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1. INTRODUCTION

Water treatment by granular materials or by some kind of cloth strainers dates back to early in
recorded history. From ancient India, China, and Greece, various ﬁlter systems are known to have
served as water clarifiers. In modem history, the use of ﬁlters started in the first half of the
nineteenth century when ﬁlters, particularly slow sand filters, were the only treatment step.
Obviously, these ﬁlters were able to meet the hygienic requirements, although the disinfection
theory was only developed at the end of the last century.
In modem engineering applications, ﬁltration has become a widely used water treatment process in
the production of potable water and in wastewater treatment. Whereas surface water treatment
requires ﬁltration usually as first or second treatment step, the removal of residual suspended solids,
often combined with advanced phosphorus removal in wastewater treatment, restricts ﬁltration to
the final step. The application of filters in drinking water treatment has a long tradition and the
design and operation are based on long-tenn practical experience. Although wastewater filtration
makes use of a similar technology, considerable differences, especially with regard to the water
characteristics, have led to different design considerations. The inhomogeneous composition of the
particulate matter, the presence of still biodegradable organic substances and the enormous daily
and seasonal ﬂuctuations of the water quality and quantity require the ﬁlter systems to be carefully
adapted to the wastewater characteristics. In recent years, the many new filter types and improved
back-wash systems which have been developed and are still operated have helped to decrease
installation costs primarily of smaller plants and have improved operation safety.
Various new standards for suspended particulates and hygienic parameters for drinking water or
suspended solids and phosphorus for wastewaters resulted in an innovative phase in filtration
technology and led to the application of compact treatment systems, eventually including
biochemical processes. The present filter technology can still be made more reliable and
economical.
In developing countries, the use of filters has become an appropriate and weH-recognized
technology for potable water treatment. The production of hygienically safe drinking water is of
prime importance and can be brought about by a combination of different filter systems. Simple
and safe operation combined with low-cost installations have made possible the application of
filters not only in large treatment plants but also in small rural areas. Further development of these
filter systems is possible and future experimental pilot and full-scale studies will improve the
economic aspects of the filtration technology.

3

In recent years, a new type of ﬁlter system in the fonn of membrane filters was brought onto the
market and rapidly gained importance in all kinds of water treatment schemes. Ultrafiltration and
nanoﬁltration are processes with a high potential for various applications in drinking water and
industrial wastewater treatment. Further development of new membranes and module constructions
will certainly favor the future economic aspects of membrane ﬁlters and change many of the
traditional ﬂow schemes.
The aim of this paper is to elucidate some aspects of the various applications of water filtration and
the new approaches leading to an improved technology with respect to reliability and economics.

2. RECENT DEVELOPMENTS -- STATE OF THE ART

Filter performance is determined by the suspension to be filtered and the possibility to inﬂuence the
particulate characteristics by chemical ﬂocculants as well as filter construction and operational
features. Therefore, recent developments in filter technology may be considered under two different
aspects; i.e. chemical conditioning of the particulates and filter construction and operation.
2.1. Addition of Chemical Flocculants
In the last two decades, the advantages of direct and contact filtration have been widely recognized
in drinking and wastewater treatment and many existing plants have been equipped with chemical
dosing facilities. In most new plants, chemical dosing and ﬂocculation tanks have been included in
filter design, although they may presently not be used.
In Switzerland, Scandinavia, and Germany, wastewater ﬁltration is often combined with advanced
phosphorus removal which requires the addition of hydrolizing A1 or Fe salts. In these cases the
dose of metal salts is usually higher than necessary for particle destabilization. Precipitation of
metal-hydroxo-phosphate-complexes occurs and dominates the ‘properties of the particulates.
Compared to conventional filter operation, higher headlosses, lower particulate densities and shear
strength of the newly formed ﬂocs are observed.
A preceding coagulation and ﬂocculation step enhances undoubtedly particulate removal in filters.
Especially the separation of colloidal particulates can be improved substantially by preceding
ﬂocculation and, thereby, lead to macroscopic ﬂoc formation in the filter inﬂow (direct filtration)
or, in some cases, enhance particulate aggregation in the pore space of the media by the added
chemicals without a separate ﬂocculation step (contact filtration). The effect of the addition of Fe
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salts to a tertiary filter inﬂow is shown as an example in Figure 1, by a comparison of the particle
removal efﬁciency as a function of particulate size between ﬁlters with and without the use of
chemicals.
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Figure 1

Particulate removal as a function of particulate size in deep-bed ﬁlters with and
without the addition of ﬂocculants

2.2. Filter Construction
With the conventional deep-bed gravity filters, a marked improvement was achieved when
changing from single to dual or multimedia filters. The advantages of using fractioned grain sizes
have been demonstrated in many instances in the past and do not need to be re-explairied in detail
[1,2,3].
In the last decade, several filter constructions including different systems for filter backwashing
were developed and applied. The main features of the new construction types are (1) avoidance of
construction of additional storage tanks for bachwash and sludge water by continuous or pseudocontinuous filter operation, (2) optimization of backwash efﬁciency and minimization of backwash
water use by special backwash facilities and backwash cycles, and (3) new types of filter bottoms
and ﬁlter media.
Figure 2 gives an overview of some major full-scale construction types. In Switzerland, some of
these filters are in operation since the beginning of the 80s for direct tertiary wastewater filtration.
After some operating problems during the initial phase, the non-conventional ﬁlter types, which are
especially suited for small water ﬂows (3000 < m3/d), showed a satisfactory to excellent
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performance. This would appear to confirm that new construction ideas may still lead to improved
operation at lower costs.

3. TRENDS IN FILTRATION TECHNOLOGY

In order to classify filtration systems with respect to new developments, filter application is divided
into four different groups: (1) prefilters or roughing filters, (2) rapid filters and similar types, (3)
slow sand filters, and (4) membrane filters.
3.1. Roughing Filtration
Prefilters or roughing filters are usually the first in a series of at least two filters used to remove
larger quantities of particulates. Roughing filters, thus, protect following filter systems from rapid
clogging. Roughing filters in the form of gravel beds or microstrairrers are more efficient than plain
sedimentation and less effective than rapid or slow sand filters and, thus, are well suited to meet
intermediate water quality requirements. Microstrainers are often used to decrease solid loads for
succeeding rapid filters treating water from lakes and reservoirs, whereas the gravel filter types
serve to pretreat turbid river waters for succeeding slow sand filters or groundwater recharge
basins. In developing countries where chemical ﬂocculants cannot be applied [4], the latter
application has been recognized as perfectly suited for drinking water treatment schemes.
The use of microstrainers, especially for the separation of algae, has shown that opening size and
algae type (size, shape) are primary variables affecting strainer performance. In order to improve
the efﬁciency of solid separation in strainers, the opening size of the mesh is decreased. New
strainer materials allowing openings down to 5 um are already available. However, they are limited
by the rapid headloss increase which leads to higher energy consumption and higher use of
backwash water. Experience with tertiary contact strainers has shown that a somewhat better
perfonnance can be achieved with unwoven felt cloth materials. Compared to steel or nylon
microstrainers, precipitated Fe-hydroxide ﬂocs of low shear strength are retained with higher
efﬁciency in cloth filters. However, a comparison of cloth filters with deep-bed rapid filters
revealed that colloidal matter <10 um is usually removed with lower efﬁciency in strainer type
filters. Since particle mass removal efﬁciency of cloth filters compares well with deep-bed filters
they may not be grouped together with the roughing filters. However, if the removal with respect to
particle number concentrations is considered, the surface type filters show an inferior performance.
In Figure 3, the particle removal efﬁciency of a deep-bed and a cloth filter is shown as a function of
particulate size and confirms the expected difference.
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Particulate removal efﬁciency as a function of particulate size in contact cloth and
deep-bed filters

Other types of pretreating filters are the horizontal or vertical ﬂow gravel filters. Their design and
application have been discussed in more detail elsewhere [5]. Many recent studies, especially in
third world countries and in Switzerland, have shown that the operation of these filters may be
improved considerably by optimizing the backwash. Since backwashing operations ought to be as
easy as possible, the filters are usually regenerated by simple downﬂow ﬂushing of the remaining
water contained in the filter box. In an investigation of the groundwater recharge plant of Aesch,
Switzerland, several different ﬂushing modes were compared [6]. The results of backwash
efﬁciency clearly demonstrated the advantage of sectionwise ﬂushing by intermittent opening and
closing of the underdrains. With regard to backwash efﬁciency and ease of operation, a series of
vertical ﬂow filters has shown to be slightly more appropriate than a long horizontal roughing
filter. Another gravel filter type was recently investigated by Rajapakse and Ives [7]. The so-called
pebble-bed filter consists of gravel media whose pore space is partially filled with sand. High silt
storage capacities and easy cleaning are the claimed advantages of the upﬂow filter type. Figure 4
st-.-iws the media arrangement of a pebble-bed filter.

I

Another idea which may gain importance in roughing filter design is the replacement of the coarse
gravel by a media with a more favorable surface/volume ratio. Since a gravel bed has a porosity of
45 - 50%, more than half of the bed volume is dead space. The question is whether part of this
volume can be made available as reactor volume and whether the intemal collector surface of the
filter can be increased by choosing other materials. A study of horizontal roughing filters with
different media types was conducted at EAWAG for the treatment of secondary wastewater [8]. A
gravel ﬁlter and a filter with randomly packed plastic chips were run in parallel. Some media
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characteristics are shown in Table 1 together with some results of this investigation. A significant
improvement in filter performance of the plastic media ﬁlter could be observed. New high porosity
media and the high speciﬁc surface area lead to increased separation efﬁciency and longer filter
mns. Where durable and robust materials of high specific sruface area are available, it is
worthwhile testing them together with conventional gravel media. However, the denser the media
packing, the greater the operational problems expected with filter cleaning and backwashing. More
corresponding studies are needed to ﬁnd technically feasible solutions.
Wluenl
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Figure 4

Schematic diagram of a pebble-bed filter from Rajapakse and Ives [7]

Table l

Comparison between conventional gravel media and plastic media in horizontal
roughing filtration

_
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Removal
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Horizontal Gravel Filter
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dg = 15-30mm L= 50cm
dg = 4-8mm L = 140cm
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Filter (plastic chips)
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3.2. Rapid Filtration
In use over many decades, deep-bed rapid filtration has become a widely recognized drinking water
treatment process. In recent years, filtration has gained new interest in the field of drinking water
and, especially, wastewater treatment. Problems encountered with the disinfection of resistant
pathogens such as Giardia cysts, ought to be solved by solid separation in filters. Consequently,
new water treatment regulations in the US will stimulate an increased use of filtration plants.
In

addition,

the

conventional

ﬂow

schemes

for

suspended

solids

removal

with

ﬂocculation/sedimentation/filtration can or could in many cases be replaced by a more efﬁcient
double filter system where the space-consuming sedimentation step can be omitted. Two contact
filters in series with an appropriate media selection have shown to handle solids concentration
levels of clay suspensions of up to 400 g TSS/m3 [9].
The high standard of conventional mechariical-biological treatment plants in the wastewater
treatment technology of many Westem countries is supplemented by additional treatment steps for
phosphorus and nitrogen removal as well as tertiary filtration. Combined with the use of chemical
ﬂocculants, tertiary filtration has proved to be an excellent means of reaching low suspended solids
concentrations of 0-5 g TSS/m3 and low phosphorus residuals of 0-0.2 g total P/m3 [10]. Future
trends suggest that filtration may also be increasingly combined with biological processes such as
nitriﬁcation or denitriﬁcation in biofilters.
3.2.1. Progress in Filtration Theory
Today, filtration plants are still designed on purely empirical rules. Astonishing enough, the intense
research work and the numerous findings of the last decades had little impact on filter design. The
development of new filter techniques and filter systems is usually based on pilot or full-scale
testing perfonned by COI1SlI'U"IlOI1 engineers and applied researchers.
The reason for this poor information transfer from theoretical particle removal models to practical
application is that models simplify considerably real process conditions, even though most of the
important transport and attachment mechanisms have been taken into account in various complex
and sophisticated filter models. Main discrepancies between theoretical studies and real filter
systems are found in model assumptions concerning the particulates (spherical, monodisperse,
monodense) and the filter media (spherical, clean, smooth).
New filter models are still under development. Recently established simulation models of the
filtration process take into account the inhomogeneous nature of the pore space and require pilot
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and full-scale testing [1 1]. Further progress in filtration theory can be expected if more infomiation
on the heterogeneous characteristics of particulates contained in surface or wastewaters and on their
behavior in the course of an entire filter cycle is available and transferred to an appropriate
formulation of transport and attachment mechanisms of single particulates.
3.2.2. Trends in deep-bed filter design

,

Since the filter area is directly determined by filtration rate, high design velocities indicate a
reduction in construction costs. The high filtration rate tendencies, as observed over the last three
decades, were often accompanied by a decrease in filtrate quality and stability which was
compensated by the use of filtration aids such as Fe, Al salts and appropriate polyelectrolytes.
However, the trend to apply higher velocities or even high-rate filters with rates of up to 40 m/h
[12] was not widely practiced on account of too short filter runs and increased danger of
breakthroughs. The highest rates are applied in tertiary wastewater filters during rain weather ﬂow
with velocities of up to 20 m/h. Under dry weather conditions, these filters are usually operated far
below 10 m/h.
The trend to so-called contact filters where coagulants are added directly to the filter inlet and
ﬂocculation is supposed to occur in the pore space may be successful in the first filter of a double
filter system, but is not recommended for single-stage filters. There, a minimum ﬂocculation time
of 10 - 20 minutes at moderate velocity gradients is necessary to produce a suitable ﬂoc size to be
removed in porous media filters.
Another frequently studied filter parameter is the filter media. Many new types of granular
materials have been investigated over the last decades and some improvements in separation
efficiency, decrease of headloss, and media costs have been achieved. In practice, only a few types
of media are applied which are suited for dual or, in a few cases, for three media filters. The use of
plastic and similar materials did not show striking advantages and are comparatively too expensive.
Infuture, the trend to non-granular materials may be more successful. Instead of using grains where
50-60 % of the filter volume is lost as dead space, particle collectors of higher porosity could lead
to considerably higher solid retention capacities. An approach in this direction are fiber or cloth
filters in the form of membrane-stack filters as suggested and investigated by Gitnbel [l3]. Figure 5
illustrates the concept of woven or non-woven membrane layers where the particulates are retained
between and on the ﬁber membranes which comprise a certain number of relatively large holes for
easy water advection at low pressure drop. Several different membrane materials were applied for
the separation of quartz particulates and compared with conventional granular media. Higher filter
efficiency combined with more than tenfold higher solids retention capacities at similar headlosses
were observed and confirmed the advantages of this new concept. However, further development of
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construction details and appropriate backwash systems will be needed to develop an appropriate
filter
for the treatment of lar8 er water Quantities.
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3.2.3. New Filter Applications
New elements of solid separation mechanisms and additional processes taking place in or on the
media are currently studied and developed as pilot and full-scale units. 1
Remarkably new elements are contained in magnetic separators where particulates are
agglomerated by magnetite or ﬂocculants of magnetic properties, and separated on collectors
consisting of irregular wire meshes surrounded by a high gradient magnetic ﬁeld which is generated
by an electric coil. Figure 6 shows the ﬂow scheme and some construction elements of a typical
magnetic filter. Particulates as small as 1 um are rapidly transported under the attractive forces to
the wire mesh. The main advantages of magnetic filtration are its small space requirement and its
suitability for the treatment of smaller water ﬂows (e.;>;. industrial efﬂuents). Magnetic filters_are
cleaned at regular intervals (15-30 minutes) by interrupting the ﬂow and the power to the coil. The
wire mesh is demagnetized for a short time and can be backwashed.
The development of new magnets producing .‘“‘1pCl'CO1'lCll1CIlI1g magnetic ﬁelds may lead to larger
system capacities at lower specific energy costs and heat losses. The potential possibility of
separating paramagnetic waterbome particulates without the need of magnetic seeding is
theoretically possible and would offer great advantages. Yet, under practical conditions this process
has not been operating successfully with regard to an economically promising solid separation
altemative for various treatment applications.
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By integrating biochemical processes into particle separating filter units, the granular materials can
serve two purposes (1) as solids removal media, and (2) as fixed biomass carrier material. Many
studies of new process applications are currently under way with these biofilters. Degradation of
organic matter, nitrification, denitrification, and biological phosphorus removal are processes which
can be combined with the separation of the produced surplus sludge in the same filter unit. A few
of the many different process combinations with biofilters in drinking water as well as wastewater
treatment ﬂow schemes are shown in Figure 7. Some have already been tested on a full-scale and
will widen the experience that is needed to further optimize biofilter performance.
The high specific surface area of the filter material allows relatively high biochemical transfer rates
and, consequently, smaller process units. The characteristic of biofilters is the relatively high gas
ﬂow in the form of air, oxygen or nitrogen which is responsible for substantial backmixirig and the
hydraulically inhomogeneous ﬂow pattems. From a process engineering point of view, biofilters
can, therefore, not be compared with typical dispersed ﬂow type reactors such as deep-bed and
trickling filters. Different types of biofilters are in use which can automatically be backwashed
with air and water. In some biofilters, only the top layers are aerated whereas the lower part acts as
normal granular deep-bed. In others, the gas ﬂow penetrates the total filter height. Lower solids
removal efficiency, but longer filter runs can be expected from the latter system. Figure 8 shows
some major biofilter types which are in pilot or full-scale use today.
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3.3. Slow Sand Filtration
Slow sand filtration is a simple and reliable technology capable of producing a hygienically safe
drinking water from surface waters. Therefore, this technology was already adopted in the last
century since the ﬂow through a fine granular media at low velocities seemed sufﬁcient to reach a
desired drinking water quality. However, due to the large space required by this process, slow sand
filters have been abandoned in larger new treatment schemes. Today, many of the old slow sand
filters are still in operation, sometimes under modified operational conditions. Replacement of part
of the sand layer by activated carbon and operation at higher filtration rates were the main
modifications made to the old system used at the Zurich waterworks [14].
Similar to slow sand filters, artiﬁcial recharge basins may be considered a more recent slow sand
filter application. Similar filtration rates and the same chemical-biological processes in the media
may occur in a sand layer preceding the infiltration into the underground.
In future, slow sand filtration may gain increasing importance since a series of disadvantages have
been observed when using chemical disinfectants such as C12, ClO2, and O3. The formation of
undesirable by-products (trihalomethanes, aldehydes, bromate) can only be avoided when
precursors are removed or when low dosages or no chemicals are applied. In both cases, slow sand
filtration and artificial recharge are alternative processes based on more natural removal
mechanisms which may be more frequently used in future.
Since slow sand filtration is known to be a simple and reliable treatment process for safe drinking
water production, it is perfectly suited for treatment schemes in developing countries. A great
number of slow sand filters, which have recently been put into operation all over the world, have
usually shown a satisfactory performance. Slow sand filters are perfect solid separators due to their
fine filter grains and low filtration velocities. The major fractions of suspended solids usually do
not penetrate into the media but are deposited on the media surface. This, of course, may lead to a
rapid clogging if the particulate concentration exceeds a certain level. A consequent rapid headloss
increase and short filter runs are the main operational drawbacks encountered with slow sand
filters. In developing countries, this is the reason why many filters have become inoperative and are
in need of rehabilitation. A new scheme using roughing filters as first and slow sand filters as
second treatment step seems to overcome this problem without the use of chemical ﬂocculation or
disinfection.
Another way of prolonging slow sand filter runs is to cover the top layer with a special ﬂeece of
unwoven meshwork or with gravel layers. Experiments carried out by different investigators
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[6,l5,16] showed that especially with synthetic ﬂeece covers at least a threefold increase in filter
nin time can be expected.
In future, more ecological drinking water treatment and distribution systems may gain increasing
importance, i.e., the demand for a sustainable technology. In Switzerland, the water authorities
have agreed to maintain the groundwater and springwater quality at a level which will allow the
production of drinking water possibly without treatment whereas surface water quality should be
such that drinking water can be produced by a simple and reliable technology [16]. In view of the
latter aspect, the question arises if the large energy-consuming drinking water systems, including
costly multistage treatment schemes and expensive distribution networks, will be considered a
sustainable teclmology in future. In some cases, especially in mountainous regions, the altemative
might well be the tapping of more springwater and groundwater or the treatment of surface water
above consumer level and the distribution of the water by gravity instead of using groundwater or
lake water which has to be pumped with remarkably high pressure heads. Case studies are needed
to determine installation and operation costs of altemative systems which would allow a cost
benefit analysis of different technical alternatives under various energy cost scenarios.

3.4. Membrane Filtration
Membrane filtration, which is a promising alternative to conventional water treatment processes
such as ﬂocculation/sedimentation/grariular media ﬁltration/disinfection, will certainly be a process
of increasing importance. Depending on the cutoff of the membrane, membrane filters are able to
remove turbidity, bacteria and other microorganisms down to the size of viruses, organic
compounds and even dissolved inorganic ions. Membrane filters are divided into ultrafilters,
nanofilters and reverse osmosis modules according to their cutoff range. Figure 9 gives an overview
of the range of particle cutoffs used for the three membrane filter types.
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The first membranes on a polymeric basis were developed in the 60s. In the last decade,
developments in membrane materials and manufacturing technology have considerably increased
the potential for their application in water treatment. Higher transmembrane ﬂuxes and more
specialized membranes for speciﬁc applications helped lowering capital and operating costs.
Membrane filters are increasingly competitive with a series of conventional treatment steps.
As regards the membranes suited for suspended solids removal, the typical particulate size range for
ultrafiltration reaches from 0.05 to about 10 pm, whereas nanofilters operate at lower cutoffs down
to 0.001 |.im. The latter are often called softening membranes because calcium and magnesium ions
as well as dissolved organics in the order of 500 daltons can be removed. Whereas nanofilters
employ pressures between 5 and 10 bar for operation, ultrafilters can operate at lower pressures
between 0.7 and 8 bar. In the following discussion of membrane applications for particulate
removal, only ultrafiltration is further considered. Ultrafilters are able to remove bacteria, algae,
cysts, clay minerals, asbestos fibres, etc., quantitatively from the water. Recent studies have shown
that even viruses can be retained effectively by ultrafiltration, and, thereby, confirm its aptitude as
perfect disinfection process as long as no aftergrowth occurs.
Today, ultrafilters serve a variety of purposes in industrial wastewater treatment in food and in
other processing industries. For particulate removal in drinking water treatment, only few studies
have been conducted on the use of various membranes and modules. Several investigations
[18,l9,20] have tested pipe, plate-and-frarne, spiral wound and hollow fiber modules with different
membranes often on the basis of cellulosic derivates for turbidity and bacterial removal. Recent
studies with hollow fiber membranes for the treatment of river waters by Jacangelo et al. [21] have
revealed detailed performance data on particulate removal and viruses. The removal of three groups
of particulates were investigated by a membrane with a cutoff of 80000 daltons. Viruses (MS2
bacteriophages, bacteria (E. coli), and protozoa (Giardia muris) ranging in size from approximately
0.02 um, l-3 um and 7-14 um, respectively, at a concentration of 105 - 107 organisms/ml were
filtered. All organisms were eliminated down to the detection limit; i.e. at least a 5 - 7 log reduction
was achieved. Figure 10 shows the particle size distribution in two investigated surface waters and
in the ultrafiltrate water in the size range from 1 to 100 |.im. The data confirm that particulates
larger than 5 um are removed down to the detection limit and, below this limit, very low particulate
concentrations were measured. It also illustrates the ability of ultrafilters to remove particulates in
the size range of Giardia and Cryptospoiidium nearly quantitatively. The specific membrane ﬂuxes
with applied pressures of 0.9 - 1.0 bar were in the range of 100 - 110 l/m2,h, the feed water
recovery was 90 - 95% and the backwash water use amounted to 5 - 10% of the ﬂow.
According to the reported results, ultrafilters are capable of replacing processes like coagulation,
filtration, pre-disinfection, and may even be combined with powdered activated carbon to
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simultaneously eliminate adsorbable organic substances. With the help of membrane filters, water
treatment becomes very compact and space saving. Nevertheless, ultrafiltration is still an expensive
process and, since long-tenn performance data are not yet available, only estimates of operation and
maintenance requirements can be made.
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A

A cost comparison between a conventional treatment train comprising pre-ozonation/ﬂocculation/
sedimentation,/ﬁltration/chlorination and an ultrafiltration plant including prefiltration in the USA
[21] is given in Figure 11. The specific total costs in SFr./m3 are plotted as a function of the plant
size and reveal that ultrafilters may be competitive only below a hydraulic capacity of about 2000
m3/d. A significant difference between the two altemative treatment schemes is visible when
investment and operating costs are compared. With an investment cost component of 75% for the
ultrafiltration altemative, the total costs are predominantly determined by the costs for ultrafilter
modules, whereas for conventional systems, the investment fraction amounts to only 45%.
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The application of low-pressure ultrafilters looks promising and may replace many of the
conventional treatment schemes in order to meet the new quality requirements. However, in order
to solve problems encountered with membrane fouling, concentrate disposal and energy
consumption, further research is necessary, especially on long-tenn performance.

4. CONCLUSIONS

Filtration has been widely applied for many decades in water treatment. It is a standard process in
many schemes treating surface waters for drinking water production or polishing secondary
wastewater efﬂuents. New regulations and quality requirements in the field of drinking water and
wastewater are and will be responsible for the increasing irnpoitance of filtration. At the same time,
an innovative phase in filtration technology has brought and will continue to bring many new
elements into the design and operation of all kinds of water filters whose new application ﬁelds are
still being explored.

_

Whereas filtration for drinking water treatment is mostly applied in the form of conventional
gravity filters, the present wastewater filtration technology is more diverse and comparisons are
now possible between the different altematives under full-scale long-tenn conditions. Except for
membrane filters, the new filter types are usually developed to produce an equal filtrate quality at
lower costs. Filters may be divided into four groups according to their area of application. Since
roughing filters, rapid filters, slow sand filters, and membrane filters produce different quality
filtrates, their developments have to be considered separately.
Roughing filters are applied as pretreatment step and usually combined with succeeding rapid or
slow sand filters. The increasing application potential of so-called double filter systems and the
development of appropriate drinking water treatment schemes in third world countries, applying a
combination of roughing and slow sand filters, are good reasons to emphasize the improvement of
simple and reliable systems. Investigations on the upgrading of the present backwash technology
and the replacing of coarse gravel media by materials with higher specific surface and higher
porosity, as well as tests with horizontal and vertical upﬂow and downﬂow gravel or pebble-bed
filters for various raw water suspensions containing particulates such as clay minerals, algae, and
wastewater particles are necessary to further develop and improve the application of roughing
filters.
»
In the field of rapid filters, the application of many new filter systems has enabled a decrease the
total costs at equal or even better efficiency, especially with smaller water quantities. At the same
time, due to the variety of technical solutions, it has become more ‘difficult to make a choice
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between the different altematives. A careful study of the most promising systems under full-scale
conditions is, therefore, recommended.
It is astonishing that the rapid progress in filtration technology was achieved without the backing of
theoretical filtration developments. Theoretical models are still too strongly based on artiﬁcial
conditions that deviate considerably from practical application. A closer correlation between
theoretical and practical issues is to be subjected to future studies.
As regards roughing filters, the replacement of granular materials by highly porous media may
offer considerable advantages when designing future rapid filter systems. However, the
development of fiber membrane filters and similar types has not reached technical feasibility for
large water quantities. Further developments of backwash systems and construction details are
needed.
Magnetic separators, which have found a recent application in filtration technology, enable very
rapid and effective particle transport to the collector surface consisting of a magnetized wire mesh.
Until now, the waterborne particulates had to be aggregated by magnetite seeding in order to allow
effective removal. Future developments might bring some improvements with superconducting
magnetic ﬁelds where no seeding would be necessary.
1
Another trend in rapid filtration, especially in wastewater treatment, is the combination of
particulate removal with biological processes. Biological oxidation of organic matter, nitriﬁcation,
denitrification, biological phosphorus removal, and anaerobic treatment are processes which can be
combined with filtration on granular media. In the near future, the results of pilot and full-scale
investigations will reveal the technical feasibilities and economic aspects of the various
combinations.
In the future, slow sand filtration may gain increasing importance in the treatment of surface waters
not only in developing countries but also in Westem countries. The ever increasing number of
undesirable disinfection by-products resulting from chemical oxidation may lead back to traditional
slow sand filtration or artificial recharge and bank filtration systems as effective means of pathogen
removal and biochemical oxidation processes.
A
The application of membrane filters has gained recognition as a new technology in water treatment.
In ultrafiltration, nanofiltration, and reverse osmosis, membranes of different cutoffs are used for
different purposes. Ultrafiltration as an altemative to the filtration of colloidal particulates, is
capable of completely removing particles down to the size of viruses arid, thus, enables a whole
process combination, consisting of ﬂocculation/filtration/chemical disinfection, to be replaced by
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one unit. At present, feasibility studies are showing promising results with respect to water ﬂuxes
and separation efficiency. The costs for the membrane modules, however, are still high and restrict
their economic application to small water quantities. If the investment costs of future developments
can be decreased and long-term performance improved, membrane filters will certainly be a
competitive water treatment technology.
_
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