Environment Protection Engineering

Vol. 5 1979 No. 1

JANINA PUDO*

COMMUNITIES OF ORGANISMS IN AN AERATED
SEWAGE POND OPERATING IN THE SECONDARY
AND TERTIARY TREATMENT

Plankton and microbenthon were studied in an aerated sewage pond operating in the
secondary and tertiary treatment, to which mixed municipal and textile industry waste-
water was fed. Different retention times were applied. Essential differences were found in
the formation of communities of organisms depending on the character of the wastewater
supplied. However, the wastewater retention time was not noticed to have any distinct in-
fluence on the development of individual groups of flora and fauna. In the research period
only one algae species (Scenedesmus quadricauda) formed water blooms.

1. OBJECTIVES

In parallel to technological investigations into the course and effectiveness of mixed
(domestic and industrial) wastewater treatment processes in areated ponds at Andrychéw,
the development of communities of organisms accompanying the treatment was also
traced. The aim of the biological investigations was to show how communities of organisms
are formed when the ponds operate in the secondary and tertiary treatment and whether
they can illustrate the progress in wastewater treatment.

The subject of the research was one of the two experimental sewage ponds which cons-
titute an element of the pilot biological treatment plant [1], to which municipal and textile
wastewater from the Andrychéw Cotton plant are fed, in the proportion 1 : 1. The ponds
were aerated with compressed air through perforated pipes installed at the bottom at
a depth of 1.7 m. The compressed air was supplied to the ponds in a continuous manner.
The research involved pond No. 1, the bottom of which was padded with an asphalt rug,
and the active volume was 47 m?3.

2. SCOPE OF RESEARCH AND METHOD

The research was carried out in two stages. The first stage was conducted during March
and April 1974 when the pond received mechanically-treated wastewater and the second
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stage from August to September of the same year when biologically-treated (activated
sludge) wastewater was fed to the pond. In the first case the wastewater was retained for
6 and 9 days, in the second for 6 and 3 days. Physico-chemical control of the process was
carried out every few days. The team of chemists at the IMWM Branch in Cracow per-
formed these analyses. As a result of treatment in the first stage 59.8%, BOD, removal
was obtained after 6 days, 70.19, after 9 days and in the second stage 42.09, after 6 days,
37.09% after 3 days [3]. The average values of physico-chemical indicators of influent and
effluent wastewater for successive stages are presented in tab. 1.

Table 1

Average values of physico-chemical indicators of sewage flowing in and out the pond during two stages
of research

Stage 1 Stage I
Name secondary treatment tertiary treatment
influent effluent influent effluent

Dissolved oxygen mg/dm? 0, 1.7 2:2 2.3 7.1
BOD; mg/dm?3 (023 239.5 82.7 19.05 16.2
Dichr. COD mg/dm?3 O, 381.5 233.7 105.1 91.05
Permang. COD mg/dm?3 0, 99.4 59.4 24.15 26.3
Suspended solids mg/dm?3 98.0 66.5 37.5 50.0
Alkalinity h 14.4 14.3 120 120
Putrescibility mval/dm? 8.76 7.93 9.9 8.7
Colour (Pt) mg/dm? Pt 140.0 131.2 40.5 36.0
pH 7.6 7.5 8.1 8.5
Chloridae mg/dm?3 Cl 76.6 65.9 — —
Ammonia nitrogen mg/dm?3 N 2.74 2.27 0.00 0.00
Nitrite nitrogen mg/dm?3 N 1.04 0.35 0.13 1.11
Nitrate nitrogen mg/dm?3 N 1.23 0.61 1.44 2.30

Biological investigations of the pond comprised a determination of plankton and
microbethon, both from a qualitative and quaatitative point of view. Plankton samples
were obtained by centrifuging the unstrained water. The numbers of organisms counted
under the microscope are given in relation to 1 cm3. Microbenthon samples were collected
by means of a pipette, and observed directly under a microscope. The number of organisms
was evaluated according to a six-degree scale of assessment. The investigations were
carried out on living material.

In the stages discussed previously six research series were performed altogether.

3. DISCUSSION OF RESULTS

a) First stage of research — a pond working in the secondary treatment. In the first
stage of research when mechanically-treated wastewater was fed to the pond, the com-
position of organisms both in plankton and in microbenthon included mainly bacteria
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Table 2

Plankton and microbenthons in aerated sewage pond at Andrychoéw. Average values for individual

stages of research

Effluent after treatment: Mechanical Biological
Microben- Microben-
Plankton thon, six Plankton thon, six
Name in 1 cm® degreescale in 1 cm®  degree scale
of water of assess- of water of assess-
ment ment

1 2 3 4 5
Zoogloea 44 4 2 -+
Spirillum sp. 1200 4 2 +
Sphaerotilus natans Kiitz. 136 3 26 2
Oscillatoria Limosa Ag. — — 5 1
: — sp. - — 1 1
Cyanophyta n.d. 1 + 2 1
Euglena acus Ehr. 2 - — —
= proxima Dang. 2 = == =
= sp. 1 -+ 1 —
Phacus caudatus Hiibner - — 8 —
— Sp. 1 - 2 +
Trachelomonas volvocina Ehr. 4 — 25 4
—_ sp. 2 .- 4 +
Melosira italica (Ehr.) Kiitz. — — 4 —
Cyclotella sp. — — — +
Ceratoneis arcus (Ehr.) Kiitz. — = — +
Synedra ulna (Nitzech) Erh. 1 — 6 +
—  sp. — = 4 —
Cocconeis pediculus Ehr. — — — -+
Achnanthes minutissima Kiitz. — - 8 L
— Linearis (W. Sm.) Grun. — — 18 -+
— spp. 1 + 10 +
Navicula cryptocephala Kiitz. 4 = 8 1
— — var. intermedia Grun. 4 + 2 -
— viridila Kiitz. 2 + 26 2
— dicephala (Ehr.) W. Sm. 20 2 24 1
- sp. 3 — 6 +
Gomphonema parvulum (Kiitz.) Grun. 2 — 26 2
— lanceolatum Ehr. — — — +
= sp. — = 2 -
Hantzschia amphioxys (Ehr.) Grun. — 1 — +
Nitzschia stagnorum Rabh. — + 4 +
— dissipata Kiitz. Grun. — = 18 1
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1

—  palea (Kiitz.) W. Sm.
- sigmoidea (Ehr.) W. Sm.
— spp.
Surirella ovata Kiitz.
— sp.
Chlamydomonas sp.
Chlorella sp.
Tetrastrum sp.
Micrastinium pusillum Fres.
Scenedesmus acuminatus (lag.) Chod.
— obliquus (Turp.) Kiitz.
— quadricauda (Turp.) Bréb.
— ovalternus Chod.
- intemedius var. bicaudatus
Hortob.
— opoliensis P. Richt
Scenedesmus sp.
Gloeocystis planctonica Lemm.
Ankistrodesmus falcatus Ralfs.
Chlorococcales n.d.
Stigeoclonium sp.
Zooflagellata n.d.
Amoeba limax Duj.
— sp.
Lionotus sp.
Paramaecium caudatum Ehr
- sp.
Glaucoma scintillans Ehr.
Colpidium campylum Bres.
— colpoda Stein.
Cyclidium sp.
Halteria sp.
Oxytricha fallax Stein
Euplotes sp.
Opercularia coarctata CI. L.
Vorticella microstoma Ehr.
Ciliata n.d.
Podophrys fixa O.F.M.
Nematodes n.d.
Rotaria rotatoria Pal.
Brachionus calyciflorus Pal
— sp.
Rotatorian.d.
Nauplius

—_ 0 N
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and protoza and only a small number of algae. So it was close to the composition of acti-
vated sludge in good operation [3]. In plankton the bacteria group, apart from zoogleal
concentrations in large numbers and bacteria of the Spirillum type, was also represented
by the species Sphaerotilus natans which was less numerous. Protoza had representatives
among colourless Flagellata, Rhisopoda and Ciliata. Colourless Flagellata and then Ciliata,
of which the species Colpidium compylum was noted most often developed in the greatest
numbers. The next in decreasing order places were occupied by: Glaucoma scintillans,
Vorticella microstoma and Opercularia coarctata. The accompanying group was algae
which had representatives among blue-green algae, euglenins, diatoms, volvocales and
green algae. Green algae and strictly speaking two kinds, Chlamydomonas and Chlorella,
occurred in relatively large numbers. The number of Chlamydomonas specimens in the
pond was above 100 per 1 cm?, and Chlorella somewhat less (tab. 2). At the same time
diatoms were observed in small numbers. Of these the species Navicula dicephala and
Nitzschia palea were relatively most often encountered. These are not, however, proper
plankton species — they were noted in greater numbers in microbenthon where they
found suitable conditions for development. Of the higher animal organisms Nematodes
and Rotifers occurred sporadically. In the communities of microbenthon similar qualita-
tive and quantitative composition to that of plankton was found. The reason for this
was the shallowness of the pond and artificial aeration. Due to a general mixing and
re-mixing of organisms typical benthonic species were found in the water. The communi-
ties of microbenthon were somewhat richer in the representatives of bacteria and the
ciliata group. In the first stage of research no essential differences were found in the com-
position of species and number of organisms in relation to the retention time of sewage
in the pond. .

b) Second stage of research — a pond operating in the tertiary treatment. In the second
stage of research, i.e. in the period when biologically-treated waste was fed to the pond,
the analyses showed the presence of groups of organisms similar to those distinguished
for the previous period, but supplemented with representatives of crustaceans.

However despite such an arrangement, great changes were found as regard the develop-
ment and domination of individual species.

At this time the decided dominants were algae (fig. 1). Green algae were noted in the
greatest numbers, particularly of the Scenedesmus genus. The number of individuals of
species. S. quadricauda grew gradually to over 5000 per 1 cm® of water in September and
October. An accompanying species was S. acuminatus. Of other algae the somewhat
more numerous development of diatoms, euglenins and blue-green algae, as compared
with the first stage was observed in this period. The leading species for diatoms was still
Navicula dicephala and in October Gomphonema parvulum additionally began to develop.
Of the euglenins the species Trachelomonas volvocina was relatively most often noted,
of blue-gree algae Oscillatoria limosa (tab. 2). In the research of the second stage a general
regression of bacteria and protozoa was found. In particular the number of colourless
flagellates was reduced. Ciliata were most often represented by the genera Cyclidium and
Colpidium. Nematodes occurred sporadically and rotifers although not numerous were
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Fig. 1. Groups of organisms in research periods with respect to BODs content

Rys. 1. Grupy organizméw w okresach badawczych na tle zawartosci BZT

met more often than in the first stage. At this time crustaceans began to appear. In com-
munities of microbenthon only small changes were found in the qualitative and quanti-
tative composition of organisms (somewhat richer cliliata fauna) in comparison with
plankton. The reasons for this have been described previously. Nor in this period any
differentiation was found in species or in individuals in relation to the sewage retention
time.

4. GENERAL COMMENTS

When comparing the composition of organisms in the first and second stage of research
it has been found that in both cases there is a decided predominance of plants over animals,
both in plankton and microbenthon. The percentage portion of individual groups of
organisms in the pond varied with the kind of operation (secondary or tertiary treatment),
as is shown in fig. 2. The composition of the species noted was poor. This is characteristic
of sewage ponds where usually, particularly in phytoplankton a small number of species,
but abundant in individuals is observed [4]. In the present research, however, a relatively
low number (max, 6000 per 1 cm®) of phytoplankton individuals per unit of water was
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bacteria algae % protozoa - other animals

Fig. 2. Percentage participation of basic groups of organisms in secondary and tertiary treatment

Rys. 2. Procentowy udzial zasadniczych grup organizmow w II i III stopniu oczyszczania

found. The reason for this was probably the low content of nutrients in the pond. It is
accepted that e.g. green algae blooms occur in the presence of nitrogen salts above 5 mg/
/dm3N [5]. In this case the nitrate concentration in the influent in the secondary treatment,
oscillated from trace to 5.0 mg/dm? (average 1.23 mg/dm?) and in the tertiary from trace
to 4.5 mg/dm? (average 1.44 mg/dm?). Several organisms were observed which developed
in fairly large numbers but only one épecies dominated which gave the water an intense
green colour. This was the alga Scenedesmus quadricauda, which during the second stage
of research occurred in numbers above 5000 specimens per 1 cm? of water. This is a figure
which makes it possible to speak already of the bloom of this species. According to STAR-
MACH [5] water-blooms can practically be observed when the number of algae cells in
1 cm?® of water approaches 1000. Water-blooms of the Scenedesmus quadricauda species
in sewage ponds are known and given in the literature [6, 7] and more than once the num-
ber of cells reaches several million in 1 cm® of water. The alga Chlamydomonas which
occurred in fairly large numbers in the first stage of research without forming blooms
is also characteristic of sewage ponds and is usually noted in papers concerning this type
of research [8, 9, 10] as one of the first green organisms to appear in the treatment process.
This is because it achieves optimum development in an environment rich in organic com-
pounds.

5. CONCLUSIONS

— Essential differences were found in the formation of communities of organisms in
an aerated sewage pond in accordance with the character of the waste supplied, however,
sewage retention time was not seen to have any distinct influence on the development
of individual flora and fauna groups.
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— When the pond was supplied with mechanically-treated wastewater the com-
position of organisms included mainly bacteria and protozoa. Algae were only accom-
panying organisms.

— When the pond was supplied with biologically-treated wastewater the dominant
organisms were algae (mainly of the Scenedesmus genus) and other groups occurred in
smaller numbers.

— Only slight differences were found in the qualitative and quantitative composition
of plankton and microbenthon. The reason for this was probably artificial aeration and
the shallowness of the pond. Therefore in control investigations of this type of pond it is
sufficient to refer to plankton.
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ZBIOROWISKA ORGANIZMOW W NAPOWIETRZANYM STAWIE SCIEKOWYM
DZIALAJACYM W 11 i IIT STOPNIU OCZYSZCZANIA

Badania dotyczyly skladu jakosciowego i ilosciowego planktonu i mikrobentosu w napowietrzanym
stawie $ciekowym pracujacym w 11 i III stopniu oczyszczania, przy réznym czasie przetrzymania Sciekow.
Prace prowadzono w Andrychowie na oczyszczalni pilotowej, do ktorej doptywaly Scieki miejskie i z prze-
mystu wiokienniczego, mieszane w stosunku 1:1. W pierwszym etapie badan, kiedy doprowadzono do
stawu $cieki po oczyszczaniu mechanicznym, skiad organizmow obejmowat gtownie bakterie i pierwotniaki,
a grupa towarzyszace byly glony. Natomiast w drugim etapie, przy doprowadzaniu do stawu $ciekéw po
oczyszczaniu biologicznym, (osad czynny) organizmami dominujacymi byly glony, gtownie z rodzaju
Scenedesmus, a inne grupy wystapily w matej ilosci. Zakwit tworzyl w tym czasie tylko jeden gatunek
Scenedesmus quadricauda. W obu etapach badan nie zauwazono wyraznego wplywu czasu przetrzymania
$ciekOw na rozwdj poszczegdlnych grup flory i fauny.

W wyniku oczyszczania uzyskano w pierwszym etapie usuwanie BZTs po 6 dobach przetrzymania
— 59,8%, po 9 dobach — 70,1%, a w drugim etapie po 3 dobach — 37.0%,, po 6 dobach — 42,09%.
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DIE ANSAMMLUNG VON MIKROORGANISMEN IN BELUFTETEN
ABWASSERTEICHEN DER 2. UND 3. REINIGUNGSSTUFE

Getestet wurde die qualitative und quantitative Zusammensetzung des Planktons und des Mikro-
bentos in beliifteten Abwasserteichen der 2. und 3. Reinigungsstufe bei verschiedenen Verweilzeiten der
Abwisser in der Anlage. Die Versuche wurden in einer Pilotanlage in Andrychéw gefiihrt. Das Mischab-
wasser setzte sich zu je 50% aus Kommunal-Abwasser und dem Abwasser eines Textilbetriebes zusammen.

Wiihrend der ersten Versuchsreihe, in welcher den Teichen nur mechanisch vorgereinigtes Abwasser
zugefiihrt wurde, waren in dieser vorwiegend Bakterien und Protozoen nachzuweisen ; Algen waren nur
Begleitorganismen.

In der zweiten Versuchsreihe flo den Teichen ein mit Belebtschlamm biologisch gereinigtes Abwasser
zu, daher dominierten Algen, hauptsdchlich Scenedesmus. Andere Algenarten waren in entsprechend
kleineren Mengen vertreten. Massenhaft lag nur Scenedesmus quadricanda vor, die auch fiir eine Bliite
verantwortlich war.

In beiden Versuchsperioden konnte kein deutlicher Einflull der Verweilzeit auf die Entwicklung der
Flora und Fauna beobachtet werden.

Die Reinigungswirkung der Teichanlage (gemessen als BSBs-Abbau) war entsprechend :
in der ersten Versuchsreihe: nach 6 d Verweilzeit 59,8%,

nach 9 d Verweilzeit 70,19 ;
in der zweiten Versuchsreihe: nach 3 d Verweilzeit 37,0%,
nach 6 d Verweilzeit 42,0%.

COOBILIECTBO OPITAHM3MOB B ASPMPOBAHHOM ITPVIY, JEMCTBVIOIIEM BO II U III
CTEIIEHAX OYMCTKU

Vccnenosanus KacaiMch Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO COCTABA OPTaHA3MOB IUIAHKTOHA M MH-
KpoGeHToca B a’pypyeMOM CTOYHOM INpyy, aeicTByiomeM Bo 1L u III CTeneHAX OYHCTKH IPHA pa3HOM
BPEMEHHA NPOJACPXKKH BOZOCTOKOB. PaboTh! mpoBomnch B AHAPBIXYBE HA OYHCTHOM CTAaHIIMH, K KOTOPO
NIOJBOUIIACH CMEIIAHHBIE IO NPONOpuMM 1:1 CTOKH: TOPOACKHE M NPOMBILIJICHHBIE OT TEKCTHILHOTO
3aBona. Ha mepBom 3Tame McCiieOBaHHiA, KOIa B IPY HOCTYNAIH CTOKH MOCIE MEXaHUYeCKO OYHCTKH,
COCTaB OPraHW3MOB 03BATHIBAI, TJIABHEIM 00pa3oM, GakTepu M HPOCTeiflne, a COMPOBOKAAIOME IPyII-
noit 6pUM BOZOPOC/IH. 3aTO HAa BTOPOM 3Tale IPH MOJAa4e B Py CTOKOB IOCJE GHOJOTMYECKON OYHCTKH
(axTEBHBIH Ocanok) mpeobrananm BOXOPOCIH, NPEeX/e BCEro W3 Buna Scenedesmus, Opyrue TpyNIbL NMOs-
BHJIACh B MaJIOM KOJIMYECTBE. 3alBET COCTAB/IAT B 3TO BPeMsl TOJBbKO OOMH BHL S. quadricauda. Ha 060mux
dTamnax OTYETIUBOE BIMAHNE BPEMEHH NPOACPXKKA CTOKOB HA Pa3BUTHE OTAENIBHBIX IPYNN (GIOpSI 1 (ayHsr
He OBIJIO OTMEYEHO.

B pe3ynbTaTe OYMCTKH HOJyYEHO B IEPBOM JTale yOajeHHe IOcCie 6 CyTOK npoaepxku — 59,8%,
nocie 9 cytok — 70,1%, a Ha BTOpoM sTame mocie 3 cytok — 37,0% ,mocie 6 CyTok — 42,0%.
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