METHODS FOR
DETERMINATIONS OF
ELECTROLYTES AND
® BLOOD GASES




ELECTROCHEMISTRY

Basic principle
Electrodes are used to selectively measure
particular ions

Instruments utilizing electrodes measure the
potential difference (charge) that builds up
at an interface when two different
concentration of the same 1on are in contact
with each other

The electrodes are sensitive to this potential
difference



ELECTROCHEMISTRY: TERMS

Oxidation
loss of electrons (leaves electrode positive)

Anode

the electrode where oxidation occurs (where electrons
are lost)

Reduction
gain of electrons (electrode becomes negative)

Cathode

the electrode where reduction occurs (where the
electron gain occurs)

Polarography

the measurement of the gain or loss of electrons in a
chemical reaction by detecting a change in the potential



ELECTROCHEMISTRY

Galvanic cell — two half cells used to
demonstrate the flow of electrons during the
processes of oxidation and reduction

Voltmeter +1.10 ¥

0.78 v

{cathode) Salt bridge
i 50,2

Liquid junction or salt bridge
IS required to complete the circuit.

KCI (potassium chloride) is the most
common

Cu* 426 Culs) +0.34 VY Znjs) —= Znt* +28 + 0.76 V

Cut*+ Zn(s) —» Zn2* + Cu(s)

reduction oxidation



ELECTROCHEMISTRY

Electrolytic cell differs from the galvanic cell in
that

The cathode and anode are immersed 1n the same
solution

There 1s an electromotive force used to drive the
chemical reaction

— Inert
electrodes

2CI()) —> Cly(g) +2 € 2 Na*(l) +2 & —> 2 Na(l)



POTENTIOMETRY

Is measurement of potential or voltage between
two electrodes 1n a solution

Is dependent on temperature

Is used 1n
pH meters
Ion-selective electrodes
Blood gas analysis

System Components
Reference electrode
Indicator or measuring electrode
Liquid junction
Readout device



POTENTIOMETRY

Reference electrodes

The electrode against which the potential charge
created 1n the indicator electrode 1s measured.

Consists of a metal and 1ts salt in contact with a
solution containing the same anion. These are half-cell
potentials extremely stable and easy to reproduce



POTENTIOMETRY

Reference Electrodes

Calomel electrode composed of
mercury/mercurous chloride 1s dependable but
large, bulky, and affected by temperature

Silver/silver chloride reference electrodes
are more compact and handle temperature
fluctuations better - overall better & faster



POTENTIOMETRY

Indicator (measuring) electrodes

The electrode, whose half-cell potential responds to
changes in the activity or concentration of the
substance 1n the solution that is being measured.

The response of the electrode to the substance
(species) being measured and not to other substances
present is defined as the selectivity of the electrode.

The selectivity of an electrode for a particular species
1s dependent on the type of membrane that
separates the electrode and the solution containing
the species to be measured.



ION SELECTIVE ELECTRODES

Advantages

No reagent preparation

No standard curve preparation

Cost effective

Fast analysis times

Very sensitive and selective for an analyte
Easy to maintain



ION SELECTIVE ELECTRODES

Common substances measured by ISE
Sodium (Na) —
membrane composed of selective glass
Potassium (K)
valinomycin ( example of liquid layer membrane)
Chloride (Cl) —

crystal membrane

Ionized Calcium (Ca)
Hydrogen ions (H)
glass membrane different composition than Na’s



pH ELECTRODE

based on the measurement of a potential
(voltage) difference between two electrodes
1mmersed 1n a solution under the condition
of zero current.

Each cell has a half-cell reaction

The potential difference between the two
electrodes 1s usually measured using a
pH/milli-volt meter.



pH ELECTRODES

Cable

Combination electrode

Both the indicator & reference
electrodes are housed 1n the g Plastic jacket
same assembly.

Internal reference
Ag/AgCl type bathed in KCI

The measuring or indicator
electrode has a “glass membrane”

Silver wire coated
with silver chloride

Chloride
containing

Glass electrode (Sanz electrode) buffer solution
develops an electrical potential that 1s
proportional to the amount of H+

present

pH sensitive
glass membrane



pCO2 ELECTRODE

Measurement of pCO2 in

routine blood gases is i
done using the 1
Severinghaus electrode

.« e -— Plastic jacket
A modified pH electrode
with a CO2 permeable = Electrolyte
membrane covering the Ag/AGCI - [HCO5™ and NaCll
glass membrane surface reforgncy
. I_ ~< Ag/AgCl wire
A bicarbonate buffer ( )
separates the membranes —
—
Change in pH is T
proportional to the CO, gas
concentration of dissolved elinciiic meRlne
COZ 1n the blood Reaction occuring in the electrolyte solution:

COz Tt Hzo —— H2003 —<— > H+ + HCO3_



pO2 ELECTRODE

Measurement of PO2 1s done using
a Clark electrode which works on
the principles of polarography

principle of polarography- involves
measurement of gain or loss of
electrons 1n a chemical reaction, by
detecting a change 1n potential.



pO2 ELECTRODE

The cathode 1s a platinum wire and the anode 1s a
silver wire in AgCl

both electrodes are 1n contact with electrolyte
solution

Oxygen 1n the sample diffuses through the semipermeable
membrane and 1s reduced (gains electrons) at the cathode.
The flow of electrons stops when no more oxygen 1s
available.

Current generated in the system is proportional to the
amount of oxygen



QA 1n Blood Gas Analysis

ABG lab must be able to assure accurate and
reliable results

The above 1s accomplished by applying protocols
In 3 areas:

- pre-analytic error
- calibration
- quality control



Pre-analytic Error

All factors that cause variance in lab results prior to the
sample arriving in the ABG lab.

4 factors assoc. with signif. P. E. are:

- air bubbles 1n sample

- time delay (iced sample with more than

60 min. or uniced with more than
10 min.)

- blood clots in sample

- small sample size where excessive
anticaogulation 1s suspect



Calibration

Calibrating standards for blood gas analyzers should
simulate the physical properties of blood and meet
manuf. specs.

When 2 standards are used ---> 2-point calibration,
performed after 50 blood gases or at least every 8 hours

A “one-point calibration” is an adjustment of the electronic
response of an electrode to a single standard and is
performed more freq. than a 2 pt. cal., 1deally prior to each
sample analysis



Quality Control

Refers to a system that documents the accuracy and
reliability of the blood gas measurements and is essential to
assure accuracy in the blood gas lab

QC Levels

Level 1 simulates a patient hypoventilating
Level 2 simulates a patient with normal ventilatory status
Level 3 simulates a patient hyperventilating

Media available as blood gas controls include:
- aqueous buffers
- glycerin soltn.
- human/animal serum and blood
- artificial blood



QC (cont’d)

Documentation of QC is usu. on Levy-Jennings Chart
which shows measured results on the y axis versus time of
measurement on the x axis

SD 1s used to summarize a mass of data: the difference
between a number 1in a data set and the mean of the data
set 1s called a deviation. A deviation shows how much a
number varies from the mean

95% of the control measurements should fall within 2 SD



QC (cont’d)

Random errors indicates a value outside of 2 SD of the
mean: a single random error has minor signif., but if number
increased the machine and techniques must be evaluated

Svstematic errors is recurrent measurable deviation from
the mean

Causes of systematic errors:
- standard problem
- inconsistent calibration technique

-electrode problems, e.g., protein contamination,
membrane malfunction, contamination electrolyte,

temperature problem, or electrical problems



