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 EPIPHRAGM GAS PERMEABILITY 439

 and the results from all three replicates for
 an epiphragm were averaged to determine
 k. Permeability of the syringe barrels to 02
 and CO2 was found to be less than 1% of
 the observed diffusive conductance and

 was considered to be negligible.
 The contribution of the Kalkfleck to the

 diffusive conductance of the epiphragm
 was measured by sealing the Kalkfleck with
 vinyl wax and then repeating the mea-
 surements. The difference between G ob-
 served before and after sealing the
 Kalkfleck was assumed to equal G of the
 Kalkfleck.

 PERMEABILITY TO WATER VAPOR

 A gravimetric method was used. The
 epiphragm preparations were sealed with
 vinyl wax over the mouths of vials con-
 taining either anhydrous CaSO,, saturated
 MgCl, solution, or a water-soaked wick.
 These contents served to maintain 0%,
 25%, or 100% relative humidity (RH), re-
 spectively, within the vials (Winston and
 Bates 1960). The vials were stored in a
 temperature-controlled cabinet at 25.0 +
 0.2 C. Relative humidity in the cabinet
 was determined to within 1% RH by a
 battery-powered psychrometer (Psychro-
 dyne) and controlled by the addition of
 pans of water. Humidity in the tempera-
 ture cabinet was checked frequently and
 did not vary by more than 2 % RH during
 a test. After an initial 6-h equilibration
 period, the vials were weighed five times
 at 12-18-h intervals to determine the rate

 of water vapor uptake or loss. Capped vials
 weighed as controls showed that water flux
 through the walls of the vials was negli-
 gible.

 Epiphragm permeability to water vapor
 is influenced by relative humidity, presum-

 p oA C

 B

 FIG 2.-Apparatus for the measurement of epi-
 phragm permeability to 02 and CO2. The diffusion
 chamber is a 60-ml polyethylene syringe (A) with an
 epiphragm preparation (B) sealed over the open end.
 A stopcock valve (C) and a hole (D) permit the cham-
 ber to be filled with a known gas mixture (see Ma-
 terial and methods).

 ably because of changes in the water con-
 tent of hygroscopic material in the epi-
 phragm (Machin 1968). Because different
 relative humidities must be maintained on

 opposite sides of the epiphragm in order
 for a net flux of water vapor to occur, the
 relationship between humidity and the
 water vapor conductance of the epiphragm
 must be expressed in terms of the average
 of the two values of relative humidity ex-
 isting on the opposite sides of the epi-
 phragm (see Machin 1968). This "average
 humidity" is symbolized as RHav. The rate
 of weight change of the vials was measured
 at six different values of RHav obtained by
 different combinations of humidity inside
 and outside of the vials. The effect of seal-

 ing the Kalkfleck on water vapor con-
 ductance was tested at a low and a high

 value of RHav, in order to test whether
 water vapor conductance (GH20) of the
 Kalkfleck changes with humidity.

 The air outside the vials was moved by
 a fan. The air in the vials was not stirred,
 and a layer of still air 0.5 cm thick sepa-
 rated the desiccant or wick surface from

 the epiphragm. The diffusion resistance of
 this air space was a significant fraction of
 the total measured resistance to vapor dif-
 fusion and required correction in the cal-
 culation of epiphragm water vapor
 conductance. Assuming a diffusivity in air
 of 0.27 cm2/s (List 1971), the calculated
 water vapor diffusion resistance of the air
 layer is 0.31 min torr/Vimol.2 This resis-
 tance was in series with the resistance of

 the epiphragm and therefore was sub-
 tracted from the observed resistance to dif-

 fusion of water vapor from the vials
 (resistance = 1/G). The correction was less
 than 4% of the largest resistance measured
 but was about 17% of the lowest resis-
 tance.

 DIMENSIONS AND STRUCTURE

 After permeability tests, each epi-
 phragm was carefully removed from its
 shell with a scalpel. Thickness was mea-
 sured by caliper micrometer at four points
 on each epiphragm, and the four values
 were averaged. Because of the fragility of
 the Kalkfleck, its thickness was measured

 2 The unit cm2/s is equivalent to 3.326 p.mol - cm/
 cm2 min torr at 25 C. See Piiper et al. (1971) for
 a discussion of units.
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 separately by examining fractured edges
 with a dissecting microscope and ocular
 micrometer. Total area of each epiphragm
 was determined using tracings and a Licor
 Leaf Area Integrator. Length and width
 of the Kalkfleck were measured by ocular
 micrometer, and Kalkfleck area was cal-
 culated from these measurements using the
 formula for the area of an ellipse. Frag-
 ments of four epiphragms of varying thick-
 ness were coated with 20 A gold-palladium
 and examined by SEM, and the inner and
 outer surfaces and fractured edges of the
 Kalkfleck and non-Kalkfleck portions were
 compared.

 RESULTS

 PERMEABILITY TO 02 AND CO2

 The 0, and CO, permeability are pre-
 sented as diffusive conductance and as

 permeation coefficients (conductance per
 unit area and unit thickness) in table 1.
 Comparison of conductance with and
 without the Kalkfleck blocked shows that,
 on the average, the Kalkfleck accounts for
 98.3% of the total epiphragm conductance
 for 02 and CO2. Although the average
 Kalkfleck occupies only 6.1% of total epi-
 phragm area and is 2.8 times thicker than
 the rest of the epiphragm, the Kalkfleck
 permeation coefficient is over 2,000 times
 greater than that of the rest of the epi-
 phragm. The mean value of the ratio Gco,/
 Go, for the Kalkfleck is 0.85 + .003 SE.
 Although this ratio is nearly identical to
 that predicted by Graham's Law on the
 basis of molecular weight (V3-2/44 =
 0.853), experimental determinations of the
 ratio of diffusivities (Dco2/Do2) in nitrogen
 are somewhat lower, ranging from 0.76 to
 0.80 (Paganelli, Ackerman, and Rahn 1978;
 Piiper and Worth 1980).

 PERMEABILITY TO WATER VAPOR

 Diffusive conductance for water vapor
 is a sigmoidal function of RHav (fig. 3).
 Sealing the Kalkfleck has relatively less ef-
 fect on water vapor conductance at high
 humidity, reducing GH20 by an average of
 63% at 25.5% RHav but by only 7.5% at
 66.7% RHav.

 EPIPHRAGM STRUCTURE

 Although the average Kalkfleck is 2.8
 times thicker than the rest of the epi-
 phragm, it is much more fragile and is
 easily fractured or crushed. When mag-
 nified by SEM, the Kalkfleck appears to
 consist of granules, most of which are short
 cylinders from 2 to 10 iim long (fig. 1C).
 Under higher magnification these granules
 appear to be stacks or aggregates of smaller
 tabular crystals (fig. 1D). The Kalkfleck
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 FIG. 3.-Water vapor conductance of Otala lactea
 epiphragms as a function of humidity at 25 C (see
 text for further explanation). No. = 10 for each group.

 Symbols indicate mean + 95% confidence interval.
 The closed symbols indicate that the Kalkfleck was
 blocked with wax.

 TABLE 1

 PERMEABILITY OF THE EPIPHRAGM OF Otala lactea TO CO, AND 02-.

 CONDUCTANCE PERMEATION COEFFICIENT

 (pin-torr) o cm/cmz.min torr)
 Total Total Minus Kalkflecka Kalkfleckb Kalkfleck Non-Kalkfleck

 CO2 .0827 + .0053 1.43 x 10-3 + .44 x 10-3 .0813+ _.0055 .114+ .018 5.60 x 10-s - 2.87 X10-s
 02..... .0972.+-.0061 1.61x 10-3 + .55x 10- .0955+.0063 .134+ .022 6.41 x 10-s + 3.48 x 10-5

 NOTE.-No. = 6. All values are mean -+ standard error of mean.

 a Conductance with Kalkfleck sealed.

 b Conductance of Kalkfleck estimated as difference after sealing Kalkfleck.
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