study 
concludes that utilizing the VP or PEE evacuation methods can enhance the precision of N2O gas 
measurements. In cases where these methods are unavailable, using vials evacuated with the same 
method for collecting standard and sample gases is recommended to improve measurement 
accuracy. 
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