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SULPHITE WASTES TREATMENT WITH ACTIVATED SLUDGE
AERATED WITH PURE OXYGEN

This paper presents results of the investigations on organics removal kinetics in an
aeration basin at high concentrations of dissolved oxygen. The research was carried out in two
laboratory systems. In the first system high-purity oxygen was used for aeration, whereas
air was used in the second. The comparison of obtained results has shown that the improve-
ment of aerobic conditions during the purification of sulphite wastes caused an increase in
the biochemical conversion rate. In these improved aerobic conditions oxidation of some
contaminant groups resistant to biodegradation at low concentration of dissolved oxygen in
the aeration basin was more complete.

1. INTRODUCTION

Optimum conditions for an activated sludge process are among other created by
adequate supply of oxygen for biodegradation of carbonaceous and nitrogeneous com-
pounds and for endogeneous respiration [3]. Oxygen diffusion into the bacterial floc
depends on the concentration of dissclved oxygen (DO) and its rate of solution in the waste-
waters.

For the single microorganism the required concentration of the oxygen fully dissolved
should be minimum- 0.1 mg O,/dm?* [10]. Since micrOOfganisms form zoogleal clusters
(flocs) the concentration of the DO has to exceed this value in order to assure aerobic con-
ditions inside the floc. Research proves that the minimum oxygen concentration indispen-
sable for proper functionning of activated sludge is over 2 mg 0,/dm? (for conventional
systems) [7]. For completely mixed systems this quantity is equal to 0.5 mg/dm? [13]. It is
feasible that the greater oxygen concentrations, the higher are the process rates. It may
partly be due to the total eradication of tiny activated flocs in anaerobic chambers, and
partly to the domination of other microbial species having a greater activity than the species
dominant at lower oxygen concentrations. Thus, oxygen conditions influence directly
the efficiency of oxidation process. In the conventional sewage treatment of the activated
sludge, DO concentrations higher than 2 mg O,/dm? are not used for economical reasons,
since greater oxygen concentrations require larger oxygen inputs at lower efficiencies [9].
In the activated sewage treatment better oxygen conditions can be achieved by applying
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pure oxygen. The concentration of the oxygen dissolved in the aerated chamber ranges
normally frem 6 to 10 mg O,/dm? [1]. The possibility that these conditions may increase
biochemical changes was verified for sulphite wastewater containing considerable amounts
of poorly biodegradable substances. In such wastewater the sludge activity and treatment
rate are lower. The eventual process efficiency improvement for these wastes would be of
considerable importance. The purpose of the paper was to investigate the rates of sulphite
wastewater treatment by the activated sludge at higher concentrations of DO in the aeration
tank.

2. METHODS

The experimental part of the work consisted of comparative studies on sulphite wastes
treatment in two independent model systems. The activated sludge air system consisted
of two aeration tanks combined with secondary settling tank [12]. The working volume
of each tank is 12.5 dm?, and that of secondary settling tank — 5.5 dm?®. The air was
introduced by means of the surface rotor.

1= ]

Fig. 1. The model system for investigation of sulphite wastes treatment by the oxygen activated sludge

1 — aeration tank, 2 — secondary settling tank, 3 — suction-force pump, 4 — glass-wool washer, 5 — rotameter, 6 — overpressure
control, 7 — oxygen flow governor, 8 — oxygen cylinder, 9 — raw wastes pump, 10 — raw wastes tank, 11 — sludge evacuation,
’ 12 — release, 13 — treated effluent

Rys. 1. Uktad modelowy do badan procesu oczyszczania sciekéw metoda osadu czynnego z zastosowaniem
tlenu

1 — komora napowietrzania, 2 — osadnik wtérny, 3 — pompka ssaco-tloczaca, 4 — ptuczka wypelniona watg szklana, 5 — rotametr,
6 — regulacja nadci$nieniowa, 7 — regulator przeptywu tlenu, 8 — butla z tlenem spre¢zonym, 9 — pompa Sciekéw surowych,
10 — zbiornik $ciekéw surowych, 11 — odprowadzenie osadu, 12 — wyjscie, 13 — $cieki oczyszczone
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The pure oxygen system consisted of two aeration tanks in form of cylinders air tight,

each of 2.5 dm?® volume (fig. 1). The space around the acrated chamber and the outer walls

of the installation formed the secondary settling tank of 5 dm® volume with an overflow
weir at the tank perimeter. Such a construction and the great volume of the secondary
settling tank, in proportion to the aerated chamber volume, assured a proper operation
even at considerable hydraulic loads. The activated sludge recirculation was performed over
the perimeter clearance between the cone ending of the aerated chamber and the secondary
settling tank walls. The suction-force pump in the closed cycle was supplying oxygen into
the sludge. Considering the great humidity of the sucked gas, the laboratory washer filled
with glass-wéol was installed on the suction conduit. The measurements of the gas flow
rate were performed by means of a rotameter installed at the pressure outlet. From the gas
cylinder oxygen was fed to the top part of aerated chamber, and its flow was controlled by
means of the governor T-101. In the aerated chamber a constant overpressure of 0.1 m H,O
was maintained. The oxygen concentraticn in the waste gas and tonnage oxygen purity were
controlled by automatic oxygen analyser Permolit 2. The model systems worked contin-
uvously and were fed with sulphite wastes with COD and BOD concentrations of about
1 500 mg O,/dm® and 400 mg O,/dm?3, respectively. The raw wastes were prepared from
waste sulphite liquor from a paper-mill (table). The pH value was then corrected to 7.5-8.5.
The lacking nutrients in form of NH,Cl and Na,HPO, were added in the proportion
BOD:N:P as 100:5:1 [11].

r

Table

Characteristics of pulp and paper industry sulphite

wastes
Charakterystyki siarczynowych $ciekéw pocelulo-
zowych
Determination Unit Value
Specific gravity g/dm3 1083
Solids residue g/dm?3 217.0
Volatile solids residue g/dm?3 152.0
SO,-bound g/dm3 6.10
SO,-free g/dm?3 4.01
Reducing sugars g/dm?3 32.60
Resinous acids g/dm3 1.58
Lignin compounds g/dm?3 98.40
COD g/dm?3 359.10

Technological investigations were aimed at evaluating the treatment efficiency at the
sludge loading (food to microorganisms — F/M) of 0.2-0.8 g BOD/g MLVSS-day for
air and 0.2-1.4 g bod/g MLVSS-day for oxygen. The change of F/M was attained by
hanging gradually the sludge age in aerated chambers at constant average concentration

c
#of activated sludge suspension amounting to 6.3 g/dm? for air system and to 3.4 g/dm?
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for oxygen system. During the investigations of COD, BOD, lignosulphonic zcids [8],.
pH, DO, MLVSS (mixed liquor volatile suspended solids) and SVI (the sludge volume
index) have been determined in raw and treated wastewaters.

To determine the kinetics of organic compounds removal, the multiple regression equa-
tion was used with constants determined by the least squares method [4].

3. DISCUSSION

The stoichicmetric equation describes in a simplified manner the aerobic degradation
of organics [2]:
X, Cx,Hx50x,Nx5S+y0, = z,Cz,Hz;0z,Nz5S+n,Cn,Hn;O0n NnsS -
+CO,(x;—2z;—n,) + H,0% (X3—2,—15)+N,05 (X4 —2z4—14)+
+80;3(xs—25—ns),

where:
x,Cx,Hx;0x,NxsS — the generalized organics formula,
yO, — the oxygen requircment for biooxidation of organics,
z,Cz,Hz;0z,NzsS — excess sludge,
n;Cn,Hn;On,NnsS — the intermediate oxidation products, -
CO,, H,0, N,05, SO; — the final mineral products,
X, ¥, z, n — the molar numbers of components.

According to this equation, the removed organic compounds are partly assimilated
as the excess sludge: the remaining part undergoes direct biooxidation to intermediate
oxidation products and final mineral products. The organics are usually expressed in BOD
or COD where COD represents total organic compounds contents x;Cx,Hx;0x,NXx;S,
and BOD represents biodegradable part x;Cx,Hx;0x,Nx5sS — n;Cn,Hn;On,NnsS.
Thus bi 6degradability may be defined as COD to BOD ratio. For waste treated biologically
the same value may be used as intermediate index of pollutants removal. The results of
experiments confirm these conclusions.

The mean value of the COD/BOD ratio calculated for raw wastes amounting to 3.90
when compared with that for municipal wastes (1.5) proves that the amount of non-biode-"
gradable substances in the investigated sulphite wastes is still considerable. With the increas-
ing removal efficiencies the ratio of COD to BOD increased exponentially (fig. 2). The
values of this ratio for oxygen system being also higher indicate that the biochemical
changes are deeper than in the air system.

The sulphite removals during biclogical wastes treatment may be described by kinetic
equations. The kinetics of the waste sulphite scwage treatment was interpreted by using
the ECKENFELDER equation [5]. The preconditions of this equation (fully mixed system,
raw wastes BOD < 500 mg O,/dm?) were fulfilled during the experiments. The calculated
reaction rate coefficients k& show a considerable difference in BOD removal velocity in both_
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technological systems. For air system the constant k is 0.00594 (fig. 3), that is four times
less than in oxygen system where k = 0.0254 (fig. 4). Some differences may be observed
also in theoretical limit of organics removal characterized by the amount of residual refrac-
tory organics, expressed in BOD which for air is 19.5 mg O,/dm?® and 3.4 mg O,/dm?
for oxygen systems.
The same interpretation was used for evaluating the COD removal kinetics. Also
in case of oxygen system higher DO concentrations were accompanied by removal rates

o

\ o

o
P
5\
AN

9,.(g BOD, /gd)

o
o
N

0 40 80 120 160
S.[BOD,)

Fig. 3. BOD removal from sulphite wastes in the air system

Rys. 3. Przebieg procesu usuwania zanieczyszczen wyrazonych jako BZTs ze $ciekdéw posiarczynowych’
w ukladzie powietrznym
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Fig. 4. BOD removal from sulphite wastes in the oxygen system

Rys. 4. Przebieg procesu usuwania zanieczyszczen wyrazonych jako BZTs ze $ciekow posiarczynowych
w ukladzie tlenowym :
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Fig. 5. COD removal from sulphite’ wastes in the air system

Rys. 5. Przebieg procesu usuwania zanieczyszczen wyrazonych jako ChZT ze $ciek6w posiarczynowych
w ukladzie powietrznym
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greater than in air system. In these conditions the reaction rates k are 0.00227 for air (fig. 5)
and 0.00511 for oxygen (fig. 6). It can be observed that the calculated velocity reactions for
COD are much lower than for BOD. It means, the treated waste contains considerable
amount of non-biodegradable (or only partly biodegradable) compounds. For COD the
amount of these compounds is 589 mg O,/dm? in the oxygen system and 722 mg O,/dm3
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Fig. 6. COD removal from sulphite wastes in the oxygen system

Rys. 6. Przebieg procesu usuwania zanieczyszczen wyrazonych jako ChZT ze Sciekéw posiarczynowych
w uktadzie tlenowym

in the air system. Taking the mean COD value in raw wastes to be 1 546 mg O,/dm?3, the
fraction of non-biodegradable substances is 38.19, of the initial quantity for oxygen and
46.79% for air systems. In sulphite wastes lignosulphonic acids constitute the prevailing
part of non-biodegradable organics. From the relationship between the lignosulphonic
acids removal and the activated sludge load it follows that the removal of the former com-
pounds was not very efficient as it amounted to about 13%, for air system and to 289%,
for the oxygen system (fig. 7). From this figure it follows also that sorption on the activated
sludge flocs is the most important factor in removal of lignosulphonic acids. The mean con-
centration of the dissolved oxygen in the aeration tanks during the experiments was 1.5-
3.7 mg O,/dm3— for the air system and 6.9-8.6 mg O,/dm® — for the oxygen system.
The microscopic observations of activated sludge showed that the floc sizes in both techno-
logical systems were 150—400 y, being less numerous and more fuzzed in the air system.
It has been also confirmed by lower values of the sludge volume index stated in the oxygen
system, though many observations indicate that for greater oxygen input the sludge sedi-
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Fig. 7. Removal of lignosulphonic acids versus the activated sludge load

Rys. 7. Zalezno$¢ pomiegdzy stopniem usuniecia kwasow ligninosulfonowych a obcigzeniem osadu czynnego

mentation properties deteriorate [6, 14]. Thus, high DO ccncentrations in the aeration
tank result in considerable advantages, manifesting in increasing rate of organics degrada-
tion, and extent of pollutant removal. This phenomenon is probably due to oxygen supply i
allowing a full activation of biological complex participating in the waste treatment. W
!

4. CONCLUSIONS

\

1. It has been confirmed that the increasing concentrations of oxygen dissolved in ‘
aeration tank during the treatment of sulphite wastes increase the oxidation of some pollu-

tants resistant to biodegradation in conventional conditions. ‘
2. The improvement in oxygen supply increases the removal of lignosulphonic acids.
The removal of these compounds — apart from biological changes — is substantially attri-

buted to sorption process. ﬂ
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ROZKEAD ZANIECZYSZCZEN W CZASIE OCZYSZCZANIA SCIEKOW POSIARCZYNOWYCH
METODA OSADU CZYNNEGO Z ZASTOSOWANIEM TLENU

Sposréd wielu czynnikéow wplywajacych na kinetyke zachodzacych przemian w czasie oczyszczania
$ciekow metoda osadu czynnego duze znaczenie maja warunki tlenowe. Z przeprowadzonych badan wynika,
7e najnizsze stezenie tlenu niezbedne dla funkcjonowania osadu czynnego wynosi od 0,5 do 2,0 mg O,/dm?
w zaleznosci od stosowanego systemu napowietrzajacego. Nie mozna jednak wykluczy¢ mozliwosci zwigk-
szenia szybkosci przemian biochemicznych przy wyzszych stezeniach tlenu, a szczegolnie w przypadku zasto-
sowania czystego tlenu do natleniania osadu czynnego. Celem przeprowadzonej pracy byla ocena zdolnosci
oraz szybkosci rozkladu zanieczyszczen w czasie oczyszczania SciekOw posiarczynowych metoda osadu
czynnego w warunkach duzej zawartosci tlenu rozpuszczonego w komorze napowietrzania.

. Do$wiadczalna czg$¢ pracy obejmowala badania poréwnawcze procesu oczyszczania $ciekOw posiar-
czynowych w dwoéch niezaleznych uktadach modelowych, w ktorych do napowietrzania osadu czynnego
stosowano- powietrze i czysty tlen. Uzyskano w ten sposob znaczne zroéznicowanie warunkow tlenowych
procesu przy stalej turbulencji zawartosci komér osadu czynnego. Otrzymane wyniki badan wskazuja,
ze zwiekszenie zawarto$ci rozpuszczonego tlenu z 2,6 mg 0,/dm? (Srednie stezenie tlenu w uktadzie po-
wietrznym) do 7,7 mg O,/dm? ($rednie stezenie tlenu w uktadzie tlenowym) powoduje prawie 4-krotny
wzrost szybko$ci usuwania zanieczyszczen oznaczanych jako BZTs oraz okoto 2-krotny wzrost szybkosci
w przypadku zanieczyszczen oznaczanych jako ChZT. Réwnoczesnie przy wyzszym stezeniu tlenu zmniejsza
sie ilo§¢ teoretycznie nierozkladalnych zwiazkow organicznych. Podstawowa cze$¢ nierozkladalnych bio-
chemicznie zwiazkéw organicznych (w warunkach stosowanej metody oczyszczania) zawartych w $ciekach
posiarczynowych stanowia kwasy ligninosulfonowe. Usunigcie tych zwiazkoéw, wynoszace 13% w ukladzie
powietrznym, zwiekszylo si¢ do 28% w ukladzie tlenowym. Stwierdzono rowniez, ze znaczng role w usuwaniu
kwasow ligninosulfonowych odgrywaja procesy sorpcji na osadzie czynnym.
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DIE REINIGUNG VON SULFITABWASSERN MITTELS MIT SAUERSTOFF BAGASTEM
BELEBTSCHLAMM

Vielseitig sind die Faktoren, die auf die Abbaukinetik im Belebtschlammverfahren einwirken. In
erster Linie sind die Sauerstoffverhiltnisse im Belebungsbecken zu nennen. Eine Mindest-Konzentration
von 0,5 — 2,0 mg O,/dm? Beckeninhalt wird stets — je nach Beliiftungsart — in der Fachliteratur ange-
fithrt. Eine Abbaubeschleunigung der Verunreinigungen bei hheren O,-Konzentrationen kann man daher
nicht ausschliessen, dies umsomehr bei einem mit technischen Sauerstoff begasten Belebtschlamm.

Die vorliegende Arbeit setzte sich zum Ziel, den Abbau von Sulfitabwissern samt Abbaukinetik bei
hoheren Sauerstoffkonzentrationen im Belebungsbecken zu tiberpriifen.

Wiihrend der Versuche wurden zwei Modellbecken parallel gefahren — das eine mit der konventionel-
len Luftbeliiftung, das andere mit einer Sauerstoffbegasung. Bei identischen Turbulenz- und Strémungsver-
hiltnissen in beiden Becken, waren die O,-Konzentrationen grundverschieden. Sie betrugen entsprechend
2,6 und 7,7, mg O,/dm>. Der BSB;- Abbau im Sauerstoffbecken ging demzufolge etwa viermal so schnell
vonstatten, der CSB-Abbau nur zweimal so schnell im Vergleich zum Luftbecken. Zu gleicher Zeit sind im
Sauerstoffbecken weniger theoretisch nicht abbaubare organische Stoffe nachgewiesen worden. Von den
nicht abbaubaren Inha'tsstoffen dieser Abwisser sind die Ligninsulfonsduren zu nennen. Im Luftbecken
wurden diesz bis zu 139%, im Sauerstoffbecken bis zu 28% abgebaut. Eine grofe Rolle scheint hier die
Sorption auf den Schlammflocken mitzuspielen.

PACIIPEJEJIEHUE 3ATPA3HEHUI
BO BPEMSI OUYUCTKU TTOCJIECYJIb®UTHBIX CTOYHBIX BO
METOJIOM AKTUBHOI'O WJIA C NPMMEHEHUWEM KHCJIOPOJA

Cpenm MHOTHX (DAKTOPOB, BIMSIOIIMX HA KMHETHKY NPOMCXOMASUIAX M3MEHEHHH BO BPeMsl OYHCTKH
CTOYHBIX BOJX METOIOM aKTHBHOTO MJja OOJIBIIOE 3HAYEHHEe WMEIOT KUCIOpOJIHBIE ycinoBHs. M3 mpose-
NIEHHBIX MCCIENOBAHMI CJIELYeT, YTO camas Hu3Kas KOHLEHTpalus KACIOpona, HeoOXomumas mis ¢yH-
KIMOHMPOBAHAS aKTHBHOTO HJja, cocTasisieT oT 0,5 mo 2,0 mr O/am® B 3aBHCHMOCTH OT IPEMEHACMOj
aspupyromeii cucrembl. OIHAKO HENb3s UCKIIOUHTH BO3MOXXHOCTH HOBBIUIEHHS CKOPOCTH OHOXMMH-
YeCKMX MPEBPALIEHHi IIpH OoJiee BRICOKMX KOHLEHTPALHMAX KMCIOPOIa, & B YACTHOCTH, B CIIyYae IpUMEHe-
HHSI YUCTOrO KMCJIOpOHA Ui HACHIIICHUS AKTUBHOTO HJIA.

Llenpio mpoBeficHHONH paboTHI OblIa OIEHKA CIOCOOHOCTH, & TAaKXXe CKOPOCTH pachpelesieHus 3a-
TPA3HEHH! BO BPEMs OYHCTKH IIOCIIECYJIB(GUTHBIX CTOYHBIX BOJ METOJOM AKTHBHOTO HJIA IPH YCIOBHAX
6GOJNILIIOrO COJEPIKAHUSI PACTBOPEHHOTO KHUCJIOpOJA B a3pPOTEHKE.

DKcrnepEMeHTajbHAs 4aCTh PaOOTHI OXBAThIBaja COMNOCTABHUTE/IbHBIE MCCIIENOBAHNS TPOLECca O4HC-
TKH TOCJIECYTbGUTHBIX CTOYHBIX BOJ B JIBYX HE3aBUCHMBIX MO/E/IBHbIX CHCTEMAX, B KOTOPBIX IS aspa-
UM AKTHBHOIO MJAa NPHMEHAJICS BO3IyX H 4MCTBIA Kuciaopoxa. Takum o6pa3oM Obula MOJyYeHA 3HAYM-
TenbHast oudhepeHuanus KUCIOPOAHBIX YCIOBHI IPOLECCa IPH IIOCTOSHHOM TypOyJIeHTHOCTH COmep-
JKAMOTO Kamep akTUBHOro mia. ITojiyuyeHHBIE pe3ynbTaThl MCCIEJ0OBAHUI IOKA3bIBAIOT, YTO yBEIMYEHMUE
COZIepKaHUsI PACTBOPEHHOTO KHCIOPOAA C 2,6 Mr 0,/nm3 (cpeHsis KOHLEHTPALUS KHCIIOPOA B BO3LYIIHOM
cucreme) 1o 7,7 mr O,/nm3 (CpeHsisi KOHUEHTPALMsl KHCIOPOJa B KHCIIOPOIHOM CHCTEME) BHI3BIBAET MOYTH
YeTBIPEXKPATHOE TOBBILIEHHE CKOPOCTH YyIaJleHHs 3arps3HeHmi, ob6o3Hadaembix kak BIIKs, a Taxxke
NpUOIM3UTENBHO ABYKPATHOE IOBBIIICHHE CKOPOCTH B Clydae 3arpasHeHul, oGo3Havaembix kak XIIK.
OnHOBpEMEHHO HpH OoJiee BBICOKOM KOHUEHTPALMM KHCIOPOJAa YMEHBIIAETCA KOJMYECTBO TEOPETHYECKH
HEpa3laraeMbIX OPraHMYECKMX COEOUHEHMH.
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OCHOBHYIO 4acTh OHOXMMHYECKH Hepa3llaracMbIX OpraHHYeCKHUX CcoenuHeHni (B yCIOBHAX IpHMeE-
HAEMOTO METONA OUMUCTKH), COMEPXKALIUXCS B MOCIECYIbGUTHBIX CTOYHBIX BOAAX, NPEICTABIIIOT coboit
JIMTHUCYTb()OHOBBIE KHCIOThI. Y IQNCHUE ITHX coemmHeRuii, cocrasisitouiee 139, B BO3AyIIHOH CHCTEME,
yBEMUYHIOCHh 10 28% B KACIIOpOHO# crcTeMe. OTMEYEHO TaKKke, YTO 3HAYMTENbHYIO POJb B yIAJCHAH
JIATHUCY/Ib()OHOBBIX KHCIOT BBIIOJHAIOT MPOLCCCR copOIMH HAa aKTHBHOM HIIE.



