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A Review of Central European Methods
for the Biological Estimation
of Water Pollution Levels*

HARTMUT BICK, Dr. rer. nat.1

With the increasing amount and variety ofpollution of surface and other waters in the
modern world, there is an increasing needfor simple, rapid and reliable methodsfor assessing
the degree of purity or contamination of water. Partly for historical reasons, chemical
methods have been used more widely than biological ones, although the latter possess certain
advantages not shared by the former.

Much important work on the biological assessment of water pollution has been done in
Central Europe, and the author of this paper reviews the more significant of the modern
methods evolved there. Some are ecological, some physiological; and certain of them merit
consideration as standardizable procedures, applicable over a wider range of waters than
those for which they were developed. To this end it will be necessary to conduct carefully
controlled field trials under varying climatic and other conditions.

Since the inception of methods for the biological
estimation of water pollution levels at the end of the
nineteenth century, the contamination of waters by
sewage and industrial wastes has increased enorm-
ously, and the ever-growing amount and variety of
industrial wastes have immensely complicated the
assessment of pollution. At the same time the
estimation of pollution has assumed increasingly
great importance, as we have been forced to make
increasing use of polluted surface waters.

Chemists and biologists have tried to establish
appropriate methods for the estimation of pollution
levels. Whereas standard chemical methods have
long been available, biological procedures of com-
parable versatility are still lacking. This fact is
very regrettable since the biological assessment of
pollution has several advantages over chemical
analysis.

* This paper was written while the author was serving
as Consultant to the World Health Organization.

1 Scientific Assistant, Department of Zoology, University
of Bonn, Federal Republic of Germany.

However, in recent years several new biological
methods for estimating water pollution levels have
been developed, mainly in Central Europe, and some
older ones have been improved. We may classify all
these methods in two groups which differ in principle.

1. Samples are taken from the water which is to
be tested, and all animal and plant species present
are listed. Water quality is then assessed on the basis
of (a) the occurrence and frequency of special
indicator organisms, or (b) the composition of the
biocoenosis.2 Methods of this kind are " direct"
or " ecological " ones (Bringmann & Kuhn, 1962).

2. On the other hand, "indirect " or " physio-
logical" methods may be used for the estimation-
of bio-activity or for the counting of bacteria. Also,
a particular species of test organism, grown in the
laboratory, may be inoculated into the water to be
tested, its reactions serving as an index of water
quality.

2An ecological unit comprising both the vegetable and
the animal population of the habitat.
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ECOLOGICAL METHODS

THE sAPRoBrrY SYSTEM (SAPROBIENSYSTEM)

Basic principles of the saprobity system
The classic ecological method is the saprobity

system (Saprobiensystem) of Kolkwitz & Marsson
(1908, 1909) and Kolkwitz (1935, 1950) which was
revised by Liebmann in 1951 and 1962. Valuable
improvements were made by gramek-Husek (1956).
The saprobity system is based on the observation

that a slow and evenly flowing river which has
received a heavy load of sewage shows distinct zones
of decreasing pollution. These zones are termed
polysaprobic (gross pollution), alpha-mesosaprobic,
beta-mesosaprobic, and oligosaprobic. Their se-
quence reflects the progress of self-purification. Each
zone is characterized by a particular content of
oxygen, organic matter, products of septic decay
and products of mineralization. Biologically each
zone affords optimal conditions for certain, species
and communities of organisms, the so-called
indicator-organisms (Leitformen). Since the bacteria
are mainly engaged in the decomposition of organic
matter, their numbers constitute very important
criteria for determining the different zones of pol-
lution.
The occurrence of organisms in these zones is

mainly regulated by the content of oxygen, ammonia,
sulfides, etc., and the available food. Some organ-
isms are directly adapted to a factor typical of pol-
luted zones, but the occurrence of most of them can
be explained through a general tolerance of oxygen
deficiency and of the products of septic decay. In
the saprobity system, therefore, both stenoecic 1 and
euryoecic 2 organisms are used.
Liebmann (1962) has recently drawn up a com-

plete survey of the saprobity system. The indicator-
organisms of the different saprobic zones are listed,
described and illustrated in the first volume of his
handbook. The saprobity system includes micro-
and macro-organisms, the former prevailing in the
polysaprobic and alpha-mesosaprobic zones, and
the latter in the zones of increased self-purification.
The distribution of both groups depends on their
special demands and compatibilities, underlining the
fact that all the species occurring in each particular
body of water must be taken into consideration.

1 Stenoecic: limited to a narrow range of environmental
conditions.

2 Euryoecic: not limited to a narrow range of environ-
mental conditions, ubiquitous.

It is impossible to base the assessment of pollution
only on the occurrence or absence of one or another
species. Rather, the entire biocoenosis must be taken
into consideration, and the ecological data should
be supplemented by chemical ones (Liebmann, 1951,
1959).
The saprobity system originally dealt only with

sewage. Liebmann (1951, 1959, 1962) extended its
use to waters in which the source of pollution is not
sewage but organic, or even inorganic, industrial
wastes. Application of the saprobity system to
organic wastes exposed to bacterial decomposition
causes no difficulties, but the case is different with
inorganic wastes, particularly toxic ones (Hynes,
1960). It is, in fact, impossible to use the saprobity
system under these circumstances because saprobic
zones in Kolkwitz's sense do not occur (cf. trans-
saprobity as understood by Sladecek; see page 406
below). The harmful influence of inorganic or toxic
wastes can nevertheless be detected by means of
biological analysis as well. A river receiving in-
organic or toxic wastes shows considerable impove-
rishment of its flora and fauna. Comparison of the
number of species from above the point of entry of
the pollutant with that from below will reveal
the extent of the damage done (see Kothe's " spe-
cies deficit" or Artenfehlbetrag, page 407). While
we know of no special indicator-organisms for
particular industrial wastes, biological analysis still
has a great advantage over chemical analysis for it
may also detect short-lived inflows of toxic wastes.
This is achieved by examining the epibionts on
stones, plants, etc. and the bottom fauna of the
river. In this fashion the harmful consequences of
toxic wastes may be detected even when the pol-
lutants in question have flowed away. Macro-
organisms are the test organisms of choice in
such a case, because micro-organisms may be able
to recover from the toxic influence within a short
time. Another advantage of biological analysis is
that it can be accomplished very quickly. But it
remains.for the chemist to show which specific toxic
substances are to blame. In the surveillance of
rivers, however, it is usually sufficient merely to
demonstrate the occurrence of toxicity. In this way
a check can be made on whether factories in fact
fulfil requirements to purify their wastes.
The saprobity system was conceived in relation to

slowly flowing streams. Liebmann and others have
extended its application to static waters such as lakes
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and reservoirs. Schrader (1959), utilizing the plank-
ton of reservoirs, was able to distinguish different
saprobic zones by the method of Pantle & Buck
(see page 404). On the other hand, Caspers & Schulz
(1960, 1962), working with very slowly flowing or
stagnating canals in the City of Hamburg, failed to
obtain adequate results using the saprobity system.
These investigators drew attention to the need to
perfect the saprobity system with particular attention
to its application to special types of waters. There
is a specially urgent requirement for fuller ecological
and experimental data on many arbitrarily selected
indicator-organisms, to enable their proper place in
the saprobity system to be established. Towards this
end, investigations have recently been undertaken by
Bick (1957) and Bick & Scholtyseck (1960), who re-
corded the influence upon certain micro-organisms
of variations in a number of environmental condi-
tions. An important contribution on the effect of
flow velocity on the biocoenoses of polluted streams
has been presented by Zimmermann (1961).

Special methods of biological assessment of water
pollution based on the saprobity system

Originally, the species found in a sample were
merely listed and the occurrence or absence of in-
dicator-organisms was then used to define the parti-
cular zone of pollution. More and more stress was
then laid upon the abundance of species, and on the
biocoenosis as a whole. The number of individuals
was ascertained by direct count or by estimation.
The results of the biological investigation of a river
or lake have often been presented in long lists
itemizing all the species found. Such papers are very
confusing to the layman, who is not able to interpret
the findings himself. This is unfortunate because
many non-biologists are concerned with the prob-
lems of water pollution. Some investigators have
therefore developed modified procedures for the
biological estimation of water-pollution levels, de-
signed to convey a clearer picture of the findings.

The method of Liebmann. In this connexion,
Liebmann (1959) has established the term Gute-
klasse (quality class), referring to classes I, II, III
and IV instead of to oligosaprobic, beta-meso-
saprobic, alpha-mesosaprobic and polysaprobic
zones. It is submitted that a statement of the degree
of water quality is much more informative to the lay-
man than the term " . . .-saprobic ".of Kolkwitz. The
four degrees of water quality can be shown on maps
by colouring the rivers, lakes, etc., to indicate their

quality. Liebmann (1959) proposed blue for class I,
green for class II, yellow for class III and red for
class IV.

Illustrations in which this colouring scheme is
adopted are very clear and informative. The state-
ment of water quality is based on the thorough
ecological investigation of the water body concerned
against the theoretical background of the saprobity
system. The estimation of the pollution level is
based on the evaluation of lists of organisms and
their frequency. Statistical calculations form no
part of the original method, the investigator trusting
to his practical experience. Chemical findings are
used to complement the biological results.
The method is subject to human error, which,

however, is unlikely to be significant with experienced
investigators. It cannot be neglected, however, if
workers of little experience are engaged. In order to
arrive at procedures which may be performed every-
where and by any biologist, it has been considered
necessary to introduce statistical calculations, the
results of which have the further advantage that they
can be expressed on graphs or maps readily under-
standable to the layman. Useful statistical methods
developed by Knbpp (1954), Pantle & Buck (1955a,
1955b), Zelinka and others (1959, 1961), and Dittmar
(1959) 1 are described below.

The method ofKnopp. The species found at each
point of sampling are listed, and their frequency
is valued (Knopp, 1954, 1955). The frequency is
marked by the numbers 1-7. (1 = the species is found
only by chance; 2 = rare; . .. etc.... 7 = abundant.)
The position of each species in the saprobity system
of Kolkwitz (1950) is stated, Knopp giving the
following symbols for the original four zones:

oligosaprobic zone (o)
beta-mesosaprobic zone (,3)
alpha-mesosaprobic zone (a)
polysaprobic zone (p)

In Knopp's method, the numbers designating the
frequency of all species from each saprobic zone are
added together. This procedure is followed for every
sampling point of a river. The results are plotted
graphically as the " longitudinal section of biolo-
gical quality" of the river. To this end, each samp-
ling point is marked on the abscissae of co-ordinate
axes. The sums of frequency of oligosaprobic and
beta-mesosaprobic indicator-organisms are indicated

1 See also Dittmar, H. (1959) Forschungsbericht beim
Ministerium fur Ernahrung, Landwirtschaft und Forsten des
Landes Nordrhein-Westfalen, Dusseldorf (unpublished).
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on the positive side; those of alpha-mesosaprobic
and polysaprobic ones on the negative side. In this
way the cleaner (or "positive ") zones are con-
trasted with the heavily polluted (or " negative ")

ones.

With the object of obtaining another expression
easily interpretable by the layman, Knopp established
the terms " relative purity " (relative Gute) and
"relative pollution " (relative Belastung). The
relative purity " is calculated by the formula
£o + ,8: 27o + ,B + a + p in percentage; the
" relative pollution" is expressed by £ p + a: E£o + P
+ a + p in percentage. The abbreviations o, ,, a, p
denote the sums of frequency of the indicator-
organisms of each zone.

The method of Pantle & Buck. This method
(Pantle & Buck, 1955a, 1955b; Pantle, 1956, 1960),
which is held to be the most convenient of the
systems, has been adopted as a preliminary standard
procedure in East Germany (Breitig, 1961). These
authors have established the " saprobity index " (S),
which is calculated for each point of sampling by the
following formula;

sh
S=h

where s is the " degree of saprobity " (this is the
indicator value of each species obtained from
Liebmann's list of indicator-organisms (Liebmann,
1951, 1962), and h is the frequency with which the
single species occur (this is established by ecological
investigation of the water).
Each species is valued by frequency, and by its

position in the saprobity system. For the calculation
the following numerical degrees are used:

oligosaprobic indicator-organism s = I
beta-mesosaprobic indicator-organism s = 2
alpha-mesosaprobic indicator-organism s = 3
polysaprobic indicator-organism s = 4
species found only by chance h = I
species occurring frequently h = 3
species occurring in abundance h = 5

By using the above-mentioned formula the degree
of pollution or the respective saprobic zone may be
estimated. The correlation between the saprobity
index and the zones of pollution is as follows:

Saprobity index

1.0-1.5
1.5-2.5
2.5-3.5
3.5-4.0

Degree of pollution

Very slight (oligosaprobic)
Moderate (beta-mesosaprobic)
Heavy (alpha-mesosaprobic)
Very heavy (polysaprobic)

The results may be illustrated by graphs or maps,
as with Liebmann's method. It should be men-
tioned that although Pantle & Buck confined their
attention to flowing waters, Schrader (1959) was able
to use their method for the estimation of pollution
levels of reservoirs. Tumpling & Ziemann (1961)
presented statistical calculations showing that the
average error of the method is indeed very low.

The method of Zelinka & Marvan. The authors
(Zelinka & Marvan, 1961; Zelinka, Marvan &
Kubicek, 1959) have established a very interesting
method for the biological assessment of water purity
based on the benthos. As in the other methods
described here the qualitative and quantitative com-
position of the bottom communities are defined.
The evaluation is based on the saprobic valencies of
organisms listed by the authors (1961), whose
figures for ciliates are presented in Table 1. The

TABLE I
SAPROBIC VALENCIES AND INDICATOR VALUES

OF CILIATESa

Saprobic zones Indi-SpeieTcatorSpecies bos aos bms | ams apsl

Carchesium polypinum
L. - - 1 7 2 3

Colpidium campylum
Bresl. _ - - 1 9 4

Colpidium colpoda
Stein - - - 3 7 3

Glaucoma scintillans
Ehrenb. - - + 2 8 3

Halteria grandinella
O. F. Mull. _ - 7 3 _ 2

Lionotus fasciola
Ehrenb. _ - - 3 7 3

Paramecium bursaria
Focke. - - 2 6 2 2

Paramecium caudatum
Ehrenb. - - - 5 5 2

Paramecium putrinum
Cl.&L. - - + 4 6 1

Podophrya fixa
Ehrenb. - - 1 6 3 2

Sphaerophrya soliformis
Lauter. - - - 1 9 3

Vorticella microstoma
Ehrenb. - - - 2 8 4

a After Zelinka & Marvan (1961). The symbol "+"= very
rare. The remainder of the abbreviations and the numerical
notation are explained in the text.

40
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saprobic valency depends upon the relative fre-
quency of the species at different levels of pollution,
and is accorded an index number (1-10). The
valencies in the different saprobic zones add up to
10 for each species (Table 1).
Zelinka & Marvan established the " indicator-

value " (i) of each species which is expressed numeri-
cally (1-5; 1 = very low indicator-value and 5 =
very high indicator-value). By means of the indicator-
value the environmental tolerances of organisms
may be assessed.
The saprobic valency and indicator-value estab-

lished by Zelinka & Marvan furnish the basis for a
very promising method.
The saprobic zones used by the authors are:

polysaprobic (ps)
alpha-mesosaprobic (ams)
beta-mesosaprobic (bms)
alpha-oligosaprobic (aos)
beta-oligosaprobic (bos)

For the computation of the values characterizing
pollution, a special formula has to be applied (for
full description see Zelinka & Marvan, 1961). The
method seems to be very exact, but is more time-
consuming than that of Pantle & Buck.

The method of Dittmar. This method (Dittmar,
1959) 1 is similar to that of Zelinka & Marvan. Each
organism is allotted an index showing its frequency
in each of the saprobic zones. The indices are ex-
pressed numerically (1-6) to the nearest 0.5, the sum
of the indices of any one species being 6. Six sapro-
bical zones are employed by Dittmar:

hypersaprobic
polysaprobic
alpha-mesosaprobic
beta-mesosaprobic
oligosaprobic
katharobic (pure water)

By use of the indices the pollution level is calculated
from the qualitative and quantitative composition of
the river fauna and flora. It is considered that
Dittmar's system would benefit from the adoption
of the indicator-values of Zelinka & Marvan.

Comparison of methods. Comparison of the
methods described above discloses that the easiest
one to work with is that of Pantle & Buck. The

1 See also Dittmar, H. (1959) Forschungsbericht beim
Ministerium fuir Erndhrung, Landwirtschaft und Forsten des
Landes Nordrhein-Westfalen, Dusseldorf (unpublished).

system of Knopp seems to embody slight disad-
vantages, while that of Zelinka & Marvan, although
much more exact, is more time-consuming. The
main advantage of all these statistical methods lies
in their promise of reasonably exact comparison
between the results of different investigators. It is
therefore submitted that early attention should be
given to controlled comparisons of these procedures
with the object of selecting a standard method.

It is true that some criticism has been directed
against such statistical calculations. Thus Liebmann
(1959), for example, rejects all statistical calculations
for the estimation of water pollution levels.2 While
his methods too are based on the saprobity system,
he prefers to trust to the practical experience of the
investigator rather than to numerical calculations.
This approach is valid enough if the investigator has
a long working experience, but otherwise numerical-
statistical calculations are preferable.

Prerequisites and requirements for standardized pro-
cedures based on the saprobity system
Liebmann (1951, 1959, 1962) assumes that the

basic ideas of the saprobity system are sound; his
introduction of the concept of classifying water
quality (Giiteklasse) does not affect this general
assumption. On the other hand, Hynes (1960,
Caspers & Schulz (1960, 1962), Zimmermann (1961)
- to mention only some recent authors- point out
certain defects. The shortcomings apply par-
ticularly to waters other than slow and evenly flowing
rivers, i.e., to turbulent and rapidly flowing streams
or to dammed and canalized ones (Hynes, 1960;
Bringmann & Kuhn, 1962; and others). Other
defects relate to the classification of indicator-
organisms, and, as mentioned earlier, much more
experimental work is required in this field. Space
does not allow of a discussion of all points of view,
and the reader is therefore referred to the original
articles.

It is also very important to ascertain the extent to
which the saprobity system can be applied to standing
waters. Liebmann assumes that it is applicable to
lakes, reservoirs and dammed rivers as well as to
flowing streams. In the case of standing waters it is
necessary, however, to investigate both surface and
bottom samples. According to Liebmann (1959) the
bottom fauna has much the greater significance. The
paper of Schrader (1959) dealing with the plankton

' Alle biologischen Prozesse und ihre Auswertung, auch
die biologische Wassergiitekartierung, lassen sich nie formel-
mdssig erfassen (Liebmann, 1959, p. 155).
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of reservoirs and its saprological significance has
been mentioned above.

In endeavouring to standardize procedures based
on the saprobity system attention must be paid to
several points if the results are indeed to be useful
and comparable. Thus, detailed instructions must
be given concerning the choice of sampling points,
the taking of samples, preservation and storage of
samples, the methods of biological examination, and
the calculation of the results. Uniform formulae for
these calculations would greatly facilitate compari-
sons. Useful data concerning flowing waters have
been given by Breitig (1961). Specifications for
standardized equipment should, of course, be able
to be met in all countries.

Certain further points deserve to be stressed. In
employing ecological methods for estimating water
pollution levels, both macro- and micro-organisms
should be taken into consideration (Hynes, 1960).
The occurrence of species and the frequency of
individuals have to be stated, whether by count or

by estimation (the latter will usually suffice). If
populations of organisms of divergent sizes are to
be compared, it may be advantageous to record the
volume (Biomasse) instead of the number of organ-
isms (for method, see Breitig, 1961).
The accurate application of the saprobity system

and comparative studies based upon it demand
exact identification of the organisms concerned.
There is a consequent need for taxonomic keys to
facilitate the exact identification of various groups
of protozoa and other freshwater organisms. It
must be emphasized, too, that the freshwater
biologist should be well grounded in taxonomy.

Finally, attention must be drawn to the require-
ment for exact ecological investigations on selected
indicator-organisms. Only after the completion of
such studies will the full potentialities of the saprobity
system be realized.

EXTENSION OF SAPROBITY SYSTEM BY SUBDIVISION

OF ZONES OF GREATER POLLUTION

SIadecek (1961a) has endeavoured to subdivide
the zones of greater pollution, his scheme super-
seding the earlier ones of Srafmek-Husek (1956)
and others. He classifies all fresh water under four
headings: katharobity, limnosaprobity, eusaprobity,
and trans-saprobity (Table 2). The definitions of
the subzones of katharobity and limnosaprobity are

those of Kolkwitz & Marsson, the biological charac-
teristics of the new terms being presented in Table 2.

TABLE 2
THE EXTENDED SYSTEM OF SAPROBITY a

Katharobity Katharobity(very pure water) ahrbt

Oligosaprobity

According to the
Beta-mesosaprobity saprobity system of

Limnosaprobity Kolkwitz & Marsson
(polluted surface
and ground water) Alpha-

mesosaprobity

Polysaprobity

Isosaprobity Zone of ciliates

Metasaprobity | Zone of colourless
Eusaprobity flagellates
(sewage and indus-

going bacterial de- Hypersaprobity Zone of bacteria
composition)

Azoic zone, but non-
Ultrasaprobity toxic, undergoingbacterial decompo-

sition after a time

Trans-saprobity Antisaprobity Toxic zone
(wastes inacces-
sible to bacterial
decomposition) Radiosaprobity Radioactive wastes

a After Slddedek (1961a).

This extended saprobity system may prove
applicable to the classification of different types of
domestic and industrial wastes.

BIOLOGICAL MEASUREMENT OF WATER POLLUTION
ACCORDING TO FJERDINGSTAD

Fjerdingstad (1960) has established a saprobic
system based upon the composition of benthal com-
munities of micro-organisms (Table 3). The com-
munities listed in Table 3 characterize distinct
degrees of increasing self-purification in rivers pol-
luted with domestic sewage or industrial wastes
with a high content of organic matter. The system
of Fjerdingstad recognizes more levels of pollution
(nine) than does that of Kolkwitz & Marsson. It
presents means for evaluating both the magnitude
of a pollution problem and the progress of remedial
measures. Another advantage of the system is its
reliance upon relatively few indicator-organisms,
resulting in rapidity of application. The charac-

406
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TABLE 3
OUTLINE OF THE SAPROBIC ZONES

OF FJERDINGSTAD (1960)
AND ACCOMPANYING COMMUNITIES

Zone Community a

The bacterial community, or
1. Coprozoic zone The Bodo community, or

Both

11. Alpha- 1. The Euglena community
polysaprobic 2. The Rhodo-Thiobacterial community
zone 3. The pure Chlorobacterial community

Ill. Beta- 1. The Beggiatoa community
polysaprobic 2. The Thiothrix nivea community
zone 3. The Euglena community

IV. Gamma- 1. The Oscillatoria chlorina community
polysaprobic 2. The Sphaerofilus natans community
zone

The Ulothrixzonata community (the type
V. Alpha- of water with high tropic level), or

mesosaprobic The Oscillatoria benthonicum communi-
zone ty, or

The Stigeocloneum tenue community

Vm.Beta- The Cladophora fracta community, or

zone The Phormidium community

The Rhodophyce community (Batracho-
VII. Gamma- spermum moniliforme or Lemanea fluvia-

mesosaprobic tills), orzones r The Chlorophyce community (Clado-zone phora glomerata or Ulothrix zonata (the
type of pure water)

The Chlorophyce community (Drapar-
naldia glomerata), or
The pure Meridion circulare community,

V zII.Oligosaprobic The Rhodophyce community (Lemanea
zone annulata, Batrachospermum vagum or

Hildenbrandia rivularis), or
The Vaucheria sessilis community, or
The Phormidium inundatum community

The Chlorophyce community (Chloro-
tyl/ium cataractum and Draparnaldia
plumosa), or

IX. Katharobic The Rhodophyce community (Chan-
zone transia chalybea and Hildenbrandia

rivularis), or
The encrusting algal communities
(Chamaesiphon polonius and different
Calothrix species)

a The numbers 1, 2 and 3 indicate gradations of pollution
within each zone.

terizing species are bacteria, colourless flagellates
and algae; amoebae, ciliates and higher plants and
animals not being employed at all.
A drawback to Fjerdingstad's procedure is the

difficulty of identifying certain of its indicator-

organisms (e.g., Cladophora). Furthermore, it was
developed to suit Denmark's very slowly flowing
rivers, and its applicability elsewhere remains to be
tested.

Fjerdingstad (1960) presents very useful lists of
saprobiontic,' saprophilic,2 saproxenic3 and sapro-
phobic 4 organisms.

THE "SPECIES DEFICIT" (ARTENFEHLBETRAG)
OF KOTHE

The theoretical background of this method is
provided by the second biocoenotical rule of
Thienemann, which is that if the conditions of life
change from the normal situation, the number of
species decreases, while the number of individuals
increases. Kothe (1962) devotes his attention to the
decrease in the number of species under the influence
of wastes. The difference between the number of
species (A1) occurring at an undisturbed sampling
place above the toxic influent, and the number of
species from below (Ax) is expressed as a percentage
of A1, the product being the "species deficit"
(Artenfehlbetrag). It is calculated by the formula:

X1w I100
Al1

For example, 100% would signify total suppression
of the biocoenosis. The results are presented
graphically. This method, which may be integrated
with that of Knopp (page 403), gives a useful picture
of the consequences of waste-water discharge.

GABIEL'S R-P-C SYSTEM

This system (Gabriel, 1946) uses a " biological
index " (I), which is based on the number of " re-
ducers " (R) (e.g., bacteria), " producers " (P) (e.g.,
algae), and " consumers " (C) (e.g., ciliates) in the
water. The formula is:

2 P
R + C

1 Saprobiontic organisms occur in only the most heavily
polluted water.

2 Saprophilic organisms are generally found in polluted
waters, but also occur in other biotopes and consequently,
within certain limits, they are undiscriminating.

' Saproxenic organisms are generally found in non-
polluted biotopes, but may thrive even in the presence of
pollution.

' Saprophobic organisms cannot live in polluted water.
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Its basis is that in heavily polluted waters exhibiting
patent decomposition of organic matter, bacteria
(" reducers ") prevail; with increasing self-purifica-
tion the number of heterotrophic consumers
increases; ultimately, autotrophic producers
flourish.

This procedure embodies certain advantages, but
has drawbacks too. Prominent among the latter is
the fact that substantial differences between the
volume and activity of characteristic representatives
of the three groups preclude simple numerical com-
parisons. Gabriel's system thus stands in need of
improvement, and does not yet qualify for con-
sideration as a standard method.

HORASAWA'S BIOLOGICAL INDEX OF POLLUTION

This system is mentioned in the International
Standardsfor Drinking- Water, published by theWorld
Health Organization (1958).
Horasawa (1956) calculates his " biological index

of pollution" (BIP) by the formula

B
BIP = A + B x 100,

where A are chlorophyll-bearing organisms, and
B are non-chlorophyll-bearing organisms. Contrary
to Gabriel's index, bacteria are not used; the system
deals only with protozoa.

PHYSIOLOGICAL METHODS

INDIRECT METHODS FOR COUNTING BACTERIA

Improvement of techniques for plate counting
Bucksteeg & Thiele (1958) have established a new

method of staining bacteria on agar or gelatin
plates using 2,3,5-triphenyltetrazoliumchloride (TTC).
After incubation the plates are sprayed with a 1%
aqueous solution of TTC. The colourless TTC is
reduced to red formazan by the reductases of the
living cells. The colonies of bacteria on the plates
become red and counting is rendered much easier.

Indirect estimation of the number of bacteria by using
TTC

Plate techniques for counting bacteria have been
said to reveal only about 15% of the number of
bacteria found by direct counting (Bucksteeg &
Thiele, 1959). In order to facilitate the counting of
bacteria, Bucksteeg & Thiele (1959) developed
another method based on the reduction of TTC to
red formazan by the reductases of living bacteria.
A solution of TTC is added to the mud or polluted
water to be tested, and, again, the TTC is reduced
to red formazan by the reductases of the living cells.
The red dye may be extracted by alcohol. The
extinction of the alcoholic solution is measured with
a photometer, and is compared with a standard
suspension of bacteria containing a known number
of cells. This renders it easier and quicker to estimate
the number of bacteria than by using plates. At

the same time the accuracy of this method is very
high as compared with that of plating, and it yields
a true picture of the biological activity of mud or
polluted waters.

BIOCHEMICAL OXYGEN DEMAND (BOD)

This method is well known, and no further com-
ments seem necessary.

Bucksteeg (1959) used the BOD procedure
(Warburg apparatus) in combination with the
method of KMnO4 consumption for the estimation
of toxic substances in waste waters.

METHODS FOR ESTIMATING THE ACTIVITY OF SEDIMENTS

The TTC method
This employs the same principles as the method

for counting bacteria mentioned above. Its great
advantage over the commonly applied BOD5
method is that it reveals the actual activity at the
moment of investigation. The BOD6 test measures
only the potential activity after the addition of
oxygen under completely changed environmental
conditions. The TTC method of Bucksteeg & Thiele
(1959) is based on the same principles as the quanti-
tative dehydrogenase activity method of Lenhard
(1956, 1957), which was established for estimating
the microbial activity of soils.

408



CENTRAL EUROPEAN METHODS FOR BIOLOGICAL ESTIMATION OF WATER POLLUTION

The oxygen consumption method of Caspers

The activity of sediments is ascertained by measur-
ing the oxygen demand of the sediment: 10 ml of
fresh sediment are mixed with 1000 ml of water
which is saturated with oxygen and free of oxygen
demand. The sediment's oxygen consumption is
determined after a holding period of 24 hours in
darkness at 20°C. The average error of the method
amounts to ± 2.45 %.

Being simple to apply and calling for little equip-
ment, this method (Caspers, 1962) merits considera-
tion for standardization.

THE INDEX OF BIOLOGICAL MASS" (BIOMASSENTITER)
OF BRINGMANN & KUHN

When ecological methods are used, the investigator
must deal with all the organisms occurring in a river
or lake. Bringmann & Kuhn, on the other hand,
have selected organisms considered to characterize
each particular zone of pollution. These test organ-
isms are cultivated under laboratory conditions in
the water which is to be tested. Escherichia coli is
chosen as the indicator-organism for the zone of
high pollution, for this bacterium utilizes ammonia
and other reduced N-compounds. Scenedesmus
sp., an autotrophic alga, characterizes the zone of
lesser pollution where the N-compounds are oxidized
to nitrates. The development of E. coli is propor-
tional to the amount of non-mineralized N-com-
pounds in the test water and marks the degree of
saprobity. The development of Scenedesmus de-
pends on the amount of mineralized nitrogen and
indicates the degree of trophie or the trophic level.
The growth of the cultures is measured by determin-
ing their turbidity by means of a nephelometer. The
index obtained is termed the " biological mass"
(Biomassentiter).

Estimation of the degree of saprobity by determining
the index of biological mass of Escherichia coli

Under certain conditions the growth ofEscherichia
coli is limited by the available amount of non-
mineralized N-compounds. Therefore, the rate of
E. coli production can be utilized to indicate the
amount of those compounds in water samples. The
non-mineralized N-compounds being characteristic
of heavily polluted zones, the biological mass (the
volume of bacteria produced in a given time) serves
to indicate the pollution level (Bringmann & Kuhn,
1958a, 1958b).

The non-mineralized N-compounds should be the
minimum factor determining the growth of the
Escherichia culture. Therefore, all other nutrients
must be present in optimal ampunt. In order to
provide for this, glucose, KH2PO4 and MgSO4 are
added to the sample, which must be freed from plank-
ton and turbidity by filtration. After sterilization
E. coli is inoculated and 48 hours are allowed for
development to take place. The turbidity of the
culture (the index of biological mass, or Biomassen-
titer) is then determined nephelometrically.

Further details of the method may be had from
Bringmann & Kuhn (1958b, p. 330).
Bringmann & Kuhn (1962) consider their method

superior to ecological ones in certain rivers. It is
undoubtedly well suited for the biological classifica-
tion of heavily polluted zones.
The amount of N-compounds can, of course, be

determined by chemical analysis too. However, this
gives no indication of their availability as nutrients.
Drawbacks of the E. coli method are that filtration

and sterilization of the samples may change the
quality of water, and that it is not known whether
this bacterium can be cultivated in standard strains
showing the same or at least comparable physiolo-
gical reactions. The latter question must be answered
before any consideration is given to the suitability of
this method for standardization. In the meantime,
it would be useful to check the results of Biomassen-
titer tests against those obtained by means of the
saprobity system. Finally, it should be noted that
the E. coli method requires relatively costly labora-
tory equipment.

Estimation of trophic level by determining the index
of biological mass of Scenedesmus
The amount of mineralized N-compounds in-

creases as self-purification proceeds. The biological
utilization of these nutrients is tested using species of
Scenedesmus. For a full description of the method,
see Bringmann & Kuhn (1956, p. 376).
The sample to be tested has to be freed from

plankton by filtration. After -inoculation with
Scenedesmus, the samples are illuminated by fluores-
cent tubes. The growth of the culture is measured
nephelometrically after 10 days (" algal titre" of
water).

Special culture techniques have been developed
for the estimation of nutrient accumulations in mud
(Bringmann & Kuhn, 1956, p. 377). Agar is poured
over mud samples in Petri dishes, and sterilization is
effected by exposure to ultraviolet light. A mem-
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brane filter bearing a known quantity of Scenedes-
mus cells is then placed on the agar. After 10 days of
incubation the algae are suspended in water and the
turbidity of the suspension is measured nephelo-
metrically (" algal titre" of mud).
Both methods yield information on the amount of

mineralized N (and P04) (or the trophic level)
originally characterizing the medium or built up

from sewage by mineralization. If the trophic level
depends on sewage, the progress of purification may
be followed by comparing the amount of mineralized
compounds with the degree of saprobity indicated by
the non-mineralized compounds.
The algal titre is well suited to the estimation of

available nutrients, and it may also reveal the pre-

sence of toxic substances (see toxicological tests
below).

METHODS FOR ESTIMATING THE TOXICITY OF

WASTE WATERS

Very often a river or lake carries not only a heavy
burden of sewage, but large amounts of industrial
wastes as well. Many of the latter contain toxic sub-
stances which may disturb the process of self-
purification or have other harmful effects. Biologists
have developed many useful toxicological tests for
determining both the presence of such substances
and the relevant limits of tolerance. The methods are

of more rapid application than chemical ones.

While the actual identification of a toxic substance is,
of course, a matter for chemical analysis, it is often
sufficient (e.g., when exercising surveillance over

factory effluents) to use the biological method only.
Recently developed tests suitable for this purpose

and furnishing a basis for standardization, are

outlined hereunder.

Toxicological tests of Bringmann & Kuhn

In the course of self-purification certain complexes
of organisms regularly succeed one another (e.g.,
decomposers or reducers, consumers, producers).
Bringmann & Kuhn (1959a, 1959b, 1960) selected
indicator-organisms characterizing the successive
steps in self-purification and used them in the
laboratory to evaluate the harmful consequences of
toxic pollution.

The Escherichia coli test. Measurement is made of
the production of acid from glucose by bacteria. In
the presence of toxic substances, such production is

reduced or stopped. The E. coli test (Bringmann &
Kuhn, 1959a, p. 116) is applicable to heavily pol-
luted waters.

Dilution series of the waste water to be tested are
provided in 10-ml tubes, and glucose and peptone
are added to satisfy nutrient requirements. The pH
is adjusted to 7.5. A designated amount of E. coli
suspension is inoculated. The pH of samples dis-
turbed by toxic effects will decrease at a slower rate
than that of the control because the metabolism of
the bacteria is affected.
As the production of acid is lower at high alkalinity

than at low alkalinity, the pH levels of all samples
must be adjusted to the same value.
The readings are made after the pH of the control

has reached 6.0. This point is reached between six
hours (corresponding to methyl orange alkalinity of
3 ml N-HCI/1000 ml) and 48 hours (corresponding
to methyl orange alkalinity of 18 ml N-HCl/1000 ml)
after inoculation.

The Pseudomonas fluorescens test. This organism
utilizes nitrates, and cannot withstand polysaprobic
conditions. It flourishes in zones of increased self-
purification, and the test depends upon the inhibi-
tion of acid production from glucose by toxic agents.
The method (Bringmann & Kuhn, 1960, p. 337) is
similar to that described for Escherichia, but no
peptone is added.

The Microregma heterostoma test. The food con-
sumption of Microregma heterostoma (Protozoa,
Ciliata), which feeds on bacteria, is inhibited by
poisons (Bringmann & Kuhn, 1959b, p. 239). Sus-
pensions of Microregma and E. coli (serving as food
organism) are inoculated in toxicological dilution
series. Microregma eats most of the bacteria in non-
toxic samples, the turbidity of which therefore
decreases. Should the ciliate's consumption be in-
hibited, on the other hand, the turbidity remains un-
changed. The evaluation is done nephelometrically,
the whole test occupying about 28 hours.

The Daphnia test. This has long been used by
toxicologists (see Naumann, 1934). Bringmann &
Kuhn (1959a, p. 118) have made suggestions for the
standardization of methods.

The Scenedesmus test. The theoretical back-
ground and the method (Bringmann & Kuhn, 1959a,
p. 116) are thehsame as those for the estimation of
trophic levels described above. Scenedesmus sp. is
cultivated&in dilution series of the sample to be tested.
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Poisons in the latter exercise an inhibitory effect
upon the multiplication of the algae, the rate of
which is measured nephelometrically.
A disadvantage of the present form of this test is

that it takes about 10 days. It is considered essential,
too, for purposes of standardization, to designate
particular species of the genus Scenedesmus as test
organisms.

It should be mentioned that Bringmann & Kuhn
consider their method applicable to the actual re-
cognition of certain groups of toxic substances.
Further refinements towards this end are to be
hoped for (Bringmann & Kuhn, 1959a). All the
above methods are rather expensive, and require full
laboratory facilities.

The TTC test

This method, described on page 408 above, may
be used for the estimation of the influence of toxic
substances on the bacteria of mud or water (Buck-
steeg & Thiele, 1959). The decrease of biological
activity caused by poisons is measured through the
inhibition of reductases, which reduce TTC to
formazan.

Kndpp's A-Z procedure

The assimilation (A) of unicellular algae (Proto-
coccales) and the oxygen consumption (German:
Zehrung = Z) of bacteria are employed in this pro-
cedure, which reveals toxic influences through the
inhibition of both reactions (Kn6pp, 1961).

Assimilation test (A test). A designated amount
of an impure culture of Protococcales is added to the
toxicological dilution series in Winkler bottles. A
parallel series is left without algae. The course of
assimilation can be followed by determining oxygen
production after 24 hours. The difference between
the two series expresses the actual amount of oxygen
produced by assimilation. For a full description see
Knopp (1961, p. 68; see also Murdock, 1953).

Oxygen-consumption test (Z test). Peptone is
added to samples in Winkler bottles and the oxygen
consumption is measured after 24 hours. Toxicolo-
gical dilution series are used. The test is based on the
production of bacteria, which is inhibited by poisons.
The degree of oxygen consumption serves as an
indicator of growth inhibition. For a full descrip-
tion, see Knopp (1961, p. 68).

The results of both tests are expressed graphically.
The great advantage of the A-Z procedure is that
it does not call for special laboratory equipment. It
is therefore a candidate standard procedure for
consideration where laboratory conditions are poor.
Moreover, the procedure is not unduly time-con-
suming. The chief improvement required is the
replacement of the impure culture of Protococcales
by a pure one of some designated species in order to
facilitate comparisons between the results of different
investigators.

Prat's germination test
Contrary to all the other methods mentioned here,

this test (Prat, 1947; Sladecek, 1961b) is not under-
taken with aquatic organisms. It was developed in
order to establish the suitability of sewage effluent
for irrigation purposes.

Test samples are placed in Petri dishes. To each
dish are added 30 seeds of Sinapis alba, these being
placed upon nylon gauze to prevent them from
sinking. The cultures are then kept in darkness at
room temperature, and after 24 hours have elapsed
any germinated seeds are counted, and the length of
the radicle is measured. Further measurements are
made on the second and third day, the hypocotyl now
being measured as well as the radicle.

If the water is of satisfactory quality, most of the
seeds will then have germinated, their hypocotyl
being smaller than the radicle. The former structure
is the longer if small amounts of toxicants are present,
while germination fails to take place in the presence
of high amounts of such substances.

CONCLUSION

The more significant of the modern Central
European methods for estimating water pollution
levels have been reviewed under two general heads.
First, ecological methods, including the saprobity
system of Kolkwitz & Marsson, the system of
Fjerdingstad, and related methods. Secondly, physio-

logical methods, including indirect methods for
counting bacteria, and procedures which call for one
particular species, grown under laboratory condi-
tions, to be inoculated into the water to be tested.

Consideration of these two broad groups discloses
advantages and disadvantages in each. Ecological
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methods are generally more subject to human error.
Furthermore, they demand considerably more
taxonomic knowledge and experimental experience.
Therefore, only well-trained biologists skilled in the
identification of freshwater organisms can use them
to any purpose. On the other hand, these procedures
require little technical equipment, and their results
are quickly available. There is particular need for
research with a view to designating suitable indicator-
organisms under other than Central European
conditions.

Physiological methods are much less subject to
human error than are ecological ones, and their em-
ployment demands less technical experience. How-

ever, they require good laboratory facilities, and their
results are applicable only to the moment of samp-
ling, whereas ecological methods yield long-term
data. Of course, physiological methods may sup-
plement ecological ones in toxicological and other
respects. Sometimes, too, physiological methods are
clearly preferable, as in the case of such artificial
waters as canals.

It is submitted that the standardization of biolo-
gical methods for the estimation of water pollution is
likely to demand the selection of both ecological and
physiological tests on the basis of carefully controlled
field trials under varying climatic and other
conditions.

RtSUMt

L'auteur passe en revue les principales methodes
d'evaluation de la pollution des eaux actuellement
utilis&es en Europe centrale.
Ces m6thodes peuvent etre groupees sous deux

rubriques:
Methodes ecologiques, comprenant le Saprobiensystem

de Kolkwitz et Marsson, le systeme de Fjerdingstad et
les systemes apparentes.
Methodes physiologiques, comprenant les methodes

indirectes de numeration des bacteries ainsi que celles
utilisant l'inoculation a l'eau devant etre analysee d'une
espece particuliere (Escherichia coli, Scenedesmus, etc.)
prealablement cultivee au laboratoire.

Les methodes ecologiques sont d'une fagon generale
plus sujettes a erreur. En outre, leur emploi necessite
infiniment plus de connaissances taxonomiques et
d'habitude de l'experimentation. Par consequent, seuls
des biologistes entrain6s a l'identification des organismes
vivant dans l'eau douce peuvent les utiliser, quel que soit
le but de la recherche. D'un autre cote, ces procedes ne
reclament qu'un equipement technique modeste, et leurs

resultats sont rapidement utilisables. Des recherches pour
la designation d'organismes indicateurs utilisables ailleurs
qu'en Europe centrale sont particulierement necessaires.

Les methodes physiologiques sont beaucoup moins
sujettes a erreur que les methodes ecologiques; leur
emploi necessite moins d'experience technique. En
revanche, elles demandent d'excellents laboratoires et
leurs resultats ne sont utilisables qu'au moment du
prelevement tandis que les resultats obtenus grace aux
methodes ecologiques fournissent des donnees valables A
long terme. I1 est bien evident que les methodes physio-
logiques peuvent etre utilisees pour completer les
methodes ecologiques, du point de vue toxicologique ou
autre. Parfois, egalement, les methodes physiologiques
sont nettement preferables, comme c'est le cas pour les
eaux artificielles telles que celles des canaux.
La standardisation des methodes biologiques pour

l'evaluation de la pollution de l'eau exige, selon toute
probabilite, la selection de tests tant ecologiques que
physiologiques sur la base d'essais sur le terrain minu-
tieusement contr6les, en particulier dans des conditions
climatiques differentes.
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