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INTRODUCTION  
Natural CO2 emissions should be monitored for effects 
both on the environment and human life, especially in 
populated zone. A new regional directive in Lazio con-
straints to monitor "Emission of dangerous carbon diox-
ide (CO2) in the municipalities of Castel Gandolfo, 
Ciampino, Marino and Rome” (Determination No. 
A00271 of 19/01/2012). The investigated area (93000 

m2 ) is located in the 
Comune of Ciampino.  
The measurements of CO2 

have been carried out by 
portable flux meter realized 
by West Systems. 
The sampling grid cell size 
was 20 x 20 meters and 
n.193 measurements has 
been realized. 

THE ACCUMULATION CHAMBER 
Among the numerous techniques available to measure fluxes of a specific gas at soil air interface, the technique of static non
-stationary accumulation chamber is considered as the least affected by environmental and meteorological parameters, as 
showed by Trègourés et al. (1999) comparing seven different methods for the fluxes measurement. 
As known, the influence of meteorological condition on soil concentration and fluxes is generally high, so, in order to evalu-
ate the influence of atmospheric pressure, repeated measurements were carried out in some sites located in the investigated 
area. Moreover, in order to minimize the influence of meteorological condition, the measure should be carried out in the 
shorter time during dry seasons. 
The integrated instrument realized by West Systems consists of : 
 an accumulation chamber with specific shape; 
 a Non-Dispersive Infrared spectrometer for CO2 measurement; 
 a tunable laser spectrometer combined with a Herriot multi-pass  
cell for the measure of methane; 
 an electrochemical detector for H2S measurement; 
 a photoionization detector for VOC measurement; 
 pneumatic system; 
 battery; 

 
Detector Range Resolution Accuracy 

CO2 0-20,000 ppm 1 ppm 3% of reading 

CH4 0-100,000 ppm 0.1 ppm 10% of reading 

VOC 0-10 ppm 1 ppb (Isobutylene) 
10% of reading 

TRANSIENT METHOD 
To understand the relationship between the flux and 
the initial slope of the gas concentration – time line, 
the transient method should be considered. The tran-
sient or static not-stationary method of accumulation 
chamber consists in measuring - during the time (t) - 
the gas concentration (C) under investigation within the 
chamber only opened on the side laid on the ground. 
When a diffusive flux from the soil occurs, a gradient 
concentration (dC/dt, expressed as ppm/sec) is meas-
ured within the chamber. Then the flux of a specific gas 
from the soil surface can be estimated as follows 
(Natale et al., 2000): 
 

,  

 
where P and T are the environment pressure and tem-
perature respectively, R (with a value of 8.314472 
m3×Pa×K-1×moles-1) is the gas constant, V is the vol-
ume and A is the area of the chamber. 
From the equation it follows that the flux (expressed as 
moles×m-2×day-1) is proportional to the gradient con-
centration (expressed as ppm×sec-1) measured 
(Chiodini et al., 1998), while the proportionality con-
stant is a function of the height of the accumulation 
chamber (H=V/A if the chamber has a cylindrical or 
parallelogram shape) and of the air pressure (Pair) and 
air temperature (Tair). Since the shape of the accumula-
tion chamber is fixed and Pair and Tair are measurable, 
the flux of the specific gas is calculated directly by the 
gradient dC/dt.  
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STATISTICAL– GEOSTATISTICAL DATA TREATMENT 

In order to quantify a specific gas released from the investigated area and to recognize the presence of zones characterized 
by anomalous fluxes, statistical and geostatistical approach are adopted.  
The estimation of the total amount of CO2   introduced into the atmosphere has been carried out by the methodology based 
on partitioning the flux data by means of cumulative probability plots, formalized by Sinclair (Sinclair, 1970 and 1991). For 
each identified population the arithmetic mean of raw data and its 95% confidence interval has been calculated using the Si-
chel estimator (Sichel, 1966). An implementation of the Sichel method has been developed by West Systems. The software, 
which runs on personal computer, calculates the cumulative probability plot, using the data recorded by the PDA during the 
sampling activity and calculates the total output of CO2  taking into account the extension of the investigated area.  

 

 
 

The Geostatistical approach is used to identify anomalous fluxes from the soil; the data 
have been mapped using kriging method starting from the study of the experimental variogram.  
Experimental variogram, relative to the natural logarithm of the CO2 flux, and respective variogram model are showed in the 
figures. 
 

 

 

 303000 

 303000 

 303100 

 303100 

 303200 

 303200 

 303300 

 303300 

X (m)

X (m)

 4628900  4628900 

 4629000  4629000 

 4629100  4629100 

 4629200  4629200 

 4629300  4629300 

 4629400  4629400 

Y
 
(
m
)

Y
 
(
m
)

 0.0 

 0.0 

 0.5 

 0.5 

 1.0 

 1.0 

 1.5 

 1.5 

Z* : CO2 (Estimates)

Z* : CO2 (Estimates)

 0.0  0.0 

 0.5  0.5 

 1.0  1.0 

 1.5  1.5 

Z
 
:
 
C
O
2
 
(
T
r
u
e
 
v
a
l
u
e
)

Z
 
:
 
C
O
2
 
(
T
r
u
e
 
v
a
l
u
e
)

 0.25 

 0.25 

 0.50 

 0.50 

 0.75 

 0.75 

 1.00 

 1.00 

 1.25 

 1.25 

 1.50 

 1.50 

Z* : CO2 (Estimates)

Z* : CO2 (Estimates)

-5 -5 

 0  0 

 5  5 

(
Z
*
-
Z
)
/
S
*

(
Z
*
-
Z
)
/
S
*

-5 

-5 

 0 

 0 

 5 

 5 

(Z*-Z)/S*

(Z*-Z)/S*

 0.0  0.0 

 0.1  0.1 

 0.2  0.2 

 0.3  0.3 

F
r
e
q
u
e
n
c
i
e
s

F
r
e
q
u
e
n
c
i
e
s

Cross Validation of CO2

Isatis
DATI/DATI
- Variable #1 : CO2
Standard Parameter File for Model: modco21
Standard Parameter File for Neighborhood: modco21
Cross validation statistics based on 193 test data
                Mean         Variance
Error          0.00101       0.00609
Std. Error     0.01397       1.01300

Cross validation statistics based on 183 robust data
                Mean         Variance
Error          0.00112       0.00215
Std. Error     0.01413       0.36285

A data is robust when its Standardized Error
lies between -2.500000 and 2.500000
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Flux 

 (m3/giorno) 

95% 

Confidence  

Limit 
b 

7.8 0.16 0.013 1.189 189 200 183 
a 

72.2 ‐0.894 0.259 0.466 882 816 967 
  

        1172 1168 999 

CONCLUSIONS 

The integrated equipment set up by West Systems allows to measure CO2, CH4, H2S, and VOC emissions discharged into the atmosphere. Moreover the portable FLUX-meter permits 
to carry out quick and reliable punctual measurements, which can be processed by an implementation of the Sichel method, through a software developed by West Systems, in order 
to estimate the total flux emitted. In this study the flux meter has been used to quantify natural CO2 emissions from soil. Data analysis of collected measurements  allowed to estima-
te a total flux of CO2  from the soil in 1072 m3/day with 999 and 1168 m3/day as upper and lower confidence limit. Mean Flux expressed as moles per unit area is 0,49 mol/m2 * day. 
The statistical treatment of the data has also allowed to calculate natural background value of CO2 flux between 0.9 and 1 mol/m2 * day. Literature data on soil respiration, due to the 
activity of bacteria and radicals, show CO2 value up to 1.6 * mol/m2 day. It should be noted that only in 16 sampling points the measured flows were greater than 1 mol/m2 * day. 
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	￼￼,	

	where P and T are the environment pressure and temperature respectively, R (with a value of 8.314472 m3×Pa×K-1×moles-1) is the gas constant, V is the volume and A is the area of the chamber.

	From the equation it follows that the flux (expressed as moles×m-2×day-1) is proportional to the gradient concentration (expressed as ppm×sec-1) measured (Chiodini et al., 1998), while the proportionality constant is a function of the height of the accumulation chamber (H=V/A if the chamber has a cylindrical or parallelogram shape) and of the air pressure (Pair) and air temperature (Tair). Since the shape of the accumulation chamber is fixed and Pair and Tair are measurable, the flux of the specific gas is calculated directly by the gradient dC/dt. 

	The integrated equipment set up by West Systems allows to measure CO2, CH4, H2S, and VOC emissions discharged into the atmosphere. Moreover the portable FLUX-meter permits to carry out quick and reliable punctual measurements, which can be processed by an implementation of the Sichel method, through a software developed by West Systems, in order to estimate the total flux emitted. In this study the flux meter has been used to quantify natural CO2 emissions from soil. Data analysis of collected measurements  allowed to estimate a total flux of CO2  from the soil in 1072 m3/day with 999 and 1168 m3/day as upper and lower confidence limit. Mean Flux expressed as moles per unit area is 0,49 mol/m2 * day. The statistical treatment of the data has also allowed to calculate natural background value of CO2 flux between 0.9 and 1 mol/m2 * day. Literature data on soil respiration, due to the activity of bacteria and radicals, show CO2 value up to 1.6 * mol/m2 day. It should be noted that only in 16 sampling points the measured flows were greater than 1 mol/m2 * day.
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