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The benefit of no doubt

DOWN TO 20J-lg. and 2J.lg.

A 'direct reading' to 20 micrograms or 2 micrograms
per scale division (Models 146 and 147 respectively)
removes the doubts inherent in scales requiring the
divisions to be divided, whether it be by estimating
or by a mechanical aid; these balances are probably
unique in this respect. They have no rider bar-another
source of doubt. They are very good balances,. in fact.

OERTLING

111

HIGH PRECISION
MICROCHEMICAL BALANCES

i
fOf full technical details write or 'phone to: ~

L~~~ERT~I~~LTD., Cray Valley Works, St. Mary cra~, Orpington, Kent. Telephone: OrPingt~~7~~

TASOR-473
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Remarks on absorption
No absorption observed
No absorption observed
0·22 absorbance unit
0·14 absorbance unit
0·08 absorbance unit
No absorption observed
Insufficient intensity to make measurements possible

Determination of Trace Amounts of Cobalt in Alumina
by Atomic-absorption SPectroscopy

By B. FLEET, K. V. LIBERTY AND T. S. WEST
(Chemistry Department, Imperial College, London, S.W.7)

After the dissolution of alumina by hydrochloric acid in a sealed tube
at 2700 C traces of cobalt are determined by measurement of atomic
absorption at 240·7 nm. In one of the two procedures described cobalt,
in the range 50 to 250 p.p.m. in alumina, is determined by aspiration directly
into an air - acetylene or nitrous oxide - acetylene flame, and in the other
procedure cobalt, in the range 10 to 100 p.p.m. in alumina, is determined by
co-precipitation on hydrated manganese dioxide, followed by extraction into
isobutyl methyl ketone as its 8-hydroxyquinoline complex. The extract is
sprayed into an air - propane flame and absorbance measurements are made
as before. No interferences were found from the other elements likely to
be present in alumina.

The nitrous oxide - acetylene flame is less favourable than air - acetylene
for the determination of cobalt because of the unfavourable effect of the
strongly reducing cyanogen zone of the flame and because of considerable
loss of atomic cobalt caused by ionisation.

SEVERAL resonance lines have been used in the determination of cobalt by atomic-absorption
spectroscopy,l,2,3,4,5 but that at 240·73 nm appears to be the most sensitive, provided that
a sufficiently narrow slit is used to isolate the line from others nearby,6 e.g., those at 240·63
and 240·88 nm. The sensitivity of the 240·73 nrn line was confirmed in the present study,
as shown in Table 1. Generally the measurement is best made in an oxidising air - acetylene
flame. Procedures have been described for cobalt in copper alloys,? steels and nickel,5 but
there is otherwise a sparsity of information on the interference of other metal ions, particularly
those which form refractory oxides, such as aluminium.

TABLE I

CHOICE OF ATOMIC LINE FOR MEASUREMENT
(about 4 p.p.m. aqueous Co2+lair - propane flame)

Spectral-line
wavelength, nm

345·3
353·3
240·7
242·5
252·1
352·9
340·5

The determination of cobalt in nearly pure alumina by atomic-absorption spectroscopy
presents problems, such as sample dissolution to produce a medium suitable for nebulisation
into a conventional burner and the matrix effect of large amounts of aluminium on the
atomisation of small amounts of cobalt. In this communication we propose two analytical
methods. The first of these permits the determination to be effected on a simple atomic­
absorption apparatus with a relatively cool, air - propane flame. It involves collection of the
traces of cobalt by co-precipitation on manganese dioxide and solvent extraction with a
hexone solution of 8-hydroxyquinoline. This method is sensitive and precise, but is more
time consuming than the alternative procedure, which relies on the use of a relatively hot,
air - acetylene flame and more sophisticated apparatus. The latter procedure does not

© SAC and the authors.
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require chemical pre-manipulation other than sample dissolution, but it is less sensitive. The
sensitivity of the latter procedure"could be increased to equal that of the former by combina­
tion with the collection - extraction process used in the cool-flame method, but only by
sacrificing its advantages of rapidity and simplicity.

EXPERIMENTAL
ApPARATUS-

Techtron AA4 atomic-absorption spectrophotometer, with a lamp and detector modulated
at 285 c.p.s. and fitted with an R213 photomultiplier; lO-cm slot burner heads for air - propane
(AB42) and air - acetylene (AB41), and 5-cm slot burner head for nitrous oxide - acetylene
(AB40); and a Hilger & Watts (FLl57) hollow-cathode lamp for cobalt.

INSTRUMENTAL SETTINGS-
Wavelength peaked on 240·7 nm; slit width 50 p. (minimum compatible with signal

strength available from lamp); lamp current 29 rnA; air pressure 15lb per sq. inch; nitrous
oxide pressure 16 lb per sq. inch; propane pressure sufficient to give a non-luminous flame;
acetylene pressure sufficient to give a "rich" slightly luminous flame with air or to give
a 15-mm high red feather with nitrous oxide; height of measurement in air - propane flame,
15 mm; in air - acetylene, 13 mm; in nitrous oxide - acetylene, 15 mm; solution uptake rates
in air - propane and air - acetylene were 1 ml per 14 seconds for water, 1 ml per 17 seconds
for AICla solution, 1 ml per 13·5 seconds for hexone and in nitrous oxide - acetylene, 1 ml per
11·6 seconds for water and 1 ml for 15·2 seconds for AlCla solution. (AICla solution equivalent
to 0·1 g of A120 a per 2·5 mI.)

PRESSURE VESSEL FOR DISSOLUTION OF ALUMINA-
A stainless-steel pressure vessel operating at 3000 lb per sq. inch pressure at 270" C,

similar to that described elsewhere,s and supplied by A.W.R.E., Aldermaston, was used. The
vessel is loaded with the requisite amount of solid carbon dioxide to equalise pressure on both
sides of a sealed inner silica tube containing the alumina sample and concentrated hydro­
chloric acid at 2700 C.

SILICA DIGESTION TUBES-
These were made from 2 to 2·5-mm wall silica tubing with an inner bore of 5 mm, about

23 cm long, sealed at one end. The tubing was obtained from Messrs. Hanovia Limited.

REAGENTS-
All reagents were of analytical-reagent grade, except where stated.
Stock cobalt sol1ttions, 1000 and 100 p.p.m.-Prepare by dissolving 4·0372 g and 0·4037 g

of CoCI2.6H20, respectively, in water and diluting to 1 litre. Lower concentrations were
prepared by dilution immediately before use.

Sodium hydroxide solution, 4 M.

Hydrochloric acid, concentrated (about 35 per cent.).
8-Hydroxyquinoline, 5 per cent. (0,35 M) in 2 Macetic acid.
Potassium aluminium sulphate, saturated solution-About 11·4 g of KAI(SO.)2.12H20

were dissolved in 100 g of water.
Aluminium chloride solution·-Aluminium foil, 50 g, was dissolved in excess of hydro­

chloric acid (1 + 1) and diluted to 1 litre with distilled water.
Sodium acetate trihydrate, solid.
Hydroxylammonium chloride, solid.

ANALYTICAL PROCEDURES

(1) DISSOLUTION OF ALUMINA SAMPLE-
Weigh accurately about 0·1 g of alumina into the bottom of a silica tube of wall thickness

2·0 to 2·5 mm and bore 5 mm, add sufficient concentrated hydrochloric acid to fill a 9 to 10-cm
length. Draw out the upper part of the tube, cool and seal off quickly, keeping an even wall
thickness and avoiding the formation of a vacuum in the tube (a vacuum could cause loss of
contents on opening the tube). The final length should be about 19 cm.
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The tubes should be identified by lightly marking with a diamond and placed in the
inner container of the pressure vessel. Add sufficient solid carbon dioxide to equalise the
pressure at 2700 C (weights calculated from a formula given elsewhere8). Screw down the
pressure block and tighten the release valve, and then the compression bolts. Heat the
vessel in a hot-air oven at 2700 C and leave overnight (about 15 hours).

After this period remove from the oven and cool the vessel to room temperature; allow
the carbon dioxide to escape by cautiously opening the release valve. Loosen the com­
pression bolts and unscrew the head. Remove the tubes, ensure that they are all at room
temperature and break open at a scratch made near the top. Transfer. the solution into a
25-ml beaker and dissolve any crystals in a little water. The solutions obtained can be
treated by the analytical methods described below.

(2) CALIBRATION CURVE FOR COBALT IN ALUMINIUM SALTS AND DETERMINATION OF COBALT
IN SOLID ALUMINA IN THE AIR - PROPANE FLAME-

Calibration curve-Pipette 8 ml of the potassium aluminium sulphate solution into each
of a series of loo-ml beakers and add 0·5 to 9'0-ml aliquots of standard 2 p.g per ml cobalt
solution. Add 5 ml of 4 M sodium hydroxide solution and 1·0 ml of 0·01 M potassium per­
manganate solution to each. Bubble sulphur dioxide through the solutions until the purple
colour has been discharged and all the permanganate has been converted into manganese
dioxide. Filter immediately on pulp pads and wash the pads with about 20 ml of distilled
water and allow to drain. Place a clean 100-ml beaker under each funnel and dissolve the
manganese dioxide on each pad with about 2 ml of concentrated hydrochloric acid. Wash
the pads with about 20 ml of water and add a few crystals of hydroxylammonium chloride
(about 10 mg) to each beaker in order to ensure complete reduction of manganese to the
bivalent state. Render the solutions nearly neutral (about pH 6) by the addition of solid
sodium acetate trihydrate. by using test-papers or a pH meter. Transfer the solutions to
loo-ml separating funnels via a 25-ml measuring cylinder. Make each solution (with washings)
up to 35 ml. Pipette 2·0 ml of 5 per cent. 8-hydroxyquinoline reagent into each funnel and
add 10 ml of isobutyl methyl ketone. Shake the funnels vigorously for 1 minute in order to
effect the extraction, discard the aqueous layer in each funnel and spray the organic extracts
into the air - propane flame. Measure the absorbance values versus the pure solvent with
the instrumental settings given above. The calibration curve is linear from 1 to 10 p.g of
cobalt.

Alumina in the form of O'I-g samples can be treated in the same way after dissolution
in the pressure vessel, cf. (1).

(3) CALIBRATION CURVES FOR COBALT IN ALUMINIUM SALTS AND DETERMINATION OF COBALT
IN SOLID ALUMINA IN AIR - ACETYLENE AND NITROUS OXIDE - ACETYLENE FLAMES-

Transfer by pipette 1l·0 ml of the aluminium chloride solution into each of a series
of 25-ml graduated flasks and add 0·5 to 1O'O-ml aliquots of standard 100 p.g per ml cobalt
solution. Adjust the volume to 25 mI. These solutions contain the equivalent of a O·I-g
sample of alumina per 2·5 ml of solution. The solutions can be sprayed directly into the
air - acetylene and nitrous oxide - acetylene flames. The absorbance is measured against a
blank that contains no added cobalt.

Alumina samples can be determined in a similar manner, following dissolution in the
pressure vessel, by adjusting the volume of the hydrochloric acid solution to 2·5 ml with
distilled water followed by direct spraying.

ANALYSIS WITH AN AIR - PROPANE FLAME-

In the exploratory experiments cobalt was determined by measurement of its atomic
absorption in an air - propane flame at 240·73 nm in the presence of increasing amounts of
added potassium aluminium sulphate. It soon became apparent that, at the temperature
in the mantle of the air - propane flame, aluminium oxide clotlets, formed by degradation of
the aluminium salt in the strongly oxidising primary cone, were not sufficiently dissociated
to release the cobalt atoms into the flame. The addition of releasing agents such as strontium
and lanthanum salts was of little avail, and for small amounts of cobalt in a medium corre­
sponding to that which would be obtained on dissolution of 0·1 g of alumina no reproducible
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signals could be obtained. It was, therefore, found necessary to separate the cobalt from the
matrix element by using a procedure similar to that devised by Marshall and West9 for
traces of nickel and iron in alumina.

As atomic-absorption measurements provide a chemically specific analytical procedure,
selectivity of extraction is unnecessary, except that the traces of cobalt must be separated
from the bulk of the matrix element, aluminium. For this reason, 8-hydroxyquinoline was
selected as the ligand and isobutyl methyl ketone(hexone) as the solvent. Cobalt(II), having
an electrovaJence of two and a co-ordination number of six, forms a co-ordination unsaturated
Co.Ox2 complex and it is, therefore, necessary to select a solvent that will displace the two
co-ordinated water molecules remaining in the complex by two oxygen-donating solvent
molecules. A systematic examination of various solvents showed that hexone offered optimal
conditions, both for ease of quantitative extraction and efficiency of nebulisation and
atomisation.

Quantitative extraction of the cobalt could only be obtained at pH 6 or greater than 6,
in which region aluminium was also sufficiently well extracted to cause serious consumption
of reagent. It was also found impossible to keep such large amounts of aluminium 8-hydroxy­
quinolinate in solution. Furthermore, the amounts of aluminium remaining in the extract
interfered with the atomic-absorption measurements. The masking of such large amounts
of aluminium to permit extractive concentration of the cobalt(lI) did not prove feasible
and the alternative of extracting aluminium to leave the cobalt behind in solution did not
appear to be attractive or practicable. Consequently a collection technique was used to pre­
concentrate and separate the cobalt from the aluminium. A survey of the over-all experi­
mental design showed that hydrated manganese dioxide would be an excellent collector in
view of the subsequent use of 8-hydroxyquinoline as an extractant. Although manganese
dioxide has been used previously for iron and nickel9 we could find no previous record of the
collection of cobalt(lI) hydroxide in this way.l0 The manganese dioxide was generated ill situ
by the action of sulphur dioxide on permanganate in a strongly alkaline solution. At this
pH the aluminium is held in solution quantitatively as sodium aluminate. It was subse­
quently proved that from 0·5 to 50 j-tg of cobalt could be collected quantitatively on 1 mg
of manganese dioxide in this way from 80 ml of solution containing the equivalent of 0·1 g
of alumina.

The hydrated manganese dioxide is easily filtered on a pulp pad and, after washing
briefly, can be dissolved in a small amount of concentrated hydrochloric acid washed through
the pad. The addition of a small amount of hydroxylarnmonium chloride to reduce man­
ganese(IV) is beneficial. Direct aspiration of the dissolved manganese dioxide sample into
the air - propane flame yielded cobalt signals, but at a much lower sensitivity than that which
could be obtained by subsequent extraction with 8-hydroxyquinoline in hexone at pH 6.
Manganese (II) is not extracted at this pH and consequently does not interfere in any way
with the determination of cobalt. Aluminium does not pass through the collection­
extraction procedures in detectable amounts. Interference studies were carried out on a
range of other metals likely to be present in nearly pure alumina or aluminium salts. This
was done by adding a 100-fold excess of Ca2+, Cr3+, Fe3+, Mg2+ or Ni2+ to 5 j-tg of Co2+ in a
solution containing the equivalent of 0·1 g of A120 3• No interference was found. All these
measurements were made against a blank carried out on the aluminium solution without
addition of cobalt or the other ions. In all cases these blanks themselves measured against
pure solvent revealed only negligible amounts of cobalt present in the aluminium salt.

In the air - propane flame the calibration curve for pure aqueous solutions was a near
straight line through the origin giving absorbance readings of 0·05 and 0·425 for 1 and 10 p.p.m.
of cobalt, respectively, in a lO-cm path length. Following extraction into hexone - 8-hydroxy­
quinoline, a near linear calibration curve was obtained with absorbances of 0·012 and 0·125
corresponding to 0·1 p.p.m. and 1·2 p.p.m. of C0 2+ in the organic phase. The limit of detection
(0,005 absorbance unit) for the entire analytical procedure (collection in the presence of
alumina, extraction and measurement) was 0·04 j-tg of cobalt per ml of hexone and the
analytical range was 0·1 to 1·0 j-tg of cobalt per ml of hexone (equivalent to 10 to 100 j-tg
of cobalt per g of AI20 3). At the level of 0·5 j-tg of cobalt per ml of hexone the relative standard
deviation of the entire analytical procedure was found to be ±2·13 per cent. The time required
for a complete analysis following dissolution of the sample was about I hour.
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ANALYSIS WITH AN AIR - ACETYLENE FLAME-
As the air - propane flame was insufficiently hot to dissociate thealuminaclotletsefficiently,

attention was turned to the air - acetylene flame as an atom reservoir for cobalt in the presence
of large amounts of aluminium. The oxy-acetylene flame might be still more favourable,
but its high burning velocity makes it unsuitable for support at a long-slot burner of the
atomic-absorption type. However, the air - acetylene flame has been used in its oxidising
mode for the determination of cobalt and in its fuel-rich (luminous) form for aluminium.
Experiments were, therefore, made on a solution containing aluminium chloride equivalent
to 0·1 g of AlzOs per 2·5 mI of solution and varying amounts of cobalt, on a lO-cm long,
air - acetylene slot burner. Satisfactory results were obtained in this way, but at a sensitivity
approximately only one half of that obtained in the air - acetylene flame in the absence of
aluminium. There is little doubt that this is partly caused by the increased viscosity of the
solutions containing high concentrations of dissolved salts, because there was a 20 per cent.
decrease in the rate of uptake of the solution. A further factor may arise from the formation
within the nebulising chamber of larger droplets with a subsequent smaller specific surface
in the flame. However, the fact that the best cobalt signals could only be obtained for
aluminium-containing solutions in a luminous reducing flame is also significant. Experi­
ments showed that these are the conditions that most favour the atomisation of aluminium
rather than cobalt. The best signals for pure cobalt solutions were obtained in a lean air­
acetylene flame. Obviously minimisation of the partial pressure of atomic oxygen in the
flame is necessary to induce increased thermal dissociation of the AlzOs clotlets. These
conditions are, however, not too favourable for efficient atomisation of cobalt. This balance
of flame conditions is revealed in the criticality of air - acetylene ratios and of the position
of measurement in the flame (about 1·3 em above the burner head), as shown in Fig. 1.

o·~ ,..-----------......,

0')

0'1

10 15 20 25 )0

Height, mm

Fig. 1. Graph of absorbance
against height of measurement above
burner head for cobalt in aluminium
chloride solutions, with an air - acetyl­
ene flame

Best results were obtained at maximum lamp current and minimum slit width (see Fig. 2).
No interference was observed from 50-fold excesses of the same ions used in the air­

propane flame work. In this instance, in the presence of 0·1 g of AlzOs the limit of detection
(0,005 absorbance unit) was 0·22 p,g of cobalt per mI, with an analytical range of 2 to 10 p,g
per ml (equivalent to 50 to 250 p,g of cobalt per g of AlzOs)' At the level of 4 p.g of cobalt
per ml the relative standard deviation of the method was ±1·4 per cent. The time required
for a complete analysis following dissolution of the sample was only a few minutes.

ANALYSIS WITH A NITROUS OXIDE - ACETYLENE FLAME-

Recent workll has shown that the temperature of the type of nitrous oxide - acetylene
flame used for atomic-absorption measurements is 2780° ± 50° C. This compares with a value
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Lamp current. mA Slit width. }J

Fig. 2. Effect of lamp currents and slit width on cobalt
signal: (a), absorbance versus lamp current; (b), absorbance
versus slit width. Both sets of measurements were made on
aqueous solutions in the air - acetylene flame. under optimised
conditions

of about 2300° C for the air - acetylene flame. This flame was, therefore, investigated in a
similar manner. In this instance aqueous solutions of cobalt gave only one quarter of the
signal obtained in the air - acetylene flame. This is only partly accounted for by the shorter
(5 cm) path length of the flame. It would appear, therefore, that the higher temperature
of the flame is not a decisive factor in dissociating the Alps. This is borne out by the lower
atomic-absorption signals that are obtained in a stoicheiometric (and therefore hotter) nitrous
oxide - acetylene flame, as opposed to a fuel-rich flame.

0-02

o 10 20 30 40 SO 60 70 80 90 100

Cobalt. )Jg

Fig. 3. Calibration curve at 240·7 nm for
cobalt in aluminium solutions in the nitrous
oxide - acetylene flame. Net absorbance against
fLg of cobalt per 0·1 g of alumina

It was felt that the higher temperature of the nitrous oxide flame might cause loss of
atomic cobalt by ionisation, and this was borne out to a certain extent by the increase in
signal (about 30 per cent.) obtained by addition of an excess of potassium ions. Because
of the high ionisation potential of cobalt, 7·8 eV, it is not clear, however, if this effect is caused
entirely by suppression of ionisation. In the absence of aluminium, cobalt yields a higher
signal in a stoicheiometric nitrous oxide - acetylene flame than in a fuel-rich flame. It is
apparent, therefore, that the strongly reducing cyanogen zone of the atomic-absorption type
of nitrous oxide - acetylene flame has an adverse effect on the atomisation of cobalt, but is
beneficial to a limited extent in dissociating alumina c1otlets. Because of both of these
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effects, however, this flame is inferior to the air - acetylene flame as an atom reservoir for
cobalt.

In the slightly fuel-rich (red feather) nitrous oxide - acetylene flame, in the presence
of 0·1 g of AI20 s, a detection limit (0,005 absorbance unit) of 1 p,g of cobalt per ml was
obtained, with an analytical range of 2 to 20 p,g of cobalt per ml (equivalent to 50 to 500 p,g
of cobalt per g of AI20 s)' A relative standard deviation of ±3·0 per cent. was obtained at the
8 p,g of cobalt per ml level. Fig. 3 shows the nature of the analytical curve obtained for
cobalt in the presence of 0·1 g of alumina.

DISCUSSION AND CONCLUSIONS

Two analytical procedures have been developed for the determination of trace amounts
of cobalt in alumina or aluminium salts. The collection - extraction procedure offers a
sensitive but more time-consuming procedure that can be applied with simple equipment,
while the direct procedure, in which an air - acetylene or nitrous oxide - acetylene flame is used,
offers manipulative simplicity and rapidity.

In order to determine cobalt in the presence of aluminium the use of hot flames is
necessary to produce dissociation of alumina clotlets. Despite its unfavourable effect on the
determination of cobalt (alone) it is best to use a fuel-rich flame in order to establish conditions
where a compromise is struck between reasonably effective liberation of cobalt from the
matrix and the unfavourable effect of a reducing medium on maintaining a population of
cobalt atoms. The nitrous oxide - acetylene flame produces considerable ionisation of cobalt,
and its strongly reducing cyanogen zone, which appears in the hottest part of the mantle
above the primary zone, has a strongly adverse effect on atomic-absorption measurements
of cobalt atoms.

TABLE II
DETERMINATION OF KNOWN AMOUNTS OF COBALT IN THE PRESENCE OF

ALUMINIUM (== 0·1 g of AI20 s) BY ATOMIC-ABSORPTION PROCEDURES
All amounts are stated in p,g

Flame medium
"-----------~"-----------------,

Air - propane* Air - acetylene Nitrous oxide - acetylene
~ ~ ,---"---------,

Taken Found Taken Found Taken Found

3·0
3·0
3·0
4·9
4·9
4·9
4·9
4·9
4·9
7·5
7·5
7·5
7·5

3·2
3·0
3·1
5·0
5-l
4·9
4'8
4·7
4·9
7·6
7·8
7·5
7·4

9·0
9·0
9·0

20·0
20·0
20·0
20·0
47·5
47'5
47·5

9·2
8·9
9·0

20·0
20·1
20·5
19·8
46'5
47·0
47·0

7·5
7·5
7·5

30·0
30·0
30·0
30·0
47·5
47·5
47·5
47·5

7·8
7·5
8·0

30·5
28·5
28·5
29·0
47·5
48·5
48·7
48·0

• The following extractive separation was as given under Experimental.

TABLE III
DETERMINATION OF APPROXIMATELY KNOWN AMOUNTS OF COBALT, p,g, IN SAMPLE~

OF AI20 s, AND COMPARISON WITH SPECTROGRAPHIC RESULTS THAT WERE OBTAINED
BY A SEMI-QUANTITATIVE METHOD WITH A RELATIVE PRECISION OF ±50 PER CENT.

Alumina
sample No.

1
1
2
3

Analytical
method

Air - acetylene
Nitrous oxide - acetylene

Air - propane
Air - propane

Cobalt found in
0·1 g of AI.Oa, p.g

12·7
13·5

1·0
None detected

Comparative
spectrographic

result

10·0
10·0
0·5

<0·5
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The analytical range for both the acetylene flames was found to be closely similar. The
slope of the calibration curve in the air-supported flame was considerably steeper. Although
the method described here is devised for trace amounts of cobalt in alumina it is equally
applicable to aluminium salts, as shown in Tables II and III.

We thank A.W.R.E., Aldermaston, for financial support in aid of this work, and for
the loan of the pressure vessel used to digest the samples of alumina. We also thank the
Courtauld Research Foundation for the award of a grant for the purchase of the Techtron AA4
flame spectrophotometer.
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The Determination of Silicon by Atomic-absorption

Spectrophotometry, with Particular Reference to Steel,

Cast Iron, Aluminium Alloys and Cement

By W. J. PRICE AND J. T. H. RODS
(Pye Unicam Ltd.• York Street. Cambridge)

The determination of silicon by atomic-absorption spectrophotometry
in silicon-containing and siliceous materials has been investigated. Means
are outlined by which many types of sample can be completely dissolved
without loss of silicon. thus avoiding the need for fusion. Full operating
details are given, and the results, accuracy and sensitivity of the method
are discussed.

INTRODUCTION of the nitrous oxide - acetylene flame1 ,2 made possible the determination,
by atomic-absorption spectrophotometry, of about twenty-five more elements than had
previously been possible when only air - propane and air - acetylene gas mixtures were
available. These elements include aluminium, barium, silicon, titanium and vanadium.
Bowman and Willis3 investigated the application of the nitrous oxide - acetylene flame, and
have used it for the determination of, amongst others, vanadium in steel and fuel oil, and
aluminium, silicon and titanium in bauxite. These authors also discussed problems of
ionisation at the high temperature reached by this flame, investigated certain interferences
and give results for the analysis of standard samples of the materials mentioned.

Two other papers discuss the determination of silicon by atomic-absorption spectro­
photometry. In one method4 the authors precipitate silica (from cement samples) and collect
the precipitate, which is then fused with sodium carbonate. The melt is dissolved in water,
and silicon determined in the resulting solution. However, the introduction of a fusion tech­
nique clearly detracts from the convenience of the atomic-absorption method. In the other
methodS silicon was determined in steels by using chemically analysed (N.B.S.) samples as
standards. It was also noted that with the preparation procedure given, the samples and
standards were stable for only 1 or 2 hours.

The present paper describes the direct determination of silicon, by atomic absorption,
in steel, cast iron, aluminium alloys and cement, without the need either for precipitation
of the silica or for an alkaline fusion technique. An independent calibration is prepared
from pure chemicals.

EXPERIMENTAL
ApPARATUS AND REAGENTS-

The work was performed with a Unicam SP90 atomic absorption spectrophotometer
fitted with an SP91 multiple lamp turret and SP94 nitrous oxide system, and used in con­
junction with an SP93 air compressor unit. A high spectral output silicon lamp was used
with a lamp holder specially designed to facilitate lining up the smaller cathode characteristic
of this type of lamp. Scale expansion up to three times was used when necessary for the
determination of low concentrations of silicon in steels.

Silicon stock solution, about 2000 p.p.m. of silicon-This was prepared from pure sodium
silicate and standardised gravimetrically. Alternatively, it may be prepared from pure silica
dried by heating to 500° C, the correct weight taken, fused in the minimum amount of sodium
carbonate, and made up to volume in water.

© SAC and the authors.
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Vanadium stock solution, 2·5 per cent.-A 12'5-g sample of pure vanadium trichloride
was dissolved in about 200 ml of water and 10 ml of hydrochloric acid (sp.gr. 1,16); the
solution was then filtered and diluted to 500 ml.

Iron stock solution, 5 per cent. Fe3+-A 50-g sample of high purity iron (B.C.S. 260/2) was
weighed into a I-litre beaker, 200 ml of water, together with 500 ml of hydrochloric acid,
were added, and the beaker heated on a hot-plate. About 100 ml of hydrogen peroxide
(50 vol.) were added carefully in small portions. After the reaction had stopped, the solution
was boiled for a few minutes to decompose remaining traces of hydrogen peroxide and,
after cooling, the solution diluted to 1 litre in a calibrated flask.

Ahtminium stock solution, 2 per cent.-High purity silicon-free aluminium foil (e.g.,
Specpure or similar grade), 20 g, was dissolved in 200 ml of hydrochloric acid and diluted to
1 litre in a calibrated flask.

Stock solutions of calcium, phosphorus and sodium (5000 p.p.m.) were also prepared.
All solutions except aluminium (q.v.) were made with analytical-reagent grade chemicals and
de-ionised water, and stored in polythene bottles. All acids used were of analytical-reagent
grade, stock concentrated.

INVESTIGATION OF OPTIMUM INSTRUMENTAL CONDITIONS-

As silicon is one of the less sensitive elements that can be determined by atomic-absorption
spectrophotometry, it was considered necessary to establish the instrumental conditions
giving the greatest sensitivity for silicon. Consequently, "optimum conditions" refer here
to those instrument settings that result in the greatest silicon sensitivity.

Two solutions were prepared containing 200 and 400 p.p.m. of silicon. With a mono­
chromator slit of 0·1 mm the absorption of each solution at 251·6 nm was measured at
different acetylene flow-rates between 3·5 and 5·0 litres per minute and different heights
between 0·5 and 2·0 cm of the light path above the burner top ("observation height")..
The nitrous oxide flow-rate was fixed at 5·0 litres per minute. The best sensitivity was .
obtained with an acetylene flow-rate of 4·2litres per minute and observation height of 1·0 cm.
The effect of slit widths between 0·05 mm and 0·20 mm was also investigated when using the
conditions of best sensitivity. As expected, best sensitivity was obtained with slit widths
between 0·05 mm and 0·1 mm, and sensitivity fell off slightly with wider slits.

Under the chosen conditions, summarised in Table I, a sensitivity (i.e., that concentration
of the element, in p.p.m., causing an absorption of 1 per cent.) of 8 to 10 p.p.m. was obtained
for silicon, and a reproducibility at the 400 p.p.m. level of ±3 p.p.m. These conditions
proved also to give the highest signal-to-noise ratio.

TABLE I
RECOMMENDED CONDITIONS FOR THE DETERMINATION OF SILICON

Wavelength .. 251·6 nm
Slit width 0·1 mm (equivalent to a spectral band width of 0·6 nm)
Observation height 1·0 to 1·3 cm*
Nitrous oxide flow-rate 5·0 litres per minute
Acetylene flow-rate .. 4·0 to 4·5 litres per minute*

* These were found to vary slightly from instrument to instrument.

EFFECT OF FOREIGN IONS-

To investigate the effect of other ions on the silicon absorption, several series of solutions
were prepared containing 200 p.p.m. of silicon and different concentrations (0 to 3000 p.p.m.)
of aluminium, calcium, iron, phosphorus and sodium. Of these elements, aluminium, calcium,
iron and sodium enhanced the silicon absorption; phosphate ion exhibited a suppressive effect.
From the results (Fig. 1) it can be seen that the enhancement effect of the interfering ions does
not increase linearly as the concentration of ion increases, but levels off if a sufficient amount
of interfering ion is present. If, therefore, a sufficient amount of interfering ion is added
both to the sample solutions and to the standards, the interference effect will be compensated
for. Furthermore, the combined enhancing effect of two or more interfering ions flattens out
similarly to give the same over-all enhancement.

Vanadium added as vanadium trichloride was found to have an effect similar to that of
aluminium and iron; in the presence of at least 3000 p.p.m. of aluminium, vanadium or iron,
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Fig. 1. Effect of interfering ions on silicon
absorption. Silicon concentration is 200 p.g per
ml
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the addition of calcium, iron, magnesium, aluminium, manganese, zinc 0) .;opper up to
1000 p.p.m. was found to have no further effect on the silicon absorption (Figs. 2 and 3).
Moderate amounts of sodium (less than 500 p.p.m.) were found to cause slight enhancement
of silicon, even in the presence of aluminium or vanadium.
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Fig. 2. Effect of added aluminium (1000
p.g per ml) on silicon absorption: a, silicon plus
aluminium with and without added interfering
ions; b, silicon alone
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Fig. 3. Effect of added vanadium (5000
p.p.m. of vanadium trichloride) on silicon absorp­
tion: a, silicon plus vanadium with and without
added ions (as stated in text); b, silicon alone

SAMPLE PREPARATION-

The separation of silicon as silica and subsequent fusion of the precipitate with, e.g.,
sodium hydroxide, are superfluous steps if the silicon can be brought directly into solution.
Clarke6 has described a rapid method for the dissolution of steels and cast irons that does
not involve precipitation of silica; hydrochloric acid attack, followed by treatment with
hydrogen peroxide, results in the complete dissolution (except for carbon) of samples containing
less than about 1 per cent. of silicon.

The possibility of using hydrofluoric acid to dissolve samples containing more than 1 per
cent. of silicon was investigated. Langmyhr and Graff? found that hydrofluoric acid was
a suitable reagent for the dissolution of siliceous material, and showed that no silicon was
lost by volatilisation as silicon tetrafluoride when such material was dissolved in an excess
of hydrofluoric acid, provided that the solutions were not heated. This was confirmed during
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the present work, and was also found to hold true for silicon dissolved in mixtures of hydro­
fluoric and hydrochloric acids. However, as expected, the hydrofluoric acid was found to
attack glassware with the dissolution of significant amounts of silicon (Fig. 4); polythene
apparatus was, therefore, used whenever hydrofluoric acid was present in the solution.

200 ....-------------,

Time. minutes

20 25'

Fig. 4. Dissolution of silicon
glassware by 1 ml of hydrofluoric acid
plus 6 ml of hydrochloric acid diluted
to 100 ml

Because of the slight enhancement by sodium of the silicon absorption, and because
silicon calibration graphs were prepared from sodium silicate solutions, it was necessary to
add sodium to sample solutions containing more than 100 p.p.m. of silicon (corresponding
to about 200 p.p.m. of sodium in the sodium silicate solutions). The following dissolution
procedures were eventually adopted.

CEMENT-

Weigh out 0·4 g of the sample into a polythene beaker and add 10 ml of water. Stir
the mixture with a polythene rod and add 6 ml of hydrochloric acid (sp.gr. 1'16) and 0·5 ml
of hydrofluoric acid (40 per cent. w jw) (addition of more hydrofluoric acid may result in the
precipitation of calcium fluoride). When dissolution is complete, add 20 ml of vanadium
solution and 10 ml of sodium stock solution, and dilute to 100 ml. Prepare a silicon calibration
graph (0 to 600 p.p.m.) by diluting suitable volumes of silicon stock solution, 20 ml of vanadium
stock solution and 6 ml of hydrochloric acid to 100 ml.

CAST IRON-

Weigh out 1 g of sample into a polythene beaker and add 8 ml and 2 ml of hydrochloric
acid and nitric acid (sp.gr. 1'42), respectively. Cover the beaker with a clock-glass and heat
on an asbestos mat on a hot-plate until the reaction has stopped. Cool, wash the clock-glass
and add 2 ml of hydrofluoric acid. Filter the solution if necessary, add 5 1111 of sodium stock
solution and dilute to 100 ml. Prepare the calibration graph for silicon (0 to ·100 p.p.m. of
silicon) by diluting suitable volumes of silicon stock solution and 20 ml of iron solution to
100 mI. It is unnecessary to add vanadium as the large excess of iron present in both standard
solutions and sample will overcome any possible interference from other constituents of the
sample.

STEEL-

Weigh out 1 g of the material into a glass beaker and add 5 to 10 ml of water followed
by 10 ml of hydrochloric acid. Heat the solution and add, carefully and in small portions,
15 ml of hydrogen peroxide (50 vol). Boil the solution, allow to cool and filter into a 100-ml
calibrated flask. Dilute to the mark with water. The calibration graph (0 to 100 p.p.m. of
silicon) is prepared as for cast iron.

Alternatively, steel samples can be dissolved in the same way as samples of cast iron,
but omitting the addition of sodium solution.
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ALUj\HNIUM ALLOYS-
To 0·5 g of the sample in a polythene beaker add 10 ml of water and, in small portions,

a total of 8 ml of hydrochloric acid. Cover the beaker with a dock-glass, and allow the
reaction to subside. Add 15 ml of hydrogen peroxide (50 vol.) in small portions. Heat on
an asbestos mat on a hot-plate until all reaction ceases. Cool and add 2 ml of hydrofluoric
acid. Filter the solution into a polythene flask and dilute to 100 ml with water. (For alloys
containing more than 2 per cent. of silicon, add 5 ml of sodium stock solution before finally
making the solution up to volume.) Prepare a silicon calibration graph (0 to 250 p.p.m. of
silicon) as for cast iron, but add 25 ml of aluminium stock solution in place of the iron.
Addition of vanadium is rendered unnecessary by the presence of aluminium in both standard
solutions and samples.

In every experiment the standard containing no added silicon was run as the reagent
blank.

RESULTS

The results obtained for the determination of silicon in several standard samples are
summarised in Table II. When analyses were performed in duplicate, the results are
bracketed together in the table. The coefficient of variation at the 0·5 per cent. silicon level
(in steel) was found to be 0·012 per cent., or 2·4 per cent. of the mean.

TABLE II

COMPARISO~ OF RESULTS FOR STANDARDISED MATERIALS

Silicon, per cent.
I "-----,

Standard Atomic
Sample No. Type Nominal composition analysis absorption

N.B.S.I013 Cement CaO 64%; Fe.O. 3% ;AI.O. 3% SiO.24·1% 8'0,23"%}
SiO.23·7%

N.B.S. 1015 Cement CaO 61%; Al.Os 5%;MgO 4%. SiO.20·6% SiO.20·0%
Fe.Os 3% SiO.19·9%

E.C.S. 206/2 Cast iron P 1-37%; Mn 0'32% 3·42 3·43
E.C.S. 170/3 Cast iron Mn 0'76%; P 0·71 %; Cu 0·60% 2·47 2·53

Private sample Cast iron 2-14 2'13}
2·13

B.C.S. 241/1 High-speed steel W 19·6%; Co 5·7%; Cr 5% 0·33 0·30
E.C.S. 251/1 Low alloy steel !\In 1'5%; Mo 1·6% 0·41 0·39

E.C.S. 253/1 Low alloy steel Ni 1%; Cr 1% 0·65 •55}0·66

B.C.S.336 Stainless steel Cr 17-6%; Ni 9'5% ; Mo 2'4% 0·51 0·51
0·53

B.C.S.339 Chrome - vanadium Cr 12·4% 0·36 0·36
steel

D.C.S.235 Stainless steel Cr 18·6%; Ni 9·4% 0·82 0·83

E.C.S. 181/1 Aluminium alloy Cu 4%; Mg 1'4%; Ni 2% 0·38· ."}0·39

B.C.S. 216/1 Aluminium alloy Cu 4%; Mg 0'74% ; Mn 0'73% 0·74 0·72
0·72

B.C.S.268 Aluminium alloy Cu 1·34%; Mg 0·56% 2·43 2·46

DISCUSSION

Enhancement of silicon absorption by elements such as aluminium, calcium, sodium and
vanadium can be explained in terms of suppression of the ionisation of silicon in the hot
nitrous oxide flame (about 30000 C) by the added element. Evidence for ionisation in this
flame exists for magnesium8 and copper, both of which have ionisation energies just slightly
10\ver than that of silicon. If this assumption is correct, it would appear that silicon is ionised
to the extent of 10 to 15 per cent. No satisfactory explanation for the suppression of silicon
absorption by phosphate is as yet forthcoming. The presence of phosphorus in steel and
in cast iron has a negligible influence on the silicon response, presumably because of the
complexing effect of iron itself. The magnitude of the effect of phosphorus on silicon in the
absence of iron can be interpolated from Fig. I, and an example of the determination of
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silicon in cast iron in the presence of a comparatively high amount of phosphorus is included
in Table II.

The majority of replicate results agree to within ±2 per cent. of the certificate value.
When silicon is present as a minor constituent, as for instance in steel where it is usually
present to an extent less than 1 per cent., a coefficient of variation of 2·4 per cent. of content
was found; at higher silicon levels the precision improves significantly to give a coefficient
of variation better than 1 per cent. The lowest concentration level at which silicon can be
determined with acceptable accuracy depends mainly on sample dilution and instrumental
conditions. As interfering effects can be largely overcome, the limits both of detection and
determination are not influenced by the matrix elements. With a silicon sensitivity of
8 p.p.m. and a detection limit in aqueous solution of 3 p.p.m., concentrations of about
30 p.p.m. can be measured with a 10 per cent. coefficient of variation. This represents 0·03
per cent. of silicon if a I-g sample is made up to 100 ml of solution. This is probably the
practical limit of determination for silicon in steel or aluminium by the methods described,
though clearly it can be improved by replication; lower concentrations can be determined
with a greater proportional error.

The presence of silicon has hitherto caused difficulty in analytical methods, both because
it has been thought to be difficult to bring completely into solution and also because of the
interference effects it has caused. With the knowledge that silicon can be retained completely
in solution, and not lost either by precipitation as silica or volatilisation as silicon tetrafluoride,
a new approach can now be made to the complete analysis of many different materials by
atomic-absorption spectrophotometry.

It should first be decided whether or not silicon is to be determined by atomic absorption,
and if the silicon content is less than 20 per cent. it is reasonable to expect that it can.
For silicon levels between 5 and 20 per cent. a small sample weight can be taken to ensure
dissolution of silicon and to enable all or most major elements, including silicon, to be
determined in this one solution. A second, more concentrated, solution, with silicon remoyed
as silicon dioxide, may have to be prepared for the detemlination of minor elements. If silicon
is present at a concentration of less than 5 per cent., larger amounts of sample (up to 1 g
per 100 ml) should be used. Minor elements are determined in the same solution, and major
elements after suitable dilutions have been made.

The presence of hydrofluoric acid necessitates the use of beakers and flasks constructed
from material other than glass. Polythene beakers are quite satisfactory, provided strong
heating is not required. Hard polythene measuring cylinders, which have been calibrated
prior to use, enable volumes of 100 ml to be measured with an accuracy of better than
0·5 per cent.
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Determination of Sodium-22 in Rain Water by Using a

Low Level p-Counter

By B. A. BURDEN
(Ministry of Technology, Laboratory of the Government Chemist, Cornwall House, Stamford Street,

London, S.E.l)

A method has been developed for the separation from rain water of
sOdium-22, sufficiently radiochemically pure for it to be measured by low level
~-counting. A 50-litre sample of rain water is evaporated to about 1 litre
and the concentrate passed through a cation-exchange column. The sodium
is eluted with 0·7 N hydrochloric acid solution. The sodium fraction is then
purified, precipitated with oc-methoxyphenylacetic acid, converted into sodium
chloride and counted in a low background anti-coincidence ~-counter.

SCHEMES of analysis have been worked out and used for the determination of most of the
radionuclides present in rain and tap waters. They include fission nuclides, natural activities
resulting from the uranium and thorium series and manganese-54 which, although not a
fission nuclide, has been present in fall-out since the Russian tests of 1961. Sodium-22 and
sodium-24 are formed in small amounts in the upper atmosphere by cosmic-ray spallation of
argon. l Sodium-22 is also formed by the fast-neutron reaction 23Na(n,2n)22Na in thermo­
nuclear explosions. Sodium-22 was first detected in rain in 1957 (0,007 pCi per litre),2 but a
sharp increase was reported in 1963 following the first thermonuclear tests in the atmosphere.3
During examinations of fall-out contamination in aircraft engine washings in this laboratory,
in 1963, sodium-22 was suspected, although its presence was not later substantiated. Sub­
stantial amounts of sodium-22 had, however, been reported in the urine of eskimos eating
caribou meat' and in milk.5 ,6

The half-life of sodium-22 is 2·6 years, and it decays by positron emission (90 per cent.)
and electron capture (10 per cent.) to an excited state of neon-22. De-excitation to the ground
state takes place by emission of a 1·28-MeVy-photon.

y-Spectrometry can be used to determine sodium-22, but the levels are much too low to
be detected by an ordinary y-spectrometer. Perkins and Nielson5 have obtained results by
using a 4096 channel multi-parameter memory spectrometer. Positron counting3 is a much
more specific way of determining sodium-22, but it was found too expensive to set up for the
work that was to be undertaken in this laboratory.

EXPERIMENTAL

A 50-litre sample of rain water was collected on the roof of Cornwall House, Stamford
Street, London, S.E.l, by using the sampling method of Wood, Metson and Richards.' The
sample is reduced in volume by evaporation and the concentrate filtered to remove any
insoluble matter.

The insoluble matter is treated with hydrofluoric and perchloric acids to remove silica
and the residue treated with dilute hydrochloric acid, the solution being combined with
the concentrate and made up to 1 litre with distilled water. A small aliquot is removed for
the determination of sodium by flame photometry, and the remainder passed through a cation­
exchange column, which absorbs all of the cations. The sodium and some of the potassium

© SAC; Crown Copyright Reserved.
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and caesium are eluted from the column in the first fraction, with 0·7 N hydrochloric acid as
eluant. The eluate is contaminated with ruthenium, which is removed by two ruthenium
oxide scavenges, after which the filtrate is evaporated to dryness with perchloric acid. The
percWorate residue is extracted with anhydrous ethyl acetate, which dissolves sodium per­
chlorate in preference to caesium and potassium perchlorates.

The residue is filtered off and dry hydrogen chloride gas passed through the filtrate to
precipitate sodium chloride. The sodium chloride is then dissolved in water and sodium
precipitated with oc-methoxyphenylacetic acid reagent, which separates the sodium from the
remaining traces of potassium and caesium. The acid salt of the organic acid is converted
into sodium chloride with butanol - dry hydrogen chloride gas mixture, filtered, mounted and
counted in a low background anti-coincidence {1-counter. The weight of sodium chloride
gives the chemical recovery of the counting source, by using the sodium content of the rain
water determined by flame photometry and making allowance for the sodium present in all
of the reagents added.

Although the method takes about 7 days to complete, the actual practical work after the
ion-exchange separation takes 1 day. Because of the time elapsed between the start and
finish, any sodium-24 (half-life 15·4 hours) present initially would have decayed away before
the source was counted.

METHOD

ApPARATUS-

Low background (about 1 count per minute) anti-coincidence {1-particle counters were
used.

Ion-exchange column8-A column of length 20 em and diameter 3 em was prepared with
Amberlite resin CE-120 (200 mesh) and converted into the hydrogen form with concentrated
hydrochloric acid. The flow-rate used was 0·8 ml per minute.

De-mountable Perspex filter-stick, 16-mm internal diameter-Filter-papers, Whatman
No. 42, 21-mm diameter, for use with filter-stick.

Infrared lamps.
Heating ring, 1200 watts.
Flask, 10-litre capacity.
Beakers and centrifuge fttbes.
Platinum crucible.
Pipettes.

REAGENTS-

Use analytical-reagent grade reagents whenever possible and check them for the presence
of radiochemical contamination.

Ruthenium carrier solution-Dissolve ruthenium tricWoride in concentrated hydrochloric
acid and dilute with water to give about 5 mg of ruthenium per ml of solution.

Hydrofluoric acid solution, 40 per cent., aqueous.
Hydrochloric acid, 10,0'7 and 0·1 N.

Perchloric acid solution, 60 per cent. aqueous.
Bromine water-Saturate water with bromine.
Ethanol, 95 per cent. aqueous solution.
Butanol - hydrogen chloride-Saturate butanol with dry hydrogen chloride gas.
Ethyl acetate.
Tetramethylammonium hydroxide solution, 25 per cent. aqueous.
Dry hydrogen chloride gas-Prepare by dropping concentrated hydrochloric acid on to

concentrated sulphuric acid.
oc-Methoxyphenylacetic acid9-Dissolve 5·0 g of oc-methoxyphenylacetic acid in 26·4 ml of

absolute ethanol, add 4·1 ml of tetramethylammonium hydroxide solution and make up to
37·7 ml with distilled water. The reagent is 0·8 N with respect to the acid and 0·3 N with
respect to the base.

The sodium salt precipitated is the acid salt [C6H5(CHsO)CHCOONa,C6H5{CHsO)­
CHCOOH] containing 6·49 per cent. of sodium.

"Gelva solution"-A 5 per cent. w/v methanolic solution of poly(vinyl acetate).
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PROCEDURE-
Step I-Evaporate the 50-litre sample of rain water to about 900 ml on a heating ring.

Filter the concentrate through a filter-paper (Whatman No. 30).
Step 2-Ignite the filter-paper containing the insoluble material in a platinum crucible,

allow to cool, and then treat the residue with hydrofluoric and perchloric acid solutions to
remove the silica; evaporate to dryness.

Step 3-Treat the residue with 10 ml of 10 Nhydrochloric acid and 10 ml of water (remove
and discard any remaining insoluble matter by filtration), and combine it with the main
filtrate from step 1 and make up to 1 litre with water.

Step 4-Dilute 10 ml of this solution to 1 litre for the determination of sodium by flame
photometry.

Step 5-Pass the remaining 990 ml through the ion-exchange column. Wash the column
with 300 ml of 0·1 N hydrochloric acid. Elute the sodium from the column with 300 ml of
0·7 N hydrochloric acid, evaporate the eluate to about 20 ml and add 5 mg of ruthenium
carrier, followed by 1 ml of bromine water.

Step 6-Add tetramethylammonium hydroxide solution (this is used because a strong
base is required for complete precipitation) until the solution is alkaline, then add 2 ml of
ethanol and boil to coagulate the ruthenium oxide precipitate. Remove the ruthenium oxide
by filtration and repeat the ruthenium scavenge on the filtrate, and again filter off the ruthen­
ium oxide.

Step 7-Acidify the filtrate from step 6 with 5 ml of perchloric acid solution and evaporate
to dryness under an infrared lamp, and finally heat on a hot-plate to remove the last traces of
perchloric acid. (All traces of perchloric acid must be removed because of risk of explosion
with organic material.)

Step 8-Cool, add ethyl acetate to the residue and warm to dissolve the sodium per­
chlorate, filter and reject any insoluble matter.

Step 9-Pass dry hydrogen chloride gas into the filtrate to precipitate sodium chloride,
centrifuge and discard the supernatant liquid.

Step 10-Dissolve the sodium chloride in water, add 10 ml of ot-methoxyphenylacetic
acid reagent and allow to cool in an ice-bath for 40 minutes, with occasional stirring. Transfer
the tube to a water-bath at 20° C, stir for 5 minutes, centrifuge and discard the supernatant
liquid.

Step 11-Add 5 ml of butanol- hydrogen chloride mixture to the precipitate to convert
the sodium salt of ot-methoxyphenylacetic acid into sodium chloride, centrifuge and discard
the supernatant liquid. Wash the sodium chloride with 5 ml of butanol, centrifuge and
discard the washing.

Step 12-Transfer the precipitate from step 11 with butanol to the filter-stick containing
two tared Whatman No. 42 (21-mm diameter) filter-papers and wash once with 2 ml of butanol.

Step 13-Separate the filter-papers, dry in an oven at 80° C, re-weigh, mount on a I-inch
aluminium planchet by using Gelva solution and count in a low background ,B-counter.
Check for the absence of caesium and potassium by counting the source covered with a 51 mg
per cm2 aluminium absorber. Average transmission for the counter used was 15 per cent. for
sodium-22, 26 per cent. for caesium-137 and 50 per cent. for potassium-40.

Step 14--Calculate the chemical recovery from the weight of sodium chloride on the
filter, the sodium content of the rain water and the sodium content of the reagents used after
the ion-exchange separation.

STA~DARDISATIONOF THE ,B-COUNTER-

Use a standard sodium-22 solution (obtainable from the Radiochemical Centre, Amer­
sham) to prepare a series of sources varying in thickness from 6 to 60 mg per cm2• Count each
source on a low level ,B-counter, both normally and covered with a 51 mg per cm2 aluminium
absorber, and plot an efficiency against source weight graph.

LIMITS OF DETECTION-

By using a counter with a background of 1·2 counts per minute and a counting time of
1440 minutes, the minimum detectable activity is 0·4 pCi of sodium-22, based on three standard
deviations of the background count. This gives ()'008 pCi per litre for a 50-litre sample.
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RESULTS

Table I shows the amounts of total sodium found in rain water and the reagents used.

TABLE I

CONTENT OF INACTIVE SODIUM FOUND IN RAIN AND REAGENTS

Sample
Rain water (I) ..
Rain water (2) ..
Rain water (3) ..
Tetramethylammonium hydroxide solution
a;-Methoxyphenylacetic acid solution
Ruthenium carrier solution ..

Sodium,
p.p.m.

3·8
2·8
0·9

800
100

0·6

Table II shows the radiochemical recovery of sodium-22 added to different types of water.
The activity added was sufficient to make it possible to neglect in the calculation any sodium­
22 present in the sample originally.

TABLE II
RADIOCHEMICAL RECOVERY OF SODIUM-22

Type of water
Distilled
Rain
Soft
Hard
Intermediate

Sodium-22 added,
pCi
928

4640
4640
4640
4640

Sodium-22 found.
pCi
890

4509
4500
4310
4456

Radiochemical
recovery. per cent.

96
97
97
93
96

Table III shows the decontamination factors for the principal radionuclides, with a
half-life greater than 30 days, likely to be present in rain water. Manganese-54 was not
included in these experiments because it is neither positron active nor fJ-active and hence would
not be counted by a Geiger counter.

Results given in Table III were obtained by adding active isotopes to various samples of
rain water and then taking the latter through the above procedure. The amount of con­
tamination caused by each isotope was measured in the final sodium chloride source.

With ruthenium, the chemistry of which is complex, the active species was added in the
form of ruthenium trichloride, which may not match the chemical species in fall-out. The
recommended procedure, however, affords adequate decontamination from ruthenium species
so far encountered in rain water.

TABLE III
DECONTAMINATION FACTORS

Activity added, Activity found,
disintegrations disintegrations Decontamination

Nuclide per minute per minute factor
Ruthenium-I06/rhodium-I06.. 8 X 106 50 1·6 X 1()5
Caesium-I37 2·5 X IQ4 2 1·3 X IQ4
Strontium-90/yttrium-90 2 X 106 I 2 X 106

Cerium-I44/praseodymium-144 1·25 X 106 3 4·2 X 10'
Promethium-147 4·5 X 1()5 10 4·5 X 10'
Zirconium-95 • . 8·0 X IQ4 I 8·0 X IQ4
Antimony-125/tellurium-125m 1·25 X 106 15 8·5 X 10'
*RaD.E.F. 2'22 X 10' 0·8 2·7 X IQ4
Potassium-40 .. 1416 0·6 2·3 X lOa

* RaD.E.F. is an equilibrium mixture of lead-21O (RaD), bismuth-210 (RaE) and polonium-210 (RaF).
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TABLE IV
RESULTS OBTAINED FROM RAIN-WATER SAMPLES

719

Activity of sodium-22,
Date of collection of rain water pCi per litre

December, 1964, to February, 1965 0·18 ± 0·03*
May to June, 1965 .. 0·13 ± 0·02
October to November, 1965 0·04 ± 0·01 t

* 90 per cent. confidence limits on counting.
t Very high rainfall.

Activity of caesium-137,
pCi per litre

12·3
18·8
2·7

Table IV shows the results obtained from rain-water samples, the results for caesium-137
being included for comparison.

These values are in close agreement with those obtained in June, 1964, by Perkins,lo
who used a multi-parameter y-spectrometer. They are about half the peak levels observed
by RodeP in 1963.

Lal and Petersll calculated the production rate for sodium-22 produced by cosmic rays
at latitude 50° N. If it is assumed that all of this is carried down uniformly in rain, the
calculated activity in London rain water is 0·01 pCi per litre, which is considerably less than
the observed values.

The author thanks Dr. D. 1. Coomber for his helpful advice, and the Government Chemist,
Ministry of Technology, for permission to publish this paper.
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An Investigation of the Degraded Neutron Flux
14-MeV Neutron-activation Cell

.In a

By P. E. FRANCOIS
(Department of Physics, University of Aston in Bil'mingham. Gosta Green, Birmingham 4)

Measurements have been made of the fluxes of thermal and indium
resonance neutrons near the target of a 14-MeV neutron generator in a small
irradiation cell. These measurements can be used to assess the importance
of interfering reactions in fast-neutron activation analysis. For a fast­
neutron output of 10' neutrons per second the measured sub-cadmium flux
was 3·8 X 104 neutrons per cm2 per second, and the flux at the l'4-eV indium
resonance was 1·3 X 103 neutrons per cm2 per second per eV.

FAST-NEUTRON activation analysis is often performed with the source in the middle of a
relatively small cell. In these conditions there may be, at the sample position, a considerable
flux of neutrons scattered from the walls with degraded energies, and it is useful to know the
extent of this contamination to assess the importance of any interfering reactions. The
most important neutrons are likely to be those with energies in the thermal and resonance
regions. The fluxes of neutrons with energies below the cadmium cut-off and in the indium
resonance region in a typical assembly have been measured in this Department. The results
depend on the exact arrangement of moderating and absorbing material, but they will serve
as a guide for workers with similar assemblies who wish to evaluate the necessity to take
precautions against interfering reactions.

EXPERIMENTAL PROCEDURE

Neutrons (14 MeV) were produced by the D-T reaction at the centre of a cell about
1·5 X 1·5 X 2 m. The walls consisted of concrete and earth on two sides and about 1 m of
concrete on the others. The neutron output was measured by the associated particle tech­
nique, and the results are normalised to an output of 109 neutrons per second. The thermal­
neutron flux was measured by irradiating two indium foils, one with a cadmium cover, in
symmetrical positions 5 cm from the target. The resonance flux was measured by subse­
quently irradiating two indium foils, both in cadmium covers, but one also covered by 0·4 mm
of indium, which served to shield that foil from neutrons with energies equal to the indium
resonance. All of the indium foils were 1·27 cm in diameter and 0·28 mm thick.

The activities of the foils were measured with an end-window Geiger counter. This
counter was calibrated by using an indium foil irradiated in a thermal-neutron facility. The
activity of this foil was measured on the Geiger counter, and on a scintillation counter whose
efficiency for indium-116m y-rays was obtained from the calculations of Vegars, Marsden
and Heath. l

RESULTS
THERMAL NEUTRONS--

The activities of the bare and the cadmium-covered foils were followed for 1 hour after
the end of the irradiation. Both decay curves showed the presence of a mixture of activities,
but the difference fell with a half-life that agrees with the expected 54 minutes of indium-116m.

© SAC and the author.
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The saturation activity caused by neutrons below the cadmium cut-off was estimated to be
3·03 X 103 disintegrations per second for a fast-neutron output of 4·88 X 108 neutrons
per second. A small correction needs to be applied for the depression of thermal-neutron
flux within the foil; this was estimated from data compiled at the Argonne laboratory.2
Assuming an activation cross-section of 155 barns, the calculated value of the thermal-neutron
flux was 3·8 X 104 neutrons per cm2 per second for a fast-neutron output of 109 neutrons
per second.

RESONANCE NEUTRONS--

The decay curves of the two foils again indicated a mixture of activities, but the dif­
ference between the counts fell with the expected half-life of indium-1l6m. The saturation
disintegration rate caused by the resonance neutrons at the end of bombardment was
estimated to be 0·745 X 103disintegrations per second for a fast-neutron output of 6·7 X lOS
neutrons per second. A correction for self-shielding must again be applied, and a correction
is also necessary to allow for the difference in distribution within the foil of the activity
produced by the resonance neutrons and that by thermal neutrons in the calibration foil.
This has been estimated by assuming an exponential absorption of ,a-particles within the
foil with a linear absorption coefficient, calculated by the method of Gleason, Taylor and
Tabern,30f 1·25 X 102cm-1 .

To calculate the neutron flux, it is necessary to make assumptions about the shape
of the neutron spectrum and the variation of the activation cross-section. If we assume
that the activation is mainly caused by the large resonance at 1·4 eV, and the spectrum is
constant over the width of this resonance, we can integrate on the assumption that the
cross-section varies in accordance with the Breit - Wigner expression. If the peak cross-section
is taken to be 30,000 barns and the width of the resonance 0·07 eV, then the observed activa­
tion corresponds to a neutron flux at the l'4-eV indium resonance of 1·3 X 103 neutrons per
cm2 per second per eV for a fast-neutron output of 109 neutrons per second.
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The Micro Determination of Calcium in Mammalian
Hard Tissues

By C. ROBINSON AND J. A. WEATHERELL
(Biological Research Unit, Dental School and Hospital, University of Leeds)

A spectrophotometric method is described for the determination of
microgram amounts of calcium. The procedure is extremely rapid and
simple, enabling amounts of calcium in the range 2 to 3·5 p.g per ml to be
determined with an accuracy of about ±l per cent. (standard deviation).
The method, based on the ability of calcein (fluorescein-3,3'-bismethylimino­
diacetic acid) to complex with calcium ion, measures the reduction in light
absorption of a calcein solution at 506 nm on the addition of calcium.

THE analysis of many small enamel particles, 20 to 50 p.g in weight, required a method of
calcium determination that was both rapid and simple to carry out. An accuracy of about
±1 per cent. (standard deviation) was necessary in order to examine small variations in
calcium concentration and calcium-to-phosphorus ratios. Existing techniques were either
insufficiently sensitive or too laborious for this purpose.

Ca1cein (fluorescein-3,3'-bismethyliminodiacetic acid), a dye that forms a fluorescent
complex with calcium selectively in the presence of magnesium, has proved valuable in previous
investigations of mineralised biological tissues. The calcium - calcein complex was used as
an indicator in the complexometric titration of calcium with EDTA.l,2 To increase the
sensitivity of this method, the authors attempted to determine calcium by measuring the
amount of fluorescence with a spectrophotofluorimeter. Over a narrow range of concen­
trations of about 0·5 to 2 p.g of calcium per ml, this technique proved moderately successful.
Two difficulties were encountered, however, the first being the relationship between calcium
concentration and fluorescence, which was not linear (Fig. 1), and the second, the instability
of the photofluorimetric instruments available, which prevented accurate reproducibility.

550
Wavelength, nm

450 500

0·8.-----------------,

&:1 /" I
~20 /
0..

I:~~
o 0'5 1'0 1'5 2'0 2"S

Calcium concentration, IJg per ml

Fig. 1. Relationship between calcium
concentration and fluorescence

Fig. 2. Absorption spectrum of calcein
solution read against a solution containing
calcein and calcium

When calcium is added to an aqueous solution of calcein, the resulting fluorescence is
accompanied by an apparent decrease in the brown colour of the solution. This prompted

© SAC and the authors.
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an investigation of the absorption profiles of calcein and calcein - calcium. The profile results
from a combination of fluorescence and light absorption. By reading the calcein blank
against the calcium - calcein test solution, a maximum E value is obtained at 506 nm and a
minimum at 480 nm (Fig. 2). If the cells are reversed the peaks are inverted, 480 nm
becoming the maximum and 506 nm the minimum. It has proved possible to measure
calcium concentration accurately by reading at 506 nm.

The calcein - calcium complex and the calcein solutions are not stable and the optical
densities begin to decrease significantly about half an hour after making up the dye. If
the dye solution is placed in an ice-bath, however, satisfactory results can be obtained for
at least 30 minutes. This limitation is not very restrictive, as the procedure is so simple that
several internal standards, together with twelve to sixteen test samples, can be analysed in
30 minutes. In the range 2 to 3·5 {-tg per ml, the determination has an accuracy of ±1 per
cent. (standard deviation). Outside this range, there is some deviation from linearity, as
can be seen in Fig. 3.
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Fig. 3. Effect of increasing concentrations of
calcein on calibration curves. The figure at the end of
each curve refers to the concentration of calcein, mg
per cent.

EXPERIMENTAL

WAVELENGTH OF MAXIMUM ABSORPTION-

Fig. 2 shows the absorption profile of a solution of calcium-free calcein, read against a
calcium - calcein solution. The maximum at 506 nm and the minimum at 480 nm can be
reversed by reading the solution of calcium - calcein against that of the calcium-free solution
of dye.
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Fig. 4. Absorption spectrum of a
solution containing calcein read against
distilled water
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Fig. 5. Absorption spectrum of a
solution containing calcein and calcium
read against distilled water

The 506 nm maximum reading does not seem to correspond precisely with .\max. of calcein
(Fig. 4), .\max. of calcium - calcein (Fig. 5) or to the excitation maximum of the calcium­
calcein complex (Fig. 6). The readings obtained at this wavelength appear to result mainly:
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Fig. 6. Excitation spectrum of a
solution containing calcium and calcein

from the fluorescence emitted by the calcium - calcein complex. This is suggested by the
effects that increasing dye concentrations have on the readings, which can be explained by
quenching, and, as the excitation maximum is so far from 506 nm, this suggests that there
is also some reduction in absorption. There is perhaps also some reduction in the absorption
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of the dye caused by the addition of calcium. Fig. 7 shows the fluorescence-emission spectrum
of a calcium - calcein solution, and gives some indication of the extent of fluorescence at the
wavelength of 506 nm. .
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Fig. 7. Fluorescence-emission spectrum of a
solution containing calcein and calcium

EFFECT OF DYE CONCENTRATION-

Fig. 3 shows how increasing concentrations of dye affect the calibration graphs. Above
a certain concentration the readings fall, which could be caused by quenching of fluorescence
by free calcein. This is strongly supported by the fact that increasing concentrations of
dye affect fluorescence in a similar manner. The optimum concentration of the dye seemed
to be about 5 mg per cent. In the present work a Koch-Light preparation was used.

EFFECT OF PERCHLORIC ACID CONCENTRATION-

Large variations in pH affect the optical density of the calcium - calcein complex and
attempts were made to keep the concentration of perchloric acid fairly constant.

The particles of enamel, bone or dentine were weighed and dissolved in 2 M analytical­
reagent grade perchloric acid. For a sample of enamel, x fLg of the tissue was dissolved in
x fLl of acid. The dissolved enamel was diluted to 0·12 x ml with de-ionised water. This
procedure arose from the fact that enamel contains about 36 per cent. of calcium, so that the
dilution produced a solution containing an optimum concentration of calcium, i.e., about
3 fLg of calcium per ml. The amount of acid present was 8·33 fLl of 2 M perchloric acid. For
other tissues, e.g., bone or dentine, a similar procedure was followed, the aim being to prepare
solutions keeping the calcium and acid concentrations as close as possible at these levels.

The calibration solutions (e.g., 2,0, 2,5, 3·0 and 3·5 fLg of calcium per ml) also contained
similar amounts of acid. As, however, these were made up by progressively diluting a stock
solution, which contained both calcium and acid, the more dilute calcium calibration solutions
contained also slightly less acid. Only the 3·0 fLg per ml calcium calibration solution con­
tained exactly 8·33 fLl of 2 M perchloric acid per ml. The effect of this small variation in acid
concentration on the determined values for calcium was below ±1 per cent. The deter­
mination can tolerate a two-fold increase in the concentration of acid, i.e., 2 X 8·33 fLl of
2 M perchloric acid per ml, with no significant reduction in accuracy. Higher concentrations
of acid than this tend to produce lower readings.

EFFECT OF MAGNESIUM AND PHOSPHATE CONCENTRATIONS-

Magnesium can have an effect on the results. The readings of a 3·0 p.g per ml calcium
solution rose as the molar ratio of magnesium to calcium increased from 0 to 0·1 (Fig. 8).
Subsequently, the increase took the form of a series of plateaux. When phosphate is present
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the effect of magnesium is reduced (Fig. 9). At a magncsium-to-phosphorus ratio of 0,08,
the apparent increase in calcium concentration is about 1·3 per cent., at a magnesium-to­
phosphorus ratio of 0·15, the increase in the apparent calcium concentration was 2·0 per cent., '
where a plateau was reached extending to a magnesium-to-phosphorus ratio of 1·5. Here a
further increase in the determined calcium content occurred to about 4 per cent., where a

En...,
C>.

"":I. ~

E 3" .......,-_......._ ........__ft"--_........ ~

~J/ v v v

-c.,
c::
'§
~ 2·9

'"o

second plateau was reached. In the present context, i.e., for bone, dentine or dental enamel
(expected magnesium-to-phosphorus ratio about 0'04),3 there is thus no significant interference
by magnesium. The effect of greater concentrations of magnesium could be blanketed by
adding magnesium to bring the magnesium-to-calcium molar ratio to between 0·15 and 1·0.
This level corresponds to the plateaux shown in Figs. 8 and 9. Equimolar amounts of phos­
phate do not affect the determination of calcium.

METHOD

REAGENTS-

Calcein solution-Dissolve 5 mg of calcein in 25 ml of ice-cold 3 M potassium hydroxide.
Make up to 100 ml with de-ionised water. Place this solution in an ice-bath. All deter­
minations should be completed within 30 minutes of making up this dye solution.

CALIBRATION SOLUTIONS-

Calcium carbonate, 12·5 mg, dried for 1 hour at 105° C is dissolved in 13·9 ml of 2 M
perchloric acid and diluted to 1 litre with de-ionised water. Aliquots of this solution, 10,
12,5, 15 and 17·5 ml, are diluted to 25 ml to give solutions containing 2,0, 2,5, 3·0 and 3·5 p.g
of calcium per ml, respectively.
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PROCEDURE-
Make up the calcein solution immediately before the determination. Pipette 1 ml of

water and 1 ml of calcein solution into a l-cm path-length glass cuvette; mix thoroughly
with a polythene rod. Retain this water - calcein blank throughout the procedure. In the
second cuvette mix 1 ml of sample and 1 ml of calcein solution. Read the water - calcein
blank against this test solution at 506 nm.

RESULTS
Fig. 10 shows a typical calibration graph.
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Con,cntration of calcium. J-lg per ml

Fig. 10. Typical calibration curve
for the range 2·0 to 3·5 p.g of calcium per ml

Table I compares the results obtained by analysing solutions of bone, dentine and enamel
by complexometric titration,2 with those obtained by diluting the solutions 100 times and
determining calcium by the technique described above.

TABLE I
COMPARISON OF TITRATION WITH SPECTROPHOTOMETRIC MICRO DETERMINATION

Spectrophotometric results:
triplicate determinations

2·87
3·33
2·96

Expressed as p.g of calcium per ml of solution
"

Titration results,
duplicate determinations

2·84
3·28
2·99

Material analysed
Enamel
Dentine
Bone

DISCUSSION
The method described provides an extremely simple and rapid technique for the deter­

mination of micro amounts of calcium. The basis of the method, i.e., the reduction in the
apparent absorption of calcium - calcein solutions at 506 nm is empirical, as the peak does
not seem to correspond to any single one of the spectra shown in Figs. 4, 5, 6 or 7. It is
not clear to what extent it is caused by fluorescence and to what extent by absorption, but
the accuracy and repeatability of the method, together with its great simplicity, justify the
empirical approach. Some restriction is imposed by the instability of the dye, but the ease
with which the determinations are performed permits the analysis of a fairly large number
of samples in the 30 minutes available.
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The calcium concentration of the solutions analysed should lie between 2·0 and 3·5 p.g
of calciwn per ml. For mammalian hard tissues this presents no difficulty, as the approximate
percentage of calcium is known.

The results presented in Table I agree with those obtained by an established complexo­
metric procedure.

Interference by magnesium has been described. Its effect is appreciable in the absence
of phosphate, but can be reduced by adding phosphate, or adjusting the magnesium con­
centration to within the range corresponding to the plateau shown in Fig. 8. For mammalian
hard tissues the effect of magnesium is much reduced by the indigenous phosphate. The
mechanism of this reduction is not clearly understood, but is probably caused by phosphate
reducing the tendency of magnesium ions to aggregate with calcein molecules in solution.

The sensitivity of the procedure can be increased considerably by using micro cells.

We thank the Medical Research Council for a grant in support of this work, and Mr. G.
Naylor for technical assistance.
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Determination of Hydrofluoric Acid in

Inhibited Red Fuming Nitric Acid

By E. F. CROOMES AND R. C. McNUTT*
(A rmy Propulsion Laboratory and Center. Research and Development Directorate.

U.S. Army Missile Command. Redstone Arsenal. Alabama 35809)

A simple method has been devised for directly measuring fluoride-ion
concentrations in inhibited red fuming nitric acid. which is commonly used
in propellents. The technique involves the use of a newly developed fluoride­
sensitive electrode. and the concentrations are determined by measuring
the potential developed between this electrode and a reference electrode.
A special procedure, involving a buffer solution, was devised for weighing
the inhibited nitric acid before neutralisation, dilution and measurement.
The results are more accurate than those obtainable by the commonly used.
and more complex, indirect methods. For the particular instance of inhibited
red fuming nitric acid. the technique also proved superior to another proposed
direct method in that it is effective with samples as small as I g.

729

RED fuming nitric acid is a common and effective oxidant for liquid-propellent missiles.
but it is a very corrosive acid that will attack most metal containers. The corrosive action
can be inhibited to a large extent by the addition of hydrofluoric acid in concentrations of
about 0·5 M. For both assay and storage monitoring purposes, there is a need for a reliable
technique of determining fluoride-ion concentrations in inhibited red fuming nitric acid.

Until recently the determination of fluorides has been difficult; the only analytical tech­
niques available were based entirely on indirect methods, such as the effect of fluoride on
redox potential of metal-ion complexes and on bleaching techniques such as that used by
Johnson and ]ones,l which involved the removal of iron from ferron by fluoride. However,
the recent development of the Orion fluoride-ion electrodeR makes it possible to use direct
measurement techniques.2 With this electrode, the direct measurement of fluoride-ion
concentration is as simple as pH measurement.

One such technique, which provides a simple, sensitive and accurate means of deter­
mining the hydrofluoric acid in inhibited nitric acid. is described below. Another direct
method, likewise based on the Orion electrode, was also considered and is discussed briefly;
however, this second technique was found unsuitable for this analysis.

EXPERIMENTAL
GENERAL TECHNIQUE-

This method basically consists in weighing a solution of the inhibited nitric acid, neutralis­
ing the acid and measuring the potential developed between the fluoride-sensitive electrode
and a convenient reference electrode, in this instance a saturated calomel electrode.

MATERIALS-

A standard fluoride stock solution was prepared from a weighed amount of analytical­
reagent grade sodium fluoride. Aliquots of the stock solution were used to prepare known
concentrations over the desired concentration range in a buffer solution of 0·1 M acetic acid
and 0·1 M sodium acetate.

• Present address: Department of Chemistry, Athens College, Athens, Alabama 35611.
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PROCEDURE-

The procedure described below was designed specifically for the hydrofluoric acid
concentration range usually used in inhibited nitric acid, i.e., 0-4 to 0·8 per cent. w/w.

About 1 g of the inhibited nitric acid was weighed and diluted to 100 rnl with 0·1 M
acetic acid - 0·1 M sodium acetate buffer. A 5-ml volume of this solution was removed and
diluted to 100 rnl with the buffer solution. The amount of acid taken was determined
accurately by weighing a screw-capped plastic vial containing 25 to 30 rnl of buffer solution,
and then adding about 1 ml of the sample with the aid of a disposable pipette and a I-ml
rubber suction cup. After the sample had been drawn into the pipette, the tip was quickly
inserted into the weighed buffer solution and the acid forced out. In quick succession the
vial was closed and re-weighed, and the solution diluted to 100 ml in a calibrated flask to
provide the dilutions for measurement. In the preparation of the solutions, it is important
that the pH be kept within the range of 4 to 6. The pH is slightly low, but a well poised
buffer free from interfering anions is provided.

The final solution was then transferred to a beaker of suitable size, and the potential
(in millivolts) measured with the Orion fluoride-ion electrode versus a saturated calomel
reference electrode. As the resistance of the electrode is high, a high-impedance potentiometer
is required. A Beckman expanded-scale pH meter was used for this particular experiment.
At 250 C, E = E + 0·05915 pF. The potentiometer was calibrated before running each group
of samples. A standard fluoride solution was used to adjust the electrode potential to a pre­
determined value, which was obtained in this instance from a calibration graph prepared by
plotting the log of the fluoride-ion concentration versus the potential in millivolts (Fig. 1);
the reproducibility of these specific-ion electrodes is fairly well established as being about
that of a good glass electrode for pH.

30..-------------,
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-mY versus S.C.E.

Fig. 1. Calibration graph with Orion
fluoride electrode versus S.C.E. in 0·1 M
acetic acid buffer. Measurements were
made with a Beckman expanded-scale
pH meter

RESULTS AND DISCUSSION

This method is rapid, simple and direct, and quite accurate, as indicated by the results
given in Table I for known samples in similar ionic conditions. These samples were prepared
by adding known amounts of sodium fluoride to fuming nitric acid to simulate the charac­
teristics of inhibited red fuming nitric acid, so that the buffer solution would carry the same
load as with an inhibited nitric acid sample. If the latter has a lower concentration of
hydrofluoric acid than the prepared samples studied, it may be necessary to use a larger
sample and to provide a greater buffer capacity for the additional acid. Instead of the
0·1 M acetic acid and sodium acetate, a 1·0 M system could be used.
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In Table II, the results are compared with those obtained by a colorimetric procedure
developed by Merwin3 and Steiger,4 which is based on the bleaching action of fluorine on the
yellow colour produced by oxidising a solution of titanium sulphate with hydrogen peroxide.
This method is at present required by U.S. Army Military Specification.

TABLE I
DETERMINATION OF HYDROFLUORIC ACID IN KNOWN SAMPLES PREPARED

FROM SODIUM FLUORIDE AND FUMING NITRIC ACID

Sample No.
1
2
3
4
5
6

Hydrofluoric acid added,
per cent.

0·40
0·53
0·64
0·79
0·88
1·19

Hydrofluoric acid found,
per cent.

0·39
0·52
0·65
0·79
0·90
1-18

TABLE II

COMPARISON OF METHODS FOR MEASURING HYDROFLUORIC ACID IN
INHIBITED RED FUMING NITRIC ACID

Sample No.
1
2
3
4
5
6
7
8

Merwin - Steiger method
0·62
0·67
0·60
0·58
0·69
0·66
0·65
0·64

Fluoride electrode
0·63
0·61
0·65
0·66
0'59
0·59
0·65
0·67

The unfavourable results from the Merwin - Steiger method were to be expected, as it
requires about a 6-g sample to give sufficient fluoride ion to determine its concentration. The
nature of inhibited nitric acid portends difficulty in any method that requires the neutralisation
of more than a I-g sample. In addition, the technique is complex and time consuming. The
standard graph used in the Merwin - Steiger method must be checked frequently to be certain
of the results obtained. This necessitates preparing several known samples and a blank for
each set of test runs. Analysis of the sample and verification of the standard graph requires
several hours.

Another direct method for determining fluoride-ion concentration investigated was a
titration technique suggested by Lingane,S in which the Orion specific-ion electrode was
likewise used. Thorium, calcium, aluminium and zirconium were tried as titrants for the
fluoride ion, but this method was not amenable to the analysis of inhibited nitric acid. Thorium
gave a nitration curve, but was of little value at the fluoride concentration that would permit
the use of a I-g sample. A solution of 0·1 M thorium was prepared and standardised with
standard sodium fluoride. With such a high concentration of thorium, it was necessary to
neutralise 6 to 7 g of sample to obtain a satisfactory curve. The problem of neutralisation
was further complicated by the need to keep the volume of solution small so that the fluoride­
ion concentration would not be too low. The other titrants did not give curves at all under
the required conditions.

We thank Mr. Albert W. Saddler of Technical Micronics Control Inc. for supplying the
results obtained by the Menvin - Steiger procedure, which are presented in Table II.
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Determination of the Total Silicon Content of Water
By P. M. BAKER AND B. R. FARRANT

(Analytical Laboratory, The Permutit Co. Ltd., Chiswick, London, W.4)

A method is described for the determination of total silicon content of
water based on evaporation, fusion and subsequent absorptiometric measure­
ment of solutions of reduced ,B-molybdosilicic acid. The standard deviation
for this procedure, by using samples of between 20 and 60 ml, was found to
be 0·1 JLg of silicon as silica.

To meet the specification requirements of new high-pressure boilers a method was required
for the determination of lower levels of total silicon in water than had been previously neces­
sary. The following method describes an adaptation of Morrison and Wilson's method,! in
which the random errors at low concentration, contributed by atmospheric pollution of the
evaporation and fusion stages, are reduced.

The method has been tested to determine the standard deviation of analytical results by
carrying out silicon determinations on specially purified water.

EXPERIMENTAL
LABORATORY-

The method was carried out in a laboratory, shown in Fig. 1, that complied with the
following requirements: maximum protection against solid particulate contamination at
bench level; the minimum restriction on movement of personnel and on working facilities; and
maintenance of the filtration and air control equipment causing the minimum interruption of
work.

To achieve the above conditions, the maximum possible filtration efficiency of the air
must be effected immediately before it passes over the work-bench area. The air, which is
first passed through a large surface area 5-JLm pre-filter followed by four absolute filters,
enters the laboratory through eleven ceiling-mounted absolute filters directly above the work­
bench area. Each filter operates at about 60 per cent. of its air-carrying capacity, and has an
initial input velocity of 150 feet per minute. The pre-conditioned air is then guided down the
working area of the bench by a 4-foot deep, clear Perspex screen installed over the leading
edge of the entire bench area. The screen affords protection from operator contamination
and from contamination generated within the floor area. The whole plant works on a once­
through air system.

The optical density measurements were made in lO-cm cuvettes at 805 nm on a Unicam
SP500 spectrophotometer, with de-ionised water in the reference cuvette. It is advisable to
check the wavelength, as this may vary slightly from one instrument to another.

ApPARATUS-

Heating block-This is a cast aluminium block (9 X 9 X 4 inches) fitted with four 250-watt
heaters and thermostat, drilled and turned to take four 30-ml platinum crucibles and a
thermometer. To ensure a good heat transfer between the block and the crucibles, a few
millilitres of glycerol are introduced into each compartment, the temperature of the block
being maintained at between 1050 and HO° C.

Platinum crucibles-Platinum crucibles of 30-ml capacity are used. A series of fusion
tests is carried out to determine whether any particular crucible gives results consistentlv
different from the others. When not in use the crucibles should be stored in electronic-grade
hydrofluoric acid.

Polythene bottles-Narrow-necked, 4-oz polythene bottles with caps are used in the
colorimetric stage. Each bottle is cleaned initially with 0·75 ml of 5 N hydrochloric acid and
2 ml of 10 per cent. wIv ammonium molybdate in 100 ml of water, heated in a boiling water
bath for 1 hour and then emptied. This procedure is repeated without the heating. The
solutions are then treated as described in the colorimetric determination under "Procedure."
Bottles that give high optical densities must not be used.

© SAC and the Permlltit Company, Ltd.
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REAGENTS-

All reagents are of analytical-reagent grade unless otherwise stated. Polythene beakers,
measuring cylinders and funnels should be used for making up reagents, which are then
stored in polythene bottles.

Treated water-Mixed-bed de-mineralised water further treated with De-Acidite 1"1"
regenerated with 20 lb of sodium hydroxide per cu. foot. This water, which contains less
than 0·001 p.p.m. of reactive silicon dioxide, is hereafter referred to as water.

Sodium carbonate-A 20 per cent. wIv aqueous solution of micro analytical-reagent
grade sodium carbonate was made up and tested as follows.

Take 20 g from each batch, make up to 100 ml with water and filter through a Whatman
No. 42 filter-paper into a polythene bottle. Carry out fusion blanks in duplicate on 1 ml of
this solution from each batch and select further batches containing less than 5 f'g of silicon
dioxide per 1 ml of solution.

Ammonium molybdate-Make up a 10 per cent. wIv solution of ammonium molybdate
tetrahydrate in water. This reagent is stable for at least 1 month.

Hydrochloric acid-Prepare 5 N hydrochloric acid by dilution of concentrated hydro­
chloric acid with water and standardisation against N sodium carbonate solution. It is
found that 5 N hydrochloric acid, purchased as a standard solution, gives high reagent blanks.

Oxalic acid-Use a 10 per cent. wlv solution of oxalic acid dihydrate.
Reducing agent solution-Make up the first solution by dissolving 0·5 g of 1-amino-2­

naphthol-4-sulphonic acid and 1·0 g of sodium sulphite, N~S03.7H20, in 50 ml of water, and
filtering this solution through a Whatman No. 41 filter-paper into a polythene bottle. Make
up a second solution by dissolving 27·4 g of sodium metabisulphite (anhydrous) in 150 ml of
water, filtering and mixing with the first solution. This should be freshly made every 3 days.

Standard solution of silica-Fuse 1 g of pure silicon dioxide (Johnson Matthey Specpure
grade) with 5 g of micro analytical-reagent grade sodium carbonate until a clear melt is
obtained. Cool, dissolve the melt in water and make up to 1 litre. This solution contains
1000 p.p.m. of silica.

ANALYTICAL PROCEDURE
CALIBRATION-

Take 10 ml of the 1000 p.p.m. silica solution and dilute to 500 ml to obtain a 20 p.p.m.
silica solution. Take 20 ml of this solution and dilute to 1 litre to obtain a solution containing
400 f'g per litre of silica.

For calibration samples, pipette the required volumes of standard silica into clean 4-oz
polythene bottles and make each up to 100 ml with water. To each bottle add 1 ml of the
20 per cent. wIv sodium carbonate solution, then proceed as described under "Colorimetric
stage."

Prepare two calibration graphs, one from 20 f'g to 1 f'g and the other from 5 ",g to 0·1 ",g.
The second graph can be obtained by further dilution of the 400 ",g per litre silica solution.
Both graphs are linear.
FUSION TESTS-

Test each crucible by carrying out at least two fusions in it. Transfer by pipette 1 ml
of the 20 per cent. wIv sodium carbonate solution into each crucible and evaporate to dryness
in the heating block. Fuse at bright red heat for 5 minutes with a Meker burner by using a
nickel - chrome support and handling the crucible only with platinum-tipped tongs. Allow
the melt to cool and dissolve it in water, the top of the heating block being used as a hot-plate.
Make up to 100 ml and proceed as in "Colorimetric stage." If any crucible gives a high result,
fuse in it 1 g of anhydrous sodium carbonate and swirl the melt so that it comes in contact
with the whole of the inside of the crucible, dissolve this melt and discard. Repeat the fusion
tests with 1 ml of the 20 per cent. wIv sodium carbonate solution.

REAGENT BLANK-

Into one of the prepared 4-oz polythene bottles place 100 ml of the water and 1 ml of the
20 per cent. wIv sodium carbonate solution (bottle A). Into a second bottle, B, place 5 ml of
water and 1 ml of the 20 per cent. wIv sodium carbonate solution. Following the procedure
described in the "Colorimetric stage" add the same volumes of the reagents to the contents
of both bottles, except that after the addition of oxalic acid to bottle B add a further 95 ml
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of water, then add the 1 ml of reducing agent. When the solutions are ready, measure their
optical densities at 805 nm against de-ionised water. The bottle A gives the optical density
of the reagent plus water blank; bottle B gives reagent blank. The difference in optical
density between bottles A and B is equivalent to 95 per cent. of the reactive silicon content of
the water as silica, used throughout the method.

EVAPORATION-
Two determinations can be completed in duplicate in 1 day with four crucibles, by

carrying out 40 and 60-ml evaporations on each sample.
By using the platinum-tipped tongs remove the four crucibles from the hydrofluoric

acid, rinse well with water and, to ensure complete removal of the hydrofluoric acid, heat in
the Meker burner to bright red heat, then place in position in the heating block. Transfer
by pipette into each crucible 1 ml of 20 per cent. wIv sodium carbonate solution. Allow the
contents of the two crucibles selected for the 4Q-ml evaporations to evaporate to dryness and
subject them to the "Fusion test" procedure. To the two remaining crucibles add the first
10-ml aliquot of the 6O-ml evaporation samples.

Return the first two crucibles to the heating block, add a further 1 ml of the 20 per cent.
wIv sodium carbonate solution and the first lO-ml aliquot of the 40-ml evaporation samples.

Introduce subsequent 10-ml aliquots of both 40 and 60-ml evaporation samples into
their respective crucibles when the volume has been reduced to about 2 to 3 ml. When
the evaporations are completed, fuse, dissolve the melt, make up to 100 ml and transfer the
solutions to 4-oz polythene bottles. Carry out "Fusion test" procedure on the crucibles with
1 ml of the 20 per cent. wIv sodium carbonate solution.
COLORIMETRIC STAGE-

To each of the bottles containing samples add 1·5 ml of 5 Nhydrochloric acid. Swirl the
contents of the bottles and introduce into each 2 ml of the 10 per cent. wIv ammonium
molybdate solution. Close bottles and set aside for 10 minutes. Add 2 ml of the 10 per
cent. wIv oxalic acid solution to each, swirl, and add 1 ml of the reducing agent. Set aside
for at least 15 minutes, after which the colour is stable for several hours. Measure the
optical densities in a 10-cm cuvette at 805 nm against de-ionised water.
REPORTING-

The optical density measurements for the samples less the optical density of the fusion
blanks gives the concentration of total silicon as silica in the samples.

The optical density of the fusion blanks less the optical density of the bottle A in the
"Reagent blank" gives the concentration of non-reactive silicon as silica in the fusion blanks.
DEFINITIONS-

. Reactive siliwn content of water-Defined as those forms of silicon, mainly monomeric
and dimeric silicic acids, that react with ammonium molybdate in 10 minutes under the
conditions of the "Procedure" given above.

With the same calibration graph as that used for total silicon content take 100 ml of
original sample, add 1 ml of the 20 per cent. wIv sodium carbonate solution and proceed as in
"Colorimetric stage."

Total silicon content of the water-Defined as the silicon concentration determined after
the evaporation and fusion procedure.

Non-reactive silicon-Defined as the difference between total and reactive silicon.

EFFECTS OF OTHER SUBSTANCES-
It was found that the increasing concentrations of neutral salts present in the samples

caused a decrease in absorption.
The effect of 0·2 per cent. wIv neutralised sodium carbonate was found to decrease the

optical density figures by about 10 per cent. for concentrations of silica between 0 to 20 ILg
per 100 m!.

Silica

Solutions. 100 ml
Sodium silicate solutions •.
Sodium silicate solutions plus 0·2 g of sodium carbonate ..

5p.g

0·167
0·150

10 p.g

0·334
0·303

15 p.g

0·503
0·456

20 p.g

0·672
0·609



Original units ••

Data
Coded units
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The effects of variation in concentration of reagents and interferences from other sub­
stances present were not investigated thoroughly. The method of Morrison and Wilson,
although not identical, indicates that similar interferences would oCCUr.2 ,3

PRECISION
The results are shown in Table 1. The figures in the right-hand columns for each batch

are the absorbance minus the corresponding blank. In each batch the first blank to be
tested was assigned to the first observation on each solution tested, the second blank to the
second observation on each solution.

Each of the following batches was carried out on consecutive days over a period of
1 week on one homogeneous batch of water.

TABLE I
RESULTS

Solution 1st Batch 2nd Batch 3rd Batch 4th Batch 5th Batch
Fusion blanks •• 0·042 0·042 0·038 0·044 0·040

0·037 0·042 0·034 0·041 0·043
0·0395 Mean 0·042 Mean 0·036 Mean 0·043 Mean 0·0415 Mean

2 20-00 evaporation •• 0·048 0·006 0·052 0·010 0·039 0·001 0·045 0·001 0·045 0·005
0·048 0·011 0·038 0·004 0·045 0·011 0·042 0·001 0·048 0·005
Mean 0·0085 Mean 0·007 Mean 0·006 Mean 0·001 Mean 0·005

3 40-ml evaporation .. 0·050 0·008 0·050 0·008 0·043 0·005 0·053 0·009 0·050 0·010
0·040 0·003 0·044 0·002 0·049 0·015 0·050 0·009 0·054 0·011
Mean 0·0055 Mean 0·005 Mean 0·010 Mean 0·009 Mean 0·0105

4 60-m levaporation 0·053 0·011 0·051 0·009 0·042 0·004 0·053 0·009 0·053 0·013
0·047 0·010 0·053 0·011 0·041 0·007 0·044 0·003 0·048 0·005
Mean 0·0105 Mean 0·010 Mean 0·0055 Mean 0·006 Mean 0·009

Calculations of within batch (Mo) and between (MI ) mean squares-
Solution 1 2 3 4
Coding X 1000 (X-0·034) 1000 (X-O'OOI) 1000 (X-0·002) 1000 (X - 0'003)
~Xs 483 347 494 370
(~B)I/mn 397 203 360 270
~B'/n 454 267 413 313
m 5 5 5 5
n 2 2 2 2
M. 14·3 16·0 13·3 10·8
Mo 6·0 16·0 16·2 11·4

Calculations for standard deviations-
Solution 2 3 4

Sws = Mo 16 16·2 11·4
~=~-~~ ~ ~ ~
St' = M1 + (n - I)Mo/n.. 16 14·8 11-1

(NS = non-significant)
Decoding-

Standard Solution Solution Solution Solution
deviation 1 2 3 4

Sw 2·5 4·0 4·0 3·4
Sb NS NS NS
St 4·0 3·9 3·3
Sw 0·0025 0·0040 0·0040 0·0034
Sb NS NS NS
St 0·0040 0·0039 0·0033

where Sw is the within-batch standard deviation, Sb the between-batch standard deviation
and St the total standard deviation of single observation.

Conversion into silicon as silica-
Solution

2 20-ml evaporation
3 40-ml evaporation
4 60-ml evaporation

St in optical density units
0·004
0·004
0·003

St in p.g of SiO, per litre
5
3
1-3
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DISCUSSION

This method has been developed to determine the standard deviation of analytical results,
with a practical sample size, in order to meet high pressure boiler specifications which require
a maximum of 20 p.g per litre of total silicon as silica in feed water.

All statistical tests given in this paper are based on the 95 per cent. confidence limit.
The limit of detection for each of the evaporations is defined as 4·652u where u is

expressed in p.g of silica per litre.
For 20-ml evaporations the standard deviation is 5p.g, and the limit of detection is 4·652 X 5

= 23·3p.g.
For 40-ml evaporations the standard deviation is 3 p.g, and the limit of detection is 4·652 X 3

= 14·0 p.g.
For 60-ml evaporations the standard deviation is 1·3p.g, and the limit of detection is 4·652 X

1·3 = 6·0 p.g.
When it is only necessary to detect 20 p.g per litre or more of silicon as silica it would

appear from the above figures that, under the conditions given in this paper, it would be
sufficient to use 4O-ml evaporations. However, should smaller concentrations of silica need
to be detected, then 6O-ml evaporations should be used.

It can be assumed that as in each evaporation the standard deviation was O·Ip.g, it
should be possible to achieve lower limits of detection by using larger volumes of samples.

This paper is published by permission of The Permutit Co. Ltd.
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Screening for Alkaloids in Toxicology by Using Thin-layer
Chromatography: A Rapid System Simulating Paper

Chromatography

By P. E. HAYWOOD AND M. S. MOSS
(Forensic Laboratory, Equine Research Station, Newmarlwt, Suffolk)

Although numerous thin-layer chromatographic systems for the separation
of alkaloids have been reported, none of them compares in abundance of
recorded R F values with the citrate paper system of Curry and Powell. In
order to overcome the slowness (which can be a serious disadvantage with
this paper system in diagnosis of acute poisoning) without recourse to a new
thin-layer chromatographic system and consequent sacrifice of results, a
system has been developed that gives R F values which, for practical purposes,
are substantially the same as those in the paper system, for the limited range
of drugs examined and for their extracts from horse urine. It is unlikely that
the correlation is due to chance, and it is considered, therefore, that the more
rapid thin-layer chromatographic system can be substituted for the paper
system.

ALTHOUGH originally "alkaloid" was the name given to basic organic nitrogen compounds of
plant origin, the definition has gained wider scope, largely because of the development by the
pharmaceutical industry of synthetic drugs related chemically and pharmacologically to these
"classic" alkaloids, and to the development of other basic nitrogenous drugs with no evo­
lutionary origins at all in classic alkaloid chemistry. An analytical chemist confronted with
the need to identify a compound in this class must now search a large and complex group.
Chromatographic methods present the most useful approach initially, and the paper-chromato­
graphic system described by Curry and Powell,l in which a citrate buffered paper and butanol ­
citric acid solvent are used, has many advantages over the other paper systems discussed by
Clarke,2 who has recorded Rp values on over 450 different alkaloidal compounds by using a
slightly modified form of the system.

Because of the extensive results on Rp values now available (see also Jackson and Moss3)
this is undoubtedly the best system for the screening of biological samples for the presence
of this type of compound.

We have used a system of this kind for several years for the screening of race-horse urine
and saliva samples for the presence of "dope," and for screening human body fluids when
acute poisoning has occurred.

However, when a rapid result is required, as often happens in human poisQning, the time
required for the paper system is a serious disadvantage (about 8 to 10 hours are required for
a useful separation). .

To shorten development time of the chromatogram, without recourse to a new system,
which would have meant sacrificing a large amount of data, we have investigated the use of a
thin-layer system, with cellulose powder,' analogous to the paper system of Curry and
Powel1,1

The thin-layer chromatographic system was evaluated by comparing Rp values with
those obtained with the paper system when a limited number of drugs was used. A larger
number of drugs have been compared on these systems by Sunshine, Fike and Laudesman5

but without a statistical analysis. Pure drugs, and extracts from horse urine to which pure

© SAC and the authors.
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Urine
Adjust to pH 9·5. Extract with an equal
volume of chloroform: methanol, 9: 1.
Evaporate solvent in presence of 1 drop

of wow.tr.,,,,, :110<" add.

Dissolve in a few ml of O·IN hydrochloric
acid. Extract with equal volumes of

, ether.

oj.

Adjust pH to 9·5 in the presence of phos­
phate buffer. Extract with chloroform
(about 3 times the volume of water). Evap­
orate chloroform in the presence of 1 drop
of concentrated hYdrrhlOriC acid.

738

Residue
Dissolve in a few drops of methanol for
chromatography.

Fig. 1. Extraction scheme used for alkaloids in horse urine

drugs had been added, were spotted in methanol solution on the papers and thin-layer plates.
Fig. I summarises the extraction procedure used. RIl values and standard deviations are
listed in Table 1. Most of these are derived from six separate chromatographic developments
for each drug or urine extract investigated. The urine extracts used were from six separate
extractions for each of the six drugs, each urine sample used being different (i.e., 36 separate
urine samples were used). It was hoped that this would allow for variations in RF values
caused by normal variations in composition of urine, and thus to simulate practical working
conditions as far as possible. Although we always ran one thin-layer chromatogram and one
paper system in adjacent tanks, with solvent that had been prepared in bulk for the day's
experiment, we did not obtain any better agreement between thin-layer chromatographic
and paper RF values than by random comparison of RF values obtained on different days.

Development time for the thin-layer chromatographic system was Ii to 2 hours, and for
the paper, 8 to 10 hours, with a I5-cm rise of solvent for each.

TABLE I

RF VALUES AND STANDARD DEVIATIONS OF DRUGS RUN ON PAPER AND THIN-LAYER
CHROMATOGRAMS

Clarke's figures are inserted for comparison

Rp (paper) RF (thin-layer chromatogram)
A

11 " \

Urine Standard Pure Standard Pure Standard Urine Standard
Drug extract deviation drug deviation Clarke drug deViation extract deviation

Strychnine 27 3-l 23 5·0 24 26 4·3 28 4·3
Amphetamine .. 49 2·5 45 3·0 45 49 2·9 49 2·1
Nikethamide .. 85 1·5 88 2·6 83 85 2·7 82 1·9
Procaine 29 2·7 28 3-l 27 31 3·5 27 4·5
Methylamphetamine 54 5·2 53 4·8 62 55 4·8 53 6·4
Ephedrine 48 1·2 45 3·4 42 49 3·2 49 6·2
Atropine 33 4·1 33 40 3·4
Cocaine .. 39 'oH 42 42 4·1
Xylocaine 65 3·7 69 67 4·2
Methylphenidate 61 4·3 59 64 5·3
Phenothiazine .• 96 1·0 98 1·7
Methapyrilene 36 3·4 32 35 2·4
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EXPERIMENTAL
Thin-layer chromatographic plates-A 50-g sample of CC41 thin-layer chromatographic

cellulose powder (Chromedia-Whatman) was agitated with 100 ml of 5 per cent. wjv sodium
dihydrogen citrate. Method of agitation is critical, and the object should be to ensure
maximum agitation without aeration, otherwise crazing of adsorbent occurs during drying.
We achieved this by using a laboratory stirrer with paddle blades. Plates (5 X 20 em)
were spread 0·25 mm thick with a Shandon "Unoplan" spreader, and left in the air for
15 minutes, followed by drying at SOO C for 1 hour in an oven with an internal circulating
fan.

Plates were developed in tanks that had been equilibrated previously for at least 1 hour
by the use, on the inside walls, of blotting-paper impregnated with solvent.

Buffered paper-Whatman No.1 paper was dipped in a 5 per cent. wjv solution of
sodium dihydrogen citrate, blotted, and dried in air at room temperature, essentially as
described by Clarke. l No equilibration was used before development.

Solvent-For paper and thin-layer chromatograms, 9 parts of butanol were shaken with
1 part of 5 per cent. citric acid solution v jv and the solvent used the same day. Preparation
of this solvent differs considerably from Clarke's method, but RF values do not appear to be
affected appreciably thereby. The advantage over Clarke's method is that this preparation
is homogeneous. Clarke has, however, reported the preparation of a similar homogeneous
solvent elsewhere6 but does not correlate the results obtained by using this solvent with those
reported elsewhere.2

Location-All spots were located by spraying with a mixture of 1 g of chloroplatinic acid,
IS"g of potassium iodide and 600 ml of water.

We wish to thank Mr. John Giltrow for technical advice in preparing the films, and H.
Reeve Angel and Co. Ltd. for a gift of CC41 cellulose powder. This work was undertaken as
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Extraction Procedures in Chemical Toxicology
By S. L. TOMPSETT

(Department of Clinical Chemistry, University of Edinburgh, Royal Infirmary, Edinburgh 3)

Investigations into the separation by distillation, solvent extraction and
the use of ion-exchange resins of drugs from biological materials, with
particular reference to urine, are described and discussed.

THE number of drugs that can be encountered in chemical toxicology may be described as
countless.

Excellent techniques involving the use of ultraviolet spectrophotometry, thin-layer
chromatography and spectrofluorimetry are available for the detection and determination of
many drugs, and there is an extensive and useful literature on these subjects. Before any
of these techniques can be applied, it is essential to effect separation of the substances,
suspected or unknown, from the biological material under investigation. This material can
include blood, urine, gastric contents, tissues (liver and brain) and foodstuffs, all varying
greatly in chemical composition. Because of differences in chemical composition, especially
the presence or absence of protein and fat, each type of material presents an individual prob­
lem. Urine, because it is a solution and usually contains neither fat nor protein, presents the
simplest problem.

During the last 3 years, a chemical toxicology unit has been working in this Department,
and its work is closely associated with that of the Poisoning Treatment Centre at the Royal
Infirmary, Edinburgh. The latter deals with the diagnosis and treatment of about 1000
suspected cases of drug overdosage each year.1 On rarer occasions, other substances, e.g.,
cleaning fluids and weed killers may be involved. Few of the cases have proved fatal. The
laboratory receives blood (withdrawn from patients on admission), gastric aspirate and
lavage, and urine (collected for at least 8 hours after admission) for chemical analysis. Such
tissues as liver and brain are generally not available.

Patients admitted to hospital with symptoms of so-called drug overdosage constitute a
complex problem. In some cases poisoning is more or less obvious, whereas in others it is
a question of deciding whether the symptoms are actually caused by drug overdosage or by
organic disease. Drug overdosage may be caused by more than one drug. Frequently the
evidence obtained from patient sources is inadequate or even misleading. In such cases,
which are becoming more frequent, a system of screening is essential. Of the materials
provided, urine has proved the most useful in this respect.

An examination of the literature has shown the inadequacy of the data relating to the
separation of drugs from biological material, and the present paper is concerned with investi­
gations into some aspects of this problem. The biological material that has received the
greatest attention in these investigations is urine.

Most of the drugs examined possess high extinction ultraviolet spectra, and use has been
made of this property, in conjunction with a recording ultraviolet spectrophotometer (Unicam
SP800), to assess recoveries by the distillation and solvent-extraction procedures. In
assessments with ultraviolet spectrophotometry, recordings were made against appropriate
blanks.

SEPARATION BY DISTILLATION

Goldbaum and Domanski2 have shown that many basic drugs can be recovered by
distillation in the presence of sodium hydrogen carbonate. The technique is a modification
of the usual steam-distillation procedure, but has the advantage that final volumes are much
lower. The author3 has applied this procedure to the examination of urine for the presence
of some volatile basic drugs (phenothiazines) that could be detected by the use of ultraviolet
spectrophotometry. The following is a description of the procedure as applied to urine.

Twenty-five millilitres of urine are diluted to 50 ml with water and 1 g of sodium hydrogen
carbonate added. The mixture is distilled in an all-glass distillation apparatus, 30 ml of
distillate being collected; 3 ml of 10 N hydrochloric acid are added and the ultraviolet
:-pectrum is recorded over the range 200 to 350 nm (distillate A).

© SAC and the author.
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The distillate, which is now acidic, is diluted to 50 ml with water and the complete
procedure repeated (distillate B).

The results obtained are shown in Table I.

TABLE I
DISTILLATION PROCEDURE

Basic substances-
1. Recoverable in distillate A but not in distillate B.

Recovery 50 to 80 per cent., depending on the nature of the substance, with the exception of
mepyramine (recovery 25 per cent.) and ephedrine (recovery 15 per cent.). As compared with the
original substances. the ultraviolet spectra are unchanged as the result of distillation.

Amphetamine Propoxyphene Methamphetamine
Tigloidine /l-Phenylethylamine Phenmetrazine
Tranylcypromine Benzphetamine N-Methylephedrine
Chlorcyclizine Chlorphedianol Ephedrine
Pipradol Meperidine Chlorphentermine
Cyclizine Methadone Benzhexol
Amitryptyline nor-Tryptyline Pyridine
Nicotine Imipramine Phenindamine
TriploJidine Phenyltoloxamine Brompheniramine
Dextromethorphan Chlorpheniramine Methoxyphenamine
Diethylpropion Chlorprothixene Pheniramine
Trifluoperazine Promethazine Pipamazine
Trifluopromazine Promazine Methdilazine
Chlorpromazine Trimeprazine Methotrimeprazine
Methapyriline Mepyramine
Tripelennamine
Triazine substances used as herbicides, Desmetryne, Atrazine, Simazine, Promctone and Pro­

metryne.
2. The following substances are recovered in both distillates A and B. As compared with the original

substances, the ultraviolet spectra are unchanged as the result of distillation.
Diphenhydramine Diphenylpyraline Orphenadrine

Iiydrazine derivatives-
The following substances are recovered in distillate A but, as compared with the original substances,

there are marked changes in the ultraviolet spectra. The "new" substances can be recovered in distillate
B, but there are no further changes in the ultraviolet spectra.

Phenelzine Isocarboxazid
Neutral and acidic substances-

The following are recovered in distillates A and B. The ultraviolet spectra are unchanged by the
distillation procedures.

Phenacetin Coumarin Paramethadione
Troxidone Methsuximide
Monohydroxyphenols (phenol, 0- and p-cresol, thymol. guaiacol and chloroxylenol)
Benzoic acid Salicylic acid

Neutral substances--
The following substances are recovered in distillate A. there being no change in the ultraviolet spectra.

They ate recovered in distillate B, but there is a considerable change in the ultraviolet spectra.
Ethchlorvynol Ethinamatc Methylpcntynol
Methylpentynol carbamate

Many basic drugs can be recovered by distillation. None, with the exceptions of
diphenhydramine, orphenadrine and diphenylpyraline, is recoverable in distillate B. Some
neutral drugs and, in particular, some acidic substances, e.g., salicylic acid, benzoic acid and
the monohydroxyphenols, are recovered in distillate B.

As evidenced by ultraviolet spectra, volatile substances were recovered unchanged,
with the exception of the few recorded.

No attempt has been made to achieve full recovery. Recoveries over the range 0·5 to
2·0 mg were found to have a linear relationship, and those from urine and water were identical.

RECOVERY OF VOLATILE DRUGS FROM DISTILLATES-

With the exception of diphenhydramine, orphenadrine and diphenylpyraline, the basic
drugs can be recovered by the addition of a slight excess of hydrochloric acid to the distillate
and evaporation to dryness, preferably in an all-glass vacuum still.
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Following the addition of sodium hydroxide to the distillate or a concentrate, the free
bases can be extracted with diethyl ether, which can then be removed by evaporation at room
temperature. There is no loss of base, except with methamphetamine, amphetamine,
nicotine and ,B-phenylethylamine, when the losses are total if I-mg amounts are involved.

SEPARATION BY EXTRACTION WITH ORGANIC SOLVENTS

PROCEDURE WITH CHLOROFORM-

Chloroform, which is used universally as a solvent, was used in examinations carried out
under the following conditions.

To 10 ml of aqueous solution containing I mg of the drug under investigation were
added for acidic reaction, I ml of 10 N hydrocWoric acid; for neutral reaction, I ml of 10 N

hydrochloric acid, followed by solid sodium hydrogen carbonate until evolution of c<;l.rbon
dioxide gas ceased (pH about 7); and for alkaline reaction, 1 rnl of 10 N sodium hydroxide.

Forty millilitres of chloroform were added and the mixture shaken vigorously for
2 minutes in an 8 X I-inch glass-stoppered tube, the aqueous phase then being removed and
rejected. Anhydrous sodium sulphate was added to effect dehydration. The mixture was
filtered and 30 ml of the filtrate evaporated to dryness. Residues were dissolved in 10 ml of
N hydrochloric acid or N sodium hydroxide and the ultraviolet spectra recorded against an
either N sodium hydroxide or N hydrochloric (or sulphuric) acid. The aqueous phases were
appropriate blank over the range 200 to 350 nm.

In a further series of experiments, 30 ml of chloroform extract were shaken with 10 ml of
separated and the ultraviolet spectra recorded against an appropriate blank over the range
200 to 350 nm.

The procedures have been applied to IO-rnl volumes of urine, and the results obtained are
shown in Table II.

TABLE II

INFLUEXCE OF REACTION (ACID, NEUTRAL AND ALKALlXE)
ON EXTRACTION WITH CHLOIWFORM

A. Extraction with chloroform
+ Substance extracted
- Substance not extracted

Acid Neutral Alkaline
Sulphonamides­

Sulphaguanidine
Phtbalylsulphathiazole
Succinylsulphathiazole
Sulphacetamide
Sulphamethizole
Sulphafurazole
Sulphaphenazole
Sulphasomizole
Sulphamethoxydiazine
Suithiamine
Sulphasomidine
Sulphamethoxypyridazine
Sulphamezathine
Sulphanilamide
Sulphapyridine ..
Sulphamerazine
Sulphathiazole ..
Sulphadimethoxine
Sulphadiazine ..

Hydrazine derivatives­
Nialamide
Isocarboxazide
Iproniazid

Coumarins­
Dicoumarin
Warfarin
4-H ydroxycoumarin
7-H ydroxycoumarin

+
-+-
+

+

+
+
+
+

+
+
+
+
+
-+
+
+
-+-

+
+

+
+
+

+
+
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TABLE II (continued)
Acid Neutral Alkaline
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I ndanedione-
Phenindione + +

Xanthine derivatives-
Caffeine + + +
Theobromine .. + +
Theophylline + +

M onohydroxyphenols-
Phenol.. + +
0- and p-Cresol + +
Thymol.. + +
Chloroxylenol + +
Guaiacol + +

M iscellaneous~

Barbiturates + +
Acetyl-p-aminophenol. . + +
Phenylbutazone + +
Oxyphenbutazone + +
Phenytoin + +
Morphine +
Chlordiazepoxide + +
Chlordiazepoxide lactam + +
Nitrazepam +
Oxazepam + +
p-Aminophenol +
Phenylacetylurea + +
Bibenzonium (bromide) + +
Captocliamine .. +
Vanillic acid diethylamide + + +
Glutethimide .. + + +
Methaqualone .. + + +
2-Amino-5-chlorobenzophenone* + + +
2-Amino-5-nitrobenzophenonet + + +
* Produced from chlordiazepoxide, its lactam and oxazepam when these

substances are heated with 5 N hydrochloric acid in a boiling water bath for 1 hour.
t Produced from nitrazepam when this substance is heated with 5 N hydrochloric

acid in a boiling water bath for 1 hour.

H. Extraction of chloroform solutions with aqueous N hydrochloric (or sulphuric) acid or N sodium
hydroxide
+ Substance extracted
- Substance not extracted

N Hydrochloric
acid

Barbiturates
Phenytoin
Warfarin·
7-Hydroxycoumarin
4-Hydroxycoumarin
Sulphapyridine ..
Sulphadiazine ..
Sulphamethoxydiazine
Sulthiamine
Dicoumarin
Phenylbutazone
Oxyphenbutazone
Acetyl-p-aminophenol. .
Morphine
Theobromine
Theophylline
Caffeine
Methaqualone
Glutethimide
Iproniazid
Phenylacetylurea
Oxazepam
Bibenzonium ..
p-Aminophenol

t Extracted with 5 N hydrochloric acid.

+
+
+
+
++ (Trace)

+
+
+
+
-t

+
+
+

N Sodium hydroxide

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+ (Turns brown)
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Reference has not been made to well defined acidic substances, e.g., salicylic acid, as their
properties are well defined. A substance such as salicylic acid is extractable with chloroform
from aqueous solutions with an acidic, but not a neutral, reaction. Salicylic acid can be
recovered from chloroform by extraction with aqueous solutions of sodium hydroxide.

Reference has also not been made to well defined bases, e.g., quinine, for the same reasons.
Quinine can be extracted with chloroform from aqueous solutions with either neutral or
alkaline reactions and from chloroform with aqueous solutions of mineral acids.

It has been recorded4 that sUlphonamides may interfere in the ultraviolet detection and
determination of barbiturates; this can occur only with sulphonamides that are soluble in
chloroform.

Theobromine and theophylline can interfere in the ultraviolet determination of bar­
biturates, and both are constituents of numerous pharmaceutical preparations. Caffeine
presents unusual extraction properties, as it can be extracted by chloroform from aqueous
solutions with an acidic, neutral or alkaline reaction. Extraction of caffeine from chloroform
solution cannot be effected with aqueous N sodium hydroxide or N hydrochloric (or sulphuric)
acid, but it can with aqueous 5 N hydrochloric acid.

The anomalous behaviour of bibenzonium (bromide) merits attention; its extraction as
a halide complex probably occurs with acidic and neutral solutions.

Chlordiazepoxide, the lactam, oxazepam, and nitrazepam5 are converted into chloro- or
nitroaminobenzophenones when heated with 5 N hydrochloric acid for 1 hour in a boiling
water bath. Such amines are extracted with chloroform, and heptane, not only from neutral
and alkaline aqueous solutions, but also from those with acidic reactions; it is possible that
halide complexes are extracted from acidic aqueous solutions.

Extraction from a neutral solution will include two groups of substances, viz., weak
acids and bases. Some distinction can be made by extraction of the chloroform solution
with either aqueous solution of alkali or mineral acid. This is not an entirely clear-cut
procedure because ampholytes, e.g., acetyl-p-aminophenol, are extracted from chloroform
solution under both conditions.

It has been found3 that some of the phenothiazine sulphoxides, e.g., chlorpromazine
sulphoxide, could be recovered by chloroform extraction from aqueous solutions with a
neutral or alkaline reaction, by using the technique described above, whereas others, e.g.,
perphenazine, could not. To recover the latter group, it was found necessary to use the
following modified procedure.

To 10 ml of an aqueous solution are added 1 ml of 10 N sodium hydroxide and 40 ml of
chloroform. The mixture is shaken vigorously for 2 minutes. Without separation of the
phases, dehydration is effected by the addition of anhydrous sodium sulphate. The mixture
is filtered and 30 ml of the filtrate are evaporated to dryness.

Many of the substances listed in Table II can be extracted from chloroform solution
with aqueous solutions of sodium hydroxide or mineral acid, or both. Methaqualone and
glutethimide are exceptions in that they can only be recovered by the removal of the solvent
by evaporation.

Bases can be recovered from solution in chloroform by extraction with an aqueous solu­
tion of a mineral acid. For this purpose one has a choice of acids, but in some instances
correct selection is important. Sulphuric acid must be used in preference to hydrochloric acid
if, as with quinine and quinidine, use is to be made of fluorimetry. Sulphuric acid must be
used for the extraction of some phenothiazine drugs from chloroform, as in some instances
hydrochloric acid is inadequate because of the formation of chloroform-soluble halide com­
plexes.3 ,6

For extraction purposes, 4 parts of chloroform to 1 part of urine have been used. Under
these conditions, emulsion formation is extremely rare. Only one extraction with solvent
was carried out and although complete recovery is not attained, recoveries were found to be
linearly related over a range of 0·25 to 2·0 mg, hence quantitative results could be obtained.
It would appear from the literature that this concept is being generally accepted.

The use of a dehydrating agent, such as anhydrous sodium sulphate, ensures clean,
almost water-free extracts, the compositions of which are more readily reproducible. It
would appear that this concept also is being more readily accepted.
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Reference should be made to a factor that could influence the effect of the washing of
chloroform extracts. Substances that can be recovered by extraction of chloroform solutions
with aqueous solutions of alkali or mineral acid may be divided into the following groups.

(i) Those extracted by aqueous solutions of alkali but not by those of mineral acid,
e.g., acids such as the barbiturates.

(ii) Those extracted by aqueous solutions of mineral acid but not by those of alkali,
e.g., bases such as quinine.

(iii) Those extracted by aqueous solutions of both alkali and mineral acid. Ampholytes,
e.g., the sulphonamides, behave in this manner. In addition, other substances,
such as theophylline and 7- and 4-hydroxycoumarin, behave in this manner but
cannot be described as ampholytes.

The "washing" of organic solvent extracts has been general practice, but this has been
avoided by the author as such a procedure could result in losses of "unknown" constituents.

The separations are preferably carried out in glass-stoppered measuring cylinders or
tubes that can be centrifuged, and a teat-pipette is useful for the separation of top layers.

These extraction procedures have been applied to normal urine, and the ultraviolet
spectra obtained have been recorded.3

USE OF OTHER SOLVENTS-
Many other solvents have been used for extraction purposes.
Diethyl ether is a good general solvent, as it has a low boiling-point and hence can be

readily removed by evaporation. Unfortunately, it is highly inflammable, contains anti­
oxidants and is not particularly selective. When used as an extractant for urine, many
normal constituents are extracted.

Ethyl acetate is another good general solvent but is not particularly selective in its
action. Because of their insolubility in other organic solvents, it is used for the extraction of
chlorothiazide and hydrochlorothiazide from urine. 7 ,s No details have been published
concerning the limitations imposed by the pH of the aqueous solution on the extraction of
these substances by ethyl acetate.

Benzene is a selective solvent but, unfortunately, it possesses an intense ultraviolet
spectrum, so that traces can cause complications if ultraviolet spectrophotometry is used.

Heptane is a selective solvent, and has been successfully used in determinations involving
phenothiazine drugs, imipramine etc.; it is particularly useful in spectrofluorimetry.

Morphine can be extracted with organic solvents from neutral aqueous solutions or
aqueous solutions containing ammonia; chloroform is not an efficient solvent for this purpose.

TABLE III

SOLVENTS, OTHER THAN CHLOROFORM, USED FOR THE EXTRACTION OF DRUGS FROM AQUEOUS
SOLUTIONS

Solvent

Ethchlorvyno1'6
Chlorothiazide't
H ydrochlorothiazideSt

* Selectively separated from metabolites.
t A drug and also a metabolite of imipramine.
t Not soluble in chloroform.

Heptane

Substance
Quinine, Quinidine"
Caffeine lO

Phenothiazine drugs",ll,l.,l"
Imipramine",ll
Phenylhutazone14

Desipraminet
Trimipramine

The following are not extractable by heptane: sulphonamides.
barbiturates and oxyphenbutazone (a drug and a metabolite of
phenylbutazone)
Ethyl acetate ..

Benzene ..
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Chlorofonn - isopropyl alcohol (3 + 1) or butanol- benzene (1 + 1) are more efficient but are
not particularly selective and, as a result, many constituents of nonnal urine are also extracted.
Results are summarised in Tables III and IV.

TABLE IV
INFLUENCE OF pH ON THE EXTRACTABILITY OF SOME DIURETIC DRUGS (ALL INSOLUBLE IN

CHLOROFORM) WITH ETHYL ACETATE FROM AQUEOUS SOLUTIONS

Substance Acid Neutral Alkaline
Chlorothiazide
Hydrochlorothiazide
Bendrafl.uazide
Hydrofl.umethiazide

+
+
+
+

+
+
+
+

SEPARATION WITH ION-EXCHANGE RESINS

Ion-exchange resins have not received much application in chemical toxicology, possibly
because the procedures involved are slow in comparison with other extraction procedures.

The author16 to 22 has examined the use of ion-exchange resins, not only in connection
with problems associated with chemical toxicology, but also with problems associated with
clinical biochemistry. To achieve some degree of unifonnity, these studies have been COll­

fined mainly to the use of one resin, Dowex 50W X 12 (200 to 400 mesh). It has been

TABLE V
BEHAVIOUR OF SOME BASIC AND OTHER SUBSTANCES WHEN PASSED THROUGH A COLUMN

CONTAINING DOWEX 50W X 12

A

5 N Hydrochloric acid

Eluted with
N Hydrochloric acid
6 N Ammonia solution

Barbiturates, phenytoin, phenylbutazone. oxyphen­
butazone and diazotisable amines obtained by the
action of hot solution of alkali or mineral acid on
chlorothiazide and hydrochlorothiazide

Ammonium ion and many amino-acids

N

N

0·1 N

0·1 N

Many amino-acids, sulphonamides, adrenalin, theo­
bromine, theophylline, p-aminophenol and iso­
prenaline

Cystine, histidine, caffeine, isoniazid, morphine and
the diazotisable amine obtained from oxyphen­
butazone by the action of hot mineral acids

Nicotine, codeine, brucine, strychnine, amphetamine,
paraquat and diquat

Quinine, paludrine, mepacrine, the aminobenzo-
phenones, produced from chlordiazepoxide, ox­
azepam and nitrazepam by the action of hot mineral
acid," and the diazotisable amine produced from
phenylbutazone by the action of hot mineral acid'S

B
Applied in

hydrochloric
acidSubstance

Retained by the resin and eluted with 5 N

hydrochloric acid
Retained by the resin and eluted with 8 N

hydrochloric acid

Retained by the resin and eluted with 2·5 N

hydrochloric acid

Methyldopa"
Meperidinic acidl7

Bretylium }"
Hexamethonium
Guanethidin

These substances are recovered from eluates by evaporation to dryness in an all-glass vacuum still.
Morphinel7 •18 N (a) 2·5 N Hydrochloric acid

(b) 6 N Ammonia solution

(a) 5 N Hydrochloric acid
(b) 4 N Ammonia solution - ethanol (20 + 80)

Retained by the resin and eluted with 0·5 N

hydrochloric acid
Retained b) the resin and eluted with N hydro­

chloric acid

Codeine } 17,18

Brucine
Strychnine

These substances are recovered from eluates by solvent extraction.

Present in the 0·1 N hydrochloric acid eluate
and, therefore, not retained
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found that with some drugs, there is no alternative to the use of cation-exchange resins for
extraction purposes. The following procedure was used.

The column characteristics were: resin (cation exchange), Dowex 50W X 12 (H+form),
200 to 400 mesh, height 70 mm and diameter 10 mm.

Substances (about I mg) in 100 ml of 0·1 N hydrochloric acid were applied to the column
and the column was washed with 100 ml of 0·1 N hydrochloric acid. Elution was then carried
out with IOO-ml volumes of 0,5, 1,2'5,5 and 8 N hydrochloric acid in that order.

The procedure has been used extensively in urine analysis. Urine can be applied to the
column either as 10 ml of urine plus 1 ml or 10 N hydrochloric acid and diluted to 100 ml with
water or as 100 ml of urine plus 10 ml of 10 N hydrochloric acid. The particular technique
used depended on the nature of the substances to be recovered. Some results are summarised
in Table V. The procedures used for the recovery of certain drugs are also referred to in
Table V. In several instances, e.g., methyldopa, bretylium, meperidinic acid, guanethidine
and hexamethonium, because of their insolubility in organic solvents, this is the only pro­
cedure available to achieve concentration.

Eluates obtained from cation-exchange resins are not entirely suitable for direct examina­
tion by ultraviolet spectrophotometry because of absorbance caused by background material
derived from the resin material. With isoprenaline, it has been found satisfactory, provided
that an adequate blank has been carried out. During the earlier work on this subject, the
author used colorimetric methods to obtain evaluation of the technique, especially as many
of the substances examined, e.g., many amino-acids, did not show absorbance within the
ultraviolet range.

DISCUSSION

There were at least two objectives concerned in the present investigation, and the
attainment of these cannot be described as complete.

Because of the lack of results given in the literature, information was required concerning
separation techniques, which are a necessary preliminary to any chemical toxicological pro­
cedure. It was hoped to formulate a scheme of approach that could be applied to the examina­
tion of the new drugs that are constantly appearing. For routine purposes, only the distilla­
tion and solvent-extraction procedures are used. Chloroform is the solvent of the first
choice, as low blank values are obtained when applied to normal urine. Ion-exchange resins
are used only as a last expedient.

The second objective was to obtain sufficient information that could be applied to the
rapid screening of urine for the presence of drugs, a procedure that is becoming more and more
essential in hospital practice. The following screening procedures have been developed and
are now used, followed by ultraviolet spectrophotometry over the range 200 to 350 nm.

(I) Distillation of urine in the presence of sodium hydrogen carbonate.
(2) Extraction with chloroform of urine with a neutral reaction, then (a) evaporation

of the chloroform extract to dryness and dissolution of the residue in N hydrochloric
acid; (b) extraction of the chloroform solution with N sodium hydroxide; and
(c) extraction of the chloroform solution with N sulphuric acid.

(3) Extraction with chloroform of urine with an alkaline reaction, then (a) evaporation
of the chloroform extract to dryness and dissolution of the residue in N hydrochloric
acid; and (b) extraction of the chloroform solution with N hydrochloric or sulphuric
acids, followed by 5 N hydrochloric acid.

The subsequent procedures can be completed within I hour.
Extraction with chloroform of urine with an acidic reaction is not normally carried out

as many normal ultraviolet-absorbing substances are also extracted and their presence can
confuse interpretations.

It should be emphasised that although the coverage for screening purp0!les is large, it is
not complete.

The analyst should be presented with the specimens of his choice in order that a satis­
factory assessment can be made. This is not always the practice as clinicians tend to place
much emphasis on blood levels and, as a result, blood may be the only material supplied for
analysis. Some clinicians are loath to obtain urine from comatose patients. It should be
noted, however, that in certain cases, e.g., amphetamine intake and paraquat poisoning,24
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blood levels are usually so low that detection and determination, respectively, are not really
possible. Because of the much higher concentrations encountered in urine, the latter is the
most suitable material for chemical analysis, at least under these circumstances.

The conjugation and metabolism of drugs are important factors to be considered. Several
important books and reviews on these subjects have been written,26,26,27 but our knowledge
of them is still incomplete. With some drugs, such factors must be taken into consideration if
satisfactory results are to be obtained. Morphine is excreted almost entirely in conjugated
form, thus necessitating the use of hot, acid hydrolysis before applying any analytical pro­
cedure. Following the ingestion of paracetamol or phenacetin, the recovery of products as
p-aminophenol, as the result of hot, acid hydrolysis, appears to produce the most satisfactory
results. 28 The barbiturates pose another interesting problem. Following the ingestion of
certain barbiturates, e.g., amylobarbitone and pentobarbitone, unchanged barbiturates may
not be detectable in the urine. By using special solvent techniques (not described in this
paper) it is possible to detect and determine large amounts of metabolites, particularly of the
hydroxylated type.29 ,30,31,32

Ultraviolet spectrophotometry, with a recording instrument, has been used extensively
in the present investigations. Reference must be made to the work of Bradford and
Brackett,33 who have described an extensive scheme involving the use of ultraviolet spectro­
photometry and designed mainly for the examination of materials such as suspected pills,
capsules and narcotics. Their investigations were not concerned with urine examination.

The author expresses his thanks to the many pharmaceutical firms who supplied samples
of drugs without cost.
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Recommended Methods for the Evaluation of Drugs
PREPARED BY THE JOINT COMMITTEE OF THE PHARMACEUTICAL SOCIETY
AND THE SOCIETY FOR ANALYTICAL CHEMISTRY ON METHODS FOR THE

EVALUATION OF DRUGS

The Chemical Assay of Cascara Dry Extract,
Cascara Tablets and Cascara Bark

THE Panel, which was set up to recommend standard methods of assay of drugs and their
preparations containing anthraquinones, has published Reports on the "Chemical Assay of
Senna Fruit and Senna Leaf"l and on the "Chemical Assay of Aloes."2 The work has now
been extended to cascara bark and to certain of its preparations. The constitution of the
Panel was: Professor J. M. Rowson (Chairman), Dr. C. Daglish, Professor J. W. Fairbairn,
Miss B. Gartside (resigned October, 1967), Miss H. M. Perry and Mr. H. A. Ryan, with
1\1r. P. W. Shallis as Secretary.

REPORT

Cascara, the dried bark of Rhamnus purshiana DC., is an anthraquinone purgative which
is administered as a dry extract usually in the form of sugar-coated tablets; a liquid extract
and an elixir are also used.

The most important constituents of the bark are (a) four primary glycosides, cascarosides
A and B (glucosides of barbaloin), cascarosides C and D (glucosides of chrysaloin); (b) aloins,
barbaloin, chrysaloin, which are C-glycosides; smaller amounts of (c) O-glycosides and of
(d) free anthraquinones are also present. The cascarosides are almost tasteless, but the
aloins are extremely bitter.

Detailed published information on the relative biological activities of the cascarosides
and of the aloins is lacking; such preliminary information as was available to the Panel
indicated that both groups of compounds possessed similar activities but that they differed
in the speed of their action.

The work of Fairbairn and Simic3 has shown that in the preparation of cascara dry
extract from the bark a significant loss of total glycosides occurred and that the proportion of
cascarosides to aloins was lower in the extract than in the bark. Because of the thermolability
of the cascarosides, their different speed of action and their tastelessness, the Panel agreed
with the recommendation of Fairbairn and Simic3 that a chemical method of evaluating
cascara should estimate the cascarosides separately from the aloins. Such a pair of figures
can give some measure of the care exercised in the pharmaceutical manufacture of extracts of
cascara and can also be used to detect adulteration of such preparations by the addition of
aloes.

Several methods have been published for the chemical assay of cascara, and that recom­
mended by Fairbairn and Simic3 was selected by the Panel as the basis for their work. The
dry extract was examined first, because of its frequent use in the form of tablets. The
method was then applied to the assay of dried cascara bark.

CHEMICAL ASSAY

The method recommended by the Panel for the assay of cascara preparations is set out
in the Appendixes. The use of 70 per cent. ethanol as an extracting solvent in stage (i) was
found to be satisfactory. In stage (ii) the free anthraquinones are removed by extraction
with carbon tetrachloride; relatively large volumes of this solvent are used to obviate the
formation of troublesome emulsions. The presence of 1 per cent. of sodium chloride in the
aqueous phase was ineffective for this purpose. The cascarosides are then separated from the
aloins by partition in the system ethyl acetate - water. Fairbairn and Simic3 have shown that
this partition is 96 to 99 per cent. effective, but the use of recently water-saturated ethyl
acetate is essential. They have also shown that the O-glycosides only represent some 10 per

© SAC.



750 THE CHEMICAL ASSAY OF CASCARA DRY EXTRACT, [Analyst, Vol. 93

cent. of total anthracene glycosides in the extract and that these are fairly evenly distributed
between the two phases when partitioned in stage (ii). The Panel concluded that the separate
estimation of this small amount of O-glycosides would be an unnecessary elaboration of the
method.

TABLE I
RESULTS OF COLLABORATIVE ASSAYS OF SEVEN SAMPLES OF CASCARA DRY EXTRACT

By the method described in Appendix I
Aloins as Cascarosides Total glycosides

anhydrous as as
barbaloin, cascaroside A, cascaroside A,

Sample Laboratory per cen.t. per cent. per cent.
CDEI A 4·32 4·84 6'10 6·86 13·32 14·95

B 3·93 3·93 6'76 6·77 13·33 13·34
C 4·21 6·34 6·97 13·38
D 4·00 4·26 6'18 6·27 12·87 13·39
E 4·01 4·04 6·80 6·53 13·92 13·28
Mean 4·17 6·56 13·53

s.d. 0·29 0·31 0·59
s.d. as % of mean .. 7·0 4·7 4·4

CDE2 A 8'53 8'53 7·73 7·38 22·07 21·70
B 8·30 8·03 7·87 7·96 21·84 21·47
C 8·12 6·71 6·72 7·90 20·36 19·23
D 7·60 7·70 7-10 6·80 19·90 19·90
E 7·88 8·04 7·20 6·57 20·45 20·08
Mean 7·94 7·32 20·70

s.d. 0·53 0·52 0·99
s.d. as % of mean 6·7 H 4·8

CDE3 A 8·07 8·03 6·98 6·88 20·53 20·36
B 7·15 7·38 7-11 6·81 19·14 19·28
C 6·96 7·46 6·82 7·60 18·53 20·15
D 7·60 7·40 6·60 6·70 19·40 19·23
E 7·30 7·35 6·68 6·47 18·94 18·83
Mean 7·47 6·87 19·44

s.d. 0·35 0·32 0·68
s.d. as % of mean 4·7 4·7 3·5

CDE4 A 5·68 0·48 4·70 4·76 14·25 13·96
B 5·23 0·23 4·45 4·28 13·24 13·08
C 5·71 4·29 4·72 4·79 14·31 12·00
D 5·00 0·20 4·30 4·50 12·71 13·21
E 0·31 4'70 4·27 4·29 13-19 12-19
Mean 5·18 4·51 13·21

s.d. 0·43 0·22 0·79
s.d. as % of mean 8·3 4·9 6·0

CDE5 A 3·62 3·54 6·89 7·08 13·01 13·06
B 3·43 3·49 7·65 7·36 13·56 13·28
C 3·35 3·65 6·61 6·99 12·27 13-16
D 3·60 3·50 7·20 6·90 13·21 12·87
E 3·39 3·78 6·52 6·87 12·26 13·26
Mean 3·54 7·00 12·99

s.d. 0·13 0·32 0·43
s.d. as % of mean 3·7 4·6 3·3

CDE6 A 2·48 2·49 6·15 6·34 10·35 10·57
B 2·46 2·45 6·85 6·66 11·04 10·82
C 2·83 2·77 6·03 5·90 10'82 10·87
D 2·40 2'50 6·50 6·30 10·53 10·53
E 2·51 2'59 6·17 6·16 10·43 10·55
Mean 2·55 6·31 10·65

s.d. 0·14 0·29 0·22
s.d. as % of mean 5·5 4·6 2·1

CDE7 A 3·38 3·44 7·01 6·82 12·71 12·62
B 3·41 3·42 7·75 7'58 13·53 13·38
C 3·36 3·07 6·73 6·05 12·42 lJ024
D 3·60 3'50 7·20 6·90 13·21 U·87
E 3·29 3·02 6·94 6·62 12·51 lJ074
Mean 3·35 6·96 12·62

s.d. 0·18 0'48 0·71
s.d. as % of mean 5·4 6·9 5·6
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The aloins present in the ethyl acetate fraction are freed from solvent and are converted
into the free anthraquinones by the drastic condition of stage (iii), in which iron(III) chloride
and hydrochloric acid are used. The liberated anthraquinones are then extracted with carbon
tetrachloride and are estimated spectrophotometrically in N sodium hydroxide solution.
Oxidation and estimation procedures of stage (iii) are the same as those of our Report on the
Chemical Assay of Aloes.2

The cascarosides present in the aqueous phase of stage (ii) are estimated in stage (iv) by
the same procedure as that specified for aloins. The E~~"m value for cascaroside A is derived
from the work of Fairbairn and Simic.3

Results for total glycosides are obtained by summation of the values for cascarosides and
for aloins, re-calculated as equivalent cascarosides. Investigations by members of the Panel
have shown that results for total glycosides by this process of summation are the same as
those obtained by a separate, direct estimation of total glycosides and omitting the ethyl
acetate - water partition in the second part of stage (ii). Such a direct estimation of total
glycosides would, however, be an acceptable procedure.

CASCARA DRY EXTRACT
Members of the Panel have applied the method of Appendix I to the assay of seven

different samples of cascara dry extract available on the English market. All spectrophoto­
meters were initially checked by using a common standard sample of ammonium cobalt
sulphate solution. The results of these assays are given in Table I, from which it will be
noted that, in general, satisfactory concordance of results was obtained within and between
laboratories, but that greater variation existed in the results for aloins than in those for
cascarosides or for total glycosides. The extinction ratio value R for aloin assays was within
the range 1·8 to 2·1; for cascaroside assays it was between 1·9 and 2·3.

CASCARA TABLETS
Cascara tablets are a convenient and widely used dosage form of cascara dry extract;

they are generally sugar-coated. This preparation may be assayed by the method already
described. To allow for individual tablet variation, a number of tablets, equivalent to about
2·5 g of dry extract, should be taken; they are disintegrated by soaking and by trituration
in water before the addition of ethanol to about 70 per cent. content as an extracting solvent.
An aliquot is then assayed as set out in Appendix II. Results are expressed in terms of
milligrams per tablet.

TABLE II
RESULTS OF COLLABORATIVE ASSAYS OF TWO SAMPLES OF CASCARA TABLETS

By the method described in Appendix II

Aloins as Cascarosides Total glycosides
anhydrous as as
barbaloin, cascaroside A. cascaroside A.

Laboratory mg per tablet mg per tablet mg per tablet
A 4·43 4·78 8·14 8·31 15·63 16·39
B 4·56 4·60 9·15 8·94 16·85 16·55
C 5·18 5·10 9·38 9·05 18·12 17·67
D 4·73 4·93 9·16 9·13 17·07 17·37
E 5·16 5·12 8·08 8·15 16·79 16·79
Mean 4·86 8·75 16·92

s.d. 0·28 0·510·69
s.d. as % of mean 4·1 5·8 4·1

A 4·45 4·83 9·98 10·05 17·51 18·22
B 4·86 4·63 10·90 11·03 19·12 18'89
C 4·44 4·67 IHO 10·10 18'56 17·89
D 4·28 4·15 10·57 10·31 17·72 17·26
E 4·59 4·91 9·41 9·32 17·17 17·62
Mean 4'58 10·28 17·99

s.d. 0·25 0·63 0·68
s.d. as % of mean 5·5 6·1 3·8

Two commercial samples of sugar-coated cascara tablets were assayed by members of the
Panel using the method of Appendix II. The figures obtained are recorded in Table II and
these show satisfactory concordance of results within and between laboratories.
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CASCARA BARK
The Panel has shown that the method of Appendix I can be applied, with minor modi­

fications, to the assay of samples of cascara bark. The details are given in Appendix III.
Maceration of the powdered bark in 70 per cent. ethanol overnight gave satisfactory extrac­
tion.

TABLE III
RESULTS OF COLLABORATIVE ASSAYS OF FIVE SAMPLES OF CASCARA BARK

By the method described in Appendix III

Aloins as Cascarosides Total glycosides
anhydrous as as
barbaloin, cascaroside A, cascaroside A,

Sample Laboratory per cent. per cent. per cent.
CBl A 2·02 2·06 4·45 4·79 7·86 8·26

B 2·60 2'50 4·70 4·68 9·10 8·90
D 2·23 2·24 4·77 4·73 8·51 8'48
E 2·31 2·12 4·27 4·60 8·18 8·19
Mean 2·26 4·62 8·44

s.d. 0·20 0·18 0·41
s.d. as % of mean 8·8 3·9 4·9

CB2 A 1-10 1·20 6·25 6·15 8·14 8·21
B 1·27 1·37 6·31 6·12 8·49 8·48
D 1-24 1·21 6·15 6·13 8·23 8·16
E 1·39 1-50 5·72 5·66 8·09 8·23
Mean 1·29 6·06 8·25

s.d. 0·13 0·24 0·15
s.d. as % of mean 10·0 4·0 1·8

CB3 A 1·56 1·63 5·31 5·57 7·98 8·34
B 1·91 1·95 5·45 5·25 8·69 8·56
D 1·73 1·82 5·25 5·24 8·14 8·28
E 1·93 1·99 4·82 4·77 8·09 8·14
Mean 1-82 5·21 8·28

s.d. 0·16 0·28 0·24
s.d. as % of mean 8·8 5·4 2·9

CB4 A 1·58 1·55 7·42 7·65 10·13 10·32
B 1-83 1·84 7·37 7·29 10·50 10·43
D 1·74 1·75 7010 7·37 10·02 10·30
E 1·79 1·81 6·32 6·45 9·31 9·48
Mean 1·74 7·12 10·06

s.d. 0·11 0·48 0·44
s.d. as 'Yo of mean 6·3 6·7 4·4

CB5 A 1·52 1·55 5·94 6·01 8·54 8·66
B 1·79 1·86 5·78 5·63 8·83 8·79
D 1·72 1·72 5·94 6·02 8·83 8·90
E 1·83 1·64 4·97 5'15 8·04 7·89
Mean 1·70 5·68 8·56

s.d. 0·13 0·41 0·39
s.d. as % of mean 7·6 7·2 4·6

Five commercial samples of cascara bark were assayed by the method of Appendix III
and the results obtained by members of the Panel are set out in Table III. These show good
concordance within and between laboratories, although variation does exist between results
of assays for aloins. The figures for the ratio value R for cascaroside assays were between
1·9 and 2·2; for aloin assays they were 1·7 to 1·9 and these lower values may suggest slight
contamination in the aloin assay.

INVESTIGATION OF LIQUID PREPARATIONS OF CASCARA
Cascara liquid extract is a concentrated aqueous extract of the bark, to which ethanol is

added to give a final content of 21 to 24 per cent. vIv. The Panel has devoted considerable
effort to its assay by application of the method of Appendix 1. A sample of about 3 g,
accurately weighed, of liquid extract was diluted to 100 ml with 70 per cent. ethanol and a
10-ml aliquot of the dilution was assayed by the method of Appendix 1. Three commercial
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samples of cascara liquid extract were examined and within each laboratory good concordance
of results was obtained. But for each constituent in each of the three samples, involving 45
duplicate assays, there was very wide deviation between results from the different labora­
tories. Typical results are those for sample CLE2 in Table IV.

TABLE IV
RESULTS OF COLLABORATIVE ASSAYS OF SAMPLES OF CASCARA LIQUID EXTRACT

CLE2 assayed by the method of Appendix I; CLE4 assayed within the period of 1 week

Sample
CLE2

CLE4

Laboratory
A
B
C
D
E
Mean

s.d.
s.d. as % of mean

A
B
C
D
E
Mean

s.d. ..
s.d. as % of mean ..

Aloins as
anhydrous
barbaloin,

per cent. w/w
1·09 1·07
1·56 1·55
1·06 1·06
1·59 1·58
0·98 0·95

1-14
0·48

42·1
1·54 1·50
1·63 1·58
1·33 1·57
1·79 1·71
1·33 1·31

1·53
0·16

10·5

Cascarosides
as

cascaroside A.
per cent. w/w

1-12 1-10
1·26 1·32
1·28 1·15
1·41 1·32
1-13 1·07

1·22
0·12
9·8

1-15 1-15
1·29 1·37
1-11 1·06
1·30 1·34
1·12 1·08

1·20
0·12

10·0

Total glycosides
as

cascaroside A,
per cent. w/w

2·96 2·89
3·88 3·93
3·04 2·93
4·06 3·96
2·78 2·68

3·31
0·57

17·2
3·75 3·66
4·03 4·03
3·33 3·68
4·30 4·20
3·34 3·28

3·76
0·37
9·8

A detailed study of sample CLEI in one laboratory over a 3-month period showed a fall
in aloin content from 0·98 to 0·35 per cent., but the cascarosides remained constant in amount.
An examination of the two other samples CLE2 and CLE3 in the same laboratory detected no
similar degradative changes over a period of 3 to 4 months. Examination of the three
samples in the four other laboratories after this period of 3 to 4 months failed to produce any
evidence of disappearance of aloins in CLEI; and all results within each of these four labora­
tories were in general agreement at the beginning and end of the period of time, but dis­
agreement between laboratories was still marked.

Attempts were next made to eliminate possible errors due to ageing of the preparation,
also to the occurrence of precipitation in the liquid extract itself and in the initial dilution
with 70 per cent. ethanol. A freshly filtered sample CLE4 was sent out from a central stock
to each laboratory, where it was assayed under closely detailed conditions and within the
period of 1 week. The results obtained are given in Table IV, from which it will be noted
that deviations of about 10 per cent. were obtained in the assays of each of the compounds.
The storage of four separate portions of this sample for a 3-month period under different
conditions in one laboratory resulted in one portion showing a fall in aloins content to 0·48
per cent. with only a slight loss of cascarosides. No significant changes occurred in the three
other portions.

Preliminary work on cascara elixir also gave divergent results, and the Panel has con­
cluded that the method of Appendix I cannot be applied with any confidence to liquid pre­
parations of cascara. It stresses that concordant results on such a preparation within a
laboratory are unlikely to agree with those obtained in a second laboratory.

CONCLUSION
The Panel recommends the methods of Appendixes I, II and III for the chemical assay of

cascara dry extract, cascara tablets and cascara bark. It cannot recommend any process
for the assay of liquid preparations of cascara.

The Panel does not have within its terms of reference the establishing of standards for
the materials assayed, but it recommends that cascara and its preparations be assessed on the
content of total glycosides and on the proportion of cascarosides present therein.
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It also draws attention to the greater variability of both figures for cascara dry extract
than for the bark itself. Thus the total glycoside content of five samples of cascara bark were
within the range 8·2 to 10·1 per cent. (Table III), and the amount of cascarosides varied
between 55 and 73 per cent. of the total glycosides present, whereas for the seven samples
of cascara dry extract the range for total glycoside content was 10·65 to 20·7 per cent. (Table I),
and the amount of cascarosides varied between 34 and 59 per cent. of the total glycosides
present.

Appendix I

RECOMMENDED METHOD FOR THE CHEMICAL ASSAY OF
CASCARA DRY EXTRACT

REAGENTS-

Carbon tetrachloride.
Iron(III) chloride solution, 60 per cent. wjv-Analytical-reagent grade.
Hydrochloric acid, 36 per cent. wjw.
Methanol.
Sodium hydroxide, N.

Distilled water.
Ethanol, 70 per cent. vjv aqueous.
Ethyl acetate.

PROCEDURE-

(i) Weigh accurately about 0·5 g of powdered extract and place it in a 100-ml calibrated
flask with 80 m1 of 70 per cent. ethanol. Shake the mixture occasionally, allow to stand
overnight, make the volume up to 100 ml with 70 per cent. ethanol, shake well and filter
through a Whatman No.4 filter-paper.

(ii) Transfer 10 ml of this solution into a separating funnel, add 10 ml of water and
extract with two or three 40-m1 portions of carbon tetrachloride. Wash the combined carbon
tetrachloride extracts with one 10-m1 portion of water, reject the carbon tetrachloride layer
and return the washings to the aqueous layer.

Extract the combined aqueous layers with five 60-ml portions of freshly prepared water­
saturated ethyl acetate and reserve both layers for further work. (Prepare the water­
saturated ethyl acetate by shaking 300 m1 of ethyl acetate with 30 ml of water for 3 minutes
and then allowing the layers to separate.)

(iii) A loins. Transfer the combined ethyl acetate extracts to a suitable flask, distil
off the solvent and evaporate just to dryness. Dissolve the residue in 0·3 to 0·5 ml of
methanol, rinse out with water into a 50-ml calibrated flask and make up to 50 m1 with water.

Place 20 ml of this solution in a round-bottomed 100-ml flask containing 2 m1 of 60 per
cent. iron(III) chloride solution and 12 ml of hydrochloric acid. Attach a water-cooled,
double-surface condenser to the flask, place the flask in a bath of continuously boiling water
(so that the water level is above that of the liquid level in the flask) and heat for 4 hours.

Cool the solution, transfer it into a separating funnel, and rinse out the round-bottomed
flask successively with 3 to 4 ml of water, 3 to 4 ml of N sodium hydroxide and 3 to 4 ml of
water, adding these rinsings to the contents of the separating funnel.

Extract the contents of the separating funnel with three 20-ml portions of carbon tetra­
chloride. Wash the combined carbon tetrachloride layers with two 1O-ml portions of water.
Reject the washings. Extract the carbon tetrachloride layer with one 15-ml portion and with
successive 5-m1 portions of N sodium hydroxide until the final sodium hydroxide extract is
colourless. Combine the alkaline extracts, heat them in a shallow dish on a bath of boiling
water for 5 minutes, with constant stirring to remove carbon tetrachloride, cool and adjust to
50 ml with N sodium hydroxide. Determine the extinction of this solution in a I-em cell at
440 nm and at the maximum, at 500 nm, against N sodium hydroxide in a similar cell. The
readings should be taken within 1 hour of beginning the alkaline extraction with one 15-ml
portion of N sodium hydroxide (step (iii), line 13) and particular care should be taken to carry
out these stages of the estimation in subdued light.
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Calculate the percentage of aloins present as anhydrous barbaloin on the assumption
that the Ei~m value at 500 nm of the red solution obtained from anhydrous barbaloin is 209.
Also calculate the ratio value E500nm1E440nm' If the ratio value is less than 1,7, reject
the result. Re-calculate the percentage of aloins present as cascaroside A on the assumption
that the Ei~ value at 500 nm of the red solution obtained from cascaroside A is 125.

(iv) Cascarosides. Transfer the aqueous layer, reserved in stage (ii), line 6 above, to a
50-ml calibrated flask and make up to 50 ml with water.

With 20 ml of this solution, carry out the iron(III) chloride oxidation, Nsodium hydroxide
extraction and colorimetric determination as described above for Aloins, stage (iii), lines 4
to 21 (beginning at "Place 20 ml of this solution ..." to " ... subdued light.").

Calculate the percentage of cascarosides present as cascaroside A on the assumption that
the Ei~m value at 500 nm of the red solution obtained from cascaroside A is 125. Also
calculate the ratio value E 500nmIE«onm. If the ratio value is less than 1,8, reject the result.

(v) The percentage of total glycosides present as cascaroside A is obtained by adding
together the values for aloins in stage (iii) re-calculated as cascaroside A and for cascarosides
in stage (iv).

Appendix II
RECOMMENDED METHOD FOR THE CHEMICAL ASSAY OF CASCARA TABLETS
PROCEDURE-

(i) Place a number of tablets, equivalent to about 2·5 g of dry extract, in a glass mortar,
add 5 to 8 ml of water, and allow to soak for 15 minutes. Then triturate to a smooth paste,
transfer to a 500-ml calibrated flask with the remainder of a total of 150 ml of water, and make
up to 500 ml with absolute ethanol. Filter if necessary.

(ii) to (v). Take 10 ml of this solution and proceed as in Appendix I (ii) to (v). Calcu­
late results as the weight in milligrams present in each tablet of aloins, cascarosides and total
glycosides as cascaroside A.

Appendix III
RECOMMENDED METHOD FOR THE CHEMICAL ASSAY OF CASCARA BARK

Proceed as in Appendix I (i) to (v) but use the following modifications:
Stage (i) line 1 Weigh accurately about 1 g of powdered cascara bark .•.•
Stage (ii) line 5 Extract the combined aqueous layers with three 60-ml portions

of freshly prepared water-saturated ethyl acetate . . . .
Stage (iii) lines 17 and 18 Determine the extinction of this solution in either a l-cm or

2-cm cell at ....

REFERENCES
1. Report of the Joint Committee of the Pharmaceutical Society and Society for Analytical Chemistry,

Analyst, 1965, 90, 582.
2. Report of the Joint Committee of the Pharmaceutical Society and Society for Analytical Chemistry,

Ibid., 1967,92, 593.
3. Fairbairn, J. W., and Simic, S., ]. Pharm. Pharmac., 1964,16, 450.



756 Analyst, November, 1968, Vol. 93, pp. 756-766

Recommended Methods of Analysis of Pesticide Residues
in Foodstuffs

REPORT BY THE JOINT DIMETHOATE RESIDUES PANEL
SET UP JOINTLY BY THE SCIENTIFIC SUB-COMMITTEE ON POISONOUS SUBSTANCES
USED IN AGRICULTURE AND FOOD STORAGE, THE ANALYTICAL METHODS COMMITTEE
OF THE SOCIETY FOR ANALYTICAL CHEMISTRY AND THE ASSOCIATION OF BRITISH

MANUFACTURERS OF AGRICULTURAL CHEMICALS

The Determination of Dimethoate Residues in Fruits and
Vegetables

THE Panel was set up by the Scientific Sub-Committee of the Advisory Committee on
Pesticides and other Toxic Chemicals, the Association of British Manufacturers of Agricultural
Chemicals and the Analytical Methods Committee of the Society for Analytical Chemistry
to establish by collaborative study an accurate and reproducible method for the determination
of dimethoate residues in crops. German, Italian and United States' workers also joined the
Panel. The Panel first met at the end of 1964 and undertook a series of collaborative studies,
at first with Chilwell and Beecham's methodl and then with Frehse's method (H. Frehse,
private communication). This report describes the findings of the Panel and recommends

. Frehse's method for determining dimethoate residues in apples, pears, cauliflowers, peas,
cabbages, blackcurrants, olives and oranges. A semi-quantitative identification procedure
is also described.

Members of the Panel are listed in Appendix III.

LITERATURE SURVEYED BY THE PANEL-

At its first meeting the Panel carefully considered the methods available for the deter­
mination of dimethoate residues in fruits and vegetables and also an assessment, subsequently
published by Smart,2 of three of the more important methods. He found that Laws and
Webley's general methodS was satisfactory for residues of dimethoate in sprouts, lettuces and
apples, but not in peas. Chilwell and Beecham's method was also satisfactory at the 1 or
2 p.p.m. level of added dimethoate in cabbages, lettuces, apples and peas. Giang and
Schechter's method,4 however, gave variable results. Fukel'man6 also investigated Chilwell
and Beecham's method and proposed some modification. de Pietri-Tonelli6 has reviewed the
methods available for dimethoate residues analysis. Since this review, several further
relevant papers have been published and were considered by the Panel. George, Walker,
Murphy and Giang7 described a method involving reaction with l-chloro-2,4-dinitrobenzene
in methanolic sodium hydroxide, and used it for determinations on a range ~f plants and
vegetables. Engst and Kube18 used thin-layer chromatography for the quantitative deter­
mination of dimethoate residues, and Mitsui and Suzuki9 also published a method for the
thin-layer chromatographic separation and colorimetric analysis of dimethoate residues.
Abbott, Bunting and Thomsonlo used multi-band chromatoplates for the determination of
residues of dimethoate in a variety of crops. Smart and Hillll described paper and thin-layer
chromatographic separations of some polar organophosphorus insecticides extracted and
cleaned-up by Frehse's method.

Ashworthl2 has described a gas - liquid chromatograpllic method for determining
dimethoate residues in flue-cured tobacco.

P=S dimethoate is the active ingredient of formulated dimethoate and is gradually
metabolised in vivo to the more toxic P=O dimethoate. Thus, as residues of dimethoate on
a crop decrease with time, the toxicity of the residue per microgram of insecticide may
increase, although the weathered residue rarely contains more than 10 to 20 per cent. of the
total dimethoate residue in the form of the oxygen analogue. Data, both published and
unpublished, on the toxicity and residues of p=o dimethoate were scrutinised closely by the
Panel. The Panel considered that a strong case could not be made out for a method to

© SAC; Crown Copyright Reserved.
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determine P=O dimethoate separately from P=S dimethoate, and hence the recommended
method determines both P=S and P=O dimethoates together. Evidence for the presence
or absence of P=S and p=o dimethoate individually by a semi-quantitative identification
procedure is also described.

CHILWELL AND BEECHAM'S METHOD

After considering the available methods, the Panel selected Chilwell and Beecham's
micro distillation procedure for initial collaborative study. The method had given good
reproducible blank and recovery values in the hand. of several workers and was robust,
standing up well to Youden's test.I3 The dilute tin(II) chloride solution used for developing
the molybdenum-blue colour was stabilised by addition of hydrazinium sulphate.

TABLE I
RECOVERY OF ADDED DlMETHOATE FROM APPLES AND CABBAGES BY CHILWELL AND BEECHAM'S

METHOD

Collaborative study No. I
A

\ Collaborative study No.2
Net recovery from apples Net recovery from sprouts Net recovery from apples

of of of
r- 1 I

A Ir- A--

0·5 p.p.m., 2·0 p.p.m., 0·5 p.p.m., 2·0 p.p.m., 0·5 p.p.m., 2·0 p.p.m.,
Laboratory p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.

1 0·24* 2-lt 0·7 1·8
0·6* 1-5t 0·35 1·8

0·35 1·8
0·34 1·7

2 0·44 0·86 0·13 1·26 0·48 1·85
0·36 1·02 0·30 0'74 0·65 2·05
0·27 1·08 0·34 1-52 0·63 1·70

0·54 1·73
0·39 2·05
0·56 1·94

3 0·37 1·54 0·45 1-09 0·46 1·42
0·51 1·69 0·28 1·01 0·28 1·46
0·43 1·42 0·21 0·83 0·23 1·38

4 0·36 1·42 0·41: 1-40: 0·58 1-69
0·47 1·44 0'39: 1·62: 0·49 1·82

0·39: 1·65: 0·42 1·85
5 0·50 0·45 1-83

0·49 1·83
0·48 1·81

6 0·17 1·08 0·29 0·96 0·51 1·62
0·23 0·78 0·46 0·96 0·42 1·46
0·57 1·00 0·65 1·34 0·34 1·54
0·34 1'02

1·56

1·2:
1-30:
1-54:
1'54:
1·87
1·83
2·05

0'80:
0·62:
0'30:
0·28:
0'48·
0·47
0·40

0·40
0·42

9

8

7

1-12
1-10
1·20
1·22
1·30

1·0 p.p.m. 1·0 p.p.m.
level level

0·33 0·88 0·34 0·73
0·35 0·74 0·40 0·81
~n ~n ~n ~U

* Added, 0·45 p.p.m. t Added, 1'80 p.p.m. : By using a modified method.

In the first collaborative study, members of the Panel recovered recrystallisedP=S
dimethoate from untreated apples and Brussels sprouts at the 0·5 and 2·0 p.p.m. levels.
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When studying recovery in this and subsequent collaborative work the pesticide was added
before maceration. The results obtained are given in Table I. Reagent and crop-blank
values are given in Table II. Although the blank values were generally reasonable, the

TABLE II
BLANK VALVES FOR REAGENTS AND UNTREATED CROPS BY CHILWELL AND BEECHAM'S

METHOD

Apple blank
Reagent blank, (less reagents)

p.p.m. p.p.m.
0·29
0·29

0·30 0·17
0·30 0·27
0·27 0·30

0·30
0·38
0·47

0·14 Nil
0'11 0'14
~II ~06

0·18 0·22
0·10 0·13
0·10 0·05
0·04 0·15
0·01 0·09
0·04 0·14
0·03 0·04
0·04 0·02
0·04 0·03
0·50 0·36
0·58 Nil
0·41 Nil
0·46 Nil

Nil
Nil

0·06
0·11

0·08
Nil

0·07
0·03
0·04
0·06
0·02*
0·08*
0,11*

Nil

0·04
0·08
0·06
Nil

0·02
0·20
0·13
0·07
0·15

0·05
0·08
0·09
0·10
0·09
0·08

<0·02

0·04
0·02
0·02
0·20
0·12
0·12
0·20

0'14

0·04
0·04
0·05

0·15
0·14
0·16
0·13

Collaborative study No.1 Collaborative study No.2
,-- .-"_..,.-------------.., ,- A'- ---,

Apple blank Sprout blank
Reagent blank, (less reagents), (less reagents),

p.p.m. p.p.m. p.p.m.

2

6

5

3

4

Laboratory

7

8

* By using a modified method.

0·08*
0,08*
0·08*
0,08*

0·05
0·10

0·12*
0'12*
0·04*
0·04*
0·32
0·32
0·33
0·32
0·33
0·32
0·53

Panel considered that the recovery values were somewhat disappointing. Several laboratories
reported difficulty in filtering the homogenised extract and, for the second collaborative study,
an acetone extraction was used, followed by chloroform partition and micro distillation, as in
Chilwell and Beecham's original method. It was noted that the reduction of the molybdo­
phosphate complex should be conducted in strongly acidic solution, otherwise the blue colour
does not develop properly. In the initial study, some laboratories suggested that the cali­
bration graph was not linear at about 3 p.p.m., or above, and so more reducing agent was
used to reduce the molybdophosphate complex subsequently and is advocated in the recom­
mended method. The end of the cold finger should be ground to give greater surface area
for condensation of the micro distillate.

The second collaborative study was carried out on apples, again at 0·5 and 2·0 p.p.m.
levels, and the results obtained for recoveries are given in Table I, and those for blanks in
Table II. The mean recovery of P=S dimethoate from apples at the 0·5 p.p.m. level was
0·46 p.p.m., with a standard deviation of ±O·ll p.p.m., and at the 2·0 p.p.m. level 1·76
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p.p.m., with a standard deviation of ±0·19 p.p.m. (neglecting the results from laboratory 7
in which a modified method was used). The Panel considered these recovery values satis­
factory for a residue method, but noted the confusing variation in blank values not only
between laboratories' but sometimes within laboratories. High reagent blanks could in
some instances be ascribed to phosphorus in the perchloric acid or to the hydrazine reagent.
To avoid "spitting" during the perchloric acid digestion, some members used an asbestos mat
on top of the electric hot-plate to counteract uneven heating effects, or micro Kjeldahl flasks
with gas burners. One laboratory investigated the modified Chilwell and Beecham procedure
on other crops; blank values of 0·05 to 0·10 p.p.m. were obtained with cabbages and 90 to 95
per cent. of added P=S dimethoate was recovered at the 2 p.p.m. level; high blank values
with cauliflowers, blackcurrants and peas could be reduced to an acceptable level by treating
the chloroform extract with Nuchar Cl90N before micro distillation; recoveries with the latter
crops were 80 to 90 per cent. This laboratory reported 60 per cent. recovery of P=O
methoate from apples at the 2 p.p.m. level when using the modified procedure. Another
laboratory reported only 20 per cent. recovery of added P=O dimethoate from apples.

FREHSE'S METHOD
At this stage Frehse introduced to the Panel his method involving the use of an aluminium

oxide column clean-up. It consisted of extraction with acetone, evaporation of the acetone,
filtration, extraction of the aqueous extract with chloroform, purification of the chloroform
extract by chromatography on a Brockman Grade V aluminium oxide column, followed by
evaporation of the eluate, wet ashing the residue and molybdenum-blue determination of
phosphorus. The details are essentially those set out in Appendix 1. The method had given
good recoveries and low blank values with a range of crops in Frehse's laboratory. It was,

TABLE III
BLANK VALUES FOR REAGENTS AND UNTREATED CROPS BY FREHSE'S METHOD

Collaborative study No.4
A

Collaborative study No.3
A

Apples Cauliflowers
Reagent blank (less blank (less
blank, reagents), reagents),

Laboratory p.p.m. p.p.m. p.p.m.
1 0·32 0·13 0·10

0·31 Nil 0·07
2 0·14 Nil 0·03

0·10 Nil 0·01
0·14 0·02 Nil
0·03 0·04 0·16
0·02 0·06 0·10
0·02 0·04 0·13

4 0·30 0·01 Nil
0·19 Nil Nil
0·22 Nil 0·04

5 0·07 0·15 0·07·
0·07 0·17 0·10·
0·05 0·15

7 0·06 0·05 0·15
0·06 0·05 0·15
0·06
0·08
0·08
0·09

8 0·05 0·20 0·05
0·03 0·24 Nil

0·21 Nil
0·23
0'42
0·43
0·14

• By using Super-Cel filtration.

Reagent
blank,
p.p.m.

0·32
0·30

0·01
0·01
Nil

0·07
0·07
0·09
0·04
0·06
0·06

Peas
blank (less
reagents),

p.p.m.
0·15
0·08

0·17
0·17
0,14

Nil
0·05
0·01
0·07
0·07
0·07
0·09

Cabbages
blank (less
reagents),

p.p.m.

0·12
0·06
0·11

0·02
0·05
0·03
0·07
0·07
0·09
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TABI.E IV
RECOVERY OF KNOWN AMOUNTS OF ADDED DlMETHOATE FROM APPLES, CAULIFLOWERS, PEAS

AND CABBAGES BY FREHSE'S METHOD

1·45
1·62
1·56

1·76

1·95
1·96
1·99

0'9t
0·91t
0·95t
0·99t

:1:0,19

0·44

0·36
0·39
0·36

0·48
0·50
0·47

0·49t
0·51 t
0·53t

±0·06

1·28
1·52
1·55

2·0
1·7
1·7
Hi9

1·88
1·97
2·03

1·79
1·79
1·81

±0·26

0·41
0·39
0·36

0·51
0·52
0·53
0·47·
0·49*
0·51 *
0·51*

0·43
0·41
0·43
0·43

±0·06±0·18

0·37
0·44
0·63
0·45

±0·10

1·91
1·73
1·89
1·83

0·50
0·50
0·50
0·46

Collaborative study No.3 Collaborative study No.4
A \ I A-.- --.,

Net recovery from Net recovery from Net recovery from Net recovery from'
apples cauliflowers peas cabbages

of of of of
, A..- \ , ,( A 1,--------"'---~

0·5p.p.m., 2·Op.p.m., 0·5p.p.m., 2·Op.p.m., 0·5p.p.m.• 2·Op.p.m.• 0·5p.p.m., 2·Op.p.m.,
p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.

0·47 1·7 0·44 1·5 0·38 1·2
0·29 1·8 0·29 1·6 0·28 1·4
0·38 1·47 0·43 1·77
0·53 }·83 0·38 1·78
0·52 }·83 0·34 1·74
0·39 1·57 0·50 1·48
0·35 1·50 0·37 1·46
0·42 1·63 0·32 1·60
0·37 1·83 0·40 1·81
0·47 }·70 0·70 1·75
0·56 }·63 0·46 1'77
0·47 2·08 0'46* 1·95*
0·44 1·97 0·50* 1,97*
0·52 2·00 0·48* 2·01*
0·46 1·92 0·44 1·48
0·48 1·94 0·44 1·52

0·44 1·54
1·54

1·93
1·86
1·63
1·73

4

2

7

3

8

5

Laboratory
1

Mean ..
Standard

deviation ±0·06 ±0·17
* By using Super-Cel filtration.
t 0·54 p.p.m. added at 0·5 p.p.m. level and 1·08 p.p.m. at 2 p.p.m. level.

therefore, submitted to collaborative study to compare it with Chilwell and Beecham's
method. Recovery of added P=S dimethoate from apples and cauliflowers was first examined
in the third collaborative study, and then from peas and cabbages in the fourth collaborative
study. Blank values for these studies are given in Table III and recovery values in Table IV.
High reagent blanks obtained in two laboratories were ascribed to impurities in the aluminium
oxide and in the acetone used. It is important to cool the aqueous extract thoroughly before

TABLE V
RECOVERY OF ADDED DlMETHOATE FROM SUNDRY CROPS BY FREHSE'S METHOD

Net recovery
,..- .....-J

A
'-- _

Crop

Blackcurrants

Orange flesh

Orange peel

Pears

Olives

Total blank

0·14
0·11
0,1,3
0·14

0·09
0·13
0·05
0·05
0·05
0·07
0·10

0·5 p.p.m. level,
p.p.m.

0·53
0·49

0·43
0·43
0·32
0·78
0·61
0·53

----..
2·0 p.p.m. level,

p.p.ill.

1-91
}·93

1·95
}'83
}'82
1·84
1·81
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filtering, otherwise high blank values can occur. Results for the method with other crops
were obtained in individual laboratories and are set out in Table V. With olives it was
necessary to extract the aqueous solution with two 50-ml volumes of hexane before partition
with chloroform, otherwise oils interfered seriously with the wet-oxidation stage. Although
it took slightly longer to run single determinations with Frehse's method than with Chilwell
and Beecham's method, several determinations could more easily be run together, and the
Panel considered it to be more reliable than the latter.

The Panel tested the recovery of P=O dimethoate by Frehse's method for the fifth
collaborative study. Recovery values, at 0·5 p.p.m. level, are set out in Table VI.

TABLE VI
RECOVERY OF A KNOWN AMOUNT OF p=o DIMETHOATE FROM APPLES BY FREHSE'S METHOD·

Net recovery of 0·5 p.p.m. of
P=O dimethoate,

p.p.m.
A.Laboratory

2
3
5
7
8

Mean ..
Standard deviation

0·35
0·24
0·30
0·29
0·48

0·33
±0·07

0·40
0·24
0·35
0·31
0·36

0·36
0·24,
0·28
0·33
0·4,1

As a final test of Frehse's method the Panel recovered unknown amounts of P=S
dimethoate from locally purchased apples. The amounts of dimethoate found by the collabor­
ating laboratories are set out in Table VII.

TABLE VII
RECOVERY OF UNKNOWN AMOUNTS OF ADDED DIMETHOATE FROM APPLES BY FREHSE'S METHOD

Net recovery of
r-------A

"----------,

0'70 p.p.m., 1·40 p.p.m.,
Laboratory p.p.m. p.p.m.

1 0·62, 0·57 0,32, 0·93
3 0,66,0,61 1,31, 1·36
4, 0,61, 0·75 0,88, 0·94,
5 0,73, 0·78 1·56, 1·53
7 0·67, 0·69 1'3!), 1·41
8 0,94, 0·94, 1,39, 1·39

10 0,80,0,83 1'39, 1·58
11 0,58,0·78 1,19, 1-13

Mean .. 0·72 1·29
Standard deviation ±0·I2 ±0·23

A slight modification of the original procedure for evaporating the acetone after extraction
was checked and found to be satisfactory, and has been incorporated into the method.

The Panel recommends Frehse's method, set out in detail in Appendix I, for the quanti­
tative determination of dimethoate residues in fruits and vegetables.

SEMI-QUANTITATIVE IDENTIFICATION OF DIMETHOATE

At its initial meeting the Panel considered that if the quantitative recommended method
were not specific for dimethoate a semi-quantitative identification step should be recom­
mended for use alongside it to establish any residues determined as dimethoate. A semi­
quantitative identification of P=O dimethoate was also considered necessary to give an
approximate assessment of the amount of P=O dimethoate in the residue, thus enabling a
more accurate toxicological evaluation (P=O dimethoate may be ten times more toxic than
P=S dimethoate). It was dearly advantageous if a semi-quantitative identification step for
P=O and P=S dimethoates could be worked out following the extraction and dean-up used
in the proposed quantitative method, rather than initiate a new extraction and dean-up
procedure.
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THIN-LAYER CHROMATOGRAPHY-
One laboratory, therefore, investigated various published and unpublished paper and

thin-layer chromatographic techniques on the cleaned-up extract from Frehse's method.
The problem appeared to be not only one of identifying dimethoate in a sample known to
have been sprayed with the insecticide, but also that of identifying P=O and P=S dimethoates
in a sample whose spray history was not known. To this end, nearly thirty other organo­
phosphorus insecticides and metabolites were screened to see whether they were likely to
interfere with the determinations. Identification of 0·1 p.p.m. insecticides, particularly of
the P=O metabolite, was sought. In this laboratory, difficulty was encountered with Abbott's
multi-band identification technique; the RF values were appreciably higher than reported in
the literature but clean-up of cabbage extracts was good. Other laboratories, however, had
achieved satisfactory results. The silica gel- kieselguhr (1 + 1) system, used in the multi­
band plates, provided a good separation in two dimensions, and gave acceptable identification
to a first approximation. Alumina plates were not satisfactory as they gave poor separation
in the solvents required to move the pesticide from the origin. Steller's method14 gave a
useful separation, but crop interferences were observed.

Modifications, involving both paper and thin-layer chromatography, of Bates'15 form­
amide-impregnated systems were worked out and gave good identification of both P=O and
P=S dimethoates in a wide range of crops. Some further clean-up was, however, necessary
with some crops. Adequate sensitivity was obtained with the 4-(p-nitrobenzyl)pyridine
reagent of Watts.16 This work was subsequently published by Smart and Hill.H

The use of polyamide plates was also investigated and adequate separation achieved by
using a two-dimensional technique, but cauliflowers and peas, even after further clean-up,
did not give satisfactory chromatograms.

As the silica gel- kieselguhr (1 + 1) and formamide-impregnated, silica gel thin-layer
chromatographic systems were the most successful, these were examined collaboratively by
the Panel. Laboratories investigated the methods on several crops and found them generally
satisfactory, except that in some instances overloading was contributing to some distortion
of RF values of the pesticides extracted from crop materials compared with standards run at
the sides of the plates. Smaller aliquots (corresponding to 5 g of crop material) of cleaned-up
extracts were, therefore, taken for the eighth collaborative study on the same thin-layer
chromatographic systems, and the effect of brief drying of the plates at HO° C between runs
to regularise RF values was also investigated.

Distortion of RF values and interferences were less with the smaller samples, and 0·1
p.p.m. (0'5 iLg) of P=S and P=O dimethoates was detectable on silica gel- kieselguhr plates.
The formamide-impregnated plates were somewhat less sensitive; 0·2 p.p.m. (1 iLg) of the
P=S and P=O dimethoates was generally identifiable, but crop constituents were nearly
absent. Baking the silica gel - kieselguhr plates for 5 minutes at 100° C between develop­
ments was considered advantageous. The Panel therefore recommends the silica gel­
kieselguhr semi-quantitative identification system as first action, but that if crop interferences
confuse the identification the formamide-impregnated system should be used. Details of
the identification procedures are set out in Appendix II.

If an aliquot of the chloroform extract is used for thin-layer chromatography before being
cleaned-up on the alumina column, the identification is not so clear-cut and in some instances
may not be possible.

Approximate RF values to be expected with the recommended chromatographic systems
are-

(a) With silica gel- kieselguhr plates: P=S dimethoate 0·6 in chloroform - acetone
(9 + 1) and 0·8 in chloroform - acetone (2 + 1); and p=o dimethoate 0·2 in
chloroform - acetone (9 + 1) and 0·4 in chloroform - acetone (2 + 1).

(b) With formamide-impregnated plates: P=S dimethoate 0·5 to 0·6 in 1,2-dichloro­
ethane - benzene (2 + 1) and 0·7 in cis-l,2-dichloroethylene; and P=O dimethoate:
0·05 to 0·07 in 1,2-dichloroethane - benzene (2 + 1) and 0·1 to 0·15 in cis-l,2­
dichloroethylene.

GAS - LIQUID CHROMATOGRAPHY-
The Panel also considered the application of gas -liquid chromatography to the deter­

mination of dimethoate. Several laboratories looked at the problem independently by using
the Aerograph phosphorus detector.
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One laboratory had investigated17 Apiezon on Chromosorb G, allowing identification of a
fraction of a nanogram of P=S dimethoate and about 10 ng of P=O dimethoate, but obtained
better results with an X.E. 60 cyanosilicone-impregnated column. The latter showed a
sensitivity of 0·2 to 0·3 ng of P=S dimethoate and 2 ng of P=O dimethoate, the peaks having
retention times of 9.5 and 75, respectively, with reference to 100 for parathion. Butane-l ,4­
diol succinate also showed promise. Another laboratory had used the X.E. 60 cyanosilicone­
impregnated column with extracts of fortified crops obtained by the recommended method.
With no alumina column clean-up, peas had given a 0·04 p.p.m. blank, 76 per cent. recovery
of P=S dimethoate and 107 per cent. of P=O dimethoate. With column clean-up,
recoveries were 50 per cent. for P=S dimethoate and 80 per cent. for P=O dimethoate. A
column temperature of 1500 to 2000 C was used for P=S dimethoate and 1200 C for P=O
dimethoate.

One laboratory reported that a successful column for P=S and P=O dimethoates was
2 per cent. diethylene glycol succinate on 80 to loo-mesh Gas Chrom Q. The retention times
of P=S and P=O dimethoates, relative to parathion (100), were 135 and 108.

Another laboratory used an S.E.30 silicone-impregnated column for identifying P=S
dimethoate in acetone extracts of cherries and plums. The response of the detector was
linear in the range 1 to 10 ng. Apiezon L (0'5 per cent.) was more promising for detection of
P=O dimethoate.

In the co-ordinating laboratory a 2 foot X i-inch stainless-steel column packed with
5 per cent. S.E.30 silicone gum supported on 80 to 100-mesh Chromosorb Wand pre-treated
with hexamethyldisilazane was used. To avoid decomposition of dimethoate it was necessary
to treat the column by repeated injection of dimethoate initially, and then daily before use
with 1 p,g of dimethoate. The oven temperature was 2150 C, when 0·1 ng of P=S dimethoate
was detectable. Menazon, vamidothion, vamidothion sulphoxide, demeton-S-methyl
sulphoxide and sulphone did not interfere. Untreated apples, peas, cauliflowers, blackcurrants
and cabbages extracted and cleaned-up by the recommended method gave little or no response,
and recoveries of 0·1 to 0·3 p.p.m. of P=S dimethoate were usually 70 to 120 per cent. Pears
needed additional clean-up. P=O dimethoate could probably be determined at 1500 to
1600 C at 0·3 p.p.m. Formamide from impregnated thin-layer chromatographic plates
interfered when spots on such plates were scraped and eluted. Spots from silica gel­
kieselguhr plates needed to be extracted by using a Soxhlet apparatus.

The Panel was unable to recommend a gas -liquid chromatographic method at this stage.

Appendix I

RECOMMRNDED METHOD FOR QUANTITATIVE DETERMINATION OF
DIMETHOATE RESIDUES IN FRUITS AND VEGETABLES

ApPARATUS-
l'rfacerator.
Chromatographic column-A column, with internal diameter about 2 cm and length

30 em, with tap and fitted with detachable reservoir, was used.
Absorption spectrophotometer and 4-cm cells.

REAGENTS-
All reagents should be of analytical-reagent grade when possible.
Acetone-Re-distillation may be necessary.
Chloroform.
Carbon tetrachloride.
Aluminium oxide-Neutral, Brockman Grade V (with 15 per cent. of water).
Perchloric acid solution, 72 per cent., aqueous, sp. gr. 1·70.
Nitric acid, sp. gr. 1·42.
Ammonium molybdate solution, 5 per cent., aqueous.
Sulphuric add, 0·6 N.

Tin(II) chloride - hydrazinium sulphate solution-Dissolve 2·0 g of hydrazinium sulphate
in 1 litre of 0·6 N sulphuric acid, cool to about 100 C and add 1·0 g of tin(II) chloride, from a
recently opened bottle. This solution becomes clear after about 12 hours in a refrigerator
and can be kept for 2 weeks.
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Isobutyl alcohol.
Ethanol.
Potassium dihydrogen orthophosphate solution (for preparation of calibration graph)­

Dissolve 43·9 mg of potassium dihydrogen orthophosphate in 100 ml of water and dilute
100-fold to give a solution containing 1 p,g of phosphorus per ml.

PREPARATION OF CALIBRATION GRAPH-

By pipette introduce a suitable volume of standard potassium dihydrogen orthophosphate
solution into a l00-ml separating funnel. Add 2 ml of perchloric acid and make up to 30 ml
with water. Add 5 ml of 5 per cent. ammonium molybdate solution and 15 ml of isobutyl
alcohol. Shake the mixture for 90 seconds, allow the layers to separate and discard the
lower aqueous layer. Wash the isobutyl alcohol with 15 ml of 0·6 N sulphuric acid, shaking
the mixture for 60 seconds. Allow to separate and discard the lower layer. Wash the iso­
butyl alcohol into a 50-ml calibrated flask with ethanol, add 0·5 ml of hydrazinium sulphate ­
tin(II) chloride solution and make up to 50 ml with ethanol, mixing thoroughly. Read the
optical density at 735 nm in a 4-cm cell against water in the reference cell.

EXTRACTION-

Macerate a 250-g sample of crop with 500 ml of acetone for 1 minute and filter through a
Buchner funnel. Again macerate the "cake" that is left with 250 ml of acetone for 1 minute
and filter through the Buchner funnel. Combine the acetone extracts and make up to 1 litre
with acetone. Take 200 ml (corresponding to 50 g of crop material) and evaporate off the
acetone under reduced pressure at a temperature not higher than 600 C. Cool the flask
thoroughly under the cold water tap. Filter the residue and wash the filter-paper with water.
Transfer to a separating funnel, making the final volume up to 150 to 200 ml. Extract three
times with 200 ml of chloroform. (Emulsions are rarely encountered if the volume of chloro­
form is equal to, or greater than, the volume of the aqueous extract.) Any semi-solid interface
should be left with the aqueous phase at each extraction. Combine the chloroform extracts
and filter through Whatman No.1 paper. Evaporate just to dryness under reduced pressure
at a temperature not higher than 600 C.

lf the method cannot be completed the same day, solutions containing crop extracts
should be stored at 00 C.

COLUMN CHROMATOGRAPHY-

Prepare a chromatographic column of 10 g of aluminium oxide in a liquid phase consisting
of a mixture of chloroform and carbon tetrachloride (1 + 1). Dissolve the residue from the
chloroform extraction in 10 ml of chloroform - carbon tetrachloride (1 + 1), introduce the
solution into the column, and allow it to run at a rate of about one drop per second. When
the level of the solvent has reached the top of the alumina, add a further 10 ml of chloroform ­
carbon tetrachloride (1 + I), rinsing out the flask. When this has reached the top of the
alumina, elute the column with 120 ml of the chloroform - carbon tetrachloride mixture.
After about 50 ml of solvent have run through the column, its rate of flow can be increased
to two drops per second. Evaporate the solvents and, by using chloroform, transfer the
residue to the flask for wet oxidation.

WET ASHING-

Evaporate the chloroform, add 5 ml of distilled water, five drops of concentrated nitric
acid, 2 ml of 72 per cent. perchloric acid and a small glass bead to the residue in the flask and
heat to dense white fumes for several minutes. Cool, add a few millilitres of water, and also
a few drops of nitric acid if the solution is coloured, and again heat to white fumes. Cool and
transfer to a l00-ml separating funnel with water, making the volume up to 30 ml.

COLORIMETRIC DETERMINATION-

Add 5 ml of ammonium molybdate solution and 15 ml of isobutyl alcohol. Shake the
mIxture for 90 seconds, allow the layers to separate and discard the lower aqueous layer.
Wash the isobutyl alcohol layer with 15 ml of 0·6 N sulphuric acid, shaking it for 60 seconds.
Allow to separate and discard the lower layer. Wash the isobutyl alcohol layer into a 50-ml
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calibrated flask with ethanol, add 0·5 ml of hydrazinium sulphate - tin(II) chloride solution
and make the volume up to 50 ml with ethanol, mixing thoroughly. Read the optical density
at 735 nm in a 4-cm cell against water in the reference cell.

Read the corresponding amount of phosphorus from the calibration graph and multiply
it by 7·40 to express the results as dimethoate.

Appendix II
RECOMMENDED METHOD FOR SEMI-QUANTITATIVE IDENTIFICATION OF

DIMETHOATE RESIDUES IN FRUIT AND VEGETABLES
REAGENTS-

Silica gel G (Merck, for chromatography).
Kieselguhr G (Merck, for chromatography).
Silica gel HF (Merck, for chromatography).
Formamide-General-purpose reagent.
1,2-Dichloroethane.
cis-l,2-Dichloroethylene-Obtained from Ralph N. Emanuel, 3-4 Leather Market,

London, S.E.l.
4-(p-Nitrobenzyl)pyridine-Obtained from Ralph N. Emanuel. Prepare a 2 per cent.

solution in acetone.
Tetraethylenepentamine, 10 per cent. in acetone.
Active carbon, Nuchar C190N.
Acetonitrile, redistilled.
Hexane, redistilled.
Magnesium OXide-Chromatographic grade.
Standard sol'utions of P=S and P=O dimethoates-These were prepared in chloroform

and should be stored at 0° C in the dark.

THIN-LAYER PLATES-
(a) Silica gel- kieselguhr plates-Slurry 20 g of silica gel G, 20 g of kieselguhr G and 80 ml

of water for Ii minutes and spread the mixture over five 20 X 20-cm plates by using a
spreader set at 0·25 mm. After initial air-drying, dry the plates in the oven at HO° to 120° C
for at least 1 hour and allow them to stand in a desiccator cabinet to cool.

(b) Formamide-impregnated silica gel plates-Slurry 30 g of silica gel HF with 100 ml of
20 per cent. formamide in ethanol for 1 minute, allow to stand for 1 minute to remove air
bubbles and spread the mixture over four 20 X 20-cm plates by using a spreader set at 0·5 mm.
With some batches of silica gel HF it is necessary to vary the amount of formamide solution
to obtain a slurry of suitable consistency. After spreading, air-dry the plates for 5 to 10
minutes and then oven-dry them at 50° C for 10 minutes before storing in a desiccator cabinet.

(a) Further clean-up for silica gel- l<ieselguhr plates-Evaporate an aliquot, corresponding
to 5 g of fruit or vegetable, of the eluate from the alumina column of the recommended
quantitative method (Appendix I) nearly to dryness on a water-bath, with a gentle stream of
air. Take up the residue in 25 ml of acetonitrile and extract four times with 10 ml of hexane,
shaking the mixture for 1 minute on each occasion. Discard the hexane extracts. Add
0·2 g of Nuchar C190N and 0·4 g of magnesium oxide to the acetonitrile solution and shake it
for 5 minutes. Filter through a Whatman 2V (No. 12) paper and concentrate the filtrate in a
stream of air just to dryness on a water-bath. (A test-tube with a draWn-out lower end is
suitable for this stage.) Take up in 20 to 25p.1 of chloroform for chromatography. With
apples, pears, cabbages and blackcurrants there is no need for acetonitrile - hexane partition,
or magnesium oxide treatment, and the chloroform - carbon tetrachloride eluate can be
shaken directly with 0·2 g of Nuchar C190N, filtered and concentrated for chromatography.

If the method cannot be completed the same day, solutions containing crop extracts
should be stored at 0° C.

(b) Further clean-up for formamide-impregnated plates-The details of the procedure for
further clean-up for formamide-impregnated plates are identical with those for silica gel­
kieselguhr plates, except that magnesium oxide is omitted when the 0·2 g of Nuchar C190N is
added to the acetonitrile solution, and the same provision applies with apples, pears, cabbages
and blackcurrants.
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CHROMATOGRAPHY (TWO DIMENSIONAL)-

(a) With silica gel- kieselguhr plates-With a suitable capillary, carefully apply the
solution in successive 2 to 3-JLl amounts at a spot 2·5 cm from the edges of two adjacent sides.
Also apply P=S and P=O dimethoates (say 1 JLg of each) 2 cm from the far ends of the two
adjacent sides and 2·5 cm from the edges. Develop in chloroform - acetone (9 + 1), in a
tank that has been allowed to equilibrate, until the solvent front is 3 cm from the top edge.
Dry at 100° C for 5 minutes. Develop at right angles in chloroform - acetone (2 + 1), in a
tank that has been allowed to equilibrate, until the solvent front is 3 cm from the far edge.
Allow the plate to dry in the air. Spray with 15 to 20 ml of 4-(p-nitrobenzyl)pyridine solution
in acetone. Heat for 10 minutes at 110° C in an oven. Spray with tetraethylenepentamine
solution, whereupon the pesticides appear as blue spots on a white background. Compare
the position and intensity of the sample spots with the standards.

(b) With formamide-impregnated plates-With a suitable capillary, carefully apply the
solution in successive 2 to 3-JLl amounts at a spot 2·5 cm from two adjacent sides. Also apply
P=S and P=O dimethoates (say 1 JLg of each) 2 cm from the far ends of the two adjacent
sides and 2·5 cm from the edges. Develop in 1,2-dichloroethane - benzene (2 + 1), in a tank
that has been allowed to equilibrate, until the solvent front is 3 cm from the top edge. Allow
to dry in the air at room temperature. Develop at right angles, in cis-l,2-dichloroethylene,
in a tank that has been allowed to equilibrate, until the solvent front is 3 cm from the far
edge. Allow to dry in the air. Spray with 15 to 20 ml of 4-(p-nitrobenzyl)pyridine solution
in acetone. Heat for 10 minutes at 110° C in the oven. Spray with tetraethylenepentarnine
solution, whereupon the pesticides appear as blue spots on white background. Compare the
position and intensity of the sample spots with the standards.

Appendix III

MEMBERSHIP OF THE PANEL
The Panel consisted of D. C. Abbott (Chairman), the late E. D. Chilwell, W. B. Chapman,

H. Crossley (until 23rd May, 1966), H. Frehse, N. Gandolfo, K. A. Lord, A. F. Machin, A.
Muller, R. A. Savidge (from 4th October, 1966), N. A. Smart (Secretary), R. W. Storherr
(from 16th September, 1966), R. P. Tew and B. Vasta (until 6th September, 1966).

REFERENCES

1. Chilwell, E. D., and Beecham, P. T., J. Sci. Fd Agric., 1960, 11, 400.
2. Smart, N. A., Analyst 1966,91, 621.
3. Laws, E. Q., and Webley, D. ]., Ibid., 1961,86,249.
4. Giang, P. A., and Schechter, M. S., ]. Agric. Fd Chem., 1963, 11, 63.
5. Fukel'man, L. M., Trudy Vses. Inst. Zashch. Rast., 1964, No.2, pt 4, 61.
6. de Pietri-Tonelli, P., Bazzi, B., and Santi, R, in Gunther, F. A., Editor, "Residue Reviews,"

Springer-Verlag, Berlin, Gottingen and Heidelberg, 1965, Volume 11, p. 60.
7. George, D. A., Walker, K. C., Murphy, R T., and Giang, P. A., ]. Agric. Fd Chem., 1966,14, 371.
8. Engst, R, and Kubel, D., Z. Lebensmittelunters. u. Forsch., 1966, 113, 149.
9. Mitsui, K., and Suzuki, S., Botyu-Kagaku, 1966,31, 103.

10. Abbott, D. C., Bunting, ]. A., and Thomson, ]., Analyst, 1966,91,94.
11. Smart, N. A., and Hill, A. R C., ]. Chromat., 1967,30,626.
12. Ashworth, R. ]., Tob. Sci., 1967, 186.
13. Youden, W. ]., J. Ass. Off. Agric. Chem., 1963,46, 55.
14. Steller, W. A., and Curry, A. N., Ibid., 1964,47, 645.
15. Bates,]. A. R, Analyst, 1965,90,453.
16. Watts, R. R, ]. Ass. Off. Agric. Chem., 1965,48, 1161.
17. Ruzicka, ]., Thomson, ]., and Wheals. B. B.,]. Chromat., 1967,30,92.

Received]uly 15th, 1\)68



Analyst, November, 1968J

Book Reviews

STEROID HORMONE ANALYSIS. Edited by HANS CARSTENSEN. Volume 1. Pp.
London: Edward Arnold (Publishers) Ltd.; New York: Marcel Dekker Inc.
£10 lOs. Od.

767

xiv + 493.
1967. Price

This is designated as the first of two volumes; there is, however, no indication of the subjects
to be treated in the second. The seven chapters of Volume 1 cover a diversity of topics, with
emphasis on practical procedures, but with great variation in the amount of detail included.

Chapter I, by E. Bojesen and co-authors, deals with the determination of steroid hormones
through the use of sulphur-35 sulphonylating reagents. The principles of these isotope derivative
methods, and the meticulous procedures essential for their success, are clearly and fully described
in an authoritative manner.

In chapters 2 and 3, E. Caspi et al. present short but effective introductions to the use of
infrared and nuclear magnetic resonance spectrometry in steroid investigations. Tables of the
principal correlations are included, as well as instructive examples of typical applications: Prac­
tical details are essentially limited to the preparation of potassium bromide microdiscs and pellets,
and the use of microcells for absorption spectrometry of solutions. The importance of dilution
in the characterisation of intramolecular hydrogen bonding is stressed (although not exemplified
in the illustrations on pp. 87 to 89).

Chapter 4 deals with the chromatography of steroids on paper. The article (184 pages) is by
far the longest in the book; unfortunately, in the reviewer's opinion it is also the least successful.
Ideally, descriptions of experimental procedures should expose all of the essential particulars and
illustrate optional details, without labouring the obvious. Admittedly, the craft of paper chromato­
graphy presents special difficulties in this respect. This chapter contains many useful practical
directions and informed observations, but the author's prolix style is somewhat infelicitous for
the reader. Moreover, several relevant topics seem to have escaped mention: examples are the
observations of several authors concerning the mechanism of the Zimmermann reaction (p. 246);
the effects of "isotope fractionation" during chromatography (p. 290); intramolecular hydrogen
bonding in 21-hydroxy-20-oxosteroids in relation to the lowered polarity of the 21-hydroxyl
group (pp. 216 and 236); and the decomposition of steroids as a possible source of loss, in their
elution from paper (p. 311). The author's definition of chromatography, based on that proposed
by Williams and Weil in 1952, omits the condition of mobility of one phase which, in the reviewer's
experience, is generally regarded as an intrinsic requirement of the process, rather than a "con­
vention" as suggested in this chapter.

Chapter 5, by K. B. Eik-Nes and co-authors, is a crisp and critical discussion of the biogenesis,
secretion and metabolism of testosterone, and of published methods for its determination in urine
and plasma. The basic principles and salient features of the methods are tabulated.

B. A. Knights, in chapter 6, presents in a concise style a very readable survey of gas chromato­
graphy in relation to the analysis and characterisation of steroids. Detailed procedures are not
given, but are readily accessible via the well annotated tables, which provide a key to the most
important analytical applications published up to 1965. .

Steroid conjugates form the subject of the final chapter, by J. R. Pasqualini. Extraction,
purification, synthesis, hydrolysis and isolation methods are all briefly discussed. As in the two
preceding chapters, much useful information is condensed in tabular form.

Author and subject indexes complete the volume.
A few grammatical inaccuracies have escaped correction, and the following factual errors

seem worthy of mention. In Table III, p. 150, the 3rd column total is incorrect. On p. 438 the
constants ("K") refer to solvolysis rates (k), not equilibria, and their values should be x 10-5,

not X 105: symbols for hydrogen atoms are missing from Fig. 3 on the same page.
This well documented book is of value as a reference volume for research workers concerned

with steroid hormone analysis. Its usefulness is, however, somewhat reduced by the excessive
delay in publication, and is likely to be limited by the unduly high price. C. J. W. BROOKS
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ENZYMES. By D. W. Moss, M.A., M.Sc., Ph.D. Pp. viii + llO. Contemporary Science Paper­
backs 15. Edinburgh and London: Oliver & Boyd. 1968. Price 7s. 6d.

NATURAL HIGH POLYMERS. By C. T. GREENWOOD, Ph.D., D.Sc., F.H..I.C., F.R.S.E., and E. A",,,,
MILNE, Ph.D. Pp. viii + 128. Contemporary Science Paperbacks 18. Edinburgh and
London: Oliver & Boyd. 1968. Price 7s. 6d.

"There is no end to the buying of books, and to study books closely is a weariness to the
flesh" is James Moffat's rendering of the well known passage in Ecclesiastes. To the truth of this
every chemist can testify, as his science is an expanding universe of knowledge and its exposition,
with which he can never hope to keep pace except perhaps in his own sub-galactic sub-unit. But
every chemist worth his salt is seized by a desire to keep in touch, if only superficially, with what
is happening outside the particular star that he is engaged in pursuing, and to make this easy for
him is a boon and a praiseworthy venture. This is achieved in the two books under review, and
if they are typical of the series, its success is assured. The intention claimed in the prefaces to
these volumes of initiating the sixth-former and the undergraduate, or even just satisfying an
enquiring mind is ably fulfilled; the exposition is clear and logical, the reading is easy and there
is no weariness to the flesh.

Natural High Polymers deals with proteins, including their synthesis in nature (the "code"
is clearly explained), polysaccharides, lignin and rubber, and inorganic polymers, such as the
silicates. A most interesting section in Enzymes is that on their role in reactions in the body.
Some overlapping in the treatment of the subjects of these two volumes is unavoidable in giving
an over-all picture of the subjects, but they fortify each other.

Both volumes can be thoroughly recommended for giving an up-to-date general survey to the
chemist in another field or to the scientist in another discipline. J. 1. M. J OXES

ION EXCHANGE IN MIXED AND NON-AQUEOUS MEDIA. By JOHANN KORKISCH. SOME NEUTRAL
BIFUNCTIONAL ORGANOPHOSPHORUS COMPOUNDS AS SOLVENT EXTRACTANTS. By JEROy/E
W.O'LAUGHLIN. ANION EXCHANGE IN NITRATE SOLUTIONS. By JOHN FARIS and ROBERT
F. BUCHANAN. ANALYTICAL CHEMISTRY OF NEPTUNIUM. By G. A. BURNEY, E. K. DGKES
and H. J. GROH. THE ANALYTICAL CHEMISTRY OF POLONIUM. By ROBERT C. LANGE.
Progress in Nuclear Energy, Series IX: Analytical Chemistry, Volume 6. Pp. vi + 260.
Oxford, London, Edinburgh, New York, Paris and Frankfurt: Pergamon Press. 1966.
Price 90s.

The monographs on Analytical Chemistry in the series "Progress in Nuclear Energy" will be
known to analytical workers for their coverage of subjects of non-nuclear as well as of nuclear
interest. Volume 6 is concerned with aspects of two general topics, separation techniques and the
analytical chemistry of selected elements, in this case neptunium and polonium. Specific titles
of the chapters are Ion Exchange in Mixed and Non-aqueous Media by Johann Korkisch, Some
Neutral Bifunctional Organophosphorus Compounds as Solvent Extractants by Jerome W.
O'Laughlin, Anion Exchange in Nitrate Solutions by John Faris and Robert F. Buchanan,
Analytical Chemistry of Neptunium by G. A. Burney, E. K. Dukes and H. J. Groh and The
Analytical Chemistry of Polonium by Robert C. Lange.

The first and longest chapter in the book, which is by Korkisch, systematically considers
the behaviour of many elements in mixed or non-aqueous media in the presence of cation or anion
exchangers. A large amount of distribution data is included in graphs and tables, and the applica­
tion of selected systems to actual separations is demonstrated by the inclusion of elution curves.
O'Laughlin first briefly discusses methods of syntheses of neutral bifunctional organophosphorus
compounds and then describes extraction behaviour of the elements with these compounds by
reference to liquid -liquid extraction experiments and reversed-phase partition chromatography;
a final section considers the theoretical implications of experimental results. Information on the
extraction of more than seventy elements from nitric acid solution by a strongly basic anion
exchange is given in the chapter by Faris and Buchanan, who also consider anion exchange in
organic solvent - nitric acid mixtures.

The last two chapters on the analytical chemistry of neptunium and polonium cover similar
ground for the two elements, summarising properties, methods of separation and techniques of
quantitative determination.
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The first three chapters on separations, which constitute some three quarters of the total
length of the book, contain much information on elemental distributions and are likely to be
a useful starting point for those workers interested in applying the systems considered to their
own particular problems. The last two chapters are short but in the space available the authors
concentrate on the analytical aspects of the chemistry of neptunium and polonium and, therefore,
the "signal-to-noise" ratio for analysts is high. Nevertheless, there is always the danger that
books covering a number of diverse and rather specialised subjects will appeal only in part to
prospective readers and this book is more likely to appear on library shelves than in the collection
of the private individual. T. B. PIERCE

FLUORESCENCE. THEORY, INSTRUMENTATION AND PRACTICE. Edited by GEORGE G. GUILBAULT.
Pp. xxviii + 697.. London: Edward Arnold (Publishers) Ltd.; New York: Marcel Dekker
Inc. 1967. Price 145s.

The text of this book constitutes an expansion of nineteen papers presented at a 2-day sym­
posium of the Analytical Division of the A.C.S. held in Miami Beach in April, 1967. Not infre­
quently the proceedings of symposia published in this way are chiefly of interest to those who
attended the meeting or who were prevented from attending by force of circumstances. Generally,
such published proceedings have appeal only over a limited period of time.

This book, however, is refreshingly different, for it covers virtually all possible areas of lumin­
escence phenomena, both molecular and atomic, and penetrates from applied aspects, e.g.,
analytical applications of various luminescence phenomena, through to instrumentation for the
study of fluorescence, etc., kinetics and other fundamental aspects of the subject area. There is
no doubt that this is an important text and that it cannot safely be neglected by anyone who is
interested in this fascinating corner of spectroscopy. Subjects dealt with include Structure and
Environmental Factors in Fluorescence, Laser Excitation of Vibrational Fluorescence (LR.
Fluorescence), Theory of Luminescence Polarisation of Fluorescence, Fluorescence of Metal Chelate
Compounds, Analytical Phosphorimetry, Atomic Fluorescence in Flame Media and Electrolumin­
escence of Condensed Hydrocarbons.

Although all sections are equally praiseworthy in their approach to the various topics dealt
with, from an analytical viewpoint there can be little doubt that the contribution from Winefordner
and Mansfield on atomic-fluorescence spectroscopy and from Bard, Santhanam, Cruser and Faulk­
ner on the other "new" technique of electroluminescence are of outstanding importance. These
new analytical techniques bid fair to supplement or even replace some of the much use dinstru­
mental techniques currently in our armoury for inorganic and organic trace analysis. I cannot
stress too strongly how significant these are. There is no doubt whatsoever that, even for these
two sections alone, this book represents a milestone along the highway of analytical chemistry.

The book is expensive for Europeans, but it is a really worthwhile publication.
T. S. WEST

TITRATION IN NON-AQUEOUS MEDIA. By 1. GYENES C.Sc. English translation edited by D.
COHEN, M.A., Ph.D., A.R.LC., and 1. T. MILLAR, B.Sc., Ph.D., F.R.I.C. Pp. xiv + 461.
London: Iliffe Books Ltd; Princeton and New Jersey: D. Van Nostrand Company, Inc.
1968. Price 75s.

Non-aqueous titration is an expanding technique that finds use both in research and in
quality-control laboratories, especially in the pharmaceutical industry. In consequence, there is a
need for a comprehensive reference work on the subject. This book attempts to fill the gap that
has hitherto been present in the literature, with a discussion of the theoretical and practical
aspects of non-aqueous titration.

The first half of the book deals with some of the theoretical aspects and includes a detailed
discussion of the solvents that can be used. The theoretical section begins with the development
of acid - base concepts, a subject that is too often taken for granted, and concludes with an account
of the methods of end-point detection, viz., potentiometry, visual indicators and photometric
titration.

The latter half is devoted to descriptions, with experimental details, of methods of analysis for
all of the main classes and most of the sub-classes of organic compounds. In addition, accounts of
both redox and complexometric titrations are included. As much information as possible is
given in these sections to enable the practising analyst to carry out the procedures described on the
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macro-, semimicro- and micro-scale. Also, in many instances, worked calculations of the results
are included.

Nearly 900 references are cited, although the author does not consider these to represent a
complete coverage of the available literature. The aim of the book is to assist the chemist working
in industrial laboratories on routine analysis, but it can also be recommended as a standard reference
work on the general subject of non-aqueous titrations.

R. M. DAGNALL

CHEMICAL ANALYSIS FOR IRONFOUNDRIES. SELECTED METHODS. Recommended by the BCIRA
Methods of Analysis Sub-Committee. By THE BRITISH CAST IRON RESEARCH ASSOCIATION.
pp. 215. London: George Allen & Unwin Ltd. 1967. Price 42s.

In 1959 the British Cast Iron Research Association published what was intended to be the
first part of "Selected Methods of Analysis of Foundry Materials." This first issue was restricted
to the analysis of pig and cast iron, and it was intended to follow it up with further parts covering
alloy irons, ferro-alloys, slags, refractories, fuels and residual elements. The new book, published
under a slightly modified title, represents a change in policy for, in addition to replacing the
previous work (100 pages), it covers the analysis of all types of irons and also ferro-alloys and
slags within the compass of a single volume of 215 pages. The outcome is a concise work that
covers all of the essential day-by-day requirements of the ironfoundry chemist. The decision
to exclude methods of analysis for refractories, fuels, trace and residual elements is based on the
premise that they are rarely required in ironfoundry laboratories. If this point is accepted,
perhaps with some reservations about the growing importance attached to trace elements and
residuals, there is no doubt that it has helped to keep the size of the volume within the bounds
of a handy laboratory bench book. By the same token, theoretical matter has been restricted
to a brief outline of the chemical principle of each method.

The first section, dealing with pig and cast irons, includes a comprehensive treatment of
the problem of sampling. Traditional techniques and up-to-date methods, such as the rotary
sampling machine and evacuated glass-tube sampling, are all described in considerable detail.

The choice of methods of analysis is excellent. All are established methods of proved merit
and considerable use has been made of British Standard and other authoritative methods. Alterna­
tive methods have been included for each element when this has been possible without reducing
the quality standard the authors have set for themselves.

Methods for the analysis of ferro-alloys are mainly concerned with the principal element and
one or two important minor elements. The methods given for the analysis of foundry slags are
based on well known techniques, with the possible exception of the method for fluorine, for which
the authors can claim some originality.

The appendices dealing with equipment, etc., laboratory techniques and hazards and the
use of spectrophotometers complete a very useful volume. There is no doubt that this book
will become widely used, not only in ironfoundry laboratories, but also in steelworks laboratories
and, indeed, wherever the analysis of ferrous materials is practised. It is equally adaptable for
the use of students and experienced chemists, but it is essentially a laboratory handbook for the
practical analyst in the ironfoundry industry. B. BAGSHAWE

DRITTES KOLLOQUIUM UBER METALLKUNDLICHE ANALYSE MIT I3ESONDERER BERUCKSICHTIGUNG
DER ELEKTRONENSTRAHL - MIKROANALYSE, WIEN, 25·-27 OKTOBER, 1966. Pp. iv + 290.
Mikrochimica ActajSupplementum II. Vienna and New York: Springer-Verlag. 1967.
Price DM59; $14.75: to subscribers to Mikrochimica' Acta DM53.1O; $13.40.

This volume, issued as a supplement to Mikrochimica Acta, contains the twenty-seven papers
presented at the third annual conference held in Vienna in October 1966, on electron-beam micro­
analysis. With the exception of a prepared discussion on one paper, together with the author's
reply, no discussions of the papers are given. Most of the authors are from universities and
industrial research laboratories in Germany.

More than a quarter of the papers are concerned with applications, generally metallurgical,
of the "microsonde," a form of X-ray emission spectroscopy in which simultaneous analysis and
observations of an extremely small specimen area are possible. Papers are presented showing
that by incorporating with this equipment such refinements as scanning devices, laser beams and
the electron microscope, it is possible to obtain detailed pictures of, for example, inclusions in
steels, the distribution of oxygen in copper - titanium alloys and of impurity particles in silicon



November, 1968J BOOK REVIEWS 771

wafers. Examples are also reported of the use of an electron-beam microanalyser in the study
of the calcium oxide - magnesium oxide system, the diffusion of silicon in molybdenum and in
the examination of surface films on metals. One paper describes the production of quite extra­
ordinary colour pictures of the structure of metal samples by superimposition of several oscillograph
pictures, each taken with a different colour filter.

There are several valuable, if somewhat more sober, papers on correction factors and Kossel
diagrams, as well as detailed descriptions of equipment, and the whole volume presents a good
conspectus of recent developments in this interesting field. J. W. PRICE

GAS EFFLUENT ANALYSIS. Edited by WILLIAM LODDING. pp. xii + 220. London: Edward
Arnold (Publishers) Ltd.; New York: Marcel Dekker Inc. 1967. Price 95s.

The study of reactions in solids by measurement of a physical parameter while a sample
is being heated is a well established technique. Many such reactions are accompanied by the
evolution of gases, and the identification and measurement of these gases is the Bubject of this book.

This is the first volume of a series on Thermal Analysis, and contains seven chapters by
different authors. A short review of history and theory is followed by a description of apparatus
for gas evolution and detection. The second chapter contains a survey of thermal-conductivity
detectors, their operation and calibration, an outline of gas chromatography and several examples
of the application of these detectors to thermodynamic and kinetic studies. The application of
mass spectrometry is described and illustrated by several examples of mass-spectrometric thermal
analysis. Pyrolysis gas chromatography is illustrated mainly by its application to polymers.
A short chapter describing some simple chemical absorption techniques is followed by a review
of infrared methods, which includes an extensive study of the potential of a multiple-scan inter­
ference spectrometer. The final chapter reviews the detection of condensation nuclei evolved
during thermal analysis.

Apparatus is well illustrated and numerous examples of the application of each technique
are described. Most chapters contain an extensive bibliography and there is a comprehensive
author index, but the subject index seems inadequate. Occasionally there is a tendency to give
a short over-all description of a technique rather than concentrating on the peculiar requirements
of that technique when applied to evolving gases. As a result, the description may be inadequate
for those who are unfamiliar with the technique. Apart from this defect I found this book gave
a useful review of an extensive SUbject.

The format and printing of the book are very clear and it appears to be free from typographical
errors. G. M. S. DUFF

RECOMMENDED METHODS OF SAMPLING ALUMINIUM SCRAP. By the ORGANISATION OF EUROPEAN
ALUMINIUM SMELTERS. pp. vii + 43. London: Organisation of European Aluminium
Smelters. 1968. (Gratis from OEA, 3 Albemarle Street, London, W.l.)

The segregation of miscellaneous scrap metal is a difficult problem, and any information
that minimises this task, and the expense, is welcomed.

In this small publication, which is also available in French and German, the emphasis is not
on "spot-testing," as might have been expected for the aluminium industry, but on the provision
of a representative (melted) sample for subsequent chemical or spectrographic analysis.

The recommendations are approved by the Technical Committee of the Organisation of
European Aluminium Smelters, and aim to give general guidance in the sampling of aluminium
and aluminium alloy waste and scrap. W. T. ELWELL

SPECTROSCOPIC TRICKS. Edited by LEOPOLD MAY. pp. xiv + 333. London: Adam Hilger Ltd.
1968. Price 84s.

This book consists of a collection of "Tricks" and Notes, which appeared in the journal
Applied Spectroscopy over the period from 1959 to 1965. The tricks consist of new devices and
modifications to mainly commercially available instruments that have been invented by practising
spectroscopists. For example, in one item a method for introducing powders into flames is de­
scribed, and several others are concerned with sample cells and disc holders, useful in infrared
spectroscopy. These are reproduced from the journal without further comment. The book is
divided into eight sections applicable to different techniques, by far the longest of which are
those devoted to emission spectroscopy and infrared spectroscopy. There are smaller sections on
mass spectroscopy, X-ray spectroscopy and ultraviolet - visible spectroscopy, etc. It is perhaps
anomalous to find atomic absorption in the emission-spectroscopy section.
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The original publication of these tricks has been of considerable value to spectroscopists.
Whether this collation at a later date, when some will already be in general use, is of the same
value is questionable. Additionally, even allowing for the current high prices of technical literature,
the price of this book, which contains no original material, still seems exorbitant. To someone
who does not regularly read Applied Spectroscopy, however, the book represents an interesting
collection of ideas, some of which were familiar and some not. JOHN M. OTTAWAY

DIE ANALYTISCHE CHEMIE IN DER ERGEUGENDEN UND VERARBEITENDEN HUTTENINDUSTRIE.
Edited by VEREIN DEUTSCHER EISENHUTTENLEUTE. pp. iv + 391. Dusseldorf: Verlag
Stahleisen MbH. 1968. Price DM59.

This is a collection of nineteen papers, mostly by different authors, on various aspects of
metallurgical analysis, presented at a symposium in Essen at the beginning of 1965. It is intended
to supplement the four-volume "Handbuch fiir das Eisenhiitten-Laboratorium," dealing with
questions-basic theory, historical matters, new techniques-which do not fit into the framework
of the Handbook.

As usual in a work of this kind, the essays vary widely in value and authority. I shall not
attempt to comment on all of them. The first, by Horst Wiinsch, on the application of statistics
to chemical analysis, is a model of its kind, and the second, by three authors, on sampling in the
iron and steel industry, confirms one's impressions that this is a problem that is tackled much
more systematically on the continent than here. In the contribution by Hans-Wolfgang Nurnberg
on polarography, on the other hand, there is a clear indication that Germany lags behind, and
a high proportion of the literature references are to British work. Alfred Stetter's 10 pages on
X-ray analysis give no literature references at all, and it is hard to see in what way this supplements
the excellent treatment in Volume II of the Handbook (119 references).

Several essays deal with gas analysis, including one on non-ferrous metals, and there is some
overlapping here. Dr. Koch attempts to compress his encyclopaedic knowledge of metal-phase
identification into 17 pages, and is not helped by the poor quality of the reproduction of some
of the photographs.

A noticeable omission from the essay on trace analysis, and others that might be expected
to include it, is any mention of atomic-absorption spectrophotometry. G. M. HOLMES

CHEMICAL ENVIRONMENT IN THE AQUATIC HABITAT (Proceedings of an I.B.P. Symposium held in
Amsterdam and Nieuwersluis 10-16 October 1966). Edited by H. L. GOLTERMAN and
R. S. CLYMO. pp. xii + 322. Amsterdam: North-Holland Publishing Company. 1967.
Price 70s.

An unusual book for an analytical chemist to be reviewing one might· think at first glance­
yes indeed, but one dealing with a topic that is rapidly becoming of increasing importance to a
great number of analytical chemists. The reviewer is not qualified to comment upon the chemical
oceanography and limnology of the subject, but these subjects are built upon the answer to "How
much?" That is the work of analytical chemists. Indeed the opening paper cuts the analytical
chemist down to size by regarding him as a high grade technician. However, by considering the
problems that are given or discussed during this symposium, we can see the reason for this, as one
of the tasks of the meeting was to produce a manual for the non-existent "routine" analyses that
are needed to help the biologist solve his difficulties.

The papers are of four main types and are conventionally catalogued as the problem of organic
substances, their chemical determination and biological fate; the availability of phosphorus, silica
and iron in water; problems in the interaction of water and bottom sediments; and technical
papers reviewing old and proposed new methods of analysis.

It may be a broad general statement but it seems that the analytical chemist with all the
power of his arsenal is needed desperately in the first two categories: in the third possibly not so
much, but in the fourth he is very much at home.

As the book is the proceedings of a conference, detailed criticism of individual papers would
be out of place in this review. However, there are several important papers concerned with the
determination of orthophosphate in water, total carbon analysis in water pollution control, auto­
matic methods for the analysis of natural waters, etc.

This book is not one for the analytical chemist who wants a ready reference to solve his prob­
lems, but as a fascinating and stimulating book on what analytical chemists will probably be
doing in the near future it will handsomely repay reading. G. NICKLESS
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Determination of Trace Amounts of Cobalt in Alwnina by
Atomic-absorption Spectroscopy

After the dissolution of alumina by hydrocWoric acid in a sealed tube
at 2700 C traces of cobalt are determined by measurement of atomic
absorption at 240·7 nm. In one of the two procedures described cobalt,
in the range 50 to 250 p.p.m. in alumina, is determined by aspiration directly
into an air - acetylene or nitrous o,xide - acetylene flame, and in the other
procedure cobalt, in the range 10 to 100 p.p.m. in alumina, is determined by
co-precipitation on hydrated manganese dioxide, followed by extraction into
isobutyl methyl ketone as its 8-hydroxyquinoline complex. The extract is
sprayed into an air - propane flame and absorbance measurements are made
as before. No interferences were found from the other elements likely to
be present in alumina.

The nitrous oxide - acetylene flame is less favourable than air - acetylene
for the determination of cobalt because of the unfavourable effect of the
strongly reducing cyanogen zone of the flame and because of considerable
loss of atomic cobalt caused by ionisation.

B. FLEET, K. V. LIBERTY and T. S. WEST

Chemistry Department, Imperial College, London, S.W.7.

Analyst, 1968, 93, 701-708.

The Determination of Silicon by Atomic-absorption
Spectrophotometry, with Particular Reference to
Steel, Cast Iron, Aluminium Alloys and C;;ment

The d'etermination of silicon by atomic-absorption spectrophotomr.<ry
in silicon-containing and siliceous materials has been investigated. Me.Lns
are outlined by which many types of sample can be completely dissolved
without loss of silicon, thus avoiding the need for fusion. Full operating
details are given, and the results, accuracy and sensitivity of the m~tnod

are discussed.

W. J. PRICE and J. T. H. ROOS
Pye Uniearn Ltd., York Street, Cambridge.

Analyst, 1968, 93, 709-714.

Determination of Sodium-22 in Rain Water by Using a Low Level
f3-Counter

A method has been developed for the separation from rain water of
sodium-22, sufficiently radiochemically pure for it to be measured by low level
J3-eounting. A 50-litre sample of rain water is evaporated to about 1 litre
and the concentrate passed through a cation-exchange column. The sodium
is eluted with 0·7 N hydrochloric acid solution. The sodium fraction is then
purified, precipitated with oc-methoxyphenylacetic acid, converted into sodium
cWoride and counted in a low background anti-coincidence J3-counter.

B.A. BURDEN
Ministry of Technology, Laboratory of the Government Chemist, Cornwall House,
Stamford Street, London, S.E.l.

Analyst, 1968, 93, 715-719.
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HILGER & WATTS LTD.

•

Applied Optics Division 1ll 1ll
, 98 St. Pancras Way, Camden Road, London. ClIP ClIP

• N.W.I.Telephone:OH855636Telex:23852 ........
Grams: Sphericity London N.W. 1. '''=::.~:-

Name

Address_

So send us the coupon and ask to be
included on our demonstration tour.

Find out what a £970
Spectrophotometer can really do.~

-------~-­Please invite us to your demonstration tour.

Accessibility. The lnfragraph
opens up easily for inspection. It's just the
job for lectures.
Easy to use. A first year student or
lab assistant can be at home with the
lnfragraph in a matter of minutes.

But even that's not alI.
The lnfragraph is small, light and takes

I the minimum of bench space. And uses
1--1--+--+-,- r , I all your existing sampling accessories.

i':
Our new lnfragraph

Spectrophotometer costs only £970.
Yet it's about the best medium~reso~

lution infra~red spectrophotometer you
can buy. And it's certainly the best value
for money.

Take a look at this lnfragraph trace
and then check through these four
vital value~for~money features and get.
the rest of the story.
Wavelength range.
The lnfragraph covers the whole of the
most useful range from 4OOO~650 cm·I .

See trace for resolution achieved.
A4 graph paper or flow chart.
Our lnfragraph uses either A4 or contin~
uous paper equally well. Produces a
clean, wen~defined spectrogram at speeds
ranging between two and ten minutes
'per scan.

P. A. May 1874
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An Investigation of the Degraded Neutron Flux in a 14-MeV
Neutron-activation Cell

Measurements have been made of the fluxes of thermal and indium
resonance neutrons near the target of a 14-MeV neutron generator in a small
irradiation cell. These measurements can be used to assess the importance
of interfering reactions in fast-neutron activation analysis. For a fast­
neutron output of 109 neutrons per second the measured sub-cadmium flux
was 3·8 X 1()4 neutrons per cm2 per second, and the flux at the 1'4-eV indium
resonance was 1·3 X lOS neutrons per cm2 per second per eV.

P. E. FRANCOIS
Department of Physics, University of Aston in Birmingham, Gosta Green, Bir­
mingham 4.

The Micro Determination of Calcium in Mammalian
Hard Tissues

A spectrophotometric method is described for the determination of
microgram amounts of calcium. The procedure is extremely rapid and
simple, enabling amounts of calcium in the range 2 to 3'5 f-'g per ml to be
determined with an accuracy of about ±I per cent. (standard deviation).
The method, based on the ability of calcein (fluorescein-3,3'-bismethylimino­
diacetic acid) to complex with calcium ion, measures the reduction in light
absorption of a calcein solution at 506 nm on the addition of calcium.

C. ROBINSON and .1. A. WEATHERELL
Biological Research Unit, Dental School and Hospital, University of Leeds.

Analyst, 1968, 93, 722-728.

Determination of Hydrofluoric Acid in Inhibited Red Fuming
Nitric Acid

A simple method has been devised for directly measuring fluoride-ion
concentrations in inhibited red fuming nitric acid, which is commonly used
in propellents. The technique involves the use of a newly developed fluoride­
sensitive electrode, and the concentrations are determined by measuring
the potential developed between this electrode and a reference electrode.
A special procedure, involving a buffer solution, was devised for weighing
the inhibited nitric acid before neutralisation, dilution and measurement.
The results are more accurate than those obtainable by the commonly used,
and more complex, indirect methods. For the particular instance of inhibited
red fuming nitric acid, the technique also proved superior to another proposed
direct method in that it is effective with samples as small as I g.

E. F. CROOMES and R. C. McNUTT
Army Propulsion Laboratory and Center, Research and Development Directorate,
U.S. Army Missile Command, Redstone Arsenal, Alabama 35809.

Analyst, 1968, 93, 729-731.

Determination of the Total Silicon Content of Water
A method is described for the determination of total silicon content of

water based on evaporation, fusion and subsequent absorptiometric measure­
ment of solutions of reduced ,B-molybdosilicic acid. The standard deviation
for this procedure, by using samples of between 20 and 60 ml, was found to
be 0·1 f-'g of silicon as silica.

P. M. BAKER and B. R. FARRANT
Analytical Laboratory, The Permutit Co. Ltd., Chiswick, London, WA.

Analyst, 1968, 93, 732-736.



November, 1968] THE ANALYST vii

Instant
Chemistry
with
Nuclear Enterprises
Non-dispersive
X-ray Spectrometer

Nuclear ~
Enterprises Ltd ....
Sighthill, Edinburgh 11, Scotland
Telephone 031-443 4060 Telex 72333
Bath Road, Beenham, Reading, England
Telephone Woolhampton 2121 Telex 84475
Associate Company Nuclear Equipment Corporation
131 Terminal Way, San Carlos. California 84010, U.S.A.

The Nuclear Enterprises Spectrometer is a complete
system, streamlined and portable, enclosed in one package.
The unitized system includes: a Linear Amplifier, a Biased
Amplifier, Baseline Restorer, Detector Bias Power Supply,
LN Reservoir and Cryostat Assembly. This instrument may
be used as a high resolution low energy spectrometer
or converted to a non-destructive, non-dispersive
X-ray Spectrometer for analysis of elements with the
addition of a radioisotope source, or an X-ray generator.

Nuclear Enterprises recent developments in electronic
circuitry and semiconductors have produced a detection
system with an energy resolution of 400 eV capable of
distinguishing between K" X-rays of adjacent elements
in the periodic table.
It is particularly significant that simultaneous multi­
element analyses of samples are obtainable at the rate
of 60 per minute for many applications requiring on-line
control. Reliable data reveals that routine analyses of
elements to less than 100 parts per million is feasible.

The stability of the spectrometer is so good that
spectra can be duplicated over a period of many months.
It is also non-critical to sample preparation, independent
of large surface variations in solid samples and granular
or liquid samples are accepted.

Other noteworthy features of the instrument are that
it is portable, and easily operated by non-technical
personnel.

Full details on request.

h
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Iron and Zinc X-ray spectra taken with an NE
Spectrometer incorporating a 25 mm x 3 mm silicon
detector which has a guaranteed resolution of less than
390 keY.
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Screenin~ for Alkaloids in Toxicolo~yby Using Thin-layer
Chromatography: A Rapid System Simulatin~Paper Chromatography

Although numerous thin-layer chromatographic systems for the separation
of alkaloids have been reported, none of them compares in abundance of
recorded R F values with the citrate paper system of Curry and Powell. In
order to overcome the slowness (which can be a serious disadvantage with
this paper system in diagnosis of acute poisoning) without recourse to a new
thin-layer chromatographic system and consequent sacrifice of results, a
system has been developed that gives R F values which, for practical purposes,
are substantially the same as those in the paper system, for the limited range
of drugs examined and for their extracts from horse urine. It is unlikely that
the correlation is due to chance, and it is considered, therefore, that the more
rapid thin-layer chromatographic system can be substituted for the paper
system.

P. E. HAYWOOD and M. S. MOSS
Forensic Laboratory, Equine Research Station, Newmarket, Suffolk.

Analyst, 1968, 93, 737-739.

Extraction Procedures in Chemical Toxicology
Investigations into the separation by distillation, solvent extraction and

the use of ion-exchange resins of drugs from biological materials, with
particular reference to urine, are described and discussed.

S. L. TOMPSETT
Department of Clinical Chemistry, University of Edinburgh, Royal Infirmary,
Edinburgh 3.

Analyst, 1968, 93, 740-748.

The Chemical Assay of Cascara Dry Extract, Cascara Tablets and
Cascara Bark

Report prepared by the Joint Committee of the Pharmaceutical Society
and the Society for Analytical Chemistry on Methods for the Evaluation of
Drugs.

Joint Committee of the PHARMACEUTICAL SOCIETY and the SOCIETY
FOR ANALYTICAL CHEMISTRY
9/10 Savile Row, London, W.l.

Analyst, 1968, 93, 749-755.

The Determination of Dimethoate Residues in Fruits and Vegetables
Report prepared by the Joint Dimethoate Residues Panel.

Panel set up jointly by the Scientific Sub-Committee on Poisonous Sub­
stances Used in A~riculture and Food Stora~e, the ANALYTICAL METH­
ODS COMMITTEE ofthe SOCIETY FOR ANALYTICAL CHEMISTRY and
the ASSOCIATION OF BRITISH MANUFACTURERS OF AGRI­
CULTURAL CHEMICALS

N. A. SMART, Secretary of the Panel:
Ministry of Agriculture, Fisheries and Food, Plant Pathology Laboratory, Hatching
Green, Harpenden, Herts.

Analyst, 1968, 93, 756-766.



Nowmber, 1968] THE AKALYST IX

New automatic system from Pye Unicam
handles 120 samples an hour

It takes another five minutes to set up the next hour's work
The new Unicam AC60 chemical processing unit operate at a fixed sampling rate of 120 an hour.
forms the basis for completely automatic analytical And it takes less than 5 minutes to set up the
systems-the Series AC. It can be used with any next analysis.
one of four Unicam spedrophotometers for The system is accurate. It eliminates the risk of
measurement in the ultraviolet, visible and near operator fatigue and yet gives results which are as
infrared ranges, and also for atomic absorption accurate as manual analyses. Independent sample
and flame emission measurements. processing avoids cross-contamination and
The system is completely automatic. Load, switch cumulative errors.
on and collect the results whenever convenient. All the Series AC analytical systems are backed
Sample pick-up and dilution, reagent addition and by the usual Unicam guarantee of precision
programming, incubation and measurement- and reliability.
all are automatic. Write today for a leaflet or telephone for a
The system is very fast. All Series AC systems demonstration in your laboratory.

PVEUNICAM

Precision Instruments
Pye Unicam Ltd
York Street Cambridge England
Telephone (0223) 58866 Telex 81215
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Model PW 1235 Automatic
Borax Bead Sample Machine
This machine is designed for use
wherc the mineralogical compo­
sition of the cement samples is
variable. It accepts a wet slurry
or dry powder sample, dries it,
calcines it. oxidizes it, fuses it
into borax bead. tests it, and
delivers it into the spectrometer.
The complete cycle takes seven
minutes.

Model PW 1240 FuUy Automatk
Pelletizer
This machine is designed for use
where the mineralogical compo­
sition of the cement samples is
stable. It accepts a dry powder
sample. automatically presses it
into a pellet. and transports the
pellet into an automatic X-ray
spectrometer. The complete cycle
takes one minute.

The world's first demonstration of
automatic. computerized X-ray
analysis was held at The Cement
Congress. in Brussels. Belgium, in
September 1968.
If you would likeyour own personal

demonstration of these sample pre­
paration machines - along with a
fully computerized automatic X-ray
spectrometer for complete data
treatment. - write today to this
address:

e Analytical Equipment
N. v. Philips' Gloei/ampenfabriekerr,
Analytical Equipment Department,
Eindhoven, The Netherlands.
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We can make an X-ray fluorescence analysis
of cements every 7 minutes or less...

including sample preparation!
Philips now offer IOO°/o-automation
of X-ray fluorescence analysis of
cement materials. And that includes
sample preparation. One of these
automatic sample preparation ma­
chines, an automatic Philips X-ray
spectrometer with an attached com­
puter, will let you dig into all those
analytical projects you've been wan­
ting to get at. Once you connect
up to the sampling equipment, you
can go away and do something else.
You won't even be missed!

If your sample materials areof stable

mineralogical composition, use the
PW 1240 Automatic Pelletizer.
If your sample materials vary in
mineralogical composition, you can
automatically prepare and present
borax bead samples to the spectro­
meter with the PW 1235. In both
cases, once you set up the machine
and connect it to an automatic spec­
trometer with data processor, the
system does the rest. It accepts the
sample, weighs it, forms the pellet
or bead, presents it to the spectro­
meter, disposes of it after measure­
ment, and presents the next sample.

PHILIPS

The computer controls all the mea­
surement operations, and makes the
necessary mathematical computa­
tions for percentage concentrations
including matrix-effect corrections
and even computes the various mo­
duli. A complete analysis for the
major elements can be delivered
automatically every seven minutes
with the Borax Bead machine and
every three minutes with the Auto­
matic Pelletizing equipment. If
you're not yet on computer control,
you can do the mathematics on a
desk-type calculator,
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Special features
common to
all Radiometer
pH-Meters

All mains-operated instruments are

equipped with & heating element which

ensures immediate top-performance un­

der humid conditions.

The input resistance of all Radiometer

pH.Meters is sufficiently high to allow

measurements with all commercially

available glass electrodes.

All precision laboratory pH-Meters are

fitted with a large mirror-backed meter­

scale to increase the reading accuracy.

All laboratory pH-Meters are equally

useful for potentiometric pH-dstermina­

tions and measurements of redox po­

tentials.

All-purpose laboratory pH-meter.
chopper-stabilized

Lightweight laboratory pH-meter

~----_._.._ ..~

Special Features

Precision compensation-type labora­
tory pH-meter

PreciSion chopper-stabilized Jaboratoryl
pH -meter, transistorized, suppressed :

~~i~,_~e~~~em~~~~~~~~~~~~U~~~~;~.1

None

None

None

Built-in

Scale
Expander

Built-in PreCision chopper-stabilized laboratory:
for blood pH-meter; meter scales for pH, mV, '

measurement Pca2. and standard bicarbonate

6.40 "
pH

Accuracy pH Elec- owe

~q ~ ~ ~ Sa ~~~ g -~
0000000 m ...J

mV -j

88 88
0_'"

PHM4 it.~c i w,

PHM26
, ,";; ~,

PHM27

PHM28 ..0

or, :~ ,::;-;",

PHM29 -:;-

Type

pH

Represented

in Great Britain by:

v. A. HOWE & CO. Ltd.•

46 PEMBRIDGE ROAD.

LONDON W. 11

RADIOMETER A/S . EMDRUPVEJ 72 . OK 2400 . COPENHAGEN NV . DENMARK

RADIOMETER.
COPENHAGEN~
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CLASSIFIED ADVERTISEMENTS
The ,alt fo' classified adverlismcellIs is 7$. " lin. (0' spac•
•quival.1lI of" line). wiIJr an .xt,,, charg' of 2s. for the
.... of " Bo~ Numbn. Slmi·displ.yed classified

adwrtis"".nls (JI'I 80s. for singu.column inch.
Copy required ""I !aler 1/.,," lhe 81h of I/os rtI<)/lIh pr.­
ceding dalt of publicali<J" which is on the 16th of ....h
mon/h. A dvertis'mlllIs should b. addressed to
j. Arth.., Cook, Esq., 9llo)'d Square, Londo", W.e.l.

Tel.: 01-837 6315.

APPOINTMENTS VACANT

MUREX LIMITED
(Part of the B.O.C. Group)

ANALYTICAL VACANCIES

Analysts required by large metallurgical works. The successful
applicants will work in modern well-equipped laboratories applying
modern and classical techniques to the analysis of ores, ferro-alloys,
refractory metals, etc. The Research Department requires a man of
L.R.I.C. standard, preferably with experience of metals analysis.
The Production Laboratories require two junior analysts with at
least O.N.C. or appropriate "A" levels.

5-day week-9.00 a.m. to 4.4;; p.m.

Very good pension and other welfare conditions.

Apply to: Personnel Manager,
MUREX LIMITED,
Rainham,
Essex.
Telephone: Rainham 53322.

LANCASHIRE RIVER AUTHORITY

CHEMIST'S DEPARTMENT

SENIOR ASSISTANT CHEMIST

Applications are invited for the above appointment on the per­
manent establishment within Grades AP5/Senior Officer (£1715­
£233;; p.a.).

Candidates must hold a degree in Chemistry or Associateship of
the Royal Institute of Chemistry, and have had severa! years post·
pduate experience in analytical chemistry, including the supervision
of rouline work. Preference will be given to those with experience
in ultraviolet and atomic absorption spectroscopy and gas - liquid
chromatography. The Department undertakes Chemical, Bacterio­
logical and Biotogical ana!yses of Water, Sewage and Trade Effluents,
employing a staff of 10, including ;; graduates.

The a{>pointment is subject to the National Joint Council Conditions
of SerVIce and to the Local Government Superannuation Actc:,
1937/53.

Further details of the appointment and forms of application may
be obtained from the Chemist at the address below and must be
returned not later than November 26th, 1968.

H. HOLMES,

Clerk of the Authority.
fS, West Cliff,
Preston.

Accurate
pH control by
unskilled staff

The Johnson range of COMPARATOR &
UNIVERSAL test papers permits immediate
accurate readings within the range pH 1.0 to
pH 11.0. Inexpensive and simple to use. even by
unskilled operatives, they are eminently suitable
for many aspects of works control in a variety
of industries.

Comparator Boob. Each of 20 leaves with sIx
colour matches inside cover.
No. 1035 for pH 1.0 to 3.5 in steps of 0.5 pH
No. 3651 .. pH 3.6 .. 5.1 .. .. 0.3 pH
No. 5267 pH 5.2 .. 6.7 .. 0.3 pH
No. 6883 pH 6.8 .. 8.3 .. 0.3 pH
No. 8310 pH 8.4 .. 10.0 .. 0.3 pH
Universal Books. Each of 20 leaves with II
colour matches inside covers.
Range: pH 1.0 to pH 11.0 in steps of 1.0 pH

-- -----~

JOHNSONS
OF HENDON L.TD

- -- ------

HENDON· LONDON· N.W."

BINDING
Have your back numbers

of The Analyst bound in

the standard binding case.

£1 7s. 6d.

SENIOR TECHNICIAN required for analytieallaboratory actively
engaged in the analyses of feeding stuffs. This is a new company
with very extensive facilities including GLC, atomic absorption, and
experience in the animal feed stuff industry would be necessary.
Please apply Box No. 205, c/o J. Arthur Cook, 9 Lloyd Square,
London, W.C.I.

Send

with

the parts together

a remittance for

UNIVERSITY OF ST. ANDREWS

DEPARTMENT OF GEOLOGY

Applications are invited for the post of RESEARCH ASSISTANT
to assist Dr. J. B. Dawson in mineralogical and chemical studies on
carbonatites and kimberlites from East and South Africa. The work
entails the routine analysis of silicate rocks and minerals. The
appointment is for two years. Sa!ary: £1000 rising to £1050. Appli­
cations, with the names of two referees, should be submitted to the
Deputy Seeretary of the University, College Gate, SL Andrews,
by November 23rd, 1968.

to:

W. Heffer & Sons Ltd.

Cambridge England
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"Shell" Research Limited, Woodstock Agricultural Research Centre, Nr. Sittingbourne, Kent

Analytical Research Chemist

[November, 1968

We have a vacancy for a graduate in the Analytical Chemistry Division of Woodstock
Agricultural Research Centre. The work will involve the development and applica­
tion of methods for the identification and determination of both major and minor
components in technical and formulated pesticides using a wide range of modern
analytical techniques.

The candidate, age up to 27, should have an honours degree or equivalent qualifica­
tions and have had some post-qualifying experience in analysis, preferably, but not
essentially, in the organic field. Knowledge of either chromatographic or spectroscopic
techniques would be advantageous.

Fringe benefits include an excellent Pension Scheme, and sports-social facilities.
Please apply in writing, giving, brief details of age, qualifications and experience
to:

"SHELL" RESEARCH LIMITED,
Recruitment Division, (MX) PNELfl,
Shell Centre,
LONDON, S.E.I.

THE SOCIETY FOR ANALYTICAL CHEMISTRY

"ANALYTICAL ABSTRACTS~~

DECENNIAL INDEX
1954 to 1963

This cumulative Index for Volumes 1 to 10 is in two parts, the
Author section (1033 pages) and the Subject section (680 pages).
It contains over 100,000 subject entries, and covers all the fields

of analytical chemistry for the years 1954 to 1963.

Price: To members of the Society, £20 ($48)

To Subscribers, £25 ($60)

Orders (with remittances) should be sent to­
W. Heffer & Sons Ltd.

Cambridge, England
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an important new book from ILiFFE !

Decomposition Techniques
in Inorganic Analysis
Dr. J. Dolezal, C.S., Dr. P. Povondra, C.Sc., and
Dr. Z. Sulceck, C.Sc.
English translation edited by D. O. Hughes, Ph.D., F.G.S.,
P. A. Floyd, Ph.D., F.G.S., and M. S. Barrett, B.Sc., F.G.S.

Decomposition plays an important role in the successful analysis of inorganic
materials. Descriptions of various types of decomposition are scattered in
literature on analytical procedures. However, many useful types of special
decomposition techniques have been published in non-chemical journals
which may not be brought to the chemist's attention. This book fills the gap
in the existing literature by bringing together these previously dispersed
sources of information, and oUtlines for the analytical chemist the modern,
rapid decomposition methods.

CONTENTS
Decomposition of Samples with Acids.
Decomposition of Samples by Fusion.
Decomposition of Samples by Sintering.
Some Special Decomposition Methods.

226 pp. Illustrated 555. net 57s. 6d. by post

ILiFFE. BOOKS LTD. 42. Russell Square. London:W.C.\

ACCURATE
fiLTRATION
If you use filter papers make sure
you are in fact using the best for
your specific needs.

Send for Free Brochure containing
full specifications, and price list.

Write for Price List N.G.43

J. BAReHAM GREEN LTD.
HAYLE MILL, MAIDSTONE. KENT

BUREAU OF ANALYSED
SAMPLES LTD.

suppliers of

BRITISH CHEMICAL & SPECTROSCOPIC
STANDARD SAMPLES

announce the issue of the following
NEW SAMPLES

B.C.S./S.S. Nos. 431-435
Plain Carbon Steels

B.C.S./S.S. Nos. 481-486
High Speed Steels

B.C.S. No. 362 Ferro-Niobium

B.C.S. No. 364 Leaded Bronze

Full particulars of these samples are given
in List No. 425 (July 1968) which is available

free on request.

NEWHAM HALL, NEWBY.
MIDDLESBROUGH, TEESSIDE,

ENGLAND
Telephone : 0642 372/6

Telegrams: "STANDARDS" Middlesbrough
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Gustav Ehrhart - Heinrich Ruschig

Arzneimittel Entwidclung, Wirkung, Darstellung

Mit dieser Ncuerscheinung steht Ihnen jetzt
cin Werk zur Verfjjgung. wic Sic es sieber
schon oft vermiBt haben.

Es informiert umfassend tiber praktisch aHe
wichtigen Arzneimittel. indem es sowoh!
die bisherigen Entwicklungswege und Her­
stellungsmethodert beschreibt als auch Hio­
weise auf wiinschcnswerte Verbesserungen
gib'.

Das Buch behandelt in 29 Kapiteln die nach
Indikationsgruppen erfaBten Pharmako­
dynamica uod Chemotherapeutica. VOC2nge­
stellt ist cin Ahrin iiber Aufbau uod Funk­
tionsweise des Ncrvensystems. im Anhang
werden Weg uod Yerhalten def Arzncistoffe
im Organismus behandelt.

Die cinhcitliche Gliederung def Kapitel um­
faRt:

1:- Kl.;lrz gefaBte Einleitung. in der das Indi~

katio"nsgebiet det Medikamcnte umrissen
wird. die vorkommenden Begriffc del1nicrt
und auch biologische Gmndlagen behande1t
werden.

2. Oberblick tiber die wichtigsten pharma­
kologischen odcr chemotherapeutischen
Testmcthoden, mit denen man die Wirkun~

gen cines Medikamentes ennittelt. Magtich­
keiten u.nd auch Grenzen solcher Prufungen
werden skizziert.

Strcben nach einem mogtichst optimalen
Priparat bishcr erreicht wurde.

Da bei der heutigen Fiillc nieht aile Medin·
mente aufgeziihlt werden kannen, wurden
die wesentlichen Entwicklungsschritte het­
ausgearbcitet. Wichtige Analogpripatate
sind mdst tabellarisch :msammengefaBt,
Kombinationspraparate mit wenigen Aua­
nahmen absichtlich nieht erwihnt. Zuaam­
menhange zwischen Konstitution und Wit.
kung eines Pharmakons werden bchaadeIt.
soweit bekannt. Nach MOglichkeit wird aut
Mctabolismus. Ausscheidung, Toxizitit und
Nebenwirkung der Medikamente cinge­
gangen.

4. Am SchluG folgt jewe.ils die chemische
Hetatellung. Es werden wichtige Synthese­
schrittc aufgefUhrt, ohne auf Einzelheiten
einzugchen.

Ausgcwihlte Hinwcise auf die Speziallitera­
3. Der Abschnitt Entwicklung behandelt tut ermaglichen dem inttressierten. Leser
den Wcrdegang det Wirkstoffe innerhalb der cineo bequemen Zugang" 'zu vertieftcm
jeweiligen Indibtion. Er :zeigt, was bei dem Studium.

Erscheint im November 1968 Ganzleinen zusammen
in 2 Teilbanden mit zus. ca. DM 248.-
1953 Seiten. 90 Abbildungen
und 277 Tabellen.

VERLAG CHEMIE • GMBH
WEINHEIM/BERGSTR.
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Quantitative
TLC in seconds
With the Ilflying spotll

Thin Layer Densitometer
by Vitatron.
The first instrument for truly quantitative evaluation of TLC
spots of any shape and size (it also handles separations
by paper chromatography and electrophoresis).
It operates by light absorption, reflection, fluorescence
or quenched fluorescence without damage to the plate.
Results are presented on a slave recorder, fitted with an
electronic integrator, in the form of peaks. The integrator
measures peak areas which are directly proportional to
the amount of material in the corresponding spots.
And there are many other uses for this new instrument.
For more information, ask for a representative to call on
you, or write for literature.

IAflSONS
Fisons Scientific Apparatus Limited,
Loughborough, Leicestershire. Tel: 050-93 5781.

'i!J fSA 13

High-speed
MIXER­
MILLS
for very fine grinding and uniform mixing of samples

* Only a few minutes needed to grind up to 20ml-dry or wet.* Even a few milligrammes can be handled.* Strict control over contamination by choice of grinding and mixing cylinders
made of tungsten-carbide, tool-steel, ceramic, agate, and plastic.* Automatic operation by timer switch.

FR EE LOAN for seven days' trial in your own laboratory. For full particulars please quote A/43/MM

GLEN CRESTON
The Red House, 37 The Broadway, Stanmore. Middlesex. Telephone: 01-9544218
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REPRINTS of the following Review Papers published in The Analyst are available from The Society
for Analytical Chemistry, Book Department, 9/10 Savile Row, London, W.l (not through Trade
Agents). Orders MUST be accompanied by a remittance for the correct amount made out to
"Society for Analytical Chemistry."

"Ferrous Metallurgical Analysis," by B. Bagshawe (August, 1959). Price 5s.
"The Analytical Chemistry of Zirconium," by G. W. C. Milner and J. W. Edwards (February,

1960). Price 5s.
"Flame-photometric Methods in Metallurgical Analysis," by John A. Dean (September, 1960).

Price 5s.
"The Oxygen Flask Method," by A. M. G. Macdonald (January, 1961). Price 5s.
"Analytical Chemistry of Beryllium," by L. E. Smythe and R. N. Whittem (February, 1961).

Price 5s.
"Determination of Residual Organo-phosphorus Insecticides in Foodstuffs," by E. D. Chilwell

and G. S. Hartley (March, 1961). Price 5s.
"Biological Standardisation and the Analyst," by J. W. Lightbown (April, 1961). Price 5s.
"The Toxicology of Nitrates and Nitrites with Particular Reference to the Potability of Water

Supplies," by E. H. W. J. Burden (July, 1961). Price 2s. 6d.
"Emission Spectroscopy of Solutions," by L. G. Young (January, 1962). Price 5s.
"Analytical Applications of the Mercury Electrode," by J. A. Page, J. A. Maxwell and R. P.

Graham (April, 1962). Price 5s.
"Classification of Methods for Determining Particle Size," by the Particle Size Analysis

Sub-Committee of the Analytical Methods Committee (March, 1963). Price 5s.
"Methods of Separation of Long-chain Unsaturated Fatty Acids," by A. T. James (August,

1963). Price 5s.
"Beer's Law and its Use in Analysis," by G. F. Lothian (September, 1963). Price 5s.
"A Review of the Methods Available for the Detection and Determination of Small Amounts

of Cyanide," by L. S. Bark and H. G. Higson (October, 1963). Price 55.
"Circular Dichroism," by R. D. Gillard (November, 1963). Price 2s. 6d.
"Information Retrieval in the Analytical Laboratory," by D. R. Curry (November, 1963).

Price 2s. 6d.
"Thermogravimetric Analysis," by A. W. Coats and J. P. Redfern (December, 1963). Price 5s.
"Some Analytical Problems Involved in Determining the Structure of Proteins and Peptides,"

by Derek G. Smyth and D. F. Elliott (February, 1964). Price 5s.
"The Faraday Effect, Magnetic Rotatory Dispersion and Magnetic Circular Dichroism," by

J. G. Dawber (December, 1964). Price 5s.
"Electrophoresis in Stabilizing Media," by D. Gross (July, 1965). Price 5s.
"Recent Developments in the Measurement of Nucleic Acids in Biological Materials," by

H. N. Munro and A. Fleck (February, 1966). Price 5s.
"The Analysis for Residues of CWorinated Insecticides and Acaricides," by K. 1. Beynon and

K. E. Elgar (March, 1966). Price 5s.
"Radioisotope X-ray Spectrometry," by J. R. Rhodes (November, 1966). Price 55.
"The Determination of Iron(II) Oxide in Silicate and Refractory Materials," by H. N. S.

Schafer (December, 1966). Price 55.
"Activation Analysis," by R. F. Coleman and T. B. Pierce (January, 1967). Price 5s.
"Techniques in Gas Chromatography. Part 1. Choice of Solid Supports," by J. F. Palframan

and E. A. Walker (February, 1967). Price 5s.
"Heterocyclic Azo Dyestuffs in Analytical Chemistry," by R. G. Anderson and G. Nickless

(April, 1967). Price 5s.
"Determination of Residues of Organophosphorus Pesticides in Food," by D. C. Abbott and

H. Egan (August, 1967). Price 5s.
"Radioactive Tracer Methods in Inorganic Trace Analysis: Recent Advances," by J. W.

McMillan (September, 1967). Price 5s.
"Gamma-activation Analysis," by C. A. Baker (October, 1967). Price 5s.
"Precipitation from Homogeneous Solution," by P. F. S. Cartwright, E. J. Newman and

D. W. Wilson (November, 1967). Price 5s.
"Industrial Gas Analysis," by (the late) H. N. Wilson and G. M. S. Duff (December, 1967).

Price 7s. 6d.
"The Application of Atomic-absorption Spectrophotometry to the Analysis of Iron and

Steel," by P. H. Scholes (April, 1968). Price 5s.
"Inorganic Ion Exchange in Organic and Aqueous - Organic Solvents," by G. J. Moody and

J. D. R. Thomas (September, 1968). Price 7s. 6d.

Reprints of Review Papers not in this list are no longer available from the Society. Many back
numbers of The Analyst are still available and may be bought from Messrs. W. Heffer & Sons, Ltd.,
3-4 Petty Cury, Cambridge, price 30s., plus 9d. postage.
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CGS Reagents are
specially controlled to be
suitable as references and
in the preparation of
standard solutions.
The list comprises two
series of products.
One includes several
inorganic salts, boric, citric
and oxalic acid. The purity

THE ANALYST

is certified by Carlo Erba
by an actual lot analysis
on each label.
The second group consists
of organic substances
purified by zone melting
and certified by the thermic
analysis curve included in
each package.
This series includes:

XIX

Acetanilide
Acetylphenetidine
Benzil
p-Dichlorobenzene
Dimethyl terephthalate
Diphenyl
Naphthalene
Phthalic anhydride
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County Councils Association

Association of Municipal Corporations

Urban District Councils Association

Association of Public Analysts

[November, 1968

Joint Survey of
Pesticide Residues in Foodstuffs
sold in England and Wales

1st August, 1966 - 31st July, 1967

A Report of the National Sch,eme to Determine the
Extent of Pesticide Residues in Foodstuffs sold in
England and Wales, and an account of the results
obtained during the first year of operation

Published by the Association of Public Analysts
325 Kennington Road, London, S.E.ll PRICE 21s.
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How to weigh
3places in 5 seconds

4
Read off your weight, grams plus
three places of decimals, all in line.
Just 5 seconds since you started I

For weighing above 109 the SN3D
has dial weight-loading up to 2oog,
and there is also a T-SN3D
version (as illustrated) with built
in taring up to 20g. Tare units are
indicated on the balance front
panel and can be recorded for
any container.

Full details from
Stanton Instruments Ltd
Department No.1
Copper Mill Lane,
London SW17
Telephone 01-946 7731

1
Put any weight up to 109 on the
pan of the new Stanton SN3D.
(No need to close the slide,
draughts don't affect it.)

2
You'll see the grams and tenths
on the illuminated graticule.
This comes to rest in 2 seconds.

3
Turn the micrometer knob until
the line is central in the fork.
This takes you another 2 to
3 seconds.
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Invest in 'Volucon'* volumetric concentrates for
the simplest preparation of standard solutions

Profit from the speed and convenience of using'~ I '
plastic or glass ampoules 0 ucon
Security of standardized accuracy is assured
(Each ampoule makes one litre of stated normality) Volumetric Concentrates

Save time and money

Bank on May & Baker Laboratory Chemicals

Detailed information is available on request

*trade mark

May & Baker Ltd Dagenham Essex
Tel. 01-5923060 Exts. 316 and 320

LA 1076



Your spectrographic
technique may be faultless,

.your standards may be
exactly right, but the

.accuracy of your results
,may hinge on the grade of
carbon or graphite electrode
you choose

Wise spcctrographers the world over know that there is
absolutely no point in taking chances in the selection of
thc carbon and graphi te they usc for electrodes.

That is why thcy always specify JMC carbon and graphite
products. Thcy know that only the finest grades of
carbon and graphite arc supplicd that have uniform high
quality coth chcmically and in physical properties. And
they know that thcse same grades are used by Johnson
Marrhcy Chcmicals themselves in their analytical,
rescareh and production control laboratorics'

Following thc practicc pioneered by Johnson Marrhcy
Chemicals many years ago, a detailed analytical report is
provided with every consignment stating the quantity of
each impurity dctcctcd spectrographically in thc particular
balch.

If'riTe for O1/r publicaTion ]!l1C SpecTrographic Carbon
and GraphiTe.

I

~ Spectrographic carbon and graphite

90767 Johnson Matthev Chemicals Limited
74 Hatton Garden. London EC1 Telephone: 01 -405 6989 Telex: 21465
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