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THE REFERENCE SYSTEM AND ITS INFLUENCE ON THE ACCURACY
OF CYTOLOGICAL MASS DETERMINATION BY X-RAYS

by
BO LINDSTROM
Institute for Cell Research, Kavolinska Institutet, Stockholm (Sweden)

The total mass of cytological structures can be determined from measurements of the absorption
of soft X-rays in thin tissue sections according to a method reported by ENGSTROM AND LINDSTROM!:Z,
In this method a microradiogram of a thin biological sample and of a reference system, consisting
of a step wedge of nitrocellulose foils, is recorded on a fine-grained photographic emulsion using
continuous X-radiation (generated at 3000 volts and filtered through o x aluminium). In this way
it is possible to determine the total mass of structures with areas as small as 5 y?. The systematic
error does not exceed + 59%,. The reference system was introduced because of the non-linear relation-
ship between the intensity of the X-radiation and the density of the recorded image (except for
very small intensities) and because of the difficulties encountered in calculating an exact composite

mass absorption coefficient. The mass absorption coefficient of the reference system, (& must

)CNOret'
have the same wavelength dependence as that of the tissue, ("i> . Neither ig corrected for
hydrogen. @ /CNOy

Equation 10a in the paper by ENGSTROM AND LINDSTROM? gives the mass per unit area of
a cytological structure;
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of the reference system, Ay P'(%)CON that of the cytological structure, and myes the weight of the
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reference system with the same absorption as the cytological structure under investigation. This
last weight is given by myef = u-w, where u is the foil equivalent of the cytological structure, as
determined by comparing the photometer deflection for the structure with the calibration curve
of the step wedge (see Fig. 13 in the paper by ENGsTROM AND LiNDsTROM?), and w is the weight
per unit area of one foil.

The errors in the different factors of this equation have recently been determined by LINDSTROM?.
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a series of duplicates the coefficient of variation in # was determined for an average biological tissue
(nerve cells). It was 4 23%. In the same way the coefficient of variation in w was determined
(4 119%). These values can be combined according to the formula for relative errors of a product;

+ /s/ 52 + 23% 4+ 112 = 4 269%,. When performing relative measurements the error will be less, for
instance + 129, when determining the ratio between the masses in the different bands in striated
muscles from Chironomus. All the figures refer to errors in a single determination. From the above
it is clear that the error due to the coefficient of variation in % is most important. This depends
on the repeated photographic process, the photometry, the error in the calibration curve, and certain
other factors (see LINDSTROM?).

BRATTGARD AND Hyp#N? and BRATTGARD® claim quite another accuracy for the method
(a random error of about -+ 3.5%), but they use figures obtained from the literature®:? 8 when
evaluating the error in the photographic-photometric procedure. These figures refer to different
equipment, different photographic emulsions and different wavelength regions, and they are therefore
by no means representative of the X-vay weighing procedure. This is the reason why LINDSTROM gets
+ 239 and BRATTGARD aND HYDEN about + 3.5%, for the same biological material (nerve cells).
The figure 4 23% is an upper limit, and certain improvements (direct photometry in the micro-

It was found that the maximum error in the ratio
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radiogram, which ENGSTROM? was the first to use for biological material) will give a smaller value.
For particularly suitable material it is possible to get a still better accuracy with the photographic-
photometric procedure (see ENGSTROM AND LUTHY!?), but in the author’s opinion a figure of about
-+ 109%, will be the lowest obtainable. The only permissible way of determining the errov is to investigate
a sevies of duplicates (or determinations, equivalent to duplicates) and to use the exact procedure for
whick the evyor is being deteyrmined. Differences between materials make it necessary to determine
the error for every particular investigation. if reliable figures are to be obtained.

The foils for the reference system have been made in the following way by ENGSTROM AND
LINDSTROM; About 10 to 20 drops of a diluted zapon varnish solution are floated on the surface
of distilled water in a clean glass dish, the diameter of which is 8—9 cm. In the bottom is a metal
ring with a diameter of about 6 cm. When the zapon varnish begins to wrinkle on the edges, the metal
ring is raised out of the water. The zapon foil, which is suspended in the metal ring, is then dried
in a dust-free chamber. A certain area of each foil is cut out and weighed on a precision microbalance
(with a maximum error of 4 0.005 mg). The weighed part of the foil and the adjacent parts are
used as reference systems. In most experiments the weight of the foil, w, has been about 0.2 mg cm~2.

BRATTGARD AND HALLEN!! obtain an error of + 18-209, for this procedure, but in a series
of duplicates LINDSTROMS reports + 11%. The variation could be due to certain differences in the
technique used and in the precision of the balance. “The earlier method b’ in the paper by BRATTGARD
AND HaLL£N! must be their own invention, for it has never been used by ENGSTR6M AND LINDSTROM.
BRATTGARD AND HALLEN! describe an improved method in which, for weights less than 0.1 mg cm=2,
the error is + 6%, but for weights over 0.2 mg cm=2 the error is 4 10-149%,. This is about the same
error as given by LINDsTROM? for the earlier method (4 119). It is true that this early method
is not good for making very thin foils. On the other hand these thin foils (0.1 mg cm—2) are difficult
to handle when putting the step wedge very close to the biological structure to be measured.

A modification of the preparation holder has been introduced by BRATTGARD aND HyDENA.
The holder is made in two parts, one for the reference system and the other for the biological sample.
With this procedure the same reference system can be used in many experiments. In this case the
weight of the supporting membrane of the sample must be determined for every preparate with
an inevitable new error.

The most important improvement in the reference system is the interferometric determination
of the thickness of the foils (HALLEN AND INGELsTAM!%). In their paper the precision was given
as a few per cent for a Young double slit system, but BRATTGARD AND HyD£N? claim 19,. From an
accurate value for the specific gravity of the foil, the mass per unit area of one foil, w. can be determin-
ed. The interferometric procedure is also used when checking the uniformity of the foils. In the
original method?, uniform photometric values over a whole step in the wedge give the necessary
information about the evenness of the foil.

The improvements in the determination of w are of little value when relative measurements
are used, for then only values of « are considered. As the error in # (i.e. the error in the photographic~
photometric procedure in X-ray microradiography) is the most important one, an isolated reduction
of the error in w has a rather small influence upon the overall error in absolute measurements. When
an electrical detecting system can be used instead of the photographic-photometric procedure the
accuracy will increase considerably, and in this case the reference system will not be necessary.

REFERENCES

1 A. ENGSTROM AND B. LINDSTROM, Nalure, 163 (1949) 563.

2 A. ENGSTROM AND B. LINDSTROM, Biochim. Biophys. Acta, 4 (1950) 351.
3 B. LINDSTROM, Acta Radiol., 38 (1952) 355.

4 S.-0. BRATTGARD AND H. HYDEN, Acta Radiol., Suppl. 94 (1952).

5 S.-O. BRATTGARD, Acta Radiol., Suppl. 06 (1952).

8 E. R. HOLIDAY et al., Quart. J. Pharm. Pharmacol., 19 (1946) 155.

? H. KAISER, Z. Techn. Phys., 17 (1936) 227.

8 R. A. SAWYER, Experimental Spectroscopy, London 1945.

9 A. ENGSTROM, Acta Radiol., Suppl. 63 (1946).

10 A, ENGsTROM AND H. LUTHY, Exptl. Cell Research, 1 (1950) 81.

11'S.-O. BRATTGARD AND O. HALLEN, Biockim. Biophys. Acta, 9 (1952) 488 .
12 0. HALLEN AND E. INGELsTAM, Exptl. Cell Research, 3 (1952) 248.

Received December 1st, 1952



