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An Electrulytic Field llevice for the

By F. Delecour*, F. Weissen*, ond C. Ek**

ABSTRACT

A technique for determining the COz content of cave air is described. The titra-
tion set, used by agronomists and soil scientists for the analysis of soil atmosphere,
has proved to be practical and easily manipulated underground. The procedure iibasedl
upon an electrolytic titration of COz absorbed by a 0.1 N NaCl solution. The appara-
tus is enclosed in a portable wooden case.

Some prelininary results are reported. Attention is given to the grad.ients of the
amount of CO2 in the atmosphere of some caves: along a shaft, along ascreefanex-
tending from a fractured zoîe, and along a subterranean stream. The observed range of
COz content of cave air ranges from that in the free atmosphere to nineteen times
more in a fissure. The most frequent values are two to eight tirnes in spacious caves,
compared to free air.

Tilratiun trf [0, in Air

INrnonuctroN

An interesting method for the measurement
of COz in soil air has been described by H.
Koepf in 1952. It has been used by (among
others) F. Hilger (1963), and at the Centre
d'Etude des Sols Forestièrs de la Haute Bel-
gque, Gembloux, Belgium. This method is
also suitable for atmospheric COz determina-
tions and has been shown by F. Delecour
(1965) to be accurate and reproducible.

The determination is based upon the elec-
trolytic titration of the carbonic-acid gas of a
known volume of air, absorbed in a O.lN
NaCl solution, that has been colored with
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,phenolphthalien. The electrolysis of this solu-
tion produces NaOH, which neutralizes the
absorbed carbon dioxide. The current is kept
constant during the whole titration. One meas-
ures the time necessary to produce enough
NaOH to neutralize the absorbed carbon di-
oxide, which is indicated uy the phenolph-
thalien turning red. The carbon dioxide côn-
tent of the sample can be computed from the
current (mA), the time (seconds) and the air-
sample volume (nü).

The apparatus, packed in its case, is shown
in figure 1. It weighs 15 kg. It is easily carried,
so that measurements can be made in the
field (or in a cave).

Appan-qrus

Referring to figure 2, the components of
the apparatus shown in figure I are: A - volt-
ammeter, B - battery compartment, g -rheo.
stat, D - NaCl solution storage flask, E_ - com-
partment for titration cells, and F - cover
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with a white screen for comparing colors.
During the electrolysis, the apparatus is ar-
ranged as shown in figure 3.

I
I

The titrotion set in its w

Components of titrotion set (see text).

fîfr",*ü;
Arrongement of the opporotus during

electrolysis.

132 Tnr NerroNAL Sprmorocrcer Socmry



l
I 13.5 v Bottery +

l
I

Figure 4.

The titrotion cell (see text).

Figure 4 is a schematic of the titration
cell. Its components are A - three-way stop-

9ock, B_ - cylindrical bulb 1.Uort 3.5 x 9-.5 cm),
C - lower tube (about 1.5 x 6.5 cm), D - lower
stopcock, E - platinum electrodes (l cffi2,
1 cm apart, and at least 3 cm below _D, E -
guage line. The total volume of parts ! and
q is about 100 ml. This must be accur-
ately determined. The volume of C below
the guage-line is l0 rrü.

The NaCl storage flask is a 3 to 4 bter
glass or polyethylene bottle with a stopcock
at the bottom. During an analysis, the up-
per opening is fitted with a soda-lime ab-
sorption tube.

The transitor-stabilized current source (0-
l0 mA) is shown schematically in ligure 5. The
curent strength is regulated by ân adjust-
able 10-k ohm rheostat. Temperature efiects
are cancelled by the Zenerdiode ZL 3.9. pow-
er is supplied by drycells (12-14 volts).

Several reagents are required. These are
_g) a O.SVo solution of phenolphthalein in

Figure 5.

Stob;lized currenl source.

0:1 N NaOH; !) 0.1 N NaCl, adjusted to a
pH between 0.9 and 9.1 by means of solu-
tion a, for which about 3+.l5ml per liter of
solution are required.. The NaCl soiution then
exhibits a definite pink color; c\ 2.5% KCN-

lgCN, prepared by dissolving 2.5 g KCNin about 70 ml of distilled water, dissolv-
yE ?.5 g- AgCN in this solution, and bring-
ing the volume to 100 rnl ; -d) 2% KCN, pré-
pared by dissolving 2 g KCN to a volumeof 100 ml.

PnocBounr

Before use, the anode of the electroly-
tic cell must be silvered. This silver hyôr
reacts with the clrlorine released at the anode,
removing it from the reaction system. Silver,
ing of the anode is accomplished using the
KCN-AgCN solution (g above), with a cur-
rent strength of 10mA, for one hour. This
may be done with the current-source already
described, connected in reverse to the elec-
trodes. About 50 ml of the silver solution
is pipetted (caution!) into the titration cell
a"ld the circuit is switched on. The solu-
tion is allowed to drip from the cell at the
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rate of one drop every 8-10 seconds by means
of the stopcock D (fïgure 4). After silvering,
the cell is thoroughly rinsed.

It is necessary to clean the electrodes of
any grease before the frst silvering. This can
be accomplished by electrolysis (0.2-0.4 mA)
of a concentrated sodium hydroxide solution,
with frequent current reversal.

During determinations, the silver-plated
anode becomes progressively black and must
be regenerated after eight to ten determina-
tions. The accumulated AgCl layer is remov-
ed by shaking with the 2Vo KCN solution
(Q and the electrode re-plated.

A gas sample is introduced into the sys-

tem' as follows: the bottom stopcock of the
NaCl flask is connected to the lower end of
cell with a rubber tube. Stopcocks A and
D are opened and the bulbs fîtled Uÿ tift-
ing the flask. In order to discard the NaCl
solution which has been in contact with air,
at least 10 rü of the solution is allowed to
flow out through A. Both 4 and D are then
closed, and the cell may be taken to the
place where the sample of air is to be taken.

Sampling is accomplislied by opening 4
and D. allowing the NaCl solution to run
out until it comes to the level of the guage

line F. The stopcocks are then closed. The
air-sample volumè is that of bulb D.

By vigorously shaking the cell, for four or
five minutes, the CO 2 in the sample is absorbed
in the NaCl solution, which becomes acidic
and hence colorless. The cell is then con-
nected to the current source (figure 5) for
electrolysis. A current of 2.2 mA is advan-
tageous for the subsequent calculations. The
duration of the electrolysis is recorded to the
second (for example, with 2.2 mA, the dura-
tion of electrolysis is of the order of 50-55
seconds for a sample of free afu). During
the electrolysis, NaOH is formed at the cathode
and the solution becomes red again. The cell
is then disconnected and shaken, as above,
for four or five minutes. The color of the
solution is then compared with that of a

control tube. If the solution in the cell is
less colored than that in the control, it should
be electrolysed further, until the colors are
the same. After every new electrolysis, the
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cell is shaken, for 30 to 45 seconds, before
the colors are compared.

If the solution in the cell is more colored
than that of the control, an acidifying elec'
trolysis should be made, by reversing the
connections and operating as described earlier,
until the colors are the same in the cell and
in the control tube.

The CO, content of the sample, expressed

as mÿl, is computed from the formula where

coz (mg/l) = 0.456 (f) (! '12

v
i is the current in mA; t1 the duration of di-
rect electrolysis, in seconds, t2, the duration
of reverse electrolysis in seconds; and V the
volume of the air sample in ml.

If the current i is 2.2 mA, (0.456 i) is
very neff 1.0, which simplifies the calcu-
lation even further.

Koepf (L952) found that the range of
maximum precision lies between 0 and 5
mg COz/I. Beyond 5 mÿI, the results are
somewhat low (about 5% fot COz content
of 7 mÿl).

Rrsur-rs

Some preliminary measurements, carried out
during the spring and summer of 1966, dis-
played encouraging results. Al1 were record-
ed in Beigium, in limestone caves, at altitudês
ranging from 100 to 250 meters above sea

level. Additional observations will be reported
in the Annales de Speleologie.

In figures 6 and 7 are shgwn the results
of measurements made along steep slopes in
Comblain-au-Pont Cave and Rochefort Cave.
It can be seen that the CO2 content of the
air may increase downward or upward. The
top of the Comblain shaft is open to the
outer atmosphere while the top of the "Hell"
chamber in Rochefort Cave is connected by
fissures with the soil of a wooded doline.

Two factors may induce these COz gradi-
ents. In the Rochefort "Hell Chamber", dif-
fusion from a lïssure is probably the main
factor. At Comblain, the CO2 gradient can
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Figure 6.

Cross section from Combloin-ou-Pont Cove showing sompling locotions ond
COz meosuremenls.

Figure 7.

Cross section from Rochefod Cove .lo*;ng sompling
CO2 meosurements.
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be due to an accumulation by gravity. How-
ever diffusion may be responsible for the
higher COz content in the little chamber situ-
ated 3.5 m over the bottom.

Five measurements were carried out along
an underground river, at 20 cm above the
water level, between the exsurgence of the
river and the terminal sump: at the very
end of the cave. The results are shown in
figure 8.

mgCOr/t.

Figure 8.

Subterroneon slreom in Remouchomps
Cove. COz content of oir 20 cm obove
woter level. The distqnce is meosured

. olong the slreom.

One might assume that the progressive low-
ering of COz content of the air, downstream,
shows variations of equilibrium between the
air and the water. However calculations from
water analyses show that this is not true.
The following possible explanation might then
be proposed: the water is in equilibrium with
high CO 2 values when the river emerges from
the sump and enters accessable passage and,
at first, the diffusion rate of CO2 from water
to air is very high. Further downstream, both
the excess CO'z in the water is lower and
cave ventilation is improved, leading to lower
COz concentrations in the air.

CoNcr,usrorss

Values observed (75 measurements) ranged
from 0.55 mg/I, for free air, to 10.62mgll ina
fissure of a shallow cave, under wood and
pasture. In the majority of cave atmospheres,
values were between I and 3 mÿl; they can be
a little lower in some passages of big caves,
or somewhat higher in small cavities.
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The high COz content in fissures (fre-
quently 10, or even 19, times higher in nar-
row Iissures than in the free atmosphere)
seems to indicate that air with tügh CO2
content flows through these fïssures, and that
its diffusion in caves is slow. A faint, increasing
gradient of COz downslopes was observed
tloæ. It is possibly due to accumulation by
density, but the values were not very high it
the bottom (less than 3 mg/l).

One might conclude that most of the fea-
tures reported here tryere either known or
suspected, but the scarcity of measurements
in cave air has prevented general conclusions
from being drawn. One hopes that the device
presented here will contribute to the multipli-
cation of measurements in all seasons, in other
climates, at various altitudes, and so forth.

Since atmospheric COz is a prime moÿer
in dissolution of limestone, we fumly believe
that measurements such as described above
will prove to be valuable for furthering our
general understanding of karst processes.
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