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ABSTRACT OF THE DISCLOSURE 

A device for receiving an approximately l5 microliter 
sample of blood and for transferring gas from the blood 
to a gas receptor fluid through a gas permeable membrane. 
The blood sample may be stored in the device which is 
adapted to deliver the receptor Huid into a measuring 
electrode. By contrast in prior art systems blood gas 
analyses were made in the same device in which the blood 
sample Was placed. 

CROSS REFERENCE TO A RELATED 
APPLICATION 

This is a companion invention related to a U.S. applica 
tion entitledMicro-Electrode System by the same in 
ventors, Ser. No. 779,765 ñled Nov. 28, 1968. Together 
the specifications describe an entirely new system for 
measuring partial pressures of gas in a fluid. 

BACKGROUND OF THE INVENTION 

This invention relates to a system for blood gas 
measurement and more particularly relates to a gas trans 
fer device, which is separate from a measuring micro 
electrode, and the methods of use of this new device. 

Various types of prior art systems exist for the measure 
ments of partial pressures (c_g. pCO2 and p02) in blood. 
These measurements are considered of increasing im 
portance in the diagnosis and treatment of respiratory 
and metabolic disorders. Present commercially existing 
blood analysis systems require relatively large samples 
of blood, 150 microliters or more, for the determination 
of these partial pressures. Thus, a gas analysis of the 
blood of small children or premature infants, small ani 
mals and many other cases, is rendered impossible because 
of the necessary large amount of blood sample. More 
over, such systems are slow in producing results because 
of required initial standardization of the equipment and 
laborious measurement procedures. ’In addition, computa 
tions are generally required which provide another source 
of error. 

In an attempt to minimize sources of error and reduce 
the size of the sample required, those skilled in the art 
have tended to miniaturize blood gas measurement sys 
tems. This has resulted in increased initial price and 
service cost. Moreover, such a construction tends to 
make the system inflexible and relegated to the technique 
for Which the system was particularly designed. In addi 
tion, most prior art systems are now made of glass or 
transparent plastics to permit the operator to see through 
them and decide whether they are properly filled, emptied 
or rinsed. This introduces the unreliable factor of human 
visual judgment into the functioning of the equipment. 
Moreover, the glass construction increases the possibility 
of breakage especially when a membrane may spring a 
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leak and the equipment must be dismantled and reas 
sembled. 

It is these disadvantages relating to cost, accuracy, and 
sample size that the present device was conceived to over 
come. 

SUMMARY OF T HE INVENTION 

:In a principal aspect the present invention comprises a 
gas transfer device which is divided into at least two 
chambers, the size of each chamber depending upon 
the particular gas analysis to` be performed. The cham 
bers are separated by a gas permeable membrane. The 
volume of the chambers in one form is` in the range of l5 
microliters, and each chamber includes entrance and 
exit passageways which are preferably restricted in their 
dimensions so that capillary action will assist in the 
transfer of the fluids and also assist in maintaining the 
fiuids within the chambers of the gas transfer device. 
Blood is placed in one of the chambers of the gas transfer 
device and a gas receptor ̀ fluid is placed in the remaining 
chamber or chambers. Gas is then transferred through 
the gas permeable membrane at the appropriate condi 
tions of temperature and pressure. The gas receptor fluid 
is then transferred from the gas transfer device to a 
measuring electrode to determine the partial pressure 
of the particular gas subject to examination. 

It is thus an object of this invention to provide an im 
proved gas transfer device especially adapted for use with 
blood gas analyses. 

It is a further object of the present invention to provide 
a gas transfer device which is inexpensive to the degree 
that it may be used with single samples of blood in a 
blood gas analysis and then discarded. 

Still another object of the present invention is to 
provide a gas transfer device wherein the gas transfer 
operation, especially in a blood gas analysis, is separated 
from the electrode measuring operation. 
One further object of the present invention is to pro 

vide a gas transfer device which is easily constructed 
and which requires a minimum of human cooperation for 
operation of the device. 

Still another object of the present invention is to provide 
a gas transfer device which eliminates both cumbersome 
and expensive equipment and substantially eliminates the 
necessity of constant calibration of equipment. 

`One further object of the present invention is to pro 
vide a gas transfer device which may be incorporated in 
a blood gas analysis system requiring only a small sample 
typically within the vicinity of `l5 microliters instead of 
the large samples of 150 microliters as required in prior 
art gas analysis systems. 
One further object of the present invention is to elimi 

nate the necessity of providing expensive measuring elec 
trode instrumentation at the patient’s location since the 
sample may be placed in the gas transfer device of the 
present invention and later sent to a clinical laboratory. 

Still another object of the present invention is to provide 
a gas transfer device wherein a number of samples may 
be taken and each placed in a separate gas transfer device 
so that the devices may be transferred to a central testing 
station where the samples may be tested in a serial 
manner. 

One furthe-r object of the present invention is to pro 
vide a gas transfer device which may be used in a gas 
transfer `system in which anticoagulants, chilling, plasma 
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separation and other procedures necessary with prior art 
systems, are no longer necessary. 
One further object of the present invention is to provide 

a gas transfer device which eliminates the necessity for 
frequent cleaning of the measuring electrode in a blood 
gas analysis system. 

These and other objects, advantages and features of 
the present invention will be more fully set forth by the 
detailed description which follows: 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the detailed description which follows reference will 
be made to the drawings comprised of the following 
figures: 

FIG. 1 is a side cross sectional view of a first preferred 
embodiment of the gas transfer device of the invention; 

FIG. 2 is a top cross sectional view of the gas transfer 
device shown in FIG. 1 taken along the line 2-2 in 
FIG. l; 

FIG. 3 is a top plan view of a second preferred embodi 
ment of the gas transfer device of the present invention; 

FIG. 4 is a side cross sectional view of the embodi 
ment of the gas transfer device shown in FIG. 3 taken 
substantially along the line 4_4 in FIG. 3; 
FIG. 5 is a top plan view showing a method of manu 

facture of a plurality of the devices; 
FIG. 6 is a side cross sectional view of an alternative 

embodiment of the invention, taken substantially along 
the line 6-6 of FIG. 7; 
FIG. 7 is a cross sectional view of the device shown 

in FIG. 6 substantially along the line 7_7; 
FIG. 8 is a side view of a stopper for the embodiment 

illustrated in FIG. 6; and 
FIG. 9 is a partial cross sectional view of a device 

similar in construction of the device shown in FIG. l 
including septa for sealing passageways to the interior 
chambers of the device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The gas transfer device of the present invention utilizes 
at least two chambers with transfer of the considered gas, 
such as CO2 or O2, from the chamber with the sample, 
such as blood, through an adjacent membrane. The gas 
reacts with the receptor fluid to change a measurable 
parameter thereof, such as pH. A portion of the receptor 
fluid is subsequently withdrawn from the gas transfer 
device for measurement of the changed parameter in a 
separate system such as a measuring microelectrode sys 
tem. 

This differs sharply from such well known prior art sys 
tems as the Severinghaus electrode system for pCO2 or 
the Clark electrode system for O2 in which the measuring 
electrode is physically coupled to the membrane through 
a thin layer of the receptor fluid. The separation of the 
transfer and measuring devices provides a host of unex 
pected advantages hitherto unanticipated and unappre 
ciated. 
FIG. l shows a side cross sectional view of a first pre 

ferred embodiment of the transfer device. Two similar 
flanged shells 10 and 12 which may be made of plastic, 
metal, glass or other rigid material and a membrane 18 
are joined to form first and second enclosures or charn 
bers 22 and 24. The shells 10 and 12 have circumferen 
tial flanges 14 and 16 respectively and are mated, as 
shown, with the thin flat membrane 18 captive between 
the flanges 14 and 16. 
A spun or crimped ring 20 which may be of metal, se 

cures the two shells 10 and 12 and the membrane 18 to 
form a liquid-tight seal. In practice each chamber 22 
and 24 is filled with a different fluid, the fluids being 
separated by the membrane 18. If the membrane 1S is 
permeable lo a gas contained in one of the fluids, while 
being inpervious to charged ions and to the fluids, the gas 
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or part thereof can be transferred from one body of 
fluid to the other in a predictable manner. 

Access to the two chambers 22 and 24 of the enclosure 
is effected through ports or passageways 26, 27, 28 and 
29. These passageways 26, 27, 28 and 29 are frusto 
conical or tapered, so that they may be easily closed 
and sealed by Stoppers 32, 33, 34 and 35. The Stoppers 
32 through 35 are shown interconnected in pairs, 32 and 
33, 34 and 35, for convenience in handling. 
The stoppers 32 through 35 are tapered with an angle 

as wide as practical so that the pressure of insertion will 
not alter the chamber 22 or 24 volume significantly while 
the stopper, typically soft rubber, seals the ports 26 
through 29 effectively. The Stoppers 32 through 35 may 
be color-coded to identify which side of the transfer de 
vice they seal, i.e. the sample side or receptor fluid side. 
Means may be provided to hold the Stoppers 32 through 
3S sealed in position to prevent loss of fluid or the 
Stoppers. 

In order to completely fill either chamber 22 or 24 of 
the enclosure, fluid is introduced at one port, for example 
26, and allowed to flow into and through the chamber 
22 until it emerges at the other port 27. To avoid dea-:l 
or unfilled spaces, the chambers 22 and 24 preferably 
have a long and narrow shape, as may also be seen in 
the plan view of FIG. 2. 
While various sizes of this transfer device may be of 

utility depending on the method of equilibration being 
practiced, a typical embodiment for pCO2 measurement 
has the following dimensions: 

Mm. 
Chamber length __________________________ __ 12 

Chamber width ___________________________ __ 2 

Chamber height __________________________ __ 0.6 

Membrane thickness _______________________ __ 0.025 

The volume of such a chamber would approximate 15 
al. The membrane 18 is polypropylene although other 
plastics such as tetrañuoroethylene, polyethylene and 
various silicone rubbers are usable. For the embodiment 
being considered, namely for pCO2, both chambers 22 
and 24 have the same volume. 

Continuing with the exemplary embodiment for pCO2, 
while not in use the chamber 22, which we will designate 
as the sample chamber, is filled with air or nitrogen free 
from CO2. If the device is to be stored for a considerable 
time before use, it is preferable to fill chamber 22 with 
the same receptor fluid as in chamber 24 to eliminate 
transpiration of water from the gas receptor fluid in 
chamber 24 through the membrane 18. Alternatively, 
air saturated with water is included in chamber 22 t0 
eliminate a need to flush the chamber 22 before intro 
ducing the sample. A sufhcient amount of NaF to give 
10-3 M concentration in the sample may also be included 
in the sample chamber 22 to check glycolysis if the sam 
ple is to be whole blood and measurement is to be delayed. 

For a pCO2 measurement chamber 24 would typically 
be ñlled with a gas receptor fluid solution comprised of 
the following: 

Isotonic NaCl 
Trace of sodium phosphate to give a suitable pH, typical 

ly approximately 8. 
While the value of pH in this solution is a matter of 
choice, it msut be accurately predetermined. 

Prior art devices, for example, the Severinghaus type 
electrode, must be calibrated before the partial pressure 
of a sample can be measured. This involves the use of at 
least two gas mixtures of accurately known composition 
dispensed from storage tanks or cylinders. Two tanks are 
essential since both the reading on the measuring instru 
ment, a pH meter generally, for a known partial pres 
sure, e.g. pCO2, and the slope of the electrode, e.g. 
ApH/ApCO2, must be established. Since gas is being used 
for calibration, the proper computations to correct for 
temperature, barometric pressure, etc. must be made. 
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Such a calibration process typically takes l0‘-15 minutes 
and must be repeated from time to time. 
With the present invention, the time and labor of using 

gas for calibration is eliminated. Preadjusted buffers cer 
tified to represent known partial pressure, e.g. pCO2, 
values are used. These are most conveniently supplied 
in transfer devices filled with the same solution in both 
chambers, i.e. isotonic NaCl plus a predetermined amount 
of Nal-TC03 for pCO2 measurements. Thus calibration 
is effected with transfer devices iilled with standard solu 
tions and measurement is -made on samples in similar 
transfer devices. Gas tanks are eliminated as well as time 
consuming procedure and calculations. 

IFor measurement of p02 a transfer device may be used 
similar to that used for determining pCO2. However, 
when the device is in storage and has no sample therein, 
chamber 22 would be filled with pure nitrogen or another 
inert, oxygen-free gas. Chamber 24 would be -filled with 
saturated KCl or another unreducible supporting electro 
lyte suitable for a polarographic cell. A sample (eg. 
blood) would displace the inert gas in the chamber Z2 
during use of the device. 

Again, for p02, no tank gas with its complications for 
calibration would be required; whereas, the prior art 
Clark-type cell requires two gases, usually combined with 
the CO2 mixtures, one of which contains no oxygen, the 
other of which contains a known amount of oxygen. The 
usual conversions for temperature and barometric pres 
sure would also be necessary using the old system and 
devices. The new system of the present invention uses a 
pre-calibrated transfer device to establish the up-scale 
oxygen point. Thus, in a standardizing transfer device, 
chamber 22 is filled with a sample containing a mixture of 
nitrogen and oxygen of yknown ratio suitable to the scale 
range to be established. Chamber 24 is >filled with satu 
rated KCl. For the zero point, which should also be 
checked, an oxygen~free sample in a transfer device is 
used. 
The separate gas transfer device of the present inven 

tion lends itself well to simplification of equipment and 
technique not readily associable with prior art unified 
electrode systems. A typical method of use of the trans 
fer devices of the present invention will now be set forth. 
This will serve to point up certain differences in theory 
and operation between the present invention and prior 
art electrodes and measurement systems. 

First a technician or nurse will take a sample from the 
patient by finger puncture. Proper techniques for this, 
known to the art, should be followed. One drop of blood 
is enough (about 40H1.) for both a pCO2 and a p02 
sample in a transfer device of the invention. Transfer is 
best made by a micro-pipette or injector such as that de 
scribed in our copending application previously cited, al 
though a capillary may be used. Filling of the sample 
chamber 22» must be effected quickly and completely and 
the Stoppers inserted to displace a small amount of the 
sample so no air bubble is included in the chamber 22. 
The use of an injector makes this operation rapid and 
automatic, not requiring visual check, whereas use of a 
capillary for transfer depends on capillary action for 
transfer of the sample to the chamber and is less certain. 
The >filled transfer devices with samples therein, properly 
labeled, are then sent to the laboratory for analysis. 

Since pCO2 and p02 are functions of temperature, the 
device, shortly before measurement, is placed on a ther 
mostated hot plate and brought to approximately 37 ° C. 
A metal ring into which the capsule is fitted serves as a 
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heatsink to facilitate heat transfer and holds a steady 
temperature during sample withdrawal. Temperature con 
trol to within 0.l° C. at this point is adequate and easily 
attainable. Since equilibration of gas transfer occurs on 
the hot plate and not in the measuring electrode, the 
operator does not have to wait and more samples can be 
measured in a given time. 

After equilibration, the gas receptor fluid or liquid is 
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withdrawn from chamber 24 using an injector and it is 
delivered to the measuring electrode. For pCO2 this elec 
trode may be a pH electrode such as is described in the 
copending application referred to above. Any temperature 
change in the sample during transit in the injector will be 
nulliiied in a few second after the sample is in the elec 
trode. A pH measurement may therefore be taken with 
out a long equilibration delay such as is experienced with 
the Severinghaus type of electrode. 

Since the sample introduced into the pH electrode is a 
nonorganic aqueous solution, no dithculty is experienced 
in keeping the electrode clean, unlike prior art electrodes 
which receive whole blood or plasma samples. Moreover, 
once the transfer device has been used, it is simply dis 
carded, thereby eliminating the necessity to clean the 
device. 
One important difference between the present invention 

and prior art devices in measuring pCO2 results from the 
fact that the volume of chamber 24 is preferably the same 
as that of chamber 22. Thus, equilibration reduces pCO2 
in chamber 2.2 while raising it in chamber 24. The ñnal 
pCO2 will be 0.5 the initial pCO2 of the sample, all other 
factors being constant. The calibration curve ApHzKA 
log pCO2 is a straight line. However, the slope will now 
be less than the theoretical value because the pCO2 being 
measured is only half that of the original sample. This is 
not serious. The precision of modern pH meters is ample 
to overcome the loss in slope. 

It is important, however, to accurately maintain the 
volume ratio of chambers Z2 and 24. Accurate control of 
the size of the two shells 10 and l2 and control of the 
amount of solution loaded into chamber 24 as exactly 
half of the total volume at 37° C. provides adequate vol 
ume control. In this way the ratio of Volumes can be 
maintained even though one side of each chamber 22` and 
24 is a flexible membrane 18. 

Measurement of the p02 sample also involves equilibra 
tion on a thermostated hot plate. The sample is then 
transferred by an injector to a microelectrode polaro 
graphic cell and measured at -0.6 to 0.8 volt. The dif 
fusion current passing through the cell develops a voltage 
across a resistor. Typically the resistor will be 106 ohms 
and the microelectrode is of such a size that the current 
through the resistor is of the order of lO-7 amp. Thus a 
voltage of about 0.1 volt is developed across the resistor. 
The same pH meter can then be used to give a readout for 
p02. 
As an alternative to withdrawal and transfer of the 

sample from the transfer device, a pair of electrodes con 
sisting of a chlorided silver wire and a sheathed platinum 
wire with the tip exposed could be plugged into the ports 
28 and/ or 29 to form the polarographic cell in chamber 
2.4L of the device. This procedure is simple and fast and 
provides satisfactory accuracy partially because the tem 
perature coefiìcient of the cell is relatively low being about 
i0.5% pO‘2/° C. 
For the p02 transfer device, the requirement for main 

tenance of volume ratio is like that for pCO2 device. How 
ever, the polarographic readout method consumes the 
oxygen content of the sample, unlike the pH readout of 
pCO2. Hence the readout indication tends to slowly drop 
toward a lower value. By using Faraday’s laws it may be 
calculated that the rate of drift will be about 0.1%/min 
ute for the Volume of 15rd. with which we are concerned 
at the 10H7 amp. previously quoted. This is practical rate 
which can be bettered if required. It is an advantage of 
the present transfer device that this drift does not start 
until measurement is initiated. 

In the prior art Clark cell this drift is normally much 
greater because of higher currents. Moreover, drift was 
balanced partly against continuing diffusion through the 
membrane ybecause of the small amount of supporting 
solution used. Thus, two variables must balance in the 
Clark device and as a result the possibility of error in 
creases. In the present device continuing diffusion during 



3,614,856 
readout is negligible because the reduction in p02 of the 
liquid in chamber 24 is negligible. 

Reference to FIGS. 3 and 4 shows another embodi 
ment of the device wherein the construction permits filling 
by capillary action and the device can be squeezed to 
empty it thus acting as its own injector for transfer to a 
measuring electrode. 
Two plastic shells 40 and 42 are sealed peripherally to 

membrane 44 as shown in FIGS. 3 and 4. Shell 40 is 
formed with an entrance passage 46 in an entrance nipple 
47 and vent 48. Thus, entrance passage 46 can be intro 
duced to a drop of blood or other sample which then pro 
ceeds to be inducted by capillary action to 'fill chamber 5t). 
Chamber 52 is prefilled through orifice 54 in discharge 
nozzle 55 which may then be sealed by any suitable means. 
Optionally, a discharge tip 56 may be flexible to form a 
self-closing oriñce 54 or may be snipped off to reopen 
orifice 54 if the orifice 54 has been sealed. 
A further option is to package the capsule in an imper 

vious envelope or container as at 58 in FIG. 4 filled with _ 
water-saturated air or a nitrogen-oxygen mixture of known 
ratio. With this option it would not be necessary to close 
orifice 54 since loss of water by evaporation would be 
nil. The package must, however, be designed so that liquid 
cannot be lost at the orifice 54 by contact with the walls 
or other contents, if any, of the container SS. 

This embodiment preferably, includes ribs 60 formed 
in chamber 50 to support the membrane 44 especially 
when squeezing the flat sides of the shells 40 and 42 to 
expel the liquid in chamber 52 into a measuring electrode. 
The device then serves the added function of being its 
own injector. To effect a junction with the electrode, the 
tip 56 has a tapered outer surface. This male taper is re 
ceived by a female receptacle on the electrode (not shown) 
as described in our copending application referred to 
above. 
The solutions used to fill this embodiment and the gen 

eral technique of use is typically the same as for the 
embodiment described above. The advantage of this sec 
ond embodiment is the elimination of the initial sample 
transfer from finger puncture to capsule by a capillary or 
injector. In addition, the manipulation of this second em 
bodiment is easier and the second transfer to an injector 
for insertion in the electrode is also eliminated. These 
advantages increase convenience and speed of use. On the 
other hand, the first described embodiment is especially 
flexible for adaption to changing techniques, and, if need 
be, the samples therein can be introduced and removed 
more than once. 

Either of the cited embodiments, as shown in FIGS. 1 
and 2 or FIGS. 3 and 4 may be manufactured advanta 
geously in a form wherein a plurality of devices are dis 
posed side by side along a continuous strip of diaphragm 
material. FIG. 5 shows such an arrangement. A plurality 
of devices. as at 62 and 64, are arranged side by side , 
along diaphragm material 66. The separate devices, as at 
62 and 64, may be connected if a rigid strip of device is 
preferable. The devices are broken apart if individual units 
are required. Alternatively the diaphragm material 66 
alone may serve to connect devices. This permits the strip 
to be folded or coiled. Perforations in the diaphragm ma 
terial along a line between devices facilitate separation of 
devices. The devices in strip form are pre-loaded with re 
ceptor fiuid in the same manner as previously described 
for individual devices. 
Advantages of the strip form include ease of storage 

and dispensing; ease of identification of the type of test, 
i.e. pCO2, p02, dual-purpose, standardizing by a given 
Strip; ease of manual handling when loading a sample, plac 
ing on hot plate, etc.; and positive sample identification 
when a definite order is required since order is determined 
by the strip. These advantages and others make the strip 
form more than just a manufacturing convenience. 
The strip form also lcnds itself to manufacture of a 

closely related alternative embodiment to the embodiment 
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shown in FIGS. l and 2. FIGS. 6 and 7 illustrate this alter 
native form. Shells 68 and 69 forming the device are 
shaped by stamping, rolling or embossing a continuous 
strip of plastic, for example. Passageways 70 and 71 for 
filling and emptying are pierced in the same operation and 
may be 'formed with a raised sealing lip 72 of suitable 
diameter to mate with an injector. Notches 74 formed 
between devices facilitate subsequent separation. To as 
semble the devices, identical strips 68 and 69 are aligned 
in Opposition as shown in FIG. 7 with a strip of diaphragm 
material 66 between the mated flanges. The three-part as 
sembly is joined by suitably applied pressure and/or heat 
or ultrasonic welding impulses. Alternatively a suitable 
cement may be applied to the flanges to provide a sealed 
assembly. 
With the device shape shown in FIGS. 6 and 7 closure 

may be effected by a semi-captive stopper 76 such as 
shown in FIG. 8. The stopper 76 includes shallow plugs 
78 and 79 which mate with passageways as at 70 and 71. 
The plugs 78 and 79 are connected by a flexible bar 8f) 
which has a thin middle portion to facilitate bending. A 
pressure sensitive adhesive on the inside or plug side of 
the stopper 76 holds the stopper 76 against the device but 
permits peeling up the ends of the stopper 76 in order to 
open the passageways 70 and 71 for filling. 

Other types of seals such as perforable septa may also 
be used in combination with the embodiments shown in 
FIGS. l and 6. FIG. 9 shows in a partial cross sectional 
view an embodiment similar to the embodiment of FIG. l 
and adapted for a septum type closure 82. The closure 82 
is perforated with a slit 84 so that the device can be filled 
with either a plastic or a metal-tipped injector or a capil 
lary. A constricted opening 86 at the bottom of the neck 
of a straight, uniform cross section passageway 27a pre 
vents the tip of an injector or capillary from passing into 
the fluid chamber and damaging the diaphragm mate 
rial 66 when filling. Septum type closures for the embodi 
ment of FIG. 6 may be cemented or heat-sealed to the 
device. Alternatively the notches 74 could extend far 
enough in from each edge of the strip as open slots so 
that thin elastomeric bands encircling the end of the de 
vice could provide the closure. 

While the emobdiments and methods heretofore de 
scribed refer to static handling during the diffusion process 
of a single sample at a time, the scope of this invention 
also includes the handling of fiowing streams of sample 
and receptor fluid. For this purpose a series of samples 
of blood, for example, may be fed through one channel 
of a device in succession. The device or capsule would be 
of a construction and orientation suitable to such service 
and would be maintained at the proper temperature, typ 
ically 37° C. The receptor fiuid would be fed as a second 
stream through the other channel of the capsule. Transfer 
of the gas, CO2 or O2 would take place in the capsule 
under the proper equilibration conditions. Flow rate would 
be dictated by the required diffusion time to equilibrate at 
the 37° C. temperature. The process is essentially differ 
ent from dialyzer action as exemplified in a contemporary 
flowing stream analysis device. The points of difference 
may be set forth as follows: 

Dialyzer Transfer device 

1. Membrane material ____________ ,_ Cellophane._ Polypropylene or 
tetrafluoro 
ethylene. 

2. B'fembrane hydrophyllic ______ l. Yes _______ _. No. 

3. Are charged (crystalloid) ions Yes _______ ._ No. 
passed by membrane? 

4. Are nnchargerl molecules passed No ________ _. Yes. 
through membrane? 

5. Is material passed by membrane Yes _______ _. No. 
in solution? 

6. Does a substantial part of the No ________ l. Yes. 
transmitted material present go 
through membrane? 

7. Can water go through mem- Yes _______ ,_ No. 
brano? 

ln a continuous process embodiment of the invention, 
the fiowing stream of receptor fluid, after leaving the cap 
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sule, will be passed through a suitable electrode held at 
37° C. for measurement of either pH (for pCO2 deter 
mination) or polarographic diffusion current (for p02 
determination). If the connecting conduit is also main 
tained at or near 37° C. this process will be expedited as 
thermal re-equilibration will _not set limits on flow rate. 
A suitable pH electrode is described in the previously cited 
copending patent application. In the case of p02 it is prac 
tical to use a separate polarographic cell with a platinum 
microelectrode such as are described in texts on polarog 
raphy. Alternatively the built-in electrode, previously de 
scribed herein, can be used. If the platinum electrode is 
placed in the outlet of the capsule channel the' p02 
measured will be that of the equilibrated stream and the 
reading will be enhanced because of the stirring action 
of the iiowing stream. 
Numerous other dispositions within the scope of this 

invention are also apparent. For example, both the pCO2 
and the p02 chambers may be disposed adjacent to each 
other and to the same sample chamber thus using regions 
of the same membrane and the same thermostating equip 
ment. lIt is also possible, if a suitable supporting electro 
lyte is used as receptor solution, to make both p02 and 
pCO2 determinations on the same receptor solution using 
only a single chamber for both but separate electrode sys 
tems as heretofore set forth. The 0.163M or isotonic salt 
solution makes a suitable supporting electrolyte for both 
p02 and pCO2 in this simplified practice of the inven 
tion where one device and a single sample is used for 
both p02 and pCO2. Such a solution is deñned in the 
claims as a “dual purpose gas receptor fluid.” To carry 
this to a further degree, it will be seen that a pH determi 
nation may be made on the sample before transferring it 
to the capsule thus completing the trio of tests; pH, p02 
and pCO2. 
What is claimed is: 
1. A method for determining simultaneously both pCO2 

and p02 in a minute sample of blood which comprises 
enclosing the blood sample on one side of a semi-per 
meable membrane, 

enclosing a dual purpose gas receptor fluid on the oppo 
site side of said membrane, 

causing gas in said blood sample to pass through said 
membrane to establish partial pressure equilibrium 
across the membrane, whereby the portion of the 
gases traversing said membrane changes physical, 
measurable parameters of said receptor fluid, 

transferring said receptor iiuid to a separate gas meas 
uring electrode, and 

measuring said parameters. 
2. A gas transfer device for receiving samples of fluid 

and transferring gas from said iiuid to a receptor fluid 
comprising, in combination: 

first and second enclosed chambers wherein each of 
said chambers are defined by flexible walls and said 
first chamber comprises a sample fluid chamber and 
said second chamber comprises a gas receptor fluid 
chamber, 

a gas permeable membrane separating said chambers, 
a capillary opening between said Walls comprising an 

entrance to said first chamber, and 
a vent opening for said first chamber distal from said 

capillary opening. 
3. The device of claim 2 wherein said volume of each 

of said chambers is approximately ll5 microliters. 
4. The device of claim 2 wherein said gas permeable 

membrane is a plastic film. 
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5. The device of claim 2 wherein said gas receptor fluid 
chamber has entrance and exit means comprising a single 
channel formed by said ñexible walls through which fluid 
may be expelled by squeezing said flexible wall portions 
surrounding said gas receptor fluid chamber. 

6. The device of claim 5 wherein said channel from 
said gas receptor fiuid chamber includes a self-sealing ori 
tice. 

7. The device of claim 6 including juncture means on 
said orifice to facilitate expulsion of gas receptor fiuid to a 
measuring electrode. 

8. The device of claim 2 enclosed in a Water vapor im 
pervious envelope, said envelope being filled with water 
saturated air. 

9. The device of claim 2 enclosed in an envelope con 
taining a nitrogen-oxygen mixture of predetermined 
ratio. 

10. A gas transfer device for receiving samples of fluid 
and transferring gas from said fluid to a gas receptor ñuid 
comprising in combination 

a pair of pan-like shell members, each having a periph 
eral ñange, said members being disposed face to face 
with their fianges superimposed, 

a gas permeable membrane clamped between said 
flanges to divide the interior of said members into 
a sample chamber and a receptor chamber, 

a pair of openings through the wall of each of said 
members which is opposite said membrane for pro 
viding fluid entrance and exit passageways to said 
sample and receptor chambers, 

a neck projecting outwardly from said members sur 
rounding each of said openings, and 

plug means for each pair of openings comprising two 
interconnected Stoppers which fit into said necks. 

11. A method for measuring the partial pressure of a 
gaseous constituent present in a microsample of blood 
which comprises 

(a) providing a minute anaerobic sample of blood 
(b) enclosing said sample completely in a chamber 
formed adjacent one side of a gas permeable mem 
brane with said sample in contact with said mem 
brane 

(c) enclosing a gas-receptor liquid in a similar chamd 
ber adjacent the other side of said gas permeable 
membrane 

(d) maintaining the temperature of said sample and 
said liquid at a constant predetermined value While 
permitting the partial pressure of the gaseous con 
stituents in the blood and receptor liquid to equili 
brate through said membrane 

(e) transferring said gas receptor liquid to a separate 
gas measuring electrode 

(f) and determining the partial pressure of said gas 
in said liquid. 
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