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INSTRUMENT REVIEW 

Measuring Gas in Blood 
Model 165 pH/Blood Gas System 
(Corning-EEL Scientific Instruments, 
about £2,150). 

THE Corning-EEL pH/blood gas system 
is a semi-automated system for routine 
estimations of the Po2, Pco2 and pH of 
blood. From these values, it calculates 
actual bicarbonate concentration, total 
CO2 and base excess using a built-in 
electronic calculator. The instrument 
consists essentially of a Clarke-type 
oxygen electrode, a Severinghaus-type 
carbon dioxide electrode and a glass 
capillary pH electrode with calomel 
reference electrode. There is no KCI 
junction between the glass and reference 
pH electrodes; instead, the reference 
electrode is in a KC! jacket covered by 
a semi-permeable membrane. All these 
are in constant contact with a single 
sample chamber, the principal cuvette 
being situated at the end of the glass 
capillary, through which all samples 
must pass. The principal cuvette is 
made of stainless steel and aluminium 
with a non-thrombogenic coating, and 
takes a sample as small as 125 µI. The 
temperature of the cuvette is controlled 
electronically to the predetermined tem
perature within the range 36.0° C to 
38.0° C, thus eliminating the necessity 
of a water bath. The time for a sample 
to reach its equilibrium temperature is 
approximately 30 s. There is a con
tinuous electronic digital readout dis
play through a special non-glare panel, 
and any function can be read directly 
by pressing the appropriate button when 
the sample is in the chamber. pH 
values range from 0.000 to 14.000 in 
steps of 0.001 pH units, Pea~ values 
from JO to 260 mm Hg in steps of 0.1 
or from 100 to 2,600 mm Hg in steps 
of 1 and Po2 values from 0.0 to 1,600 
mm Hg in steps of 0.1. A timer on the 
back · panel of the instrument can be 
set so that the readout stays stable there
after. There is also an analogue out
put socket 

The oxygen and carbon dioxide elec
trodes are calibrated using two gases 
which are connected to two humidi
fiers at the side of the machine. The 
d.c. voltage bias control for the carbon 
dioxide electrode must be set first with 
a screw at the back of the instrument. 
The gases are fed through the sample 
chamber at the press of two buttons; 
one for the zero oxygen/high carbon 

dioxide gas (10% CO2 ; 90% N2) which 
should only need setting once or twice 
a day, and the other for the low carbon 
dioxide/high oxygen gas (5 % CO2 ; 

19 % 0 2 ; 76 % N 2) which should be set 
before every estimation. Gas flows 
can be adjusted with knobs on the 
humidifiers, and an automatic shut-off 
valve operates if gases are accidentally 
left on, so the gas cylinders must be 
equipped with pressure heads. The 
pH electrode is calibrated by inserting 
a low buffer (pH=6.841) and a high 
buffer (pH=7.383) into the sample inlet. 
There are two calibrating knobs for 
each electrode ; one for adjusting the 
lower calibration point and one for 
adjusting the higher calibration point. 
The sample, preferably 200 µI., is then 
fed into the sample chamber from a 
syringe or a capillary tube. If only 
125 µI. of sample is available, it will 
only fill the glass capillary electrode, 
so the pH value should be read first. 
The sample can then be pushed on 
further into the principal cuvette for 
Po2 and Pco2 readings. A warning light 
appears if either the oxygen or ca rbon 
dioxide membranes arc defective. The 
other variables are calculated to 0.1 
mmol 1.-1, or mEq 1.- 1 in the case of 
base excess, using the Pco2 and pH 
values found , the Henderson-Hassel
balch equation and the haemoglobin 
concentration, which must be fed in 
manually by setting a dial. The cuvette 
is cleaned by pressing a button to 
release wash solution and another 
button which produces suction, with 
the operator deciding when, and for 
how long, cleaning is required. 

On thorough testing, each electrode 
was found to have remarkable stability 
2nd quick response times. The latter 
were within the manufacturers' specifi
cations of 15 s, 30 s, and 45 s for the 
pH, oxygen and carbon dioxide elec
trodes respectively during calibration, 
although it was found necessary to wait 
approximately 2 min for the oxygen and 
carbon dioxide electrodes to stabilize 
with blood. The pH electrode had a 
response time of approximately 30 s 
with blood. The oxygen electrode was 
found to be reasonably linear, the 
maximum error being about 4 %. The 
linearity of the carbon dioxide elec
trode using a range of CO2 gas mix
tures was poor, the error obtained being 
between O and to 'X, . The manufacturers 
were consulted and they found , on in-

vestigation, that the electrode was linear 
with gas-equilibrated water. More work 
should be carried out concerning this 
point. Maximum errors for Po. and 
Pco2 on tonometered blood wer~ ap
proximately 3 % . There were errors of 
1 to 2 % on reproducibility with both 
gases and blood for the oxygen and 
carbon dioxide electrodes ; the repro
ducibility of pH measurement was 
within 0.003 pH units. These figures 
conform to the manufacturers ' specifi
cations. The pH electrode was found 
to drift considerably if the sample was 
left in for more than 2 to 3 min . The 
temperature inside the cuvette was 
found to change by 0.2 ° C in a period 
of 3 h, which is outside the manu
facturers' specifications of 0.0 I O C. 

In summary, the whole system is very 
easy to use and maintain. Its semi
automated nature makes it ideal for 
routine work performed by different 
technicians; the chief drawback is that 
it is necessary to remember to wash out 
the system and fill it with buffer, which 
is particularly important for the sur
vival of the glass capillary electrode. 
Apart from this, the fact that all sam
ples must pass through the capillary may 
be an advantage in that it ma y help to 
prolong the life and stability of the 
electrode. The pH reference electrode 
does not give such stable results as one 
incorporating a KC! junction, but the 
results were quite adequate for the kind 
of work involved. Maintenance is 
made easy by the elimination of the 
KCI junction and a water bath, and 
also because all the sample tubing is 
situated outside the chief part of the 
instrument comprising the electronics. 
The mechanism for temperature con
trol is claimed to be much more accu
rate than a water bath, and the metal 
cuvette helps temperature stability. 

The principal disadvantages in the· 
design are, first. that the actual output 
(mV) of each electrode cannot be ob
tained, so there is no guide to the fall
off of electrode sensitivity: and, second, 
the positioning of the CO2 electronic d.c. 
bias control is awkward. Also the 
three calculated variables should not in 
my opinion be used, because patients 
may have an abnorml pK1 for carbonic 
acid (see Trenchard, Noble and Guz. 
Clin. Sci. , 32, 182; 1967). These 
small disadvantages are, however, com
pensated for by the comparatively low 
price. WENDY ELSE 
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