
-2- Process and equipment for treating Liquid agricultural wastes The
invention relates to a process for treating liquid agricultural wastes,
which may have been anaerobi- 5 cally pretreated, wherein the effluents are
subjected to the action of a mixed algae/bacteria cuLture, and to equipment
for carrying out the process. The purification of effluent, including bio-
effluent, with the aid of algae has been known for a 10 reLatively long
period, but practical application on a relatively broad basis is beset with
difficulties in separating off and removing the algae from the purified
water. Sedimentation and flocculation processes, with the addition of
appropriate flocculating agents, are 15 known for this, but these have the
disadvantage that most flocculating agents are themselves toxic and the
biomass becomes enriched with heavy metals. Furthermore, mechanical
harvesting processes are known, such as simple screening, which, however,
cannot be used in the case of 20 most of the algae growing in the effluent
because these are too small. Removal with the aid of separators, such as,
for example, nozzle-type separators and disc separ- ators, which is
Likewise known, requires considerable energy and a high expenditure on
apparatus. 25          The object of the invention is therefore a design of
effluent purification using algae, in particular the purification of
bio-effluents, which makes reliable op- eration of the equipment possible
and Largely eliminates    0,035,264 -3- the problems encountered in
separating off the suspended matter from the effluent. For this purpose,
the process, of the above- mentioned type, according to the invention is
character- 5 ised in that the pH value of the mixed algae/bacteria culture
is controlled in such a way that propagation of Rotatoria is prevented, and
the algae/bacteria suspension thus obtained is subsequently passed to an
aerated culture reactor with Rotatoria for culturing Rotatoria 10 and,
finally, the Rotatoria are separated from the puri- fied water. Breeding of
Rotatoria by feeding them with algae has indeed been known for a relatively
long time, but algae monocultures which have been grown with the addi- 15
tion of customary nutrients, such as ammonium nitrate and phosphates as
well as carbon dioxide as a source of carbon, have chiefly been used for
this, whilst the known sensitivity (in particular the susceptibility to
NH4+) of Rotatoria cultures towards external influences quite 20 evidently
prevented the use of Rotatoria in the treatment of agricultural wastes.
Furthermore, difficulties are frequently found in effluent purification
plants using mixed algae/bacteria cultures, since, depending on the
throughput or solar .25 radiation, foreign populations sometimes occur
which prevent growth of the algae and thus destroy the function of the
overall algae/bacteria system for a relatively long period. It has now been
found that the process can be    0,035,264 -4- 



carried out entirely successfully if the algae/bacteria culture is strictly
separated from the Rotatoria culture, and in the first stage, that is to
say the mixed algae bacteria culture, the pH value is controlled in such a
5 way that propagation of Rotatoria is prevented, which can be
accomplished, in particular, via the waste water load passing through the
culture. The pH vaLue should thus preferably be kept, at least on an hourLy
basis (especi- ally during the day), above 8.5 10          After sufficient
purification of the water with algae/bacteria, the resulting mass is then
passed to a Rotatoria culture in a second stage, the culture condi- tions
required for the Rotatoria being observed. In particular, the
algae/bacteria suspension which has been 15 freed from coarse pollutants is
adjusted to a pH vaLue of 6 to 8 (for example by passing in C02 or by
simpLe aeration - in particular in the dark) and the Rotatoria culture is
grown at 15 to [err]. Surprisingly, satisfactory purification of the waste
20   water is achieved by this process, which comprises at least two
stages, although it had initially to be feared that certain "new pollution"
would occur as a result of excretion products from the Rotatoria. The
Rotatoria finally obtained in the process can 25   excellently be used as
food for young fish, breeding of which can, if expedient, immediately
follow the purifica- tion of the waste water. The process according to the
invention can be carried out discontinuously or continuously, it being
0,035,264 - 5 - possible for the particular culture period to be matched to
the prevailing conditions, such as temperature, pH value, incidence of
light, bacterial count and the Like, without problems. Preferably, the
residence time envisaged 5 for the effluent in the mixed algae/bacteria
culture reactor is 3 to 6 days at a mean temperature of [err] and the
residence period envisaged for the algae/bacteria suspen- sion in the
Rotatoria culture reactor is 2 to 4 days at a mean temperature of about
[err] 10          Algae which can be used are, in particular, species of
Chlorella or Scenedesmus, such as Scenedesmus armatus, Scenedesmus acutus,
S. opoliensis and S. acumin-atus. The alga Scenedesmus falcatus has been
particularly investigated in connection with the Rotatoria Brachionus
rubens. 15          Further particulars of the invention can be seen from
the claims and the following description of an embodiment, which is
illustrated by the attached flow diagram. This embodiment relates to the
processing of liquid manure, which originates from stables and flows into a
20 collecting tank 1. From the collecting tank, the liquid manure passes,
by means of a pump, to a device 2 (such as a shaking screen, a centrifuge
or the like) in order to remove the solids 3 from the Liquid phase. This
liquid phase passed on via line 4 is diluted at 5 with tap water from line
6 or 25  recycled water and fed continuously to an open-air algae/bacteria
reactor 7. This essentialLy consists of a fLat basin or a flat trough (up
to 50 cm deep), in which the    0,035,264 -6- mixed algae/bacteria culture
is kept in motion, for example by means of a bucket wheel, to the extent
such 



that penetrating action of light on the entire mass is ensured. The
algae/bacteria suspension has a theoretical 5 residence time in this
reactor of about 4 to 6 days (in summer); this residence time depends on
the mean tempera- ture and should be Longer in colder seasons. This resi-
dence time is established by continuously adding dilute Liquid manure. 10
The algae/bacteria suspension leaves the reactor 7 through the overflow
(with simultaneous regulation of the level of liquid in the reactor 7) and
passes over a coarse screen 8', to remove coarse pollution such as mosquito
larvae, into an aerated intermediate tank 8. 15   If necessary, the
temperature in this intermediate tank can be adjusted to values from 15 to
250C and the-pH can be regulated to values from 6 to 8, before the suspen-
sion is passed continuously or discontinuously to the Rotatoria reactor 9.
20           This Rotatoria culture reactor 9 can be consider- ably deeper
than the mixed algae/bacteria culture reactor 7 and takes the form, in
particular, of a vessel which is funnel-shaped at the bottom and which is
provided in an indoor room for avoiding reLatively large variations in 25
temperature and in which the suspension is continuously circulated and
supplied with oxygen, for example by bubbling in air. The Rotatoria culture
formed in the tank 9 passes into a separating device 10 for screening off
the Rotatoria 11, whilst the liquid phase is discarded    0,035,264 - 7 -
(at 12) or used as diluting water (in 5). If appropriate, the Rotatoria
culture can have an additional suspension circulation with a separator 13
(such as, for example, a lamellar separator) for separating off faecal
particles 5  from the Rotatoria.  The theoretical residence time in the
Rotatoria culture reactor was 2 to 4 days at a temp- erature in the region
of [err] The algal species Scenedesmus falcatus formed most of the
algae/bacteria biomass, at a total concentration of about 500 mg/l of 10
biomaterial. The Rotatoria culture reactor was inoculated with the
Rotatoria Brachionus rubens.  The effluent of the Rotatoria culture reactor
contained 300 to 400 Rotatoria per ml. According to one process variant,
the residence 15  time in the Rotatoria culture reactor 9 is reduced to 2
days, with simultaneous partial recycling of the suspen- sion leaving the
tank. As a result of this procedure, in addition to the Rotatoria which
were obtained in unchanged amounts of 300 to 400 animals/ml, a ciliate
population 20 (Paramaecum sp.) of up to 4000 animals/ml developed. After
separating off the Rotatoria, for example with the aid of a 10' screen with
a mesh diameter of about 80 to 150 [err] the ciliate suspension was passed
to a second reactor 14 (if appropriate with a suspension 25  circulation
and separator 15), in which there was a culture of the Rotatorium Epiphanes
senta. This was capable of removing the ciliates from the water. These
Rotatoria can be harvested continuously or discontinuously, as desired, by
screening out (16) and collecting (17)    0,035,264 - 8 - in a manner
analogous to that in the first reactor 9. The purified water obtained after
harvesting the Rota- 



toria can be discharged to the receiving waters via 12 or most of it can be
used via 18 as diluting water. 5         The Rotatoria obtained in this
manner are out- standingly suitable as cheap food for fry, and, if approp-
riate, the screening-out can even be dispensed with. The water released at
12 is virtually free from biodegradable impurities and no longer represents
a 10  pollution hazard.  The relatively problematical separat- ing-off of
biomasses by flocculation or centrifugation which is otherwise necessary in
biological effluent treat- ment using algae is avoided in this procedure,
which additionally provides an outstandingly useful product.    0,035,264
_ Claims   (as printed) 1. Process for treating  liquid agricultural
wastes. which may have been anaerobically pre- treated. wherein the
effluents are subjected for purification to a mixed algae/bacteria culture.
charactensed in that the pH value of the mixed algae/bacteria culture is
controlled in such a way that propagation of rotatoria is prevented, and
the algae/bacteria suspension thus obtained is sub- sequently passed to an
aerated culture reactor with rotatoria for culturing rotatora and, finally,
the rotatoria are separated from the purified water. 2. Process according
to Claim 1 characterised in that the pH value of the mixed algae/bacteria
culture is controlled via its waste water load. 3. Process according to
Claim 1 or 2. character- ised by a residence time of the waste water in a
mixed algae/bacteria culture reactor of 3 to 6 days at a mean temperature
of about [err]. and by a residence time of the algae/bacteria suspension in
the rotatoria culture rector of 2 to 4 days at a mean temperature of about
20 C. 4. Process according to one of Claims 1 to 3. characterised in that
Scenedesmus falcatus is used as the basis of a mixed algae/bacteria culture
and Brachionus rubens is bred as the rotalorium. 5. Process according to
one of the preceding claims. characterised in that the liquid waste used is
liquid manure obtained in stock rearing. 6. Process according to Claim 1.
characterised in that the waste waters are used for a mixed algae/bacteria
culture in flat outdoor basins with light circulation. 7. Process according
to Claim 1. characterised in that the rotatoria culture is carried out in
the dark. 8. Process according to one of the preceding claims,
characterised in that the rotatoria are separated from 'the depleted
residual water by screening. 9. Process according to Claim 5 characterised
in that the liquid manure for the mixed al- gae/bacteria culture is diluted
with water in a ratio of about 1 :20. 10. Process according to one of -the
preceding claims, characterised in that the rotatoria culture is operated
with continuous partial recycle. 11. Process according to Claim 10.
character- ised in that the liquid remaining after the rotatona formed have
been separated off is subjected to a 



second rotatoria culture which digests ciliates. 12. Process according to
Claim 11 character- ised in that Epiphanes senta are used for the second
culture. 13. Process according to one of the preceding claims characterised
in that the algae/bacteria suspension, freed from coarse dirt, is
adjusted-to 15 to [err] and pH 6 to 8 before it is ted to the rotatoria
culture. 14. Equipment for waste water purification according to Claim 1,
with at least one mixed algae bacteria culture reactor (7). characterised
by at least one rotatoria culture reactor (9).    0',035,264 -10-
Revendlcatbons   (as printed) 1. Procqede de traitement de dechets
agricoles   9. Frocede suivant ia revendacation 5. caracte- liquides trades
le cas ech6ant au prealable par   riso on oe qu'il consists a diluer le
lisier pour la voie anaerobie. qui consists A soumettre l'eau    culture
mixte d'algues et do bacthries par de l'au residuaire i l'epuration par une
culture mixte   dens le rapport 1 :20 environ. d'algues et de bacteries.
caracterise on co qu'il   10. Proc6de suivant l'uno des revendications
consists i regler le pH de la culture mixte       pr6c6dontos. caracteris6
en co quuil consists i d'algues et de bacteries de manire a empecher
eftectuor la culture do-rotiferes sous rocyclage une multiplication de
rotifes et i onvoyer       partiel continu. ensuite. pour offectuer une
culture de rotiferes, la  11. Proc6de suivant la revendication 10. carac-
suspension d'algues et de bacteries ainsi obtenue  t6ris6 en ce qu'il
consiste i soumettre le liquids a un reacteur de culture sous aeration avec
des  restant apr0s la separation des rotiteres tormes a rotiftres et
finalement A separer os rotifbres de  une seconde culture de rotiferes
digerant des l'eau epuree.                                    ciliates. 2.
Procede selon le revendicatlon 1. caractbris6  12. Procede suivant Ia
revendication 11. carac- en ce qu'il consisto a regler le pH de la culture
terise en ce qu-il consists a utiliser epiphanes mixte d'algues et de
bacteries per ha charge en  Senta pour la seconds culture. eau residuaire.
13. Procedb suivant l'une des revendications 3. Proced6 solon Is
revendicathon 1 ou 2.       precedentes. caracterise on ce qu'il consiste a
caractbrie6 per une durne de  ejour de leau      mettre la suspension
d'algues at de bactbries rnseduaire dons un nbactour do culture mixie
debarrassee des saletes grossieres a une tompe- d'algues et to bacthrs de 3
i 8 jours pour une   rature de 15 a 25 ec ot un pH de 8 a 8 avant de
temperature moyenno de 18 C environ et de la    l'envoyer A la culture des
rotiferes. -suspension d'algues et de bacteries dens le r6ac-  14.
Installation d'epuration de l'sau residuaire tour de culture de rotlfbres
de 2 i 4 jours pour une    suivant Ia revendication 1. comprenant au moins
temperaturo moyenne de 20 C environ.             un reacteur de culture
mixte d'algues et de 4. Proced6 suivent l'une des revendications 1 A
bact6ries (7). caracterise par au moins un reac- 3. caracterise en co qu'il
consists A mettre on    tour do culture do rotifbres (9). ceuvre une
culture mixte d'algues et de bactories & base de scenedesmus talcatus et i
cultiver commi rotitere brachionus rubens. 5. Procede suivanl l'une des
revendications precedentes. caracterise en ce qu'il consiste a utiliser
comrnme dechets liquides du lisier se pro- duisant dens leolvage du betail.
6. Procede suivant la revendication 1, caracte- rise en co qu'il consists A
utiliser les oaux resi- duaires dens dos bassins plats on plein champ avec
taible rectrculation pour uno culture mixte d'alguos et de bact6ries. 7.
Procede suivant la revendication 1. caracte- rise en ce qu'il consists A
eftectuer la culture de rotiteres a l'abri de la lumiere. 8. Proc6de
suivant lune des revendications pr6cedentes, caracterise on co qu'il
consists a s6parer les rotiferes de l'oau restantle appauvrie par tamisage.


