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TYMOTEUSZ JAROSZYNSKI, EDWARD GOMOLKA*

BIODEGRADABILITY OF BENZOIC ACID IN ACTIVATED
SLUDGE PROCESS

A part of results from the investigations on biodegradation of benzoic acid under static condi-
tions and the effect of its concentrations on the treatment of synthetic wastewater with activated
sludge under dynamic conditions are described [4].

1. CHARACTERISTICS OF BENZOIC ACID

Benzoic acid (C,H,COOH) is the simplest aromatic carboxylic acid. Itis a solid crystal-
line forming colourless glossy silky plates or needles, its melting temperature is 394.5 K
[7], its solubility in water increases with the temperature being equal to 2.9 g/dm?3 at 293 K
[5]. Small amounts of benzoic acid are present in domestic sewage to which it passes with
the urine. High concentrations of this acid are present in wastewater from chemical industry,
being e.g. a side product in benzaldehyde production. It appears also in wastewater from
dye, textile and pharmaceutic industries [4].

Benzoic acid is strongly toxic for fish and other water organisms. Its bacteriocidal
and bacteriostatic activities depend on the pH of the medium. In experiments conducted
with fishes Gambusia affinis no toxic effects have been observed at concentrations lower
than 56 mg/dm?3. For most fishes, however, a ten times higher concentration appeared
to be lethal [6]. Investigations conducted in Soviet Union have shown that the concentration
of 200 mg/dm? deteriorates the quality of the treated wastewater and that for this com-
pound the oxidation possibility of the digesters amounts to 750-800 g/m3d [8].

Organic acids are easily mineralized biologically, being intermediate products in
biodegradation of a large number of organic compounds, e.g. bacteria: Pseudomonas
aeruginosa, Pseudomonas putida and Pseudomonas fluorescens oxidize aromatic compounds
through carboxylic acids to pyrokatechol [1], [9].

The mechanism of biological oxidation of benzoic acid is much complicated, consisting
of a number of intermediate enzymatic reactions catalysed by appropriate enzymes produced
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in living bacterial cells. This process is shown in fig. 1 for Pseudomonas arvilla mt-2. The
metabolism of benzoic acid may run in meta or ortho (f-ketoadypine) pathway. The first
process yields pyruvic acid and acetic aldehyde, the product of the latter being acetylo-
coenzyme A and succinylcoenzyme A. These products are the energy sources in cytric
acid cycle [2], [9].
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Fig. 1. Metabolism of benzoic acid in presence of Pseudomonas arvilla mt-2
1 — benzoic acid; 2 — pyrocatechol; 3 — 2-hydroxymuconic semialdehyde; 4 — oxalocrotonate (enol); 5 — 4-oxalocrotonate
(ketol); 6 —2-oxopent-4-enolate; 7 — 4-hydroxy-2-oxovalerate; 8 — cis, cis-muconate; 9 — (+)-muconolactone;
10 — p-ketoadipic acid

Rys. 1. Metabolizm kwasu benzoesowego przez Pseudomonas arvilla mt-2

1 — kwas benzoesowy; 2 — pirokatechina; 3 — aldehyd 2-hydroksy semimukonowy; 4 — kwas 4-oksalokrotonowy (enol);
15 —kwas 4-oksalokrotonowy (ketol); 6 — kwas 2-okso-4-pentenowy; 7 — kwas 4-hydroksy- 2-oksowalerianowy; 8 — kwas cis,
cis-mukonowy; 9 — (+)-mukonolak ton; /0 — kwas fB-ketoadypinowy

2. EXPERIMENTAL
2.1. PURPOSE AND METHODS OF INVESTIGATIONS

The purpose of the investigations was to examine the biodegradability of benzoic acid
in activated sludge process and to determine its susceptibility to chemical oxidation. The
laboratory-scale experiments were conducted under static and dynamic conditions. The
concentration of benzoic acid in wastewater was examined by extraction with cyclohexane
and UV spectrophotographic method using the apparatus Spectromom 202, at the
wavelength of 232 nm [4].
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Biodegradation of benzoic acid under static conditions was conducted on municipal
wastewater from Wroctaw and synthetic wastewater, while the experiment under dynamic
conditions comprised only a model synthetic wastewater [4].

Static experiments aimed at determining the influence of different concentrations
of benzoic acid on mineralization of organic compounds in wastewater of the same com-
positon were conducted in parallel. To this end several respirometric flasks (of a large
volume each) were used (fig. 2).

Dynamic investigations were performed in the system consisting of two identical
eactors, used to aerate the mixture of wastewater with aerated sludge (fig. 3).
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Fig. 2. Respirometer
1 — thermostatic vessel; 2 — thermostate; 3 — magnetic stirrer; 4 — respirometric flask
Rys. 2. Respirometr

1 — naczynie termostatyczne; 2 — termostat; 3 — mieszadto magnetyczne; 4 — kolba respirometryczna

In such a two stage system the following procedure is used: wastewater in tank 9 is
conveyed by means of the peristaltic pump 10, to the supply pipe 6, it flows through the
pipe and immediately before the jet pump 3 it joins the mixture of wastewater with the
wastewater sucked in from the reactor. Thereupon the aerated mixture flows along the
central pipe 2 to reach the further part of the cylindrical vessel 1. The flocks of activated
sludge deposited there are sucked again into the jet pump, so that the circulation of the
activated sludge is closed. In the series arrangement the outlet from one reactor was at
the same time the inlet of the second reactor which was additionally supplied with the
crude wastewater from the tank 9.

The experiments were conducted at 293 K, using solid benzoic acid added to wastewa-
ter. Its content in aerated wastewater was systematically controlled by measuring the
amounts of oxygen consumed and carbon dioxide produced. Additionally, the basic
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physicochemical parameters of the wastewater were examined, and the biological composi-
tion of the activated sludge, produced during the aeration of wastewater, was determined
after completion of each experimental series.
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Fig. 3. Scheme of apparatus for two stage wastewater treatment

I — cylindrical vessel; 2 — central pipe; 3 — jet pump; 4 — compressor of “Skalar” type; 5 — delivery pipe; 6 — supply pump
(wastewater inlet); 7 — wastewater outlet; § — draining value; 9 — tank with wastewater; /0 — peristaltic pump, type 315

Rys. 3. Schemat aparatury badawczej do dwustopniowego oczyszczania SciekOw

1 — naczynie cylindryczne; 2 — rura srodkowa; 3 — strumienica; 4 — sprezarka typu »»Skalar”’; 5 — rura tloczna; 6 —
rura zasilajaca (doplyw Sciekéw); 7 — odplyw $ciekéw; 8 — zawér spustowy, 9 — zbiornik ze $ciekami; /0 — pompa perys-
taltyczna, typ 315

2.2. RESULTS
2.2.1. SUSCEPTIBILITY OF BENZOIC ACID TO CHEMICAL OXTDATION
AND BIODEGRADATION AT THE DETERMINED VALUES OF COD AND BOD [3]

The data obtained are given in fig. 4. From the investigations performed it follows
that for oxygen consumption determined experimentally the oxidation of benzoic acid
is weak, and with the increasing concentration its degree drops from 7.6%, to 0.2%,. On
the other hand, at the COD value determined experimentally the oxidation degree reaches
98%. .

Biodegradability of benzoic acid is presented in fig. 5. It appears that BOD; consti-
tutes about 769, of the theoretical oxygen demand (1.5 g of O,/g of benzoic acid).
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Fig. 4. Oxidation of benzoic acid vs. its concentration for the COD and oxygen consumption values determi-
ned experimentally in per cent
a — permanganate COD; b — dichromate COD
Rys. 4. Zalezno§¢ procentu utleniania kwasu benzoesowego od jego stezenia w probie, w warunkach ozna-
czania
a — utlenialnoéci; b — ChZT
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Fig. 5. BOD for benzoic acid
Rys. 5. Przebieg krzywej BZT dla kwasu benzoesowego

2.2.2. RESULTS OF RESPIROMETRIC INVESTIGATIONS CONDUCTED UNDER STATIC CONDITIONS

Respirometric investigations under static conditions were performed after the prelimi-
nary investigations had been completed. In the first series of experiment initial concentra-
tions of benzoic acid in municipal wastewater ranged from 0 (control) to 100-500 g/m3.
The curves representing the removal of benzoic acid from municipal wastewater show
(fig. 6) that a complete biodegradation of benzoic acid takes place not later than after
only several hours of aeration and is accompanied with a simultaneous degradation of
organic pollutants. At the initial concentrations of benzoic acid, amounting to 400 g/m3
and 500 g/m?, the BOD was strongly inhibited during the first 44 h (fig. 7, curves 5and 6).

Initial concentrations of benzoic acid in the second series were higher, ranging from
500 to 1200 g/m3. The curves illustrating the oxygen demand versus aeration time of
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wastewater with different concentrations of benzoic acid (fig. 8) show distinct stagnation
and adaptation period (curves 4, 5, 6 for the initial concentrations of 700, 900 and 1200 g/m?3,
respectively) which was the longer the higher was the concentration of benzoic acid. Similar
relationship was also found for concentrations of benzoic acid versus the aeration time
of municipal wastewater (fig. 9).
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Fig. 6. Concentration of benzoic acid vs. aeration time of municipal wastewater
2 — wastewater at initial concentration of benzoic acid 100 g/m3; 3 — 200 g/m3; 4 — 300 g/m3; 5 — 400 g/m3; 6 — 500 g/m3
Rys. 6. Zaleino$é stezenia kwasu benzoesowego od czasu napowietrzania $ciekOw miejskich
2 — Scieki o poczatkowej zawartosci kwasu benzoesowego 100 g/m3; 3 — 200 g/m3; 4 — 300 g/m3; 5 — 400 g/m; 6 — 500 g/m3
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Fig. 7. Oxygen consumption vs. aeration time of wastewater with different initial concentrations of
benzoic acid
1 — without benzoic acid; 2 — initial concentration of benzoic acid 100 g/m3; 3 — 200 g/m3; 4 — 300 g/m3; 5 — 400 g/m3;
6 — 500 g/m3
Rys. 7. Zaleznos¢ zuzytego tlenu od czasu napowietrzania Sciekow, zawierajacych rézne poczatkowe
stezenia kwasu benzoesowego

1 — Scieki bez kwasu benzoesowego; 2 — $cieki o poczatkowej zawartosci kwasu benzoesowego 100 g/m3; 3 — 200 g/m3;
4 — 300 g/m3; 5 — 400 g/m3; 6 — 500 g/m3
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Fig. 8. Oxygen consumption vs. aeration time of wastewaters with different initial concentration of
benzoic acid

1 — without benzoic acid; 2 — initial concentration of benzoic acid 500 g/m3; 3 — 600 g/m3; 4 — 700 g/m3; 5 — 900 g/m3;
6 — 1200 g/m3

Rys. 8. Zalezno$¢ zuzytego tlenu od czasu napowietrzania Sciekow, zawierajacych rézne poczatkowe

stezenia kwasu benzoesowego

1 — $cieki bez kwasu benzoesowego; 2 — $cieki o poczatkowej zawartosci kwasu benzoesowego 500 g/m3; 3 — 600 g/m3;
4 — 700 g/m3; 5 — 900 g/m3; 6 — 1200 g/m3
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Fig. 9 Concentration of benzoic acid vs. aeration time of municipal wastewater
1 — without benzoic acid; 2 — with initial concentration of benzoic acid 500 g/m3; 3 — 600 g/m3; 4 — 700 g/m3; 5 — 900 g/m3;
6 — 1200 g/m3
Rys. 9. Zalezno$¢ stezenia kwasu benzoesowego od czasu napowietrzania Sciekow miejskich

1 — s$cieki bez kwasu benzoesowego; 2 — $cieki o poczatkowej zawartosci kwasu benzoesowego 500 g/m3; 3 — 600 g/m3;
4 — 700 g/m3; 5 — 900 g/m3; 6 — 1200 g/m3
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From the results obtained it follows that the natural alkalinity of crude wastewater
.does not suffice to neutralize 900 g/m® and higher concentrations of benzoic acid. This
is manifested in the decrease of the pH value (the values of pH in experiments 5 and 6
being 4.4 and 4.1, respectively) and in the prolongation of the lag time (frcm 35 h at 900
g/m® to 168 h at 1200 g/m?3). That is why in the third series of experiment benzoic acid
was neutralized with KHCOj; bringing about a considerably reduction of its bacteriostatic
effect. Consequently, the shape of BOD curves was changed (see fig. 10) and for the initial
concentrations of benzoic acid equal to 1200 g/m? the leg and edaptation pericd was
shortened, being however still noticed at higher concentraticns (fig. 11). The last series
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Fig. 10. Oxygen consumption vs. aeration time of wastewaters with different concentration of ben-
zoic acid and potassium bicarbonate

1 — without benzoic acid and potassium bicarbonate; 2 — initial concentration of benzoic ‘acid and potassium bica-
rbonate — 600 and 492 g/m3, respectively; 3 — 800 and 656 g/m3; 4 — 100 and 820 g/m3; 5 — 1200 and 984 g/m3

Rys. 10. Zalezno$¢ zuzytego tlenu od czasu napowietrzania $ciekow, zawierajacych roézne poczat-
kowe stezenia kwasu benzoesowego i wodoroweglanu potasowego

1 — Scieki bez kwasu benzoesowego i wodoroweglanu potasowego; 2 —scieki o poczytkowej zawartosci kwasu benzoe-
:sowego 600 g/m3 i wodoroweglanu potasowego 492 g/m3; 3 — 800 i 656 g/m3; 4 — 1001820 g/m3; 5 — 12001 984 g/m3

of experiments comprised the BOD tests of the activated sludge a2dapted to 800 g/m?
concentration of benzoic acid, performed in medium containing only mineral selts with
benzoic acid as the only source of carbon. The latter was neutralized with KHCO. Initial
concentrations of benzoic acid renged in this series from 600 to 800 g/m3. From the results
obtained it follows that under optimel conditions of the process (supply of biogenic com-
pounds, alkalinity and pH) the bicdegradation rate of benzoic acid is constant for its
different concentrations. The loss of benzoic acid indicates also a high rate of mineraliza-
tion process.

2.2.3. RESULTS OF INVESTIGATIONS CONDUCTED UNDER DYNAMIC CONDITIONS

Throughout the experiment the inflow intensity, aeration time and hydraulic loading
of the both chambers were kept constant. In the first reactor the inflow intensity amounted
to 0.1 dm?/h, aeration time was close to 11 h and hydraulic loading of the chamber equaled
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2.2 m/m3d. In the second reactor the values of the corresponding parameters amounted
to 0.2 dm3/h, circa 6 h and 4.12 m3/m?3d, respectively. In the initial period of experiment
the activated sludge was adopted to benzoic acid by addition of the latter to synthetic
wastewater: 25 g/m® — for the first 3 deys and 30 g/m? for the next 3 days. The final con-
centration of benzoic acid in adaptation pericd equaled 100 g/m3. Thereupon the following
doses of benzoic acid were added consecutively: 150 g/m® (4 days), 200 g/m? (7 days),
300 g/m? (9 days), 500 g/m? (10 days), 600 g/m? (20 days) and finally 800 g/m?.
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Fig. 11. Concentration of benzoic acid vs. time of municipal wastewaters

] — without benzoic acid and without potassium bicarbonate; 2 — with initial concentration of benzoic acid and potas-
sium bicarbonate 600 and 492 g/m3, respectively; 3 — 800 and 656 g/m3; 4 — 1000 and 820 g/m3; 5 — 1200 and 984 g/m3;
6 — 1400 and 1148 g/m3; 7 — 1800 and 1476 g/m3

Rys. 11. Zalezno$¢ stezenia kwasu benzoesowego od czasu napowietrzania $ciekéw miejskich

1 — 4cieki bez kwasu benzoesowego i wodoroweglanu potasowego; 2 — Scieki o poczatkowej zawartosci kwasu benzo-
esowego 600 g/m3 i wodoroweglanu potasowego 492 g/m3; 3 — 800i 656 g/m3; 4 — 1000 i 820 g/m3; 5 — 1200 i 984 g/m3;
6 — 1400 i 1148 g/m3; 7 — 1800 i 1476 g/m3

3. CONCLUSIONS

For the experiment conducted under dynamic conditions the following conclusions
are drawn:

1. Benzoic acid is the compound to which activated sludge can be adapted.

2. Within the examined range of benzoic acid concentrations in crude wastewater
(i.e. up to 800 g/m?) the adapted activated sludge is not sensitive to rapid changes in con-
centrations of this acid.

3. In high concentrations of benzoic acid activated sludge has a high sedimentation
index, ranging from 118 to 280 cm3/g. It was nevertheless characterized by a large area
of flccules which eventually influenced a distinct separation of the deposit from the liquid.

4. The loading of activated sludge with BOD ranging from 0.3 to 1.5 g/gdm d the
decrease of benzoic acid BOD, dichromate and permanganate COD amounted to 1009,
989, 809, and 90%, respectively. For the same pollution indices the same effects have
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been obtained for the loading of digester with BOD from 700 to 3200 g O, /m*d and for the
operation of the activated sludge within the range of 1700 to 25000 gh/m3.

5. From the investigations performed it follows that the oxidizing potential of digester
for benzoic acid reaches 1760 g/m3 d.

Respirometric experiments conducted in static conditions allow to formulate the
following conclusions:

1. Benzoic acid is biodegradable under aerobic conditions and can be removed from
the wastewater by aerobic biological method.

2. Up to the concentration of 200 g/m? the acid is quickly biodegraded by bacteria
present in crude municipal wastewater.

3. Alag and adaptation period in BOD process takes place at the initial concentrations
of benzoic acid ranging within 900-1200 g/m3. After adaptation the biodegradation rate
of benzoic acid increases, reaches natural its maximum and then decreases.

4. Because of sufficiently high alkalinity of the municipal wastewater the neutralization
of benzoic acid initial concentrations up to 700 g/m® does not accelerate the process of
its biodegradation.

5. The neutralization of benzoic acid at initial concentrations of 1000-1800 g/m?3
in crude wastewater does not stop the prolongation of the lag and adaptation period.

6. Biodegradation of benzoic acid in concentrations up to 1800 g/m? is however possible
under optimal conditions of the process and when the activate sludge is adapted to benzoic
acid.

7. Benzoic acid in concentration of 500 g/m?® inhibits the process of nitrification.

8. Colour compounds formed during biodegradation of benzoic acid give the wastewa-
ter a specific yellowishgreen colour, the intensity of which depends on the amount of
benzoic acid being biodegraded and on the aeration time of wastewater. Due to various
biochemical reactions of these compounds taking place during aeration the specific colour
disappears.
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PODATNOSC KWASU BENZOESOWEGO NA BIOCHEMICZNY
ROZKELAD W PROCESIE OSADU CZYNNEGO

Przedstawiono wyniki badan nad chemicznym utlenianiem i biochemicznym rozkladem kwasu benzo-
esowego. Wykazano, ze kwas benzoesowy jest oporny na chemiczne utlenianie za pomoca KMnOy, nato-
miast w 989% jest utleniany w warunkach oznaczania ChZT. W warunkach oznaczania BZT s metoda roz-
cieficzen rozklad kwasu benzoesowego wynosi okoto 76% teoretycznego zapotrzebowania tlenu. Badania
nad biochemicznym rozkladem kwasu benzoesowego w warunkach statycznych (w respirometrach) w $rodo-
wisku $ciekow miejskich i wodnej pozywki mineralnej wykazaly, ze neutralizacja kwasu benzoesowego
przy jego poczatkowych stezeniach do 700 g/m? nie wplywa na przyspieszenie czasu jego rozkladu. Przy
zaadaptowanym osadzie czynnym i optymalnych warunkach prowadzenia procesu kwas benzoesowy
do stezenia 1800 g/m?® moze by¢ usuwany ze Sciekow. Zawarto$¢ kwasu benzoesowego powyzej 500 g/m?
hamuje proces nitryfikacji. Badania w warunkach dynamicznych wykazaly, Zze kwas benzoesowy moze
by¢ praktycznie w catodci usunigty ze $ciekow przez zaadaptowany osad czynny przy stezeniach do 800

g/m>.

DIE ABBAUBARKEIT DER BENZOESAURE
IM BELEBTSCHLAMMVERFAHREN

Der vorliegende Beitrag berichtet tiber die chemische Oxydation und den biochemischen Abbau der
Benzoesiure. Diese Sdure ist gegeniiber dem Kaliumpermanganat bestindig, sie wird jedoch durch das
Kaliumdichromat im Verfahren der CSB-Bestimmung zu 98% chemisch oxydiert. Im BSBs-Verdiinnungs-
verfahren, betrigt der Abbau der Benzoesdure etwa 76%, des theoretischen Sauerstoffbedarfs.

Versuche im Batch-ProzeB (in Respirometern) sowohl in Vermischung mit kommunalem Abwasser
wie mit einer mineralen Nihrstoffldsung haben erwiesen, daf3 die Neutralisation der Benzoesdure bei Start-
konzentrationen bis zu 700 g CsHsCOOH/m?® praktisch keinen EinfluB auf die Abbaubeschleunigung
ausiibt. Wird Belebtschlamm fiir den Abbau dieses spezifischen Substrats adaptiert, kann er Konzentrationen
bis zu 1800 g/m? gut vertragen. Konzentrationen von mehr als 500 g CgHsCOOH/m?® hemmen jedoch
die Nitrifikation.

Im DurchfluBverfahren, wird die Benzoesiure durch adaptierten Belebtschlamm voll abgebaut, wenn
die Konzentration von 800 g/m? nicht tberschritten wird.

CKJIOHHOCTD BEH30MHOU KUCJIOTHI K BUOXUMUYECKOMY PA3JIOXKEHUIO
B ITPOLIECCE AKTUBHOI'O MJIA

B craThe MpPUBENCHBI PE3yJbTATHI nccnenosaﬂn.ﬁ 110 XMMHYECKOMY OKHCIIEHHIO M OHOXHMHYECKOMY
pasJIoKeHHIo GEH30UHOM KHCIOTHL JloKa3aHo, YTO GEH30iHAs KMCIOTa yCTOWYMBA K XMMHYECKOMY OKH-
crnennro ¢ momombio KMnOy, HO B 989, OKUCIIsSETCS B YCIOBUSAX onpenenerus XIIK. B ycrnoBusx onpe-
nenennst BIIKs MeromoM pa30aBiieHuid, pa3iiokKeHHe GeH30MHOM KUCIOTHI COCTaBJIsieT OKono 769, Te-
opeTryecKoli moTpeGHOCTH B Xuciopone. MccnemoBanus 1o GHOJIOTHYECKOMY PA3JI0KECHHIO OEH30MHOU
KHCJIOTBHI B CTATHYECKHX YCIOBHSX (B DPECIMpOMETpax) B Cpef¢ TOPOJACKMX CTOYHBIX BOM K BOIHOM
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MHHEPaIbHON NUTATENBHON CpElbl MOKA3aJH, YTO HEeHTpann3anus GeH30HHON KHCTIOTHI IIPH €ro HAYAIIb-
HBIX KOHIeHTpauusax 10 700 r/mM3 He BIMseT Ha yckopeHue eé pasioxenns. Ilpn aJanTAPOBAHHOM aKTHB-
HOM HJie ¥ B ONTHMAJIBHEIX YCTIOBHSX IPOBENEHUS Nponecca, Gen3oiiHas KHCIoTa 10 KOHneHTpauuy 1800
r/M® MOXET yIaNsTbCs M3 CTOMHBIX Bom. ConepKaHHe GEH3OHHOH KHMCIOTHI BbImE 500 r/M* TOpMO3HT
npouecc HUTpUpUKALHIH.

Wccnenosanus B AMHAMMYECKHX YCIIOBUSX IIOKa3ajH, YTO GEH30MHAS KHCIOTA NPAKTHYECKH MOXKET

ObITh TONHOCTBIO y[ajleHa M3 CTOYHBIX BOJ aJANTMPOBAHHBIM AKTHBHEIM HJIOM, IIDM KOHLEHTpALHSX
o 800 r/m3.



