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sample by irradiating the resin to activate a stable noble metal carrier.
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Introduction

Covalent hydrides are a series of compounds whose elements are of the C, N and O groups,
where the number of valency electrons is equal to, or greater than, the number of orbitals.
These elements include As, Al, B, Bi, Ge, P, Pb, Se, Sb, Si, Sn, Te and Ti. Of these thirteen
elements, eight have been induced to form covalent hydrides in sufficient amounts to be of
practical analytical use; these are As, Bi, Ge, Pb, Se, Sb, Sn and Te.

The basic design of a hydride generation system, with subsequent atomic absorption, may
conveniently be considered as four steps. First, generation of the hydride; second, collection
of the hydride (if necessary); third, transfer of the hydride to the atomiser; and fourth,
decomposition of the hydride to the gas-phase metal atoms within the optical axis of the
atomic-absorption spectrophotometer. The measured atomic-absorption signal is directly
proportional to the number of free metal atoms per unit optical axis cross-section at a given
instant. In order to increase this signal it is necessary to generate the hydride quickly, or
.collect it and then transfer it as quickly as possible to the atomiser. This reduces dilution
of the hydride by the carrier gas.

Historical

Arsenic is both extremely toxic and an indicator of precious metals, even at low concentra-
tions. The poor sensitivity of this metal makes the application of conventional atomic
_absorption rather difficult. The arsenic resonance lines lie in the far ultraviolet region of
the spectrum where flame absorption can produce an unfavourable signal to noise ratio
(Fig. 1). With the application of the argon - hydrogen - entrained air flame to atomic-
absorption spectroscopy in 1967 a much improved signal to noise ratio was obtained. This
flame, usually referred to as the argon - hydrogen flame, when used with conventional hollow-
cathode lamp sources, absorbs about 159, of the available light compared with 62%, for the
air - acetylene flame at 193.7 nm.?

Interferences are encountered when the argon - hydrogen flame is used to -determine
microgram amounts of arsenic in real samples. The argon - hydrogen flame is cooler than
the air - acetylene flame, and interferences due to incomplete salt dissociation and molecular
absorption are common.

In order to overcome this problem, modifications of the Gutziet method, utilising the
generation of arsine, have been applied to atomic-absorption spectroscopy.

Holak? collected the arsine in a liquid nitrogen trap, which was then warmed, and the
evolved arsine was swept into the flame with a flow of nitrogen. By removing the arsenic
from the sample matrix, interferences in the flame are minimised.

Madsen?® collected the arsine in dilute silver nitrate solution and aspirated the resulting
solution directly into an argon - hydrogen flame of the type described by Kahn and Schallis.!

A spectrophotometric method, which involves reaction of arsine with silver diethyldithio-
carbamate to form a red complex, has also been proposed for the determination of arsenic.
Hundley and Underwood* applied this method to the determination of arsenic in a wide

50 pg mi~?

N LUUL

No damping Damping 5-s
integration

Fig. 1. Arsenic trace at 193.7 nm using the air - acetylene
flame.
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variety of food products. Spectrophotometric methods have the disadvantage of requiring
large amounts of sample in order to obtain sufficient sensitivity.

Dalton and Malanoski® were the first to report the direct aspiration of arsine into a flame
without the use of a collection device. This work utilised an argon - hydrogen flame, and
the liberated arsine was carried to the nebuliser by the released hydrogen. A detection limit
of 0.1 ug of arsenic was obtained by this method.

The sensitivity was further improved by Fernandez and Manning,® who collected the
arsine in a balloon reservoir before introducing it into an argon - hydrogen flame. The
determination of selenium as hydrogen selenide (SeH,) was also described. A detection
limit of about 0.02 ug of arsenic was obtained by this method.

This apparatus was further improved by Manning,’” and this design became the first
commercially available attachment for atomic-absorption spectrophotometers. A total
reaction time of 4-5 min using tin(II) chloride - hydrochloric acid - potassium iodide - zinc is
normal for this method. It was suggested by Manning that the technique might also be
applied to the generation of the gaseous hydrides of antimony and bismuth. The successful
generation of stibine was accomplished by Pollock and West® but they found that the
commonly used tin(II) chloride - hydrochloric acid - potassium iodide - zinc reaction was not
suitable. They obtained good results with titanium(III) chloride - hydrochloric acid -
magnesium.

The first reference to the use of a tube detector, in this instance electrically heated, as an
alternative to the argon - hydrogen flame appears in the work reported by Chu et al.® in 1972.
A tin(IT) chloride - potassium iodide - zinc reaction in an acidic matrix was employed together
with a balloon collection device. A reaction time of 10 min was allowed before the arsine
was swept to the heated tube by a flow of argon, and a sensitivity of about 5 ng was obtained
for arsenic. No detection limit was quoted. A further interesting aspect of this work is
that the reaction time necessary to complete the reduction of the sample is about 8 min and
not 4-5 min as allowed in previous reports.

Also in 1972 the use of sodium tetrahydroborate(III) to produce arsine was reported by
Braman ef al.,'® who also reported an emission in a d.c. arc discharge method.

In 1973 the use of sodium tetrahydroborate(III) was extended to the determination of Se,
Sb and Bi by Schmidt and Royer'! and to the determination of Ge by Pollock and West.1?
Fernandez!® expanded this range to the determination of Sn and Te. All the above methods
continued to use the argon - hydrogen flame.

In 1974 Thompson and Thomerson* published a report on the use of sodium tetrahydro-
borate(III) as a reducing agent, coupled with a flame-heated silica tube as a detection device.
Fig. 2 shows the sensitivity obtained for arsenic (c¢f. Fig. 1). This paper also included a
report on the generation of plumbane (PbH,) for analytical purposes.

At this stage the various combinations of reducing agents, collection devices and detection
systems had been established.

1 ml 0.01 ug mI~" arsenic (in 1.5 M HCI)

0.1 |

0.05 - 1 ml blank
{in 1.5 M HCI)

JL JUUDURUIUL

Time —»

Fig. 2. Typical arsenic trace (2ml of 19% NaBH,
solution in the generator cell).

Absorbance
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Methods of Reduction

Various reducing agents and sources of nascent hydrogen have been suggested in order to
convert the element of interest into its hydride. The Marsh reaction, using zinc metal and
dilute hydrochloric or sulphuric acid, was the most frequently used in the early methods.

A major drawback of this method is that it can only be used for arsenic, and the time
taken for the completion of the reaction may be as long as 10 min. It is therefore necessary
to store the evolved gas in some form of reservoir.

A mixture of dilute hydrochloric acid, 409, m/V potassium iodide solution, 409, m/V
tin(II) chloride solution (using the dilute hydrochloric acid as a solvent) and granular zinc
metal has been described.>® This appears to give a faster reaction time as no collection
vessel, or carrier gas, was found to be necessary. This mixture also appears to be usable
for the determination of selenium.

Pollock and West? concluded that the above mixture was not suitable for the generation
of stibine (SbHj) from solutions containing antimony(III). However, they found that a
magnesium - hydrochloric acid - titanium(III) chloride medium was entirely satisfactory.
The advantage of this reduction mixture is that it can also be used for the determination of Bi
and Te.

The use of sodium tetrahydroborate(I1I), reported by Schmidt and Royer,!! is a land-
mark in the development of the technique. It has been applied successfully to the genera-
tion of the hydrides of As, Bi, Ge, Sb, Se, Sn and Te,!® and subsequently Pb.}* Collection
times were reduced to 30 s for Bi and Te and 2-3 min for As, Ge, Sb, Se and Sn.’®* However,
the system described by Thompson and Thomerson!* requires no collection vessel, and
complete reduction of most metals was obtained within 30 s.

The sodium tetrahydroborate(III) method offers several advantages over both the zinc -
tin(II) chloride and magnesium - titanjum(III) chloride procedures. Although sodium
tetrahydroborate(I1I) was initially available only in powder form, the use of 0.25-g pellets
soon became established. These are sufficiently uniform to eliminate the need for weighing,
are easy to handle and are relatively inexpensive.

Although some problems were experienced with reagent purity in early determinations,4.!5
the quality of the sodium tetrahydroborate(I1I) supplied by the major companies in recent
years has improved considerably.

The hydride generator described by Fernandez!® requires a pellet of sodium tetrahydro-
borate(II1) to be used for each measurement, whereas the system described by Thompson and
Thomerson!* requires one or two 0.25-g pellets to be dissolved in 25 ml of water and 1- or
2-ml aliquots of this solution are used. The latter system is obviously more economical with
regard to consumption of reagent.

Several workers'6—18 have reported that sodium tetrahydroborate(ILI) solution is relatively
unstable, and periods of several hours to 1 d have been quoted as the useful life. However,
Knechtel and Fraser?® reported the use of a 2%, m/V solution of sodium tetrahydroborate(I1I)
containing one pellet of potassium hydroxide per 100 ml of solution. The solution was
filtered through a 0.45-um membrane filter, and it was reported that this solution remained
usable for 3 weeks.

A different reducing mixture, used by Goulden and Brooksbank,? consists of a mixture of
tin(II) chloride, potassium iodide and aluminium powder. A heated packed stripping
column was used to strip the selenium hydride génerated from the reduced specimen so that
atoms, and not molecules, would enter the optical path.

A further method, but one which has not gained wide usage, is the zinc column to which
an acidic solution of the analyte is added.!421 This method is applicable only to the genera-
tion of arsine and stibine.

Design of Reaction Vessels/Collection of the Hydride

The speed of reaction of many of the reducing agents used is such that it can take several
minutes for the reaction to reach completion. As peak-height measurements are normally
made it is obviously advantageous to collect the liberated hydride and then sweep it to the
detection system in the shortest possible time. Several methods of collection have been
proposed and are outlined below. It should be noted that when sodium tetrahydroborate(III)
is used as a reducing agent the need to collect the liberated hydride is often minimised.
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Liquid Nitrogen Trap

This method was first proposed by Holak? and consists of an arsine generator connected
to a U-tube via a calcium chloride drying tube. The U-tube was packed with glass beads
and immersed in a Dewar flask containing liquid nitrogen. When all of the arsenic had been
converted into arsine the generator outlet valve was closed. The rubber connecting hoses
on each arm of the U-tube were sealed with pinch-clips and the U-tube was then removed
from the liquid nitrogen and allowed to come to room temperature. Nitrogen at a flow-rate
of about 50 ml min—' was connected to one arm of the U-tube and the other arm was con-
nected to the nebuliser capillary of an atomic-absorption spectrophotometer. The pinch-
clamps were removed and the arsine was allowed to flow into the mixing chamber.

Several workers??-2¢ have reported the use of a liquid nitrogen trap, but it is a specialised
technique and seems to be slow and complex for routine use. However, Braman and
Foreback?s have shown that it is a useful method for the collection, and subsequent selective
volatilisation, of methylated hydrides of arsenic generated from environmental samples.

Silver Nitrate Solution

This method was proposed by Madsen® and consists of an arsine generator constructed
using a 125-ml conical flask, 6-mm glass tubing and a 10-ml graduated measuring cylinder.
The end of the delivery tube was drawn to a fine tip and was arranged so that the tip of
the delivery tube was placed against the bottom of the graduated cylinder, which contained
5 ml of 0.01 M silver nitrate solution. The evolution of the hydride was allowed to continue
for 15 min and the delivery tube was then removed from the absorbing solution. This
solution was aspirated into the argon - hydrogen flame of an atomic-absorption spectrophoto-
meter.

The method is time consuming and later methods have found more widespread use.

Balloon Method

Probably the most popular collection device is the balloon attached to the side of the
reaction vessel. This form of collection device was first described by Fernandez and
Manning.$

The apparatus was modified by Manning,’ who incorporated a dosing stop-cock so that
zinc could be introduced into a closed system (Fig. 3).

A four-way valve permitted the system to be flushed with an inert gas, and the balloon
was attached to a hose nipple, which it was not necessary to remove and replace for each
sample. This was an improvement over the previous device. The system was connected
to the burner in the same way as the previously described apparatus.

Various modifications of the balloon - reaction flask system have been proposed®2,26 in
order to simplify the system. However, few, if any, commercially available systems continue
to use a balloon as a collection device; the use of sodium tetrahydroborate(III) and silica
detection tubes has almost eliminated the need to collect large amounts of hydride. A
further drawback of balloons is the frequency of replacement; Chu ef 4l.® mention 15-20
and Manning? 50 determinations per balloon.

Other Collection Devices

As an alternative to balloons several workers have advocated rigid or semi-rigid con-
tainers. Aggett and Aspell® used a 250-ml glass bottle and Pollock and West!? employed a
450-m1 plastic jar.

Direct Introduction

It is not always necessary to collect the liberated hydride, and most commercially available
systems now allow direct introduction of the hydride to the atomiser. Several workers have
reported systems that do not require collection of the hydride.,19,14,16,26-30
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Auxiliary view
(see right) Clamp

Dosing column )Y ‘
‘k
"" g Out
o | 4-way Argon
stopcock by-pass

Dosing stopcock
Balloon

reservoir

§ 209/42 ground-
glass joint

Flask Auxiliary view

apparatus rotated 90°

Fig. 8. System devised by Fernandez and Manning.

Automated Systems

Several workers have reported the design and application of automated and semi-automated
systems.31-37 The systems reported to date fall into two categories; the first uses a peristaltic
pump and the second a pressurised reagent pumping system. The peristaltic pump system
is the more automated of the two in that it requires less manipulation by the operator.
However, the pressurised reagent pumping system appears to allow greater control over the
reaction conditions.

A typical peristaltic system3 employs a multi-channel pump to transfer sample and
reagent, in suitable proportions [e.g., 7.5 ml of hydrochloric acid and 7.5 ml of sodium
tetrahydroborate(III) per 50 ml of sample]. The hydrochloric acid is mixed with the sample
via a mid-feed coil. This acidified stream is allowed to react with a stream of sodium tetra-
hydroborate(III) solution in an expanded T-connector. The mixture of gaseous hydride
and liquid then flows to a gas separator, where the gaseous portion is purged from the liquid
phase with argon. This mixture of gaseous hydride and argon is introduced into the burner
chamber via the supplementary oxidant inlet. An argon - hydrogen flame is employed.

The semi-automated system described by Fiorino ef al.3 consists of a single-stage gas
regulator with a single nitrogen inlet and two outlets. One outlet is connected to a
pressurised reagent bottle containing sodium tetrahydroborate(III) solution. The other
outlet is connected to a pressurised reagent bottle containing distilled water. The outlet
from each bottle passes through separate solenoid valves, which are controlled by a single
four-cam motor-driven timer (90 s). The reagents are connected to PTFE metering valves
contained within the reaction cell head.

Prior to the actual determination the duration and flow-rates of the sodium tetrahydro-
borate(III) solution and water wash, and the duration of the rest period, are adjusted to
ensure complete reaction of the analyte and to maximise the absorption signal.
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An aliquot of the sample is transferred to the 8-in test-tube reaction cell and diluted to
20 ml with acidic diluent. When necessary sodium iodide solution is added (0.5 ml of
109, m/V solution) to reduce As and Sb to the trivalent state. The test-tube is then con-
nected to the cell head and the timer is actuated. Gaseous reaction products from the
generator are delivered to the flame via a glass adaptor, which replaces the nebuliser.

Methods of Atomisation
Flames and Tubes
Air - acetyleng flame
Holak? used a conventional air - acetylene flame supported on a three-slot Boling burner.
Although the air - acetylene flame was used by many workers in the early stage of develop-

ment of the technique it was soon superseded by the argon - hydrogen - entrained air flame
(usually called the argon - hydrogen flame).

Argon - hydrogen flame

The use of this type of flame for the determination of arsenic in aqueous solution was first
described by Kahn and Schallis.! They discovered that it absorbed about 159, of the light
output from the hollow-cathode lamp, at 193.7 nm, compared with 629, absorbed by the
air - acetylene flame. This resulted in a much better signal to noise ratio. The cooler
flame also gives much better sensitivity, but it is more prone to interferences.

Dalton and Malanoski® introduced arsine directly into the argon - hydrogen flame, and
Fernandez and Manning® collected arsine in a balloon before releasing the arsine into an
argon - hydrogen flame.

This type of flame has remained one of the most popular detection systems, but there is a
trend away from this flame and towards heated silica tubes.

Silica tubes

Electrically heated tubes. Chu et al.? first reported the use of an electrically heated tube as
an alternative to a flame. The liberated hydride was swept into the tube by a stream of
argon carrier gas and, as no flame was employed, the background absorption was reduced.
The longer residence time of the arsenic atoms in the tube, compared with the flame, produced
an improvement in sensitivity.

Vijan and Wood® have described the use of an electrically heated glass cell, which was
used in conjunction with an automated system. Several workers3$.5.3 have published
papers based on the use of this type of detector, and Thompson and Thoresby?® reported its
use in the determination of arsenic in soil and plant materials.

A novel adaptation of this form of atomiser was described by Robinson and co-workers.31:42
They used spectrographically pure rods 10-20 mm in length heated with a 5000-W radio-
frequency generator and a 10-turn copper coil. The quartz tube was heated by 700-W
Nichrome resistance heaters.

One of the advantages of this form of atomiser is the ability to control its temperature,
and achieve an optimum temperature for each element.

Flame-heated Tubes

Internal flame. A novel hydride generation atomic-absorption technique for the deter-
mination of selenium has been described by Siemer and Hagemann.}¢ Sodium tetrahydro-
borate(III) was used as a reductant and hydrogen was used to carry the released hydride to
the silica tube. A small amount of oxygen was added to the hydrogen to support combustion
and atomisation of the hydride.

External flame. The first reported use of a flame-heated silica tube was by Thompson and
Thomerson!? in 1974. The liberated hydride was carried directly to a 17-cm silica tube
mounted above an air - acetylene flame. The advantages claimed for the technique were
that no collection vessel was required, flame background was virtually eliminated and better
sensitivity was achieved than with the argon - hydrogen flame. One sample can be analysed
every 40 s when this apparatus is used. The paper describes an apparatus that is still
commercially available.
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Similar systems have been described by various workers.?,30,42,43

Fig. 4 depicts the silica atomising tube used by Thompson and Thomerson.!* The
generated hydride, contained in a stream of nitrogen, is introduced through the side-arm (A)
in the middle of the silica tube. Provision is made for cooling the outside of this side-arm
via annulus B. An auxiliary nitrogen stream is injected into the transverse jets C and C’,
which are designed to prevent the liberated hydrogen from igniting on the ends of the tube,
but should instead burn on the ends of the jets D and D’. A schematic diagram of the
apparatus used in this method is shown in Fig. 5.

Graphite tube furnaces. McDaniel et al.2? introduced the liberated hydride into a proprietary
graphite tube furnace. This very comprehensive paper compares various sample pre-
concentration techniques, including hydride generation, for concentrating selenium for its
determination by heated-graphite atomiser. It is interesting that the authors conclude
that published procedures (at least up to that date) may liberate as little as 109, of the
total inorganic selenium from the solution.

Other workers®’:4 have reported the results of comparison studies between hydride genera-
tion techniques and heated graphite furnace determinations.

L L 4

8 mm

y e

c

A
Fig. 4. Typical design of flame-heated silica tube.

Various

Although not strictly within the scope of this review, several non-atomic-absorption
detectors are worth mentioning.

Molecular emission cavity analysis (MECA)

Belcher et al.%* have described this technique, and subsequently how to eliminate inter-
ferences,* for the determination of arsenic and antimony.

In MECA the sample is placed within a small cavity at the end of a rod, which is then
positioned in a hydrogen - nitrogen flame so that the flame gases flow almost vertically past
the entrance of the cavity. The sample in the cavity is vaporised and emits band emissions
characteristic of the elements in the sample.

Arsenic and antimony are reduced by sodium tetrahydroborate(III) to arsine and stibine,
respectively, and a stream of nitrogen is used to sweep the gases into the MECA cavity, which
is placed in a hydrogen - nitrogen diffusion flame.

Atomic fluorescence

Tsuju and Kuga?” described a non-dispersive system, employing a solar-blind photo-
multiplier, for the atomic-fluorescence determination of arsenic. Liberated arsine was
carried to an argon - hydrogen flame by a stream of argon. The same workers subsequently
reported a modification of this apparatus® for the determination of arsenic and antimony.
They employed a modification of the reaction cell described by Thompson and Thomerson,
and used sodium tetrahydroborate(III) to liberate the hydrides. An argon - hydrogen flame
was employed, but instead of storing the liberated hydrides they were carried directly to
the flame by a stream of argon.
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Air - acetylene burner

Pipette tip

NaBH, solution

Fig. 5. Schematic diagram of apparatus used in flame-heated
silica tube method.

Kobayashi et al.® reported the use of a non-dispersive system for the atomic-fluorescence
determination of bismuth. Sodium tetrahydroborate(III) was used to generate the gaseous
hydride of bismuth, which was then carried to an argon - hydrogen flame by a stream of
argon. The authors reported a detection limit of 5 pg mi~! or 0.1 ng of bismuth, but the
reagent blank in a 20-ml sample was approximately 2 ng of bismuth. Analytical working
graphs were drawn using both peak-height and peak-area measurements. The calibrations
were found to be linear over a range of about four orders of magnitude from the detection
limit. The presence of silver, gold, nickel, palladium, platinum, selenium and tellurium in
a 1000-fold ratio to the bismuth caused pronounced depression of the signal. Mercury and
tin slightly enhanced the atomic-fluorescence signal.

Nakahara et al.® have also described a non-dispersive system for the determination of
antimony, with particular reference to waste waters and lead. The system is identical with
that described by Kobayashi ef /. An improvement in sensitivity of at least one order of
magnitude is claimed for non-dispersive atomic fluorescence compared with that of a
dispersive system at the 217.6-, 231.1- and 259.8-nm antimony lines. The report includes a
comprehensive comparative study of the zinc and sodium tetrahydroborate(III) reduction
systems, and of the interference effects of acids and diverse elements on the fluorescence
signal of antimony. As a follow-up to this report, the same workers®! described the applica-
tion of the same apparatus to the determination of antimony in phosphoric acid.

Thompson®? has advocated a dispersive system whereby the hydrides of antimony, arsenic,
selenium and tellurium were swept by a stream of argon into an argon - hydrogen flame
supported on a 10-mm i.d. Pyrex tube. The top of this tube was mounted 2.5 cm below the
bottom of a microwave cavity window. The microwave cavity was positioned so that the
axis of the microwave lamp was 5 cm from the axis of the flame, which was positioned on
the optical axis. The hydride generation system described by Thompson and Thomerson*
was used to produce the hydrides.

Plasmas

The idea of coupling a hydride generator to a plasma arc was first proposed by Lichte and
Skogerboe.®® This technique makes it possible to determine simultaneously several elements
in a single solution.
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Thompson ef al.5455 subsequently published a comprehensive study which showed that
many of the operating parameters were critical to set up, and many interference effects were
encountered. They generated the hydrides of arsenic, antimony, bismuth, selenium and
tellurium by means of sodium tetrahydroborate(III) and detected them simultaneously in an
inductively coupled plasma by measuring the atomic line emission intensities. Many of the
more severe interferences were overcome by separating the matrix from the elements to be
determined, the matrix being precipitated with lanthanum hydroxide. A comprehensive
study of the interference effects of a large number of elements was tabulated, as were the
percentage recoveries after separation with lanthanum hydroxide. This technique was then
applied to the analysis of geological samples.

Other papers have described methods using plasma sources for the analysis of waste and
sea waters,2 whole blood, flour and orchard leaves.5¢

D.c. arc discharge

Braman et al.'® reported a system whereby arsenic and antimony compounds were con-
verted into arsine and stibine, respectively, in 19, sodium tetrahydroborate(III) solution.
Arsine and stibine are swept out of the solution using helium carrier gas, passed through a
calcium sulphate drying tube, then through a d.c. discharge detector. Modifications of this
system have been reported.24:%

Light Sources

Perhaps the most popular light source is the hollow-cathode lamp, and certainly it is
commonly used where the light beam is required to pass through a silica tube rather than a
flame. Because of the relatively low output of hollow-cathode lamps in the ultraviolet
region, they tend to give better signal to noise ratios with single-beam instruments with
“straight through’ optics.

Fernandez!® reported the determination of arsenic and selenium using electrodeless dis-
charge lamps (EDLs) as alternatives to hollow-cathode sources, and obtained better detection
limits and sensitivities. The system used was sodium tetrahydroborate(III) - acid with
balloon collection and an argon - hydrogen flame. A deuterium EDL was used as a back-
ground corrector.

McDaniel ef al.22 reported the use of a special design of demountable hollow-cathode lamp,
and claimed an energy output ten times that of conventional hollow-cathode lamps.
Robinson ef al.%? used a commercially available demountable hollow-cathode lamp.

Obviously the plasma and MECA systems require no light source; the fluorescence tech-
niques use EDLs but not as atomic-absorption sources.

Interferences

The interferences associated with this technique are many and various and may be con-
veniently broken down into five sections.

Background Absorption

This is a problem that occurs more often when a collection device is used in conjunction
with the argon - hydrogen flame. When the collected hydride is released to the flame, the
flame transparency decreases, and therefore a non-specific absorption signal is obtained. It
is necessary to subtract this signal from the total signal, by either continuous or sequential
background correction. Fernandez and Manning® first reported the use of a deuterium
background correction system, described by Kahn,5 applied to this technique. The reduc-
tion in light throughput caused by automatic background correction systems has led to the
common use of electrodeless discharge lamps with this type of system.

Thompson and Thomerson!* reported that their system was free from this type of inter-
ference unless liberated hydrogen was allowed to ignite in the optical path of the spectro-
photometer.

The increasing use of tube devices and the specificity of the method have reduced the need
for background correction systems.
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Valency

Several workers®9:25 have reported that arsenic must be present in the trivalent form for
the evolution of arsenic, whereas others!%.15.2? reported that arsenic and antimony may be
present in the trivalent or pentavalent form. Thompson and Thomerson!* reported that by
increasing the borohydride concentration from 1 to 4%, m/V the arsenic(V) signal was 909,
of that obtained for arsenic(III). However, they found that solutions of selenium(VI) and
tellurium(VI) gave a negligible response compared with equal amounts of selenium(IV) and
tellurium(IV). The selenium(VI) and tellurium(VI) solutions were simmered with an equal
volume of aqua regia (3 + 1 V/V hydrochloric acid - nitric acid) for 15 min, allowed to
cool and then diluted to twice the volume of sample originally taken. It was then possible
to add 1 ml of the resulting solution directly to the generator cell containing 2 ml of 2%, m/V
sodium tetrahydroborate(III) solution. Under these conditions tellurium(VI) was reduced
quantitatively to the tellurium(IV) state, but less than 509, of the selenium(VI) was reduced.
For solid samples they recommend dissolution in aqua regia followed by suitable dilution
with distilled water. This technique should ensure that the resulting solution contains
arsenic(V), selenium(IV) and tellurium(IV). It was assumed that all dilute tin solutions
(concentrations of less than 0.1 ug ml~) would be in the tin(IV) oxidation state.

Fernandez and Manning® state that during wet digestion of samples the arsenic must be
maintained in the quinquevalent form at all times to avoid losses. A method is given.

Aggett and Aspell® have produced a method that allows the selective determination of
arsenic(III) and arsenic(V) by carefully adjusting the pH of the solution before addition of
sodium tetrahydroborate(III). A similar method has been described by Nakashima.®®

Acid Concentration

The relationship between hydrochloric acid concentration ([using sodium tetrahydro-
borate(III) as reducing agent] and sensitivity was studied by Fernandez.!* He reported
that signal size, with increasing acid concentration, remained almost constant for As, Bi, Sb
and Te. The optimum acid strength for Ge is 1-3 M, for Sn 0.2 M and for Se 6-7 M.

Thompson and Thomerson! reported similar results except that a slight increase in signal
size for tellurium was noted over the range 1-4 M. For lead the sodium tetrahydroborate(III)
and acid concentrations were critical, and the optimum concentration was found to be 0.2 M.
Miyazaki ef al.2 confirmed the data for arsenic and selenium.

By maintaining the solution at pH 4-5, Aggett and Aspell?” reported that it was possible
to determine arsenic(III) and arsenic(V) selectively. Total arsenic was determined by
increasing the acidity of the solution to 5 M hydrochloric acid. This tends to confirm the
earlier work of Knudson and Christian.13.60

Organic Binding

Fernandez and Manning® reported that if the sample to be analysed contained organically
bound arsenic, prior oxidation is necessary and a method reported by Howitz® is cited.
Braman and Foreback? reported that methylarsenic acid, CH;AsO(OH),, and dimethyl-
arsenic acid, (CH,),AsO(OH), are reduced to methylarsine, CH;AsH,, and dimethylarsine,
(CH,),AsH, respectively, by sodium tetrahydroborate(III) at pH 1-2. The liberated
hydrides were collected in a U-tube, which was cooled by liquid nitrogen. After the liquid
nitrogen had been removed, the cold trap was warmed gently and the arsines were volatilised
from the trap in order of their boiling-points: arsine (—55 °C), methylarsine (2 °C) and
dimethylarsine (55 °C).

Improvements to this technique have been published subsequently.?%5" The possibility
of organic binding within the sample should always be borne in mind when environmental
and biological samples are to be analysed, and the reader is referred to the section Applica-
tions.

Inter-element Effects

Perhaps the most important and widespread difficulty occurs with inter-element effects,
which suppress, or enhance, the true signal. Braman ef al.® mention that copper and silver
interfere in the generation of arsine and stibine when these hydrides are generated from
alkaline solution using sodium tetrahydroborate(III). They also state that iron interferes
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with antimony but not arsenic, and that aluminium, cadmium, chromium, mercury,
manganese, nickel, lead and zinc do not interfere with either antimony or arsenic. Dalton
and Malanoski® determined arsenic using a zinc - hydrochloric acid reduction after prior
treatment with tin(II) chloride - potassium iodide. They reported interference by nitric
acid and antimony. Landsford ef 4l.%2 found that mercury, arsenic and nitric acid inter-
fered in the determination of selenium. They used a zinc - hydrochloric acid reduction.
Roulet et al.%3 reported that arsine and stibine were decomposed by gold complexes.

A major contribution to the documentation of interferences has been made by Smith,®
who undertook a general study of the effects of 48 elements on the determination of arsenic,
bismuth, germanium, antimony, selenium, tin and tellurium. This work was carried out
using sodium tetrahydroborate(III) and an argon - hydrogen flame. Certain trends in the
interference effects were observed. IFor example, there was no interference on the six metals
studied from the alkali metals, alkaline earths, boron, aluminium, gallium, titanium,
zirconium, hafnium, mercury, lanthanum, manganese, vanadium and yttrium. However,
there was always some interference on the six metals from copper, silver, gold, platinum,
rhodium, ruthenium, nickel and cobalt. It was also found that nearly all of the volatile
hydrides formed from the elements interfered with all the other volatile hydrides.

Maruta and Sudoh® used various reducing agents for the generation of arsine, and studied
the interferences of various anions and cations.

Bédard and Kerbyson®® reported the determination of bismuth in copper by precipitation
of the bismuth with lanthanum hydroxide and subsequent conversion of the bismuth into
its hydride with sodium tetrahydroborate(III). The same authors% have reported a separa-
tion technique for As, Se, Sn and Te in the presence of copper.

Kirkbright and Taddia® have described a novel method of masking the interference of
large amounts of Cu, Ni, Pt and Pd on the determination of arsenic in the argon - hydrogen
flame. They used thiosemicarbazide and 1,10-phenanthroline as masking agents, and
effectively eliminated the strong suppression of the arsenic signal caused by a 1000-fold
amount of nickel and 100-fold amounts of platinum and palladium. The effect of hydro-
chloric acid concentrations between 1 and 4.5 M was also studied.

Pierce and Brown®.# undertook a study to compare the interfering effects of several
anions, cations and acids on arsenic and selenium. Three sample preparation - sample
atomisation techniques were employed: manual hydride generation with argon - hydrogen
flame ; automated hydride generation with heated quartz tube; and graphite furnace atomisa-
tion. The study showed significant differences in interfering effects between the three
techniques.

The papers by Smith¢ and Pierce and Brown?®.% are the most useful reference sources of
interferences for workers wishing to obtain background information before embarking on a
new analysis.

Detector Temperature

Chu et al.® have shown that the temperature of the detector has a significant effect on the
size of the signal produced by arsenic. The optimum temperature of their electrically
heated tube appears to be in excess of 700 °C. It is reasonable to assume that the detector
temperature will have an effect on at least some of the other hydride-forming elements.
However, it is obviously not possible to control the temperature of flames and flame-heated
tubes over a wide range, and the innate temperature of these devices must be accepted.
Nevertheless, it is important that they are allowed to reach a constant temperature before
introducing the sample, and an optimum fuel to oxidant gas ratio may be found by experi-
ment.

The conclusion to be drawn from the above is that the generation of covalent hydrides,
with subsequent determination by atomic-absorption spectroscopy, is subject to many
interferences. These interferences may depend upon the method of reduction and the type
of detector employed (e.g., flame or tube). No determination should be carried out without
checking that the sample under analysis does not contain a potential interferent and, if it
does, that interference must be determined and allowed for (¢.g., by the method of standard
additions).
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Detection Limits and Sensitivities

Typical detection limits and sensitivities for the different methods are given in Tables
I-IV.

TaBLE I
TYPICAL DETECTION LIMITS FOR DIFFERENT METHODS

Values are given in micrograms

Method*
A
&£ B Y

Element A B C D E F
As .. .. 0.0012 0.01 0.003 0.0008 0.0001 0.002
Bi “x .. 0.0032 0.005 0.008 0.0002 — 0.002
Ge - —_— — 0.2 —_ 0.5 — —
Pb .. .. — — — 0.1 — —
Sb .. .. 0.0041 0.005 — 0.0005 0.0001 0.005
Se .. .. 0.0017 0.005 0.003 0.0018 0.00006 0.002
Sn .. .. — 0.004 — 0.0005 — —
Te .. .. 0.0044 0.005 0.015 0.0015 0.00008 —

* See Table II.
TasLE I
Key 10 TABLE I
Reducing Collection _Light

Column agent vessel Detector source* Reference
A TiCl, - Mg Balloon Ar - H, flame HCL 12
B NaBH, Balloon Ar - H, flame HCL 13
Ce NaBH, Balloon Ar - H, flame EDL 13
D NaBH, None Flame-heated HCL 14

silica tube
Et NaBH, None Ar - H, flame EDL 52
F NaBH, None Electrically heated EDL  Manufacturer’s
silica tube literature

* HCL = hollow-cathode lamp; EDL == electrodeless discharge lamp.
1 Atomic-fluorescence method.

Applications
Waters and Effluents

As usual in atomic-absorption spectroscopy the analysis of waters and effluents is one of
the most straightforward applications because the sample is already in a liquid form and
matrix interferences are not usually severe.

Schmidt and Royer!! used the sodium tetrahydroborate(III) reduction method on all types
of water, from drinking water to heavily polluted water, including raw sewage, to determine
arsenic and selenium. Analyses were compared of spiked samples (i) after digestion with
sulphuric acid and nitric acid and (ii) untreated. The untreated samples gave a slightly
larger response for both arsenic and selenium, and a blank for the arsenic of one third of the
value for the digested sample. The blanks in all determinations appear to be very large
(when compared with more recent methods) and no attempt was made to explain or to
rectify this. The usual cause of high blanks is impurities in the sodium tetrahydroborate(III)
and this has been found to vary between chemical manufacturers.

Shaikh and Tallman®™ found that a large portion of the arsenic in potable waters was
organically bound because results for samples digested in sulphuric and nitric acids were
higher than for untreated samples. They used a 50-ml sample volume and sodium tetra-
hydroborate(III) to reduce the arsenic to arsine, which was then trapped in a small volume
of a chloroform - ephedrine solution of silver diethyldithiocarbamate. The arsenic content
was then determined by graphite furnace atomic-absorption spectroscopy.
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TasLE III

TYPICAL SENSITIVITIES FOR DIFFERENT METHODS

Values are given in micrograms

Method*
r Al Ty
Element A B C D E

As e .. 0.006 0.01 0.005 0.0005 0.005

Bi ‘e .. 0.015 0.008 — 0.00004 —

Ge oo —_ 0.27 — 1.0 —

Pb oo i — — — 0.08 —

Sb .o .. 0.02 0.01 — 0.0006 —

Se . .. 0.008 0.011 0.009 0.002 0.0015

Sn . - — 0.007 — 0.0004 —

Te e .. 0.021 0.014 — 0.002 —

* See Table IV.
TaBLE IV
Kev 1o TaBLE III
Reducing* Collection Light
Column agent vessel Detector sourcet Reference
A TiCly - Mg Balloon Ar - H, flame HCL 12
B NaBH, Balloon Ar - H, flame HCL 13
C NaBH, Balloon Ar - H, flame EDL 13
D NaBH, None Flame-heated HCL 14
silica tube

El NaBH, None Electrically heated HCL 38

silica tube

* Acid must be added in all instances.
1 HCL = hollow-cathode lamp; EDL = electrodeless discharge lamp.
1 Automated system.

An automated system has been described® for the simultaneous determination of arsenic
and selenium, based on reduction of the sample with tin(II) chloride, potassium iodide and
aluminium. The hydrides were decomposed in an electrically heated silica tube. Spiked
samples gave recoveries of 98-101%, for levels of arsenic between 2 and 10 ug I! and levels
of selenium between 0.5 and 5.0 ug 11

This method was found to be unsuccessful by Pierce et al.,** who replaced the aluminium
reduction method with sodium tetrahydroborate(III).

The determination of selenium in natural waters using a tin(II) chloride reduction system
was subject to severe interference from arsenic and mercury, which were overcome only by
using a tedious digestion process.2 Most methods now favour the sodium tetrahydro-
borate(ILI) reduction process, which suffers from fewer interferences. Recent methods™-7*
have produced good results, mainly due to careful study of the possible interference effects
and calibration by the method of standard additions.

The determination of selenium(IV) in sea water was found to be straightforward by
Thompson®* when using a fluorescence detection method. Samples were acidified with
hydrochloric acid before reduction with sodium tetrahydroborate(III). A negligible “back-
ground”’ signal was reported when checked at the 216.5 -nm selenium non-resonance line and
the concentration was reported as less than 0.0001 pg ml—.

Metallurgical

Probably the most severe interferences encountered for any application in hydride genera-
tion occur with metallurgical samples. For example, the interference of copper on selenium is
very severe, almost completely suppressing the selenium absorption signal unless the copper is
first removed.
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The determination of As, Bi, Se, Sn and Te in copper alloys has been achieved after
precipitation of the bismuth with lanthanum hydroxide.®6.$? A 109, m/V solution of the
sample, dissolved in nitric acid, is treated with lanthanum nitrate and ammonia solution,
filtered and re-dissolved in nitric acid. The hydrides are then generated in the usual way.
In this way the serious interference from copper is removed, and results for bismuth obtained
by this method agree well with those from spectrographic methods.

A less severe interference is caused by nickel on the absorption of bismuth and arsenic,
where a 50%, reduction in sensitivity occurs with a 19, m/V sample matrix. Nevertheless,
the sensitivity for bismuth and arsenic is still sufficient to enable them to be determined by
the method of standard additions in some alloys.” However, the addition of EDTA? to the
sample solution completely overcomes the matrix interference for the determination of
bismuth in nickel alloys at low concentrations. The alloy was dissolved in hydrochloric
and nitric acids, and an addition of 0.27 m EDTA solution was made. The EDTA solution
had previously been adjusted to pH 9 with 30%, m/V sodium hydroxide solution to prevent
loss of hydrogen when the EDTA solution was mixed with the sodium tetrahydroborate(III)
reagent.

There is negligible interference by iron or lead (using a 1%, »/V matrix) on the absorption of
arsenic, selenium and tin. Therefore, the determination of these metals in iron and mild steels
can be carried out after dissolving the sample in a mixture of hydrochloric and nitric acids.
Calibration is carried out using acidified aqueous standards of the metals.?® Table V shows
some results for arsenic in steels using this method.

The determination of arsenic, selenium and tin in a complex lead alloy is more difficult
because of the problems associated with maintaining a stable solution of lead or tin. In this
instance a method based on the use of fluoboric acid and hydrogen peroxide is the most
suitable.”

A thorough evaluation of the interference effects of most of the elements present in steels
on the absorption of antimony, arsenic, bismuth, selenium, tellurium, tin and lead showed

TABLE V

DETERMINATION OF ARSENIC IN STEELS BY HYDRIDE GENERATION
AND ATOMIC-ABSORPTION SPECTROSCOPY

Certified
BCS No. Result, % value, %, Range, %
260/4 g% .. 0.010, 0.009 0.009 0.008-0.011
149/2 i3 .. 0.0005, 0.0006 <0.001 —
324 .. 2 .. 0.080, 0.085 0.084 0.079-0.085
321 .. 8 .. 0.003, 0.003 0.003 0.002-0.003
218/3 T .. 0.038, 0.035 0.0035 0.032-0.038

that many interferences occurred. However, by using a standard additions method for
calibration good results could be obtained for most of the elements in a range of steels.”
Of particular interest was the ability to make use of the plumbane generated after reduction
with sodium tetrahydroborate(III). Plumbane had previously been detected using this
technique'* but the sensitivity was insufficient to be of any practical value. The addition
of potassium dichromate in a tartaric acid medium gives a useful enhancement of the lead
absorption signal. This allowed lead in seven steels to be determined, and the reported
values showed very good agreement with certified values.

Arsenic and antimony can be determined in zinc powder by utilising the reducing power of
the sample itself.” Hydrochloric acid at 80 °C is added to 1 g of the powdered sample in
the reaction flask and the evolved hydrides are measured in the usual way.

Foods

The hydride generation technique has found wide application in the determination of toxic
metals in food and drink products.  The analysis of wine, sherry and beer samples presents
no serious analytical problems. However, acidification and degassing of the samples must
be carried out before the analysis. Water-soluble foods such as sugar, coffee and some
organic food colourings can also be analysed directly once a suitable solution has been
prepared.
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For other food samples a digestion process is usually necessary before reduction to the
hydride, and most of the published work deals with these methods. Typically 2-5g of
food sample is digested in a conical flask with 5 ml of concentrated sulphuric acid and 509,
m|V hydrogen peroxide on a hot-plate until a clear digest is obtained.® Alternatively, the
sample can be treated in a Kjeldahl flask with a 4 + 1 + 1 mixture of concentrated nitric,
sulphuric and perchloric acids.® Reduction of the metal with sodium tetrahydroborate(III)
then gives excellent recoveries for both methods after calibration with standards that have
been treated in the same way as the samples. The choice of acid digestion appears to be
due to the particular authors’ preference rather than the type of foodstuff to be analysed.

As many laboratories analysing foods often determine mercury in addition to some of the
hydride-forming metals, one of the digestion methods developed was suitable for retaining
both mercury and selenium in solution.®® The digestion mixture used was 1 4 1 con-
centrated nitric and sulphuric acids plus 0.1%, m/V of vanadium(V) oxide added as a catalyst.
The digested sample was divided into two parts; the portion for the selenium determination
was acidified with hydrochloric acid and then reduced with sodium tetrahydroborate(III) in
the usual way. Recoveries for selenium determined by this method were 99.5-101.09,.
The aliquot retained for the mercury determination was treated with potassium permanganate
before reduction to elemental mercury by means of hydroxylammonium chloride and tin(II})
chloride. Detection was by the cold-vapour method.

Evans et al.®® produced an extremely thorough paper on the determination of antimony,
arsenic and tin in foodstuffs using the silica tube detection technique. Detailed information
is given on both dry- and wet-ashing procedures, calibration ranges, interferences, recoveries
and reproducibilities. As no review could do justice to the amount of information contained
in this paper, we recommend that anyone faced with this type of analysis should read it for
themselves.

Clinical

Arsenic is not a normal constituent in body tissue and fluids although no real information
exists as to its toxic levels. A level of 0.05 ug ml~! in human urine is considered ‘‘signifi-
cant.”’82

All existing work on the determination of any of the hydride-forming metals in body tissue
and fluids agrees that the metal hydrides cannot be generated from the untreated sample
because of severe signal depression and poor recoveries. The samples must therefore be wet
ashed before reduction.

Orheim and Bovee$ favoured a reduction using concentrated nitric and sulphuric acids,
followed by addition of hydrogen peroxide, for the determination of selenium in blood, milk,
hair, tissue, fat and urine. The method of standard additions was used for calibration, and
the analysis of spiked samples gave recoveries of 95-1059,.

An alternative digestion method for blood, before the determination of selenium, involves
the use of nitric and perchloric acids.3 Levels of selenium in the range 0.01-0.50 ug g—!
were reported with a relative standard deviation of 4.3%, and a mean recovery of 100.5%,.

Bismuth compounds are currently used in the treatment of indigestion and stomach
ulcers. As a result, the determination of bismuth in blood and urine is required. Natural
levels of bismuth in blood are quoted as being between 0.009 and 0.012 ug ml, but the
anticipated level after bismuth therapy would be much higher. Rooney' compared the
techniques of spectrophotometry and polarography with flame, electrothermal and hydride
atomic-absorption methods for blood and urine and found that the hydride generation
method, with detection using a heated silica tube, was the most satisfactory. A digestion
using nitric and perchloric acids was also used in this method and recoveries of bismuth
from both blood and urine were good.

Agricultural

Because of the widespread occurrence of arsenic in minerals and pesticides, its dispersal in
the environment requires monitoring in soils and plants. Most current methods deal only
with arsenic and selenium, although there seems no reason why the methods could not be
extended to the other hydride-forming metals if required.
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Several sample digestion methods have been proposed. Vijan and co-workers?:% used a
mixture of perchloric and nitric acids for soil and vegetation. After reduction with sodium
tetrahydroborate(III) and detection using an electrically heated quartz cell, results and
interferences were reported for the determination of arsenic and selenium. Many of the
interferences (by now commonly reported) were confirmed. Results were obtained using the
standard additions technique. Recoveries for arsenic using this method were 86.7-126.79%,.
Wauchope?® compared the results obtained on solutions of samples prepared by two different
methods. The first method was simply to soak the samples in hydrochloric acid for 24 h.
The second method involved the digestion of the samples in a mixture of nitric and perchloric
acids. Both methods gave similar results. Thompson and Thoresby® treated soils by
leaching with a mixture of nitric and sulphuric acids, or by fusion with potassium pyrosulphate
followed by oxidation to arsenic(V) with potassium permanganate. Plants were wet oxidised
with nitric and sulphuric acids. Samples of the digests thus produced were reduced with
sodium tetrahydroborate(III). An electrically heated tube was used as a detection device.
The results obtained were consistently higher than those obtained with a molybdenum blue
spectrophotometric method. However, the authors believed the atomic-absorption method
to be the most accurate, as collaborative reports had indicated erratic recoveries with the
spectrophotometric method.

The determination of both arsenic(III) and total arsenic in waters and orchard leaves has
been reported.®” The leaves were digested in nitric acid at 70 °C for 5 min and the mixture
was cooled, treated with dilute sulphuric acid and heated at 70 °C for 15 min. The acidity
of the solution was then adjusted with 5 M hydrochloric acid, from which the total arsenic
was determined, or with a citrate buffer at pH 4.5-5.0, for the arsenic(III) determination.
The arsine was then evolved from the particular solution by means of sodium tetrahydro-
borate(I1I) and atomised in an argon - hydrogen flame.

The determination of germanium, arsenic, selenium, tin and antimony in orchard leaves
and flour,% carried out on acid-digested samples, showed good recoveries and close agreement
with certified values.

The determination of selenium in feed and forage samples was carried out by drying the
samples at 200-300 °C for 30 min followed by dissolution in concentrated hydrochloric acid.!®
Selenium recoveries averaged 1019, with a relative standard deviation of 5.09, using this
method. It was reported that attempts at wet ashing with mixtures of nitric and sulphuric
acids and sulphuric acid and hydrogen peroxide resulted in a loss of selenium.

The sensitivities for antimony, arsenic, selenium and tellurium by hydride generation, with
detection by atomic absorption, are still inadequate for some samples. Thompson®2 linked the
hydride generation technique with atomic fluorescence, and showed that not only were calibra-
tion graphs more linear, but that sensitivities were improved by factors of between 5 and 30.
This method was also applied to the determination of selenium in animal feedstuff and sea
water.

This technique was then applied to the determination of selenium in soil digests obtained
by an overnight treatment with concentrated nitric acid and followed by the addition of
perchloric acid and heating.8 The detection limit of this method is 10 ng of selenium.

Geological

Rocks and minerals are complex samples chemically, and dissolution methods are often
tedious and time consuming. The improved sensitivity of the hydride generation method
for arsenic, selenium and tellurium has found applications with these samples.

Arsenic is used to indicate the presence of some precious metals in rocks and minerals, and
several methods for the determination of arsenic have been proposed. As flame and electro-
thermal atomisation methods for these metals suffer from several interferences, the hydride
generation method is favoured by most workers.26.72,88 Sample digestion procedures vary,
but one of the most popular is treatment with concentrated hydrochloric and nitric acids,
followed by reduction with sodium tetrahydroborate(III).

Glass samples were dissolved in a mixture of hydrochloric, hydrofluoric and nitric acids in
a sealed polyethylene bottle at 70 °C. After cooling, boric acid was added and hydrogen
selenide generated with sodium tetrahydroborate(III).8? The results showed good agreement
with standard values, and the detection limit was 0.030 ug of selenium.

€ =
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Tellurium, at concentrations down to 5 ng g1, has been determined in silicate rocks by
treating the sample with hydrofluoric acid and evaporating the resulting solution to dryness.
The residue was dissolved in a mixture of hydrochloric, nitric and perchloric acids.’? The
samples were reduced with sodium tetrahydroborate(III) and atomised in an electrically
heated tube. Calibration was effected by the method of standard additions.

Tobacco

Arsenic has been determined in tobacco after a wet-ashing procedure. A 4-g amount of
tobacco was treated with nitric acid before refluxing with a mixture of nitric and perchloric
acids.#® Detection was by reduction with potassium iodide and tin(II) chloride, followed by
collection of the arsine (as a white solid) in a U-tube immersed in liquid nitrogen. When the
reduction was complete the liquid nitrogen was removed and the evolved arsine measured
by atomic-absorption spectroscopy.

A method for the determination of antimony, arsenic, bismuth, selenium and tellurium in
tobacco and cigarette smoke was proposed by Spincer.8.% Samples are digested in nitric
acid and diluted with EDTA, followed by reduction with sodium tetrahydroborate(III) and
detection using the silica tube method.!4

The maximum levels observed by this method were arsenic 500 ng g—1, antimony, bismuth
and tellurium 50 ng g~! and selenium 90ngg—'. The metal content of smoke from 40
cigarettes was trapped at —80 °C and extracted with nitric acid.

Environmental

Air particulates, after collection on a fibre-glass filter and digestion with a 1 + 2 mixture
of nitric and sulphuric acids, were treated with sodium tetrahydroborate(I1I) to reduce the
arsenic.?® Recoveries for actual samples were 99.5-103%,. Studies showed that the presence
of either selenium, cobalt, nickel or copper at 200 ug ml~! causes severe interferences but as
they were seldom present at levels greater than 5 ug ml~! in the prepared solutions no inter-
ferences occurred in practice.

Petroleum Products

No published work exists in which atomic-absorption detection has been used for hydride-
forming metals in petroleum products. However, it is worth recording that arsenic has been
determined in stocks and catalysts by generation of the arsenic as arsine.?? The pre-treatment
method for the stocks involved refluxing samples with sulphuric acid and hydrogen peroxide.
The catalysts were fused with sodium peroxide. A spectrophotometric determination was
used to measure the arsenic, but there seems to be no reason why atomic-absorption spectro-
scopy could not be applied to this method.

Future Trends

The technique appears to have reached a plateau, and no major improvements are likely
in the near future.

Most commercial manufacturers offer hydride kits as accessories for their atomic-absorption
spectrophotometers. As might be expected, there is a wide variety in the designs offered,
some employing the argon - hydrogen flame and others flame-heated or electrically heated
silica tubes. The simplest design is a reaction cell, which is coupled to the spray chamber
of the instrument, to supply liberated hydride to an argon - hydrogen flame. The most
sophisticated has an electronic control box which, at the touch of a button, purges the system
with inert gas, starts a stirrer, initiates the recorder chart drive and adds the reducing agent
to the reaction cell. An electrically heated silica tube detector is employed.

Two possible areas of future development are improved automation and methods of
lowering detection limits. These may improve as commercial manufacturers introduce
successive designs, but the really major improvements to sensitivity and detection limits may
lie. in the combination of hydride generation and techniques such as atomic fluorescence,
inductively coupled plasmas and d.c. arc discharges. Although these techniques have
already been mentioned they are not yet in widespread use.

A further area in which much useful work may yet be done is in the reduction or elimina-
tion of interference effects.
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The development of an inexpensive specific detector system could be a useful idea for the
future. This would release the more expensive atomic-absorption spectrophotometers for
other purposes, and eliminate the time wasted in fitting and dismantling the hydride

accessory.
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Simultaneous Determination of the Noble Metals
in Geological Material by Radiochemical
‘Neutron-activation Analysis

Susan J. Parry
University of London Reactor Centre, Silwood Park, Sunwinghill, Ascot, Berkshive, SL5 TPY

A simple procedure is described for determining the noble metals in geological
samples rich in chromium and copper. Powdered rock samples (0.1-0.3 g)
are irradiated in an epithermal neutron flux, under a cadmium filter, to
reduce interference from ®!Cr and ¢Cu. After digestion with a peroxide
fusion, the noble metals are separated on Srafion NMRR ion-exchange resin.
Activity from chromium(VI), retained on the resin, is eliminated by reduction
to chromium(III) with iron(II) sulphate before separation. The gamma-ray
activity is measured with a lithium-drifted germanium detector for palladium
(*9°Pd), platinum (1°Au), iridium (1*4Ir) and gold ('°®Au). The separation
yield (iridium 409, palladium 809, gold 909%) is determined for each
sample by irradiating the resin to activate a stable noble metal carrier.
Multi-element noble metal standards (0.1-8 ug) are prepared from dilute
solutions (100 pul) evaporated on resin (1 ml). The practical detection limits
are 2.5 ng of palladium and platinum, 0.1 ng of iridium and 0.01 ng of gold.
The reliability of the procedure was confirmed by analysing sulphide
standards (PTM, PTC) and standard rocks (PCC-1, DTS-1). The method
has been applied to the analysis of chrome-spinels.

Keywords: Noble metal detevmination; epitheymal neutron-activation analysis;
ton-exchange sepavation; vefevence vocks; chvome-spinel

Methods for the determination of the noble metals have been reviewed by Beamish and
Van Loon.! The most common method for geological samples is atomic-absorption spectro-
metry with a fire-assay pre-concentration step. Emission spectrography and spectrophoto-
metry are also useful techniques for ore analysis, where representative samples of up to
50 g are measured, and therefore sensitivity is not a problem. One of the most sensitive
methods for the analysis of rock samples for which the supply of material is limited is
neutron-activation analysis. Instrumental activation analysis has been applied successfully
to the determination of iridium and gold in ores,? but generally it is necessary to separate the
noble metals from interfering activity of the rock matrix. There are many examples of
radiochemical separation schemes to isolate one or more of the noble metals in the neutron-
activation analysis of geological samples. These schemes include solvent extraction, distilla-
tion, ion exchange and precipitation.3® A relatively rapid method has been described by
Nadkarni and Morrison,® based on the ion-exchange separation of the noble metals as a
group. The resin Srafion NMRR is an anion exchanger that exhibits quantitative retention
of the noble metals.” The resin has been used for the separation of gold,*™ iridium,!2.!3
silver,'* copper,'® molybdenum!® and mercury.’? It has been shown, in addition, to adsorb
vanadate and chromate ions.1®

Nadkarni and Morrison® found that the noble metals were collected quantitatively on
Srafion NMRR but that the solution had to be passed through a second column for complete
collection of iridium. It has been demonstrated that iridium is not easily removed from the
resin once adsorbed!® and preliminary studies in this work confirmed this to be the case for
the other noble metals. The high background activity due to the retention of copper on the
resin was a problem in ore material and solvent extraction was introduced for its removal
prior to the separation step.!® Chromium was not considered to be an interferent in the
analysis of silicates and ores'® but this study showed that, following an oxidising fusion, the
chromate ions on the resin caused interferences in samples containing high concentrations of
chromium, such as chrome-spinels. Previous workers?® have used epithermal irradiations to
enhance the activation of the noble metals and reduce background interference from the
matrix. In this work a cadmium filter reduced the activity from copper and chromium by
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a factor of 30. This paper describes a modified procedure of Nadkarni and Morrison® to
overcome these problems, applied to the determination of platinum, palladium, iridium and
gold. After an alkaline peroxide fusion and dissolution in acid, the sample solution is
reduced with iron(II) sulphate to convert chromium(VI) into chromium(III), which is not
collected by the resin. As it is difficult to remove the noble metals from the resin, they are
counted on it and the yield of the separation is measured for each sample by re-irradiating
the resin to activate the carrier. The yields were 90-100%, of gold and platinum, 80-909/
of palladium and 409, of iridium.

Experimental
Apparatus

The samples were irradiated in the University of London reactor at Silwood Park, Ascot.
The 30-h irradiations were made in the core-tube (10'2n cm~2s71), in an irradiation can
lined with cadmium 1 mm thick (Re; Au = 2.8). The 5-min irradiation to determine the
yield was made in a pneumatic irradiation system in the reactor core (2 x 102 n cm2s1).

The gamma-ray analyses were performed with a high-resolution lithium-drifted germanium
detector (nominal active volume, 42 cm?; resolution, 1.81 keV FWHM at 1.33 MeV; peak to
Compton, 36.3 at 1.33 MeV; Princeton-Gamma Tech), and a 4096-channel analyser (Link,
Model 290). The lead shielding surrounding the detector was covered with cadmium sheet
to avoid interference from lead X-rays.

Reagents

Analytical-reagent grade materials were used unless specified otherwise.
Hydrochloric acid, 12, 1 and 0.05 M.

Nityic acid, 16 M.

Ammonia solution, 15 M.

Sodium peroxide, powder.

Sodium hydroxide, pellets.

Scandium oxide. Specpure.

Iron(II) sulphate.

Ammonium tetrachloropalladate(I11). Specpure, Johnson Matthey Chemicals Ltd.
Tetrammineplatinum(II) dichlovide. Specpure, Johnson Matthey Chemicals Ltd.
Ammonium hexachloroiridate(IV). Specpure, Johnson Matthey Chemicals Ltd.
Potassium dicyanoaurate(I1I) solution. Specpure, Johnson Matthey Chemicals Ltd.
Srafion NMRR ion-exchange vesin. Ayalon Water Conditioning Co., Haifa, Israel.

Noble Metal Solutions

Dissolve accurately weighed amounts of the noble metal complexes in 1 m hydrochloric
acid to give stock solutions of 1-5 mg ml-1. Dilute the stock solutions with 1 M hydro-
chloric acid to give a carrier solution containing 10 g ml™ of iridium and gold and
500 g ml? of palladium and platinum. Further dilute these solutions 100-fold to give
standards containing 0.1 ug of iridium and gold and 5 ug of palladium and platinum in
100 pl of solution.

Ion-exchange Resin

Equilibrate the Srafion NMRR resin in 0.05 M hydrochloric acid for several hours before
packing in columns (120 mm X 7 mm i.d.) (5-ml disposable plastic pipettes) with a glass-
wool plug.

Irradiation

Prepare the standards for quantitative analysis by evaporating exactly 100-ul aliquots of
the standard solution on to 1 ml of Srafion NMRR resin, in a size 2 polythene irradiation
capsule (15 mm diameter X 10mm high). Weigh the powdered rock samples (0.1-0.3g)
into size 1 polythene irradiation capsules (15 mm diameter x 6 mm high). Place four rock
samples, two multi-element standards and one reference rock sample in the cadmium-lined
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irradiation can and irradiate it for 4 d in the reactor core-tube. When the samples have
been unloaded count the multi-element standards immediately and digest the rocks for
separation of the noble metals.

Radiochemical Separation

Transfer 0.1 ml of carrier solution into a new nickel crucible (capacity 25 ml) and leave
the solution to evaporate. Add a few milligrams of solid scandium oxide hold-back carrier
and 2 g of sodium hydroxide pellets. Transfer the active rock sample into the crucible and
cover the contents with 5 g of sodium peroxide powder. Heat the mixture with an electro-
thermal Bunsen burner and keep it at red heat for 15 min, swirling the mixture occasionally
to ensure isotopic equilibration between the carrier and the sample, and allow the melt to
cool to below 100 °C. Add 10 ml of de-ionised water to the melt while it is still hot. The
melt dissolves violently and, in order to avoid losses from effervescence, the crucible should
be placed in a glass filter-funnel over a round-bottomed flask and covered with a watch-glass.
Transfer the solution into the flask and repeat the dissolution step several times. Rinse the
nickel crucible with 12 M hydrochloric acid and the watch-glass and funnel with de-ionised
water, and transfer all washings into the round-bottomed flask. Add 12 M hydrochloric
acid to the dissolved sample until the solution is clear green. Add glass beads to the flask
and boil the solution for 5 min. If the sample is rich in copper, add 2 ml of 16 M nitric acid
before boiling. The solution will effervesce as any excess of peroxide boils off. Cool the
flask in cold water and, if the sample contains more than a few micrograms per gram of
chromium, add 1 g of solid iron(II) sulphate. Adjust the solution to pH 1-2 with ammonia
solution, taking care not to precipitate the iron(II) ions. Make the solution up to 100 ml
with de-ionised water and transfer the sample to the ion-exchange system. In this work an
automated system was used but the separation can be carried out manually. Pass the
sample solution on to the column at 2 ml min— and subsequently wash the resin with 0.05 M
hydrochloric acid. Then transfer the resin sample into a plastic counting vial (5 cm diameter
X 4 cm high). Repeat for the remaining samples.

Counting

Transfer the standard-loaded resin into a disposable plastic counting vial immediately
after it has been unloaded from the reactor. Add 4 ml of fresh Srafion NMRR resin and
mix well to give a uniform distribution of the activity. Count the standards for 1 h on the
lithium-drifted germanium detector with the sample as close to the detector as possible in
the Perspex sample holder of the sample changer. Determine the counts from the gamma-
ray energies of 19Pd, 199Au, 1]r and ¥8Ay, given in Table I, using the total peak-area method.
When the first rock sample has been processed, transfer the resin to the sample changer and
count for 3 h. Repeat for the remainder of the samples, including the reference rock.

TaBLE 1

NUCLEAR DATA FOR THE NOBLE METAL NUCLIDES MEASURED IN THIS WORK?!

Nuclide Half-life Gamma-ray energy/keV Interferences

19pq .. 55 13.4h 88.1 Pb X-rays at 87 keV from photon interaction
with detector shielding

19D oy 30.8 min — —

(decays to 1%8Au)

Ay .. e 3.14d 158.3 48¢ at 1569.5 keV from 47Ti(n,p); **Au from
198Au(n,y) where gold content > platinum
content

My .. - 19.2h 328.0 —

98Au .. s 2.70d 411.8 —

Yield Determination

Leave the resin samples to decay for 1 week before re-irradiation to determine the yield.
Transfer the resin to polythene capsules (15 mm diameter X 60 mm high) and dry at 80 °C.
Place the capsules in outer irradiation capsules (18 mm diameter X 70 mm high). Prepare
standards for the yield determination by evaporating 1.0 ml of carrier solution on 5 ml of
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Srafion NMRR resin in the polythene capsules used for the resin samples, packed in outer
irradiation capsules. Irradiate the samples and standards for 5 min in the pneumatic
irradiation system at 10-min intervals sequentially. Leave them to decay overnight in
order to remove the 3Cl activity from the resin. Transfer the samples and standards to
plastic counting vials and count them on the lithium-drifted germanium detector for 1Pd,
14Ty and B8Au for 5 min each. Platinum is separated on the resin as **Au and therefore
the yields for both gold and platinum are derived from the measurement of 1%Au.

Results and Discussion

Analysis of Sulphide Standards

The accuracy of the method was checked with reference material that had recommended
values for palladium, platinum and gold and experimental values for iridium. PTC?2 and
PTM2 are produced by the Canadian Certified Reference Material Project. PTC is a noble
metal-bearing sulphide concentrate containing 5.16%, of copper, 9.42%, of nickel, 23.59%, of
sulphur and 26.9%, of iron. PTM is a noble metal-bearing copper - nickel matte containing
30.29, of copper, 44.8%, of nickel, 1.568%, of iron and 21.69, of sulphur. The activity that
resulted from the copper content of the sulphides was reduced by epithermal neutron activa-
tion. The active sample solution was left in the oxidised state, as preliminary experiments
showed that the retention of copper on the Srafion NMRR resin was 19, of copper(II) com-
pared with 259, of copper(I). The noble metals are present in the sulphides at the micro-
grams per gram level and therefore the sensitivity was not a problem in the determination.
Table II shows that the analyses of the reference material gave good agreement with the
recommended values for the noble metals except for gold and platinum in PTC, which were
low. This may be attributed to inhomogeneities, which are enhanced by the small sample
size used, reflected by the large standard deviation on the results. Low results can be
caused by losses due to incomplete decomposition of the sample, but it would be expected
that if such a problem occurred it would also be seen in the analysis of PTM.

TaBLE 11
DETERMINATION OF THE NOBLE METALS IN STANDARD SULPHIDES

Concentration/ug g~
A

—
Sample Parameter Pd Pt Ir Au A

PTM .. .. Mean value (this work) 8.8 5.97 0.38 1.78
Standard deviation 1.6 0.53 0.07 0.32
Recommended value?? 8.1 5.8 0.25, 0.36, 0.81* 1.8
959, confidence interval 7.4-8.8 5.56-6.2 1.6-1.9

PTC .. .. Mean value (this work) 11.8 1.8 0.20 0.39
Standard deviation 1.8 1.1 0.06 0.23
Recommended value?? 12.7 3.0 0.12, 0.24, 0.01, 0.19* 0.65
959, confidence interval 12.0-13.0 2.8-3.2 0.55-0.72

* For information (not recommended).

Analysis of US Geological Survey Standard Rocks

The US Geological Survey reference rocks PCC-1 and DTS-1 were also analysed to deter-
mine both the sensitivity and the accuracy of the technique. There are no certified values
for the noble metals in these rocks but they have been measured by other workers and the
values are comprehensively listed in the literature.5 Palladium and platinum could not be
measured below the detection limit of 12 ug kg1, determined from 2.3 standard deviations
on the background. Table III shows that the values obtained for iridium and gold were
within the range of results obtained by other workers. An unexpected source of error was
found to be due to #’Sc interference at 159.5 keV, which contributed to the 158.3-keV peak
of ¥Aq, used in the determination of platinum. The 47Sc is the result of an n,p reaction on
irradiation of #Ti, which is enhanced by the epithermal neutron activation. The inter-
ference was removed by the addition of scandium oxide hold-back carrier. The detection
limits for iridium and gold were 1 and 0.1 ug kg2, respectively.
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TasLE 111
DETERMINATION OF THE NOBLE METALS IN STANDARD ROCKS

Concentration/ug kg—*
AL

r N

Sample Parameter Pd Pt Ir Au
PCC-1 .. .. Mean value (this work) <11 <20 4.2 1.0
Standard deviation 2.2 0.3

Results of other workers 3.0-7.2 3.5-15 2-6.7 0.63-3.4
DTS-1 .. .. Mean value (this work) <12 <12 2.4 1.1
Standard deviation 1.0 0.5

Results of other workers 1.8-6.1 4.7-11 0.3-4.5 0.45-1.4

Analysis of Chrome-spinels

The method was then applied to the analysis of chrome-spinels, containing about 309, of
chromium. The reduction step with iron(II) sulphate converted the chromate ions, which
gave 759, retention on the resin, into chromium(III), which was collected at only the 19,
level. However, the further reduction of the chromium activity by a factor of 30 with
epithermal irradiation was essential before the noble metals could be determined in the
chrome-spinels. The spinels were separated and purified prior to analysis and in most
instances the sample size was limited to less than 0.1 g. Table IV shows that the detection
limits for palladium and platinum in chrome-spinels are about 40 ug kg~!. The noble metal
concentrations in the chrome-spinels are presented as the means of three determinations in
most instances. The large variation of the values reflects the inhomogeneity of their distri-
bution within the sample.

TaBLE IV
DETERMINATION OF THE NOBLE METALS IN CHROME-SPINELS

Concentration/p.g kg~

J

p

Type of sample Location Code Pd Pt Ir Au
Stratiform complexes .. Bushveld 1930, 66(17) 64 + 40 215 + 7 74 + 18 24 4+ 05
Stillwater 1970, P20(1) <60 <110 184+ 7 2.2+ 14
Rhum RWR9 137 1+ 86 55,436 30 + 10 21 4+ 1.7
RWR13 118 + 49 147 + 92 34+ 3 28 +7
Rhodesia {Zimbabwe) RWRh2 150 + 56 330 4 180 140 4 26 2.2 4+ 2.7
Oregon RWThl 85 4 50 <30, 83 474+ 11 2.2 4+ 16
Alpine-type deposits .. Greece RWGR2 <20 <30 27+ 8 0.29 4+ 0.20
RWGR3 430 170 5 5.7
Pakistan RWP1 <40 <40 26 + 17 0.97 + 0.49
RWP3 < 60,350 <40 39+ 6 2.3 + 38
Turkey RWTI14 <30,140 190 49 + 23 11+ 08
RWT16 170 <30 59 4.1
Unst SuU1l 3.7 <14 23 + 4 15 4+ 0.6
Conclusions

A rapid and simple procedure has been established for the routine determination of the
noble metals in geological samples. Palladium, platinum, iridium and gold are measured
simultaneously in five samples within 18 h of being unloaded from the reactor. Except for
the initial digestion of the samples, the procedure can be automated for unattended operation.
The precision of the method has been confirmed by analysis of standard rocks and the
sensitivity is adequate for samples containing iridium and gold at the micrograms per kilo-
gram level and platinum and palladium at levels above 50 ug kg~*. The scheme is particu-
larly suited to the analysis of samples that contain very high concentrations of copper and
chromium,

The author gratefully acknowledges P. Henderson, British Museum (Natural History),
and R. J. Wood for supplying the samples of chrome-spinel.
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Determination of Aluminium in Wood Pulp Liquors
Using Graphite Furnace Atomic-absorption
Spectrometry

o
J.-A. Persson, W. Frech, G. Pohl and K. Lundgren
Department of Analytical Chemistry, University of Umed, S-901 87 Umed, Sweden

A graphite furnace atomic-absorption spectrometric method for the deter-
mination of 0.5-100 ug ml-! of aluminium in matrices containing chlorine
and high concentrations of sulphur is described. The precision of the over-all
procedure was 49,. Graphite tube conditions and the composition of the
matrix were found to change the sensitivity for aluminium.

Keywords: Aluminium determination; graphite furnace atomic-absorption
spectrometyy; sulphur intevfevence; chlovine intevference, grvaphite tube
conditions

Cellulose pulp is produced by cooking wood in a solution of sodium sulphite and sodium
hydrogen sulphite. In order to minimise emissions and production costs, the chemicals used
in the process have to be recycled as much as possible. The recycling of the cooking liquor
includes neutralisation and evaporation. Part of the condensate is removed from the process
in order to prevent accumulation of compounds originating from the raw materials. The
remaining part is combusted and re-used in the process. The wood used as raw material
contains calcium and oxalate compounds at such levels that severe problems caused by
calcium oxalate incrustations arise during condensation in the evaporation plant. These
problems can be avoided by adding small amounts of aluminium to the liquors before
neutralisation. The added aluminium forms strong complexes with oxalate ions, thus
preventing calcium oxalate depositions. The concentration of aluminium in the liquors has
to be controlled carefully, as high concentrations will lead to precipitation of aluminium
silicate and aluminium hydroxide.

At the Domsj6 plant, aluminium was determined in wood pulp liquors by precipitation
followed by colorimetry! or flame atomic-absorption spectromety? and by a procedure
involving extraction of aluminium as a chelate followed by flame atomic-absorption spectro-
metry.® These methods are laborious and time consuming. The high sensitivity of graphite
furnace atomic-absorption spectrometry has been exploited to develop simple and rapid
methods for the direct determination of aluminium in a variety of matrices, e.g., steels,45
aerosols,® petroleum products’ and biological materials.®:® The purpose of this work was to
develop a graphite furnace atomic-absorption spectrometric method for the direct determina-
tion of aluminium in wood pulp liquors.

Experimental
Apparatus

A Perkin-Elmer 372 atomic-absorption spectrometer provided with background correction
and a research - spectrophotometer were used. Both instruments were equipped with
HGA-74 graphite furnaces. The HGA-74 furnaces were connected to home-made power
supplies with facilities for temperature-controlled heating of the graphite tubes.’® Tempera-
ture settings referring to the inner surface of the graphite were calibrated with an NiCr - Ni
thermocouple below 1000 °C and with an optical pyrometer (Keller Spezialtechnik Pyro
Werk GmbH, Model PBO6AF3) at higher temperatures. Samples were injected with a
Perkin-Elmer automatic sampler, Model AS-1, or manually with Oxford micropipettes.
The recorder output of the spectrometer was connected to a peak-reader module!! which
provided simultaneous recordings of the peak height and the peak area. The results given
in this paper are based on the peak-height absorbance values because better precision was
obtained in this way. The peak reader was connected to a printer (Newport Laboratories
Inc., Model 810) and a strip-chart recorder (Perkin-Elmer, Model 56). The instrumental
parameters are given in Table 1.
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TasLE I
INSTRUMENTAL PARAMETERS

Timefs Temperature/°C

Drying - .. 35 100 Wavelength/nm . .. 309.3
Ashing - .. 60 1200 Slit/nm .. ss 0.7
Delay - - 4 — Metal lamp current/mA s 7
Atomisation .. e 6 2400 Deuterium lamp . as On
Clean-out .. . 6 Maximum Hydrogen lamp/mA .. . 20*
Sample volume/pul oo - 1-100t
Argon flow-rate/l min—1—
Internal s s . 0.35%
External - 1.3

* Only used with research spectrophotometer for the determination of the background.

t Depending on the concentration of aluminium. The same volumes have to be used for
standards and unknown samples.

1 Gas-stop during atomisation.

Dry Ashing of Evaporated Liquor and Dried Pulp Samples

One gram of evaporated liquor was transferred into a platinum crucible. The sample was
dried at 100 °C for 4 h and then placed in a furnace at 1000 °C for 4 h. After cooling the
residue was dissolved in 2 ml of concentrated nitric acid and diluted to 100 ml with water.

Reagents and Materials

Nitric acid (6569 V/V) and sodium chloride were Merck Suprapur grade products.
Aluminium metal, sodium sulphide, sodium sulphate and sodium carbonate were Merck
analytical-reagent grade materials. Sodium thiosulphate and sodium sulphite were obtained
from Riedel de Haen (analytical-reagent grade) and sodium hydrogensulphite from Mallin-
kcrodt (analytical-reagent grade). All absorbance values obtained in the investigation of
matrix components were corrected for blank values. Solutions were stored in polyethylene
bottles.

All apparatus was washed with 4 M nitric acid.

Stock aluminium solution, 100 ug ml= of aluminium. Dissolve 0.100 g of aluminium in
5 ml of concentrated nitric acid, transfer the solution into a 1-1 calibrated flask and dilute
to volume with water.

Stock artificial matrix solution. Transfer 40 g of sodium sulphate, 10 g of sodium carbonate
and 2 g of sodium chloride into a 1-1 calibrated flask, adjust to pH 1 with nitric acid and
dilute to volume with water.

Artificial solutions of sulphide liguor and green liguor. Prepare solutions containing the
salt concentrations given in* Table II. Transfer 1 ml of each solution into two separate
100-ml calibrated flasks and dilute to volume with water.

TasLE 11
APPROXIMATE COMPOSITION OF THE LIQUORS ANALYSED
Green liquor Sulphite liquor from scrubber Evaporated liquor
r A AN S S N i Y
Concentra- Concentra- Concentra-
Component tion/g 1-* Component tion/g 11 Component tion/g 12
Na - - e 80 Na .. .. 50 Na .. .. 50
* Total sulphur .. .. 40 Total sulphur . 35 Total sulphur .. 60
Na,S .. . .. 85 NaHSO, .. .. 19 NaCl .. 2
Na,CO; .. .. .. 45 Na,CO,3 .. .. 3 Organic material .. 580
Na,SO, .. 7 Na,SO, .. .. 10
Na,S,0,. . 5 Na,S,0, . .. 8
NaCl .. 2 Na,SO, .. .. 102
NaOH 1 NaCl .. .. 1
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Procedure

Preparation of Sample Solutions
Ligquors containing 0.5-10 ug ml= of aluminium

Evaporated liguor. Weigh 1g of sample into a 100-ml calibrated flask, add 0.5 ml of
nitric acid (65%,) and dilute to volume with water.

Sulphite liguor from scrubber. Transfer 1 ml of sample into a 100-ml calibrated flask and
add 0.5 ml of nitric acid (65%,). Dilute to volume with water.

Green liguor. Transfer 1 ml of sample into a 100-ml calibrated flask and dilute to volume
with water.

Ligquors containing 10-100 pug ml~ of aluminium
Proceed as described above but dilute the samples to 11 instead of 100 ml

Preparation of Standard Solutions
Aluminium standard solutions

Transfer 0, 2.0, 5.0, 7.0 and 10.0 ml of stock aluminium solution into 100-ml calibrated
flasks. Add 0.5 ml of nitric acid (65%) and dilute to volume with water.

Standards prepared in an artificial matrix for determination of aluminium in the range 0.5—
10 ug mi—?

Transfer 1.0-ml aliquots of each of the aluminium standard solutions into 100-ml cali-
brated flasks each containing 1 ml of the stock artificial matrix solution. Dilute to volume
with distilled water.  These solutions contain 0, 0.02, 0.05, 0.07 and 0.1 pg ml= of
aluminium.

Standards prepared in distilled water for determination of aluminium in the range 10-100 ug ml™1

Transfer 1.0-ml aliquots of the aluminium standard solutions into 100-ml calibrated flasks
and dilute to volume with distilled water. These solutions contain 0, 0.02, 0.05, 0.07 and
0.1 ug ml~? of aluminium.

Measurement

Use the instrumental parameters given in Table I and determine the aluminium contents
of green liquor, sulphite liquor from the scrubber, standards and blank solutions, at least in
duplicate. For evaporated liquor, samples have to be run in triplicate. For every fourth
sample a standard should be run. The aluminium concentration in green liquor and sulphite
liquor from scrubbers is determined by evaluating the mean of the peak-height absorbances
of standards, blanks and samples. For evaporated liquor samples, only the mean of the
second and third determinations is evaluated.

Results and Discussion

The composition of the liquor changes during the processing of wood pulp. As the
aluminium concentration has to be monitored during the whole process, determinations have
to be made in solutions representing different matrices. Mean values of the main constituents
of the different types of liquors involved in the processing of wood pulp are given in Table
II. Depending on the composition of the raw materials used and the processes involved,
the contents of sulphur and chloride in the different liquors may also vary from day to day.
The effect of this variation on the graphite furnace atomic-absorption spectrometric deter-
minations had to be investigated in detail in order to obtain an accurate procedure. In
previous publications!?.13 it was shown that the determination of aluminium by the graphite
furnace technique suffers from interferences in the presence of both sulphur and chloride.

Optimisation of Ashing Temperature

Fig. 1 shows the effect of the ashing temperature on the sensitivity for aluminium in the
three types of liquors investigated (upper curves) and the magnitude of the non-specific
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Fig. 1. Relative peak absorbance for aluminium as a function of
the final ashing temperature: A, evaporated liquor; B, sulphite
liquor from scrubber; C, green liquor; and D, the background in
green liquor. All samples were diluted 1 + 99. The aluminium
contents for evaporated liquor, sulphite liquor from scrubber and
green liquor were 0.2, 0.3 and 0.14 pg ml—?, respectively.

absorbance for green liquor (lower curve). The high salt concentration of the liquors gave
rise to a disturbing non-specific absorbance at temperatures below 800 °C. For example,
the non-specific absorbance for a green liquor sample diluted 1 4 99 and charred at 500 °C
was 0.4. The background can be removed almost completely by ashing at 1100-1250 °C
and in addition optimum sensitivity for aluminium is obtained. As the sensitivity with the
evaporated liquor is only slightly decreased at 1200 °C, this temperature was used for all
matrices. An ashing time of at least 60 s was needed to obtain these optimum conditions.

At the ashing temperature chosen the reproducibility was found to be typically about 3%,
compared with 5%, at 500 °C. The impaired reproducibility and the lower sensitivity at
500 °C are probably caused by a time overlap in the furnace between the volatilisations of
analyte atoms and the interfering species thereby increasing the number of gaseous aluminium
molecules formed.

Sensitivity and Graphite Tube Conditions

During this work it was found that the sensitivity for aluminium varied from tube to
tube. The magnitude of this variation was normally 259%, but could be as much as 100%,.
However, the relative change in sensitivity between tubes was found to be equal in the
liquors and aqueous solutions. In order to be able to compare results obtained with different
tubes, all solutions had to be run relative to 0.01 M nitric acid. However, for a particular
tube the sensitivity changed only slightly during its lifetime. This is illustrated in Fig. 2, in
which the results of determinations of aluminium in 0.01 M nitric acid as well as in a sulphide
liquor sample are shown. The useful lifetime for a graphite tube was found to be dependent on
the type of solution determined. For liquor samples diluted 1 + 99, a tube could be used for
50-60 determinations. With more dilute solutions, up to 100 determinations could be per-
formed. Before use each graphite tube was conditioned by three blank firings at maximum
temperature.

Interferences from Sodium Sulphate and Sodium Sulphide

The sensitivity of the graphite furnace atomic-absorption spectrometer made it possible
to dilute samples 100- to 1000-fold. After these dilutions samples contained less than
0.35 mg ml~* of sodium sulphate and less than 0.85 mg ml~! of sodium sulphide. Table III
gives the relative sensitivity for aluminium in the presence of various concentrations of
sodium sulphate. It can be seen that the signal for aluminium was enhanced in 0.01 M
nitric acid solution for increasing salt concentrations.
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Fig. 2. Sensitivity for aluminium during the lifetime of a graphite tube. A, 0.1 ug ml-? of aluminium in
0.01 M nitric acid; and B, 0.07 pg ml-! of aluminium in a sulphite liquor from scubber sample diluted
1+ 99.

However, in the liquors and liquor-like matrices the aluminium signals decreased at the
corresponding sulphate concentrations. With sodium sulphide similar interferences were
obtained. The results are given in Table IV. These results show the importance of investi-
gating interferences in solutions with compositions matching the samples as closely as
possible. Tables IIT and IV also show that the magnitude of the interference effects obtained
is dependent on the type of sulphur compound, as the effect of sodium sulphate is larger
than that of sodium sulphide. However, the sensitivity for aluminium is decreased by a
maximum of 159, in the presence of the highest tested concentrations of these sulphur
compounds. Minor variations in the concentration of sodium sulphate and sodium sulphide
in the liquors will therefore have a negligible effect on the analytical results provided that
the procedure given above is followed.

TasBLE III

RELATIVE INTERFERENCE EFFECTS OF SODIUM SULPHATE ON THE SENSITIVITY
FOR ALUMINIUM IN DIFFERENT MATRICES

Relative absorbances corrected for reagent blank values are given.

Sulphite liquor from

Green liquor* scrubber*
Na,SO, added to Evaporated ———r—— ———t—
sample/mg ml-? 0.01 M HNO,; liquor* Artificial Sample Artificial Sample
0 100 100 100 100 100 100
1 105 94 91 94 99 96
2 109 93 87 86 95 94
4 112 90 85 85 95 92

* Evaporated liquor was diluted 1 4 649, green liquor 1 - 49 and sulphite liquor from scrubber 1 4 199.

Interferences from Sodium Chloride

The effect of 0-1.5 mg mlI~! of sodium chloride on the determination of 60 ng ml~! of
aluminium was first investigated in artificial solutions of green liquor and sulphite liquor
from the scrubber. No interferences were observed in these solutions. The experiment was
repeated with real samples diluted 1 + 99 and the results are shown in Fig. 3. It can be
seen that the sensitivity for aluminium is unaffected by chloride in green and evaporated
liquor samples, whereas in the sulphite liquor sample from the scrubber the sensitivity for
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TaABLE IV

RELATIVE INTERFERENCE EFFECTS OF SODIUM SULPHIDE ON THE
SENSITIVITY FOR ALUMINIUM*

Relative absorbances corrected for reagent blank values are given.

Green liquor
Na,S added to sample/ — A —
mg mi-! 0.01 m HNO, Artificial Sample
0 100 100 100
1 95 97 101
2 105 96 95
4 106 95 96

* For the dilution factors used, see Table III.

aluminium is decreased by 50%. The interference with the sulphite liquor is probably
caused by a combined action of the chlorides added and some minor component not listed in
Table II. The minor component is assumed to form stable chlorides which cannot be
removed by ashing at 1200 °C. During atomisation these chlorides must be volatilised
simultaneously with aluminium in order to favour the formation of gaseous aluminium
monochloride molecules. In this way the free atom concentration will be decreased, resulting
in lower absorbance signals. :

Liquor samples diluted 1 4 99 will contain 0.01 mg ml— of sodium chloride. From the
results given in Fig. 3 it can be seen that even a 10-fold variation in the sodium chloride
concentration will change the sensitivity for aluminium by only 5%,. This means that the
analytical results are relatively unaffected by large variations in the sodium chloride content.

0.25
X A
3 0.20
[+
3 B )
s Lo/
8ok ¢ \i\ .
[=]
a8 \v
<
0.10 -
L 1 1

05 1.0 1.5
Sodium chloride added/mg mi~’

Fig. 3. Interference effects of sodium chloride on
the peak absorbance of aluminium. A, Sulphite liquor
from scrubber; B, green liquor; and C, evaporated
liquor.

Combined Effects

For the determination of aluminium the green and sulphite liquors using the instrument
parameters given in Table I, typical relative standard deviations-of 3%, were obtained
whereas for the evaporated liquor a typical value was 10%,. The reason for this poor precision
can be understood by studying the peak height signals given in Fig. 4. After conditioning
the tube, triplicate determinations of aluminium were made alternately in 0.01 M nitric acid
(thin peaks) and evaporated liquor (thick peaks). Initially aluminium was determined in
the nitric acid solution. The precision was better than 29,. The evaporated liquor was
then tested. It can be seen that the sensitivity is markedly decreased after the first deter-
mination of the evaporated liquor after which the sensitivity is stabilised. In 0.01 M nitric
acid the signal is depressed for the first determination and the original sensitivity is then
regained. It is also shown in Fig. 4 that these variations in sensitivity were reproducible.
For both solutions the over-all precision is poor; however, if the first determination in each
series is excluded, relative standard deviations of about 39, are obtained. The evaporated
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Fig. 4. Tllustration of memory effects on the determination of
aluminium caused by evaporated liquor. Thin peaks, 0.1 pg ml-? of
aluminium in 0.01 M nitric acid; thick peaks, 0.07 ug ml-! of aluminium
in evaporated liquor.

liquor contains a much greater amount of organic matter than the other liquors investigated
and this was initially assumed to cause the irregularities described above; however this was
shown not to be the case because results similar to those shown in Fig. 4 were obtained for
evaporated liquor samples in which the organic matter had been removed by ashing.

The relative sensitivities obtained in the three types of liquors, an artificial standard
solution and 0.01 M nitric acid were also investigated. This was accomplished by using the
standard-addition technique. The slopes obtained in the linear range were taken as a
measure of the sensitivity. Table V shows the slopes for samples diluted 1 + 99 and the
artificial standard solution relative to 0.01 M nitric acid. As can be seen in the table the
ratios are 109, less than unity and hence calibration against standards in 0.01 M nitric acid
will give results that are too low. It was also shown that correct analytical results for the
three types of liquors would be obtained by standardisation against the artificial standard
solution. No interferences were observed in samples diluted 1 + 999 and therefore aqueous
standards could be used for calibration.

TaBLE V

SENSITIVITY FOR ALUMINIUM IN THE DIFFERENT SAMPLE TYPES
RELATIVE TO 0.01 M NITRIC ACID

Slope of sample graph
Sample Slope of graph for 0.01 M HNO,
Green liquor 78 §% = £3 0.89
Evaporated liquor. . sz o s 0.88
Sulphite liquor from scrubber .. 53 0.92
Artificial standard solution ¥ w1 0.88

Analytical Results

No liquor samples with certified values for aluminium were available. In order to test the
validity of the proposed method, determinations of aluminium in sulphite liquor from scrubber,
green and evaporated liquor samples were made by two other methods. In addition a
number of liquor samples from other stages in the processing of wood pulp were included.
The results obtained for the different methods can be seen in Table VI and the agreement is
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acceptable. The typical precision of the over-all graphite furnace atomic-absorption spectro-
metric procedure is 49,.

TasBLE VI

COMPARISON OF RESULTS OBTAINED FOR THE DETERMINATION OF ALUMINIUM
BY GRAPHITE FURNACE ATOMIC-ABSORPTION SPECTROMETRY WITH RESULTS
OBTAINED BY OTHER METHODS

Graphite furnace Flame atomic-
atomic-absorption spectrometric  absorption spectrometric

Sample method/ug ml-! method/ug ml—1
Green liquor I .. o T - 72 661
Green liquor IT s is i 22 24*
‘White liquor .. W <3 o 106 100%
Evaporated liquor .. i - 33§ 324§
Sulphite liquor from scrubber 4.5 4.5*
Sulphite liquor from scrubber II 3.9 3.9*
Spent sulphite liquor 1 . 7.9 7.8*
Spent sulphite liquor II 3.5 2.8*
Hot water from scrubber 0.5 0.6*
Water from chloride scrubber 3.6 3.1*
Dried pulp} 9.6§ 9.1*§

* Determination of aluminium by atomic-absorption spectrometry with dinitrogen oxide - acetylene
flame after precipitation.?

t Extraction of aluminium as a chelate followed by flame atomic-absorption spectrometry.?

{ Dry ashing of the sample.

§ Concentration in micrograms per gram.

The authors thank Dr. B. Eriksson, Swedish Forest Products Research Laboratory, for
providing samples, Mr. K. Nilsson and Mr. K. Bergner, MoDoCell AB, for details of the
processes used in the factory and Dr. M. Sharp for linguistic revision of the manuscript.
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Determination of 2-Aminobutane in Potatoes Using
High-performance Liquid Chromatography

K. A. Scudamore
Ministry of Agriculture, Fisheries and Food, Slough Laboratory, London Road, Slough, Berkshive, SL3 TH |

Development work on the use of 2-aminobutane to control certain potato-
tuber diseases necessitated the development of a convenient and sensitive
analytical method for residue determination. The amine was distilled from
potatoes, dansylated and determined using reversed-phase high-performance
liquid chromatography with fluorescence detection. Recovery of 2-amino-
butane by distillation was about 959, from standard solutions and 929, from
treated potatoes. The lower limit of detection is below 0.2 ug kg1

Keywords: 2-Aminobutane determination; potatoes ; residues ; high-performance
liquid chvomatogvaphy ; fluovescence detection

The control of decay in citrus fruits by treatment with an aqueous solution of 2-aminobutane
was described by Eckert.! Later, application of the compound as a vapour was found to
control the potato-tuber diseases gangrene, skin spot and silver scurf%? and a method for the
treatment of small bulks of potatoes in fumigation chambers was developed.# The Ministry
of Agriculture, Fisheries and Food and the Department of Agriculture and Fisheries for
Scotland have prepared recommendations for safe and efficient use of 2-aminobutane for
fumigation of potatoes.®? Recently, more extensive trials have shown that large bulks of up
to 1000 tons or more of potatoes can be treated successfully ¢» situ in store. Heavy sorption
of 2-aminobutane vapour occurs particularly in the peel.3® Residues, mainly in the form of
amine salts, can persist for lengthy periods. However, achievement of a certain residue level
is necessary for protection of the potatoes from disease. Sampling and analysis of 2-amino-
butane in potatoes in bulk fumigations can give an indication of the likely success of the
treatment as well as the safety of the process. Investigation of these factors in relation to
the residue contents during storage and processing has necessitated the development of a
simple and sensitive analytical method for their determination.

Day et al.” described a method for steam distillation of 2-aminobutane from fruit and this
was later found to be equally applicable to potatoes.? In the method described here distilled
amine extracts are dansylated and determined using high-performance liquid chromato-
graphy (HPLC) with a fluorescence detector.

Experimental
Distillation

Take four potato tubers from the bulk sample and quarter them. Finely chop one quarter
of each potato and mix the four bulked portions thoroughly. Transfer 50 g of the bulked
potato sample into a 500-ml round-bottomed flask and add 50 ml of distilled water, 40 ml
of 1 M calcium chloride solution, 5 g of magnesium oxide slurried with 25 ml of water and a
drop of anti-foaming agent. Use a further 50 ml of water to wash down the sides of the
flask. Attach a distillation head and water condenser to the flask and heat the mixture to
boiling. Collect the first 70 ml of the distillate in 10 ml of 0.3 M sulphuric acid. Pour the
whole into a 250-ml beaker and adjust the pH to 9.0 using 0.5 M sodium hydroxide solution.
Transfer into a 100-ml calibrated flask and make up to volume with distilled water.

Derivatisation
Reagents

Borate buffer, pH 9.0. Add 124 g of boric acid to 100 ml of 0.1 M sodium hydroxide
solution and dilute to 11 with distilled water. Mix 85 ml of this solution with 15 ml of
0.1 M hydrochloric acid.

Dansyl chloride (1-dimethylaminonaphthalene-5-sulphonyl chloride). A 3 mg ml~! solution
in dry analytical-reagent grade acetone. Store in the dark at 0 °C.
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Standard solutions of 2-aminobutane in water, 20, 40 and 100 pg ml—1.
Solution of analytical-reagent grade aniline (0.2 g) in analytical-reagent grade acetone (50 ml).
Hydrochloric acid, 1 M.

Preparation of dansylated aniline stock solution

Add 1 ml of the aniline in acetone solution to 5 ml of borate buffer and 10 ml of dansyl
chloride in a 100-ml calibrated flask. Shake and leave for 4 h in darkness at room tempera-
ture. Add 1 ml of 1 M hydrochloric acid to hydrolyse excess of dansyl chloride. Make up
to volume with acetone and store in the dark at 0 °C. Under these conditions the dansylated
aniline stock solution has been found to be stable for at least 3 months.

Preparation of dansyl 2-aminobutane standards

Mix 2-ml aliquots of the different standard solutions of 2-aminobutane with 2 ml of borate
buffer and 2 ml of dansylated aniline stock solution, as an internal standard, in a 10-ml
calibrated flask. Add 2 ml of dansyl chloride solution and leave for 1 h at room temperature
in darkness. Destroy excess of chloride by the addition of about 0.1 ml of 1 M hydrochloric
acid and make up to volume with acetone.

Dansylation of samples

Derivatise 2-ml aliquots of the sample distillates as in the previous section, adding 2 ml
of dansyl aniline to each as an internal standard.

Chromatography

Set any suitable isocratic constant-flow HPLC system to deliver a de-gassed solvent
mixture of methanol (doubly distilled or ultra-pure grade) and water, 65 + 35 % V/V, at a
flow-rate of 0.8 ml min—! to a 10 cm X 4.6 mm i.d. column packed with Hypersil 5 SAS.
Inject 1-20 pl aliquots of standards and samples. Measure the fluorescence of eluting peaks
with a suitable fluorescence detector. A Gilson Spectra GLO fitted with a broad-band
390 mm cut-off input filter and a 460 nm cut-on output filter was used in this work. Feed
the output signal to a recording integrator or recorder. Under these conditions dansylated
aniline elutes at 3.2 min and dansyl 2-aminobutane at 3.9 min. Area counts or peak heights
obtained for the samples are compared with those for 2-aminobutane standards using internal
standards correction.

Calculation

Ap X Ng X Vi x 100
As X Np X I x W x M

2-aminobutane/mg kg =

where 4, = area count (peak height) for potato sample; As = area count for 1 ng of
2-aminobutane standard; Ny = area count for aniline in the standard; N, = area count for
aniline in the sample; V5 = nominal volume of derivatised solution in millilitres; I = injection
volume in microlitres; W = mass of potato sample in grams; and M = volume of sample
distillate taken for derivatisation in millilitres.

Results and Discussion

The rate of formation of the dansyl derivative of 2-aminobutane is shown in Fig. 1. Two
solutions containing 103 and 51.5 ug ml~! of 2-aminobutane were derivatised as described
below. Aliquots of these solutions were taken during the reaction period and injected
directly into the chromatograph. After 2h a further 1 ml of dansyl chloride solution was
added and further aliquots were taken for analysis. The amount of derivatised product
reached a maximum value within 1 h and then remained constant. The addition of further
dansyl chloride did not increase the relative size of the derivative peak, taking into account
changes in total solution volume, compensated for by use of the internal standard. A
logarithmic plot of detector response against amount of dansyl 2-aminobutane (Fig. 2) shows
that a linear calibration was obtained over the range 0.5-200 ng of dansyl 2-aminobutane
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Fig. 1. Rate of dansylation of 2-aminobutane solution
at room temperature: A, 103 yg ml—t; and B, 51.5 pg ml—*.

using either peak-area or peak-height measurements. Although no absolute standards were
available, the evidence presented in Figs. 1 and 2 indicates that all the amine has reacted, or
at least a very consistent percentage of it.

Both the dansyl derivatives of 2-aminobutane and that of aniline were stable for several
months when stored at 0 °C in the absence of light. When two derivatised solutions from
distilled potato extracts were stored for 3 months at 0-2 °C in darkness, the peak-area ratio
of dansyl 2-aminobutane to internal standard changed by only 1 and 49, respectively, over
the period.

Peak height/mm

10 }

Peak area count

1 10 100
Amount of 2-amino-
butane dansylated/ng

Fig. 2. Relationship between detector
response and amount of 2-aminobutane
dansylated: A, peak area; and B, peak
height.

A print-out obtained from a computing integrator of a typical chromatogram for a
derivatised sample of distilled potato extract is shown in Fig. 3. The printed report gives
peak retention times (RT), the method of integration used (Type), peak area, a peak-
reference number (ID) and the residue of 2-aminobutane in potatoes in milligrams per kilo-
gram (AMT).

No additional peaks, other than that due to the 2-aminobutane derivative, are seen when
compared with the pattern obtained with a sample of untreated potatoes. The peak at
2.19 min produced by both treated and untreated samples was shown to correspond, in
retention time, to the dansyl derivative of ammonia (l-dimethylaminonaphthalene-5-
sulphonamide). The peak heights shown represent injection of approximately 100 ng of
aniline internal standard (3.21 min) and 20 ng of 2-aminobutane (3.94 min).
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Fig. 3. Reversed-phase liquid chromatography of dansylated 2-amino-
butane (3.94) extracted from fumigated potatoes. Internal standard (ISTD),
dansylated aniline (3.21).

Although the method as described will determine residues below 1 mg kg™, sensitivity
may be further increased, if necessary, by using a larger sample of potato, e.g., 100 g, by
increasing the volume taken for derivatisation up to 5 ml or by evaporating the derivatised
solution to dryness and re-dissolving in as little as 200 ul of methanol. Recoveries from
standard solutions of 2-aminobutane through the distillation and derivatisation stages
averaged 95%, (Table I). This rate of recovery remained unaffected by the presence of
50 g of chopped potatoes in the distillation flask. On several occasions a further 30 ml of
distillate were collected but no 2-aminobutane could be detected in this, confirming that all
the compound is distilled over in the initial 70 ml, as outlined in the procedure. In further
recovery experiments, 2-5 ml of 2-aminobutane in water were dripped on to 50 g of chopped
potatoes in 500-ml distillation flasks. The flasks were stoppered and stored for 24 h at
room temperature, after which time no excess of liquid was visible. The standard reagents
were then added and the 2-aminobutane was distilled out and determined. No drop in recovery
was recorded at the 5 mg kg1 level and above (Table I). However, recovery was somewhat
lower at the 1 mg kg level but this might be due in part to loss of 2-aminobutane from the

TaBLE 1
RECOVERY OF 2-AMINOBUTANE BY DISTILLATION

2-Aminobutane Residue
added/mg equivalent/mg kg—! Recovery, % Mean, %
Standard solutions—
5.15 103 95.7, 92.0 93.8
4.65 3 101.0, 94.8, 91.8 95.9
2.06 43 96.2, 99.0 97.6
1.86 37 96.5, 99.9, 94.8 97.3
0.93 18.6 85.3, 89.5, 94.5 89.6

Mean of 13 samples  94.9

Standard solutions + potatoes—

4.65 93 98.5, 93.4, 92.4 94.8
0.93 18.6 99.9, 99.0, 90.2 96.4
0.51 10.2 92.2, 95.1, 96.6 94.6
0.256 5.1 99.9, 98.9, 93.2 97.3
0.068 1.4 94.7, 87.6, 88.2 90.2

Mean of 15 samples 94.6

Treated potatoes—

4.65 93 99.2, 93.5, 93.5 95.9
0.256 5.1 96.7, 95.1, 93.6 95.1
0.068 1.4 88.1, 84.0, 82.6 84.9

Mean of 9 samples  92.0
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apparatus during the treatment period. Typically, a potato sample could be prepared,
distilled, derivatised and chromatographed in about 3 h and in practice 4-5 samples could
be handled together.

Table II gives results showing the disappearance of 2-aminobutane from two 30-ton bulks
of treated potatoes stored below 10 °C for 8 months in two metal bins. Samples were taken
from three positions in each bin. In bin A the residue dropped from 24 to 2 mg kg™ but
in B only from 28 to 9 mg kg!. However, in A intermittent through-ventilation was carried
out while in B a system using continuous re-circulation of air was in operation.

TaBLE 11
LoSs OF 2-AMINOBUTANE RESIDUES FROM POTATOES DURING STORAGE

Residue/mg kg

Sampling

Bin position October June
A 1 27 2
A 2 18 1
A 3 28 3
B 4 27 11
B 5 29 7
B 6 28 9

During development of the method both normal-phase and reversed-phase systems were
used. The short alkyl chain reversed-phase packing material was found to give better
separation of the dansyl 2-aminobutane peak from dansyl aniline than on the octadecasilyl
packing materials used. With normal-phase operation the elution order of these peaks is
reversed. Reversed-phase separations were found to be more reproducible and did not
suffer from the interference experienced with normal-phase packings owing to the late
emergence of the peak for the sulphonamide derived from ammonia present in all distilled
potato samples. Columns were found to have a long life, but were occasionally flushed out
with 100%, methanol to remove any impurities that had accumulated on the packing.
Although dansyl derivatives also absorb in the ultraviolet region, fluorescence detection is
more selective. It also gives a better signal to noise ratio and hence better sensitivity.

Conclusions

The analytical technique described provides a quick and sensitive method for determina-
tion of 2-aminobutane in distillates from potatoes. The dansylation of 2-aminobutane in
acetone and water solution at pH 9.0 has been shown to be completed in 1h at room
temperature, providing the basis for a convenient analytical method for studying residues in
potatoes after treatment.
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Pyrolysis - Gas Chromatography of Proline,
Hydroxyproline and Related Peptides®

Roger M. Smith, Sanaa A. K. Shawkat and William P. Hayes

Department of Chemistry, University of Technology, Loughbovough, Leicestershive, LE11 3TU

On pyrolysis using a Curie point analyser at 770 °C proline and hydroxy-
proline (cis- and #ramns-) yielded as their major products a previously un-
reported fragment, tentatively identified as l-pyrroline, and pyrrole, respec-
tively. A number of dipeptides and a tripeptide containing these hetero-
cyclic amino acids were also examined. All the degradations were found to
be dependent on the pH of the solution that was examined.

Keywords: Proline; hydvoxyproline; pyrolysis - gas chromatography; di-
peptides

Pyrolysis - gas chromatography is increasingly being used to compare peptides and proteins
as it is a convenient, direct method, avoiding the hydrolysis and derivatisation required by
conventional gas - liquid chromatography (GLC).!.2 The pyrograms formed are often
complex and are used as fingerprints, few of the components being identified. As part of an
investigation to examine the feasibility of identifying the amino acids in a peptide from
characteristic pyrolysis fragments, we have previously examined histidine and 3-methyl-
histidine.® In this paper we report our studies on proline, cis- and frans-hydroxyproline and
on a number of peptides containing these amino acids, and show that the free amino acids
have distinctive pyrograms, contrary to earlier reports.

These amino-acids are of particular interest because of the presence of a high percentage
of hydroxyproline in collagen and as a marker of the metabolic disorders hydroxy-
prolinaemia and hyperprolinaemia. As a result a range of alternative analytical methods
have been reported including spectrophotometry*.5 and gas - liquid chromatography following
derivatisation.®

A number of previous workers have examined the pyrolysis of proline and hydroxyproline
using different conditions. The first studies were by Winter and Albro, who used filament
pyrolysis and reported peaks from proline corresponding to ammonia, methyl or dimethyl-
amine and tripropylamine or benzene.” In 1964 Simon and Giacobbo found pyrrolidine to
be the major product from proline? although in a later paper both proline and hydroxy-
proline were reported to give similar pyrograms at 700 °C with pyrrole as the major
product.? This conclusion was confirmed by Véllmin et 4l. in a pyrolysis - GLC/MS study.1®
If large sample sizes were used N-alkylpyrroles were also formed. However, in 1967 Merritt
and Robertson, again using GLC - MS (gas - liquid chromatography - mass spectrometry) and
a Barker - Coleman pyrolyser, reported the unique products to be pyrrole and N-methyl-
pyrrole from proline and hydroxyproline, respectively.l!

Some previous work has also been carried out on proline containing dipeptides, including
glycylproline'®:1l and prolylphenylalanine,’® and Slack!?!? reported that low temperature
(280-320 °C) pyrolysis of collagen gave a large pyrrole peak due to the presence of proline
and hydroxyproline.

Experimental
Apparatus

Pyrolyses were carried out by using a Pye Unicam 104 gas chromatograph fitted with a
Philips PV 4080 Curie point pyrolysis unit; except where stated iron pyrolysis wire (main-
tained at 770 °C for 5s) was used. The fragments were separated on glass columns (1.5 m
X 4 mm id.) packed with either Chromosorb 103 (100-120 mesh) at 155 °C or 109, Carbo-
wax 20M with potassium hydroxide on Chromosorb W (100-120 mesh) at 75 °C. The
carrier gas was nitrogen, flowing at a rate of 60 ml min—!, and the peaks were detected by
using a flame-ionisation detector at an attenuation of x500.

* Presented at the 5th SAC International Conference on Analytical Chemistry, Lancaster, July 20-25th,
1980.
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Pyrolysis - mass spectra were measured on a direct-insertion probe Curie-point pyrolyser
with VG mass spectrometer system. ‘

Reagents

Amino-acids and dipeptides. The materials were supplied by Sigma (London) Chemical
Company Ltd., Poole, Dorset.

Procedure

The pyrolysis wires were cleaned before use by heating to a red heat. The standard poly-
(methyl methacrylate) in acetone (1 or 2 ul, 0.19%, m/V) and samples in aqueous solutions
(1% m/V) were applied by use of a microlitre syringe and dried in air.

The pH values of the aqueous solutions were adjusted to 2 or 9 (pH paper) before
application by using 1 M hydrochloric acid or aqueous sodium carbonate solution (10%,).

Results and Discussion

Trial pyrograms suggested that although hydroxyproline yielded pyrrole, proline gave a
very different pattern with a major peak similar to pyrrolidine. As these results differed
from previous reports, it was decided to undertake a detailed study of these two amino acids
and related compounds. In order to be able to make accurate retention time comparisons
with possible pyrolysis products it was necessary to use a pyrolysable internal standard,
which would yield a single major product that would be used in direct chromatograms.
After a number of trials poly(methyl methacrylate) was selected, methyl methacrylate, its
single major pyrolysis product,* having a suitable retention time on Chromosorb 103.
However, it could not be dissolved in the aqueous solutions used to apply the amino acids
to the Curie point wire, and was therefore applied separately in acetone.

The relative retention times of methyl methyacrylate and pyrrole, and a number of related
compounds, are given in Table I. In all the following examples runs were carried out both
with and without the standard in order to check that peaks were not being masked. In
the limited studies using Carlowax 20M with potassium hydroxide the pyrrole peak had such
a long retention time that it could not be readily observed.

Although initial studies made use of aqueous solutions of the amino acids (denoted by
pH 7 in the tables) we found that adjustment of the pH to approximately 2 or 9 with hydro-
chloric acid or sodium carbonate solution, respectively, usually resulted in more reproducible
chromatograms, particularly with the dipeptides.

TaBLE I

RETENTION TIMES OF POTENTIAL PYROLYSIS FRAGMENTS FROM
PROLINE AND HYDROXYPROLINE

Relative retention times (relative to methyl methacrylate).

Column
O - Bl
Chromosorb 103, Carbowax 20M - KOH,
Compound 155 °C 75 °C
Acetaldehyde s i3 . 0.13 0.23
Acetone .. = 3 s 0.28 0.37
Acetonitrile e i o 0.37 1.02
Pyrrolidine s s - 1.00 0.83
3-Pyrroline o is o 1.02 1.26
(1-Pyrroline)* .. is i 1.12 —
Pyrrole .. - - - 1.91 6.27
3-Hydroxypyrrolidine .. - 3.65 2
Methyl methacrylatet .. v 1.00 1.00

* Major fragmentation peak from proline; tentative identification.
t Typical retention times: Chromosorb 103 6.9 min and Carbowax 20M - potassium
hydroxide 5.4 min.
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TasLE II

PYROGRAMS OF PROLINE AND cis- AND {7a#s-HYDROXYPROLINE ON
CHROMOSORB 103 AT 155 °C

Peak areas of major components to pyrrole*
(relative retention timet)
A

L A}
Approximate Number Acetonitrile Unknown Pyrroline Pyrrole

Sample pH of runs (0.37) (0.54) (1.12) (1.91)

Proline - 2 4 12 (3) — 469 (59) 100
7 4 70 (8) — 225 (23) 100

9 4 >80 6 (1) 123 (22) 100

trans-Hydroxyproline 2 3 1(1) — 8 (4) 100
7 6 12 (7) — 10 (6) 100

9 3 7(1) 1(<1) 1(<1) 100

cis-Hydroxyproline . . 7 7 12 (7) — 11 (3) 100

Proline -+ trans-

hydroxyproline (1:1) 7 1 7 — 81 100
Polyhydroxyproline 2 3 11 (5) 2 1 100
9 3 >20 3 3 100

7 3 4 (1) 1 10 (2) 100

* Pyrolysis at 770 °C for 5 s (standard deviation).
t Relative to poly(methy! methacrylate) pyrolysate. Typical retention time 6.9 min.

The pyrograms of a number of runs of proline and ¢is- and frams-hydroxyproline are
reported in Table II with typical examples given in Fig. 1. Pyrrole presumably formed by
dehydration and decarboxylation was the major product from the hydroxyprolines and the
orientation c¢is- or frans- of the hydroxy and carbonyl groups did not appear to affect the
results, suggesting a lack of interaction. In all the later studies only the more readily
available #rans- form was used.

The pyrogram of proline was very different, pyrrole being a minor component (Fig. 1(a)).
The major peak (RRT 1.12) was unexpectedly not pyrrolidine [relative retention time (RRT)
1.00], nor the commercially available 3-pyrroline (RRT 1.02), and was clearly resolved from
the standard peak.

We can postulate that the expected product should be 1- or 2-pyrroline, formed by
decarboxylation. However, both of these compounds are unstable as 2-pyrroline spontane-
ously rearranges to the 3-isomer and the 1-isomer condenses to a trimer in the liquid phase?s;

(a) (b)

S
|
1
0 15 0 15
Time/min Time/min
Fig. 1. Pyrograms of: (@), L-proline at pH 2; (), L-hydroxy-
proline at pH 2. Sample (20 ug) pyrolysed at 770 °C for 5 s and
products separated on Chromosorb 103 at 155 °C. Position of
standard peak from poly(methyl methacrylate) marked by S.

-
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thus, direct comparisons cannot be made. Electron impact mass spectrometry (EIMS) of
proline yields a major fragment ion at m/z 70 corresponding to the loss of CO,H but no peak
at m/z 69 for a pyrroline,!¢ although Posthumus has suggested that EIMS may be a poor
guide to pyrolysis fragmentation pathways.” However, pyrolysis - mass spectrometry
using a Curie point pyrolyser in the direct inlet source yielded a spectrum with m/z 69 (309,),
68 (21%,), 67 (509%,) and 41 (1009,) as the major peaks, suggesting the possible presence of a
pyrroline. Because of the instability of the 2-isomer to isomerisation, this peak and hence
the pyrolysis - gas chromatographic product was tentatively assigned to 1-pyrroline.

The use of the solid chromatographic phase Chromosorb 103, rather than the more usual
liquid phase, may be one reason why this peak from proline has not previously been observed.
Confirmatory studies using a Carbowax 20M - potassium hydroxide column (Table I) were
inconclusive because although 3-pyrroline (RRT 1.26) and pyrrolidine (0.83) were now
separated, the only major pyrolysis peak (1.00) was unresolved from that of acetonitrile
(1.02), which was also present in the pyrolysis.

The pH of the sample had little effect on the hydroxyprolines but low pH increased the
proportion of 1-pyrroline from proline. The proportion and yield of the two major products
from proline and hydroxyproline at different pyrolysis temperatures were determined
(Table III). This determination showed a maximum yield at 770 °C, the highest tempera-
ture examined. The decrease in yield of the standard at the higher temperatures is in
agreement with previous reports.!4

Although most amino acid pyrolysis studies have been qualitative, the potential of this
method for quantitative analysis was examined using the internal standard as reference
(Table IV). The major peaks, l-pyrroline from proline and pyrrole from hydroxyproline,
showed a reasonable correlation with relative peak areas and suggest that with care direct
pyrolysis could give satisfactory results but that further work needs to be carried out to
evaluate the effects of matrices and sample application techniques.

In order to be able to use this technique to examine the composition of peptides it is
necessary to determine whether the same pyrograms are obtained when these amino acids
are pyrolysed as a mixture of individual compounds or when bound by peptide links.
Although a mixture of proline and hydroxyproline gave a pyrogram very similar to the sum
of their individual patterns, the peak assigned to the 1-pyrroline was very small in the
pyrogram of prolylhydroxyproline (Table II). This is a surprising result as the prolyl ring
is unsubstituted and might have been expected to behave as in the free acid. Polyhydroxy-
proline behaved very much as the free amino acid (Table II).

In order to explore these relationships further a series of dipeptides and one tripeptide
with glycine and alanine were studied (Table V). In separate studies neither glycine nor
alanine yielded peaks on pyrolysis with retention times longer than that of acetonitrile.

TaBLE III

VARIATION OF PEAK AREAS OF THE MAJOR COMPONENTS OF PROLINE AND
HYDROXYPROLINE WITH PYROLYSIS TEMPERATURE

Peak areas relative to the standard
poly(methyl methacrylate) peak
at 7

70 °C*
r i Al
Sample Pyrolysis temperature/°C  Standard 1-Pyrroline Pyrrole
Proline .. .. - - 480 52 17 2
510 105 27 3
610 109 146 14
770 100 202 35
trans-Hydroxyproline. . ae 358 4 1 24
480 79 4 53
510 90 5 61
610 101 18 133
770 100 18 191

* 1 ug of poly(methyl methacrylate) and 20 pg of amino acid, pH 7.
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TaBLE IV

QUANTITATIVE ANALYSIS OF PROLINE AND HYDROXYPROLINE*

Proline: trans-Hydroxyproline:
Amino acid/pg peak area ratio 1-pyrroline to standard peak area ratio pyrrole to standard
0 0 0

5 — 1.21

5 — 1.35

10 2.65 2.09

10 2.52 1.33

15 3.85 4.24

15 4.49 4.54

20 5.57 5.31

20 4.87 5.31
Slope 0.265 0.275
Intercept 0.007 —0.208
Correlation coefficient 0.991 0.971
Standard deviation 0.281 0.504

* Pyrolysis at 770 °C for 5s and separation on Chromosorb 103; standard poly(methyl methacrylate)
(1 pg)-

Glycylhydroxyproline yielded only pyrrole but the proline-containing dipeptides showed
variable results, depending both on the position of the linkage and the pH of the solution.
Glycylproline, alanylproline and glycylprolylalanine gave low yields of 1-pyrroline. In
contrast, pyrolysis of prolylglycine and prolylalanine yielded a significant peak for 1-
pyrroline. The formation of 1-pyrroline from these dipeptides was enhanced by low pH in
a similar way to the fragmentation of proline (Table II). However, the results showed
great variability, which was unrelated to sample storage or drying time on the wire before
pyrolysis. A consistent feature of all the peptide pyrograms was an extra peak (RRT 0.54)
which could not be identified.

TABLE V

PYROGRAMS OF DIPEPTIDES AND TRIPEPTIDES CONTAINING PROLINE AND
HYDROXYPROLINE ON CHROMOSORB 103 AT 155 °C

Peak areas of major components relative to pyrrole*
(relative retention timet)
o

Al
Approxi- Number ;\cetonitrile Unknown Unknown 1-Pyrroline Pyrrole

Sample mate pH of runs (0.37) (0.54) (1.00) (1.12) (1.91)
Prolylglycine 2 4 84 (27) 18 (7) — 102 (64) 100
9 3 63 (15) 7 (1) 3(2) 17 (13) 100

Glycylproline 2 6 39 (10) 6 (2) — 11 (7) 100
9 4 >64 5 (1) 1(1) 13 (10) 100

Glycylhydroxyproline . . 2 4 26 (10) 4 (1) — 0 100
9 4 26 (2) 4 (1) 2 (1) 0 100

Prolylalanine 2 3 102 (27) 63 (10) — 140 (98) 100
9 4 >37 28 (32) — 78 (74) 100

Alanylproline 2 3 >100 41 (34) 5 (5) 16 (9) 100
9 4 >65 15 (2) 2 (1) 9 (7) 100

Glycylprolylalanine 2} 2 >200 73 — [52] 100
9 5 >200 28 (14) 2 (1 7(3) 100

* Pyrolysis at 770 °C for 5 s (standard deviation).

t Relative to methyl methacrylate.

1 Results poorly reproducible, peak at a relative retention time of 1.10 has an anomalous shape and is
possibly not due to 1-pyrroline.

Thus, it appears that although the ratio of 1-pyrroline to pyrrole could be used to deter-
mine the proportion of proline in a mixture of free amino acids, once the proline is bound
in a peptide its individuality is lost unless it is at an N-terminus and a low pH is used.

We thank Mr. G. Solabi for initial trials and Mr. B. B. Wheals and Mr. I. Jane of the
Metropolitan Police Forensic Science Laboratory for pyrolysis - mass spectra.
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Use of a Sulphur Dioxide Gas Sensing Membrane
Probe in Wines and Juices at Their Natural pH

D. J. Spedding and G. M. Stewart
Chemistry Department, University of Auckland, Auckiand, New Zealand

A sulphur dioxide gas sensing membrane probe has been used to determine
the concentration of “free” sulphur dioxide in aqueous solutions of pH 3-4
in the concentration range 10-2-10-¢moll-!. The accuracy and repro-
ducibility suggested that this was a new non-destructive method suitable for
the analysis of sulphur dioxide in juices and beverages.

Keywords: Sulphur dioxide determination; gas semsing wmembrane probe;
Jjuice and beverage analysis; wine analysis

The theory and use of gas sensing membrane probes for the determination of sulphur dioxide
in solution has been previously described.l»? These probes use a membrane permeable to
sulphur dioxide to separate a hydrogen ion sensing electrode immersed in an aqueous
hydrogen sulphite solution from the aqueous sample under test. In order to elevate the
concentration of sulphur dioxide in solution to its maximum, measurements are usually
made at or below pH 1. This is because of the equilibria associated with the hydrolysis of
sulphur dioxide in aqueous solutions [equations (1)—(3)]

SO, + H,0 —= H,0.50, 55 .. . (1)
H,0.50, + H,0 == HSO,~ + H,0+ .. .. .. (2
HSO4~ + H,0 — SO, + H,0* O .

Fig. 1 includes a diagrammatic representation of the proportion of the total sulphur species
present that exist as molecular sulphur dioxide (H,0.S0,) at various solution pH values.
For clarity, the sum of the concentrations of all sulphur species represented by equations
(1)—(3) will be referred to as the S(IV) concentration.

As sulphur dioxide is a major food preservative most of the expected applications of the
probe are for sulphur dioxide determinations in foodstuffs and beverages.3* The adjustment
of the pH to very low values makes this, of necessity, a destructive analytical method.

A sulphur dioxide sensing membrane probe offers the possibility of continuous, automatic
monitoring of free sulphur dioxide in a flow system through which a beverage is being passed
during its preparation. This in turn allows a constant concentration of free sulphur dioxide
in the beverage to be maintained by automatic sulphur dioxide additions to the beverage
flow in response to the probe signal. Measurements in the absence of added acid are there-
fore essential if they are to be made within the beverage flow itself.

It should be emphasised that this investigation refers only to the possibility of measuring
free sulphur dioxide in beverages. The techniques for measuring bound sulphur dioxide and
hence total sulphur dioxide are destructive to the sample and cannot be made otherwise by
the proposed use of the probe.

The use of the sulphur dioxide probe in basic research involving aqueous sulphur dioxide
solutions would be enhanced if the solution pH did not require adjustment prior to measure-
ment. There is no theoretical reason why the sulphur dioxide probe may not operate at
pH values in excess pH 1, the only limitation being the concentration of free sulphur
dioxide in solution. Guthrie® has calculated that a solution 1 X 102 mol I7! in hydrogen
sulphite contains 8 X 10~*moll? of free sulphur dioxide at pH 1, which decreases to
6 X 10~%mol1" at pH 4. A typical lower limit of detection for sulphur dioxide with the
probe is about 10~¢ mol 1-1.*  An upper limit of solution pH for sulphur dioxide detection in
many samples is probably 4 although this may be higher at high S(IV) concentrations.
Many of the beverages and fruit juices for which the sulphur dioxide probe could be used
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Fig. 1. Effect of pH changes on a sodium
sulphate - sodium sulphite solution 0.095 mol 1-*
in S(IV) at 33°C (for details see text). A,
Proportion of S(IV) solution present as H,0.S0,
(scale on left side of figure) and B, sulphur
dioxide electrode potential (scale on right side of
figure).

have a pH in the range 3—4; this upper pH limit therefore does not exclude these major areas
of use. This paper describes experiments to determine the potential of a commercial sulphur
dioxide sensing membrane probe for the determination of sulphur dioxide in aqueous solutions
with pH values up to 4.

Experimental
Apparatus

The sulphur dioxide sensing membrane probe used was an Orion sulphur dioxide electrode,
Model 95-64. This was connected to a Radiometer 26 pH meter having an expanded scale
capable of being read to 40.5 mV when operated in the millivolt detection range. All
determinations were performed on 50-ml aqueous samples in a 100-ml beaker, the contents
being stirred by means of a magnetic stirrer with a PTFE-coated follower. A Radiometer
28 pH meter with a combination pH electrode (Jena, Model N61) was used for all pH
measurements.

Chemicals

Solutions of sulphur dioxide were prepared fresh daily from analytical-reagent grade
sodium sulphite, which was standardised against a standard iodine solution. All other
chemicals were of analytical-reagent grade and aqueous solutions were prepared using distilled
water.

Results and Discussion
Effect of pH

A solution approximately 0.1 mol I in S(IV) was prepared by dissolving sodium sulphite
in distilled water. To 50 ml of this solution was added 1.9 g of anhydrous sodium sulphate.
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The pH and potential of the sulphur dioxide probe were measured continuously as sulphuric
acid was added dropwise to give the graph illustrated in Fig. 1. It can be seen that the
response of the probe closely parallels the concentration of molecular sulphur dioxide in
solution. A more detailed graph for the pH range 2.5-5 (Fig. 2) indicates an essentially

300 -
290 A
> A
£
8
€
g 280}
=]
Q.
A
270 a
A
A
A AAA‘
260 P N )
3.0 4.0 5.0

pH

Fig. 2. Sulphur dioxide electrode potential
versus solution pH for a 0.074 moll-! S(IV)
solution at 25 °C.

linear relationship between potential and pH up to pH 4 in these solutions. Theory predicts!
a linear relationship between potential and the logarithm of the sulphur dioxide concentration.
When the free sulphur dioxide concentration at each pH in the S(IV) solution shown in
Fig. 2 is calculated this is found to be so (Fig. 3).

The work described here was initiated to test the efficiency of the sulphur dioxide probe in
the study of oenological problems. As wines are essentially aqueous solutions containing

5x10™3

1073

5x10~4

H, 0. SO, concentration/mol 1=

3
-

270 280 290
Potential/mV

Fig. 3. Logarithm of the concentration of H,0.SO, in a 0.074 mol1-* S(IV)
solution at different solution pH versus sulphur dioxide electrode potential at 25 °C.



December, 1980 MEMBRANE PROBE IN WINES AND JUICES AT THEIR NATURAL pH 1185

approximately 109, of ethanol, such a solution was used in place of distilled water. Satis-
factory probe responses were obtained with solutions of pH 2-4, containing 10—2 or
10—3 mol I of S(IV) and 10 4 29, of ethanol. It was also found that the addition of sodium
sulphate was unnecessary, the osmotic properties of the ethanolic solutions being suitable for
adequate operation of the probe. Variations in the standard graph were less than 5%, for
measurements in aqueous solutions containing between 8 and 129, of ethanol.

Response at Constant pH

Aqueous solutions containing 109, of ethanol were adjusted to pH 3.0 or 4.0 by the
addition of sulphuric acid. Weighed portions of solid sodium sulphite were added, the pH
re-adjusted to the same value and the potential of the sulphur dioxide probe recorded.
Graphs of these potentials against the logarithm of the S(IV) solution concentration are
shown in Fig. 4. Tt can be seen that these graphs are linear and that determination of S(IV)
in solutions of pH as high as 4 is possible.

(a) (b)

T 2
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Potential/mV

Fig. 4. Logarithm of the concentration of S(IV)
in a 109, ethanol - water solution versus sulphur
dioxide electrode potential at 25 °C when the solution
pH was (a) 4.0 and () 3.0.

Effect of Temperature Changes

Temperature effects on the potential measured by the sulphur dioxide probe have been
discussed in detail by Bailey and Riley.2 In this work their recommendations were followed
and both sample and standard measurements were made at the same temperature. Solution
temperatures ranged from 20 to 35 °C with the majority of measurements being made at about
25 °C.

Response Time

The response time of a gas sensing membrane probe is an important consideration for its
routine laboratory use. Ross ¢f al.! have suggested that an adequate electrode would reach
999, of its final reading in 2-3 min, after a 10-fold increase in concentration of the species
sensed. When operating in solutions of pH 3-4 our electrode required about 5 min for
such a change, but never more than 10 min elapsed before a steady potential was attained.
A response time of 2-3 min for a sulphur dioxide probe in solutions as dilute as 10~% mol I
at pH 1 has been found.! It is likely that the longer response time found at pH 34 is
directly related to the lower concentration of molecular sulphur dioxide in solution. Whether
or not the longer response time at higher pH is of any consequence in routine laboratory use
will depend upon the alternative methods available for the determination.
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Accuracy and Reproducibility

The use of the sulphur dioxide probe for the determination of sulphur dioxide in S{IV)
solutions is dependent upon the reproducibility of the electrode potential with changing pH
while using the same standard S(IV) solution. In order to test this reproducibility, solutions
containing 10-3 and 10—* mol I-* of S(IV) were prepared and a graph of electrode potential
versus pH was plotted for each solution. A straight-line graph was obtained for each solution
by linear regression analysis and the 95%, confidence shell was constructed about each line
(Fig. 5). After 4 h, fresh S(IV) solutions of the same concentration were prepared and a
further scan of electrode potential versus pH for each solution was obtained. Fig. 5 shows
that each of the new measured points falls within the 959, confidence (twice the standard
error) shell about the original data obtained 4 h previously. At the 95%, confidence limit,
therefore, the standard graphs are reproducible.

420

400

Potential/mV

380

360

" i L

3.0 35 40
pH
Fig. 5. Sulphur dioxide electrode potential at 25 °C versus
solution pH for A, 10—¢ and B, 10~2mol 1! of S(IV). Initial
readings are represented as a straight line, obtained by linear
regression analysis, surrounded by the 95%, confidence limit
shell. Readings obtained 4 h later are indicated by Y.

Determination of Sulphur Dioxide in 10%, Ethanol Solutions of pH 3-4

Initially the pH and potential of the sulphur dioxide probe in the unknown sample were
measured. An estimate of the sulphur dioxide concentration in the sample was made and
two fresh standard S(IV) solutions were prepared to bracket the estimated concentration.
Each of these standards was separately tested for pH and sulphur dioxide electrode potential,
as the pH was adjusted by stepwise addition of concentrated sulphuric acid, so that the
unknown solution pH was bracketed. A graph of potential versus pH for each of the
standards was plotted [Fig. 6(a)], enabling the potential of each standard at the unknown
sample solution pH to be read off. Each of these potentials was plotted versus the logarithm
of the S(IV) concentration [Fig. 6(b)] and a straight line drawn between the two points.
The concentration of the unknown sulphur dioxide solution could then be obtained from the
originally measured sulphur dioxide probe potential. Fig. 6 illustrates the use of this method
for a wine sample of pH 3.51 with a free sulphur dioxide concentration, determined by the
standard aspiration method, of 3.8 X 10~4 mol I-%.
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Fig. 6. (a) Sulphur dioxide electrode potential at 25 °C versus solution
pH for standard S(IV) solutions of 10-4 and 10-®*moll-*. (b) Logarithm
of S(IV) solution concentration versus sulphur dioxide electrode potential
at pH 3.51. The wine sample had a sulphur dioxide electrode potential
of 172 mV.

The method was further tested by using it to determine the S(IV) concentration arising
from additions of known masses of solid sodium sulphite to a white wine. Table I shows
that the sulphur dioxide electrode was able to determine the S(IV) concentration to within
5%, of the known addition. Similar data were obtained with a red wine, but only after the
sulphite binding capacity of the constituents of the wine had been satisfied.

The sulphur dioxide gas sensing membrane probe may thus be used for the determination
of S(IV) present in aqueous solutions at concentrations above 10—¢mol ! and with pH
values up to 4.0. The accuracy of the method is suitable for most beverage analyses and
probably also for fruit juice analyses, but the response time may be a limiting factor in its
routine operation.

TaBLE I
ELECTRODE RESPONSE TO KNOWN S(IV) ADDITIONS TO A WHITE WINE

S(IV) added/ Total S(IV) present/ Measured S(IV)/

mol 1-1 x 10-3 mol1-1 x 10-3 mol -1 x 10-2
0 2.7 2.7
3.0 5.7 5.8
5.0 7.9 7.4
6.5 9.2 8.8
8.1 10.8 10.5

The authors thank the New Zealand Department of Labour for financial assistance to
G.M.S. during the course of this work.

References

Ross, J. W., Riseman, J. H., and Krueger, J. A., Pure Appl. Chem., 1973, 36, 473.
Bailey, P. L., and Riley, M., Analyst, 1975, 100, 145.

Faulkner, S. V., Process Biochem., 1976, 47.

Binder, A., Ebel, S., Kaal, M., and Thron, T., Disch. Lebensm. Rundsch., 1975, 71, 246.
Guthrie, J. P., Can. J. Chem., 1979, 57, 454.

b e

Received May 19th, 1980
Accepted july 3vd, 1980



1188 Analyst, December, 1980, Vol. 105, pp. 1188-1195
The Frequency Distribution of Analytical Error

Michael Thompson and Richard J. Howarth

Applied Geochemistry Research Group, Depaviment of Geology, Imperial College of Science and Technology,
London, SW17 2BP

The widely held view that the frequency distribution of analytical error is
log-normal at concentrations of analyte near the detection limit is examined
in detail. It is argued that (a) there is no theoretical reason why such
distributions should be log-normal and there is abundant evidence that they
are not; (b) quasi-log-normal distributions can be produced as artifacts by
data recording practices; and (¢) inordinately large numbers of analytical
results would be needed to distinguish a log-normal distribution from a
normal distribution.

Keywords: Analytical ervor; frequency distributions; normal curve; log-
noymal curve; chemometrics

Statistical inference usually depends on the assumption that error conforms to a particular
type of frequency distribution. It is usually assumed that analytical variation conforms to
the Gaussian (normal) distribution.! This is a plausible assumption as the total error is
made up of the combination of a large number of small independent random errors arising
at the various stages of an analytical procedure. Such a combination tends to produce a
normal distribution, regardless of the distribution of the individual components.

It is evident, however, that deviations from the normal distribution sometimes occur in
practice, and the reasons for this have been discussed.2:3 In brief, non-normal distributions
arise when a skewed error component arising from a single stage in the analytical procedure
forms a substantial proportion of the total error, or when artifacts are introduced by data
recording practices. It must also be remembered that the approach of data to any continu-
ous distribution can only be approximate, because analytical results are not a continuous
variable, but have a limited digit resolution.

It is often maintained among geochemists that analytical error has a log-normal distri-
bution,*! especially near the detection limit, or for trace constituents generally.® When
such claims appear in print, they seem to be unsupported by experimental evidence or cogent
theoretical argument, or references to other works containing such evidence or argument.
Because of its dubious provenance, and its effect on analytical thinking, the log-normal
model of analytical error is examined more closely in this work.

The case against the log-normal model falls into four main areas, as follows:

(a) the log-normal model is argued by false analogy with the distribution of the con-
centrations of trace elements in suites of natural materials when there is, in fact, no
logical connection;

(b) the log-normal model is associated with concepts of calibration and detection limit
which seem to be fallacious when examined closely and which lead to data recording
practices that artificially produce positively skewed distributions;

(c) genuine positively skewed distributions are wrongly identified as log-normal;

{(d) inordinately large numbers of observations are required to distinguish between random
samples from normal and log-normal populations with identical parameters by a
statistical test.

These points will be discussed in turn.

Error Distribution and Geochemical Distribution

Frequency distributions of the concentration of a trace element in a large suite of natural
samples of the same type (e.g., a particular type of rock) are usually positively skewed, even
when the sampling is unbiased. This is purely a feature of the samples and is not an artefact

* A variate X is said to have a log-normal distribution when the logarithm (base € or 10) of X is normally
distributed : log,, is used in this paper for convenience.
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produced by analytical error. This type of distribution was identified as log-normal by
Ahrens,’? although this view has been strongly criticised by other workers.®~13 Regardless
of the arguments against it, it has become conventionally accepted that natural distributions
of concentrations tend to be log-normal, and hence trace element data in geochemistry are
commonly log-transformed before statistical processing.

This idea of the log-normal distribution of geochemical variation has been unjustifiably
extended to analytical variation. Ahrens® argues that error is log-normally distributed
near the detection limit because statements such as ‘‘the margin of error is 1009,” are
difficult to interpret. This argument is supported by an irrelevant citation of examples of
positively skewed distributions of some trace element concentrations in suites of granite
samples.

In fact, the two types of distribution are physically and conceptually unrelated. The
connection is, perhaps, more psychological. As one author on the subject states; “one
tends to think in a logarithmic manner.” Additionally, because of the conventional log-
transformation of trace element geochemical data, there is a tendency for workers to want
analytical error to be log-normal also. If an originally log-normal analytical error were to
be changed into a normal distribution by the transformation, then it would fulfill the
theoretical requirements for an analysis of variance between geochemical variation, sampling
error and analytical error, that all of the components have normal error distributions.!4

Analytical Error, Calibration and Detection Limit

Positively skewed distributions can be produced artificially as a result of data recording
practices based on an erroneous concept of detection limit. An obvious example of this is
the reluctance of analysts to ascribe significance to analytical observations at or below zero.
Typically, an analyst who sees a sub-zero reading on an instrument will repeat the measure-
ment until a zero or positive result is obtained. Failing this, a zero reading will be recorded
regardless. Many instruments that automatically record analytical results have hardware
or software features that similarly censor negative observations. Prima facie this seems to
be a sensible procedure: negative or even zero concentrations can hardly be conceived of as
having physical reality, and must therefore be incorrect. This approach, however, overlooks
the statistical nature of analytical observations. Analysts do not observe concentrations,
they observe measurements of concentration. Any measurement has confidence limits, and
some confidence limits on positive means may include negative values.

Fig. 1 illustrates the theoretical distribution of results obtained at low analyte concentra-
tions by an unbiased analytical method with variance o? and a normal error distribution.
When the concentration (X) is zero, half of all of the observed results are less than or equal
to zero. When X = o, an average of 15.879%, of observations are sub-zero. When X = 2¢
(the common definition of detection limit!), the proportion of sub-zero observations is still
2.279%,.

Censoring values at zero concentration produces a folded normal distribution,'® which, in
some circumstances, can look to the eye very like a log-normal distribution. This may be
simulated by drawing the primary results at random from the standardised normal distri-
bution (i = 0, o2 = 1) [Fig. 2(a)]. This would correspond to repeated blank determinations
by a method with a standard deviation of one unit. Half of the initially resulting observa-
tions are sub-zero, and are replaced by positive. results from further random drawings.
One hundred such untransformed results plotted as a histogram [Fig. 2(b)] could be mistaken
on the basis of visual inspection for a log-normal distribution, as they exhibit marked positive
skewness. However, log-transformation [Fig. 2(c)] results in a negatively skewed distri-
bution and this difference from a normal distribution can be confirmed by using a goodness-
of-fit test such as the Kolmogorov - Smirnov statistic (see below).

Censoring sub-zero observations can thus produce artificial distributions, which could be
visually mistaken for log-normal in small data sets. It can also have the serious effect of
underestimating analytical error by reducing the apparent range. The mean and standard
deviation of the half-normal distribution derived from a normal distribution N(0, o%) are
pn = 0.7979¢ and o, = 0.363402.15 This means that a detection limit estimate based on
censored data would be too low by a factor of about 0.6 (4/0.3634). Thus censoring may be
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X

Fig. 1. Expected distribution of observations (x) for
three known low analyte concentrations (X) as deter-
mined by an unbiased method with variance ¢®. Sub-zero
observations are represented by the shaded parts of the
curves.

one of the causes of optimistically biased detection limits, which is a serious fault in many
reported analytical methods. Censoring values below the detection limit can have a similar
although less marked effect.

It could be argued that the initial assumption of the normal distribution begs the question,
and that log-normal distributions are more natural because they do not allow the inclusion
of negative values that are @ priori absurd. This argument is clearly refuted in practice.
Negative observations are commonplace in low-level analysis, so long as some form of
censoring is not applied to the results. An example of a distribution with a near-zero mean
and about half of the observations negative is shown in Fig. 3.

An important fact that the log-normal argument overlooks is that all analytical methods
have an in-built blank, or background, subtraction in their calibration. The observed
response, whether a mass, an absorbance, an intensity or a voltage, is the difference between
two measurements. Every calibration graph has a non-zero datum, rather than absolute

Al

NO. OF OBSERVATIONS = 100 NO. OF DBSERVATIONS = 100
0.70 9

MEAN = STD DEvV = 0.488 MEAN = -0.2 ST0 OEv - 0-399

NO. OF L0GI0 TRANSFORMS = 1

Fig. 2. A random sample drawn from the positive half of a normal distribution (a) simulates the censoring
of negative observations when the analyte concentration is zero. The resulting distribution (b) is visually
similar in shape to the log-normal, although the difference becomes clear after log-transformation (c).
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Fig. 3. Results obtained by repetitive analysis of
a standard sample for tin by a direct-reading
spectrographic method, with an almost symmetrical
distribution centred at zero.

zero on the response axis. Calibrations that pass through the origin have had a blank sub-
traction previously made. The position of the intercept on the response axis is empirical;
there is always error in ascertaining its mean position, there are always observations falling
below its mean position and consequently the occurrence of negative estimates of concentra-
tion, which correspond to sub-datum responses, is an entirely natural phenomenon (Fig. 4).

A

Experimental
points defining
calibration

Response

Empirical datum
of calibration

Distribution of response
at zero concentration

Detection limit

Concentration

Distribution of response
transformed into concentration

Fig. 4. A schematic calibration graph near the detection limit. The

spread of points on the response axis gives rise in a natural way to negative
observations on the concentration axis.
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There is no validity in the argument that some calibrations (e.g., spectrographic) are
inherently logarithmic. The use of logarithmic axes for a calibration graph is a convention
that allows several orders of magnitude of concentration to be presented visually with a
uniform degree of relative precision, but it is by no means necessary. It is based on the
prior assumption that the calibration is inherently linear for most of its range.'®¢ The use
of the convention prejudices the issue: a log (concentration) axis automatically excludes the
possibility of negative concentrations being read off. The use of a logarithmic response axis
automatically requires that a blank or background reading has already been subtracted and
also that negative differences have been suppressed. When direct-reading spectrometers
are used logarithmic concentrations are avoided and, if there is no sub-zero censoring feature,
symmetrical distributions with negative observations are commonplace, as in Fig. 3.

(a) (b)

L ol L
1185787 1100 1177:87 2344:74 3511.61 4678.43 5845.36 LMD 080 1.9 270 3.65 460 554

SN8

NO. OF OBSERVATIONS : 403

MEAN = 1177.87  ST0 DEV : 1166.872 MEAN : 2.
NO. OF LDG10 TRANSFORMS -

SN8
NO. OF DBSERVATIONS = 403
2.7 STD DEV - 0.948

Fig. 5. (a) Extremely skewed distribution produced by repetitive
analysis of a standard sample for tin by a direct-reading spectro-
graphic method. (b) Log-transformation of the data produces a
strong negative skew. Concentrations in ug g—*.

Positively Skewed Distribution Wrongly Identified as Log-normal

Genuine distributions of analytical error that are positively skewed can be encountered for
a variety of reasons. Fig. 5 shows a distribution of results produced by the repeated analysis
by a d.c. arc method of a standard sample for tin. In this extreme example the skew is a
result of sub-sampling variations: the sample mass was small (15 mg) and the grain size of
the material relatively large (—200 pm). In addition, the tin was exclusively in the grains
of a separate mineral, cassiterite, which made up a small proportion of the sample. A single
grain of cassiterite of maximum size could provide a tin concentration of about 2300 ug g—*.*

Fig. 6 shows another example, of results obtained for arsenic on a standard sample analysed
in many successive batches of samples by an inductively coupled plasma method. This

0 20

(a)

(b)

10

AS1 Sl
NO. OF DBSERVATIONS = 240 NO. OF OBSERVATIONS : 240
MEAN = 6-.17 STD DEV - 0.728 MEAN = 0.79 STD DEV = 0.045
NO. OF LOGIO TRANSFORMS : |

Fig. 6. (a) Skewed distribution of arsenic determinations pro-
duced on a standard sample by an ICPOES method. The data setis
still skewed after log-transformation (b). Concentrations in pg g—*.

* This sub-sampling error is normally minimised by finely grinding the sample before analysis.
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distribution is positively skewed mainly because of a proportion of outlying results: high
“fliers” seem to be more common than low ones.  Neither of these distributions corresponds
closely with the log-normal; however, as can be seen from the distributions of the log-
transformed data also shown. Observations far out in the positive tails are relatively much
more frequent than in log-normal distributions with the same statistics.

Positively skewed results (e.g., Fig. 7) are fairly common in direct-reading d.c. arc analysis
of geological materials. They may be the result of non-linear calibration lines or of a
systematic change in the mean value as a function of time, but again log-transformation
does not make them normally distributed. Sometimes negatively skewed error distributions
are observed (Fig. 8), but the reason for these remains obscure.

(a) (b)

10

o+
25.60  41.36  $7.13  72.90  86.65 104.43 120.19

B1
NO. OF OBSERVATIONS = 403 NO. OF OBSERVATIONS = 403
MEAN = 72.90 STD DEV - 15.766 MEAN = | .8 STD DEV = 0.074
NO. OF LOG10 TRANSFORMS = |

Fig. 7. (a) Spectrographic determinations of lead in a standard
sample. The positive skew is a common feature in spectrographic
data, but it is not log-normal, as shown by log-transformation (b).
Results in pg g1

The Problem of Distinguishing Between Normal and Log-normal Distributions

Any normal distribution is unaffected, except for scaling, by a linear transformation.
Log-normal distributions, however, have different shapes depending on the coefficient of
variation. At a coefficient of variation of 50%,, which would be equivalent to the detection
limit of an analytical method, log-normal curves are markedly positively skewed. Fig.
9(a) shows an ideal log-normal distribution with a coefficient of variation close to 509, and,
for comparison, a normal distribution with identical parameters. The difference is clearly

NO. OF OBSERVRTIONS - 240

MEAN - 0.06 STD QEV : 0.160

Fig. 8. A negatively skewed
distribution produced by re-
peated analysis of a standard
sample for bismuth by an
ICPOES method. Results in
pg gt
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Fig. 9. (a) Log-normal and normal distributions with identical parameters and a coefficient of variation
close to 509. (b) A corresponding pair of curves with coefficient of variation close to 59;. Large “samples”
are required to distinguish between the parent populations.

visible. At lower dispersions log-normal curves are much more symmetrical. Fig. 9(b)
shows ideal normal and log-normal distributions, again with identical parameters, but with
coefficient of variation close to 5%. In this instance the two curves are very close, and at
lower dispersions still the two distributions resemble each other even more closely. These
distributions however, represent infinite data sets, i.c., “populations.”

An experimentally observed distribution, on the other hand, consists of a finite (and
usually small) “sample” of observations selected at random from such a population. Even
“large” samples (e.g., » = 100) tend to show only the broad-scale features of the parent
distribution, so it is difficult to ascribe a “‘sample” to a particular type of distribution without
a large number of observations.!

We have used the Kolmogorov - Smirnov statistic to estimate the minimum number of
observations (i.e., analytical replicates) in a “sample” required to enable a valid distinction
at 95%, confidence to be made between normal and log-normal populations with identical
parameters. This has been undertaken over the range of coefficients of variation likely to
be encountered in analytical practice, from 509, (at the detection limit) to 0.1%. The
Kolmogorov - Smirnov statistic is the maximum difference between the cumulative frequency
distributions of the two populations.” This maximum difference (d) has been calculated for
large numbers of pairs of log-normal and normal curves with identical parameters, and
related to the number of observations required to distinguish them at the 959, confidence
level by means of the inequality » > (1.22/d)2

The results of this calculation are given in Table I, which shows the minimum number of
observations required for a given precision. At the detection limit of a method (coefficient
of variation = 509,) about 220 observations would be required, and at only slightly better
precisions unrealistically large numbers of observations are needed. The Kolmogorov -
Smirnov statistic is thought to be one of the most powerful tests available for distinguishing
between distributions,? so it can reliably be deduced that very few studies have been based
on sufficient data to justify the assertion that an analytical error distribution is log-normal
rather than normal.

Conclusion

Experience suggests that most analytical error distributions approach the normal, but
that small deviations, especially a positive skew, are common. However, there seem to be
no theoretical grounds for assuming that a skewed distribution should necessarily be log-
normal. It may be presumed that very few investigators would have accumulated enough
data to make statistical tests that would objectively differentiate between log-normal and
normal distributions. The assumption of log-normality is associated with the practice of
censoring negative observations, which leads to optimistically biased estimates of detection
limit. Even the assumption of normality should be regarded as no better than a useful
rule-of-thumb, very likely to be invalidated by trends, “fliers” and other factors in real data
sets.
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TaBLE I

MINIMUM NUMBER OF OBSERVATIONS REQUIRED TO DISTINGUISH BETWEEN
NORMAL AND LOG-NORMAL POPULATIONS OF THE SAME ARITHMETIC MEAN AND
VARIANCE BY MEANS OF THE KOLMOGOROV - SMIRNOV STATISTIC
AT THE 0.05 LEVEL OF SIGNIFICANCE

Coefficient of

variation, %, .. 0.1 1.0 5.0 10.0 20.0 50.0 100.0
Number of
observations .. 45 x 107 46 x 105 1.9 x 10¢ 47 x 10® 1.2 x 108 2.2 x 10¢ 61

The analysis of variance on log-transformed geochemical data, however, is not likely to be
rendered less valid by virtue of the more or less normal frequency distribution of analytical
error. Only at near-detection limit concentrations are the differences between the normal
and log-normal distributions marked. In any event, the effects of the violation of a different
assumption (that log-transformed error is homoscedastic, ¢.e., independent of concentration)
are likely to be greater. More general transformations, such as the A-transform of Box and
Cox,’® could be used for stabilisation of variance in an analysis of variance or regression
context.®® Alternative distribution types, such as the gamma, may be worthy of investi-
gation, but in most applications the data will be too sparse to allow a rigorous choice between
competing alternatives.
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Diehl,' Egneus® and Singh ef al.® have reviewed most of the dioximes available for the
spectrophotometric determination of trace amounts of transition metals. Pfeiffer and
Richarz%® have shown that if one of the oxime groups in a dioxime is replaced with an imino
or methylimino group, complex formation can occur in the same fashion. Mathur and
Narang® used bisdiacetyl monoxime ethylenediimine and bisdiacetyl monoxime o-phenylene-
diimine as gravimetric reagents for nickel and palladium. As a result of their studies we
decided to investigate oxime imines to determine their reactivity with metal ions. This
paper presents the results of a study of the use of diacetyl monoxime glycinimine (BAMGI)
for the spectrophotometric determination of nickel in the presence of aqueous bromine in
ammoniacal medium.

Experimental

Reagents

Nickel stock solution. A 0.1 M solution was prepared by dissolving ammonium nickel
sulphate (analytical-reagent grade) and was standardised by gravimetry.? The stock solution
was diluted as required.

Concentrated ammonia solution, sp. gr. 0.91.

Saturated aqueous bromine solution. TFreshly prepared.

Diacetyl monoxime glycinimine. The reagent was synthesised by condensing equimolar
amounts of diacetyl monoxime and glycine on a water-bath (80-90 °C) for 3 h. The crude
sample was recrystallised from aqueous ethanol (1 + 1).

Determination of the nitrogen content by Kjeldahl’s method gave 17.68%,; calculated for
CeN,OzH,y, 17.709%,. The infrared spectrum (potassium bromide pellet) was as follows
(vmax,, cm™): -N,OH-N (3250, b, s); -C-N (azomethine) (1650, sh); —-C-N (oxime) (1475
m, s); —-COO~ (1400, s, s); -N-O (1160, m; 1000, s, s; 920, s, s); -CH (770, m, b; 725, m, s).
The compound melts at 233-235 °C and is sparingly soluble in water and readily soluble in
ethanol and acetone.

A 0.05 M solution of the reagent was prepared in aqueous ethanol (1 + 1).

Instrumentation

The absorbance was measured with a Beckman, Model B, spectrophotometer fitted with
10-mm borosilicate cells. All pH measurements were made with an Elico, Model LI-10,
PH meter.

Recommended Procedure

To an aliquot of test solution containing 20-70 ug of nickel, add 2 ml of bromine solution
and 1 4 1 ammonia solution dropwise until the bromine colour is discharged. Add a further
5 ml of 1 4+ 1 ammonia solution and 1 ml of the reagent solution. Make up the solution to
25 ml in a calibrated flask with distilled water. After 5 min, measure the absorbance at
450 nm against a reagent blank.
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Results and Discussion
Absorption Spectrum

The absorption spectrum of the BAMGI complex of nickel from 320 to 625 nm was studied,
and showed maximum absorbance at 420 nm. The reagent has negligible absorbance
between 320 and 625 nm. All subsequent measurements were made at 420 nm against the
reagent blank.

Rate of Reaction

Absorbance readings were made 2 min after the reagent solution was added and then
every 5 min up to 60 min. The reaction was found to be instantaneous and after 2 min
there was no appreciable increase in the absorbance.

Effect of Ammonia

The function of ammonia is to eliminate the excess of bromine and to adjust the pH.
Ammonia solution (1 4 1) was added dropwise until the yellow colour due to the excess
of bromine disappeared. Then a further 5ml were added, although the colour was
unaffected by using any volume between 5 and 10 ml in a total volume of 25 ml. At pH
values lower than those so achieved (pH 8.5-11), the colour intensity was less and the complex
faded quickly.

Amount of Reagent

For attainment of maximum absorbance the complex required a reagent concentration
3.5 times greater than that of the nickel present. Excess of the reagent has no effect on the
absorbance.

Nature of the Complex
Stoicheiometry

Job’s method of continuous variation showed a stoicheiometric ratio of metal to ligand of
1:3.

Migration experiment

A Hittorf-type transference cell with platinum electrodes was used to investigate the
influence of electric potential on the BAMGI complex of nickel. A coloured solution 0.01 M
in the nickel complex, 1 M in potassium nitrate and 0.2 M in ammonia was placed in the
centre compartment with a solution 1 M in salt and 0.2 M in ammonia in the electrode
compartments. The centre compartment was isolated from the electrode compartments by
a medium-porosity sintered-glass disc to minimise the transference by convection. An
average current of 80 mA was applied for 1 h. Ferroin was studied as the reference system
under identical conditions. The nickel complex migrated in a direction opposite to that of
ferroin, indicating the anionic character of the nickel complex.

Conformity to Beer’s Law

The BAMGI complex of nickel followed Beer's law with solutions containing 0.24—
4.1 pg ml~? of nickel. As the absorbance readings show minimum error between 0.2 and 0.8,
the optimum concentration range of nickel is between 0.7 and 2.8 ug ml=! (= 17.5-70 pug
per 25 ml).

Sensitivity

The nickel complex showed a molar absorptivity of 17000 1 mol—* cm—, corresponding to
a Sandell’s sensitivity of 0.0035 ug cm2.

The standard deviation® of the proposed method was 0.0055 for 1.5 g ml-! of nickel in a
series of ten determinations.
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Interferences

The following ions did not interfere (within 439, error) at a concentration 300 times
greater than that of nickel: acetate, arsenate, arsenite, bromide, carbonate, chloride, citrate,
cyanide, fluoride, formate, iodate, lactate, nitrate, nitrite, oxalate, phosphate, sulphate,
sulphite, tartrate, barium, cadmium, calcium, caesium, lead, lithium, magnesium, potassium
and sodium.

Owing to the presence of an excess of ammonia, many metals precipitated, e.g., aluminium,
beryllium, chromium, cerium, gold, manganese, thorium and uranium, when present at high
concentrations. Table I gives results obtained for the determination of 1.5 ug mi—! of
nickel with smaller amounts of these elements present, which could be regarded as tolerable.

TaBLE 1

EFFECT OF METALS ON DETERMINATION OF NICKEL
Nickel present: 1.5 ug ml-!.

Amount added, Error, Amount added, Error,
Element p.p.m. (in 25 ml) % Element p.p-m. (in 25 ml) %

Na(l) .. - 400 +0.7 Bi(III) .. #is 50 +1.7
K(I) is - 400 +0.8 Au(III) .. - 50 +1.5
Ba(ll) .. - 300 +2.3 Ti(IV) .. o 50 +1.0
ca(iry .. - 300 +1.5 PH(IV) .. - 50 +1.2
Pb(ll) .. o 300 +2.3 P4(1I) .. . 50 +3.5
Zn(Il) .. e 300 +1.8 Cr(II1) .. - 20 +1.2
Ca(Il) .. e 300 +2.1 Cr(VI) .. . 10 +1.5
Mg(Il) .. o 300 +2.1 Ce(IV) .. - 10 +0.3
Al(III) .. o 200 +2.5 Fe(III) .. - 5 +3.0
uvI .. o 50 +2.4 Co(IT) .. s 5 +15
Hg(Il) .... .. 50 0.0 Cu(ll) .. . 5 +2.0
Ag() .. 2 50 +2.0 Mn(II) .. s 5 +1.5

Analytical Applications

The reagent is suitable for the determination of nickel in alloys and biological materials.
Analyses were carried out on British Chemical Standards (BCS) alloys 233 and 266. About
0.2 g of the sample was dissolved in aqua regia and evaporated until fumes of nitrogen oxides
were no longer evolved. The residue was dissolved in 5-10 ml of concentrated hydrochloric
acid. Silica and other acid-insoluble materials were discarded. The sample was transferred
quantitatively into a Dowex 1-X8 anion-exchange resin column (J. T. Baker Chemical Co.),
approximately 2 cm in diameter and 18 cm long, attached to a vacuum suction arrangement.
The nickel and aluminium were eluted with 9 M hydrochloric acid (50-75 ml), excess of the
acid was expelled by boiling and the solution was made up to 1000 ml in a calibrated flask.
An aliquot of the solution was treated with 5 ml of 5%, potassium tartrate solution, followed
by bromine water, ammonia and ligand solution, as mentioned above, and the absorbance
was measured at 420 nm. The two samples were also analysed by the dimethyl glyoxime
method® (spectrophotometrically, in the presence of an oxidising agent). The results are
given in Table II.

TaBLE I1
ANALYSIS OF BCS ALLOYS BY PROPOSED METHOD AND DIMETHYL GLYOXIME METHOD?

Nickel determined, %,
A

[ R
Dimethyl
Certified nickel BAMGI glyoxime
Alloy content, 9, Other components, %, method method
BCS 233 . 11.22 Co 24, Mn 0.2, Fe 51, Si 0.6, Cu 5.1, A1 7 11.2 11.2

BCS 266 - 13.30 Co 23.4, Mn 0.3, Fe 50, Nb 1.2, Si 0.2, 13.3 13.3
: Cu 3.3, Al 8
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Comparison with Other Dioximes

The reagent was compared with well known dioximes such as dimethyl glyoxime, furil
dioxime, heptoxime and nioxime (Table III). It is evident that BAMGI is the most sensi-
tive reagent.

TasLE III
COMPARISON OF RESULTS OBTAINED WITH DIFFERENT OXIMES

Sandell’s sensitivity/

Method ug cm~2 Ni = log I,/I = 0.001
Dimethyl glyoxime, CHCl,; extraction of Ni(II)*® W 0.0170 (375 nm)
Heptoxime, CHCl, extraction of Ni(II)1°. . i3 o 0.0130 (377 nm)
a-Furil dioxime, CHCl; extraction of Ni(IT)10 .. e 0.0040 (435 nm)
Dimethyl glyoxime + oxndlsmg agent10 2 is s 0.004 2 (445, 465 nm)
Nioxime + oxidising agent? 5 %3 % o 0.0043 (410 nm)
BAMGI + oxidising agent - s . o 0.0035 (420 nm)

The author is indebted to Prof. P. B. Janardhan for guidance and for providing the facilities
for this work to be carried out.
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Determination of Total Nitrogen in Plant Material
with Nessler's Reagent by Continuous-flow Analysis*
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Association Euratom-ITAL, P.O. Box 48, 6700 AA Wageningen, The Netherlands.
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The advent of continuous-flow analysis techniques and sophisticated wet digestion equipment
has permitted the analysis of large series of samples. As we are involved in the study of
contamination of the food chain with radionuclides, personal contamination has to be con-
51delred carefully in our Institute. This is one of the reasons for the use of continuous-flow
analysis.

* Contribution No. 1642 of the Radiation Protection Programme of the Commission of the European
Communities.
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On account of its sensitivity and simplicity, we preferred to work with the Nessler method,
although the commonly used continuous-flow method for the determination of total nitrogen,
as ammonia, in plant digests is carried out by means of the indophenol blue method as
described by Shuman ef al.! Among the reasons for which an analyst may choose to use the
automated Nessler method in preference to the indophenol blue method are that it is not pH
dependent, the reagents required are less expensive and the Nessler cartridge is less complicated
because thermostabilisation of the reaction coil is not necessary. The theory and history of
the Nessler reaction have been described recently by Krug ef al.2 Continuous-flow analysis
using Nessler’s reagent was difficult because of a yellow - brown precipitate in the system.
The purpose of this paper is to show the suitability of the Nessler method for continuous-flow
analysis when a protective agent is used to prevent the deposition of precipitates.

Experimental
Reagents

All chemicals were of analytical-reagent grade and solutions were prepared with distilled
water.

Nessler’s reagent. Nessler's reagent is prepared by using the commercially available
Nessler A [mercury(II) potassium iodide; Merck] and Nessler B (sodium hydroxide; Merck)
solutions. A 28.22-g amount of the protective agent, potassium sodium tartrate, is dissolved in
800 ml of water, then 25 ml of Nessler B solution are added and the mixture is boiled gently for
15 min. After cooling, 25 ml of Nessler A solution are added and the solution is made up to
1000 ml with water. The final concentration of potassium sodium tartrate in the Nessler
reagent is 0.1 M.

Standard ammonia solution. A stock solution containing 3.50 g 1-! of ammonium-nitrogen
is prepared by dissolving 16.52 g of ammonium sulphate in 1000 ml of water. Suitable
dilutions are made in order to obtain standard solutions containing 70, 140, 210, 280 and
350 mg 1-! of ammonium-nitrogen and with a final concentration of sulphuric acid of 1.65 N.

Distilled water. Containing 0.1, V|V of Teepol (Baker).

Sodium hydroxide solution, 1.25 M. Containing 0.1%, V[V of Brij 35 (Merck).

Wet digestion solution. Sulphuric acid (30 N) containing 69, m/V of salicylic acid.

Hydrogen peroxide, 30%,.

Plant Samples

The plant materials used were (1) orchard leaves No. 1571 from the National Bureau of
Standards (Washington, D.C.) and (2) samples of dwarf bean plants grown by hydroponic
culture at this institute.

The wet digestion method described by Novozamsky et al.® was slightly modified: 0.5 g of
ground dry plant material is weighed in digestion tubes (75 ml), 5 ml of digestion solution are
added and a thermo-stabilised digestion block is used. Digestion is effected by pre-heating
at 100 °C for 1 h and then heating at 275 °C for 2.5h. At regular intervals 5 drops of hydrogen
peroxide are added until the resulting solution remains clear at full heat (275 °C) for 15 min.

Apparatus*

A Tecator digestion block (Tecator AB, Sweden) with a capacity of 40 digestion tubes
(calibrated at 75 ml with a constricted neck), identical with the arrangement described by
Shuman et al.,! is used. After digestion, the samples are adjusted to volume with water,
shaken and a portion is transferred into polyethylene bottles and stored in a refrigerator at
10 °C. Storage periods of over 3 weeks did not affect the ammonium content.

A flow diagram of the ammonia determination based on the Nessler reaction is depicted in
Fig. 1. All manifolds for the continuous-flow analysis were obtained from Breda Scientific,
Breda, The Netherlands. The sample changer (BS 34517-700) has a capacity of 40 poly-
ethylene sample cups (1.5 ml). The reagent streams are pumped by a 24-channel peristaltic
pump (BS 34510-350). The light absorption of the colloidal solution is measured by means of
a power supply (BS 34516-003) and a photometer (BS 34516-200) equipped with a Hellma
flow-through cuvette with a built-in de-bubbler (BS 34514-010) and a 410-nm filter (BS
34514-410S). The peaks are recorded on a lin/log recorder (BS 34195-001).

* Names of products do not imply endorsement or preferential treatment by the Association Euratom ITAL.
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Procedure

The standard ammonia solutions and plant digests are transferred to the sample changer
cups. Before analysing the samples, the continuous-flow analyser is flushed with all reagents
for 30 min to equilibrate the system. During this period a standard ammonia solution
(140 mg 1! of ammonium-nitrogen) and a wash sclution (1.65 N sulphuric acid) are passed
alternately. A constant absorbance reading for the standard solution indicates that the
system is ready for use. The wash and sampling times are usually set at 1 min each but can
be shortened so that up to 80 samples per hour can be analysed.

Waste
? Spectrophotometer:
Pumping 1.5 minLd. Illl1t(()ﬂ'rl1m
9 __rwvvm_/d' .
rates/ml min~! 1.5 mm id. Resction coil :lgvg:r(‘ell,
Nessler’s reagent  0.32 ! 300 cm
Air .......... 0.23 ]
Water ........ 0.60 § Dialyser
Al siwmssiias 0.23 | IS mmid, L ee—
NaOH ........ 042 LYY
J Mixing coil
Sample 0.10 60 cm
Waste
I » Return
i
| Sampler
|
! >
L-— Wash

Fig. 1. Flow diagram for continuous flow analysis of ammonia using Nessler’s reagent. Coil lengths
are given in centimetres, internal diameters of coils and tubes in millimetres.

Results and Discussion
Dialysis Step

The high sensitivity of the Nessler method requires dilution of the plant digest in the
system. A dialyser (path length 67.5 mm) is preferred to a pre-dilution step as it is much
more effective in avoiding overlapping of absorbance readings. Further, calcium and
magnesium, which are always present in plant digests, precipitate in the alkaline (1.25 M NaOH)
understream of the dialyser and possible interference during the photometric measurement is
avoided. The alkaline understream also contributes to minimising the influence of different
acidities of the plant digests (see Acid Concentration of Plant Digests).

Protective Agent

Krug ¢t al.® recently discussed an adaptation of the Nessler reaction to flow injection
analysis for the determination of low ammonia concentrations (0.5-6 mg 1-! of ammonium-
nitrogen) in water samples and soil extracts. They observed occasional deposition of a
yellow - brown precipitate on the wall of the system and, in such an event, prescribed cleaning
of the system with 5 M hydrochloric acid. They emphasised that it would be advantageous
if a protective agent could be found that would prevent gradual deposition of precipitate.
The same difficulty was encountered during our preliminary experiments. This deposition
could not be avoided by modification of the flow-rates. Direct sealing of a glass T-piece to
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the reaction coil and preparation of Nessler’s reagent, with a final concentration of potassium
sodium tartrate of 0.1 M, prevented the deposition of the yellow - brown precipitate. Also, the
stability of Nessler’s reagent was much improved by using the tartrate solution instead of
water.

Acid Concentration of Plant Digests

After digestion of the plant material, the acid concentration always differs between samples,
usually varying around 1.65 N sulphuric acid. For this reason, the standard ammonia
solutions are prepared with a final concentration of sulphuric acid of 1.65 N and washing is
carried out with a 1.65 N sulphuric acid solution. As mentioned above, small differences in
acid concentration are minimised by the alkaline understream of the dialysis step.

The influence of the acid concentration of the samples was investigated by varying the
sulphuric acid concentration of the 280 mg 1-! ammonium-nitrogen standard solution between
1 and 2 N (increments of 0.1 N). Over this range a fairly constant absorbance reading was
obtained (deviations less than 19/ of the ammonium-nitrogen concentration).

Sensitivity of the Method

The sensitivity of the manifold was tested by analysing dilute ammonia solutions. It was
found that the deviation from the real value is about 1%, of the ammonium-nitrogen con-
centration in the normal concentration range (70-350 mg 1) and increases to 5%, at 14 mg1-!
of ammonium-nitrogen.

The lowest threshold mass concentration for the arrangement depicted in Fig. 1 without
changing the amplification factor is about 20 mg 1-! of ammonium-nitrogen, corresponding to
0.39, m[m of nitrogen in plant material.

Using the same manifold but with a higher amplification or a longer dialyser significantly
lowers the threshold value.

Practical Application

The accuracy and reproducibility of the method are illustrated by comparing the con-
tinuous-flow method with the titration method as described by Schouwenburg and Walinga.*
Table I gives the results obtained with both methods after digestion of different amounts of
orchard leaf material. The amount of plant material digested does not influence the results
significantly.

TaBLE I

COMPARISON OF THE CONTINUOUS-FLOW METHOD AND THE TITRATION METHOD FOR THE
DETERMINATION OF TOTAL NITROGEN IN ORCHARD LEAVES

Certified total nitrogen content, 2.76 1+ 0.059, m/m after digestion of different masses of dry material.
Mean values of total nitrogen (% m/m) and standard deviations (10 replicates) are given.

Total nitrogen, % m/m
Tentative mass A

for digestion/mg ramtinuous-ﬂow method Titration method -
300 2.72 4+ 0.02 2.72 £ 0.03
400 2.75 £ 0.02 2.70 4+ 0.03
500 2.73 + 0.02 2.71 £+ 0.03
600 2.74 4+ 0.01 2.71 £ 0.03

Table II gives the results obtained after digestion of different plant materials (dwarf bean
plants grown by hydroponic culture). These results again demonstrate the excellent numerical
agreement between the two methods. The maximum absolute differences for root, leaf and
fruit samples are 0.07, 0.13 and 0.209, m/m, respectively; the correlation coefficients are
0.98, 0.92 and 0.99, respectively.
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TaBLE 11

COMPARISON OF THE CONTINUOUS-FLOW METHOD AND THE TITRATION METHOD FOR THE
DETERMINATION OF T L NITROGEN IN PLANT MATERIAL
Roots, leaves and fruits were digested separately.
Total nitrogen, %, m/m
A

—_
Root samples Leaf samples Fruit samples

| 205 - R o A Al - A Y

Continuous- Titration Continuous- Titration Continuous- Titration

Plant No. flow method method flow method method flow method method
1 1.67 1.61 1.22 1.20 2.22 2.19
2 1.79 1.75 1.28 1.24 1.86 1.81
3 2.11 2.17 1.43 1.40 2.01 1.97
4 2.10 2.05 1.24 1.24 1.75 1.76
5 1.89 1.84 1.37 1.36 2.09 2.07
6 1.81 1.78 1.48 1.43 2.03 2.00
7 1.58 1.52 1.22 1.09 2.14 1.94
8 2.23 2.22 1.44 1.40 2.67 2.63
9 2.11 2.06 1.31 1.32 2.74 2.72
10 1.89 1.89 1.54 1.61 2.48 2.46
11 1.82 1.89 1.52 1.51 2.3 2.45
12 2.01 1.98 141 1.45 2.3 2.32
13 1.96 2.00 1.21 1.29 2.58 2.59

Conclusion

The suitability of Nessler’s reaction for the determination of total nitrogen in plant material,
using the continuous-flow technique, has been demonstrated. The analysis is performed at a
rate comparable to those usually achieved with such analytical techniques. The use of
potassium sodium tartrate in Nessler’s reagent prevents the gradual deposition of a yellow -
brown precipitate on the walls of the apparatus. The use of a dialyser reduces the influence
of slightly different acidities of the wet digests of plant samples.

This research was carried out under contract No. 185-76-1 BIA N, Radiation Protection
Programme of the Commission of the European Communities. The collaboration of W. A. van
Lienden and of the technical staff of the Institute’s workshop was much appreciated.

References

Shuman, G. E., Stanley, M. A., and Knudsen, P., Soil Sci. Soc. Am. Proc., 1973, 37, 480.

Krug, F. J., RuaZi¢ka, J., and Hansen, E. H., Analyst, 1979, 104, 47.

Novozamsky, I., van Eck, R., van Schouwenburg, J. Ch., and Walinga, 1., Neth. J. Agric. Sci., 1974,
22, 3.

Schouwenburg, J. Ch., and Walinga, I., “Methods of Analysis for Plant Material,”” MSc Course on
Soil Science and Water Management, Agricultural University, Wageningen, The Netherlands, 1978.

Received May 15th, 1980
Accepted May 22nd, 1980

= SN

Automatic Determination of Ethylene Glycol in
Anti-freeze Solutions with a Periodate-sensitive
Flow-through Electrode

E. P. Diamandis, C. E. Efstathiou and T. P. Hadjiioannou *
Laboratory of Analytical Chemistry, University of Athens, Greece

Keywords: Periodate flow-through electrode; automatic potentiometric analysis;
ethylene glycol deteymination; anti-freeze solution analysis

The response of the perchlorate ion-selective electrode toward periodate is known! A
detailed study of this electrode as a periodate activity sensor and its capability of monitoring
periodate reactions have been reported.2 New schemes of kinetic%4 and catalytic3-7 analysis

* To whom correspondence should be addressed.
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have been developed based on the high reactivity of periodate toward certain classes of
compounds in conjuction with the capability of the perchlorate electrode to follow periodate
activity during the course of these reactions.

Recently, a new type of flow-through ion-selective electrode unit operating with liquid ion
exchangers has been developed in our laboratory. This electrode unit can be filled with almost
any type of liquid ion exchanger, resulting in an excellent in-flow monitor for the corresponding
ion, suitable for use in conjunction with automated flow systems of analysis. This paper
describes the use of a periodate flow-through electrode of the aforementioned type for the
determination of ethylene glycol in aqueous solutions. The analysis is completely automated
and samples can be analysed at a rate of forty per hour. Amounts of ethylene glycol in the
range 75-750 ug (0.4 ml of 0.003-0.03 M solution) were determined in synthetic samples with
an average error of 1.99 and a coefficient of variation of 0.7%,. The method has been
applied to the analysis of anti-freeze solutions obtained from the cooling system of military
vehicles. Comparison with the Fleury - Lange iodimetric method8 gave satisfactory results.

Experimental
Equipment

The periodate flow-through electrode consists of a piece of porous glass (pore size 5~10 pm)
with an equilateral triangular cross-section entrapped in a cylindrical time-cured plastic
material (Epofyx resin, Struers Scientific Instruments, Copenhagen, Denmark). An axially
drilled hole passing through the porous glass constitutes the pathway for the solution under
measurement. Radially drilled holes reaching the porous glass serve as liquid ion-exchanger
reservoirs. These holes are filled with small amounts (0.1-0.2 ml) of perchlorate liquid ion
exchanger (Orion ClO; ion exchanger, Cat. No. 92-81-01). This exchanger consists of an
almost saturated solution of the complex Fe(4,7-diphenyl-1,10-phenanthroline),(ClO,), in
2-nitro-p-cymene. The porous glass is always kept wet with the liquid ion exchanger, acting
as a solid support for the liquid membrane. One of the radially drilled holes is filled with
0.1 M sodium chloride - 0.1 M sodium perchlorate internal reference solution into which a
silver - silver chloride wire is dipped. A detailed description of the flow-through electrode
unit will be published elsewhere.?

The periodate-sensitive flow-through electrode is used in conjunction with a Technicon
AutoAnalyzer II system consisting of a sampler and a proportioning pump. The potential
of the flow-through electrode is measured against a saturated calomel electrode, and a Sargent-
Welch, Model XKR, recorder is used. A Corning, Model 12, Research pH meter, acting as a
voltage follower, is inserted between the electrodes and the recorder to match the high output
impedance of the electrodes with the relatively low input impedance of the recorder. Fig. 1
shows a schematic diagram of the automated analysis system.

Reagents

All solutions were prepared from analytical-reagent grade materials using de-ionised,
distilled water.

Sodium periodate working solution, 0.0200 M. Dissolve 4.28 g of sodium periodate in water
and dilute to 11. This solution should be kept in an amber-glass bottle.

Composite phosphate buffer - EDT A solution, pH 7.0. Dissolve 69.0 g of sodium dihydrogen
orthophosphate monhydrate (NaH,PO,.H,0) and 7.44 g of EDTA (disodium salt) in about
800 ml of water. Adjust the pH to 7.0 with saturated sodium hydroxide solution and dilute
to 11with water. This solution is 0.50 and 0.020 M in phosphate and EDTA, respectively.

Ethylene glycol stock solution, 0.30 M. Dissolve 18.6 g of ethylene glycol in water and
dilute to 1 1. The exact titre should be determined iodimetrically with the Fleury - Lange
method.® Standard ethylene glycol solutions of concentration 0.0030, 0.0100, 0.0200 and
0.0300 M are prepared from the stock solution by dilution.

Procedure

The samples of anti-freeze solutions are filtered through a Whatman No. 41 filter to remove
particulate matter and oil spills. The filtrate is diluted to adjust its ethylene glycol con-
centration to the range 0.003-0.030 M (typical dilutions are 1:520 to 1:500). Sample cups are
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Fig. 1. Schematic diagram of automated analysis system.

filled with the samples and standard solutions. A cam is selected so as to run 40 samples per
hour with a sample to wash ratio of 1:2. The instrument and the recorder are activated and
he analysis proceeds automatically.
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Fig. 2. Dynamic response (solid lines) and steady-state response (dashed lines) of
the periodate sensitive flow-through electrode. Concentrations, in moles per litre, are
shown at the corresponding peaks and plateaux.
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Results and Discussion
Electrode Response

Fig. 2 shows the recorded signal (solid lines) obtained when the periodate solution of the
manifold shown in Fig. 1 was replaced with water and various sodium periodate solutions
were sampled (dynamic response). It should be noted that because of the dilution factor the
final periodate concentration is one quarter of the initial concentration. Therefore, it is
concluded from Fig. 2 that the electrode can detect periodate at concentrations of about
2.5 x 10~¢ m. Fig. 2 also shows the recorded signal (broken lines) when the sampler is set
permanently in the “wash’ position and various sodium periodate solutions are pumped
through the periodate channel (steady-state response).

The electrode steady-state potential is directly proportional to the logarithm of periodate
activity at periodate concentrations down to 3 X 10~® M, which is about the same as for the
Orion 92-18 liquid membrane perchlorate electrode.? Steady-state potential values are equal
to the dynamic peak potential values. The peak values show excellent reproducibility for
initial periodate concentrations higher than 10—3 M.

The electrode response is stable provided that one drop of perchlorate liquid ion exchanger
is added every 2-3 working days.

Calibration Graph

Calibration graphs are prepared by plotting peak-height values in millivolts against the
ethylene glycol concentrations in the standard solutions. Linearity and reproducibility are
improved at higher periodate concentrations, but the sensitivity is reduced. A 0.020 M
initial sodium periodate concentration was chosen as a compromise.

Fig. 3 shows recorded tracings for a typical calibration sequence. It can also be seen that
the final value for the 0.0010 M ethylene glycol peak is approximately equal to 939, of the
steady-state value obtained under continuous sample flow conditions.

0.0300 m
‘[ 0.0200m 0.0200 M
steady
Steady state
state 0.0100 m
= 0.0100 m
o
1)
=]
=
e JJUJJJ 0.0030 M
F—10 min—
Time—>
Fig. 3. Recorded tracings for a typical calibration

sequence.

Effect of pH and Delay Time

pH has a moderate effect on the rate of the periodate - ethylene glycol reaction in the pH
range 4-7.2 A pH of 7.0 was chosen because at this pH higher sensitivity and better precision
were observed. EDTA was added to the buffer solution to prevent reactions of periodate
with other reducing substances, frequently catalysed by uncomplexed metal ions, and also
the accumulation of insoluble salts in the sensing porous glass membrane of the flow-through
electrode.
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A delay coil with 27 turns was found to be suitable for achieving acceptable sensitivity and
linear calibration graphs. The peak-height potential values obtained correspond to periodate
concentrations that indicate that about 509, of the ethylene glycol is oxidised until the peak
value is obtained.

Interfering Substances

Any substance that reacts with periodate would interfere and should be eliminated prior
to the measurements. Peak heights relative to ethylene glycol for several interfering
polyhydroxy compounds are given in Table I.

TasLE 1
PEAK-POTENTIAL HEIGHTS RELATIVE TO ETHYLENE GLYCOL FOR VARIOUS INTERFERING
COMPOUNDS
Compound Peak height ratio*
Propylene glycol .. s % o 1.6
Butylene glycolt o - 1.6
Potassium sodium tartrate. . 1.8
Glycerine . 2.6
Glucose 5.9
Mannitol 7.3

* Ratio of peak height of interfering compound to that of ethylene glycol; all concentrations 0.010 0-».
t Mixture of meso and racemic form.

Precision and Accuracy

Fourteen replicate determinations were made with 0.0050 and 0.0020 M ethylene glycol
solutions. The coefficients of variation were 0.78 and 0.719%,, respectively. The accuracy of
the method was checked with measurements on 18 samples of known ethylene glycol con-
centrations. The average error was 1.9%,.

Analytical Application

Twenty samples of anti-freeze solution obtained from the cooling system of military
vehicles were analysed according to the proposed method and also by the Fleury - Lange
iodimetric method.® The correlation graph of both methods was linear, passing almost
through the origin, with the equation y = 1.004x + 0.27, 7,, = 0.998 and » = 20 (concentra-
tion range of the samples = 0-509, #/V’). There was satisfactory agreement between the
results obtained with the two methods, the average relative difference of the results obtained
being 1.9%,.

Conclusion

The proposed method for the determination of ethylene glycol is a typical application of an
ion-selective electrode in the field of automated analysis. The periodate-sensitive flow-
through electrode provides an inexpensive, sensitive and reliable sensor with many possible
applications in automated analytical schemes. The possible application of this electrode to
the determination of other reducing substances and catalytically active species is under
investigation.
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The manufacture of sulphuric acid usually results from thermal oxidation of sulphur com-
pounds to sulphur dioxide and subsequent catalytic oxidation to sulphur trioxide. The
lifespan of the catalyst is generally between a few years and 20 years. However, this lifespan
is shortened by the presence in the gas stream of fluoride-containing compounds, which tend
to break down the silicate binders of the catalyst.! Fluorides can be introduced into sulphur
or sulphuric acid in many ways, for example during the phosphoric acid process, irequently
carried out at or near sulphuric acid manufacturing sites. When phosphate rock is crushed,
fluorides present in the dust can enter the sulphur product gas stream.? Fluorides can also
be present in the raw sulphur used for acid production. The determination of fluoride in
most materials requires careful separation of fluoride from the sample before measurement.
In sulphuric acid this is difficult. The established method of separation is that of Willard
and Winter34 and requires a double distillation.5® When using a solid-state fluoride ion-
selective electrode a sample can be analysed quickly, simply and accurately. The need for
distillation is eliminated and a large number of samples can be measured in a short period of
time. Most important, accuracy is improved as possible losses during distillation are
eliminated.

In acidic solution below pH 5, fluoride complexes with hydrogen to form undissociated HF
and/or HF,~. At higher pH values; hydroxide ion interferes with the electrode response to
fluoride. To avoid these undesirable effects the sample is buffered between pH 5.0 and 5.5.
With sulphuric acid samples loss of fluoride during neutralisation is not a problem if the
temperature is kept below that required to volatilise the hydrogen fluoride.

Experimental
Apparatus
An Orion fluoride ion-selective electrode, Model 94-09, was used with an Orion, Model
407A/L, ion-selective expanded scale meter. The reference electrode was an Orion single-
junction electrode, Model 90-01, filled with equitransferent filling solution, Orion Cat. No.
90-00-01, comparable to a silver - silver chloride reference electrode.

Reagents

All chemicals used were of analytical-reagent grade. Distilled, de-ionised water was used
throughout.

Standard fluoride solution. Dissolve 2.210 g of sodium fluoride in water and dilute to 1 1.
This solution contains 1000 pg ml—! of fluoride ion.

Total sonic-strength adjustment bujfer. Dissolve 58 g of sodium chloride, 4 g of trans-1,2-
diaminocyclohexane-NNN’'N'-tetraacetic acid (CDTA) and 57 ml of glacial acetic acid in
water and dilute to a final volume of 11.  This solution is available commercially as TISAB 11,
Orion Cat. No. 94-09-11.

Sodium acetate solution, 15%, m|V.

Potassium hydroxide solution, 45%, m|V.
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Determination of Fluoride

Because of the high salt concentration and possible hazard of neutralising large amounts of
concentrated sulphuric acid, a 5.00-ml sample was chosen. This sample is combined with
45 ml of 15%, m|V sodium acetate solution. TISAB II is added until the total volume is
80 ml. The solution is neutralised with 459, m/V potassium hydroxide solution and brought
to the required pH, between 5.0 and 5.5. After cooling to room temperature, the sample is
diluted with water to exactly 100 ml. The fluoride content is measured by immersing the
electrodes directly in the sample. Readings are taken after allowing 1 min for equilibration.
Readings are evaluated either by comparing the observed potential with a calibration graph
obtained using solutions of known fluoride content or by a standard-addition method.

Results and Discussion

A series of samples containing known amounts of fluoride were prepared from fluoride-free,
70--80%, m|m sulphuric acid and analysed for their fluoride content by the proposed method.
The results are shown in Table I. Values presented in Table I were obtained using the
standard-addition method with readings taken from the ‘“Known addition” scale of the ion-
selective meter. The potential response of the fluoride ion electrode to fluoride ions in
70-809%, m|m sulphuric acid with increasing fluoride concentration is linear. The slope
obtained from a graph of observed potential versus fluoride concentration is 55.5 mV from a
least-squares analysis of the linear portion of the graph. This value agrees with that of the
manufacturer for fluoride measurements in aqueous solutions. The theoretical slope of the
graph from the Nernst equation is 59.2 mV at 25 °C. The data begin to deviate from linearity
at about 1 pg ml! of fluoride ion (5.3 x 10-° M) in concentrated sulphuric acid. The
corresponding deviation in aqueous solutions begins at about 0.5 pg ml~ (2.6 X 10-5m).

TaBLE I
POTENTIOMETRIC MEASUREMENT OF ADDED FLUORIDE ION IN 70-80Y%, m/m SULPHURIC ACID

Fluoride ion added/pg ml-?! 20 54 61 76 93 98 152 192 48.0 99.0 200
Fluoride ion measured/ug ml-* 2.0 53 6.2 76 93 100 153 189 48.0 98.7 196

The manufacturer reports a detection limit of 0.02 pg ml~? of fluoride ion (1.1 X 10~% M) for
measurements in aqueous systems. In 70-809, m/m sulphuric acid the blank reading
estimated from extending the potential versus log [F~] data to zero flucride ion concentration
is about twice this value. Even though the calibration graph is not linear below 1 pg ml~ of
fluoride ion in sulphuric acid, concentration estimates can still be made from a calibration
graph, provided that the standards from which the graph was prepared have a total acid
concentration and total salt concentration approximately equal to those of the unknown
solution. Different matrix conditions result in slight variations of the observed potential
and, if not compensated for, erroneous fluoride ion values will be obtained from the calibration
graph. The slight solubility of the electrode membrane in a sample solution is responsible
for non-linear values at very low fluoride concentrations.

Table II illustrates the application of the proposed method to a series of actual samples
containing known amounts of added fluoride ion. Samples 1-7 are spent sulphuric acid from
a refinery aklylation process. Each sample contains approximately 90%, m/m of sulphuric
acid, 6%, m/m of hydrocarbons and 49, m/m of water. Differences between added and
measured fluoride ion content could be due in part to a slight hydrocarbon film on the electrodes
after their removal from the sample. This effect is small and should be eliminated by the
substitution of a small amount (5 ml) of methanol or ethanol in place of water in the final
dilution step. However, the alcohol added may cause precipitation of potassium sulphate
but it does not affect the fluoride concentration measurement. Samples 8-16 are technical-
grade sulphuric acid, either 93 or 999, m/m. The iron content of these samples varied from
50 to 20 pg ml! for the 93 and 999, m/m acids, respectively. Iron interference is reduced
by the TISAB II metal ion buffer.

Table III shows a typical range of fluoride ion concentrations present in spent sulphuric
acid from various sources. Samples 1-3 are from different refinery processes. The fluoride
ion content of sample 3 is greater than those from the other two sources. This may be due



1210 SHORT PAPERS
TasBLE 11

DETERMINATION OF ADDED FLUORIDE ION IN INDUSTRIAL-GRADE SULPHURIC ACID

Sample Fluoride ion added/ug ml-* Fluoride ion measured/ug mi-1!
1* 1.5 1.5
2 7.0 7.6
3 9.3 9.3
4 20.0 19.3
5 50.0 49.0
6 200 200
7 1000 1000
8t 2.0 2.0
9 5.0 5.4

10 7.0 7.6
11 10.0 10.0
12 15.0 15.3
13 20.0 19.6
14 50.0 48.0
16 100 98.7
16 200 200

* Samples 1-7 are approximately 909, m/m sulphuric acid from a refinery alkylation process.
1 Samples 8-16 are technical-grade sulphuric acid, either 93 or 999, m/m and containing small amounts
of iron.

TaBLE 111
DETERMINATION OF FLUORIDE ION IN INDUSTRIAL-GRADE SULPHURIC ACID
Sample number .. I 2 3 4% 5% 6§ 7 8
Fluoride ion content/
pg ml—1 .. .. 093 082 292 069 116 110 0.73 1.90

* Samples 1-3 are approximately 909 m/m sulphuric acid from various refinery processes.

t Sample 4 is approximately 75%, m/m sulphuric acid from an ion-exchange process.

1 Sample 5 is approximately 769, m/m sulphuric acid from reclaimed refinery acid.

§ Samples 6-8 are 4-15%, m/m sulphuric acid from gas scrubbers used in reclaiming spent sulphuric acid.

to the different processes employed, the first two samples being from similar manufacturing
processes. Sample 4 is from an ion-exchange process and sample 5 is from re-used spent
refinery acid. The remaining samples, 6-8, illustrate the amount of fluoride ion removed from
gas scrubbing equipment following the thermal decomposition of spent sulphuric acid.

Conclusion

The method described permits the rapid, accurate determination of trace fluoride ion
contamination in industrial sulphuric acid. The procedure is applicable to all grades and
types of sulphuric acid. The procedure is simple and rapid and is recommended in place of
the usual distillation procedure for fluoride determination.
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Book Reviews

AuGeEr ELECTRON SPECTROSCOPY. A BIBLIOGRAPHY: 1925-1975. Compiled by DonarLp T.
Hawkins. Pp. viii 4+ 11-297. IFI/Plenum. 1977. Price $54. ISBN 0 306 65168 8.

Receiving this book to review was something of a mystery for two reasons. Firstly, the book
was published in 1977, and as the literature surveyed covers the period up to the end of 1975, it is
thus seriously out of date in that, in the last four years, the literature in this rapidly growing
field has doubled. Secondly, the first 11 or so pages of the review copy were missing, including
the author’s introduction and explanation of the organisation of the text and the first 220
references (out of a total of 2146).

The book consists of some 300 pp. of tarted up computer print-out divided into three main
sections. The first section is sub-divided into six sections: () General Reviews and Miscellaneous
(222 references); (#4) Theory, Physics of the Auger Effect (359 references); (iii) Apparatus,
Technique (139 references); (iv) Auger Spectra of Materials, Spectral Line Energies (403 references);
(v) Surface Analysis by Auger Spectroscopy (863 references); and (vi) Metallurgical Applications
of Auger Spectroscopy (155 references). Each reference consists of the title, authors and source
of the reference and in certain instances the language and Chemical Abstracts or Science Abstracts
A reference. The second section is a permuted title index and occupies just over half of the
book. The final section is an alphabetical list of all authors and takes up some 52 pp. These
latter two sections have been produced by the Bell Laboratories computer system BELDEX.

Examination of our Library’s copy of the book reveals that the author’s introduction contains
a brief explanation of the coverage and analysis of the literature (the ‘“top” authors and journals
are listed). The book undoubtedly fulfils a useful function in collating and indexing the literature,
in this area, although a trend towards publication, as text books, of worker’s personal com-
puterised literature data banks is definitely not to be encouraged, a critical review is a much
more valuable contribution. It is a great pity that the volume received for review was not a
second volume covering 1976-1979. J. F. Tyson

ANNUAL REPORTS ON NMR SpEcTROScOPY. Volume 9. Edited by G. A. Webb. Pp. x { 426.
Academic Press. 1979. Price £25; $57.50. ISBN 0 12 505309 6.

Progress in NMR spectroscopy during the last five years has been characterised by the intro-
duction and use of sensitive Fourier transform multinuclear spectrometers, which have facilitated
routine measurements on less sensitive magnetic nuclei. These developments are reflected in the
four authoritative essays contributed to this addition to a well established series of reports on
NMR spectroscopy (cf., Analyst, 1978, 103, 1007).

K. G. Orrell’s essay (124 pp., 791 references) updates earlier reviews of the NMR spectroscopy
of paramagnetic species and covers papers published between 1973 and the end of 1977. This
period saw the general acceptance of paramagnetic materials as shift reagents in analytical work
and as relaxation agents in biochemical studies. After a survey of the theoretical background
and a discussion of applications of the technique in studies of electron distribution and bonding
in transition metal complexes, organometallic compounds and free radicals, Dr. Orrell considers
applications in dynamic, stereochemical and conformational problems and in studies of the
formation and exchange reactions of metal complexes. He describes the use of lanthanide shift
reagents in analysing strongly coupled spectra and in deducing the average solution geometries of
adduct molecules, and finally, reviews biological applications of paramagnetic probes.

The upsurge of interest in chemical applications of NMR of less common, quadrupolar nuclei,
which occurred during the period 1976 to mid-1978, is discussed by F. W. Wehrli (95 pp., 251
references). Quadrupolar nuclei constitute 759, of the magnetic nuclei in the Periodic Table,
but because of their relaxation and line-broadening effects and as many quadrupolar nuclei have
a low intrinsic NMR sensitivity, their investigation has, until recently, been restricted by the
limited availability of sensitive multi-nuclear instruments. Dr. Wehrli describes the nuclear
properties and chemical applications of less common, quadrupolar nuclei from each group of the
Periodic Table and he shows how measurements on ionic nuclei can help to evaluate complexa-
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tion and solvation equilibria. Full use of the equipment that is now available commercially
should lead to new applications of NMR in inorganic, organometallic and bio-inorganic chemistry.

The NMR spectroscopy of silicon-29, a nucleus that has not been considered previously in these
reports, is surveyed by E. A. Williams and J. D. Cargioli (99 pp., 252 references). Silicon-29 is a
nucleus of considerable practical importance, but until the advent of sensitive Fourier transform
spectrometers and of relaxation agents to shorten spin-lattice relaxation times it was a difficult
nucleus to study. The authors list silicon-29 chemical shift and coupling constant values for a
wide range of compounds and discuss spin-lattice relaxation and nuclear Overhauser effects.

W. McFarlane and D. S. Rycroft review advances in homo- and hetero-nuclear multiple
resonance reported between 1971 and 1978 (96 pp., 570 references). After short sections on
theory and instrumentation and longer ones on experimental procedures for INDOR, spin-echo
and two-dimensional spectra and for the assignment of carbon-13 NMR spectra, the authors
discuss the nuclear Overhauser effect, chemical exchange and chemical applications, such as the
measurement of chemical shifts and the determination of the signs and magnitudes of coupling
constants.

The volume maintains the high standards set by previous reports, but the subjects, which are
of topical interest and indicate the direction of future developments, will be appreciated more
readily by an NMR specialist than by an analytical chemist. J. E. Page
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INSTRUCTIONS TO AUTHORS

The Analyst publishes papers on all aspects of the theory and practice of analytical chemistry,
fundamental and applied, inorganic and organic, including chemical, physical and biological
methods. Papers may be submitted for publication by members of The Royal Society of Chemistry
or by non-members. There is no page charge for papers published in The Analyst.

The following types of papers will be considered:
Full papers, describing original work.

Short papers, also describing original work, but shorter and of limited breadth of subject matter;
there will be no difference in the quality of the work described in full and short papers.

Communications, which must be on an urgent matter and be of obvious scientific importance.
Rapidity of publication is enhanced if diagrams are omitted, but tables and formulae can be
included. Communications should not be simple claims for priority: this facility for rapid publica-
tion is intended for brief descriptions of work that has progressed to a stage at which it is likely
to be valuable to workers faced with similar problems. A fuller paper may be offered subsequently,
if justified by later work.

Reviews, which must be a critical evaluation of the existing state of knowledge on a particular
facet of analytical chemistry.

Every paper (except Communications) will be submitted to at least two referees, by whose
advice the Publications Committee of The Analyst will be guided as to its acceptance or rejection.
Papers that are accepted must not be published elsewhere except by permission. Submission of
a manuscript will be regarded as an undertaking that the same material is not being considered
for publication by another journal.

Copyright. The whole of the literary matter (including tables, figures, diagrams and photo-
graphs) in The Awnalyst is copyright and may not be reproduced without permission from the
Society or such other owner of the copyright as may be indicated.

Regional Advisory Editors. TFor the benefit of potential contributors outside the United
Kingdom, a Panel of Regional Advisory Editors exists. Requests for help or advice on any matter
related to the preparation of papers and their submission for publication in The 4nalyst can be sent
to the nearest member of the Panel. Currently serving Regional Advisory Editors are listed in
each issue of The Analyst.

Manuscripts. Papers should be typewritten in double spacing on one side only of the paper.
Three copies of text and illustrations should be sent to the Editor, The Analyst, The Royal
Society of Chemistry, Burlington House, London, W1V 0BN, and a further copy retained
by the author.

Proofs. The address to which proofs are to be sent should accompany the paper. Proofs
should be carefully checked and returned immediately (by Air Mail from outside Europe).

Reprints. Fifty reprints of each paper are supplied free. Additional reprints can be purchased
if ordered at the time of publication. Details are sent to authors with the proofs.

Notes on the Writing of Papers for The Analyst

Manuscripts should be in accordance with the style and usage shown in recent copies of The
Amnalyst. Conciseness of expression should be aimed at: clarity is increased by adopting a logical
order of presentation, with suitable paragraph or section headings.
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Descriptions of new methods should be supported by experimental results showing accuracy,
precision and selectivity.

The recommended order of presentation is as indicated below:

(@) Title. This should be as brief as is consistent with an adequate indication of the original
features of the work. The analytical method used in the work should be mentioned in
the title.

(b) Synmopsis. A synopsis of about 100 words, giving the salient features and drawing attention
to the novel aspects, should be provided.

(¢) Keywords. Up to 5 keywords, indicating the topics of importance in the work described,
should be included after the synopsis. :

(d) Aim of investigation. An introductory statement of the object of the investigation with
any essential historical background, followed, if necessary, by a brief account of preliminary
experimental work.

(e) Description of the experimental proceduves. Working details must be given concisely.
Analytical procedures should preferably be given in the form of instructions; well known
operation: should not be de' ribed in detail.

{f) Results. These are best presented in tabular form, followed by any statistical evaluation,
which should be in accordance with accepted practice.

(g) Discussion of vesults. This section will comment on the scope of the method and its
validity, followed by a statement of any conclusions drawn from the work.

Nomenclatuve. Current internationally recognised (IUPAC) chemical nomenclature should be
used. Common trivial names may be used, but should first be defined in terms of IUPAC nomen-
clature.

SI units. The SI system of units should be used. These units are summarised in the Appendix.
The effect on current style of papers for The Analyst includes the following:

(a) dimensions should preferably be given in metres (m) or in millimetres (mm);

(b) temperatures should be expressed in K or °C (not °F);

(¢) wavelengths should be expressed in nanometres (nm) (not mu);

(d) frequency should be expressed in Hz (or kHz, etc.), not in ¢/s or c.p.s.; rotational frequency
can be denoted by use of s71;

{¢) radionuclide activity will be expressed in becquerels (Bq) or curies (Ci); 1 Ci = 3.7 x 10 Bq;
(f) the micron (u) will not be used; 10~ m will be 1 pm.

Abbreviations. SI units should be used. Normality and molarity are generally expressed as
decimal fractions (e.g., 0.02 N, 0.375 m). Abbreviational full stops are omitted after the common
contractions of metric units (¢.g., ml, g, ug, mm) and other units represented by symbols.

Abbreviations other than those of recognised units should be avoided in the text; symbols
and formulae are not used instead of the names of elements and compounds in the text, but may
be used in addition to names when they are necessary to avoid ambiguity, e.g., to specify crystalline
composition, as in CuSO,.5H,0, to show structure or in equations.

Percentage concentrations of solutions should be stated in internationally recognised terms.
Thus the symbols “m” for mass and “V” for volume are to be used instead of “w’’ for weight
and “v” for volume. The following shows the manner of expressing these percentages together
with an acceptable alternative given in parentheses: %, m/m (g per 100 g); % m/V (g per 100 ml);
9, V/V. Further implications of the use of the term ‘“mass’ are that ‘relative atomic mass”
of an element (4,) replaces atomic weight, and ‘“relative molecular mass” of a substance (M)
replaces molecular weight.
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Concentrations of solutions of the common acids are often conveniently given as dilutions of
the concentrated acids, such as “‘dilute hydrochloric acid (1 + 4),” which signifies 1 volume of the
concentrated acid mixed with 4 volumes of water. This avoids the ambiguity of 1: 4, which might
represent either 1 4- 4or 1 + 3. Dilutions of other solutions can be expressed in a similar manner.

Tables and diagrams. The number of tables should be kept to a minimum. Column headings
should be brief. Tables consisting of only two columns can often be arranged horizontally. No
lines should be ruled in tables in the manuscript. Tables must be supplied with titles and be so
set out as to be understandable without reference to the text.

Either tables or graphs may be used but not both for the same set of results, unless important
additional information is given by so doing. The information given by a straight-line calibration
graph can usually be conveyed adequately as an equation or statement in the text.

The style used in headings to tables and in labels on the axes of graphs, where the numbers
represent numerical values, is, for example: Volume/ml. The diagonal line (solidus) will not be
used to represent ‘“‘per.”” In accordance with the SI system, units such as grams per millilitre are
already expressed in the form g ml-1. For a table (or graph), this would appear as: Concentration
of solution/g ml-'. It should be noted that the ‘‘combined’” unit, g ml-1, must not have any “in-
trusive” numbers. To express concentration in grams per 100 millilitres, the word ‘“per” will still
be required: Concentration/g per 100 ml. It may be preferable for an author to express concen-
trations in grams per litre (g 1-!) rather than grams per 100 ml.

Diagrams and graphs should be drawn in Indian ink on Bristol board, stout paper or tracing
cloth, not larger than A4 size and with at least 25-mm margins all round. The use of squared
paper should be avoided. All lettering should be inserted lightly in pencil at the appropriate
place in the diagram, and will be replaced by type in block-making. All lines in Indian ink should
be firmly drawn and sufficiently thick to be visible after reduction.

Drawings should be specially prepared for submission to The Analyst, as they cannot normally
be returned and may be modified or cut in the course of block-making.

Three sets of illustrations should be provided, two sets of which may be made by any convenient
copying process for transmission to the referees; there is no need to prepare Indian-ink duplicates.

Photographs. Photographs should be submitted only if they convey essential information that
cannot be shown in any other way. They should be submitted as glossy prints made to give the
maximum detail. Colour photographs will be accepted only when a black-and-white photograph
fails to show some vital feature.

References. References should be numbered serially in the text by means of superscript figures,
e.g., Wilson and Duff,! Mendoza ¢t al.2 or Hanson,? and collected in numerical order under ‘Refer-
ences’ at the end of the paper. They should be listed, with the authors’ initials, in the following
form (double-spaced typing):

1. Wilson, H. N,, and Duff, G. M. S., Analyst, 1967, 92, 723.

2. Mendoza, C. E., Wales, P. J., McLeod, H. A., and McKinley, W. P., Analyst, 1968, 93, 173.

3. Hanson, N. W., Editor, *“Official, Standardised and Recommended Methods of Analysis,”
Second Edition, Society for Analytical Chemistry, London, 1974, p. 77.

For books, the edition (if not the first), the publisher and the place and date of publication should
be given, followed by the volume or page number, or both if required.

Authors must, in their own interest, check their lists of references against the original papers;
second-hand references are a frequent source of error. The number of references must be kept
to a minimum.
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Appendix

The Sl System of Units

In the SI system there are seven base units—

Physical Name Symbol

quantity of unit Jor unit
length metre m
mass kilogram kg
time second s
electric current ampere A
thermodynamic temperature kelvin K
amount of substance mole mol
luminous intensity candela cd

There are two supplementary dimensionless units for plane angle (radian, rad) and solid angle (steradian,
st). Some derived SI units that have special names are as follows—

Physical Name Symbol Definition
quantity of unit for unit of unit
energy joule ] kg m2?s—2
force newton N kgms2= Jm?!
power watt W kgm?s3 = Js?
quantity of electricity coulomb C As
electric potential difference volt v kgm?s3A-1=7]A 1!
electric resistance ohm Q kgm?s 2 A-2=V A
electric capacitance farad F A’stkg'm—2= AsV-?
frequency hertz Hz st
magnetic flux density
(magnetic induction) tesla T kgs—2 A1
radionuclide activity becquerel Bq st
Examples of other derived SI units are—
Physical Symbol
quantity ST unit Sfor unit
area square metre m?
volume cubic metre m?
density kilogram per cubic metre kg m—3
velocity metre per second m s~
angular velocity radian per second rad s—?!
acceleration metre per second squared m s—2
magnetic field strength ampere per metre A m-!
Certain units will be allowed in conjunction with the SI system, e.g.—
Physical Name Symbol Definition
quantity of unit Sfor unit of unit
volume litre 1 103 m® = dm?3
magnetic flux density
(magnetic induction) gauss G 104T
temperature, ¢ degree Celsius °C t[°C = T|K—237.15
radionuclide activity curie Gi 3.7 x 101 Bq
energy electronvolt eV 1.6021 x 10-1°]

The common units of time (e.g., minute, hour, day) and the angular degree (°) will continue to be used
in appropriate contexts.

Decimal multiples and submultiples have the following names and symbols (for use as prefixes)—

10-3 milli m 108 kilo k
10-¢ micro " 108 mega M
10—° nano n 10° giga G
1012 pico P 1012 tera T
101 peta P
10 exa E

Compound prefixes (¢.g., mpum) should not be used; 10 m = 1 nm.
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Pyrolysis - Gas Chromatography of Proline, Hydroxyproline and
Related Peptides

On pyrolysis using a Curie point analyser at 770 °C proline and hydroxy-
proline (cis- and #ranms-) yielded as their major products a previously un-
reported fragment, tentatively identified as l-pyrroline, and pyrrole, respec-
tively. A number of dipeptides and a tripeptide containing these hetero-
cyclic amino acids were also examined. All the degradations were found to
be dependent on the pH of the solution that was examined.

Keywords: Proline; hydroxyproline; pyrolysis - gas chvomatography; di-
peptides

ROGER M. SMITH, SANAA A. K. SHAWKAT and WILLIAM P. HAYES

Department of Chemistry, University of Technology, Loughborough, Leicestershire.
LEl11 3TU.

Analyst, 1980, 105, 1176-1181.

Use of a Sulphur Dioxide Gas Sensing Membrane Probe in
Wines and Juices at Their Natural pH

A sulphur dioxide gas sensing membrane probe has been used to determine
the concentration of “free’” sulphur dioxide in aqueous solutions of pH 3-4
in the concentration range 10-2-10-4moll-l. The accuracy and repro-
ducibility suggested that this was a new non-destructive method suitable for
the analysis of sulphur dioxide in juices and beverages.

Keywovds: Sulphur dioxide deteymination; gas sensing membrane probe;
Juice and beverage analysis; wine analysis

D. J. SPEDDING and G. M. STEWART
Chemistry Department, University of Auckland, Auckland, New Zealand.

Analyst, 1980, 105, 1182-1187.

The Frequency Distribution of Analytical Error

The widely held view that the frequency distribution of analytical error is
log-normal at concentrations of analyte near the detection limit is examined
in detail. It is argued that (a) there is no theoretical reason why such
distributions should be log-normal and there is abundant evidence that they
are not; (b) quasi-log-normal distributions can be produced as artifacts by
data recording practices; and (¢) inordinately large numbers of analytical
results would be needed to distinguish a log-normal distribution from a
normal distribution.

Keywords: Analytical evvorv; frequency distributions; mormal curve; log-
normal curve; chemometyics

MICHAEL THOMPSON and RICHARD J. HOWARTH

Applied Geochemistry Research Group, Department of Geology, Imperial College of
Science and Technology, London, SW7 2BP.

Amnalyst, 1980, 105, 1188-1195.
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Analytical Proceedings

Following the development and expansion of the former Proceedings of the
Analytical Division of The Chemical Society to include a wide range of topics of
general interest to analytical chemists, a change of title to

ANALYTICAL PROCEEDINGS
came into effect in January 1980.

Recent and forthcoming issues include the following:

® Lecture Summaries—
2-3 page technical papers based on lectures presented at meetings of the
RSC Analytical Division, describing research and development studies.
® Special Articles and Editorials—
Safety, recent legislation, controversial topics, etc.
® Equipment News—
Information on the latest equipment, instruments and products.
® Conferences, Meetings and Courses—
Announcements of forthcoming meetings and courses of interest to
analysts.
® Books—
The regular list of recent analytical books and publications now includes
mini-reviews.
® Correspondence—
Letters to the Editor appear regularly.
® Biographies—
Information on and biographies of medallists, award winners and
distinguished analytical chemists visiting the UK.
® Diary—
Full details of all forthcoming meetings of the Analytical Division and its
Regions and Subject Groups are listed every month.
® Advertising—
Advertisements are accepted in Analytical Proceedings: full advertisements,
classified, situations vacant, etc., are published.
For information on subscriptions and advertising rates, please return the form
below. From 1981, Analytical Proceedings can be purchased separately from 7he
Analyst, Price £30 (UK), $70.50(USA), £31.50 (elsewhere).

Analytical Proceedings

To: The Marketing Department*/Advertissment Manager*
(*delete as appropriate)
The Royal Society of Chemistry, Burlington House, Piccadilly,
London, W1V OBN, UK.

Please send me details of:
[0 Subscriptions to Analytical Proceedings.
O Advertisement rates.
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Spectrophotometric Determination of Nickel with Diacetyl
Monoxime Glycinimine

Short Paper

Keywords: Nickel determination; spectrophotometry; diacetyl wmonoxime
glycinimine

P. RIYAZUDDIN

Department of Analytical Chemistry, University of Madras, A.C. College Campus,
Madras 25, India.

Analyst, 1980, 105, 1196-1199.

Determination of Total Nitrogen in Plant Material with Nessler’s
Reagent by Continuous-flow Analysis

Shovt Paper

Keywords: Plant analysis; continuous-flow analysis; Nessler's veagent; total
nitrogen deteymination

J. H. VAN GINKEL and J. SINNAEVE
Association Euratom-ITAL, P.O. Box 48, 6700 AA Wageningen, The Netherlands.

Analyst, 1980, 105, 1199-1203.

Automatic Determination of Ethylene Glycol in Anti-freeze
Solutions with a Periodate-sensitive Flow-through Electrode

Short Paper

Keywords: Periodate flow-thvough electvode; automatic potentiometvic analysis;
ethylene glycol determination; anti-freeze solution analysis

E.P.DIAMANDIS, C.E. EFSTATHIOU and T. P. HADJIIOANNOU
Laboratory of Analytical Chemistry, University of Athens, Athens, Greece.
Analyst, 1980, 105, 1203-1207.

Determination of Fluoride Ions in Concentrated Sulphuric Acid
with a Fluoride Ion-selective Electrode

Short Paper
Keywovds: Fluovide determination; sulphuric acid; ion-selective electrode

KENNY D. BROWN
Coulton Chemical Corporation, Oregon, Ohio 43616, USA.

and GORDON A. PARKER
Department of Chemistry, University of Toledo, Toledo, Ohio 43606, USA.

Analyst, 1980, 105, 1208-1210.
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Separation and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
179-81
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5

Determination of residual methyl bromide in fumigated commodities using derivative gas-liquid chromatography

251~

Assay of carbaryl in honey bees (Apis mellifera) by high—performance liquid chromatography, 257-61

Application of gas-liquid chromatography to the analysis of essential oils. Part VII. Fingerprinting of essential
oils by temperature-programmed gas-liquid chromatography using a Carbowax 20M stationary phase, 262-73

Analysis of maleic, fumaric, and succinic acids in air by use of gas chromatography, 400-3

Automated system for the gas-liquid chromatographic analysis of denatured alcohol, 403-7

Determination of benzoic and sorbic acids in orange juice by high-performance liquid chromatography, 407-9

Gas—chromatographic study of methylstyrenes in the light-oil fraction of coal distillate using selective hydrogena-
tion, 441-7

Determination of 6-—mercaptopurine and related compounds by phosphorescence spectroscopy, 448-54

Quality control of prednisolone sodium phosphate, 455-61

Determination of 3,5-dinitro—o—toluamide in poultry feedstuffs and pre-mixes by high-performance liquid
chromatography, 509-12

Determination of a range of organophosphorus pesticide residues in grain, 515-17

Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic-mass spectrometric procedure, 517-20

Improvements in the determination of sugars in confectionery by high—performance liquid chromatography,
581-8

Determination of synthetic colors in foods using high-performance liquid chromatography, 589-99

Determination of cesium in river and sea waters by electrothermal atomic-absorption spectrometry. Interference
of cobalt and iron, 651-6

Determination of selenium in human blood by gas chromatography with electron—capture detection, 690-5

Corrosion of metals in carbon tetrachloride—containing solvents, 696-704

Determination of methylmercury in human blood, 726-9

Micro-scale thin-layer chromatographic method for the comparison of dyes stripped from wool fibers, 729-30

Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93

Determination of a volatile phenol in serum by hlgh—pcrformanoe liquid chromatography, 811-13

High-performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6

Application of electrochemical detection to the measurement of 4,4'-methylenebis(2—chloroaniline) and 2-
chloroaniline concentrations in air by high-performance liquid chromatography, 861-7

Determination of diuron residues in soil: comparison of determinations by high-performance liquid chromatogra-
phy and gas-liquid chromatography, 987-90

Rapid extraction of some persistent chlorinated hydrocarbons from biological material with low fat content,
990-2

Determination of the anthelmintic levamisole in plasma and gastrointestinal fluids by high-performance liquid



12 ANALYST SUBJECT INDEX VOL. 105 (1980)

CHROMATOG(contd)
chromatography, 993-6
Rapid gas-liquid chromatographic determination of cotinine in biological fluids, 998—1001
Determination of polybrominated biphenyl and related compounds by gas-liquid chromatography with a plasma
emission detector, 1060-7
Microbiological and chemical analysis of polymyxin B and polymyxin E (colistin) sulfates, 1068-75, 1 PLATE
Thin—layer chromatography of nickel ion in the detection of vanaspati as an adulterant in ghee, 1120-3
Determination of 2-aminobutane in potatoes using high—performance liquid chromatography, 1171-5
Pyrolysis—gas chromatography of proline, hydroxyproline, and related peptides, 1176-81
CHROME
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
CHROMITE
Precision spectrophotometric determination of chromium in chromite ores and ferrochrome, 20916
Precision spectrophotometric determination of total iron in chromite ores, 333-7
CHROMIUM
Precision spectrophotometric determination of chromium in chromite ores and ferrochrome, 209-16
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Rapid determination of chromium(VI) by flow injection analysis, 292—5
Determination of total chromium, cobalt, and silver in foodstuffs by flame atomic-absorption spectrophotometry
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic-absorption spectrophotometry, 883-96
CITRIC
Selective colorimetric detection of carboxylic acids, 217-21
CLIN
Assessing the analytical quality of the clinical laboratory, 1009-17
COAL
Gas—chromatographic study of methylstyrenes in the light—oil fraction of coal distillate using selective hydrogena-
tion, 441-7
COBALT
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,

Spectrophotometric determination of cobalt with biacetyl mono(2-pyridyl)hydrazone, 203-8
Destermination of total chromium, cobalt, and silver in foodstuffs by flame atomic-absorption spectrophotometry
59-70

Determination of cobalt in blood, 551-7

Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic-absorption spectroscopic method, 61620

Specific and sensitive spectrophotometric determination of cobalt with 3—(2°-thiazolylazo)-2,6-diaminotoluene,
7

COCOA
Fungicide residues. Part VII. Determination of residues of fentin in vegetables and cocoa products by spectrofiu-
orometry, 282—5
OD

Rapid extraction of some persistent chlorinated hydrocarbons from biological material with low fat content,
990-2

COLLIDINIUM
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9
COLOR
Voltammetric determination of synthetic food coloring matters at a stationary glassy carbon electrode, 868—72
COLORIMETRY
Selective colorimetric detection of carboxylic acids, 217-21
COLORING
Effect of tetraphenylphosphonium chloride on d.c. and differential-pulse polarograms of synthetic food coloring
matters, 23
Determination of synthetic colors in foods using high—performance liquid chromatography, 589-99
COMBUSTION
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
Determination of total sulfur in small amounts of plant material, 83-5
Macro—determination of carbon in agricultural materials by oxygen—-bomb combustion and titrimetry, 9224
COMPACT
Variation of intra— and interparticle porosity with degree of compaction, 1104-12
COMPD
Gas—chromatographic study of methylstyrenes in the light—oil fraction of coal distillate using selective hydrogena-
tion, 441-7
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
COMPLEXOMETRY
Complexometric determination of calcium and magnesium in calcite and limestone after selective precipitation of
magnesium quinolin-8-olate from a homogeneous solution, 720-5
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COMPLEXOMETRY/(contd)
C(l))ﬁ%rmination of calcium in unused lubricating oil blends by direct small-scale complexometric titration, 877-82
Determination of rhenium in molybdenum concentrates, 27882
CONCN
Simple direct concentration readout method for the standard additions technique in atomic—absorption
spectrophotometry, 820-2
CONFECTIONERY
Imsgglovgements in the determination of sugars in confectionery by high—performance liquid chromatography,
CONTINUOUS
Determination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
COPPER
Determination of trace amounts of copper in palm oil by differential-pulse anodic—stripping voltammetry, 30-6
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
D?;gr&iggtion of nickel(II) and copper(II) and lead(II) and copper(Il) in mixtures by complexometric titration,
Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
absorption spectrophotometry, 529-43
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
Direct determination of metals in lubricating oils using atomic—absorption spectrometry and aqueous inorganic
standards, 919-21
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
CORROSION
Corrosion of metals in carbon tetrachloride-containing solvents, 696-704
COTININE
Rapid gas-liquid chromatographic determination of cotinine in biological fluids, 998-1001
COULOMETRY
Precise determination of iron in iron ore by controlled potential coulometry, 705-12
CRESYL
C&g&minaﬁon of anionic-active matter in detergents by potentiometric titration, 713-19
C‘l{t“r{gﬁ\)r%ments to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
Spectrophotometric determination of ammonia: a study of a modified Berthelot reaction using salicylate and
dichloroisocyanurate, 305-16
Determination of cyanide in animal feeding stuffs, 974-80
CYANOFERRATE
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
CYCLIZINE
Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
- 'lgzsponsive electrodes, 605-11

Acquisition and processing of data from a multiple pH—stat system monitoring enzyme kinetics (urea—urease),
432-40

DECANOL

Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
DEHYDROGENASE

Biz}rsnﬁg(())metric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
DENATURANT

Automated system for the gas-liquid chromatographic analysis of denatured alcohol, 403-7
DEPOLARIZATION

Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
DESMETHYLNORTRIPTYLINE

Fluorescamine and fluorescein as labels in energy—transfer immunoassay, 91-2
DETERGENT

Determination of anionic—active matter in detergents by potentiometric titration, 713-19
DETERMINAND

Limiting non—Nernstian calibrations of ion—selective electrodes, 417-25
DIACETONE

Diacetone alcohol, an artefact of acetone extraction of soil, 409-12
DIACETYL

Spectrophotometric determination of nickel with diacetyl monoxime glycinimine, 1196-9

Y ) d N
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DIAMINO
Determination of selenium in human blood by gas chromatography with electron—capture detection, 690-5
DICHLORAMINE
Determination of thioacetamide and thiobenzamide using dichloramine-T, 873-6
DIETHYLCARBAMAZINE
Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
responsive electrodes, 605-11
DIETHYLDITHIOCARBAMATE
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Spectrophotometric determination of arsenic and antimony by the silver diethyldithiocarbamate method, 558—63
Further improvement of the modified spectrophotometric method for the determination of malathion, 564-7
DIGESTION
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 4851
Determination of arsenic in soil digests by nondispersive atomic—fluorescence spectrometry using an argon—
hydrogen flame and the hydride generation technique, 79-83
Method for the determination of phosphorus in lipids and lipid—containing materials, 173—6
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
DIMETHYLDITHIOPHOSPHATE
Further improvement of the modified spectrophotometric method for the determination of malathion, 564-7
DINITRO
2,4-Dinitrobenzenesulfenyl chloride as an acid-base standard in nonaqueous titrimetry, 730-1
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
DINITROBENZENESULFENYL
2,4-Dinitrobenzenesulfeny! chloride as an acid-base standard in nonaqueous titrimetry, 730-1
DINITROTOLUAMIDE
Determination of 3,5-dinitro-o-toluamide in poultry feedstuffs and pre-mixes by high-performance liquid
chromatography, 509-12
DINITROTOLUENE
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
DIOXIDE
Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27
DIPHENYL
Rapid determination of chromium(VI) by flow injection analysis, 2925
DIRECT
Simple direct concentration readout method for the standard additions technique in atomic—absorption
spectrophotometry, 8202
Polarographic behavior and analysis of some azo dyes of biological significance, 929-38
DISK
Proton-induced prompt gamma-ray spectrometry for boron analysis coupled with the potassium bromide disk
method, 298-300
DISPERSION
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
DISTN
Automated distillation-spectrophotometry procedure for determining ammonia in water, 841-8
Determination of alkylmercury in fish by steam distillation and cold—vapor atomic-absorption spectrophotometr-
y, 897-901
DITHIO
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
DITHIOCARBAMATE
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
DITHIZONE
Further improvement of the modified spectrophotometric method for the determination of malathion, 564—7
DIURON
Determination of diuron residues in soil: comparison of determinations by high—performance liquid chromatogra-
phy and gas-liquid chromatography, 987-90
DODECYL
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833-40
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DROP
Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
DRUG
Spectrophotometric assay of hexamethylenetetramine, 568-74
Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
663-8
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
DRYING
Retention of metabolized trace elements in biological tissues following different drying procedures. Part I1.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
DYE
Micro—scale thin-layer chromatographic method for the comparison of dyes stripped from wool fibers, 729-30
:olarographic behavior and analysis of some azo dyes of biological significance, 929-38
EARTH
Behavior of trace amounts of europium in a silicate matrix in atomic-absorption spectrophotometry with
electrothermal atomization, 497-501
ECHELLE
An eghelle monochromator system for the measurement of sensitive carbon furnace atomic—emission signals,
1130-3
EDTA
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Gravimetric determination of zinc by precipitation with benzimidazole directly and from homogeneous solution
by replacement of zinc in a complex with EDTA, 176-9
Simultaneous determination of thallium and lead at trace levels by anodic—stripping voltammetry, 386-90
Determination of nickel(II) and copper(II) and lead(II) and copper(II) in mixtures by complexometric titration,
6400

EFFLUENT
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
ELECTROCHEM
Application of electrochemical detection to the measurement of 4,4’-methylenebis(2—chloroaniline) and 2—
chloroaniline concentrations in air by high—performance liquid chromatography, 861-7
ELECTRODE
Divalent (water hardness) ion—selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Determination of nitrate and nitrite in meat products by using a nitrate ion-selective electrode, 241-5
Limiting non—Nernstian calibrations of ion—selective electrodes, 417-25
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
responsive electrodes, 605-11
Determination of anionic—active matter in detergents by potentiometric titration, 713-19
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
Limit of detection in analysis with ion-selective electrodes, 1002-5
Deltggrgl_irl)g;ion of fluoride in aqueous solutions of sodium monofluorophosphate with an ion-selective electrode,
Automatic determination of ethylene glycol in antifreeze solutions with a periodate—sensitive flow-through
electrode, 1203-7
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion—selective electrode, 1208-10
ELECTROREDN
Differential-pulse polarographic determination of molybdenum in steel, 379-85
ELECTROTHERMAL .
Behavior of trace amounts of europium in a silicate matrix in atomic—absorption spectrophotometry with
electrothermal atomization, 497-501
Optical emission spectrometry with an inductively coupled radiofrequency argon plasma source and sample
introduction with a graphite rod electrothermal vaporization device. Part II. Matrix, inter—element and sample
transport effects, 5028
ELEMENT
Simultaneous acid extraction of six trace metals from fish tissue by hot-block digestion and determination by
atomic—absorption spectrometry, 125-30
Automated signal recording system for the Perkin—Elmer 240 elemental analyzer, 544-50
Studies in chemical phase analysis. Part 1. Determination of the solubilities of elements in certain organic solvent—
bromine mixtures, 600—4
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emission spectrometry, 756-61
Retention of metabolized trace elements in biological tissues following different drying procedures. Part II.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
EMISSION
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33



16 ANALYST SUBJECT INDEX VOL. 105 (1980)

EMISSION(contd)
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively—coupled plasma source for emission spectrometry, 274-8
Optical emission spectrometry with an inductively coupled radiofrequency argon plasma source and sample
introduction with a graphite rod electrothermal vaporization device. Part II. Matrix, inter—element and sample
transport effects, 502-8
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively-coupled plasma—emission spectrometry, 756-61
Determination of polybrominated biphenyl and related compounds by gas-liquid chromatography with a plasma
emission detector, 10607
EMULSION
Analytical applications of emulsions: determination of lead in gasoline by atomic-absorption spectrophotometry,

ENDRIN
Analysis of human urine for a metabolite of endrin by chemical oxidation and gas-liquid chromatography as an
indicator of exposure to endrin, 60-5
ENZYME
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
Acquisition and processing of data from a multiple pH—stat system monitoring enzyme kinetics (urea—urease),
432-40
EQUIV
Automatic titration by stepwise addition of equal volumes of titrant. Part V. Extension of the Gran I method for
calculation of the equivalence volume in acid-base titrations, 802—10
ERROR
The frequency distribution of analytical error, 1188-95
SR

Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
663!
ESSENTIAL
Application of gas-liquid chromatography to the analysis of essential oils. Part VII. Fingerprinting of essential
oils by temperature-programmed gas-liquid chromatography using a Carbowax 20M stationary phase, 262-73
ESTER
Confirmation of ochratoxin A by chemical derivatization and high—performance liquid chromatography, 89-90
ESTERIFICATION
Confirmation of ochratoxin A by chemical derivatization and high-performance liquid chromatography, 89-90
ESTUARY
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold-vapor
generation, 981-4
ETHANOL
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
Automated system for the gas-liquid chromatographic analysis of denatured alcohol, 403-7
ETHER
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833—40
ETHYL
Determination of ronidazole in animal feeds by gas-liquid chromatography. A collaborative study by the EEC
Committee of experts, 1614
ETHYLAMINOPHENYLAZOPYRIDINIUM
Spectrophotometric determination of anionic surfactants in river water using 1—(4-nitrobenzyl)-4—(4-diethylami-
nophenylazo)pyridinium bromide, 768-73
ETHYLDITHIOCARBAMATE
Sequential spectrophotometric determination of inorganic arsenic(III) and arsenic(V) species, 338—43
ETHYLENE
Automatic determination of ethylene glycol in antifreeze solutions with a periodate—sensitive flow—through
electrode, 1203-7
EUROPIUM
Behavior of trace amounts of europium in a silicate matrix in atomic—-absorption spectrophotometry with
electrothermal atomization, 497-501
EXCHANGE
Thiosulfate as a complexing agent in the separation of cations by anion-exchange chromatography, 52-9
Determination of cesium in river and sea waters by electrothermal atomic-absorption spectrometry. Interference
of cobalt and iron, 651-6
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
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EXTN
Determination of lead in drinking water by atomic—absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Determination of ronidazole in animal feeds by gas-liquid chromatography. A collaborative study by the EEC
Committee of experts, 1614
Determination of rhenium in molybdenum concentrates, 278-82
Specific solvent extraction method for the determination of gold in ores and products, 371-8
Diacetone alcohol, an artefact of acetone extraction of soil, 40912
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan—2—-one phase after extraction from an
aqueous phase, 6204
Use of a vibratory ball-mill for the extraction of plant pigments, 625-9
YEé(traction of metals from aqueous solution with polyurethane foam, 1087-97
E
Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
FATTY
Microdetermination of long—chain fatty acids in plasma and tissues by photometric titration, 1127-30
FECES
Fé\éa})cro—detennination of carbon in agricultural materials by oxygen-bomb combustion and titrimetry, 9224
Determination of ronidazole in animal feeds by gas-liquid chromatography. A collaborative study by the EEC
Committee of experts, 1614
Determination of 3,5-dinitro—o—toluamide in poultry feedstuffs and pre-mixes by high—performance liquid
chromatography, 509-12
Determination of cyanide in animal feeding stuffs, 974-80
FENTIN
Fungicide residues. Part VII. Determination of residues of fentin in vegetables and cocoa products by spectroflu-
orometry, 282-5
FERRATE
Determination of cesium in river and sea waters by electrothermal atomic-absorption spectrometry. Interference
of cobalt and iron, 651-6
FERROCHROME
IPrecision spectrophotometric determination of chromium in chromite ores and ferrochrome, 209-16
FIBER
Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber-iodized
carbon filter disk, 110-18
Micro-scale thin-layer chromatographic method for the comparison of dyes stripped from wool fibers, 729-30
FILTER
Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber—iodized
carbon filter disk, 110-18
FISH
Simultaneous acid extraction of six trace metals from fish tissue by hot-block digestion and determination by
atomic—absorption spectrometry, 125-30
Detennin;tion of alkylmercury in fish by steam distillation and cold—vapor atomic—absorption spectrophotometr-
y, 897-901
Simple semiautomated atomic-absorption spectrometric method for the determination of arsenic and selenium in
fish tissue, 902-7
FISSION
Determination of trace amounts of poly(ethylene glycol) by hydrogen bromide fission and gas chromatography
with electron—capture detection, 85-9
FLAME
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Some observations on the determination of iron by atomic-absorption spectrophotometry using air—acetylene
flames, 641-50
FLASH
Improvements to the spectrophotometric determination of germanium with phenylfituorone, 75-9
FLOODING
Determination of sulfide in flooded acid-sulfate soils by an indirect atomic—absorption spectrophotometric
method, 984-6
FLOW
Rapid determination of chromium(VI) by flow injection analysis, 292-5
l]i}elt;z)nnination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
Fi
Determination of the anthelmintic levamisole in plasma and gastrointestinal fluids by high—performance liquid
chromatography, 993-6
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FLUID(contd)
Rapid gas-liquid chromatographic determination of cotinine in blologwal fluids, 998-1001
FLUORESCAMINE
Fluorescamine and fluorescein as labels in energy—transfer immunoassay, 91-2
Direct spectrofluorimetric determination of the free amino group of cephalexin in its lysine salt, 813-16
FLUORESCEIN
Fluorescamine and fluorescein as labels in energy—transfer immunoassay, 91-2
FLUORESCENCE
Fluorescamine and fluorescein as labels in energy—transfer immunoassay, 91-2
Examination of petroleum products of high relative molecular mass for forensic purposes by synchronous
fluorescence spectroscopy. Part 1. Appraisal of experimental factors, 97-109
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
FLUORIDE
Confirmation of ochratoxin A by chemical derivatization and high—performance liquid chromatography, 89-90
Analysis of maleic, fumaric, and succinic acids in air by use of gas chromatography,
Determination of fluoride in aqueous solutions of sodium monofluorophosphate with an ion—selective electrode,
1098-103
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion—selective electrode, 1208-10
FLUOROMETRY
Automatic determination of boron in plants, 916-19
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold—vapor
generation, 9814
FLUORONE
Improvements to the spectrophotometric determination of germanium with phenylfiluorone, 75-9
FLUOROPHOSPHATE
Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
Determination of fluoride in aqueous solutions of sodium monofluorophosphate with an ion-selective electrode,
1098-103
FLUOROPROPANOL
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
FOAM
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
FOOD
Spectrophotometric determination of microgram amounts of calcium in waters and foods using diphenylglyoxal
bis(2-hydroxybenzoylhydrazone), 193-202
Effect of tetraphenylphosphonium chloride on d.c. and differential-pulse polarograms of synthetic food coloring
matters, 23440
Deztell'mgnation of residual methyl bromide in fumigated commodities using derivative gas-liquid chromatography
51—
Semiautomatic method for the determination of total iodine in food, 344-52
Determination of total chromium, cobalt, and silver in foodstuffs by flame atomic-absorption spectrophotometry
359-70
Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
absorption spectrophotometry, 529-43
Determination of synthetic colors in foods using high—performance liquid chromatography, 589-99
Voltammetric determination of synthetic food coloring matters at a stationary glassy carbon electrode, 868-72
FORENSIC
Examination of petroleum products of high relative molecular mass for forensic purposes by synchronous
fluorescence spectroscopy. Part 1. Appraisal of experimental factors, 97-109
Micro—scale thin—layer chromatographic method for the comparison of dyes stripped from wool fibers, 729-30
FORMATION
Biam4p166r(()>metric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
15
Diacetone alcohol, an artefact of acetone extraction of soil, 409-12
FREEZE
Retention of metabolized trace elements in biological tissues following different drying procedures. Part II.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
FREQUENCY DISTRIBUTION
The frequency distribution of analytical error, 1188-95
FUMARIC
Analysis of maleic, fumaric, and succinic acids in air by use of gas chromatography, 400-3
FUMIGATION
Determination of residual methyl bromide in fumigated commodities using derivative gas-liquid chromatography
251-6
FUNCTION
Use of an orthogonal function in differential spectrophotometry, 222-6
GAMMA RAY
Proton-induced prompt gamma-ray spectrometry for boron analysis coupled with the potassium bromide disk
method, 298-300
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GASOLINE
Analytical applications of emulsions: determination of lead in gasoline by atomic-absorption spectrophotometry,

Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber-iodized
carbon filter disk, 110-18
GASTROINTESTINAL
Determination of the anthelmintic levamisole in plasma and gastrointestinal fluids by high-performance liquid
chromatography, 993-6
GELATIN
Improvements to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
GENERATION
Selective determination of antimony(III) and antimony(V) by atomic-absorption spectrophotometry following
stibine generation, 732-3
Arsenic speciation: limitations with direct hydride analysis, 751-5
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emission spectrometry, 756-61
Generation of covalent hydrides in atomic-absorption spectroscopy. A review, 1137-62
GERMANIUM .
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
a lm%rovements to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
HE
EXisrls—layer chromatography of nickel ion in the detection of vanaspati as an adulterant in ghee, 1120-3

Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber—iodized
carbon filter disk, 110-18
Utilization of the mercury(II) chloride complex for the long-term storage of samples containing part per 10° levels
of mercury, 826-9
GLYCEROL
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
GLYCEROPHOSPHORIC
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
GLYCINIMINE
Spectrophotometric determination of nickel with diacetyl monoxime glycinimine, 1196-9
GLYCOL
Determination of trace amounts of poly(ethylene glycol) by hydrogen bromide fission and gas chromatography
with electron—capture detection, 85-9
Automatic determination of ethylene glycol in antifreeze solutions with a periodate—sensitive flow-through
electrode, 1203-7
GOLD
Specific solvent extraction method for the determination of gold in ores and products, 371-8
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
Simultaneous determination of the noble metals in geological material by radiochemical neutron—activation
analysis, 1157-62
GRAIN )
- D;tls]nninalion of a range of organophosphorus pesticide residues in grain, 515-17
R.
Automatic titration by stepwise addition of equal volumes of titrant. Part V. Extension of the Gran I method for
calculation of the equivalence volume in acid-base titrations, 802-10
GRAPHITE
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
GRAVIMETRY
Gravimetric determination of zinc by precipitation with benzimidazole directly and from homogeneous solution
by replacement of zinc in a complex with EDTA, 176-9
HALOTHANE
Ectermination of halothane in operating theater air by using a passive organic vapor dosimeter, 289-92
Y

Macro—determination of carbon in agricultural materials by oxygen—-bomb combustion and titrimetry, 9224
HEXACYANOCOBALT

Determination of cesium in river and sea waters by electrothermal atomic—absorption spectrometry. Interference

of cobalt and iron, 651-6

HEXAMETHYLENE

Spectrophotometric assay of hexamethylenetetramine, 56874
HEXAMETHYLENETETRAMINE

Spectrophotometric assay of hexamethylenetetramine, 568-74
HONEYBEE

Assay of carbaryl in honey bees (Apis mellifera) by high—performance liquid chromatography, 257-61
HOSPITAL

Determination of halothane in operating theater air by using a passive organic vapor dosimeter, 289-92
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HYAMINE
Determination of anionic-active matter in detergents by potentiometric titration, 713-19
HYDRAZONE
Spectrophotometric determination of microgram amounts of calcium in waters and foods using diphenylglyoxal
bis(2-hydroxybenzoylhydrazone), 193-202
Spectrophotometric determination of cobalt with biacetyl mono(2-pyridyl)hydrazone, 203-8
Pyridine-2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
HYDRIDE
Arsenic speciation: limitations with direct hydride analysis, 751-5
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emlssmn spectrometry, 75661
Generation of covalent hydrides in atomic-absorption spectroscopy. A review, 113762
HYDROCARBON
Rapid extraction of some persistent chlorinated hydrocarbons from biological material with low fat content,
990-2
HYDROCHLORIDE
High-performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6
HYDROCHLOROTHIAZIDE
Use of an orthogonal function in differential spectrophotometry, 222-6
HYDROFINING
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’-thiazolylazo)-2,6-diaminotoluene,
762-7
HYDROGEN
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
Determination of trace amounts of poly(ethylene glycol) by hydrogen bromide ﬁssnon and gas chromatography
with electron—capture detection, 85-9
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 9504
HYDROGENATION
Gas—chroma’;ographlc study of methylstyrenes in the light—oil fraction of coal distillate using selective hydrogena-
tion, 441-
HYDROLYSIS
Precipitation of bismuth quinolin—8-olate from homogeneous solution by urea hydrolysis, 391-5
Further improvement of the modified spectrophotometric method for the determination of malathion, 564-7
HYDROXAMIC
Application of iron(IIT)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
HYDROXY
Separation and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography

179-81
HYDROXYENDRIN
Analysis of human urine for a metabolite of endrin by chemical oxidation and gas-liquid chromatography as an
indicator of exposure to endrin, 60-5
HYDROXYMETHYLUREA
Separation and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
179-81
HYDROXYNAPHTHALENESULFONIC
Improved extraction method for the spectrophotometric determination of trace amounts of boron in river water
with 1,8—dihydroxynaphthalene—4—sulfonic acid and removal of the excess of reagent, 955-64
HYDROXYPROLINE
Pyrolysis—gas chromatography of proline, hydroxyproline, and related peptides, 1176-81
IMMOBILIZATION
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,

154-60
IMMUNOASSAY
Fluorescamine and fluorescein as labels in energy—transfer immunoassay, 91-2
INDANEDIONE
Polarographic behavior and analysis of 2—nitro—5,6~dimethylindane-1,3-dione in raw materials and pharmaceuti-
cal formulations, 25-9
INDICATOR
Study of certain 1,5-benzodiazepine derivatives as acid-base indicators, 165-9
INDUSTRIAL
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion—selective electrode, 1208-10
INJECTION
Rapid determination of chromium(VI) by flow injection analysis, 2925
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INORG

Arsenic speciation: limitations with direct hydride analysis, 751-5
Direct determination of metals in lubricating oils using atomic—absorption spectrometry and aqueous inorganic
standards, 919-21

INSTRUMENTATION

Analytical instrumentation for the 1980s, 1018-31

INTERFERENCE

Spectrophotometric analysis of interferences due to polyols in the assay of protein by Lowry’s method, 285-8

Effect of anionic surfactants on calcium ion—selective electrodes, 426-31

Vaporization interference of sulfate and phosphate anions on the calcium flame atomic-absorption signal,
482-90

Behavior of trace amounts of europium in a silicate matrix in atomic—absorption spectrophotometry with
electrothermal atomization, 497-501

INTRAVENOUS

Non-destructive optical screening method for particulate matter in intravenous solutions, 512-15

IODIDE

Spectrophotometric microdetermination of silver(I) and iodide ions, 996-8

IODINE

Simple and rapid determination of iodine in milk by radioactivation analysis, 246-50

Semiautomatic method for the determination of total iodine in food, 344-52

Spectrophotometric assay of hexamethylenetetramine, 568-74

Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8

ION

Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5

Determination of nitrate and nitrite in meat products by using a nitrate ion—selective electrode, 241-5

Limiting non-Nernstian calibrations of ion—selective electrodes, 417-25

Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
responsive electrodes, 605-11

Determination of cesium in river and sea waters by electrothermal atomic-absorption spectrometry. Interference
of cobalt and iron, 651-6

Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9

Automated ion-exchange system for the radiochemical separation of the noble metals, 816-20

Limit of detection in analysis with ion-selective electrodes, 1002-5

Delte;mina:t;ion of fluoride in aqueous solutions of sodium monofluorophosphate with an ion—selective electrode,

098-10
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion—selective electrode, 1208-10

IR

Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
6

Infrared determination of petroleum oil: new approaches to the calculation, 679-84

IRIDIUM

Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
Simultancous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62

IRON

Improved method for detecting microgram amounts of iron, 181-3

Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33

Precision spectrophotometric determination of total iron in chromite ores, 333-7

Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
absorption spectrophotometry, 52943

Application of iron(III)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80

Sogxe obs%lzrlati%ns on the determination of iron by atomic-absorption spectrophotometry using air—acetylene

ames, -5

Precise determination of iron in iron ore by controlled potential coulometry, 705-12

Direct determination of metals in lubricating oils using atomic-absorption spectrometry and aqueous inorganic
standards, 919-21

ISOMER

Determination of dinitrotoluene isomers in sea water and industrial effluent by high—resolution electron—capture
gas chromatography with a glass capillary column, 787-93

JUICE

Determination of benzoic and sorbic acids in orange juice by high—performance liquid chromatography, 407-9

KETOGLUTARIC

Selective colorimetric detection of carboxylic acids, 217-21

KIDNEY

Confirmation of ochratoxin A by chemical derivatization and high—performance liquid chromatography, 89-90

KINETICS

Acquisition and processing of data from a multiple pH-stat system monitoring enzyme kinetics (urea—urease),
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KINETICS(contd)
43240
LAB
Assessing the analytical quality of the clinical laboratory, 1009-17
LACTATE
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
LAURYL
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
LAYER
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448-54
LEAD
Analytical applications of emulsions: determination of lead in gasoline by atomic—absorption spectrophotometry,

Determination of lead in drinking water by atomic—absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7

Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber—iodized
carbon filter disk, 110-18 .

Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33

Simultaneous determination of thallium and lead at trace levels by anodic-stripping voltammetry, 386-90

D(e}tgrmination of nickel(II) and copper(II) and lead(II) and copper(II) in mixtures by complexometric titration,

Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
A new approach to the quantitative analysis of overlapping anodic-stripping voltammograms, 93943
LECITHIN
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
LEVAMISOLE
Determination of the anthelmintic levamisole in plasma and gastrointestinal fluids by high—performance liquid
chromatography, 993-6
LIMESTONE
Complexometric determination of calcium and magnesium in calcite and limestone after selective precipitation of
magnesium quinolin-8-olate from a homogeneous solution, 720-5
LIMIT
Limit of detection in analysis with ion—selective electrodes, 1002-5
LIPID
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
LIQUOR
Determination of aluminum in wood pulp liquors using graphite furnace atomic-absorption spectrometry,
1163-70
LITHIUM
Tgxgsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
LOCAL
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
LOGNORMAL
Tshe frequency distribution of analytical error, 1188-95
LOSS
Retention of metabolized trace elements in biological tissues following different drying procedures. Part II.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
LOWRY
Spectrophotometric analysis of interferences due to polyols in the assay of protein by Lowry’s method, 285-8
LUBRICATING
Determination of calcium in unused lubricating oil blends by direct small-scale complexometric titration, 877-82
Direct determination of metals in lubricating oils using atomic-absorption spectrometry and aqueous inorganic
standards, 919-21
LUMINOL
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
LYSINE
Direct spectrofluorimetric determination of the free amino group of cephalexin in its lysine salt, §13-16
MAGNESIUM
Divalent (water hardness) ion—selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Complexometric determination of calcium and magnesium in calcite and limestone after selective precipitation of
magnesium quinolin—8-olate from a homogeneous solution, 720-5
Variation of intra— and interparticle porosity with degree of compaction, 1104-12
MALATHION
Further improvement of the modified spectrophotometric method for the determination of malathion, 564-7
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MALEATE
Spectrophotometric method for determination of chlorpheniramine maleate in pharmaceutical preparations in the
presence of codeine phosphate and ephedrine hydrochloride, 353-8
MALEIC
Analysis of maleic, fumaric, and succinic acids in air by use of gas chromatography, 400-3
MANGANESE
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
absorption spectrophotometry, 52943
A new type of biological reference material for multieclement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
MATERIAL
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 48-51
Macro—determination of carbon in agricultural materials by oxygen—-bomb combustion and titrimetry, 9224
MATTER
Determination of small amounts of antimony in organic matter, 66-74
Non—destructive optical screening method for particulate matter in intravenous solutions, 512-15
MEAT
Determination of nitrate and nitrite in meat products by using a nitrate ion—selective electrode, 241-5
MEMBRANE
Divalent (water hardness) ion—selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Effect of anionic surfactants on calcium ion-selective electrodes, 426-31
Determination of anionic-active matter in detergents by potentiometric titration, 713-19
Use of a sulfur dioxide gas—sensing membrane probe in wines and juices at their natural pH, 1182-7
MERCAPTO
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448—54
MERCAPTOPROPIONIC
Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
MERCAPTOPURINE
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448—54
MERCURY
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 48-51
Application of a chelating resin to the determination of trace amounts of mercury in natural waters, 491-6
Determination of methylmercury in human blood, 726-9
Utilization of the mercury(II) chloride complex for the long—term storage of samples containing part per 109 levels
of mercury, 826-9
Determination of alkylmercury in fish by steam distillation and cold-vapor atomic-absorption spectrophotometr-
y, 897-901
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold—vapor
generation, 9814
Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
METABOLITE
Analysis of human urine for a metabolite of endrin by chemical oxidation and gas-liquid chromatography as an
indicator of exposure to endrin, 60-5
METAL
Thiosulfate as a complexing agent in the separation of cations by anion—-exchange chromatography, 52-9
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Simultaneous acid extraction of six trace metals from fish tissue by hot-block digestion and determination by
atomic-absorption spectrometry, 125-30
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic—absorption spectroscopic method, 616-20
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan—2-one phase after extraction from an
aqueous phase, 6204
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9
Corrosion of metals in carbon tetrachloride—containing solvents, 696-704
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
Direct determination of metals in lubricating oils using atomic-absorption spectrometry and aqueous inorganic
standards, 919-21
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 9449
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
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METAL(contd)
An echelle monochromator system for the measurement of sensitive carbon furnace atomic—emission signals,
1130-3
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
METHACRYLIC
Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic—-mass spectrometric procedure, 517-20
METHOXIDE
2,4-Dinitrobenzenesulfenyl chloride as an acid-base standard in nonaqueous titrimetry, 7301
METHYL
Confirmation of ochratoxin A by chemical derivatization and high—performance liquid chromatography, 89-90
Dezlerm6ination of residual methyl bromide in fumigated commodities using derivative gas—liquid chromatography
51—
Studies in chemical phase analysis. Part 1. Determination of the solubilities of elements in certain organic solvent—
bromine mixtures, 600—4
Determination of methylmercury in human blood, 726-9
METHYLATION
Analysis of maleic, fumaric, and succinic acids in air by use of gas chromatography, 400-3
METHYLENE
Determination of lead in drinking water by atomic-absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 437
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic—absorption spectrophotometry, 119-24
METHYLENEBISCHLOROANILINE
Apbplication of electrochemical detection to the measurement of 4,4’-methylenebis(2—chloroaniline) and 2—
chloroaniline concentrations in air by high—performance liquid chromatography, 861-7
METHYLENEDITHIOCARBAMATE
Determination of lead in drinking water by atomic—absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan-2-one phase after extraction from an
aqueous phase, 6204
METHYLENETETRAMINE
Spectrophotometric assay of hexamethylenetetramine, 568-74
METHYLINDANEDIONE
Polarographic behavior and analysis of 2-nitro-5,6—dimethylindane-1,3—dione in raw materials and pharmaceuti-
cal formulations, 25-9
METHYLMERCURY
Determination of methylmercury in human blood, 726-9
METHYLPHENOBARBITONE
Spectrophotometric determination of phenobarbitone, methylphenobarbitone, and phenytoin in tablets, 855-60
METHYLSTYRENE
Gas—chztl)‘ma_,tographic study of methylstyrenes in the light—oil fraction of coal distillate using selective hydrogena-
tion, 441-
METHYLUREA
Sepa;atsion and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
179-81
MIBK
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan-2-one phase after extraction from an
aqueous phase, 6204
MICROBIOL
M}\;Iﬂiﬁrobio]ogical and chemical analysis of polymyxin B and polymyxin E (colistin) sulfates, 1068-75, 1 PLATE

Simple and rapid determination of iodine in milk by radioactivation analysis, 246—50
MINERAL
Pyridine-2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
MIXT
Determination of nickel(II) and copper(1l) and lead(II) and copper(II) in mixtures by complexometric titration,
396-400
MOCA
Application of electrochemical detection to the measurement of 4,4’-methylenebis(2—chloroaniline) and 2-
chloroaniline concentrations in air by high—performance liquid chromatography, 861-7
MOISTURE
Determination of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near-infrared region,
1076-81
MOLYBDATE
Differential-pulse polarographic determination of molybdenum in steel, 379-85
MOLYBDENUM
Determination of rhenium in molybdenum concentrates, 27882
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MOLYBDENUM(contd)
Differential-pulse polarographic determination of molybdenum in steel, 379-85
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic—absorption spectroscopic method, 616-20
MOLYBDO
Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9
MOLYBDOARSENATE
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(l), 685-9
MOLYBDOARSENIC
Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
66.

MOLYBDOPHOSPHO

Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
MOLYBDOPHOSPHOVANADATE

Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
MONOCHROMATOR

Anl fgl(;ilale monochromator system for the measurement of sensitive carbon furnace atomic—emission signals,
MONOFLUORO

Deltggglixll&t;ion of fluoride in aqueous solutions of sodium monofluorophosphate with an ion—selective electrode,
MONOPYRIDYL

Spectrophotometric determination of cobalt with biacetyl mono(2-pyridyl)hydrazone, 203-8
MONOXIME

Spectrophotometric determination of nickel with diacetyl monoxime glycinimine, 1196-9
MUCONIC

Improved method for detecting microgram amounts of iron, 181-3
NADH

Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,

154-60
NAPHAZOLINE
Use of charge—transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
NAPHTHAQUINONESULFURIC
Spectrophotometric determination of primaquine phosphate in pharmaceutical preparations, 1113-18
NATULAN
Spectrophotometric method for the determination of procarbazine hydrochloride in capsules, 669-73
NATURAL
Application of a chelating resin to the determination of trace amounts of mercury in natural waters, 491-6
NESSLER
Determination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
NEUTRON
Automated ion-exchange system for the radiochemical separation of the noble metals, 816-20
NEUTRON ACTIVATION
Simultaneous determination of the noble metals in geological material by radiochemical neutron—activation
analysis, 1157-62
NICKEL
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5

Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Determination of nickel(II) and copper(II) and lead(1I) and copper(II) in mixtures by complexometric titration,
396-400
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’-thiazolylazo)-2,6-diaminotoluene,
762-7
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic-absorption spectrophotometry, 883-96
Bissalicylidene-o—phenylenediimine as a solvent extraction — spectrophotometric reagent for nickel(II), 1118-20
Thin-layer chromatography of nickel ion in the detection of vanaspati as an adulterant in ghee, 1120-3
Spectrophotometric determination of nickel with diacetyl monoximé glycinimine, 1196-9
NITRATE
Determination of nitrate and nitrite in meat products by using a nitrate ion-selective electrode, 241-5
Rag%ig agd sensitive spectrophotometric method for the determination of nitrate in rain water using 3,4—xylenol,
—1
NITRIC
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 48-51
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic-absorption spectrophotometry, 883-96
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NITRITE
Determination of nitrate and nitrite in meat products by using a nitrate ion—selective electrode, 241-5
NITROBENZENESULFENYL
2,4-Dinitrobenzenesulfenyl chloride as an acid—base standard in nonaqueous titrimetry, 730-1
NITROBENZENESULFONIC
Automated colorimetric determination of acid proteinase activity in fermentation samples using a trinitrobenzene-
sulfonic acid reagent, 18-24
NITROBENZYLDIETHYLAMINOPHENYLAZOPYRIDINIUM
Spectrophotometric determination of anionic surfactants in river water using 1—(4-nitrobenzyl)-4—(4-diethylami-
nophenylazo)pyridinium bromide, 768-73
NITRODIMETHYL
Polarographic behavior and analysis of 2—nitro—5,6-dimethylindane-1,3-dione in raw materials and pharmaceuti-
cal formulations, 25-9
NITRODIMETHYLINDANEDIONE
Polarographic behavior and analysis of 2-nitro-5,6-dimethylindane-1,3-dione in raw materials and pharmaceuti-
cal formulations, 25-9
NITROGEN
Determination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
NITROTOLUENE .
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
NITROUS
Spectrophotometric determination of oxyphenbutazone in pharmaceutical preparations, 169-73
NOBLE
Simultaneous determination of the noble metals in geological material by radiochemical neutron—activation
analysis, 1157-62
NONAQ
Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
NONDISPERSIVE
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold—vapor
generation, 9814
NONIONIC
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833—40
NORTRIPTYLINE
Fluorescamine and fluorescein as labels in energy-transfer immunoassay, 91-2
NOSE
Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
OBSOLESCENCE
Moral aging of analytical methods, 1045-59
OCHRATOXIN
Confirmation of ochratoxin A by chemical derivatization and high-performance liquid chromatography, 89-90
OCHROCHLORON
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
OCTACHLOROSTYRENE
Rapid extraction of some persistent chlorinated hydrocarbons from biological material with low fat content,
990-2
OCTYLAMMONIUM
Determination of rhenium in molybdenum concentrates, 278-82
OCTYLPHENYL
Effect of anionic surfactants on calcium ion-selective electrodes, 426-31
OIL
Determination of trace amounts of copper in palm oil by differential-pulse anodic—stripping voltammetry, 30-6
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
Application of gas-liquid chromatography to the analysis of essential oils. Part VII. Fingerprinting of essential
oils by temperature—programmed gas—liquid chromatography using a Carbowax 20M stationary phase, 262-73
Gas—chromatographic study of methylstyrenes in the light-oil fraction of coal distillate using selective hydrogena-
tion, 441-7
Infrared determination of petroleum oil: new approaches to the calculation, 679-84
Determination of calcium in unused lubricating oil blends by direct small-scale complexometric titration, 877-82
Direct determination of metals in lubricating oils using atomic—absorption spectrometry and aqueous inorganic
standards, 919-21
OPHTHALMIC
Application of iron(I1T)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
OPTICAL
Non-destructive optical screening method for particulate matter in intravenous solutions, 51215
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ORANGE :
Determination of benzoic and sorbic acids in orange juice by high—performance liquid chromatography, 407-9
Polarographic behavior and analysis of some azo dyes of biological significance, 929-38

ORE

Precision spectrophotometric determination of chromium in chromite ores and ferrochrome, 209-16
Precision spectrophotometric determination of total iron in chromite ores, 333-7
Specific solvent extraction method for the determination of gold in ores and products, 371-8
Precise determination of iron in iron ore by controlled potential coulometry, 705-12
ORGANO
Improvements to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
ORGANOGERMANIUM
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
ORGANOPHOSPHORUS
Determination of a range of organophosphorus pesticide residues in grain, 515-17
ORTHOGONAL
Use of an orthogonal function in differential spectrophotometry, 222-6
ORTHOPHOSPHATE
o Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
VEN
Retention of metabolized trace elements in biological tissues following different drying procedures. Part II.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
OVERLAPPING
A new approach to the quantitative analysis of overlapping anodic-stripping voltammograms, 939-43
OXALATE
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 9504
OXALOACETIC
Selective colorimetric detection of carboxylic acids, 217-21
OXIDE
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 48-51
High—performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6
OXIDIMETRY
Determination of thioacetamide and thiobenzamide using dichloramine-T, 873-6
OXIDN
Determination of small amounts of antimony in organic matter, 66-74
Improved method for detecting microgram amounts of iron, 181-3
Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
OXYGEN
Improvements to the spectrophotometric determination of germanium with phenylfiuorone, 75-9
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Macro—determination of carbon in agricultural materials by oxygen—bomb combustion and titrimetry, 9224
OXYGEN FLASK
Determination of total sulfur in small amounts of plant material, 83-5
OXYPHENBUTAZONE
Spectrophotometric determination of oxyphenbutazone in pharmaceutical preparations, 169-73
PAIR
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
PALLADIUM
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
Spectrophotometric determination of palladium using Solochrome red B, 912-15
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
PALM
Determination of trace amounts of copper in palm oil by differential-pulse anodic-stripping voltammetry, 30-6
PAN
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
PAPER
Separation and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
179-81
PARTICLE
Determirg)ation of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near-infrared region,
1076-81
PARTICULATE
Non-destructive optical screening method for particulate matter in intravenous solutions, 512-15
PENICILLIUM
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
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PEPTIDE
Pyrolysis—gas chromatography of proline, hydroxyproline, and related peptides, 1176-81
PERCHLORATE
Some observations on the determination of iron by atomic—-absorption spectrophotometry using air—acetylene
flames, 641-50
PERIODATE
Automatic determination of ethylene glycol in antifreeze solutions with a periodate-sensitive flow—through
electrode, 1203-7
PEROXIDE
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 9504
PESTICIDE
Determination of a range of organophosphorus pesticide residues in grain, 515-17
PETROLEUM
Examination of petroleum products of high relative molecular mass for forensic purposes by synchronous
fluorescence spectroscopy. Part 1. Appraisal of experimental factors, 97-109
Infrared determination of petroleum oil: new approaches to the calculation, 679-84

Automatic soil pH measuring and recording apparatus, 1-10
Study of certain 1,5-benzodiazepine derivatives as acid—base indicators, 165-9
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
PHARMACEUTICAL
Polarographic behavior and analysis of 2—nitro—5,6-dimethylindane-1,3—dione in raw materials and pharmaceuti-
cal formulations, 25-9
Spectrophotometric determination of oxyphenbutazone in pharmaceutical preparations, 169-73
Use of an orthogonal function in differential spectrophotometry, 222-6
Spectrophotometric method for determination of chlorpheniramine maleate in pharmaceutical preparations in the
presence of codeine phosphate and ephedrine hydrochloride, 353-8
Application of iron(III)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
663-8
Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
High-performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6
Spectrophotometric determination of primaquine phosphate in pharmaceutical preparations, 1113-18
PHARMACOPEIA
Non-destructive optical screening method for particulate matter in intravenous solutions, 512-15
Comments on the British Pharmacopoeia 1973 assay of amitriptyline injection, 629-31
PHENOBARBITONE
Spectrophotometric determination of phenobarbitone, methylphenobarbitone, and phenytoin in tablets, 855-60
PHENOL
Improved method for detecting microgram amounts of iron, 181-3
Determination of a volatile phenol in serum by high—performance liquid chromatography, 811-13
PHENOLIC
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
PHENOTHIAZINE
Spectrophotometric method for the determination of phenothiazines and its application to phenothiazine drugs,
663-8
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
PHENYL
Improvements to the spectrophotometric determination of germanium with phenylftuorone, 75-9
PHENYLALANINE
Microbiological and chemical analysis of polymyxin B and polymyxin E (colistin) sulfates, 1068-75, 1 PLATE
PHENYLARSONIUM
Determination of rhenium in molybdenum concentrates, 27882
PHENYLAZOPYRIDINIUM
Spectrophotometric determination of anionic surfactants in river water using 1-(4-nitrobenzyl)-4-(4-diethylami-
nophenylazo)pyridinium bromide, 768-73
PHENYLCARBAZIDE
Rapid determination of chromium(VI) by flow injection analysis, 292-5
PHENYLENEDIIMINE
Bissalicylidene—o—phenylenediimine as a solvent extraction — spectrophotometric reagent for nickel(II), 1118-20
PHENYLFLUORONE
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
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PHENYLPHOSPHONATE
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
PHENYTOIN
Spectrophotometric determination of phenobarbitone, methylphenobarbitone, and phenytoin in tablets, 855-60
PHOSPHATE
Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
Quality control of prednisolone sodium phosphate, 455-61
Va‘{)sorization interference of sulfate and phosphate anions on the calcium flame atomic-absorption signal,
Determination of anionic-active matter in detergents by potentiometric titration, 713-19
Determination of fluoride in aqueous solutions of sodium monofluorophosphate with an ion-selective electrode,
1098-103
Spectrophotometric determination of primaquine phosphate in pharmaceutical preparations, 111318
PHOSPHOLIPID
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
PHOSPHORESCENCE
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448—-54
PHOSPHORUS
Method for the determination of phosphorus in lipids and lipid—containing materials, 1736
PHOSPHOVANADATE
Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
PHOTOACOUSTIC
Determination of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near-infrared region,
1076-81
PHTHALATE
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
PHTHALIC
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
PICRATE
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833—40
PIG
Confirmation of ochratoxin A by chemical derivatization and high-performance liquid chromatography, 89-90
PIGMENT
Use of a vibratory ball-mill for the extraction of plant pigments, 625-9
PLANT
Determination of total sulfur in small amounts of plant material, 83-5
Spectrophotometric determination of arsenic and antimony by the silver diethyldithiocarbamate method, 558-63
Use of a vibratory ball-mill for the extraction of plant pigments, 625-9
Automatic determination of boron in plants, 916-19
Deterlgination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
PLASM
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively—coupled plasma source for emission spectrometry, 274-8
Optical emission spectrometry with an inductively coupled radiofrequency argon plasma source and sample
introduction with a graphite rod electrothermal vaporization device. Part II. Matrix, inter—element and sample
transport effects, 502-8
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emission spectrometry, 756-61
Determination of the anthelmintic levamisole in plasma and gastrointestinal fluids by high-performance liquid
chromatography, 993-6
Plasma spectroscopy comes of age, 1032—44, 1 PLATE
Determination of polybrominated biphenyl and related compounds by gas-liquid chromatography with a plasma
emission detector, 1060-7
PLI\‘gisc}l:(;%etermination of long—chain fatty acids in plasma and tissues by photometric titration, 1127-30
Utilization of the mercury(II) chloride complex for the long-term storage of samples containing part per 109 levels
of mercury, 826-9
PLATINUM
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
POLAROG
Polarographic behavior and analysis of 2-nitro-5,6-dimethylindane-1,3-dione in raw materials and pharmaceuti-
cal formulations, 25-9
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POLAROG(contd)
Effect of tetraphenylphosphonium chloride on d.c. and differential-pulse polarograms of synthetic food coloring
matters, 23440
Differential-pulse polarographic determination of molybdenum in steel, 379-85
Polarographic behavior and analysis of some azo dyes of biological significance, 929-38
Polarography of 2-mercaptopropionic acid in nonaqueous media, 1124-7
POLYBROMINATED
Determination of polybrominated biphenyl and related compounds by gas-liquid chromatography with a plasma
emission detector, 1060—7
POLYETHER
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
POLYETHYLENE
Determination of trace amounts of poly(ethylene glycol) by hydrogen bromide fission and gas chromatography
with electron—capture detection, 85-9
POLYMER
Divalent (water hardness) ion—selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic-mass spectrometric procedure, 517-20
POLYMETHYL :
Divalent (water hardness) ion—selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
POLYMYXIN
Microbiological and chemical analysis of polymyxin B and polymyxin E (colistin) sulfates, 1068-75, 1 PLATE
POLYOL
Spectrophotometric analysis of interferences due to polyols in the assay of protein by Lowry’s method, 285-8
POLYOXYETHYLENE
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833-40
POLYURETHANE
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
POLYVINYL
Application of iron(III)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
POROSITY
Variation of intra— and interparticle porosity with degree of compaction, 110412
POTASSIUM
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
Proton-induced prompt gamma-ray spectrometry for boron analysis coupled with the potassium bromide disk
method, 298-300
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 833-40
POTATOES
Determination of 2—aminobutane in potatoes using high—performance liquid chromatography, 1171-5
POTENTIOMETRY
Determination of anionic-active matter in detergents by potentiometric titration, 713-19
POULTRY
Determination of 3,5-dinitro—o-toluamide in poultry feedstuffs and pre-mixes by high—performance liquid
chromatography, 509-12
POWDER
Automated procedure for the determination of soluble arsenic using hydride generation atomic—-absorption
spectroscopy, 744-50
PPTN
Gravimetric determination of zinc by precipitation with benzimidazole directly and from homogeneous solution
by replacement of zinc in a complex with EDTA, 176-9
Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27 -
Precipitation of bismuth quinolin—8—olate from homogeneous solution by urea hydrolysis, 391-5
Complexometric determination of calcium and magnesium in calcite and limestone after selective precipitation of
magnesium quinolin—8—olate from a homogeneous solution, 720-5
PREDNISOLONE
Quality control of prednisolone sodium phosphate, 455-61
PRIMAQUINE
Spectrophotometric determination of primaquine phosphate in pharmaceutical preparations, 1113-18
PROBE
Use of a sulfur dioxide gas—sensing membrane probe in wines and juices at their natural pH, 1182-7
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PROCESSING
Acquisition and processing of data from a multiple pH-stat system monitoring enzyme kinetics (urea—urease),

4
PROCYCLIDINE
Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
responsive electrodes, 605-11
PROLINE
Pyrolysis—gas chromatography of proline, hydroxyproline, and related peptides, 1176-81
PROPYLATION
Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic—mass spectrometric procedure, 517-20
PROTEIN
Spectrophotometric analysis of interferences due to polyols in the assay of protein by Lowry’s method, 285-8
Determination of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near—infrared region,
1076-81
PROTEINASE
Automated colorimetric determination of acid proteinase activity in fermentation samples using a trinitrobenzene-
sulfonic acid reagent, 18-24
PULP
Determination of aluminum in wood pulp liquors using graphite furnace atomic—-absorption spectrometry,
1163-70
PURINE
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448-54
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
PVC
Divalent (water hardness) ion-selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
Determination of anionic-active matter in detergents by potentiometric titration, 713-19
PYRIDINEACETALDEHYDE
Pyridine—2-acetaldehyde salicyloylthydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
PYRIDINIUM
Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
Spectrophotometric determination of anionic surfactants in river water using 1-(4-nitrobenzyl)}-4—(4—diethylami-
nophenylazo)pyridinium bromide, 768-73
PYRIDYLHYDRAZONE
Spectrophotometric determination of cobalt with biacetyl mono(2-pyridyl)hydrazone, 203-8
PYRIMIDINE
Voltammetric determination of the azidopyrimidine diuretic 2-amino—4-azido—5—-(2—ethoxyethyl)}-6-phenylpyri-
midine in urine, 612-15
PYROCATECHOL
Modified extraction procedure for the spectrophotometric determination of trace amounts of aluminium in sea
water with Pyrocatechol violet and removal of excess of reagent, 328-32
PYROGALLOL
Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
PYROLYSIS
Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic—mass spectrometric procedure, 517-20
Pyrolysis—gas chromatography of proline, hydroxyproline, and related peptides, 1176-81
PYROPHOSPHATE
Vaporization interference of sulfate and phosphate anions on the calcium flame atomic-absorption signal,
482-90
QUALITY
stﬁs'?ng the analytical quality of the clinical laboratory, 1009-17

A new approach to the quantitative analysis of overlapping anodic-stripping voltammograms, 93943
QUATERNIZATION

Comments on the British Pharmacopoeia 1973 assay of amitriptyline injection, 629-31
QUINOLATE

Precipitation of bismuth quinolin-8-olate from homogeneous solution by urea hydrolysis, 391-5
QUINOLINOLATE

Complexometric determination of calcium and magnesium in calcite and limestone after selective precipitation of

magnesium quinolin—8-olate from a homogeneous solution, 720-5

QUINOLYLAZOPHENOL

Spectrophotometric microdetermination of silver(I) and iodide ions, 996-8
RADIOACTIVATION

Simple and rapid determination of iodine in milk by radioactivation analysis, 24650
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RADIOCHEM
Automated ion—exchange system for the radiochemical separation of the noble metals, 816-20

Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
IN

Rapid and sensitive spectrophotometric method for the determination of nitrate in rain water using 3,4-xylenol,
908-12
RAINWATER
Simultaneous determination of thallium and lead at trace levels by anodic—stripping voltammetry, 386-90
Rag%ig aind sensitive spectrophotometric method for the determination of nitrate in rain water using 3,4—xylenol,
—12
RARE
Behavior of trace amounts of europium in a silicate matrix in atomic-absorption spectrophotometry with
electrothermal atomization, 497-501
RAT
Microdetermination of long—chain fatty acids in plasma and tissues by photometric titration, 1127-30
REACTION
Spectrophotometric determination of ammonia: a study of a modified Berthelot reaction using salicylate and
dichloroisocyanurate, 305-16
READOUT
Simple direct concentration readout method for the standard additions technique in atomic-absorption
spectrophotometry, 820-2
REAGENT
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,

Determination of total nitrogen in plant material with Nessler’s reagent by continuous—flow analysis, 1199-203
RECORDING
Automated signal recording system for the Perkin—Elmer 240 elemental analyzer, 544-50
RED
Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
Spectrophotometric determination of palladium using Solochrome red B, 912-15
Polarographic behavior and analysis of some azo dyes of biological significance, 929-38
Improvements to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
REF
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
REVIEW
Analytical instrumentation for the 1980s, 1018-31
Plasma spectroscopy comes of age, 103244, 1 PLATE
Moral aging of analytical methods, 1045-59
Generation of covalent hydrides in atomic-absorption spectroscopy. A review, 1137-62
RHENIUM
Determination of rhenium in molybdenum concentrates, 278-82
RHODAMINE 6G
Spectrophotometric determination of zinc with thiocyanate and Rhodamine 6G, 674-8
RIVER
Improved extraction method for the spectrophotometric determination of trace amounts of boron in river water
with 1,8—dihydroxynaphthalene—4—sulfonic acid and removal of the excess of reagent, 955-64
ROCK
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
RONIDAZOLE
Determination of ronidazole in animal feeds by gas-liquid chromatography. A collaborative study by the EEC
Committee of experts, 1614
SAFETY
Determination of small amounts of antimony in organic matter, 66-74
SALICYLATE
Spectrophotometric determination of ammonia: a study of a modified Berthelot reaction using salicylate and
dichloroisocyanurate, 305-16
SALICYLOYL
Pyridine—2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
SALICYLOYLHYDRAZONE
Pyridine-2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
SALT
Study of certain 1,5-benzodiazepine derivatives as acid-base indicators, 165-9
Specific and sensitive spectrophotometric determination of cobalt with 3-(2’-thiazolylazo)-2,6—diaminotoluene,
762-7
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SALT(contd)
Direct spectrofluorimetric determination of the free amino group of cephalexin in its lysine salt, 813-16
SAMPLING
Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber-iodized
carbon filter disk, 11018
SC16102
Voltammetric determination of the azidopyrimidine diuretic 2-amino—4-azido—5—(2-ethoxyethyl)-6—phenylpyri-
midine in urine, 612-15
SCREENING
Non-destructive optical screening method for particulate matter in intravenous solutions, 512-15
SEA
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold-vapor
generation, 9814
SEAWATER
Modified extraction procedure for the spectrophotometric determination of trace amounts of aluminium in sea
water with Pyrocatechol violet and removal of excess of reagent, 328-32
Determination of dinitrotoluene isomers in sea water and industrial effluent by high-resolution electron—capture
gas chromatography with a glass capillary column, 787-93
SEDIMENT
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively—coupled plasma source for emission spectrometry, 274-8
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold-vapor
generation, 9814
SELECTIVE
Divalent (water hardness) ion-selective electrodes based on poly(vinyl chloride) and poly(methyl acrylate) matrix
membranes, 147-53
Determination of nitrate and nitrite in meat products by using a nitrate ion—selective electrode, 241-5
Limiting non—Nernstian calibrations of ion—selective electrodes, 417-25
Effect of anionic surfactants on calcium ion-selective electrodes, 426-31
Assay of procyclidine hydrochloride, cyclizine hydrochloride, and diethylcarbamazine citrate in tablets using ion—
responsive electrodes, 605-11
Limit of detection in analysis with ion—selective electrodes, 1002-5
Determination of fluoride in aqueous solutions of sodium monofluorophosphate with an ion—selective electrode,
1098-103
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion-selective electrode, 1208-10
SELENIUM
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively—coupled plasma source for emission spectrometry, 274-8
Optical emission spectrometry with an inductively coupled radiofrequency argon plasma source and sample
introduction with a graphite rod electrothermal vaporization device. Part II. Matrix, inter-element and sample
transport effects, 502-8
Determination of selenium in human blood by gas chromatography with electron—capture detection, 6905
Simple semiautomated atomic-absorption spectrometric method for the determination of arsenic and selenium in
fish tissue, 902-7
SEPN
Separation and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
179-81
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5

Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(T), 685-9
Automated ion-exchange system for the radiochemical separation of the noble metals, 816-20
SERUM
Fluorescamine and fluorescein as labels in energy-transfer inmunoassay, 91-2
Biamperometric determination of ethanol, lactate, and glycerol using immobilized enzymes in flow streams,
154-60
Determination of a volatile phenol in serum by high—-performance liquid chromatography, 811-13
SEWAGE
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic-absorption spectroscopic method, 616-20
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
SHEEP
Macro—determination of carbon in agricultural materials by oxygen—bomb combustion and titrimetry, 9224
SHRIMP
A simple nondispersive atomic—fluorescence spectrometer for mercury determination, using cold—vapor
generation, 981-4
SIGNAL
Automated signal recording system for the Perkin—Elmer 240 eclemental analyzer, 54450
SILICATE
Behavior of trace amounts of europium in a silicate matrix in atomic—-absorption spectrophotometry with
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SILICATE(contd)
electrothermal atomization, 497-501
Variation of intra— and interparticle porosity with degree of compaction, 1104-12
SILVER
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Sequential spectrophotometric determination of inorganic arsenic(III) and arsenic(V) species, 33843
De3tenn7isation of total chromium, cobalt, and silver in foodstuffs by flame atomic-absorption spectrophotometry
59—
Spectrophotometric determination of arsenic and antimony by the silver diethyldithiocarbamate method, 558-63
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic—absorption spectroscopic method, 616-20
. Spectrophotometric microdetermination of silver(l) and iodide ions, 996-8
1ZE
Determination of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near—infrared region,
1076-81
SLUDGE :
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic—absorption spectroscopic method, 616-20
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic-absorption spectrophotometry, 883-96
SODIUM
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
Effect of anionic surfactants on calcium ion-selective electrodes, 426-31
Quality control of prednisolone sodium phosphate, 455-61
2,4-Dinitrobenzenesulfenyl chloride as an acid-base standard in nonaqueous titrimetry, 730-1
SOIL
Automatic soil pH measuring and recording apparatus, 1-10
Determination of arsenic in soil digests by nondispersive atomic—fluorescence spectrometry using an argon—
hydrogen flame and the hydride generation technique, 79-83
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively-coupled plasma source for emission spectrometry, 274-8
Rapid determination of chromium(VI) by flow injection analysis, 292-5
Diacetone alcohol, an artefact of acetone extraction of soil, 409—12
Spectrophotometric determination of arsenic and antimony by the silver diethyldithiocarbamate method, 558-63
Spectrophotometric determination of zinc with thiocyanate and Rhodamine 6G, 674-8
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emission spectrometry, 75661
Determination of sulfide in flooded acid—sulfate soils by an indirect atomic-absorption spectrophotometric
method, 984-6
Determination of diuron residues in soil: comparison of determinations by high-performance liquid chromatogra-
SO %hy and gas-liquid chromatography, 987-90
L g

Application of iron(III)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
Utilization of the mercury(Il) chloride complex for the long-term storage of samples containing part per 109 levels
of mercury, 826-9
Determination of fluoride in aqueous solutions of sodium monofluorophosphate with an ion—selective electrode,
1098-103
Automatic determination of ethylene glycol in antifreeze solutions with a periodate-sénsitive flow—through
electrode, 1203-7
SOLOCHROME
Spectrophotometric determination of palladium using Solochrome red B, 912-15
SOLUTION
Non—destructive optical screening method for particulate matter in intravenous solutions, 512-15
SOLVENT
Determination of rhenium in molybdenum concentrates, 278-82
Studies in chemical phase analysis. Part 1. Determination of the solubilities of elements in certain organic solvent—
bromine mixtures, 600—4
SOLY
Limiting non-Nernstian calibrations of ion-selective electrodes, 417-25
Studies in chemical phase analysis. Part 1. Determination of the solubilities of elements in certain organic solvent—
bromine mixtures, 600—4
SORBATE
Determination of benzoic and sorbic acids in orange juice by high—performance liquid chromatography, 407-9
SOYBEAN
Method for the determination of phosphorus in lipids and lipid—containing materials, 173-6
SPECTRA
Examination of petroleum products of high relative molecular mass for forensic purposes by synchronous
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SPECTRA(contd)
fluorescence spectroscopy. Part 1. Appraisal of experimental factors, 97-109
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448—-54
Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
SPECTROFLUOROMETRY
Fungicide residues. Part VII. Determination of residues of fentin in vegetables and cocoa products by spectroflu-
orometry, 282-5
Direct spectrofluorimetric determination of the free amino group of cephalexin in its lysine salt, 813-16
SPECTROMETER
An echelle monochromator system for the measurement of sensitive carbon furnace atomic—emission signals,
1130-3
SPECTROMETRY
Determination of arsenic in soil digests by nondispersive atomic—fluorescence spectrometry using an argon—
hydrogen flame and the hydride generation technique, 79-83
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Determination of trace concentrations of selenium in soils and sediments by the introduction of hydrogen selenide
into an inductively—coupled plasma source for emission spectrometry, 274-8
Proton—induced prompt gamma-ray spectrometry for boron analysis coupled with the potassium bromide disk
method, 298-300
Identification of small amounts of copolymerized unsaturated carboxylic acid in acrylic polymers by an
alkylation—pyrolysis—gas chromatographic—mass spectrometric procedure, 517-20
Spectrophotometric assay of hexamethylenetetramine, 568-74
An echelle monochromator system for the measurement of sensitive carbon furnace atomic-emission signals,
1130-3
SPECTROPHOTOMETRY
Ar;alytical applications of emulsions: determination of lead in gasoline by atomic-absorption spectrophotometry,
7-42

Determination of lead in drinking water by atomic-absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7

Determination of small amounts of antimony in organic matter, 66-74

Improvements to the spectrophotometric determination of germanium with phenylfiuorone, 75-9

Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24

Simultaneous acid extraction of six trace metals from fish tissue by hot-block digestion and determination by
atomic—absorption spectrometry, 125-30

Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8

Spectrophotometric determination of oxyphenbutazone in pharmaceutical preparations, 169-73

Spectrophotometric determination of microgram amounts of calcium in waters and foods using diphenylglyoxal
bis(2-hydroxybenzoylhydrazone), 193-202

Spectrophotometric determination of cobalt with biacetyl mono(2-pyridyl)hydrazone, 203-8

Precision spectrophotometric determination of chromium in chromite ores and ferrochrome, 209-16

Use of an orthogonal function in differential spectrophotometry, 222-6

Spectrophotometric analysis of interferences due to polyols in the assay of protein by Lowry’s method, 285-8

Spectrophotometric determination of ammonia: a study of a modified Berthelot reaction using salicylate and
dichloroisocyanurate, 305-16

Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27

Modified extraction procedure for the spectrophotometric determination of trace amounts of aluminium in sea
water with Pyrocatechol violet and removal of excess of reagent, 328-32

Precision spectrophotometric determination of total iron in chromite ores, 333-7

Sequential spectrophotometric determination of inorganic arsenic(III) and arsenic(V) species, 338-43

Spectrophotometric method for determination of chlorpheniramine maleate in pharmaceutical preparations in the
presence of codeine phosphate and ephedrine hydrochloride, 353-8

De;e;mination of total chromium, cobalt, and silver in foodstuffs by flame atomic-absorption spectrophotometry

59-70

Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9

Purity of potassium hydrogen phthalate for use as a pH standard, 470-3

Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81

Vaporization interference of sulfate and phosphate anions on the calcium flame atomic-absorption signal,
482-90

Application of a chelating resin to the determination of trace amounts of mercury in natural waters, 491-6

Behavior of trace amounts of europium in a silicate matrix in atomic—-absorption spectrophotometry with
electrothermal atomization, 497-501

Optical emission spectrometry with an inductively coupled radiofrequency argon plasma source and sample
introduction with a graphite rod electrothermal vaporization device. Part II. Matrix, inter-element and sample
transport effects, 502-8

Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
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SPECTROPHOTOMETRY(contd)
absorption spectrophotometry, 529-43
Spectrophotometric determination of arsenic and antimony by the silver diethyldithiocarbamate method, 558-63
Further improvement of the modified spectrophotometric method for the determination of malathion, 564-7
Spectrophotometric assay of hexamethylenetetramine, 568-74
Application of iron(I11)-hydroxamic acid complexes in the spectrophotometric determination of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic-absorption spectroscopic method, 616-20
Some observations on the determination of iron by atomic—absorption spectrophotometry using air-acetylene
flames, 641-50
Determination of cesium in river and sea waters by electrothermal atomic-absorption spectrometry. Interference
of cobalt and iron, 651-6
Automated spectrophotometric determination of trace amounts of bromide in water, 657-62
Spectrophotometric method for the determination of phenothiazines and its application to phenothiaziffe drugs,
663-8
Spectrophotometric method for the determination of procarbazine hydrochloride in capsules, 669-73
Spectrophotometric determination of zinc with thiocyanate and Rhodamine 6G, 674-8
Selective determination of antimony(I11) and antimony(V) by atomic-absorption spectrophotometry following
stibine generation, 732-3
Simultancous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma-emission spectrometry, 756-61
Specific and sensitive spectrophotometric determination of cobalt with 3—(2"-thiazolylazo)-2,6-diaminotoluenc,
762-7
Spectrophotometric determination of anionic surfactants in river water using 1-(4-nitrobenzyl)-4—(4-diethylami-
nophenylazo)pyridinium bromide. 768-73
Use of charge-transfer complexation in the spectrophotometric assay of antazoline and naphazoline in
combination, 774-8
Automated distillation-spectrophotometry procedure for determining ammonia in water, 841-8
Blanking system for the spectrophotometric determination of ammonia in surface waters, 849-54
Spectrophotometric determination of phenobarbitone, methylphenobarbitone, and phenytoin in tablets, 855-60
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
Rapid and sensitive spectrophotometric method for the determination of nitrate in rain water using 3.4-xylenol,
908-12
Spectrophotometric determination of palladium using Solochrome red B, 912-15
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 950-4
Improved extraction method for the spectrophotometric determination of trace amounts of boron in river water
with 1.8—dihydroxynaphthalene—4—sulfonic acid and removal of the excess of reagent, 955-64
Spectrophotometric microdetermination of silver(l) and iodide ions, 996-8
Improvements to the spectrophotometric determination of germanium with bromopyrogallol red, 1082-6
Spectrophotometric determination of primaquine phosphate in pharmaceutical preparations, 1113-18
Bissalicylidene-o—phenylenediimine as a solvent extraction — spectrophotometric reagent for nickel(11), 1118-20
Spectrophotometric determination of nickel with diacetyl monoxime glycinimine, 1196-9
SPECTROSCOPY
Plasma spectroscopy comes of age, 1032-44, | PLATE
Determination of moisture in single—cell protein utilizing photoacoustic spectroscopy in the near-infrared region,
1076-81
Generation of covalent hydrides in atomic—-absorption spectroscopy. A review, 1137-62
SPINEL
Simultaneous determination of the noble metals in geological material by radiochemical neutron-activation
analysis, 1157-62
STABILITY
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan-2-one phase after extraction from an
aqueous phase, 620-4
Preservation of inorganic arsenic species at microgram levels in water samples, 737-43
STANDARD
Non-destructive optical screening method for particulate matter in intravenous solutions, 512-15
STANDARDIZATION
2,4-Dinitrobenzenesulfenyl chloride as an acid—base standard in nonaqueous titrimetry, 730-1
STD
2,4-Dinitrobenzenesulfenyl chloride as an acid—base standard in nonaqueous titrimetry, 730-1
Simple direct concentration readout method for the standard additions technique in atomic-absorption
spectrophotometry, 820-2
Direct determination of metals in lubricating oils using atomic—absorption spectrometry and aqueous inorganic
standards, 919-21
STEAM
Determination of alkylmercury in fish by steam distillation and cold-vapor atomic-absorption spectrophotometr-
y. 897-901
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STEEL
Differential-pulse polarographic determination of molybdenum in steel, 379-85
Corrosion of metals in carbon tetrachloride—containing solvents, 696-704
Sp;gizﬁc and sensitive spectrophotometric determination of cobalt with 3—(2°-thiazolylazo)-2,6—diaminotoluene,
—7
Pyridine-2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
STIBINE
Selective determination of antimony(III) and antimony(V) by atomic-absorption spectrophotometry following
stibine generation, 732-3
STORAGE
Utilization of the mercury(II) chloride complex for the long—term storage of samples containing part per 109 levels
of mercury, 826-9
STRONTIUM
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
STYRENE
Rapid extraction of some persistent chlorinated hydrocarbons from biological material with low fat content,
990-2
SUBSTITUENT
Study of certain 1,5-benzodiazepine derivatives as acid—base indicators, 165-9
SUCCINIC
SUAnZIYSiS of maleic, fumaric, and succinic acids in air by use of gas chromatography, 400-3
GAR
lmpgrov;ments in the determination of sugars in confectionery by high—performance liquid chromatography,
581-
SULFA
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
SULFATE
Improvements to the spectrophotometric determination of germanium with phenylfluorone, 75-9
Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27
Effect of anionic surfactants on calcium ion-selective electrodes, 426-31
Vaporiéabtion interference of sulfate and phosphate anions on the calcium flame atomic—absorption signal,
482
Spectrophotometric method for the determination of procarbazine hydrochloride in capsules, 669—73
Determination of sulfide in flooded acid—sulfate soils by an indirect atomic—absorption spectrophotometric
method, 984-6
SULFIDE
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
Determination of sulfide in flooded acid—sulfate soils by an indirect atomic-absorption spectrophotometric
method, 984-6
SULFONAZO III
Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27
SULFOXIDE
High—performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6
SULFUR
Determination of total sulfur in small amounts of plant material, 83-5
Spectrophotometric determination of sulfate for measuring sulfur dioxide in air, 317-27
SULFUR DIOXIDE
Use of a sulfur dioxide gas—sensing membrane probe in wines and juices at their natural pH, 1182-7
SULFURIC
Determination of fluoride ions in concentrated sulfuric acid with a fluoride ion—selective electrode, 1208-10
SURFACTANT
Effect of anionic surfactants on calcium ion—selective electrodes, 426-31
Determination of anionic—active matter in detergents by potentiometric titration, 713-19
Spectrophotometric determination of anionic surfactants in river water using 1—(4-nitrobenzyl}-4—(4—diethylami-
nophenylazo)pyridinium bromide, 768-73
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 83340
SYNTHETIC
T‘AE)laeieEr?ination of synthetic colors in foods using high—performance liquid chromatography, 58999
Use of an orthogonal function in differential spectrophotometry, 222-6
TBSgectrophotometdc determination of phenobarbitone, methylphenobarbitone, and phenytoin in tablets, 855-60
Extraction of metals from aqueous solution with polyurethane foam, 1087-97
TENAX GC
Application of electrochemical detection to the measurement of 4,4’-methylenebis(2—chloroaniline) and 2—
chloroaniline concentrations in air by high—performance liquid chromatography, 861-7
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TERNARY
Micro-determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
TETRACHLORIDE
Corrosion of metals in carbon tetrachloride—containing solvents, 696-704
TETRAMETHYLENEDITHIOCARBAMATE
Stability of tetramethylenedithiocarbamate chelates in the 4-methylpentan-2-one phase after extraction from an
aqueous phase, 6204
TETRAPHENYLPHOSPHONIUM
Effect of tetraphenylphosphonium chloride on d.c. and differential-pulse polarograms of synthetic food coloring
matters, 23440
THALLIUM
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
Simultaneous determination of thallium and lead at trace levels by anodic—stripping voltammetry, 386-90
Application of a collidinium molybdoarsenate ion—exchange column to the separation of thallium(I), 685-9
THF

Corrosion of metals in carbon tetrachloride—containing solvents, 696-704
THIAZOLYL
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’—thiazolylazo)-2,6-diaminotoluene,
762-7
THIAZOLYLAZO
Specific and sensitive spectrophotometric determination of cobalt with 3—(2"-thiazolylazo)-2,6-diaminotoluene,
762-7
THIAZOLYLAZODIAMINO
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’-thiazolylazo)-2,6-diaminotoluene,
762-7
THIAZOLYLAZODIAMINOTOLUENE
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’-thiazolylazo)-2,6-diaminotoluene,
762-7
THIN
Determination of 6-mercaptopurine and related compounds by phosphorescence spectroscopy, 448-54
THIOACETAMIDE
Determination of thioacetamide and thiobenzamide using dichloramine-T, 873--6
THIOAMIDE
Determination of thioacetamide and thiobenzamide using dichloramine-T, 873-6
THIOBENZAMIDE
Determination of thioacetamide and thiobenzamide using dichloramine-T, 873—6
THIOCARBAMATE
Determination of lead in drinking water by atomic—absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
THIOCYANATE
Spectrophotometric determination of zinc with thiocyanate and Rhodamine 6G, 674-8
THIOSULFATE
Thiosulfate as a complexing agent in the separation of cations by anion—exchange chromatography, 52-9
THIURAM
Application of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
184-5
TIN
Determination of silver, cobalt, manganese, molybdenum, and tin in sewage sludge by a rapid electrothermal
atomic—absorption spectroscopic method, 616-20
TISSUE
Retention of metabolized trace elements in biological tissues following different drying procedures. Part II.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
TITANIUM
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 9504
TITRATION
Microdetermination of long—chain fatty acids in plasma and tissues by photometric titration, 1127-30
ITRN

Determination of nickel(II) and copper(1I) and lead(II) and copper(II) in mixtures by complexometric titration,
396400

Determination of anionic-active matter in detergents by potentiometric titration, 713-19

2,4-Dinitrobenzenesulfenyl chloride as an acid-base standard in nonaqueous titrimetry, 7301

Automatic titration by stepwise addition of equal volumes of titrant. Part V. Extension of the Gran I method for
calculation of the equivalence volume in acid-base titrations, 802-10

Determination of thioacetamide and thiobenzamide using dichloramine-T, 873-6

Determination of calcium in unused lubricating oil blends by direct small-scale complexometric titration, 877-82

TOLUENE
Specific and sensitive spectrophotometric determination of cobalt with 3—(2’~thiazolylazo)-2,6-diaminotoluene,
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TOLUENE(contd)
762—
Determination of dinitrotoluene isomers in sea water and industrial effluent by high—resolution electron—-capture
gas chromatography with a glass capillary column, 787-93
TRACE
Simultaneous acid extraction of six trace metals from fish tissue by hot-block digestion and determination by
atomic—absorption spectrometry, 125-30
Simultaneous determination of trace concentrations of arsenic, antimony, and bismuth in soils and sediments by
volatile hydride generation and inductively—coupled plasma—emission spectrometry, 75661
Retention of metabolized trace elements in biological tissues following different drying procedures. Part I1.
Cesium, cerium, manganese, scandium, silver, and tin in rat tissues, 794-801
TRANSITION
Determination of copper, lead, cadmium, nickel, and cobalt in EDTA extracts of soil by solvent extraction and
graphite furnace atomic-absorption spectrophotometry, 119-24
Simultaneous acid extraction of six trace metals from fish tissue by hot—block digestion and determination by
atomic-absorption spectrometry, 125-30
Ap&ljﬁation of transition metal salts as ion—pair reagents in the liquid chromatography of dithiocarbamates,
S
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic—absorption spectrophotometry, 883-96
TRIFLUPROMAZINE
High—performance liquid chromatographic determination of triflupromazine hydrochloride in tablets and
injections, 823-6
TUBULAR
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
TUNGSTEN
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
TURBIDIMETRY
Determination of total sulfur in small amounts of plant material, 83-5
URANIUM
Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
UREA
Se;l)%l;atsion and identification of mixtures of urea and hydroxymethyl-substituted ureas by paper chromatography
-81
u Preﬁigitation of bismuth quinolin-8-olate from homogeneous solution by urea hydrolysis, 391-5
REASE
Ac%uziﬂ(i)on and processing of data from a multiple pH-stat system monitoring enzyme kinetics (urea—urease),

URINE
Analysis of human urine for a metabolite of endrin by chemical oxidation and gas-liquid chromatography as an
indicator of exposure to endrin, 60-5
Voltammetric determination of the azidopyrimidine diuretic 2-amino-4-azido—5—(2—ethoxyethyl)-6-phenylpyri-
midine in urine, 612-15
uv

Development and evaluation of a spectrophotometric method for the determination of free phthalic acid in
potassium hydrogen phthalate, 462-9
Purity of potassium hydrogen phthalate for use as a pH standard, 470-3
Micro—determination of uranium(VI) based on the formation of a ternary complex with pyrogallol red and
cetylpyridinium chloride, 474-81
Spectrophotometric assay of hexamethylenetetramine, 568-74
Application of iron(III)}-hydroxamic acid complexes in the spectrophotometric determmatwn of poly(vinyl
alcohol) in pharmaceutical preparations, 575-80
Spectrophotometric determination of hydrogen peroxide using potassium titanium(IV) oxalate, 9504
VANADATE
Rapid spectrophotometric method for the determination of monofluorophosphate, 131-8
VANADIUM
Determination of trace concentrations of mercury in biological materials after digestion under pressure in nitric
acid catalyzed by vanadium pentoxide, 48-51
Pyridine-2-acetaldehyde salicyloylhydrazone as an analytical reagent and its application to the determination of
vanadium, 965-73
VANASPATI
vg}gmg)ﬁlayer chromatography of nickel ion in the detection of vanaspati as an adulterant in ghee, 1120-3
Determination of tetramethyl- and tetraethyllead vapors in air following collection on a glass fiber—iodized
carbon filter disk, 110-18
VAPORIZATION
Va‘&ozri;z(i)tion interference of sulfate and phosphate anions on the calcium flame atomic—absorption signal,
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VAPORIZER
Tungsten filament vaporizer and oxyhydrogen flame for optical-emission spectrometry, 227-33
VEGETABLE
Fungicide residues. Part VII. Determination of residues of fentin in vegetables and cocoa products by spectroflu-
orometry, 282-5 -
VIOLET
Modified extraction procedure for the spectrophotometric determination of trace amounts of aluminium in sea
water with Pyrocatechol violet and removal of excess of reagent, 328-32

Automatic titration by stepwise addition of equal volumes of titrant. Part V. Extension of the Gran I method for
calculation of the equivalence volume in acid—base titrations, 802-10
VOLTAMMETRY
Determination of trace amounts of copper in palm oil by differential-pulse anodic-stripping voltammetry, 30-6
Simultaneous determination of thallium and lead at trace levels by anodic-stripping voltammetry, 386-90
Voltammetric determination of the azidopyrimidine diuretic 2—amino—4-azido—5—(2—ethoxyethyl)-6—phenylpyri-
midine in urine, 612-15
Voltammetric determination of pharmaceuticals at the tubular graphite electrode, 779-86
Voltammetric determination of synthetic food coloring matters at a stationary glassy carbon electrode, 868-72
A new approach to the quantitative analysis of overlapping anodic-stripping voltammograms, 939-43
VOLTAMMOGRAM
A new approach to the quantitative analysis of overlapping anodic-stripping voltammograms, 93943
WASHING
Automated procedure for the determination of soluble arsenic using hydride generation atomic-absorption
spectroscopy, 74450
WASTEWATER
Automatic determination of boron (0.10-10.0 mg L-!) in raw and waste waters, 139-46
WATER
Development and construction of an analyzer for the determination of the hydrogen peroxide content of natural
water using a chemiluminescent reaction, 11-17
Determination of lead in drinking water by atomic-absorption spectrophotometry using an electrically heated
graphite furnace and an ammonium tetramethylenedithiocarbamate extraction technique, 43-7
Automatic determination of boron (0.10-10.0 mg L-1) in raw and waste waters, 139-46
Spectrophotometric determination of microgram amounts of calcium in waters and foods using diphenylglyoxal
bis(2-hydroxybenzoylhydrazone), 193-202
Simultaneous determination of thallium and lead at trace levels by anodic—stripping voltammetry, 386-90
Application of a chelating resin to the determination of trace amounts of mercury in natural waters, 491-6
Determination of cesium in river and sea waters by electrothermal atomic—absorption spectrometry. Interference
of cobalt and iron, 651-6
Automated spectrophotometric determination of trace amounts of bromide in water, 65762
Determination of methylmercury in human blood, 726-9
Preservation of inorganic arsenic species at microgram levels in water samples, 73743
Spectrophotometric determination of anionic surfactants in river water using 1—(4-nitrobenzyl)-4—(4—diethylami-
nophenylazo)pyridinium bromide, 768-73
Utilization of the mercury(II) chloride complex for the long-term storage of samples containing part per 109 levels
of mercury, 826-9
Determination of polyoxyethylene alkyl ether nonionic surfactants in waters at trace levels as potassium picrate
active substances, 83340
Automated distillation—spectrophotometry procedure for determining ammonia in water, 841-8
Blanking system for the spectrophotometric determination of ammonia in surface waters, 849-54
Rapid and sensitive spectrophotometric method for the determination of nitrate in rain water using 3,4-xylenol,
908-12
Improved extraction method for the spectrophotometric determination of trace amounts of boron in river water
with 1,8—dihydroxynaphthalene—4—sulfonic acid and removal of the excess of reagent, 955-64
WINE
Use of a sulfur dioxide gas—sensing membrane probe in wines and juices at their natural pH, 1182-7
00D

Determination of aluminum in wood pulp liquors using graphite furnace atomic-absorption spectrometry,
1163-70
WOOL
Micro—scale thin—layer chromatographic method for the comparison of dyes stripped from wool fibers, 729-30
X RAY
A new type of biological reference material for multiclement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
XYLENOL
Rapid and sensitive spectrophotometric method for the determination of nitrate in rain water using 3,4-xylenol,
908-12

ZEPHIRAMINE
Modified extraction procedure for the spectrophotometric determination of trace amounts of aluminium in sea
water with Pyrocatechol violet and removal of excess of reagent, 328-32
Improved extraction method for the spectrophotometric determination of trace amounts of boron in river water
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ZEPHIRAMINE(contd)
with 1,8-dihydroxynaphthalene—4-sulfonic acid and removal of the excess of reagent, 955-64
ZINC
Gravimetric determination of zinc by precipitation with benzimidazole directly and from homogeneous solution
by replacement of zinc in a complex with EDTA, 176-9
Observations on the determination of total copper, iron, manganese, and zinc in foodstuffs by flame atomic—
absorption spectrophotometry, 52943
Spectrophotometric determination of zinc with thiocyanate and Rhodamine 6G, 674-8
Determination of calcium in unused lubricating oil blends by direct small-scale complexometric titration, 877-82
Simplified method for the determination of cadmium, chromium, copper, nickel, lead, and zinc in sewage sludge
using atomic-absorption spectrophotometry, 883-96
Direct determination of metals in lubricating oils using atomic-absorption spectrometry and aqueous inorganic
standards, 919-21
A new type of biological reference material for multielement analysis — the fungus Penicillium ochro—chloron
ATCC 36741, 944-9
Determination of sulfide in flooded acid—sulfate soils by an indirect atomic—absorption spectrophotometric
method, 984-6
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