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BOD reductions showed little variation among
the five units, all averaging above 80%. The lightest
loaded unit ranged from 83% to 90% BOD reduction
and the heaviest from 76% to 86%. However, the
efficiency decreased in the units with loadings of
60 pounds per acre per day and higher during
periods of ice cover and shortly thereafter. All units
achieved coliform reductions exceeding 99.99 %.
The data are summarized in Table 1. The effect
of season on BOD effluent quality is shown in
Table 2.

It was concluded from a study of the energy
relationships and of the chemical and biological
changes which occurred in the ponds that photo-
synthesis played a dominant role in the successful
operation of the ponds, and was a necessity if free
oxygen was to be present. Loadings of up to 40
pounds per acre per day could be handled with ice
cover. Without ice, the loading that could be handled

was a function of the light available. It was con-
cluded that energy amounting to a minimum of 1.5 to
2.0 langleysO per day on a monthly basis is required
for each pound of BOD applied per acre, up to
about 100 pounds per day. In the US, the minimum
monthly langley values are generally well over 200
in the south, between 100 and 200 in the midwest
and east, and less than 100 in the north-west.
However, when freezing occurs, the danger of
anaerobic conditions and the problems of odour
on melting of the ice should determine design
criteria.
These studies revealed, as has been learned in

other biological systems, that for a given size of
installation, the provision of two units in series
yields a higher BOD reduction than a larger single
unit or two units in parallel.

0 1 langley = 1 calorie/cm'.

Some Results of Research into Drinking-Water Purification
and Disinfection *

by DANIUL MINZ, Deputy Director, Academy of Municipal Economy, Moscow, USSR

Much research into perfected methods of drink-
ing-water purification is at present in progress in
the USSR. The need for this has arisen from the
large-scale development of industry and urbaniza-
tion, the improvement of housing amenities and
the rapid extension of piped water supplies in towns
and villages. In order to meet the industrial and
domestic demand, surface waters (rivers and reser-
voirs) are being increasingly utilized as sources of
supply; existing water treatment plant is being
extended and in many cities new equipment is being
installed.
Water purification equipment is, of course, costly,

and the implementation of construction plans has
called for heavy capital investment. One of the aims
of research in this field has been to indicate methods
of bringing about a reduction in the cost of such
equipment. At the same time, the operation of
purification equipment in various cities throughout

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

the territories of the USSR has shown that climatic
conditions, and particularly the hydro-chemical
features of a water, have a very substantial influence
technologically on the functioning of a purification
plant. The use of standard technical methods of
water purification based on rapid filtration following
preliminary sedimentation has not always turned
out to be justified, either economically or from the
health standpoint.
The research undertaken was intended to discover

the most rational methods of treatment for various
waters, and to indicate the principles on which the
different technological processes should be selected
in relation to the expenditures involved, with a view
both to the need for economy and to health require-
ments. As a result of research carried out over a
number of years by technological and sanitary
engineering institutes and municipal water-supply
laboratories the theory and practice of water purifica-
tion and sterilization have been considerably de-
veloped. A full review of this research cannot be
given in the present short note, but it is possible to
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dwell on some problems relating to the theory and
to the improvement of methods of clarification and
disinfection.

Filtration

Study of the use of rapid filters has shown that
the main function of a filter-the clarification of
water-is by its nature based on a colloidal process.
Clarification depends on the retention of the par-
ticles suspended in the water by the grains of the
filter medium. Van der Waals' forces of molecular
attraction play the main role in this phenomenon.
The intensity of adherence depends mainly on the
quantity of coagulant introduced into the water.
To achieve maximum clarification, doses of over a
certain size, depending on the circumstances, must
be introduced. If the amount of coagulant is insuffi-
cient some residual particles that do not adhere
remain in the water so that the filter will not secure
a high degree of clarification.

Arrested by the filtering medium, the particles in
suspension form on the grain surfaces deposits that
have the typical reticular structure of gel. This
formation is exceedingly unstable. The hydro-
dynamic forces arising from the flow of the water
through the filter destroy the structure of the deposits
and some of the particles that originally adhered to
the grains are torn away in the form of fine floccules
and carried on down to the next layers of the filter,
where they are again arrested. Finally, after a
sufficiently long period of filtration, these fine
floccules begin to leave the filter-bed and the quality
of the filtrate deteriorates.
The process of clarification by filtering can be

described by a system of differential equations.
Study of these equations enables us to use the prin-
ciple of dynamic similarity to reach conclusions from
the experimental data. On the basis of a large num-
ber of experiments carried out in the water-supply
laboratory of the Academy of Municipal Economy,
Moscow, using the principle of dynamic similarity,
specific quantitative relationships have been estab-
lished between the factors influencing both the
process of clarification and the increase in loss of
head when the filtering medium becomes choked.
The factors entering into the equation are velocity

of filtration, size of grain and depth of filter-bed,
besides certain constants taken in conjunction with
the effect of the physical and chemical properties
of the water, the quality of the suspension, and the
concentration of suspended matter. These constants
are established by means of an analysis of the

filtering process in accordance with the principle of
dynamic similarity. The findings enable us to broach
the problem of designing the filter-beds on the basis
of the technological conditions necessary for the
satisfactory operation of the filters. By such calcula-
tion the most economically advantageous conditions
conforming to health requirements can be established
for the operation of the filters in every instance.
Each filter is capable of clarifying the water only

for a definite period of time, after which the quality
of the filtrate begins to deteriorate. This time, by
analogy with the sorption processes, is termed the
period of effective protection of the filter, which we
will call " tt ". On the other hand, the continuous
increase in the loss of head in the filter sets a limit
to the time (" t2 ") in which that head loss reaches its
operational maximum, usually 2-2.5 m.

In the normal conditions under which rapid filters
are used it is the increase in loss of head and not the
deterioration of the quality of the filtrate that de-
termine3 the length of the filtration cycle, since,
from the viewpoint of drinking-water standards,
deterioration of the quality of the filtrate cannot be
permitted. Thus, from considerations of reliability,
we must always have: t, > t2. The greater t1 in com-
parison with t2, the greater is the degree of reliability
(the probability of pollutants escaping into the
filtrate is reduced), but the less economical is the
work of the filters, as the filtering capacity is not
used to the full. Further research will perhaps
permit the establishment of a definite standard for
the ratio t1/t2 that will ensure a sufficient degree of
purity and the maximum economy of operation.
However, even now, on the basis of preliminary

theoretical calculations, it can be affirmed that
standard rapid filters with a filter-bed 70 cm thick,
with an average filter-grain diameter of 0.7-0.8 mm
and operating with a filtration velocity of approxim-
ately 6 m per hour in many cases have a wide margin
of reliability and work uneconomically. This is
connected with the fact that in such filters the bulk
of the suspended matter is arrested in the upper
layers of finer sand, and for that reason the loss of
head in the filter increases comparatively quickly.
Theoretical calculations and practical results in the
use of purification plants show that the velocity of
filtration can often be increased up to 7.5 m and even
10 m per hour where a larger-grained medium is
used. However, these findings cannot be applied in
all cases without preparatory research using experi-
mental installations, or unless the filtration constant
is determined by analysis of the filtering process.
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A still more effective method of improving the
efficiency of filters and their economic operation lies
in the use of the principle of filtration through the
bed in the direction of decreasing sizes of grains.
To begin with, the water passes through filter layers
containing large-sized granules and then through
layers of finer grains. In the course of flow the bulk
of the suspended matter is retained in the coarse-

grained medium so that the rate of increase in loss
of head is reduced. This permits a lengthier filter
cycle or an increase in filtration velocity.

Double-layer filters are an example of this prin-
ciple, the upper layer consisting of crushed anthracite
granules of 1.0-1.1 mm, the lower layer of sand
grains averaging 0.7-0.8 mm. Double-layer filters
are used in the USA and in Canada. They have
also been more and more extensively used in the
USSR. The accepted velocity of filtration is up to
10 m/hour. Calculations show that the period of
effective protection in a double-layer filter is less
than in the conventional rapid filter where exactly
the same water is passed through. For this reason

the use of double-layer filters is advisable only in
those cases where the conventional rapid filter
operates with an unjustifiably large margin of
reliability.
Another example of a filter using the principle of

filtration in the direction of decreasing sizes of grains
is that of the Academy of Municipal Economy. This
filter, which was proposed in 1948, has come into
fairly widespread use in the USSR at municipal and
industrial waterworks. At the present time I million
cubic metres of water a day are purified in the
USSR by municipal waterworks alone with filters of
this type.
The filter in question, like the conventional rapid

filters, makes use of common sand. The thickness
of the filter layers is 145-165 cm and the collecting
pipes for the purified water are placed in the midst
of the sand at a distance of 50-60 cm from the surface
of the filter. The filtration of the water through
the filter takes place in two directions: from above to
below-through the layer of sand lying over the
collecting pipes-and from below upwards-through
the layer of sand beneath the collecting pipes. The
upper layer works like a conventional rapid filter,
the lower layer as an improved filter, the flow being
in the direction of the diminishing-sized grains.
The velocity of filtration through the upper layer is
5-6 m/hour, and through the lower layer, 7-9 m/hour.
The total output of the filter is thus at the rate

of 12-15 m/hour. The total flow of water has to be

divided in order to prevent the expansion of the
sand in the lower layer, which would inevitably
occur with such a high velocity of upflow. In these
filters the hydro-dynamic forces are balanced and
sand expansion during filtration does not take place.
Filter-washing is, as usual, carried out by an upflow,
in this case at the rate of 13-15 l/sec./m2, for a
period of 5-6 minutes.

Before putting the ifiters of the Academy of
Municipal Economy into general use, observations
of the operation of experimental installations of
varying size were jointly carried out over a long
period by the Academy of Municipal Economy,
the sanitary engineering institutes and water-supply
laboratories. Calculations show that the Academy's
filters are cheaper to construct than conventional
rapid filters as the number of new-type filters re-
quired is less. This amounts to a saving of 15%-
30%. Their use in large waterworks is particularly
economical. However, they are of more complicated
structure and, for their control, require six valves
instead of four. The collecting pipes, consisting of
slotted vinyl plastic tubing, are not always sufficiently
durable and there have been cases of their breaking.
Work is at present being conducted on the improve-
ment of the collecting system.

Contact filters
A study of the process of filtering suspensions

through granular media leads to the conclusion
that the permissible suspended-solids content in the
water to be filtered can be much greater if filtration
in the direction of diminishing-sized particles is
adopted, together with the use of a very deep
filter-layer. A particularly effective method of water
clarification is to introduce a coagulant immediately
before filtration without employing reaction cham-
bers and settling tanks. In this case, during the
short period between introducing the coagulant and
beginning filtration, under favourable coagulation
conditions, only micro-aggregates of particles have
time to form. The coagulation process then conti-
nues within the filter-bed itself, the particles adhering
to the surface of the grains of sand and to the
deposit already on them.

This process of water purification has been
termed "contact coagulation ", emphasizing the
technological significance of the contact of water
containing a coagulating suspension with the
surface of the filtering medium. The process of
coagulation that occurs on contact with the surface
of the grains is very complete and takes place many
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times more rapidly than does normal coagulation
in a volume of water. The dose of coagulant
necessary for contact coagulation is usually less
than that required for effective flocculation and
settlement. The effect of the water temperature is
less marked.
These installations, specially designed for water

purification by contact coagulation, are called
contact filters. The contact filter is a reservoir
filled with sand and gravel. The sand must not
contain particles larger than 2 mm or smaller than
0.5 mm. The average diameter of the grains is
between 0.9 and 1.1 mm and the thickness of the sand
layer is 2 m. The gravel layers, placed beneath the
sand layers at the bottom of the contact filter,
are 35-40 cm thick. Filtration of the water takes
place from below to above. To avoid the expansion
of the sand in the upflow of water and also to obtain
a sufficiently long operational cycle the speed of
filtration must not exceed 5-6 m/hour. The raw

water is introduced into the filter by a special system
of perforated pipes laid at the bottom of the gravel
layer. The same distribution system is used for
washing the filters. Washing is carried out at a rate
of 13-15 I/sec./m2 for a period of 7-8 minutes. The
purified water is drawn off by means of overflow
conduits placed above the sand. These conduits
also take off the wash-water.

This system of water purification is becoming
firmly established, since the process takes place in a

single installation without preliminary flocculation
and sedimentation. It is worth noting here that the
space taken up by the installation is reduced by
more than half, and construction costs are lowered
by 20 %-25 %. The use of contact filters has success-
fully solved the problem of treating coloured
waters or waters of low turbidity with a suspended-
solids content of up to 150 mg/I. In purifying such
waters with conventional equipment considerable
difficulties are, of course, often encountered.

Contact filters were first proposed in 1953.
After this, for a period of several years, the Academy
of Municipal Economy, together with the sanitary
engineering institutes and municipal water-supply
organizations, conducted observations with experi-
mental equipment. At the present time contact
clarifiers are being successfully operated in a number
of cities using reservoirs or rivers with coloured or

low-turbidity water for their supply.
As an example, the installation with an output

of 50 000 m3 a day which came into operation in
1957 at Kuibyshev can be cited. Water from the

Volga is first taken into a desilting chamber with a
4-minute retention period. Here the silt is settled,
the air separated and coarser impurities arrested on
special screens. From the desilting chamber the
water goes to a mixer, where the coagulant is
introduced. The water is here mixed for 0.6 minutes
and then passed into the contact filters, of which
there are 12 at the station, each covering an area of
38 M2. The clarified water is collected in one
common main and led off to the treated water re-
servoir whence it enters the city supply system.
The contact filters are washed with water from

a special tank with a capacity of 400 ms situated
near the filter building. The store for the coagulant
(aluminium sulfate) and the tanks for preparing
the working solution of coagulant are in a separate
building. The coagulant solution is transferred by
means of acid-resistant pumps through vinyl plastic
piping into two distributor tanks of 27 m3 capacity,
each situated in the desilting-chamber premises.

Pre-chlorination is carried out, the chlorine being
introduced by pipe before the water enters the desilt-
ing chamber. The post-chlorination takes place
in the main that draws off the clarified water before
it reaches the treated water reservoir. The quality
of the Volga water in the reach below the Kuibyshev
Sea is characterized by a stable coloration of 30-60'
and by low turbidity reaching 120-150 mg/l in flood
periods. To ensure reliable disinfection of the
water 2 mg/l of chlorine is used for pre-chlorination
and 0.5 mg/l for post-chlorination. The average
amount of coagulant introduced is 20 mg/l (as
anhydrous substance). This amount is 10% less
than at another Kuibyshev waterworks which also
purifies Volga water by the conventional process
with coagulation and sedimentation. The standard
of purification by contact filter is always very high,
answering drinking-water requirements in all respects.
Regular observations of the condition of the filtering
sand have shown that washing operations have been
satisfactory, and that residue has not accumulated.
The operation of the contact filter stations at

Kuibyshev and other cities shows that no difficulties
have arisen in their servicing, the economy achieved
with the coagulant reaching 20 %-25 % in some cities
and compensating for the higher cost of wash-
water, so that running costs turn out to be somewhat
lower than those for conventional installations.

Disinfection
In the USSR gaseous chlorination is the method

most widely used. Besides its positive characteristics
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this method has at the same time a number of
serious shortcomings which have led to a persistent
search for new methods to solve the problem. Thus,
chlorination requires careful dosing and therefore
constant control. The chlorine can also give rise to
unpleasant odours in the water. To ensure its
bactericidal effect it requires a sufficiently long period
of contact, so that the water cannot be passed on to
the consumer immediately. The toxicity of the
chlorine makes its use not without danger for the
consumer and for the staff who have to work with it.

In recent years serious attention has been given
in the USSR to the question of using ozone and ultra-
violet (bactericidal) rays for the disinfection of
water. Ozonization has been known in Russia for a
long time. From 1911 to 1919 the Petrograd water-
supply station gave an output of 50 000 m3 a day of
ozonized water. Later the more economical method
of chlorination supplanted the use of ozone.
At the present time interest has again been aroused

in ozonization in connexion with the sharp rise in
the production of electric power in the USSR, to-
gether with the well-known advantages in the use of
ozone over other methods of disinfection. The
possibility of using it simultaneously for ensuring
deodorization of natural waters is also emphasized,
as it very much simplifies their treatment. At the
present time several types of ozonizer of varying
output have been designed, and planning is in pro-
gress for their installation at a number of water-
works.
The disinfection of water by ultra-violet rays is

being increasingly practised in the USSR. Until
recently this method was not in productive use in
view of the economic considerations. The situation
has changed, however, following the discovery of
more powerful sources of radiation. However,
these sources are still insufficiently powerful for
practical use in large water-supply stations.
A large amount of research and constructive

work was carried out by the Academy of Municipal
Economy and the sanitary institutes before disinfec-
tion by bactericidal rays could be applied for
practical purposes. The conditions under which
various bacteria are destroyed as a result of irradia-

tion were studied. Special apparatus was designed
and principles of construction worked out. It was
established that disinfection by bactericidal rays
offered a number of advantages over chlorination.
The natural qualities of taste and chemical properties
of the water are not affected. The bactericidal
action of the rays takes effect in a far shorter time
than chlorine. After irradiation, therefore, the water
can be immediately passed on to the consumer. The
rays destroy not only the vegetative forms of bacte-
ria, but also the spores. Operation of the installa-
tions is simpler than that of chlorination.
At the present time three types of apparatus are

being prepared for manufacture. Two of these have
an output of 3 and 8 m3/hour; a third type has an
output of 15-150 m3/hour, depending on the number
of chambers it has. The apparatus is equipped with
special bactericidal ray units powered at 30, 60 and
1000 watts. All types of this apparatus work on
the same principle: guiding partitions are used to
cause turbulence in the flow at the same time as it is
irradiated with the bactericidal ultra-violet rays. By
this means a uniform irradiation of the water is
secured. The apparatuses operate on 220 volts A.C.
The operating cost of disinfection by this method is
no higher than for chlorination and, where water-
works utilize ground water, spring water or under-
river water as sources of supply, sterilization of the
water by ultra-violet rays costs as little as one-half
to one-third of the chlorination cost.
The electric power used for sterilizing water from

underground sources is not more than 15 watts/
hour/m3. Consumption of electricity for ultra-violet
ray sterilization applied to surface waters that have
been treated in purification installations reaches
30 watts/hour/m3.

Installations for the sterilization of water by
bactericidal irradiation have been in use in the USSR
since 1952, mainly at waterworks serving small
communities. The most powerful apparatuses used
are at urban waterworks, and have an output of
25 000 m3 per day. An immediate, but as yet un-
solved, problem is that of using ultra-violet rays
for disinfection at larger water-supply stations. Re-
search is at present being carried out in this field.
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