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be generally acknowledged. In most countries this
will entail the expenditure of a large amount of
money and is bound to take a long time. With
the best will in the world the restoration of the
rivers of Europe will inevitably take many years.

Control of water pollution. There have been
instances of changes in laws and organization
concerning pollution control. These have generally
been in the direction of giving power and authority
to larger and more representative bodies, including
the central government. This could well be not
only a desirable but an inevitable step. Small and
purely local bodies may not have either the resources
on the one hand nor a wide enough outlook on the
other to tackle the problem effectively.

Special problems. When the 1953 report was
written little mention was made of pollution due to
synthetic detergents. The problem had already
become apparent in a number of countries but
was relatively new. Now it has been studied in
several countries, where official committees have
the matter in hand. Some progress seems to be
being made in the development of a surface-active
material which is fairly readily broken down during
sewage treatment.

Research. It is known that research is being
carried out in many countries on streams and on
methods of effluent treatment. It is understood that
this will shortly be discussed and co-ordinated
under the aegis of the Organisation for European
Economic Cooperation. Although much progress

has been made since 1953, it has, so far as is known,
chiefly been in the direction of increasing the
efficiency of existing processes and has not led to
any discoveries so revolutionary that the general
picture or prospects are greatly altered.

International rivers. Little further information has
been submitted about the problem of international
rivers. It now seems likely, however, that in the
1953 report the number and importance of these were
not sufficiently emphasized. The present opport-
unity is therefore taken of stating that some of
them do constitute a real and serious problem.
In some instances the technical aspects are being
closely studied and in this connexion the work of
the Commission on the River Rhine is worth
special mention.
Ground water. Very little new information is

to hand to supplement the 1955 report. No doubt
one reason is that the time interval has been smaller.
It may be surmised, however, that the problem of
ground water pollution is more likely to be increasing
than diminishing. The increasing amount and
variety of chemicals which are either applied to the
land or are stored in such a way that they can
easily penetrate the soil appear to make this probable.
An allied subject is the recharge of water-bearing

strata with surface water. This is being practised in a
number of countries, and in the Netherlands, in
particular, great developments have taken place in
recent years. The experience gained and the methods
employed there may well be of great use to other
countries.

Some Present-day Sewage-Treatment Methods
in Use for Small Communities in the Federal Republic of Germany *

by Professor H. KRUSE, Federal Health Board, Institute of Water, Soil and Air Hygiene,
Research Centre for Environmental Health and Sanitary Engineering, Berlin, Federal Republic of Germany

One of the best methods for the control of epide-
mics is the disposal of domestic sewage by a sewer
system. This is impressively illustrated in Fig. 1.
During the construction of the sewer system in
Berlin from 1875 to 1930 mortality from typhoid

* Note submitted to the Seventh European Seminar for
Sanitary Engineers, convened by the WHO Regional Office
for Europe in October 1960.

fever per 1000 inhabitants decreased from 1.4 to
almost 0. Only in the last year of the Second World
War and after it, when the sewers were broken, did
mortality increase to 1.9-a higher rate than before
construction of the sewer system was begun.
The latest statistics in Western Germany on

sewage disposal and purification are based on ques-
tionnaires distributed to the local authorities in 1956,

1119B



SEWAGE-TREATMENT METHODS IN GERMANY 543

TABLE 1
RESULTS OF QUESTIONNAIRE ON SEWAGE DISPOSAL AND PURIFICATION IN FEDERAL REPUBLIC OF GERMANY,

1956

Population Industrial sewage discharged:
No. of communities PsIlti served by sewage Sewage flow In Domestic

of size opulaton system dry weather sewage directly into
Indicated (millions) (million m'/day) (million m') Into sewer irecelyvin waters

millions %(ilo.l) (ilo l

51
(>100000 pop.) 15.4 12.7 82.0 9.5 2.3 1.6 5.5

000-100 000 poP.) 7.9 6.3 80.0 6.1 0.9 0.9 4.3

253
(10000-20 000 pop.) 3.4 2.3 67.0 1.7 0.4 0.6 0.7

563
(5000-10000 pop.) 3.9 2.2 58.0 1.3 0.4 0.2 0.8

1108
(2 000-5 000 pop.) 3.5 1.8 56.0 0.5 0.2 0.1 0.2

1 305
(<2 000 pop.) 1.5 0.7 50.0 0.3 0.1 0.1 0.1

3841 - 35.6 26.0 65.5 19.4 4.3 - 3.5 11.6

FIG. I
RELATIONSHIP BETWEEN NUMBER OF HOUSES

CONNECTED TO PUBLIC SEWERS AND TYPHOID FEVER
MORTALITY IN GERMANY, 1870-1950
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and analysed in 1958. This inquiry covered 3481
communities with a total population of 35.6 million.
The results are shown in Tables I and 2.
The method adopted for the treatment of sewage

from isolated dwellings and small communities and
towns in Germany depends on local circumstances,
such as the amount of receiving water, the kind of

TABLE 2
RESULTS OF QUESTIONNAIRE ON SEWAGE DISPOSAL
AND PURIFICATION IN FEDERAL REPUBLIC OF GERMANY,

1956

[Population Sewage tratedKind Treatment Iserved
of treatment plants (millions) million m3/

__illons day

Screening 72 2.8 0.7 7

Mechanical 803 11.9 5.0 52

Mechanical and 277 3.6 1.0 10
biological

Chemical 23 0.6 0.2 3

Irrigation 49 1.4 0.3 4

No treatment - 5.7 2.3 24

Domestic sewage ......... . 4.3 million m'/day
Industrial sewage ......... . 3.5 million m'/day
Underground and surface water . . . 1.7 million m'/day

Total sewage flow . .... .. ... 9.5 million ma/day
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primary soil, main employments of the population
and size and distribution of residential areas.

While in the larger municipal sewage plants the
best possible treatment with low construction costs
may be aimed at, for smaller communities that
require small sewage plants a permanent, practical
solution for the adequate purification of sewage is
needed that is suited to the local conditions.

German Industrial Standard 4261
For this reason, the removal of sludge, as laid

down in the German Industrial Standard (Deutsche
Industrie Norm-DIN) 4261, is regarded as satis-
factory where small installations are used.
Under certain local conditions, however, digestion

is preferred to sludge removal, or a sludge removal
plant in conjunction with a trickling filter.
For less than 50 inhabitants the DIN recommends

the multiple-chamber septic tank with a two-day
detention period in preference to the two-storey
sedimentation tank for the removal of the sludge,
because the former guarantees constant and adequate
removal with the minimum of control. The design
should allow for a total volume of 200 1 per head,
and the minimum capacity should be 3000 1. Thus
in sewage plants for isolated dwellings regulation of
the surge of flow is ensured and a detention period
of two days is guaranteed on the assumption of a
sewage flow of 100 1 per caput per day, while
escape of the sludge into the effluent is reduced.
The plant consists of at least two chambers. The
first chamber must hold two-thirds of the total
contents. If the contents are more than 4000 1,
multiple-chamber septic tanks are necessary. In
that case, the first chamber should hold half the
total contents.
The connexions between the chambers must be

so designed as to ensure that neither settled sludge
nor scum can escape. The sludge is drained roughly
every six months, the servicing including clearance
of blockages.
DIN 4261 recommends two-storey sedimentation

tanks wherever more than 50 inhabitants are con-
cerned. In the experience of our institute, however,
these plants should wherever possible be used only
for a population equivalent of over 200 and then
only provided the servicing given is unexceptionable.
The two-storey sedimentation tanks are designed
for a sewage flow of 100 1 per head per day. The
sedimentation chamber should hold at least 1500 1
and 30 1 per inhabitant, the digestion chamber for
the settled sludge at least 3000 1 and 601 per inhabi-

tant, and the chamber for the top sludge 1500 1 and
30 1 per inhabitant.

Disposal of the sewage by direct infiltration into
the ground is not to be recommended and is allowed
in exceptional circumstances only. Subsurface
irrigation through drains is permitted, however,
where the soil is suitable. When aerated open-jointed
drains are used, 10-20 m of piping are allowed per
inhabitant, depending on the quality of the soil.
The pipes must be laid 60-90 cm beneath the soil
surface and above ground-water level. The discharge
of septic tank effluents with a two-day detention
period, or of two-storey sewage tanks, into a
receiving water is allowed only if no special standards
are set for its degree of purity.

In all other cases biological purification of the
sewage by a trickling filter is required. The require-
ment per inhabitant is 0.2 in, the minimum size
being 4 m3.

Ideas differ as to the standard of efficiency that
small trickling filters should have in the different
German L4nder. In Baden-Wurttemberg, for exam-
ple, the small trickling filters used are under constant
control by experts and give no trouble.

In other Ldnder that is not the case, and for this
reason biological purification by trickling filters is
replaced by multiple-chamber septic tanks with a
10-day detention period. These must have a mi-
nimum capacity of 4000 1, the estimated amount per
inhabitant being 1000 1 where the sewage flow is
100 1 per caput per day. This ensures that sewage
is held for 10 days in the tank and that an advanced
stage of digestion is reached.
DIN 4261 is concerned only with small sewage-

treatment plants for up to 500 inhabitants. Larger
plants are constructed in accordance with the
acknowledged principles of sewage treatment. The
forms that have recently found preference in Ger-
many are shown in Fig. 2.

Oxidation ditches
In the past few years special interest has been

shown in oval and closed oxidation ditchesa with
brush aerators circulating the sewage. The cost of
construction and servicing is very low, and the
purification of the sewage is perfectly satisfactory.

Besides the simple construction of a single oval
ditch, another system is also used with two ovals
situated close to each other in intermittent operation,

a See also the article by J. K. Baars on page 465 of this
issue.
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FIG. 2
SUITABILITY OF DIFFERENT SYSTEMS OF SEWAGE TREATMENT FOR COMMUNITIES

OF DIFFERENT SIZES IN GERMANY

Jnhabltants: 10 2346 100 2346 1000 2346 100002346 7000002
Screens:
Hand- operated
Mechanical I A _ 2 X

Grinders _

Grit coflectors:
Long type I X CM;
Circular type
Slot type.
Sedimentotion tanks:
Imhoff tanks UI_ _
Rectangulartanks XXK-X xxx

Circular tanks
Upflow tonks

Biol pourification:
Aeration _ 3

H-P. trickling filter
Deep trickling filter . __ ___ _*_I :
Digestion tanks:
Imhoff tanks c 3--XrxikXINXXV
Eorth basins
Digestion tanks
MultiDle- chamber
septic tonks '' ' ' ' "X0 Useful
-dby detention tanks X x X V

x very useful
day detentiontank | |______ Possible

so as to give the sludge time for sedimentation. A
ditch capacity per inhabitant of 0.3 m3 is allowed for.
The velocity of flow of the sewage in the ditch is
0.25-0.35 m/sec. The advantage of oxidation ditches
is that they not only purify the sewage biologically
but also stabilize the sludge to a large extent. In
the simple oval ditches, removal of the sludge need
take place only every few years. The choice between
these two ditch systems must depend on local
circumstances. If the sewage contains detergents
this will give rise to large quantities of foam when
the brush aerators are set in operation. Foaming
decreases when the settled sludge on the bottom of
the ditch is whirled up. If no foaming is observed
in spite of the sewage containing detergents, the
plant is probably overloaded. The purified sewage
can be drawn off either continuously or inter-
mittently. In the same way the brush aerators can
work continuously or intermittently. The installation

works without any trouble down to a temperature of
-10°C. Sometimes drying beds are used for sludge.
The annual cost amounts to 5-10DM per inhabitant.

Use of sewage for land irrigation

In Germany sewage has been utilized for agri-
cultural purposes for eighty years. Today, in the
Federal Republic of Germany, about 6000 hectares
of land are irrigated with sewage from 70 plants-
4000 hectares by irrigation proper and 2000 hectares
by spraying. Some 2000-5000 mm of sewage are used
annually for soil irrigation. b The methods employed
are damming of the sewage, irrigation on to inclined
fields, and ridge-and-furrow irrigation (Fig. 3).
With these methods, however, expensive drainage

b 1000 mm of sewage annually corresponds to 1000 litres
per m' per year.
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FIG. 3
METHODS OF LAND IRRIGATION WITH SEWAGE
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1. IrrIgation by flooding.
2. IrrIgation on Inclined fields.
3 and 4. RIdge-and-furrow Irrigation.

systems are required, and no new direct irrigation
systems are therefore being constructed. From 200
to 2000 mm of sewage are applied to the soil annu-
ally by spraying with fixed or mobile piping and
sprayers. Soil drainage is not necessary in this case.

The agricultural utilization of sewage is epidemio-
logically harmless, provided the following conditions
are observed:

(1) The sewage must be pre-treated by sedimenta-
tion for two hours, so that the coarser particles
containing large quantities of bacteria and most of
the worm eggs settle properly;

(2) Vegetable beds must be irrigated only up to the
time of planting;

(3) Hay fields must be irrigated only up to a fort-
night before cutting.
No nuisances have arisen where these rules have

been respected.
Infestation of the population with ascarides in the

Darmstadt district between 1945 and 1948 was traced
back to the direct irrigation of vegetables with
sewage that had not been pre-treated by sedimenta-
tion. Examinations made in our institute of clover
sown in widely spaced rows and spray-irrigated once
with sewage pre-treated by sedimentation showed
that all the clover leaves cut immediately after
spraying were infected with coliform bacteria (Fig. 4).

FIG. 4
RELATIONSHIP BETWEEN SURVIVAL OF COLIFORM BACTERIA AND TIME ELAPSED SINCE SPRAY-IRRIGATION
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Over a 14-day period the rate of infection decreased
to 8% (D in Fig. 4) and reached that of non-irrigated
clover (F). Closely spaced clover, however, showed
a higher rate (30%; B). Higher rates were also
observed where the clover had been irrigated re-
peatedly (A and C). Heavy rainfall did not wash
away the bacteria, but by secondary infection in-
creased the rates for clover leaves irrigated by sewage,
as well as the rates for those not irrigated. Intensive
sunshine rapidly decreased the rates. This investiga-
tion showed that an interval of 14 days after the last
spray-irrigation is generally safe, as it can be assumed
that the salmonellae from the sewage also decrease at
the same or an even higher rate. Afterwards, no
essential decrease in bacteria can be observed. The
rate for infected leaves that have been irrigated once
is the same as for those not irrigated. In no case
were salmonellae found on the leaves 12 days after
the application of sewage, although they were almost
invariably present in the raw sewage samples.

Examination of Berlin irrigation-field workers did
not show them to have a higher rate of infectious
diseases or of worm infestation than the rest of the
population.

Disinfection of sewage

Germany is a thickly populated country and her
receiving waters are overloaded with sewage.
Numerous examinations have shown that the usual
methods of sewage treatment have no significant
influence on the pathogenic-bacteria content of the
sewage, and the receiving waters accordingly contain
large quantities of such bacteria. Salmonellae can be
found in 1 ml of water in all the larger rivers. These
pathogenic bacteria originate mostly from carriers,
but also from slaughterhouses and hospitals for
infectious diseases.
From 30% to 40% of sewage samples from a

Dusseldorf slaughterhouse were found to contain
tubercle bacilli and 70% to contain salmonellae.
The tubercle bacilli came in the first instance from
the actual abattoir sewage, and the salmonellae
from wash-room basins. Salmonellae could be
traced in 90% of samples taken from municipal
sewage. Some 50% of the salmonellae were of the
paratyphoid-B group, and can be assumed to have
been excreted by man, as this type is very seldom
found in animals. Tubercle bacilli were found in
only 20% of municipal sewage samples. General
disinfection of slaughterhouse sewage would thus
seem necessary only where the bacilli give rise to
marked infection of the sewage.

The same principle should apply in the case of
sewage from hospitals for infectious diseases.
Extensive examination ofnew admissions to hospitals
has shown that 1 % of the Berlin population are
carriers of infectious disease.

There has been no evidence that persons who have
bathed in infected receiving waters fall ill as a result.
In Flensburg harbour and along the German North
Sea coast up to 5000 may bathe daily. In one study
up to 60 salmonellae per ml were found in these
waters, yet infectious diseases were not observed.
However, where fish were killed aboard fishing
boats, washed in the polluted water, and then only
smoked or cooked on board and later cooled in the
water, the number of salmonellae in the fish in-
creased greatly, and infectious diseases occurred
after their consumption.

In many cases, therefore, disinfection of sewage
must be carried out, especially under the following
conditions:

(1) where sewage is discharged into receiving
waters upstream of bathing establishments;

(2) where hospitals for infectious diseases, especi-
ally tuberculosis establishments, discharge their
sewage into small receiving waters, lakes, bathing
beaches, etc.; and

(3) where hospitals, research institutes or labora-
tories for infectious diseases are in an isolated
situation.

Chlorination. In Berlin the water of a ditch
carrying effluent from an irrigation field directly
into the Havelsee, where numerous people bathe,
is chlorinated from 1 May to 15 September. The
chlorine is added to the water about 500 m from the
mouth of the ditch, in liquid form. The time of
flow is 25 minutes from the point of chlorination
to the Havelsee and this period of contact is suffi-
cient to reduce the B. coli content of the sewage to
the same level as that of the Havelsee, which has a
B. coli titre of 10 (the titre being the smallest
quantity of water-in ml-in which coliform
bacteria can be detected). Addition of further
chlorine has given no better results, as the ammonia
content in the effluent gives rise to the formation
of chloramine which prevents quick destruction of
the bacteria. To counter this effect a further 50 g/m3
chlorine would be required, which is neither tech-
nically nor economically acceptable and would
disturb self-purification of the Havelsee waters.
For the purposes of examination it is useful to

add enough chlorine to the drainage water to give
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TABLE 3
B. COL/-TITRE AND TOTAL RESIDUAL CHLORINE
CONTENT (IN PARENTHESES) AFTER ADDITION
OF VARIOUS CONCENTRATIONS OF CHLORINE

FOR DIFFERENT CONTACT TIMES

Contact
1 p.p.m. 2 p.p.m. 5 p.p.m. 10 p.p.m. time

(minutes)

0.1 (0.2) 0.01 (.0) 0.1 (2.0) 10.0 (8.0) 5

0.1 (0.2) 0.1 (1.0) 1.0 (2.0) 10.0 (8.0) 10

0.1 (0.2) 1.0 (1.0) 1.0 (2.0) 10.0 (7.0) 15

0.1 (0.2) 1.0 (1.0) 10.0 (2.0) 10.0 (7.0) 20

0.1 (0.2) 10.0 (1.0) 10.0 (2.0) 10.0 (6.0) 25

Quality of the sewage:
pH: 7.0 p.p.m. NO2: 0.3 p.p.m.
NH4: 6.0 p.p.m. N03: 110 p.p.m.

Oxygen consumed: 33 p.p.m. KMn04.
Coliform bacteria-titre: 0.0001.

a content of 1.0-2.0 g/m3 at its point of entry into
the Havelsee. This means adding a further 3.0 g/m3
of chlorine (Table 3).

Purified sewage from the lung hospital situated by
the Havelsee must show no coliform bacteria in
100 ml in order to be sure that tubercle bacilli, too,
are destroyed. First of all the sewage is pre-treated
in a two-storey sedimentation tank and then it is
passed through a trickling filter. After being taken
through a final sedimentation tank the sewage is
chlorinated and then stored for 30 minutes in a
chlorination tank. Approximately 10-15 g/m3 of
chlorine are added according to the sewage flow.
Not more than about 6-8 g/m3 chlorine should
remain at the point of entry into the Havelsee if
there are to be no coliform bacteria in 100 ml.
Rain water is also treated in this plant. If the sewage
flow amounts to more than six times the dry-
weather flow, the overflow is led into a special basin,
where it is chlorinated after sedimentation. In this
case, the chlorine addition is about 3-4 g/m3.

In spite of all supervision and control certain
defects in chlorination of the sewage have occurred
as the chlorine demand often varies and results are
therefore sometimes unsatisfactory. For this
reason more intensive work has been done in recent
years on the thermal disinfection of sewage in
Germany.
Heat treatment. The simplest way, that of heating

the sewage to 110°C and then cooling it off, is ruled
out owing to the cost. An attempt has therefore
been made to use heated sewage to warm cold
sewage by the heat-exchange method. This is done
as follows (see Fig. 5).

The fresh sewage (1 in Fig. 5) is collected in a
subterranean tank (2). It is then pumped by a
centrifugal pump (3) through a grinder (4) into a
storage tank (5). After this, a piston pump with
air-chamber (6) transfers it to the heat-exchanger (8),
which is constructed with two spiral pipe systems in
parallel connexion. The cold sewage, still to be
disinfected, as well as the heated sewage, already
disinfected, are passed through these two systems and
heat from the latter is thereby transferred to the
former. The warmed sewage is further heated to
110°C after leaving the exchanger by the addition
of hot steam through an automatic valve-gear (9).
It now flows into a second storage tank (10), where
it is retained for 10 minutes in order to ensure equal
heating, even of the coarser particles. A constant
check on the temperature in the second storage
tank is registered by a recording apparatus (11).
Finally the heated sewage flows through the heat-
exchanger into the sewer (12). The temperature
of the disinfected sewage is only 10°C higher than
that of the non-disinfected sewage.
One typical installation disinfects 2.5 m3 of sewage

in one hour. Its maximum performance is 4 m3.
In this case the temperature of the disinfected sewage
is increased by 160-17°C.

Thus, not counting loss of heat by radiation, only
10 000 Kcal are needed to disinfect 1 m3 of sewage.
Depending on the price of the fuel used this would
cost from 7 to 15 pfennings per m3, to which must
be added the cost of electric power, depreciation
and labour. The total cost per m3 runs to 40 Pf.,
while the cost of construction amounts to 2.20 DM c

per m3 of sewage annually. A comparison of costs
of different sewage purification systems in the
Federal Republic of Germany in given in Table 4.
The steam to heat the sewage can be led from a

steam conduit or special boiler. When the plant is
started up after a period of inactivity it is supplied
with sufficient steam to heat the sewage in the second
storage tank to 1 10°C. The pumps are then operated
and the pressure in the heat exchanger and the second
storage tank is kept at 0.5 atm. by two pressure
adapters (7). Once a month the plant must be cleaned
with an acid and an alkaline solution in order to
liquefy any deposits in the heat-exchanger, which
is made of stainless steel.

In Germany, there are about 20 plants of this
kind in service or in construction with a sewage
capacity of up to 10 ms per hour, some of which
have been in operation for several years.

c 1 DM = approx. US 50.24.
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FIG. 5
FLOW DIAGRAM OF THERMAL SEWAGE-DISINFECTION UNIT
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1. Influent. 7. Pressure adapters (0.5 atm.).
2. Storage tank. 8. Heat exchanger.
3. Pump. 9. Steam injector with automatic valve.
4. Grinder. 10. Storage tank for heated sewage.
5. Storage tank for cold sewage. 11. Temperature recorder.
6. Piston pump with air-chamber. 12. Effluent.

TABLE 4
COMPARISON OF COSTS OF DIFFERENT SEWAGE TREATMENT METHODS IN FEDERAL REPUBLIC OF GERMANY, 1959 a

Construc- Operational
Treatment c iosts pe 3 costs per m3 Result

sewage/year sewage/year

Sedimentation basin, trickling filter, chlorinator, final clarification 4.15 DM 0.69 DM Purification: 90 %
basin, sludge-drying bed Disinfection: satisfactory

Imhoff tank, chlorinator, final clarification basin, disinfection unit 2.69 DM 0.47 DM Purification: 40 %
for sludge Disinfection: doubtful

Imhoff tank, disinfection with chloride of lime, final clarification 2.54 DM 1.19 DM Purification: 40%
basin, disinfection of sludge with chloride of lime Disinfection: very doubtful

Disinfection with heat exchanger 2.20 DM 0.40 DM Purification: none
Disinfection: 100%

Disinfection with waste steam 0.70 DM 2.79 DM Puriflcation: none
Disinfection: 100%

a I DM = approx. US $0.24.


