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found to show varying degrees of elevated urinary
ALA levels.

Comment

The direct measurement ofALA in urine as proposed
by Grabecki et al (1967) and Basecqz et al (1971)
is not accurate for values within and bordering
the normal range and these methods can at best
serve as screening procedures for high ALA levels.
Low ALA concentrations determined by these
methods are also in error as there is considerable
suppression of the Ehrlich colour complex by
various urinary constituents. These workers have
not reported the normal values for urinary ALA by
their methods. We have shown by using a smaller
urine volume (100 ,ul) that this colour suppression
can be minimized, and the accuracy of the estimation
assured through the use of an internal standard.
However, the low intensity of the Ehrlich colour
resulting from the low urine volume is compensated
for by the use of a 4 cm light path cuvette.
The endogenous Ehrlich-positive substances in

urine were measured in solution B when read against
the first reagent blank (solution A). We have found
that acetylacetone reacts with the Ehrlich's reagent.
To correct for this, we set up a second reagent
blank (solution C) against which solutions D and E
are read.
When several urine samples are processed, the

addition of the Ehrlich's reagent is staggered to
allow for the 15-min reaction time. The cell holder
of the spectrophotometer which accepts four cells
was used to facilitate readings. It is important that
cuvettes are matched, otherwise this might cause
substantial error at low ALA concentrations.
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A simple method for the estimation
of plasma ammonia using an ion
specific electrode
N. J. PARK' AND J. C. B. FENTON From the Department
of Chemical Pathology, St Bartholomew's Hospital,
London

Recently a new specific electrode has been introduced
for the measurement of ammonia. Until now this
electrode appears to have been used only for
industrial purposes (Midgley and Torrance, 1972)
but this instrument can be used for the determin-
ation of ammonia in blood, and the method is
sufficiently sensitive and simple for use in a routine
clinical laboratory. A preliminary report on the
use of a similar electrode system has been made in
the United States (Coleman, 1972).
The method depends on the microdiffusion of

ammonia vapour through a plastic membrane.
This allows a great increase in the speed and sen-
sitivity of the analysis in comparison with the micro-
diffusion technique of Conway (1939).

Samples of plasma are mixed with an alkaline
buffer solution and the mixture is then brought
immediately into contact with the undersurface
of the water-repellent plastic membrane. Ammonia
vapour from the sample diffuses selectively through
the membrane into a thin film of dilute ammonium
chloride solution which lies in contact with the
lower end of the glass electrode. Changes in the
potential from the glass electrode, which is coupled
to a silver/silver chloride reference electrode within
the probe, are a reflection of changes of the pH
within the film, and are hence proportional to the
ammonia concentration in the plasma sample.

In practice, it is difficult to obtain stable repro-
ducible readings from the electrode when used for
ammonia estimations on single samples because
of the tendency of the instrument to suffer from
electronic drift. When, however, the electrode is
incorporated as part of an automated continuous
flow system, it becomes much easier to standardize
and this is the recommended mode of operation
which is described below.

Apparatus and Materials

Ammonia probe, model 8002-2 with flow-through
'This report forms part of a thesis to be submitted by Mrs N. Park
to the Institute of Medical Laboratory Technology.
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cap (Messrs E.I.L. Chertsey), pH meter, and ampli-
fier, model 7030.

Servoscribe pen recorder.
Technicon AutoAnalyzer, mark II sampler and

mark I peristaltic pump.
Heparinized blood collecting tubes and stock

standard solutions of ammonia were prepared as
described by Fenton and Williams (1968).
Ammonia-free distilled water was prepared by

allowing distilled water to percolate through a
6 x 15 cm column of ion exchange resin Amberlite
IR 120 (analytical grade) in the sodium cycle.
Ammonium chloride solution, 0.1 M, is used as

the internal filling solution for the ammonia
electrode.

Potassium chloride solution, 0-1 M, is best
prepared by dilution from a stock 1-0 M potassium
chloride solution which has been rendered ammonia
free by vigorous boiling after the addition of 1 ml
of N sodium hydroxide solution.
Potassium carbonate solution, 0-1 M, is rendered

ammonia free by boiling.
All solutions are stored and used at room temp-

erature.

Method

The flow diagram for the automated method is
illustrated in figure 1. When required for use, the
inlet of the electrode flow cap is connected to the
manifold, the sampler change is set for continuous
aspiration of the wash solution, and reagents are
pumped through the manifold until the chart
recorder reaches a stable baseline. A period of
approximately 30 minutes is required for the
electrode to achieve a steady response. Standard

solutions containing 50, 100, 150, 200, and 250 jig
ammonia nitrogen per 100 ml are used for cali-
bration with a sampling rate of 20 per hour, using
a 2:1 cam. Up to 10 samples of plasma may be
analysed before re-calibration is required.
As the electrode response is proportional to the

logarithm of ammonia concentration, a plot of
peak height on semilog paper gives a straight line
plot for the standard values.
When work has been completed, the manifold is

disconnected from the electrode and the flow
compartment is syringed through with 0-1 M
ammonium chloride solution. The electrode is
stored by leaving the flow compartment filled with
this solution.

Results

The validity of the electrode method was tested by
comparison with the ion-exchange method of

z

z

WASTE

Fig 1 Flow diagram for automated ammonia analysis

NH3oN pjg/100mI by ION EXCHANGE

Fig 2 Results ofplasma ammonia analysis by the
electrode compared with an ion exchange method.

Fenton and Williams (1968). Eighteen samples of
fresh plasma obtained from normal individuals
and from patients with chronic liver disease were
analysed in duplicate by both methods. The results
are shown in figure 2. The correlation coefficient
was found to be 0 979 (p is less than 0 001) and the
regression line, y, equal to 0 939x + 5 205.
Recovery experiments were carried out on a pooled

sample of plasma. The ammonia content of the
plasma pool was reduced to a low initial level by
passage through a column of cation exchange

803

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.26.10.802 on 1 O

ctober 1973. D
ow

nloaded from
 

http://jcp.bmj.com/


Technical methods

resin in the sodium cycle. Triplicate experiments
were carried out with the addition of concentrations
of ammonia equivalent to between 25 and 300 ,ug
of ammonia nitrogen per 100 ml. Recoveries were
found in all cases to vary between 100 and 102%.
The total carryover for this system was determined

by analysing alternating groups of three plasma
samples according to the scheme suggested by
Broughton, Buttolph, Gowenlock , Neill, and
Skentelbery (1969). Carryover was found to be
negligible and the K factor was 0 009.

Comment

The estimation of plasma ammonia has long been
considered a difficult analysis, the volume of litera-
ture on the subject bearing witness to the truth of
this statement (Lorentz and Ossenberg, 1967).
Most of the methods currently available give
reliable results only when used regularly in the
laboratory, and for this reason, since the estimation
is of clinical value only at relatively infrequent
intervals, it is omitted from the repertoire of most
hospital laboratories.
Only two difficulties have been encountered in

the routine use of the electrode over six months.
Although the electrode is moderately sensitive to
changes in temperature, it has been found to function
without drift provided that both the reagents and
the equipment are allowed to equilibrate to ambient
temperature. Major changes in the osmolarity of
the flow stream have been found to cause instability

of the electrode through fluctuations in the con-
centration of the ammonium chloride film behind
the membrane. However, if 0-1 Molar solutions are
used both for the wash fluid between specimens and
the diluent, this problem is overcome.
The electrode would thus seem to show advantages

in both simplicity and reliability, which render it
preferable to the methods at present in use for the
estimation of plasma ammonia, either on an
occasional diagnostic or on a routine research basis.

We are grateful to Dr B. Watson of the Department
of Medical Electronics whose initiative made this
work possible, and to Messrs E.I.L. Chertsey,
Surrey, who kindly lent the electrode.
We are grateful to the Board of Governors, St.

Bartholomew's Hospital, for a grant in support of
this work.
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