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in der Absicht, die Bildung der Autoantikórper nachzuweisen, welche mit Hilfe des
Quarzes in den Geweben entstehen, aber bis jetzt ist dieser Nachweis nicht gelungen.
Der Autor konnte bei Kaninchen, welche mit homogenisierten Lungen von normalen
and silikotischen Ratten immunisiert waren, Antikórper gegen Rattenlungen nach-
weisen. lm Serum eines Kaninchens, welches mit Lungen von silikotischen Ratten
immunisiert war, konnte er das Vorhandensein spezifischer Antikórper nachweisen,
welche bei Kaninchen, die gegen normale Rattenlungen immunisiert waren, nicht nach-
weisbar sind. Dies wurde erreicht durch Absorption der unspezifischen Antikórper and
anschliessend mit Hilfe der doppelten Diffusionsprazipitation nach Jenning.

Auch in vivo kann die Anwesenheit von Antikórpern gegen Rattenlungen nach-
gewiesen werden, wenn man einigen Ratten das von den Kaninchen stammende Rat-
tenantiserum einspritzt. Dadurch konnte man bei den Empfangerratten die charakte-
ristischen LungenverSnderungen als Folge der Wirkung der Antikórper feststellen.
Aehnliche Ver gnderungen an den Lungen bekommt man bei normalen Ratten, wenn
man ihnen Serum von silikotischen Ratten einspritzt. Das wurde die Existenz von
humoralen Antikórpern gegen Lungengewebe bei silikotischen Ratten beweisen.
Abschliessend wind in der vorliegenden Arbeit die Bildung von Antikórpern gegen
Lungengewebe bei Ratten nach endotrachealer Injektion von Quarz dargestellt.
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The International Commission on Radiological Protection issues the fol-
lowing recommendation on the subject of the medical examination and of
the tests to be performed in view of employing personnel to be assigned
to tasks which expose to the risk of ionizing radiations :

« It should be recognized that the examination is directed toward
determining the « normal » condition of the worker at the time of employ-
ment and toward noting any abnormalities that might later be confused
with radiation damage D.

One is requested, therefore, to know the normal conditions so as to
be able to refer to them for tests of discriminatory type. Hence, the pro-
blem is twofold : in the first place, it is a problem of description, that is
to say, the collection and processing of data representing the conditions
of normality as existing in a given demographic area; in the second place
it is a problem of decision, that is to say a choice of criteria and of
thresholds for the acceptance or the rejection of single individuals from
the range of normality as above described.

In the following exposition, concerning the results of individual hemato-
logical examinations, we shall conform with this subdivision and this order.
It seems appropriate to draw attention upon the fact that we shall have
to restrict ourselves, in this occasion, to point out some ideas which seem
of some relevance, while the presentation of the mathematical develop-
ments, of the formulae, of more examples and of a complete list of refe-
rences shall be reserved to a future opportunity.

1. THE PROBLEM OF DESCRIPTION

1.1. The distributions

From a statistical point of view, the study of a population is primarily
the study of frequency distributions. In the case under consideration it is
of importance to know how a population is distributed in respect to the
number of erythrocytes, of leucocytes, and so on, per unity of blood vo-
lume and in respect to other hematological indexes (for example : leuco-
cyte differential count) of particular significance. In the study of this type

(*) Paper presented to the a Symposium on the medical supervision of workers exposed to ionizing
radiations v, sponsored by Euratom at Stress, 2-5 May 1961.
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of data one encounters the three basic statistical distributions, i.e. binomial,

normal and Poisson's distribution. The distribution of the counts of blood
corpuscles as emerging in the counting chambers is Poissonian; the distri-
bution of the individuals of a population according to their number of
erythrocytes or leucocytes is normal (or can be normalized); the distribu-
tion of the percentual differential counts, as obtained from blood smears,
is binomial (or multinomial).

Of the three distributions, the normal or Gaussian (*) one, is the most
relevant in the analysis of the distribution of individuals according to the
intensity of their hematological indexes. There exist some valid and known
reasons for ascribing to this distribution a particular importance :

a) a large part of biological quantities are distributed in a Gaussian
manner;

b) natural not Gaussian distributions can become such by means of
adequate and simple transformation of the variable;

c) the distribution of the means of the samples is Gaussian even if
the population from which the samples have been drawn is far from it.

The rational foundation of points a) and c) is to be found in a theorem,
said of the e central limit », according to which the distribution which is
the sum of a great number of independent distributions of any form what-
soever, tends to be a Gaussian distribution. In other words, if the variation
of a measured quantity is due to a large number of small concurrent ef-
fects, the distribution arising therefrom is practically Gaussian. The greatest
part of anthropometrical measurements, including the hematological ones,
are in fact of this type; that is, they correspond to characteristics which
are likely to be under the control of many genes and the influence of nu-
merous environmental factors.

1.2. Construction and verification of distributions

An Occupational Medicine Service of a Nuclear Center about to begin
the hematological tests on the population from which the personnel to be
employed in the Center shall be chosen, will have to collect, in the first
place, a sufficient number of data from apparently normal subjects. That
is, subjects who, on the basis of the usual means of clinical and laboratory
investigations available to the physician of Occupational Medicine, appear
to be healthy. How many subjects shall have to be examined? Experience,
with some theoretical foundation, says that the best results - in terms of

frequency distributions - are obtained when data are grouped in not less
than 10 and not more than 20 classes. For a number of 10 classes a
number of observations of an order of magnitude of 102 is adequate : the-
refore for surveys of this type it seems that a few hundreds of subjects

(r,) In the following text, so as to avoid any misunderstanding, we shall indicate the normal di-
stribution with the term a Gaussian ),, reserving to the expression a normal a the significance of the

common language.

would be a recommendable sample size, in view of carrying out a good
statistical work.

These same subjects will supply the investigator with as many frequency
distributions as is the number of variables for which they are tested : number
of erythrocytes per mm 3 , number of leucocytes per mm 3 , hemoglobin con-
tent, globular value, percentage of mononucleates and percentage of poly-
nucleates, and so on. Each of these distributions can have different form,
of which it is advisable to verify the consistency with one of the basic
statistical distributions.

a) Verification of Gaussianity. This may be carried out by analytical
or by graphical methods. On the analytical pathway, it is possible to ar-
rive, by means of the calculation of moments and cumulants, to exact
measurements of skewness and kurtosis; it is however more convenient to
calculate, on the basis of the mean and of the variance of the sample, the
Gaussian distribution most suitable for the sample itself and further, to
control, in terms of x2, the significance of the differences between observed
and expected frequencies. We deem, however, that for the objects to be
attained by investigations of the type here discussed, as a rule the appro-
ximation of a graphic verification is sufficient and advisable. The latter
should consist in the inspective control of the linearity of the relationship
between cumulative frequencies transformed in probits and the measure-
ments of the variable considered or their metameters. Some examples shall
be mentioned later on.

b) Verification of Poissonianity. The analysis of moments and cumu-
lants is adequate to the purpose, but the direct test of the significance of
the difference between mean and variance, in terms of x2, is sufficient. It
is, on the other hand, possible if less usual, to calculate by means of tables
the expected frequencies on the basis of the Poissonian hypothesis and of
the value of the mean, and to compare them, still by means of x2, with
the observed frequencies.

c) Verification of binomiality. One calculates, by means of tables, the
frequencies expected for a distribution having as p the value p* of the
sample considered. The consistency of the frequencies of this distributions
with the ones observed is judged by x2. For binomiality also, the verifica-
tion can proceed according to the criteria mentioned for the other distri-
butions. We remind of the usefulness of the binomial charts for the homo-
geneity control of binomial samples.

1.3. Distribution anomalies: types and interpretations

The frequency distribution of a hematological character as of any other
character, may show a discrepancy in respect to the theoretical distribution,
due to various reasons. We shall consider some of them, with reference
to the Gaussian distribution.
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Fig. 1 - Frequency distribution of some hematological values (342 healthy, adult males; morning
samples from fasting subjects; Milan, 1958-1959).

a) Skewness : this is the most frequent anomaly, being nearly always
a positive one. It affects almost all the distributions collected by one of us
(fig. 1) (POLVANI) and many by other Authors. On a probability chart, a posi-
tively skew distribution yields, instead of a straight line, a concave curve

towards the abscissa: the contrary occurs for negatively asymmetrical di-
stributions. Various interpretations of skewness can be given; among these,
one is of a general kind : the inadequacy of the scale of measurement of
the variable; and one is of a particular kind : the presence, in the popu-
lation sampled, of a group of individuals distributed around a mean dif-
ferent from that of the population. Such a group may be sufficiently small
as not to appear clearly as a second mode, but sufficiently large to asso-
ciate a tail to the fundamental distribution.

b) Kurtosis: sometimes the distributions of the observed samples are
of a generically Gaussian type, but differ from it, even significantly, due
to a frequency excess in the modal class and in the tail classes (leptokur-
tosis). Also the opposite anomaly can occur, consisting in default of fre-
quency in the modal class and in the caudal classes (platikurtosis). In the
distribution of hematological characteristics, one of us has encountered more
than one case of leptokurtosis. A reasonable interpretation of these ano-
malies suggests that it may be a matter of an ignored overlapping of two
distributions of closed means and of different variances (WACHHOLDER). Di-
stributions with kurtosis anomalies yield, on a probability chart, a line which
is broken in three segments instead of a straight line : the two extreme
segments are parallel and correspond to the dominant population; the central
one - which corresponds to the smaller population - shows, in respect
to the others, a greater or lesser slope according to a leptokurtical or a
platikurtical distribution. The graphic ascertainment of all this is relatively
easy; the detection and the description of the component distributions is
also possible, still graphically.

c) Bimodality : this is the result of the presence, within the popula-
tion under consideration, of two populations with two different means. If
the difference between the two means is small in respect to the standard
deviations, it becomes difficult to detect the two modes and, therefore, the
two component populations. On a probability chart a bimodal distribution
is recognizable because it yields a line broken into three segments, of which
the intermediate one is less steep than the others : by means of extrapo-
lation from the latters one can arrive to an estimate of the statistics of
the component populations. More sophisticated techniques for the handling
of bimodal distributions (RAO) seem disproportionate to the problems here
under discussion.

Resuming the above considerations, we can establish the following points :

- One of the most likely causes of frequency distribution anomalies
of biometrical data - in our case : hematometrical data - is the presence
within the sampled population of different subpopulations.

- The type of anomaly depends upon the relative sizes of the sub-
populations, from the magnitude of the difference between their means and
from the magnitude of the difference between their variances.

- If it is a case of two subpopulations with closed means and dif-
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ferent variances, we have anomalies of the kurtosis type (leptokurtosis when
the subpopulation with greater variance prevails and platikurtosis in the
opposite case). If the means are different there arise symmetry anomalies
which can attain even bimodality.

1.4. Transformations of skew distributions

Whichever be its correct interpretation, skewness may often easily be
corrected by means of mathematical transformations of the variable. Posi-
tive skewnesses are corrected raising the variable to exponents inferior to
unity; negative ones are corrected raising the variable to exponents greater
than unity.

It is obvious that if one has to try several transformations it shall always
be convenient to give priority to the less drastic ones, and that is, to the
exponents nearer to unity. In practice three transformations are more used
than the others in view of correcting positive skewnesses : the square root,
the logarithm and the reciprocal, in this order of growing drasticity.

It is therefore advisable not to make use of logarithmic transformation,
if the square root transformation is sufficient, and likewise not to use the
reciprocal one, if the logarithmic transformation is adequate. One shall of
course be free to use any other transformation if the less drastic ones will
not prove sufficient to make the distribution Gaussian. But the three re-
called by us deserve some preference because they are also among the
most used for the correction of homoscedasticity defects.

An example of successive transformations according to the series n,
log n, n-0.5, n-1 has been used by one of us to obtain a very satisfying
Gaussian curve from a series of frequencies concerning the number of leu-
cocytes per mm3 of blood, on subjects examined in the past years in Lom-
bardy (POLVANI and SILINI). Figure 2 shows that a sufficient rectilinearity is
obtained, on probability charts, with the transformation log n, with the
transformation n-0.5 and also with the transformation n-1 . The best result
is however obtained with the exponent - 0.5 as figure 2 shows.

1.5. Representation of the distributions

It seems superfluous to go here into details concerning the manner of
representing distributions both by means of graphs and tables. It is however
considered that one recommendation may not be useless. In almost all
papers collecting hematological measurements on human populations, the
results of these measurements are related in terms of: size of the sample,
range, arithmetical mean, standard deviation, standard error, variation coef-
ficient. Some of these measurements are redundant for descriptive purposes,
in the sense -- for example - that the last two may be calculated also
by the reader if the preceding ones are known to him. There lacks, on
the contrary, usually any indication - although it would be so important -
on other properties of distribution, and first of all symmetry.
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To fill this gap it would be sufficient to indicate the mode and the
median or, at least, only the last one. It is known, in fact, that the fol-
lowing quantities :

(mean - mode)

	

3 (mean - median)

standard deviation

	

standard deviation
have null value for symmetrical distributions, a positive value for positi-
vely asymmetrical distributions and a negative value for negatively asym-
metrical distributions.

It might be of advantage if the various research teams of the Occu-
pational Medicine Services of the Nuclear Centers, which collect hemato-
logical data from the populations out of whom they recruit their personnel,
would conform to a common criterion of presentation, consisting in giving
the following statistics : size of the sample, range, arithmetical mean, median,
standard deviation.

2. THE STUDY OF VARIABILITY AND OF ITS SOURCES

2.1. The sources of variability

In the hematological data collected from a sample of the population under
study are to be recognized various sources of variability, of which some
fall under the control of the investigator while others do not. Of the first
ones, some may be interesting for practical purposes and others are not.

a) For the variability beyond control (which is in fact the one for
which it has proved impossible to detect a precise and clear source, i.e.
sex, age, method of examination, and so on, and which flows together into
the so-called individual variability, for a great part on genotypic and phe-
notypic basis) we have no other remedy except randomizing : in other words,
we must take care that all individuals belonging to the population under
examination have the same chance of becoming part of the sample. In other
words yet, there must be no forms of active or passive selection which
may bias the sampling itself.

b) For the controllable but not interesting variability we shall ope-
rate restrictively, that is, cancelling it by means of the choice of a parti-
cular situation. For example, if the hematological characteristic under exa-
mination varies with sex (controllable) but the recruiting concerns men only
(not interesting), we shall restrict the sampling and the investigation to male
individuals. Likewise, if the hematological characteristic varies with the state
of gastric digestion (or with the hour of the day) but the recruiting exami-
nation may be always carried out at fasting conditions at 9 a.m., we shall
decide that the sampling will be carried out under these precise conditions.

c) For the controllable and interesting variability it shall on the con-
trary be necessary that the investigation procedures supply adequate esti-
mates : as a general rule this is obtained, as we shall see, factorializing

the causes of variability. If, for example, the recruiting concerns men and
women, young and old, and if sex and age have influence upon the hema-
tological datum considered, it is necessary that in the samples young men,

old men, young women and old women are adequately represented.
These considerations, which sound as a commonplace, should not be

ignored by those designing the collection of hematological data in a po-
pulation with the purpose of defining normal conditions in the population
itself. In any case, the main variation sources for the type of data in which
we are here interested are the following :

- variability between measurements within samples;
- variability between samples within individuals;
- variability between individuals within the population.

Each of these is again composed according to what we are now going
to discuss briefly.

2.2. Variability between measurements within samples

This is the result of at least three main components which, in the case
of hematological counts, may be described as follows :

a) Variability due to technician's error: differences among different
observers; differences among different times of the same observer (fatigue);
interaction between the preceding factors.

b) Variability due to instrumental error: differences among pipettes;
differences among hemocytometers.

c) Variability due to statistical error : variations in the number of
cells which are counted in different squares of the same hemocytometer
filled with a given sample of diluted blood; variations in the percentage
of cells of a given type (mononucleates, polynucleates) which are counted
on different points of the same blood smear (*).

2.2.1. The technician's error has not been much studied. CHAMBERLAIN

and TURNER (1952) consider it and find it not quite important. They, howe-
ver, have studied only the difference among different technicians engaged
in counting simultaneously the same blood sample. The effect of the fatigue
of one and the same observer who has to carry out many counts does
not seem to have received much attention, but our experience tells us that
it may be not unnegligible.

It does not seem, however, that the variability as measured among ob-
servers of one and the same laboratory can supply clues as to the varia-
bility among technicians of another laboratory. It shall therefore be advi-
sable to ascertain it independently each time, when it is not possible to

(*) We abstract here from possible systematical errors which may arise from a different distri-
bution within the chamber or on the smear, of the corpuscles: against these one must protect oneself
carrying out counts partly at the center and partly at the periphery of the chamber or the smear.
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commit the determinations to one and the same person or to make use
of an automatic counter.

2.2.2. The instrumental error and the statistical error have been the
subject of careful analyses on the part of different groups of workers (among
others CHAMBERLAIN and TURNER (1952) on leucocytes and BERKSON, MA-
GATH and HURN on erythrocytes) with results showing satisfactory agree-
ment, as we shall demonstrate further on.

As regards the statistical error it is appropriate to recall that in the
common practice of a hematological laboratory we deal with three diffe-
rent types of counts : the absolute or total count of erythrocytes and of
leucocytes; the differential count of the leucocytes; the absolute count of
the various types of white cells (mononucleates, polynucleates) which is
obtained by means of integration of a total count and of a differential count.

a) Let us consider, before anything else, the case of the total count
of red and white blood cells. In this case the variance of the count (as
concerns the distribution of cells in the squares of the field) is of clearly
Poissonian type. An experiment factorializing pipettes and hemocytometers
(instrumental error) and using as replications the counts in different squa-
relets of the same chamber (statistical error) permits an evaluation :

- of the variance due to the distribution of the cells in the squarelets
or in the field (a!);

- of the variance due to the hemocytometers (4);
- of the variance due to the pipettes (a2p);

and therefore an evaluation of the total error of the count :

2 _	 6A
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ny + nh + np

If, as is expected, a! is not significantly different from M (mean num-
ber of cells per square or per field) this can be considered a better estimate
than that, and, therefore

2

	

2
6h

	

6p

It appears from this formula that only the first term of the right-hand
member depends on the number of counted cells; overmore it represents
only a small part of the total variance. Hence, beyond a certain limit the
increasing of the number of counted cells is of scarce uselfulness to the
purpose of the reduction of the total variance of the count. It is due to
this reason that in the case of the counts of white cells (for which M is
a rather small number) it is rather advantageous to increase the number
of counted cells, while in the case of the counts of red blood cells (for
which M is a rather great number) it is of little advantage to increase
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the number of counted cells and it is rather advisable to increase the number
of pipettes or of chambers used. These considerations, as obvious, apply
also in the case of automatic cell-counters the use of which is at present
spreading in the practice of laboratories.

The error of a measurement is often given percentually as a variation
coefficient; in the case of a total count of red blood corpuscles this coeffi-
cient is estimated by CHAMBERLAIN and TURNER (1952) at approximately

7 %, and by BERKSON, MAGATH and HuRN at approximately 6 % (total

number of counted cells, 500; number of hemocytometers, 2; number of

pipettes, 2). As can be seen, there exists a good agreement between these
completely independent estimates which can serve as reference values for
the physician about to implement the technique of absolute hematological
counts in the laboratory of a Nuclear Center.

b) The differential count, as is in fact the one used for the leuco-
cytes, has, on the contrary, a variance of binomial type. If p is the fre-
quency of a type of cells, and 1-p the frequency of cells of a different type,
the variance of p, as is known, is given by :

e2= p (1-p)
p

	

n

where n is the number of cells counted on the whole. The value of p,
naturally, is unknown; we know an estimate of such value, p*, in the sample.
It is this value which we shall substitute in the above indicated formula.
The statistical error for various values of p as a function of n is reported

in many tables and diagrams, a part of which supply directly the confi-
dence limits of the empirical value found (CLOPPER and PEARSON, RtUMKE).

c) It is sometimes necessary (as it for instance happens in the case
of the polynucleate and mononucleate leucocytes) to evaluate the absolute
number per mm3 of a certain type of elements present on the blood smear :
obviously the values obtained in the total count and in the differential
count are multiplied. For instance, if one has estimated the number of
leucocytes per mm3 equal to n, and the frequency of neutrophils equal to

p*, the number of neutrophils per mm3 will be equal to np*. This number

is of course burdened by the errors of the one and of the other count ac-
cording to the following formula:
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2.2.3. The interest inherent in these studies on the error connected
with the different types of counts is twofold for the physician entrusted
with the control of the health of the personnel employed in Nuclear Centers.
The evaluation of the total error to be assigned to a given count permits
to give to this last one its exact metrological significance, as a function of
the conditions in which it has been carried out (and is also relevant for
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the various types of white cells (mononucleates, polynucleates) which is
obtained by means of integration of a total count and of a differential count.

a) Let us consider, before anything else, the case of the total count
of red and white blood cells. In this case the variance of the count (as
concerns the distribution of cells in the squares of the field) is of clearly
Poissonian type. An experiment factorializing pipettes and hemocytometers
(instrumental error) and using as replications the counts in different squa-
relets of the same chamber (statistical error) permits an evaluation :
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or in the field (a!);
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and therefore an evaluation of the total error of the count :

2 _	 6A

	

ah	 eat

	

ny + nh + np

If, as is expected, a! is not significantly different from M (mean num-
ber of cells per square or per field) this can be considered a better estimate
than that, and, therefore
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It appears from this formula that only the first term of the right-hand
member depends on the number of counted cells; overmore it represents
only a small part of the total variance. Hence, beyond a certain limit the
increasing of the number of counted cells is of scarce uselfulness to the
purpose of the reduction of the total variance of the count. It is due to
this reason that in the case of the counts of white cells (for which M is
a rather small number) it is rather advantageous to increase the number
of counted cells, while in the case of the counts of red blood cells (for
which M is a rather great number) it is of little advantage to increase
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the number of counted cells and it is rather advisable to increase the number
of pipettes or of chambers used. These considerations, as obvious, apply
also in the case of automatic cell-counters the use of which is at present
spreading in the practice of laboratories.
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cient is estimated by CHAMBERLAIN and TURNER (1952) at approximately
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pipettes, 2). As can be seen, there exists a good agreement between these
completely independent estimates which can serve as reference values for
the physician about to implement the technique of absolute hematological
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It is this value which we shall substitute in the above indicated formula.
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the problems pertaining to decision of which we shall speak within short).
On the other hand the analysis of the components of the total error allows
to evaluate comparatively the different sources of error, detecting those upon
which a reduction seems more profitable in view of improving the pre-
cision of the determinations carried out in the hematological laboratory.

2.3. Variability between samples within individuals
and between individuals within the population

Everyday experience convinces us that samples collected at different times
from one and the same individual yield different counts for the various
blood cells. According to the season, to the hour of the day, to the time
of the last meal, to the condition of work or of rest, to psychological and
still other conditions, the same individual can yield different counts of the
red blood cells, of the white cells and so on (variability within the indi-
vidual, or intraindividual variability). Besides, each of these conditions being
equal, the single individuals of a population do not have the same number
of cells in the blood (variability between individuals, or interindividual va-
riability). This twofold variability is not less relevant, qualitatively as well
as quantitatively, than the one discussed in the preceding section : it can
at most be distinguished on the basis of the fact that it cannot be easily
reduced. It must not be forgotten, however, that some components of this
variability are of scarce interest (in the sense as previously illustrated) in
the practice of Occupational Medicine.

The intra- and interindividual variability may vary remarkably from
place to place, from population to population, so that the data collected
in different localities may be of scarce reciprocal information value among
physicians of the Occupational Medicine Services of different Centers. It
seems therefore advisable that the Medical Services of the Nuclear Centers
carry out, at suitable time intervals, an estimate and an adequate analysis
of this variability, for those variability sources, of course, which are inte-
resting in view of the medical control of workers.

Several Authors (see reviews of LAMBIN and of STURGIS and BETHELL)
have dealt with one or the other component of the inter- and intraindividual
variability; some others (CHAMBERLAIN and TURNER, 1958)' have tried to
evaluate more than one at the same time, by means of an adequate expe-
rimental design on statistical basis. It seems appropriate to recommend to
carry out this analysis in an integrated way, that is, factorializing the
utmost possible number of interesting variables within the limits of the
working capacity of a given research or laboratory team.

Of course the factorial designs have the disadvantage of rapidly hyper-
trophizing as soon as the number of variability sources considered and of
their levels increases. But this is not an insurmountable obstacle when the
interactions, and particularly those of an order higher than the first, may
be neglected as being often neither meaningful nor significant. In a case
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of this kind, to which obviously belongs also the one we are dealing with
here, one can adopt the so-called fractional designs with partial confoun-

ding which can give all the required information with a number of repli-
cations greatly inferior to that of a corresponding complete factorial design.

Since the use of these designs seems to be as yet very rare in the studies
concerning hematological variability and since we deem to have to recom-
mend its adoption to the physicians who intend to evaluate the intra- and
interindividual variability of a given population, we shall summarily de-
scribe a concrete example of the use of a fractional design with partial
confounding.

Let us imagine, for instance, that we intend to prepare an investigation
capable of evaluating at the same time the effect, upon the count of the
white blood cells, of the variability sources discussed in the preceding sec-
tions. For an estimate of the instrumental error we shall use : 2 pipettes
and 2 hemocytometers. For an estimate of the personal error of the tech-
nicians we shall entrust the measurements to 2 technicians. Overmore,
we decide that we want to know the effect of sex (2), the effect of age
(above or under a certain threshold, for instance 30 years) (2), and the
effect of the proximity of meals (fasting and not fasting applicants) (2).
Finally, we ask:ourselves whether there exists a seasonal variability (4)
and we also desire to obtain an estimate of the interindividual one. It would
seem unreasonable to ask all these things from a single investigation even
if it is distributed in a certain time period, because the sole combination
of the first 6 variables at 2 levels would require the analysis of 26 = 64
experimental groups, repeated for 4 seasons in a certain number of indi-
viduals. But the point is precisely that we can simplify drastically this
work by means of a fractional design with confounding using the 4 seasons
as blocks and reducing the experimental units to 8 X 4 = 32, neglecting
the obviously irrelevant second order interactions (what interest can, in
fact, be inherent in discussing, for instance, whether the interaction between
sex and age is influenced by the pipette?).

It is of course impossible here to extend the discussion of the charac-
teristics of the fractional designs and of those with confounding. We shall
confine ourselves to the presentation of only one, as an example. Observe
table 1, in which are given the sources of instrumental, of personal (the
technician's), of intraindividual and of interindividual variability. In the
preparation of the design the measurement statistical error has not been
taken into consideration, deeming it as known through separate analyses;
but it is obvious that it, too, could have been included in the design by
means of appropriate expansions.

Assigning to each of the experimental units (and that means, to each
line of the table) 4 individuals (chosen at random among clinically healthy
individuals of the considered population) one has a total of 32 individuals
for each block to be examined in a restricted lapse of time (for instance
2 weeks) and to be repeated 4 times in a year. An experimental design of
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TABLE 1 - Fractional programme with partial confounding for the analysis
of the variance of hematological data.
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this kind does not seem to imply a volume of work such as to engender
technical or organizational difficulties for a clinical laboratory of usual
dimensions.

The analysis of thus collected data (128 for each type of test) may be
formulated according to the terms as indicated in table 2 (in which the
sources of variability and the degrees of freedom can be read) and is car-
ried out in accordance with the well known rules of the analysis of variance.

TABLE 2 - Analysis of the variance for a specific experimental programme.

Variability

	

sources Degrees of
freedom

Pipettes 1
Hemocytometers 1
Technicians 1
Sex 1
Age 1
Fast 1
Interaction, 1st degree 14
Seasons (blocks) 3
Residual 8

Among groups

	

___

31
Within groups (among individuals) 96

Total 127

As is obvious, the design of the here described type are flexible enough
to be adapted to the various situations and particular requirements. What
is to be recommended about the study of the variabilities of hematological
data, is that methods of investigation should be adjusted which, as the
one reported as an example or even better than that, permit the investi-
gator to obtain :

- the integrated analysis of the various variability sources;
- the estimate of the error assignable to each of these sources;
- the detection of the causes of error upon which it is suitable to

carry out any reduction;

- the estimate of the error pertaining to a single determination, as
a function of the conditions in which it has been carried out.

Of course it does not only matter to obtain all this, but it is also of

importance to obtain it by means of an experimental program of reasonable

size, accessible to laboratories of average capacities. It is in fact precisely
in this sense that the mentioned experimental designs deserve some atten-
tion on the part of the physicians engaged in investigations of this kind.

3. THE PROBLEM OF DECISION

3.1. Statistical normality and clinical normality

The ascertainments which are carried out, on the basis of criteria equal
or analogous to those discussed in the first section, concerning the hemato-
logical characters of a population out of which the workers to be exposed
to ionizing radiations shall be recruited, imply, as their ultimate purpose,
the delimitation of a range of statistical normality. With this range are
compared the results of the hematological measurements of each individual
proposed for recruiting, so as to decide whether he shall be accepted or not.

The problem is relatively simple, but its correct solution requires that
some of its implications be made clear. Before anything else it does not
seem useless to recognize the limits of a judgement of statistical normality,
as formulated on the basis of some parameters : it is an objective judgement
the risk of which can be measured and therefore kept within bounds. This
judgement is not, however, a judgement integrated with all those conside-
rations which, on the contrary, concur in the issue of the judgement of
clinical normality. In the last one there have a part information on the
past history of the subjects, environmental conditions, functional evalua-
tions (hematological, but also extra-hematological) which, in the statistical
judgement, may lack completely. In this respect it is probable that the
conditions of normality as requested by the ICRP in the recommendation
with which we have begun, should be understood rather as clinical nor-
mality than as simple, isolated statistical normality. The judgement of sta-
tistical normality concurs, with other elements, to the judgement of clinical
normality, but it does not seem that the above said recommendation should
be restricted to it.

It should be stressed that the biometrician receives data from which he
extracts information which he returns to the person who has carried out
the measurements : the correct use of this information remains the privilege
and responsibility of the physician, particularly when confronted with such
a serious decision as is that of admitting of rejecting from a certain work
people wishing to be employed therein,

Of this, no doubt, physicians are maybe more aware than statisticians.
The first ones, though, may sometimes be unaware of the logical founda-
tions and of some practical consequences of their actions. When they de-
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be restricted to it.
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and responsibility of the physician, particularly when confronted with such
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cide to accept or to reject an applicant, they carry out - even if in im-
plicit form - a significance test. Now, a significance test is a judgement
of probability on a hypothesis which is called null hypothesis : in the case
in point the null hypothesis purports that an individual belongs to a given
population, which is the healthy, normal one. If the null hypothesis results
to be likely, it is accepted, if it results to be scarcely or very scarcely
likely, it is rejected.

On the other hand « scarcely or very scarcely likely » does not mean
much and, above all, does not mean the same thing for different observers.
It is necessary to define a threshold probability value so as to decide whe-

n

	

/`hreaholca'

ther a null hypothesis is to be accepted or rejected, according as to whether
its probability exceeds, or not, such a threshold. It has been generally ac-
cepted for such threshold a value of P = 0.05. It is, in fact, a matter
of convention: each researcher may refer in his decisions to a different
threshold : as long as he declares it.

3.2. The two types of error in the significance tests

The value P = 0.05 is substantially the measure of the hazard of error
which we are willing to run : in other words, we do not want it to happen
to us, as an average, more than 1 time out of 20, to refuse as unfit, as
not normal, an individual who actually is normal and fit. But is this really

the hazard which worries us most? Or is it not rather that of accepting
as fit and normal an individual who, as a matter of fact, does not meet
these specifications?

In any test of significance the two risks of error just mentioned are in
fact inherent. Let us consider an example : observe figure 3. The frequency
distributions per classes of leucocytes/mm a for a population of healthy in-
dividuals and for a population of pathological individuals be as in the fi-
gure, and that is, transvariant. The threshold indicated by the arrow be
such as to leave on its left hand side 2.5 % of the normal individuals and
on its right hand side 20 % of the pathological ones. This means that adopt-
ing this threshold in our decisions we shall run the risk of rejecting 1 nor-
mal individual out of every 40 (first type error) and to accept 1 patholo-
gical individual out of every 5 (second type error). The two errors are reci-
procally connected more than two communicating vessels : reducing the one
means increasing the other.

The position of the threshold is therefore defined exclusively by our
preoccupations : we shall shift it toward the mean of the normals (and that
is, toward the right hand side in the figure) if we are particularly worried
not to admit individuals who may be in some way defective; we shall
shift it toward more extreme values of normality (and that is, toward the
left hand side) if, trusting in the possibilities of protection or knowing that
the radiation risk in a given environment is very small, we would not
like to run the risk of excluding from the work a not negligible number
of idoneous or needy persons. In other fields of applied statistics, the two
hazards which we have indicated are called by the significant names of
« producer's risk » and « consumer's risk a. In our case we should use re-
spectively the terms of « risk of the recruitment applicant » and « risk of
the recruiting body a. There arise, therefore, two judgement perspectives
in respect to the result of an ascertainment carried out in a clinical labo-
ratory and treated statistically : sometimes these two perspectives may coin-
cide rather well, while at other times they may diverge. In both cases it
will be well to be aware of it. It is for these reasons that we have con-
sidered it not useless to expend these considerations.

3.3. The criterion of acceptance, in the case of large samples

Let us establish anyhow the threshold for our decisions at P = 0.05 (*)
with reference to the error of the first type : we wish, in other words, to place
ourselves in the condition not to go wrong more than once out of twenty
times in rejecting a normal individual. The problem then consists in iden-
tifying the upper and lower values of the variable considered, to which
this threshold corresponds. If we knew in every detail how the considered
population is distributed' for that particular variable, the problem would

(*) This value is to be understood as the sum of the two extreme fractions of the population,
each one being equal to 0.025 of the total.

normal auhjects

2.5%

number o/ leucocyled /nnm d

Fig. 3 - Transvariant populations of normal and pathological subjects.
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deviation (a): that is, if these two values are known, the distribution is
also known. Therefore, the percentage of area subtended by a Gaussian
curve, included between the perpendicular to the mean and the perpen-
dicular to any other point of the abscissa on the right or on the left hand
side of the mean, may be determined. There exist tables giving these area
percentages for any abscissa value, as expressed in units of standard devia-
tion, or x-x /a. From these tables we learn that the area comprised bet-
ween the mean and ± 1.96 v is precisely 95 % of the total area. Exchanging
the terms we may say that, sampling from a population of which T. and c
are known, it will not happen more than 5 times out of 100 to draw a
measurement exceeding from the range x f 1.96 o., or, rounding up in
excess as a precaution. T M. 2 a.

From these same tables we learn that in order to reduce this proba-
bility from 0.05 to 0.01 we shall have to widen the range to ± 2.6 a and
to increase it to 0.10 we shall have to restrict the range to x ± 1.65 a (fig. 4).

TABLE 3 - Table of hematological values a statistically normal s
(342 healthy, adult males; morning samples from fasting subjects; Milan, 1958-1959).

(95 % interval)

The considerations presented permit to conclude that:
- if we have a reliable knowledge of the distribution of a hemato-

logical character in the normal population from which we have to recruit
workers;

- if this distribution is represented by a curve transformable into a
Gaussian one;

- if we do not want to run the risk of rejecting a normal individual
more than 1 time out of 20;

we may take as a threshold of our decision x t 2 oa and refuse the
individuals whose hematological data be inferior to T - 2 o or exceed

+ 2 o•. Table 3 shows the results thus obtained by one of us (POLVANI).

3.4. The criterion of acceptance, in the case of small samples

The reliability of our estimates of x and of a depends of course on the
size of the sample used for the delimitation of normality. If the sample
is small, let us say under 50 subjects, it shall be necessary to take this

Hb, % of the concentration 16 g/100 em3
Erythrocytes /mm 3
Leucocytes /mm 3
Platelets/mm3
Polynucleates, %
Mononucleates, %
Neutroplls, %
Lymphocytes, %
Polynucleates/mm3
Mononucleates/mm3
Neutrophils/mm3
Lymphocytes/mm3

90-114
4,400,000 - 5,700,000

4,600 - 10;600
130,000 - 260,000

43 - 74
26 - 57
41 - 73
22.53

2,200 - 6,700
1,500 - 4,500
2,100 - 6,400
1,400 - 3,900
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Fig. 4 - Distribution of the areas subtended by a Gaussian curve.

always have a precise and direct solution, whichever the shape of the di-
stribution. It would be sufficient to integrate the curve describing the di-
stribution in the interval corresponding to 95 % of the subtending area.
Of course, it may not be easy, in practice, to find the distribution function
and certainly not very attractive to go and look for it every single time.

Luckily for us, the distribution concerning the here discussed hemato-
logical problems are, as a rule, Gaussian or transformable into Gaussian
ones (see section 1.). It is therefore permissible and anyhow satisfactorily
approximate to assume, for each of the crude or transformed distributions
with which we have to deal, the Gaussianity hypothesis.

A Gaussian distribution is defined by the mean (x) and by the standard
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always have a precise and direct solution, whichever the shape of the di-
stribution. It would be sufficient to integrate the curve describing the di-
stribution in the interval corresponding to 95 % of the subtending area.
Of course, it may not be easy, in practice, to find the distribution function
and certainly not very attractive to go and look for it every single time.

Luckily for us, the distribution concerning the here discussed hemato-
logical problems are, as a rule, Gaussian or transformable into Gaussian
ones (see section 1.). It is therefore permissible and anyhow satisfactorily
approximate to assume, for each of the crude or transformed distributions
with which we have to deal, the Gaussianity hypothesis.

A Gaussian distribution is defined by the mean (x) and by the standard
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situation into consideration by widening somewhat the above said limits,
since we are a little less certain of our statistical inferences. Therefore, in
place of 1.96, 2.60 and 1.65 it may be convenient to make use of other
values, somehow larger. This goal of a rather empirical nature can be rea-
ched, no less empirically, by referring to the t values which are to be found
in well known tables, prepared for other statistical problems. This short-cut
to a rather intricated problem of statistical mathematics is by no means
acceptable on a theoretical ground, but it can be used by the medical doctor
who is not acquainted with the subtleties of statistical mathematics. It is
to be noted, however, that when P is equal to 0.05, then t has the value of
2.23 for 10 degrees of freedom; 1.98 for 100 degrees of freedom; 1.96 for
infinite degrees of freedom.

More properly the doctor who is familiar with the most elementary sta-
tistical computations can ressort to the use of the percentiles method. The
main merits of the latter are: 1) the estimate of a given range of normality,
e.g., 95 %, is unbiased even for small samples; 2) no assumptions are ne-
cessary about the shape or type of the frequency distribution. It would be
enough, for such purpose, to work out the 2.5 and the 97.5 percentiles
on the sample and then to use them for the population. The reader can
find a simple and attractive account of this method (which, in itself, is
rather easy but too long to be described here) in a paper by LEE HERRERA.

3.5. Criteria of rejection during the sampling for the delimitation
of normal conditions

3.5.1. Irwin 's test answers the problem of deciding whether an obser-
vation clearly exceeding the range of those previously obtained should be
accepted or refused. For instance : let us assume that we are collecting red
blood cells counts from a population (in order to ascertain the range of
normality) and that we have obtained the following first 12 counts (in mil-
lions/mm3), in an increasing order.

4.4, 4.5, 4.7, 4.7, 4.9, 5.0, 5.0, 5.2, 5.5, 5.6, 5.7, 6.4.
The mean of these data is : x = 5.13 and the standard deviation is :

6 = 0.58. One wonders whether the individual with 6.4 millions of red
corpuscles/mm 3 can be accepted among the others or has to be rejected.
Irwin has suggested (see what Hun says in his volume) to set up the ratio
of the difference between the value considered and the one nearest to it,
and the standard deviation; then to see whether this ratio exceeds or not
that given in table 4, for an equal number of observations. In our case it is :

x,,,

	

_

	

6.4-5.7 = 1.20
e

	

0.58

In the table for n = 20 (the nearest value of n, in excess, to 12), X
1.3 (for P = 0.05). If we therefore entrust ourselves to Irwin ' s test, there

TABLE 4 - Irwin's test

n 0.05

2 2.8
3 2.2

10 1.5
20 1.3
30 1.2
50 1.1

100 1.0
400 0.9

1000 0.8

Limit values of A =
o.

is always a probability greater than 5 % that the individual may belong
to the normal population and must threfore not be rejected.

3.5.2. Chauvenet's test is another criterion for the acceptance or for
the rejection of an observation in discrepancy with a series of observations.
Chauvenet's criterion (see what WORTHING and GEFFNER say in their vo-
lume) states that a value of a series of n data has to be refused when the
magnitude of its deviation from the mean of the series is such that the

TABLE 5 - Chauvenet's test

n x-x n x -x
6 o'-

5 1.68 20 2 24
6 1.73 22

.
2 28

7 1.79 24 2.31
8 1.86 26 2.35
9 1.92 30 2 39

10 1.96 40
.

2 50
12 2.03 50

.
2 58

14 2.10 100
.

2.80
16 2.16 200 3 02
18 2.20 500

.
3.29

	

Limit values of x -	 , for p = 1

	

p

	

2n

probability of the occurrence of deviations equal to or larger than that
observed is less than 1/2 n. In practice one uses the table prepared by
Chauvenet (table 5).

In the case of the precedingexàmple, -(x -

	

5.13)/0.1 3)/0.58 =
= 2.19. Since for n = 12, x = 2.03, for this test the discussed
individual is therefore just beyond acceptability and should be excluded.
Obviously, for a sample of the size of our example, Chauvenet's test is
a little more severe than Irwin's test and leads to the rejection of a larger
number of applicants.

These criteria which we have recalled are to be recommended, in our
opinion, not so much in view of comparing the single individual with the

x,y -xi,
, fo P = 0.05
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statistics of a large sample previously collected and studied, but rather in
view of solving during this initial collection of data the often recurring
problem of the inclusion or not of an extreme datum into the sample under
preparation. When some hundreds of subjects have been examined, and the
exceptional individuals have been excluded, according to Irwin or to Chau-
venet, one shall have a sufficiently reliable estimate of the mean and of
the standard deviation of the normal and healthy population. Then it should
be possible to carry out the discrimination of the candidates on the simple
bases expended above and with error hazards which are fixed and well
known.

3.6. Recognition criteria for individual deterioration (follow-up)

The discrimination which the physician is called upon to make, does
not concern only an individual in respect to a group, but also a single
measurement in respect to a series of measurements from the same indi-
vidual. The first problem is the one we have just discussed : the second
opens upon two alternatives which we are now going to examine.

3.6.1. It may happen that an individual subjected to periodical controls
has given for n times hematological measurements included in a variability
range consistent with that of the group to which he belongs, but that at
the n + 1 test the same individual gives a measurement which, in excess
or in default, goes beyond that range. To recognize, or not, in this measu-
rement normal conditions, is a decision which has to be taken using one
or more of the already said criteria (Irwin 's criterion, Chauvenet 's criterion),
with the sole difference that one can here substitute to the interindividual
variability the intraindividual one as a term of reference. We shall in fact
have the possibility to refer, in the matter of the judgement on fitness, to
the series of hematological data previously collected precisely from the indi-
vidual under discussion.

It goes without saying, anyhow, that in the ease that one or more tests
should appear significant, the individual shall be subsequently subjected to
more frequent controls, so as to establish whether the statistical abnorma-
lity encountered in his measurement is of an occasional or of a persistent
nature; as it is likewise obvious that in the matter of a decision in his
regards there shall have to concur ascertainments and considerations of a
different nature to be timely collected so as to permit to attain a judgement
of clinical normality.

3.6.2. It may happen that an individual, subjected to n hematological
examinations, reveals a progressive shifting of his hematological values
toward the one or the other of the thresholds of abnormality, although
he has not overstepped them as yet. In such a case the problem con-
sists in discovering and evaluating the existence of an individual trend,
which is a problem of certainly not easy solution on the hand of a few

data, especially if they are scattered, but which must in any case be treated
with a regression analysis of the hematological data against the time or
with an autocorrelation analysis.

This type of analysis is rather difficult: more difficult than it would be
possible to describe in this paper. It may, however, be of some use to point
out that relatively simple tests exist, among which we want to quote the
« mean-square successive difference test », described by VON NEUMANN and
co-workers.

Also in this situation it appears obvious that, in respect to so delicate
problems, the physician shall be more than ever the last and definitive judge,
whom the biometrician will supply with only one among the many elements
of an integrated clinical judgement.

4. CONCLUSION

The biometrician has, then, the fundamental task of programming and
of carrying out the sampling for the definition of normal conditions and
of effecting the treatment of the data thereto pertaining. His language, being
objective and univocal, permits an adequate standardization of the measu-
rements for description and of the criteria for decisions.

No one can but see the advantage which would accrue for all the phy-
sicians of the Occupational Medicine Services, for the administrations and
for the workers involved, if all the Nuclear Centers of the same interna-
tional community would accept uniform statistical criteria in the health
control of the personnel liable to be recruited and of the personnel employed.

SUMMARY

The Authors refer to a recommendation of the International Commission on Ra-
diological Protection, in which it is requested to ascertain whether the health con-
ditions of an individual worker are « normal D. For this purpose, it is necessary to
know the « normality » state and make use of tests of discriminatory type. The
Authors intend to show that it is possible to effectively contribute to the correct
application of the ICRP recommendation by means of appropriate statistical methods,
with particular reference to the individual hematological examinations.

The problem deriving from the recommendation is twofold : it is a problem of
description, that is to say, of collection and elaboration of data representing the
conditions of normality of a given group of population; and it is a problem of decision,
that is to say, of choice of criteria and of thresholds for the acceptance or the rejection
of single individuals in or from the range of normality as above described.

The paper is therefore divided into two parts. In the fir st part the problem of
description of the data of the individual hematological examinations is dealt with :
frequency distributions, distribution anomalies, transformation of asymmetrical distri-
butions. The study of variability and of its sources follows in the paper, as applied
to the individual hematological examinations. The second part deals with the problem
of decision : the difference between statistical normality and clinical normality is cla-
rified; the meaning of statistical tests of significance is described, and the criteria of
acceptance are discussed in the case of large and small samples.

The Authors conclude the paper emphasizing the advantages of adopting uniform
statistical methods in the hematological control, and -- more generally - in the
health control, carried out by responsible medical services.
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tional community would accept uniform statistical criteria in the health
control of the personnel liable to be recruited and of the personnel employed.

SUMMARY
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ditions of an individual worker are « normal D. For this purpose, it is necessary to
know the « normality » state and make use of tests of discriminatory type. The
Authors intend to show that it is possible to effectively contribute to the correct
application of the ICRP recommendation by means of appropriate statistical methods,
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description, that is to say, of collection and elaboration of data representing the
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that is to say, of choice of criteria and of thresholds for the acceptance or the rejection
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The paper is therefore divided into two parts. In the fir st part the problem of
description of the data of the individual hematological examinations is dealt with :
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RIASSUNTO

POLVANI C., MACCACARO G. A. - Criteri statistici per la valutazione di esami emato-
logici individuali.

Gli Autori si richiamano ad una « raccomandazione » della Commissione Interna-
zionale per le Protezioni Radiologiche, nella quale si chiede di determinare se le
condizioni sanitarie di un singolo lavoratore sono «normali ». Per fare ciò è neces-
sario conoscere lo stato di « normalità » e utilizzare tests di tipo discriminatorio. Gli
Autori intendono mostrare come adeguati metodi statistici possano contribuire valida-
mente alla corretta applicazione della « raccomandazione », con particolare riferimento
agli esami ematologici individuali.

Il problema che deriva dalla raccomandazione è duplice: problema di descrizione,
vale a dire raccolta ed elaborazione di dati che- rappresentino la normalità di un dato
gruppo di popolazione; e problema di decisione, vale a dire scelta di criteri e di soglie
per accettare o per escludere singoli individui dall'ambito della normalità sopra descritta.

L'articolo è pertanto diviso in due parti. Nella prima parte si illustra il problema
di descrizione dei dati forniti dalle. indagini ematologiche individuali : distribuzioni di
frequenza, anomalie di distribuzione, trasformazioni di distribuzioni asimmetriche. Segue
lo studio della variabilità e delle sue sorgenti, negli esami ematologici individuali.
La seconda parte tratta il problema di decisione; viene precisata la distinzione tra
normalità statistica e normalità clinica; sono poi illustrati il significato dei tests sta-
tistici di significatività ed i criteri di accettazione nel caso di grandi e di piccoli cam-
pioni.

Nella conclusione gli autori sottolineano i vantaggi dell'adozione di metodi sta-
tistici uniformi di sorveglianza ematologica e - più in generale - sanitaria, da parte
dei servizi medici responsabili.

ZUSAMMENFASSUNG

POLVANI C., MACCACARO G. A. - Statistische Grundlagen far die Auswertung indivi-
dueller Blutbilder.

Die Autoren beziehen sich auf eine Empfehlung » der internationalen Strahlens-
chutzkommission, in welcher verlangt wird, dass beim einzelnen Arbeiter festzustellen
ist, ob scie Gesundheitszustand in Ordnung sei. Urn dies festzustellen, muss man zu-
nàchst wissen, was normal ist and man muss dafiir geeignete Nachweismethoden haben.
Die Autoren wollen zeigen, dass man durch entsprechende statistische Methoden zur
korrekten durchftlhrung der « Empfehlung » wesentliches beitragen kann, insbesondere
im Hinblick auf die individuellen Blutbefunde.

Durch die « Empfehlung » ist ein doppeltes Problem entstanden : Das Problem der
Sammlung and Aufarbeitung der statistischen Daten fiir die Normalwerte einer be-
stimmten Bevòlkerungsgruppe and ferner die Auswahl geeigneter Untersuchungsme-
thoden and die Festsetzung von Grenzwerten fiir die Beurteilung, ob eine bestimmte
Person noch zu dem Kreis der normalen Personen zu rechnen ist.

Die Arbeit besteht daher aus 2 Teilen : lm 1. Teil werden die Befunde der indi-
viduellen Blutuntersuchungen beschrieben : Verteilung and Haufigkeit der Befunde,
Unwandlung unsymmetrischer Verteilungen. Es folgt eine Untersuchung fiber die
Schwankungen and ihre ursachen bei den individuellen Blutuntersuchungen. lm 2. Teil
wird der statistische Normbegriff von dem der klinischen Norm abgegrenzt. Weiterhin
wird die Bedeutung der statistisch signifikanten Teste erlàutert, ebenso wie die Ver-
làsslichkeit der Methoden bei grossen and kleinen Mengen von Untersuchungsmaterial.

Abschliessend betonen die Autoren die Vorteile einheitlicher statistischer Methoden
sowohl hinsichtlich der DurchfUhrung des Blutbildes als auch hinsichtlich der allge-
meinen àrztlichen Ueberwachung seitens der verantwortlichen àrztlichen Stellen.
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meinen àrztlichen Ueberwachung seitens der verantwortlichen àrztlichen Stellen.
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