
APPLICATION NOTE 0026
Installing eosGP Sensors for CO2 Measurements in Soil

INTRODUCTION
The eosGP is a highly versatile carbon dioxide (CO2)
concentration probe that can be used in soil and water.
Vertical profiles of soil CO2 concentrations can be
constructed by burying multiple eosGP sensors at
varying depths. These profiles can be used to estimate
soil pore space storage of CO2, track a number of
biological and/or geochemical processes, and calculate
CO2 fluxes using the gradient method. Unlike discrete
sampling approaches, the eosGP provides continuous
measurements, allowing researchers to study temporal
dynamics of CO2 in soils at various depths. This
application note is intended as a guide for burying the
eosGP in soil. It outlines three different burial methods
and highlights the benefits and important considerations
associated with each method.

BURIAL METHODS
The three most commonly used methods for burying
eosGP sensors in soil are; horizontal burial, vertical
burial, and vertical burial in tubing. The choice of burial
method is largely dependent on site-specific conditions,
the primary questions researchers are trying to answer,
and the intended length of the deployment.

Horizontal Burial
In horizontal burial, a large pit is dug into the soil,
exposing the pit face for sensor installation. A drill or
auger can be used to make 2-inch (5 cm) diameter holes
for sensor placement that minimizes disturbance to the
soil structure on the face of the pit. After installation, the
pit is then carefully backfilled to maintain the original soil
structure as much as possible (Figure 1).

Horizontal burial allows for targeting specific soil
horizons or other soil features and allows for more
accurate placement of the sensors. However, it is labour
intensive and disturbance to the soil is high, potentially
altering overall gas behaviour. Additionally, horizontal
burial precludes easy access to the sensors for
re-calibration or repair, leading to potential data loss or
further soil disturbance for retrieval.

Vertical Burial
Vertical burial is also a common approach to burying the
eosGP which involves using an auger or drill to dig
sensor-size 2-inch (5 cm) holes to desired depths in the
soil. The eosGP sensors are then inserted and the holes
are backfilled with native soil (Figure 2).

Figure 1. Schematic diagram showing sensor placement using the
horizontal burial method.

Figure 2. Schematic diagram showing sensor placement using the
vertical burial method.

The eosGP has four diffusive membranes on the
sidewalls and one on the bottom face of the sensor
(Figure 3). These diffusive membranes are the sensor’s
measurement windows and need to be taken into
consideration when determining the depth from which
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CO2 measurements originate. Eosense recommends
using the midpoints of the side wall membranes as the
depth of origin for the measurements (i.e. ~3 cm from
the bottom face of the sensor).

Figure 3. The bottom and side diffusive membranes or measurement
windows of the eosGP.

Vertical installation is less labour intensive and creates
less ground disturbance than the horizontal burial;
however, retrieval of the sensors for calibration and
repair can still be difficult. It is also more difficult to
determine which soil horizon or features are present at
the measurement depth, which may lead to uncertainty
in soils with high spatial heterogeneity.

Vertical Burial in Tubing
Difficulty in retrieving buried eosGP sensors can be
overcome by enclosing the sensor inside 2-inch inner
diameter PVC or ABS tubing. Once a hole has been
dug, connect the power cable to the eosGP and gently
insert it into the tubing. The sensor should then be
isolated from the atmosphere using a packing material
(Figure 4). Typical isolation materials include rubber
gasket material (e.g. neoprene), closed cell foam, or
electrician’s putty. Isolation material should be packed at
the back end of the sensor around its connector. Once
the eosGP is installed in the tube and sealed off from the
atmosphere, the tubing can be installed into the soil.
Care should be taken when installing the tubing in the
soil to avoid compaction of the soil and prevent puncture
of the gas permeable membrane on the bottom face of
the eosGP. Once the sensors are enclosed in tubing, the
measurement windows on the side walls of the sensor
are sealed off from direct contact with the soil.
Therefore, the base of the tubing should be used as the
depth of origin for the CO2 concentration measurements.

Figure 4. Schematic diagram showing sensor placement using the
vertical burial in u-tubes method.

Installing a 180° U-bend, like the one shown in Figure 5,
at the top of the tube keeps rain from pooling on the
isolation material, but the U-bend should not be glued in
place to ensure the sensor can be removed when
required. Electrical tape is a good substitute for glue to
keep the U-bend in place. It is worth noting that pulling
on the sensor’s cable to retrieve it should be avoided to
prevent damage to the cable. Eosense recommends
connecting a second piece of twine or wire to the sensor
for recovering the eosGP unit.

Figure 5. A 180° U-bend pipe fitting is recommended for keeping rain
water from pooling on top of the isolation material inside the tubing.

FIELD DEPLOYMENT
For this example deployment, we installed three eosGP
units on the edge of a lawn using vertical burial with 2-
inch ABS tubing and 180° U-bends, as described in the
preceding section. The sensors were buried at depths of
24 cm, 12 cm and 0 cm (Figure 6). Two of the eosGP
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units were inserted into the tubing such that the bottom
membrane of the sensor was flush with the bottom of the
tube and the units were air tight against the sides of the
tube. All three units were connected to a CR6 datalogger
from Campbell Scientific which recorded CO2

concentration using RS485 Modbus communication (for
more information on eosGP communication mode
options see this Application Note).

Figure 6. Photos from the field site showing the installed eosGP
sensors. The sensors buried at 12 and 24 cm depth are enclosed in
tubes that have been fitted with U-bends.

RESULTS
Figure 7 shows soil CO2 concentrations measured by
the eosGP units over a five day period. Initially, the CO2

concentrations are high at 12 cm and 24 cm depth, but
this is a result of disturbance to the soil during
installation. The sensors quickly begin to equilibrate and
typical diurnal patterns can be seen in the data after
approximately one day. However, Eosense recommends
allowing the sensors to equilibrate in place for ~48-72
hours after burial to ensure that the data set is unbiased
by disturbance to the soil from the eosGP installation.

The data from the buried eosGP sensors shows that
CO2 concentration in the soil increases rapidly with
depth (Figure 7). This highlights the importance of
weighing expected CO2 concentrations when choosing
between the low range (0-30,000 ppm) and the high
range (0-200,000) eosGP sensors. At a relatively

shallow depth of 24 cm, the CO2 concentration in our
lawn stabilized at ~8,000 ppm, so for deeper
investigations or in more biologically active soil
environments, the high range eosGP sensor may be
required to obtain optimal data quality.

Figure 7. Atime series showing soil CO2 concentration measurements
from the profile constructed by burying three eosGP sensors using the
vertical burial in tubes method.

CONCLUSIONS

Overall, the waterproof housing, ease of installation and
the high resolution, continuous data make the eosGP
well suited for soil profile applications and the gradient
method. There are many ways to install the eosGP in the
soil to monitor soil pore space CO2 concentrations. Here
we looked at three methods: horizontal burial, vertical
burial and vertical burial in tubing fitted with 180°
U-bends. While each method of installation has benefits
and drawbacks, Eosense typically recommends vertical
installation in tubing fitted with 180° U-bends where
possible. We recommend this method because it is the
only method that allows for easy retrieval of the sensors
with minimal soil disturbance. When choosing between
the high and low range eosGP sensors, the depth of
investigation, soil type and water saturation are all
important considerations.

info@eosense.com • 888.352.8313
3

https://eosense.com/application-notes/an0024-choosing-an-eosgp-output-option/
https://eosense.com/products/eosgp-soil-water-co2-sensor/

