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(57) Abstract

The invention relates to a treatment installation consisting of one or more compartments (2) connected in parallel, which

compartments are provided with inlets (1, 3) and outlets (6, 7)

“between which microorganisms are present, which installation i

ed) water (3) are passed downwards through the support mate

and can contain a filling of a support material (2a) on which and
§ constructed in such a way that.both (polluted air (1) and {pollut-
rial (2a) with a hydraulic surface loading selected between 0.5-30

m3/m2/h, wherein the pollutants are converted by the microorganisms, and air forms the continuous phase. The installation
is advantageously constructed in such a way that the support material can be rinsed (8-10), while it can also be advanta-

geous to provide facilities for the pretreatment of the air an
other stream of water and air obtained.

d/or water to be supplied and for subsequent treatment of the
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Treatment installation and method for'treating water and/or gases

The invention relates to a treatment installation consisting of one
or more compartments connected in parallel, which compartments are pro-
vided with inlets and outlets and contain a filling of a support materi-
al, on which and between which microorganisms are present, as well as a
method for treating water and/or gases.

Installations of this type are generally known and are used on a
large scale. Good results are obtained with an installation of this type,
but said installations are not suitable for all types of pollutant.

Xenobiotic components which are present in waste water are frequent-
ly removed with the aid of filtration using active charcoal. Volatile
components can also be removed from the aqueous phase by stripping. In
this case it is necessary to subject the stripping air released to a
subsequent treatment. This can be effected by means of an active charcoal
filter.

When xenobiotic components are removed from waste water by means of
active charcoal filtration or stripping and when removing said components
from the air phase, pollutant is transferred from one phase to another
phase in these techniques. The phase in which the pollutant is bound,
frequently active charcoal, still has to be treated afterwards in order
to decompose pollutants.

Biological purification techniques do not have this disadvantage; in
these systems pollutants are completely converted into harmless residual
products, such as biomass, CO, and water.

Biological purification techniques can roughly be subdivided into
systems with suspended biomass and systems in which the biomass firmly
adheres to the support material.

One example of a biological purification technique in which use is
made of suspended biomass for biological purification of waste water is
an active sludge installation. This has the disadvantage that for low
concentrations of pollutant the amount of biomass produced per volumé of
waste water treated is small. However, a high biomass concentration in
the installation is required for a high removal capacity. At low pol-
lutant concentrations a long sludge retention time is therefore required.
This is difficult to realise in active sludge installations.

Ground water which is released during soil treatment work frequently

contains low (that is to say low in the absolute sense) concentrations of
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pollutants; however, the concentrations are still too high and the ground
water therefore has to be treated before discharge.

In bioreactors containing a support material, so-called biofilm
reactors, there is a slime layer on the support material. This is the
so-called biofilm, in which microorganisms are immobilised. In biofilm
reactors it is possible to maintain a high biomass concentration at low
pollutant concentrations.

Oxygen is required for aerobic biological removal of organic pol-
lutants. Because oxygen is not present in sufficient amounts in the waste
water it is necessary to supply additional air to the bioreactor. In this
context it is possible that if the oxygen is supplied to the system in
the form of aeration some of the volatile pollutants are removed via the
air phase, so that the discharged process air has to be subsequently
treated.

An installation of the type described in the preamble has now been
found which is characterised in that the installation is constructed in
such a way that both polluted air and water are passed downwards through
the support material with a hydraulic surface loading selected between
0.5-30 m3/m?/m, the pollutants being converted by the microorganisms in
the biofilm on the support material, and during this operation air forms
the continuous phase.

The support material can, for example, consist of sand; the micro-
organisms are then present both on the grains of sand, in the form of =a
biofilm, and between the grains of sand, in the form of sludge flocks.
The support material therefore also acts as a filter.

In the case of the biological aerobic system present here, the pol-
lutants are completely converted and subsequent treatment of both efflu-
ent and process air can be dispensed with. It is, of course, advantageoué
to provide the installation with a facility for rinsing the filter mate-
rial, because the growth of biomass and any chemical precipitates formed
reduces the capacity for flow through the filter bed. This installation
and the method made possible by means of said installation have a number
of advantages compared with other biofilm reactors'(such as biorotor,
oxidation bed, submerged filter).

1) As a result of the correct choice of the support material the
installation has a hlgh specific blOfllm surface area. Consequently it is
possible to maintain a high blomass concentration in the installatlon and

thus to achieve a high removal capacity.
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2) Water and air are fed through the reactor in plug flow. By this
means a reduction in the removal capacity as a result of diffusion limi-
tation is counteracted.

3) As a result of the intense contact between air and water very
good mass transfer between the air and the water phase is possible, so
that the installation has a high aeration capacity. If the installation
is used for the treatment of effluent, this signifies that the air/water
ratio required is low.

4) By passing water and air in co-current through the reactor, the
discharging process air is in equilibrium with the effluent concentration
of the treated waste water. In the éase of an installation functioning
normally, the effluent contains very low pollutant concentrations. The
concentrations in the discharging process air are therefore also very
low, so that the air does not have to be subsequently treated.

As a result of these advantages it is possible for the treatment
process to proceed in an optimum manner.

The fill material is important in order to obtain a plug flow
character. Of course, there is only approximate plug flow. Ideal systems
have, after all, not been realised in practice. In order to retain the
plug flow character it is therefore clear that finely divided support
material must be used in the reactor. The finely divided material can,
for example, be fine sand. The plug flow character will be less in the
case of coarser material, .

The effect of the downward passage through the system is that air is
the continuous phase. If passage were upwards the air would pass through
the system in the form of bubbles with the concomitant disadvantages.

The water is preferably supplied in finely divided form and there-
fore, for example, with the aid of a spray element.

Suitable support materials are, inter alia, sand, anthracite (which
is then in the form of flat platelets) and active charcoal.

A system for removal of chemical precipitates from the liquid phase
can be connected upstream of the biological reactor(s). It is also possi-
ble to install facilities for subsequent treatment of discharging water
and/or air streams downstream of the installations, for those cases where
it is desired to achieve even greater purification.

As a consequence of the conversion of the pollutants by the micro-
organisms into biomass and  the oxidation of iron, accumulation of biomass

and iron oxide takes place in the bioreactof, At a specific pressure drop
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over the bioreactor, the excess biomass and the precipitated inorganic
material (inter alia iron oxide) are removed from the filter bed by rins-
ing the filter bed.

The invention is illustrated in Figure 1. The installation according
to Figure 1 is intended for the treatment of air drawn from the soil
(ground air extraction). The pollutants and oxygen are transferred from
the gas phase to the water phase. In the water phase the pollutants are
then converted by the microorganisms on the support material into the
biomass, CO, and H,0. The treated air is discharged into the environment
and the treated water is recycled through the bioreactor. The maximum
air/water ratio in this operation is 10:1.

The polluted air is fed via (1) into the top of the bioreactor (2)
together with clean (re)cycled water via (3), to which nutrients and
neutralising liquid can be added if desired. This addition can be made
via feed lines (4) and (5), which are connected to (3). The sequence of
the location in which the additions (4, 5) are made is of minor importan-
ce. In the bioreactor (2) the transfer of the pollutants from the gas
phase to the water phase takes place and the microorganisms {(on the sup-
port material (2a)) break down the pollutants. The treated air is removed
via (6). The clean process water is removed via (7) to a clean
water/sludge buffer vessel (8). Buffer vessel (8) is connected via line
(3) to the reactor (2). The reactor can be rinsed by shutting off the
lines 1, 3, 6 and 7. The water required for rinsing can be fed through
the bioreactor from the buffer vessel (8) via (9) together with air via
(10). The rinse water is removed via (11) to the clean water/sludge buf-
fer vessel (8). The sludge is periodically removed from vessel (8) via
(12).

Figure 2 shows a installation for the simultaneous treatment of
water and air. The symbols have the same significance as in Figure 1.
Effluent is supplied via (13) and collected in a buffer vessel (14). The
buffer vessel is advantageously designed as an oil/sand separator. The
effluent is fed via (3) into the top of the bioreactor (2). Connections,
shown here as (4) and (5), to line (3) are provided for the addition of
nutrients and/or a neutralising liquid. Air is introduced via (1) into
the top of the reactor (2). It will also be obvious that the air supply
can also be connected to line (3). An active sludge on support material

(2a) is present in the bioreactor (2). Microorganisms which convert the

pollutants into biomass, CO, and H,0.are present on and between the sup-
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port material. The water is collected at the bottom of the reactor and
process air is discharged via (6) into the atmosphere. The water is fed
via (7) to the (clean water) buffer vessel (8) and discharged via 15.
Lines 9, 10 and 11 are closed during normal operation.

When the filter bed is rinsed, the supply and discharge of effluent
via (3) and (7) and air via (1) and (6) are shut off. Water from the
clean water buffer vessel (8) is passed upwards through the filter via
(9) together with air via (10). The rinse water (and rinse air) is re-
moved via (11) to a sludge buffer vessel (16). After settling, the sludge
is periodically removed via (12). The excess rinse water is discharged
via (17) to the influent buffer vessel (14).

If the specific gravity of the support material is not much higher
(or lower) than that of water, a grating (18) is placed just below the
rinse water discharge so that the support material is not flushed out
during rinsing. Preferably, the bottom of the support material is sup-
ported on a grating (19).

The installation as shown in Figure 2 can also be used for cleaning
effluent only. In place of polluted air, clean air is then fed to the
bioreactor via (1).

Ground water frequently contains high concentrations of divalent
iron. These must be removed before the customary treatment techniques are
able to function correctly. A dry filter (that is to say a filter which
is not under water) is used as iron-removal stage for the production of
drinking water. Thus, in the installation according to the invention two
removal techniques take place at the same time; the pollutants are con-
verted by the microorganisms into harmless residual products and at the
same time iron is oxidised to trivalent iron, which remains behind as
iron oxide in the dry filter. This iron oxide accumulates in the dry fil-
ter and can be removed by rinsing.

In practice, rinsing will be carried out when a specific additional
pressure drop has arisen, for example of 1 bar. Iron and excess biomass
are flushed out during rinsing.

The bioreactor can be constructed in such a way that it is acces-
sible via a manhole at the top.

When the bioreactor according to the invention is used for water

treatment, the air/water ratio (the feed) is preferably at least 1:10 and

.at most 1:2, preferably not more than 1:1, with most . preference for a -

ratio from 3:10 to 5:10. However, a ratio of 10:1 is also posgible in the
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case of air treatment. For the combined treatment of air and water the
air to water ratio is between 2:1 and 30:1, with a preference between 5:1
and 15:1.

The water treatment or air treatment or the combined air and water
treatment can be used, inter alia, when treating polluted soil. When
withdrawing ground water alone, both the volatile and the non-volatile
components are removed. When withdrawing both ground air and ground
water, a large proportion of the volatile pollutants are removed via the
ground air and the remaining volatile compounds are removed together with
the non-volatile compounds with the ground water. Volatile compounds
which can be removed from the soil in this way and broken down biologi-
cally in the invention are, inter alia, the lighter weight fraction of
mineral oils, benzene, toluene, ethylbenzene, xylene and naphthalene. The
non-volatile components which are removed from the soil in this way are,
inter alia, phenol, the heavier fraction of the mineral oils and some of
the polycyclic aromatic compounds.

When operating a bioreactor according to the invention it is pre-
ferable to meet one or more of the following four preconditions in order
to achieve complete removal of the pollutants. These conditions are:

1) The hydraulic éurface loading as a consequence of the water flow
must be between 0.5-30 m3/m?/h.

2) The air/water ratio must be at least 0.1.

3) The hydraulic residence time based on the volume of water present
is between 1 and 10 minutes, preferably between 1.5 and 3 minutes.

4) The organic loading is lower than the removal capacity.

For the hydraulic surface loading based on the volume of water pre-
sent a preference is expressed for a value between 5-15 m3/w?/h for water
purification, in particular for groundwater purification. For air pqrifi-
cation a value higher than 20 m3/m?/h is acceptable. '

The maximum value of the air/water ratio for water purification with
a bioreactor according to the invention is 1 and a preference is expres-
sed for a value between 0.3-0.5.

For purification of a combination of water and air the minimum value
for the air/water ratio is 2 and the maximum value is 30 with a preferen-
ce for a value between 5-15.

If the fourth condition is not met and/or if components which are
impossiblé or very difficult to break down biologically are 'also present

in the streams to be treated, the installation can be used for pretreat-
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ment in order to lessen the load _on the downstream physical/chemical
treatment.

The invention is illustrated with reference to the following exam-

ples, which must not be considered as being restrictive.

Example 1

Ground water treatment

Ground water which is polluted with aromatic compounds (5 mg/l) is
pumped up in an amount of 20 m3/h. This ground water is fed into an in-
stallation according to Fig. 2, the water flow rate being 20 m3/h and the
air flow rate 10 m3/h. The bioreactor used has a bed volume of 4 m3 (sur-
face area 2 m?). The support used is sand with a particle size of 1.5-2.5
mm.

The organic loading is 100 g/h. The oxygen demand can be calculated
as a maximum of 3.5 grams of O, per gram of aromatic compound. This
brings the oxygen demand to 350 g/h. Air contains : 250 g of O, per m3.
The minimum requisite air flow rate here is 1.4 m3/h.

The water which is discharged at (15) no longer contains a detect-

able amount of aromatic compounds.
Example 2

Air obtained from the withdrawal of air from the polluted soil is
passed into an installation according to Figure 2, in which four combined
water treatment and ground air extraction reactors, each having a volume
of 6 m3 (surface area 3 m?) are connected in parallel. The amount of
ground air is 50 m3/h and the concentration of the aromatic pollutants is
10 g/m3. The ground water withdrawn is 10 m3 with. a concentration of 10
mg/l. The organic loading via the air here is 500 g/h and the organic
loading via the ground water is 100 g/h. The total organic loading is
therefore 600 g/h. The minimum requisite air flow rate for the oxygen
supply is then 8.4 m3/h.

The installation was operated using an air flow rate of 50 m3/h. The
support material used was sand having a particle size of 1.5-2.5 mm.

The discharged  water and the discharged air contain an amount of
pdilutants_which is less than the permitted amount and could therefore be

discharged freely.
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Example 3

Ground air treatment

Polluted soil is treated with the aid of ground air extraction in an
installation according to Fig. 1. The withdrawal of ground air in this is

5 200 m3/h. The pollutant concentration is 1 g/m3. The organic loading is
then 200 g/h. The ground air is treated in two reactors, each having a
volume of 10 m® (surface area 5 m?), which are connected in parallel. The
recycle flow rate of the water in this case is 20 m3/h. After treatment,

the ground air contains pollutants only below the permissible limit. The

10 support material used was sand having a particle size of 1.5-2.5 mm. The

bed volume was 4 m3.

Legend for the references in the figures
1. (polluted) air feed
2. bioreactor
15 2a. support material
3. (polluted) water feed
4/5. nutrient/neutralising liquid feed
treated air discharge
treated water discharge
20 8. buffer vessel
9. rinse water feed
10. rinse air feed
11. rinse water and rinse air discharge
12. sludge discharge
25 13. polluted water inlet
14, influent buffer vessel
15. treated water discharge
16. sludge buffer vessel
17. rinse water discharge
30 18. grating (top)
19. grating (bottom)
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Claims

1. Treatment installation consisting of one or more compartments con-
nected in parallel, which compartments are provided with inlets and out-
lets and contain a filling of a support material, on which and between
which microorganisms are present, characterised in that the installation
is constructed in such a way that both (polluted) air and (polluted)
water are passed downwards through the support material (2a) with a
hydraulic surface loading selected between 0.5-30 m3/m?/h, wherein the
pollutants are converted by the microorganisms, and wherein air forms the
continuous phase. _

2. Installation according to Claim 1, characterised in that the instal-
lation is constructed such that the hydraulic surface loading is selected
between 5-15 m3/m?/h. _

3. Installation according to Claim 1 or 2, characterised in that the
installation is constructed such that the air/water ratio (the feed) is
at least 0.1 and at most 1, preferably between 0.3-0.5 for purification
of water.

b, Installation according to claim 1 or 2, characterised in that the
installation is constructed such that the air/water ratio (the feed) is
at least 2 and at most 30, preferably between 5-15 for purification of a
combination of air and water.

5. Installation according to any of the preceding claims, characterised
in that the installation is constructed such that the hydraulic residence
time based on the volume of water present is between 1-10 minutes, pre-
ferably between 1.5-3 minutes.

6. Installation according to any of the preceding claims, characterised
in that the installation is constructed in such a way that the support
material can be rinsed.

7. Installation according to any of the preceding claims, for the
treatment of effluent, if desired together with ground air, characterised
in that a buffer vessel (14), which is designed as an oil/sand separator,
is placed upstream of the reactor (2).

8. Installation according to any of the preceding claims, characterised

in that a system for the removal of chemical precipitates from the liquid

phase is inserted upstream of the biological reactor(s).
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9. Installation according to any of the preceding claims, characterised
in that said installation is constructed in such a way that the effluent
can be recycled.

10. Installation according to any of the preceding claims, characterised
in that the installation contains one or more reactors (2) placed in
series.

11. Installation according to any of the preceding claims, characterised
in that a connection for the supply of air is fitted in the feed line for
the water to be treated (3).

12. 1Installation according to any of the preceding claims, characterised
in that the installation is constructed in such a way that the process
air is removed via the same line as the treated water.

13. 1Installation according to any of the preceding claims, characterised
in that a facility is provided for the after-treatment of discharging
water and/or air streams.

14. Installation according to Claim 6, characterised in that & grating
(18) is fitted in the top of the reactor, through which grating the rinse
water and the rinse air are separated when rinsing back the support mate-
rial (2a).

15. Method for the treatment of water and/or off-gases, characterised in

that an installation according to any of the preceding claims is used.
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