ON THE USE OF CARBONIC ANHYDRASE IN CARBONATE AND
AMINE BUFFERS FOR CO; EXCHANGE IN MANOMETRIC VES-
SELS, ATOMIC SUBMARINES, AND INDUSTRIAL CO; SCRUBBERS

Dean Burk

National Institutes of Health, Public Health Service, Bethesda, Md.,
and the Max Planck Instituie for Cell Physiology,
Berlin-Dahlem, German Federal Republic

There is a remarkable resemblance between the kinetics of carbon dioxide
gas exchange in manometric vessels of 1 cu. inch volume (FIGURE 1)! and in
atomic submarines of 100,000 cu. ft. volume (FIGURE 2),? and it is not the pur-
pose of this paper to hide such a kinetic similarity. As will be indicated in
some detail, the over-all mathematical treatment of CO; in the gas phase is
much the same whether one is dealing with CO. absorption in (1) a manometric
vessel central well (FIGURE 1) containing, for example, KOH, NaOH, LiOH,
K:CO3-KHCO3, Tris buffer (THAM), or mono- or di-ethanolamine; or in (2)
an atomic submarine CO; scrubber containing monoethanolamine (FIGURES 3
and 4) or LiOH (f1GURE 5). The weaker alkaline CO, buffers mentioned (car-
bonate, Tris, and the ethanolamines) have all been found to undergo tremendous
acceleration of CO; exchange when the enzyme carbonic anhydrase is added; in
my hands accelerations in rate of 5- to 100-fold have been readily observed
with all such buffers, depending upon conditions. Strong alkalis (pH > 11 to
12) destroy the enzyme rapidly, of course.

The manifold acceleration of CO. exchange by carbonic anhydrase may be
observed with respect to either absorption or elimination of CO, gas, depend-
ing upon the side of the equilibrium point from which one is operating; this
can be a variable function of, for example, the pH, base exchange, or tempera-
ture. In this connection it is worth recalling well-known physiological situa-
tions in which different pH-base equilibria are involved at constant (body)
temperature. In the stomach mucosal wall and in kidney cells, carbonic an-
hydrase accelerates the removal of CO; from the blood, leading to increased
acidity in the stomach lumen and urine; in the lungs and pancreas, on the other
hand, carbonic anhydrase accelerates the removal of CO. gas from the blood,
leading to more alkaline blood and pancreatic juice. Analogously, in a sub-
marine CO; scrubber operated at two different temperatures, carbonic anhy-
drase could accelerate the absorption of CO, by the lean buffer mixture in the
low-temperature absorber and, when this mixture has become enriched with
CO; and raised to an appropriately higher temperature in the stripper, carbonic
anhydrase could accelerate CO, stripping, provided that the absorbing and/or
stripping operations were carried out somewhere between 0° and 60° C., the
practical temperature limits for stable action by this enzyme. Parenthetically,
it may be remarked that the submarine CO, scrubber provides an “extra
breather” for the crew in addition to their lungs. Various engineering possi-
bilities for feasibility studies in connection with CO, elimination from atomic
submarine atmospheres will be considered in the latter part of this paper. Let
us look at manometric situations first.
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Ficure 1. Typical Warburg manometer and illustrative vessel' for operation at constant
volume of gas space; * (cu. mm. NTP) gas change = kk, where # = mm, pressure change
(10,000 mm. Brodie fluid = 1 atmosphere), andk = ([Vg- 273/T] + Via)/Po, Vg = volume
of gas phase (cu. mm.), V,, = volume of liquid phase (cu. mm.), Po is a pressure of one at-
mosphere expressed in millimeters of confining fluid, T is the absolute experimental temper-
ature, and a is the Bunsen absorption coefficient of the gas exchanged.

ATMOSPHERE
REACTOR COMPT. ANALYZER OFF. QTRS.
, H2/CO BURNERS ATTACK CENTER ELECTROSTATIC
CREW'S QTRS: ENG.RM. PRECIPITATOR

STERN RM TORPEDO RM.

MAIN CARBON

O> SCRUBBERS
FILTER

OXYGEN FLASKS

CREWS MESS

Ficure 2. Atmosphere control equipment on a typical nuclear-powered submarine, with
special reference to indicated size and location of CO; scrubbers.?
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