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Studies on Reproduction of the International
Opacity Reference Preparation

J. SPAUN, M.D.'

The International Opacity Reference Preparation is a polydisperse suspension of glass
particles, the size distribution of which it is hardly possible to reproduce. However, by mix-
ing glass particles ofdifferent size distributions it seems practicable to prepare a suspension
which is turbidimetrically almost identical to the International Opacity Reference Prepara-
tion. The proportions of the components of the mixture are estimated by simultaneous
turbidimetry determinations in two photometers of different construction. The technique
is described by the author, who also reviews experience with regard to the stability of the
International Opacity Reference Preparation.

The first International Opacity Reference Prepara-
tion,2 established in 1953, consists of a suspension of
glass particles in distilled water containing 0.01%
thiomersal. The stock of this reference approached
exhaustion in 1960, and steps were taken to replace it.

REPRODUCTION OF OPACITY REFERENCE

From the same glass chips as those used for the
production of the first International Reference Pre-
paration, a new batch-called the Proposed Inter-
national Opacity Reference Preparation I-was
prepared in 1960. The two suspensions were com-
pared in different types of photometers. The results
of these investigations are shown in Table 1, which
also sets out the potencies of the Proposed Inter-
national Opacity Reference Preparation I relative
to the existing preparation. It is clear from the
potencies determined that in only one instrument-
the Coleman Junior-are the two glass suspensions
estimated at the same value. Great variations are
found with the other instruments used.
By analysis of the particle size in each of the two

preparations, it was found by the light microscope
that the International Opacity Reference Prepara-
tion had a mean particle size of about 1.6 ,u, with a

1 Assistant Director, Department of Biological Standar-
dization, Statens Seruminstitut, Copenhagen, Denmark.

"World Health Organization, Expert Committee on
Biological Standardization (1954) Wld Hlth Org. techn.
Rep. Ser., 86, 14; and Maal0e, 0. (1955) Bull. Wld Hith
Org., 12, 769.

standard error of 0.6. The mean particle size of the
proposed replacement preparation (I) was about
1.1 , the standard error being 0.4. Later investiga-
tions in the electron microscope showed that a large
fraction of the particles in the proposed replacement
preparation (I) had a size below the resolution power
of the light microscope. The figures just given are
therefore biased. However, a determination of size
distribution in the electron microscope proved diffi-
cult because of a tendency to agglomeration of the
glass particles in the preparation of smears for
electron microscopy.
During some preliminary investigations of other

suspensions of glass particles of different sizes, it was
found that the ratio between the extinctions deter-
mined with the Zeiss PMQ IL instrument and the
Coleman Junior instrument (referred to hereafter as
the Zeiss/Coleman ratio) increased with increasing
size of the particles. This feature is demonstrated in
Table 2. Suspensions of particles of different sizes
were prepared by simple sedimentation and fraction-
ation of a commercial Pyrex glass powder. In the
last two lines in Table 2 the same ratio is determined
for the International Opacity Reference Preparation
and for the Proposed International Opacity Refe-
rence Preparation I. Further, it proved possible,
from two fractions of known extinctions, to prepare
a mixture with a Zeiss/Coleman ratio between those
of the fractions. The empirical formula set up for
that purpose is given below for mixtures of fraction D
(Zeiss extinction 0.157 and Coleman extinction 0.084),
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TABLE I
TURBIDIMETRIC DETERMINATIONS OF TWO PYREX GLASS SUSPENSIONS

IN DIFFERENT PHOTOMETERS

Extinction

Wave- International Proposed Potency of
Instrument length Opacity Opacity Proposed

(mu) Reference Reference Preparation I a
Preparation, Preparation I,PrpatoI

1953 1960

Zeiss PMQ II 530 0.753 0.502 0.67
700 0.526 0.326 0.62

Zeiss PMQ II 530 0.818 0.562 0.69
700 0.515 0.320 0.62

Zeiss PMQ II 530 0.818 0.568 0.68
700 0.502 0.314 0.63

Coleman Junior, Model 6A 530 0.336 0.376 1.12
700 0.248 0.253 1.02

Coleman universal spectro- 530 0.800 0.702 0.88
photometer, Model 14 700 0.547 0.448 0.82

Hilger biochemical absorptio- 520 0.80 0.58 0.73
meter 700 0.52 0.34 0.65

Beckman DU 530 0.672 0.519 0.77
700 0.360 0.269 0.75

Beckman Model C colorimeter green 0.598 0.558 0.93
red 0.474 0.392 0.83

EEL (Evans electroselene green 1.5 1.8 1.2
portable colorimeter) red 1.0 1.3 1.3

a International Opacity Reference Preparation = 1.0.

and fraction E (Zeiss extinction 3.475 and Coleman
extinction 1.00) (both sets measured at 530 m,u):

a - 0.157 + x 3.47
a 0.084 + x 1.00 - 2.5

where
a is a fixed amount in ml of fraction D, and
x is the amount of fraction E in ml sought to obtain
the extinction ratio 2.5.

The formula proved useful as a good approxima-
tion.
The extinction ratio was, however, frequently

found to be higher by photometric determinations of
the mixture than that estimated by calculation
beforehand.

This principle was used to adjust the Zeiss/
Coleman ratio of the Proposed International Opacity

Reference Preparation I to the Zeiss/Coleman ratio
of the International Reference Preparation. The
Zeiss/Coleman ratio of the former was 1.42 and that
of the latter 2.41 at 530 m,u.
To the Proposed International Opacity Reference

Preparation I were added suitable amounts of
another Pyrex glass suspension; this suspension had
Zeiss extinctions at 530 m,u and at 700 m,u equal to
2.45 and 2.21 respectively, and Coleman extinctions
0.88 and 0.70 respectively at the same wave-lengths.
After mixing the amounts calculated, a further dilu-
tion proved necessary to obtain an extinction
identical to that of the International Opacity Refe-
rence Preparation.
The characteristics of the final suspension obtained

-called hereafter the Proposed International Opa-
city Reference Preparation IL-are shown in Tables 3
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REPRODUCTION OF THE INTERNATIONAL OPACITY REFERENCE PREPARATION

TABLE 2

RATIO BETWEEN EXTINCTIONS AT WAVELENGTHS 530 mu AND 700 miA IN ZEISS PMQ II
AND COLEMAN JUNIOR PHOTOMETERS FOR SUSPENSIONS OF GLASS PARTICLES

OF DIFFERENT SIZE DISTRIBUTION

ExtinctionExtinction______ Zeiss/Coleman Maximum
Fraction Zeiss PMQ II Coleman Junior ratio particle

iz

530 m/l 700 mrn 530 mM 700 mt 530 mM 700 m
A

B 0.038 0.021 0.033 0.022 1.15 0.95 . 0.4

C 0.092 0.052 0.062 0.040 1.48 1.30 5 0.6

D 0.157 0.091 0.084 0.059 1.87 1.54 . 0.8

E 3.475 2.43 1.000 0.760 3.475 3.20 : 1.56

International Opacity
Reference Prepara-
tion 0.753 0.470 0.313 0.197 2.41 2.39

Proposed Opacity
Reference Prepara-
tion 0.548 0.299 0.387 0.227 1.42 1.32

and 4 in comparison with those of the original
International Opacity Reference Preparation.
The extinctions of the two preparations are nearly

identical in the Zeiss spectrophotometer at the dif-
ferent wave-lengths. Small but systematically higher
extinctions for the new preparation are recorded with
the Coleman Junior instrument. It has, however, not
been possible to make a better reproduction of the
original reference preparation, most likely because
the two preparations have different size distributions.
It seems to be impossible to reproduce the size

TABLE 3

PHOTOMETRIC CHARACTERISTICS OF THE
INTERNATIONAL OPACITY REFERENCE PREPARATION

AND THE PROPOSED INTERNATIONAL
OPACITY REFERENCE PREPARATION II

AT WAVELENGTHS 530 mA AND 700 m,

Extinction

Preparation Zeiss PMQ II Coleman Junior

530 mit 1700 miL 530 mM 700 m

International Opacity Re-
ference Preparation 0.753 0.470 0.313 0.197

Proposed International
Opacity Reference Prepa-
ration I1 0.753 0.468 0.330 0.205

TABLE 4

EXTINCTION OF THE INTERNATIONAL OPACITY

REFERENCE PREPARATION AND THE PROPOSED
INTERNATIONAL OPACITY REFERENCE PREPARATION II

AT DIFFERENT WAVE-LENGTHS

Zeiss PMQ II Coleman Junior
Wave-
length Int. Opacity Proposed Int. Opacity Proposed(mt) Ref. Prep. Int. Opacity Ref. Prep. Int. Opacity

Ref. Prep. II Ref. Prep. II

400 1.15 1.16 0.37 0.41

425 1.05 1.05 0.36 0.39

450 0.96 0.97 0.35 0.38

475 0.88 0.89 0.34 0.36

500 0.80 0.80 0.33 0.35

525 0.76 0.76 0.32 0.33

550 0.71 0.71 0.30 0.31

575 0.66 0.66 0.28 0.30

600 0.61 0.61 0.27 0.28

625 0.57 0.57 0.26 0.27

650 0.54 0.53 0.25 0.26

675 0.50 0.50 0.23 0.25

700 0.47 0.47 0.20 0.21
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TABLE 5

POTENCIES ESTIMATED BY VARIOUS PHOTOMETERS OF
PROPOSED OPACITY REFERENCE PREPARATION II IN RELATION TO THE

INTERNATIONAL OPACITY REFERENCE PREPARATION

Wavelength 530 mp or green filter Wavelength 700 mg or red filter

Potency Potency
Instrument Proposed Proposed Proposed Proposed

Int. Opacity I ntf ° a Ref. lnt. Opacity Int. Opacit Ref.
Ref. Prep. rep. Prep. IhI/nt. Ref. Prep. Ref Pepy Prep. 11IInt.

Re. Opacity Opacity
Ref. Prep. Ref. Prep.

Zeiss PMQ II 0.74 0.76 1.03 0.46 0.48 1.04

Coleman Junior,
Model 6A 0.28 0.30 1.07 0.20 0.22 1.10

Hilger biochemical
absorptiometer 0.73 0.76 1.04 0.48 0.50 1.04

Beckman Model C
colorimeter 0.51 0.57 1.12 0.41 0.43 1.05

Beckman B 0.65 0.67 1.02 0.43 0.44 1.02

Coleman universal
spectrophotometer
Model 14 0.77 0.77 1.00 0.53 0.53 1.00

Hilger Uvispek
spectrophotometer 0.57 0.58 1.02 0.37 0.37 1.00

distribution of the particles in the original Interna-
tional Opacity Reference Preparation. In any case

it is extremely difficult and tedious to replicate the
size distribution of a polydisperse glass-particle
powder. Rather large amounts of material must be
available even for the analysis of the size distribution
in a given suspension.
The suitability of the Proposed International

Opacity Reference Preparation II in a variety of
different photometers is shown in Table 5 in compari-
son with the existing International Opacity Reference
Preparation.

STABILITY OF THE INTERNATIONAL OPACITY REFERENCE

PREPARATION

Certain experience gained during recent years with
regard to the stability of the International Opacity
Reference Preparation should be emphasized here.
Our laboratory was informed that freezing of a

glass-particle suspension causes an aggregation of the
particles during the transition of the suspension
medium from the fluid to the solid state. This
finding has been confirmed and it has been found that

the particles may be redispersed, at least partly, by
heating.

This Institute has been using the International
Opacity Reference Preparation for several years. Ten
millilitres of an original ampoule were transferred to
a glass tube (Jena Flaschenglas), 18 mm in diameter
and 150 mm long. The 10-ml glass-particle suspen-
sion filled the lower 50 mm of the tube. That
particular tube was used regularly after shaking and
constantly kept at room temperature. A significant
loss in turbidity was encountered after three years
when compared with the contents of a fresh ampoule
stored in the refrigerator. The photometric readings
in a Coleman Junior instrument were:

Extinction

Opacity Reference Preparation used for 3 years 0.16
Opacity Reference Preparation, fresh . . . . . 0.23

By weighing the suspension with the decreased
turbidity a decrease in the mass of glass particles in
suspension was observed, giving the following figures
after correction for the thiomersal content in the
suspension medium:

Dry weight of Opacity Reference used for
3 years ..... . . . . . . . . . 0.32 mg/ml

Dry weight of Opacity Reference, fresh . 0.45 mg/ml
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REPRODUCTION OF THE INTERNATIONAL OPACITY REFERENCE PREPARATION

La premiere Pr6paration intemationale de ref6rence
d'Opacite, etablie en 1953, consistait en une suspension
de particules de verre Pyrex dans l'eau distill6e addition-
n6e de 0,01 % de thiomersal. Le remplacement de cette
Pr6paration en voie d'epuisement a pos6 des problemes,
du fait que les suspensions de verre Pyrex propos6es
pour la nouvelle pr6paration donnaient des valeurs
d'opacite differentes de celles de la premiere preparation,
selon le type de photometre utilis6. L'exp6rience montra
que ces differences 6taient dues a la dimension des parti-
cules et a leur repartition par grandeurs, au sein de la
suspension. I1 est pratiquement impossible de reproduire
exactement la r6partition des particules realisee dans la
Preparation 1953, mais on a r6ussi tout de meme a pre-

GLASS TUBE USED FOR INTERNATIONAL
OPACITY REFERENCE PREPARATION,
SHOWING MATERIAL ADHERING TO INNER WALL
AFTER EMPTYING, WASHING AND DRYING

The loss in dry weight corresponds very closely to
the loss in extinction (30.4%. and 28.9%. respectively).
The tube was washed several times with distilled
water. Afterwards it appeared that the material lost
adhered to the inner wall of the tube above the level
of the suspension, especially just under the rubber
stopper which was tightened on the outside with
adhesive tape. The phenomenon first became visible
after the tube was completely dried (see the accom-
panying figure). The particles adhered very firmly to
the wall and could be removed mechanically only by
means of a wet rag. Altogether 0.99 mg of glass
particles could be removed. Calculated on the basis
of the decreased turbidity, the loss should have been
1.30 mg of dried material.
In consequence of the above observations it was

decided to use the Opacity Reference in a tube with
as small as possible an air space above the suspension.
Observations regarding the stability of the Interna-
tional Opacity Reference Preparation kept in this
way have not been collected yet.

UMI!

parer une suspension qui, du point de vue de I'opacit6,
est presque identique a celle de 1953, en melangeant des
particules de verre de differentes grandeurs, dos&es selon
les estimations turbidim6triques de deux types de photo-
metres (Zeiss et Coleman Jr.).
La stabilite de la Preparation de r6f6rence peut etre

affect6e par la congelation de la suspension, et par le
fait qu'elle est conservee dans des tubes incompletement
remplis: des particules de verre adherent aux parois du
recipient au-dessus de la surface du liquide, diminuant
ainsi la valeur d'opacite. I1 y a donc lieu de laisser le
moins d'espace possible entre la surface de la suspension
et la partie inf6rieure du bouchon.

Rubber stopper
placed here

Air space above
the level of the
Internationa'l
Opacity Reference
Preparation

Level of the 10 ml
of International
Opacity Reference
Preparation before
emptying

WHo 1621

217


