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1 Simulation of the oxygen diffusion through a liner equipped with an RTV septum

The primary goal of the simulation was to calculate the penetration time required for oxygen to
transverse the septum and reach the measurement location. The concentration of oxygen at
the measurement point was calculated 30 minutes after exposure of the outer section of the
septum to ambient conditions. Simulations were carried out using COMSOL Multiphysics
version 4.4,

The relevant geometry is depicted in Figure S1 frame A. A cylindrical septum with radius r=1
mm and thickness h=1.5 mm was set in the middle of the wall of a cylindrical liner with inner
radius of r=17.5 mm and 50 mm length, L. A check point was set in the soil at a distance of 2
mm from the center of the septum, corresponding to the position of the miniature optode at
the time of measurement.

The liner was impenetrable to oxygen at all sides, except for diffusion through the cylindrical
septum. Diffusion coefficient of oxygen in silicone rubber at 25°C is Dseptym = 1.6%10 m?/sec 1~
3, the diffusion coefficients of oxygen in air is Dg = 2.3*10° m?2/sec %, and the diffusion
coefficient of O, in the soil was calculated by equation 2 in the text and equation S1 >8. The
various parameters are defined in Table 1. Effective diffusion for the cases of relative water
saturation of 0%, 10%, 25%, 50%, 70% and 100% were used. For the case of 100% saturation,
the diffusion was set to be the diffusion coefficient of oxygen in water D,= 2.1*¥10° m?/sec
under 760 Torr, 25 °C °) multiplied by the void fraction °.
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Fick’s laws were assumed to describe the diffusion in the septum as well as in the soil phase.
Convection was neglected, and we assumed instantaneous equilibrium at the solution - septum
and at the septum — ambient air interfaces. Initial conditions were set as zero oxygen at all
locations.

Boundary conditions were set as no-flux at the walls of the liner and in its upper and lower
edges except for the outer section of the septum, where the oxygen concentration was set
constant at 428 mg/L corresponding to the oxygen solubility in RTV, at 21% O,/Air atmospheric
pressure and 25 °C 13, The corresponding oxygen solubility in water is 8.3 mg/L°. A constant
solubility relationship csii =K Cseptum Was set at the soil-septum interface with K =0.019.

The simulation results are depicted in Figures S1 frame B and in Figure S2. For convenience all
the results are reported as the equilibrium aqueous phase concentrations corresponding to a
solubility of 8.3 mg/L at 21% O, at 760 Torr in the gas phase.

Figure S1 frame B depicts the dependence of the time required to reach 0.1 mg/L at the check
point as a function of the ratio between the soil and the septum diffusion coefficients. The
diffusion coefficients that were checked range from that of silicone rubber, 1.6¥10° m?/sec to
the diffusion coefficient of oxygen in air, 2.3*10° m?/sec. The time required to reach 0.1 mg
O,/L at the check point for dry soil is ca. 55 hours.

Frame A of Figure S2 depicts the oxygen time trace at the check point for different levels of
water saturation levels. The diffusion coefficients used were the same as those calculated in the
article (Figure 4). After a short lag phase, which was required for oxygen to transverse the
septum, the concentration of oxygen increased at a decreasing rate. In all cases the level of
oxygen at the check point was far less than 0.1 mg/L after 30 minutes. The time required to
reach 0.1 mg O,/L at the check point for dry soil, 50% and 100% saturation marked in the figure
by triangle, star and full circle symbols, respectively, are all around the 55 hours. Thus, the
practical minimal detection limit of the method is not determined by diffusion through the
septum and was set at 0.1 mg/L due to oxygen penetration through the edges of the liners as
calculated in the text.
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Figure S1 A) A scheme of the simulation set up with the experimental parameters. B) Time required to reach a concentration of
0.1 mg 0,/L in a set up with the geometrical parameters depicted in the text. The diffusion coefficients for silicone rubber and

soil were 1.6*10° and 8.1*10-¢ m?/sec, respectively.
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Figure S2 Simulated time trace of oxygen level at the check point as a function of soil wetting for our experimental setup.

2 Response time of the optode in dry and wet soils

The response time of the optode was evaluated by measurement of the oxygen level after the
septum was punctured by the optode sleeve, until the signal levelled off. The tests were carried
out under different soil wetting conditions and for various oxygen levels. In all cases the sensor
response time was less than 6 seconds.
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Figure S3 Representative response time curves for different oxygen levels in dry and partially saturated sands. (A) Dry sand
( for equilibrium concentration, 0.6 (circle), 2.8 (square), and 4.0 (triangle) mg 0,/L; (B) Semi-saturated sand for 0.3 (circle),
2.8 (square), and 5.3 (triangle) mg O,/L.



References

1 O. Roussak and H. D. Gesser, in Applied Chemistry: A Textbook for Engineers and Technologists, Springer Science &
Business Media, 2nd edn., 2012, pp. 191-217.

2 L. Kotula and E. Steudle, J. Exp. Bot., 2009, 60, 567-580.
3 P. Buchwald, Theor. Biol. Med. Model., 2009, 6, 5.
4 N. G. C. Astrath, J. Shen, D. Song, J. H. Rohling, F. B. G. Astrath, J. Zhou, T. Navessin, Z. S. S. Liu, C. E. Gu and X. Zhao, J.

Phys. Chem. B, 2009, 113, 8369-8374.

5 G. H. Bolt and M. G. Bruggenwert, in Soil Chemistry: Basic Elements, Elsevier Science Ltd, 2nd edn., 1976, pp. 213-220.
6 G. L. Guymon, Water Resour. Res., 1970, 6, 204-210.

7 P. Moldrup, T. Olesen, P. Schjonning, T. Yamaguchi and D. E. Rolston, Soil Sci. Soc. Am. J., 2000, 64, 94-100.

8 P. Moldrup, T. Olesen, T. Komatsu, P. Schjgnning and D. E. Rolston, Soil Sci. Soc. Am. J., 2001, 65, 613.

9 D. R. Lide, Ed., CRC Handbook of Chemistry and Physics, Internet Version 2005, CRC Press, Boca Raton, FL, 2005.



