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Abstract. The nitrous oxide accounted for the year 2015 gives 60 % of Latvia`s greenhouse gas emissions from 

the agricultural sector. Majority of nitrous oxide comes from mineral fertiliser application and manure 

management. Nitrous oxide emission from soils is strongly correlated with the soil moisture and temperature. 

Since nitrous oxide has very low concentrations in natural environment, there is a risk to overestimate or 

underestimate nitrous oxide emission. Automated cavity ring down spectroscopy for nitrous oxide emission 

measurements is a relatively new technology and there is a need for development of proper methodology. The 

aim of this study is to identify proper measurement time for nitrous oxide emission from soil by using automated 

cavity ring down spectroscopy with recirculation system. The automated cavity ring down spectroscopy, namely 

Picarro G2508, was connected in a closed recirculation system with the chamber of total volume 2 litres. Dray 

soil samples were weighted in containers and different amounts of water and ammonium nitrate were added. 

Totally 36 samples were used in the experiment. Each sample was measured 10 minutes and the nitrous oxide 

concentration was recorded for each second. For each sample measurements were repeated three times. The 

linear regression method was used to calculate the emission amount for different time periods from 30 seconds 

till 600 seconds. The results of the research show quite high variation of nitrous oxide emission from the soil 

samples. Data analysis showed that the minimal measurement time has to be at least 250 seconds. 
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Introduction 

The measurements of nitrous oxide (N2O) emissions have become an actual topic during the last 

20 years[1]. N2O emissions from soil are measured by using closed static chembers [2]. The cavity 

ring down spectroscopy (CRDS) has pre-eminent detection limit and high precision [3; 4]. However, 

the CRDS device Picarro G2508 is limited by one outlet [5]. The chamber enclosure time is limitation 

for the experiment design. The N2O concentration in atmosphere is 0.325 ppm [6] and during the 

measurement N2O fluctuated. The measurement error of N2O is 0.005 ppm [5]. The fluctuaction of 

N2O is related with concentrations of other gases as well as climatic factors. The previous research 

shows that appropriate chamber closure time for measurements with CRDS is from 200 till 

400 seconds [3]. 

The aim of this study is to identify the GHG measurement time for cavity ring down spectroscopy 

Picarro G2508 by using the recyrculation system for soil flux experiments in laboratory conditions. 

Materials and methods 

The experiment was conducted in laboratry conditions with fixed air temperature, air presure and 

humidity. 36 soil samples with weight of 100g and moisture of 20 % were colected in plastic 

containers. The amonia nitrate dosings were 0 g, 1 g, 2 g, 3 g, 4 g and 5 g. The water dosings were 

0 ml, 10 ml, 20 ml, 30 ml, 40 ml and 50 ml. Water and amonia nitrate in each sample were added 

before the measurement. The CRDS device Picarro G2508 was connected with the chamber by using 

zero leaching conectors and the zero leaching external vacuum pump Picarro [5]. Each soil sample 

with the container were inserted into the chamber. After closure of the chamber, the gas concentrations 

of N2O were measured for 600 seconds. The gas concentration data of the 600 seconds period for each 

sample of each gas were used for further data analysis. The slope of concentration change is the main 

parameter for further calculations of GHG emmisions from soil. The linear regression (1) was used to 

calculate the slope of concentration fluctuactions for each data set.  

 cTSC +⋅= ,  (1) 

where C – concentrations, ppm; 

 S – slope, ppm·s
-1

; 

 T – time, s; 

 c – intercept, ppm. 
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The slope (2) of linear regression and the coefficient of determination (3) were calculated for 

1 minute (n = 60) time period by using a step of 1 second. 286 slopes and coefficients of determination 

were calculated for each sample. The same procedure were repeated for 4 minutes (n = 240) time 

period by using slope calculation for each sample. 160 slopes and coefficients of determination were 

calculated for 4 minutes time period.  
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where n – count of measurements; 

Coefficient of determination (R
2
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The slope (2) and coefficient of determination (3) values were used to calculate the slope (5) and 

relative changes of the determination coefficient per time unit (4): 
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where ∆R
2
 – relative change of determination coefficient, %; 

 i – current observation 
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where ∆S – relative change of slope, %. 

The calculated relative changes of slope and coefficient of determination in time unit were used 

for further analysis by using XLSTAT program package. 

Results and discussion 

The measurement session was done at 25 ºC soil and air temperature and the air pressure 1032 

bar. The N2O concentrations of 36 soil samples were verifyed for slope and R
2
 calculations.The 

descriptive statistics of the N2O concentration data is presented in Table 1. The total number of the 

analysed N2O concentration data is 14,405. There are no missing values. The mean concentrattion of 

N2O is 0.348 ppm, the standart deviation is 0.014 ppm.  

Table 1 

Descriptive statistics of N2O concentration data 

Nr. Statistic N2O, ppm 

1. Number of observations 14,405 

2. Number of missing values 0 

3. Minimum 0.215 

4. Maximum 0.407 

5. Range 0.192 

6. 1st Quartile 0.339 

7. Median 0.347 

8. 3rd Quartile 0.356 

9. Mean 0.348 

10. Variance (n-1) 0.000 

11. Standard deviation (n-1) 0.014 
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The relative change of slope was analysed on one second step base. The 36 relative slope change 

data points were analysed for each second. The mean of the relative change of slope is not stable and it 

is fluctuating between 20 % and -20 % (see Figure 1).  

 

Fig. 1. Relative change of slope for 1 minute slope calculation period 

The 1
st
 quartile and 3

rd
 quartile are close to mean, but the fluctuaction amplitude is between 40 % 

and -40 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of 

slope was analysed for 4 minutes time period and it showed acceptable satbilistation of the slope 

change. The amplitude is between 20 % and -20 % (see Figure 2).  

 

Fig. 2. Relative change of slope for 4 minutes slope calculation period 

However, there are still high maximal and minimal values of the relative slope change. The 

relative change of the determination coefficient is analysed on one second step base. 36 relative 

changes of data point of the coefficient of determination were analysed for each second. The mean of 
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the relative change of the coefficient of determination is not stable and it is fluctuating between 30 % 

and -20 % (see Figure 3).  

 

Fig. 3. Relative change of coefficient of determination for 1 min slope calculation period 

The 1
st
 quartile and 3

rd
 quartile are close to mean, but the fluctuaction amplitude is between 100 % 

and -60 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of 

the coefficient of determination was analysed for 4 minutes time period. It shows acceptable 

satbilistation of the change of the determination coefficient and it is in the amplitude from 5 % till  

-1 % (see Figure 4). However, there are still high maximal values of the relative slope change. 

 

Fig. 4. Relative change of coefficient of determination for 4 min slope calculation period 

The 1
st
 quartile and 3

rd
 quartile are close to mean, but the fluctuaction amplitude is between 100 % 

and -60 %. The minimal and maximal values are close to 100 % and -100 %. The relative change of 

the coefficient of determination was analysed for 4 minutes time period. It shows acceptable 

stabilistation of the change of the coefficient of determination and it is in the amplitude from 5 % till  

-1 % (see Figure 4). However, there are still high maximal values of the relative slope change. The 
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acceptable slope calculation start is from 10 till 20 seconds from the measurement start. The first 

10 seconds of the measurement are optional to exclude for further calculations.  

The acceptable measurement data are presented in Figure 5, where the graph on the left shows the 

measured concentration with minimal positive slope. However, the trend of concentrations is clearely 

positive. The graph in the middle presents the slope and R
2
 relation with the slope calculation period 

1 min. The graph on the right side presents the slope and R
2
 relation with the slope calculation period 

4 min. There is clear correlation between the slope and R
2
. The highest slope values are with higher R

2
.  

 

Fig. 5. Acceptable example of measurement (left-measured concentartions; middle – R
2
 and 

slope relation at 1minute calculation period; right – R
2
 and slope correlation at 4 minute 

calculation period) 

The unacceptable measurement data are presented in Figure 6, where the graph on the left shows 

the measured concentration with unclear slope. The concentrations fluctuacte, but there is too wide 

fluctuaction amplitude. The graph in the middle presents the slope and R
2
 relation with the slope 

calculation period 1 min. The relation is not symmetrical and it shows 3 outliers. The graph on the 

right side presents the slope and R
2
 relation with the slope calculation period 4 min. There is clear 

correlation between the slope and R
2
. However, the N2O slope is negative or close to 0.  

 

Fig. 6. Unacceptable example of measurement (left-measured concentartions; middle – R
2
 and 

slope correlation at 1minute calculation period; right – R
2
 and slope correlation at 4 minutes 

calculation period) 

Conclusions 

1. The CRDS device Picarro G2508 can be used for N2O emission measurements at laboratory and 

field conditions. The recirculation system is sensitive to fluctuaction of N2O concentrations as 

well as the concentration of other gases is an important factor. 

2. The minimal measurement time is 4 minutes and 10 seconds for N2O emissions. The previous 

timescale can be used for laboratory experiments with the air temperature and soil temperature 

range from 20 ºC till 30 ºC. 

3. Each measurement data set has to be veifyed and evaluated before calculation and repeated 

measurements have to be optional. 

4. The multiple slope calculation aproach can be used for slope calculations, where the slope of 

samples is calculated as average from several slopes. 
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