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Chelometric Determination of Aluminium
in Vaccines *

G. W. MEIJERMAN & K. L. VAN LIER

A rapid and accurate chelometric method is describedfor the determination ofaluiminium
in aluminium-phosphate-adsorbed vaccines. Thiomersal preservative in the vaccine is first
destroyed and the aluminium content is determined by addition of excess disodium ede-
tate (Na2-EDTA) and back-titration with zinc sulfate using dithizone as an indicator.
Phosphate does not interfere with the method. The aluminium content of the samples
under investigation variedfrom 0.3 mg/ml to 1.0 mg/ml. In analysis ofvaccines containing
inactivated poliomyelitis virus, aluminium was determined with a standard deviation of
0.0014 mg and in other vaccines with a standard deviation of approximately 0.0040 mg.

Vaccines which contain antigens adsorbed on to
aluminium phosphate are liable to yield vials which
vary in their contents owing to the tendency of the
aluminium phosphate to sediment during the filling
procedure. Consequently there is need for a con-
venient method of estimating the homogeneity of
samples of vaccine, and one based on determination
of the aluminium content of vials sampled at diffe-
rent stages of the filling process was considered
likely to prove suitable.

Gravimetric procedures for the estimation of
aluminium would be of limited value in production
control; they are long and tedious and require an
experienced analyst to obtain accurate results.

Volumetric methods are much more suitable and
of these chelometric indirect titration methods
(Wiinninen & Ringbom, 1955) have been preferred
owing to their greater accuracy and precision
(Banyai et al., 1960; Erdey & Polos, 1960). Direct
titration procedures for aluminium (Schwarzenbach
& Biedermann, 1948; Theis, 1955) have been rejected
owing to the problems they present of clear detection
of the end-points, hydrolytic phenomena, formation
of hydroxyl complexes, and the slow formation of
most aluminium chelates.
As appears from the literature many cations can

be used for back-titration (Banyai et al., 1960;
Cimerman et al., 1958). A method for the deter-
mination of aluminium in vaccines using copper for
back-titration of disodium edetate (Na2-EDTA)

* From the Laboratory for Analytical Chemistry, Na-
tional Institute of Public Health, Utrecht, Netherlands.

and 1-(2-pyridylazo)-2-naphthol (PAN) as indicator
was recently reported by Kovach & Vastagh (1963).
In earlier work the same authors (Kovach & Vas-
tagh, 1959; 1960) had used 1-(2-pyridylazo)-2-
resorcinol (PAR) as indicator (Wehber, 1957).
Other workers, however, report that factors such
as the excess of disodium edetate, the time required
for back-titration, and an unsteady end-point may
cause errors (Flaschka & Abdine, 1956a, 1956b;
Lewis et al., 1961). Moreover in this laboratory it
has been found impracticable to perform back-
titration in a hot solution.
As excellent results have been reported by a

number of authors using the method of Wiinninen
& Ringbom (1955) (Voinovitch et al., 1958a, 1958b;
Sederqvist, 1959; Schwarzenbach, 1957), this method
as modified by Gottschalk (1960) was adopted.
Although the chelating action of disodium edetate
is not specific for aluminium, no interference is to be
expected with the usual vaccines.

Thiomersal (sodium ethylmercurithiosalicylate)
in a concentration of 1: 10 000 is used as a preser-
vative in some vaccines and can interfere with the
dithizone indicator. In the method described in
this paper, therefore, perchloric acid is used to
destroy thiomersal. The greater part of the resulting
mercury volatilizes; any remaining mercury ions
are subsequently bound with thioacetamide and the
excess of this latter reagent is expelled by boiling.
Using the method described it is possible to deter-
mine the aluminium content of 50 vaccine samples
in a seven-hour day.
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MATERIALS AND METHODS

Apparatus
A 5-ml piston burette (Metrohm, Herisau, Swit-

zerland) fitted with a siliconized capillary delivery tip.
An infra-red heating-bath fitted with 10 infra-red

100-watt heating bulbs (Homef, Hoorn, Nether-
lands).
A magnetic stirrer (Metrohm, Herisau, Switzer-

land) together with 20-mm PVC stirring rods.

Vaccines
Two lots of, respectively, DPT (diphtheria, per-

tussis, tetanus) vaccine and DPT-polio (diphtheria,
pertussis, tetanus, poliomyelitis) vaccine were used.
The DPT vaccine contained per ml 32 Intema-

tional Opacity Units pertussis vaccine, 30 Lf purified
diphtheria toxoid and 10 Lf purified tetanus toxoid,
all adsorbed on AlPO4. The preservative was

0.01 % thiomersal.
The DPT-polio vaccine contained per ml: 16 In-

ternational Opacity Units pertussis vaccine, 15 Lf
purified diphtheria toxoid, 5 Lf purified tetanus
toxoid, and types 1, 2 and 3 Salk-type inactivated
poliomyelitis vaccine. All components were adsorbed
on AlPO4. The preservative in this vaccine was

benzethonium chloride, 1:80 000.

Reagents
The reagents were Merck-Darmstad analytical

grade unless otherwise specified, and only deminera-
lized water was used.
Aluminium standard stock solution: Weigh ap-

proximately 3.4 g aluminium ribbon (99.99 %)
accurately and dissolve in 200 ml 6N hydro-
chloric acid in a Pyrex flask fitted with a splash
trap and make the volume up to 1 litre. To
facilitate solution 1 ,umol of copper can be added
(Nydahl, 1960). Prepare working standard solu-
tions as required by appropriate dilution of the
stock solution.

Disodium edetate (Na2-EDTA), 0.01 M: Dissolve
3.720 g Na2-EDTA.2H20 in water and make up
to 1 litre; store in a polyethylene bottle.

Zinc sulfate, 0.01 M: Dissolve 2.880 g ZnSO4.7H2O
in water and make up to 1 litre; store in a poly-
ethylene bottle.

Dithizone solution: Dissolve 15 mg dithizone in 25 ml
trichloroethylene; prepare fresh when needed.

Anhydrous ethanol
Methyl orange: 0.1 % (w/v) aqueous solution
Hydrochloric acid: 2 N

Perchloric acid: 11.6 N
Quartz fragments, washed and calcined
Sodium acetate: 2 M
Thioacetamide: 2% (w/v) in water: Store no longer

than one week in a refrigerator (+4°C).
Procedure

Introduce a thoroughly homogenized sample of
vaccine containing 0.3-1.0 mg of aluminium in a
100-ml conical flask. Add one drop of 11.6 N per-
chloric acid together with some quartz fragments
and heat the mixture for 15 minutes on an infra-red
heating source until it is nearly dry. Dissolve the
residue in 4.0 ml of 2 N hydrochloric acid and add
one drop of thioacetamide solution. Place a " cold
finger" in the mouth of the flask and boil the solu-
tion for a few minutes to expel the excess of hydrogen
sulfide. Wash both the " cold finger " and the walls
of the flask with approximately 10 ml water, add
5.0 ml of 0.01 M disodium edetate and one drop of
methyl orange. Then carefully add 2 M sodium
acetate from a burette until the colour matches that
of a previously prepared comparison solution con-
taining the same amount of hydrochloric acid and
indicator, and sufficient 2 M sodium acetate to
bring the pH to 4.0 (measured with a pH meter).

Boil the buffered solution for 3 minutes and after
cooling add 25 ml anhydrous ethanol and cool the
solution to 20'C+50C. Add 0.25 ml of dithizone
solution and titrate immediately with 0.01 M zinc
sulfate, stir with a magnetic stirrer and use a piston
burette with siliconized capillary delivery tip
immersed in the solution until a distinct red colour
appears. The working standard used should con-
tain approximately the same amount of aluminium
as that expected in the sample under test and should
be in a similar volume. Standard and blank solutions
are treated in the same way as the sample.

Calculation
The amount of aluminium in mg/ml, A, in the

(B3- C)
sample is given by the formula: A = (B . f

y
where: B = ml zinc sulfate 0.01 M required for

back-titration of the blank (use the
mean of at least four titrations),

C = ml zinc sulfate 0.01 M required for
back-titration of the sample,

y = volume of sample in ml,

f = standardization factor =
G

fatr B-D
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where: G = the amount of aluminium in the work-
ing standard in mg,

B = as above,
D = ml zinc sulfate 0.01 M required for

back-titration of the working standard
(use the mean of at least four titra-
tions).

RESULTS AND DISCUSSION

The effect of the presence of phosphate in the
sample under test was examined by determining
the aluminium content of the standard aluminium
solution (0.668 mg Al/ml) both with and without the
addition of 10 mg of phosphate (PO12-) per ml. This
provides a phosphate concentration five or ten times
that usually present in vaccines. The aluminium
content (mean of six determinations) found in the
presence of added phosphate did not significantly
differ from the samples without phosphate. This
confirms the findings of Gottschalk (1960) and of
Elo & Polky (1960) that phosphate causes no inter-
ference with the determination of aluminium. It is
possible to divide the vaccines to be investigated
into two groups: (1) those containing poliomyelitis
virus antigens together with phenol red, but no
thiomersal; (2) all other vaccines that contain
thiomersal but no phenol red.
The method was tested with both types of vaccine.

For the first group a DPT-polio vaccine containing
exactly known quantities of aluminium was used,
and as representative of the second group a DPT
vaccine which also contained known amounts of
aluminium.

Tables 1 and 2 summarize the results. The
hypothesis that the values of y (aluminium found)

TABLE I
DETERMINATION OF ALUMINIUM

IN DIPHTHERIA-PERTUSSIS-TETANUS-POLIOMYELITIS
VACCINE ADSORBED ON DIFFERENT QUANTITIES

OF AIPO4

Aluminium Aluminium content S
present (mg/ml) found a (mg/ml) Standard deviation

0.331 0.331 0.0013

0.836 0.837 0.0014

0.998 0.998 0.0015

a Mean of 8 determinations.

TABLE 2
DETERMINATION OF ALUMINIUM

IN DIPHTHERIA-PERTUSSIS-TETANUS VACCINE
ADSORBED ON DIFFERENT QUANTITIES OF AIPO4

Aluminium Aluminium content
present (mg/ml) found a (mg/ml) Standard deviation

0.500 0.498 0.0035

0.669 0.671 0.0044

1.000 1.000 0.0026

at each level of x (aluminium taken) are equal to
x may conveniently be tested by fitting a regression
line of the form y = bx to the obtained data and
testing whether the slope b is significantly different
from unity (Bennett & Franklin, 1963). For the data
from Table 1 a linear relationship can be written:
9 = 1.0009 x with a standard deviation of the
regression coefficient, Sb = 0.00037. The slope
of this line differs from unity at the 5% level of
significance (but not at the 1% level). However,
no systematic error could be shown by retesting
the same data by the method of Gottschalk (1962).
The results summarized in Table 2 can be presented
by the linear equation S = 1.0002 x, Sb = 0.0011.
The slope of this line does not differ from unity by
more than can be attributed to chance.

It is therefore suggested that no systematic error
arose, and the standard deviation to be attached to a
single determination is approximately 0.0014 mg
for the DPT-polio vaccines, and approximately
0.0040 mg for the DPT vaccines.

It was surprising to find that significantly greater
precision occurred in analysis of vaccines in the first
group (containing inactivated poliomyelitis virus
and phenol red).

TABLE 3
DETERMINATION OF ALUMINIUM IN VARIOUS VACCINES

Vaccine Mean aluminium 1 Standard deviation

Tetanus 0.624 0.0027

Diphtheria 0.693 0.0029

Diphtheria-tetanus 0.658 0.0044

a Mean of 7 determinations.
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TABLE 4
COMPARISON OF THE REPRODUCIBILITY

OF THE CHELOMETRIC DETERMINATION OF ALUMINIUM
IN DAILY ROUTINE IN DIFFERENT VACCINES

Daily routine
Vaccine Mean

Sample No. of Mean Standard
size samples raGe deviation

DPT-pollo 3 39 0.0016 0.0014

DPT 3 114 0.0049 0.0029

Diphtheria-tetanus 3 95 0.0060 0.0036

Diphtheria 3 99 0.0048 0.0028

Tetanus 3 90 0.0050 0.0030

DT-pollo 2 38 0.0018 0.0016

From Table 3 it is clear that the method is also
suitable for use with tetanus, diphtheria and mixed
tetanus-diphtheria vaccines.

Table 4 gives results obtained with the method
when used in daily routine in the control laboratory.
The standard deviations given were obtained by
taking the average range (iw) and converting this
into standard deviation by dividing by the value of
dn appropriate to a sample of size 2 or 3 (Brownlee,
1951). It may be seen from the standard deviations
obtained that the method is precise in routine use.
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RADSUM

La precipitation du phosphate d'aluminium sur lequel
les antigenes ont ete adsorbes tend a faire adh6rer aux
parois des flacons les vaccins qui en contiennent; l'homo-
g6n6ite des vaccins est contr6l6e par le titrage de l'alu-
minium dans les 6chantillons pr6lev6s aux diff6rents
stades du remplissage des flacons, au moyen d'une
methode volumetrique que les auteurs d6crivent.

Suivant la technique de Wanninen et Ringbom,
modifi6e par Gottschalk, I'aluminium est titr6 par
I'6d6tate disodique en excas. Un titrage en retour par le
sulfate de zinc utilise la dithizone comme indicateur. Le
thiomersal utilise pour la conservation de certains vaccins
est d6truit; le phosphate ne modifie pas les r6sultats. Des

v6rifications ont ete faites avec cinq a six fois la concen-
tration usuelle.

La m6thode a et6 eprouvee sur des vaccins (virus
poliomy6litiques inactiv6s) contenant du rouge de
ph6nol sans thiomersal, et des vaccins contenant du
thiomersal sans rouge de ph6nol. Le contr6le statistique
des r6sultats n'a pas montr6 d'erreur syst6matique.
L'aluminium est titr6 avec une d6viation standard de
0,0014 mg pour les vaccins contenant des virus polio-
my6litiques inactiv6s et d'approximativement 0,0040 mg
pour les autres. 11 est possible de titrer en sept heures
I'aluminium de 50 echantillons de vaccins.
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