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Abstract. The biological treatment method is widely used in Lithuania due to its high efficiency, low cost and suitability
for treating various types of wastewater. After technological processes various mineral substances, such as chlorides and
sulphates, get into water bodies. These substances are not removed from wastewater by the biological treatment method.
The purpose of this study is to determine the concentrations of chlorides and sulphates, investigate the influence of en-
zyme preparations upon quality and energy consumption and assess energy changes in the trophic food chain during bio-
logical treatment. To analyse the mineral salt influence of the biooxidation process a series of laboratory tests was carried
out: biochemical oxygen consumption (BOD), activated sludge concentration and other indexes. It is found experimen-
tally that a 400 mg/l concentration of chlorides disarranges the activity of microorganisms, and at a 700 mg/l concentra-
tion active sludge is no longer suitable for biological treatment. Also, we investigated the effect of a ferment preparation
“Roebic” on effluence of sewage treatment. In a tank with an enzyme the total amount of energy after treatment increases
by 5-30 %. It is determined by calculating the accumulation of energy in an active-sludge system that an enzyme prepara-

tion increases the energy levels of the system.
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1. Introduction

The problems of the protection of water bodies are
closely related to treatment of wastewater discharged to
them, however, municipal wastewater treatment facili-
ties in most towns of Lithuania cannot ensure the qual-
ity of treatment. The biological treatment method is
widely used in Lithuania due to its high efficiency, low
cost and suitability for treating various types of waste-
water. Biochemical wastewater treatment processes are
most easily regulated in active-sludge facilities. How-
ever, biochemical wastewater treatment processes are
very complex and depend on a number of factors, in-
cluding the chemical composition and concentration of
organic matter in wastewater, water temperature and pH,
and the content of toxic substances in water [1].

It is noted that the concentrations of wastewater
delivered to treatment facilities have increased lately.
After technological processes various mineral substances,
such as chlorides and sulphates, get into water bodies.
These substances are not removed from wastewater by
the biological treatment method. Chlorides get into wa-

ter both with domestic and industrial wastewater because
chlorine and chlorine compounds are used for rendering
wastewater harmless [2]. Chlorine compounds are used
to destroy pathogenic microorganisms, to remove odours
in slaughterhouses and fish-processing enterprises, to salt
foodstuffs in food industries, etc.

Microorganisms are sensitive to changes in osmotic
pressure in the medium. Larger amounts of mineral salts
(KCl, NaCl) evoke plasmolysis inside the cells of mi-
croorganisms as a result of which microorganisms are
destroyed.

The efficiency of wastewater treatment depends
upon a number of factors including catalysts. While en-
zymes facilitate metabolism, sulfates acidify the medium
for microorganisms which has a negative effect upon
enzyme activities.

The purpose of this study is to determine the con-
centrations of chlorides and sulphates, investigate the
influence of an enzyme preparation upon quality and
energy consumption and assess energy changes in the
trophic food chain during biological treatment.
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2. Investigation methods

The amount of oxygen dissolved in water was de-
termined by the Winkler’s method [3]. The essence of
the biochemical oxygen consumption (BOD;) method [4,
5] consists in the analysis of a water sample after shak-
ing it and keeping at 20 °C for five days in a dark place
in filled and sealed bottles. The concentration of dis-
solved oxygen is measured before and after the incuba-
tion. Oxygen consumption per litre of a sample is cal-
culated.

A model consisting of two tanks with a capacity of
5 litres each was used for the experiment. The working
volume of each tank was 3 litres. Using air supplied by
micro-compressors, active sludge is constantly mixed
with water and maintained in a suspended state. The
operating conditions selected were similar to those of
an aeration tank of the operation period in which aera-
tion and mixing of active sludge takes place 20 hours
per day, then aeration is switched off for 4 hours leav-
ing water to settle. During the adaptation period (3—4
days), the microorganisms in the sludge adapt to the
medium. The substrate used for the adaptation stage and
the experiment consisted of glucose 150 mg/l and yeast
suspension 150 mg/l [6]. Additionally, the following
pollutants were introduced: KCI (chloride concentration
of 200 mg/l and 400 mg/1), during another experiment —
K,SO, (sulfate concentration of 300 mg/l and 700 mg/
1). The enzyme preparation Roebic was added into the
second tank (1,2 ml/l). After 20 hours aeration was
switched off and samples taken upon settlement of ac-
tive sludge [7]. The experimental model is schematically
depicted in Fig 1.

To determine the accumulation of energy in the
active sludge system, the theoretical calorific value of
wastewater is calculated from the formula (1) [8]:

K =2326-[145-C + 610 (H, -
-0,125 - 0,) +40 - S + 10 - N], J/kg,
where C is the share of carbon in the organic matter (%
by weight); H, is the share of hydrogen in the organic
matter (% by weight); O, is the share of oxygen in the
organic matter (% by weight); S is the share of sulphur
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Fig 1. Schematic diagram of the experimental model

in the organic matter (% by weight); N is the share of
nitrogen in organic matter (% by weight).

3. Experiment results

The energy indispensable for maintaining vital func-
tions (e g, metabolism — breathing or evaporation) is ob-
tained by splitting highly energetic substances (dissimi-
lation, catabolism).

The biological treatment of wastewater is based on
the biochemical oxidation of substances. Biological oxi-
dation is enzyme oxidation of cell substrates with the
main final products being CO,, H,0, and urea. It differs
from oxidation taking place in inanimate nature in that
1) it is a gradual oxidation of substrates and the released
energy is stored in macro energetic compounds and spe-
cific chemical bonds; 2) enzymes are its catalysts, and
3) energy is released as hydrogen is oxidized to produce
water. The larger the number of nutritional links in the
system, the higher the energy consumption.

The indicators, such as BOD;, sludge index and
sludge concentration, were observed in the course of the
experiment; indicator microorganisms were also observed
through a microscope.

During the experiment with KCI, 230 BOD;, 60
sludge indexes and 60 concentration samples were ex-
amined; K,SO, — 170 BOD, samples, 40 sludge indexes
and 40 sludge concentration samples.

3.1. Influence of chlorides upon biological wastewa-
ter treatment

Organic matter dissolved in water accounts for the
largest part of pollutants. In the course of experiment
with KCI the effect of chloride ions upon the biochemi-
cal oxidation processes and splitting of organic pollut-
ants was studied. The influence of KCl over metabolism
in the active sludge system was also determined. Three
parallel investigations were conducted: 1) KCl without
pollution, 2) 200 mg/1 Cl-, 3) 400 mg/l CI". A daily con-
centration of CI” that does an irreparable damage to ac-
tive sludge was established. Where the concentration of
chlorides in wastewater reaches 700 mg/l, the micro-or-
ganisms of active sludge are destroyed and sludge flakes
rise to the surface of water instead of settling after aera-
tion is switched off. Such an active sludge is not suit-
able for the biological treatment of wastewater.

It is noted during the experiment that the higher chlo-
ride concentration in wastewater, the stronger a positive
effect of enzymes. Fig 2 shows the dependence of bio-
chemical oxygen demand upon the concentration of chlo-
rides after biological treatment of wastewater. As the chlo-
ride concentration varies from 0 to 400 mg/l, the depen-
dence is described by a second-order parabola. As the con-
centration of chlorides was increased to 400 mg/l, BDS,
remained stable throughout the experiment in the tank with
an enzyme preparation. This is because the enzyme prepa-
ration used contained bacterial spores that enable continu-
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Fig 2. Dependence of biochemical oxygen demand upon
chloride concentration

ous renewal of active sludge. The larger the amount of
microorganisms, the higher the quality of wastewater treat-
ment and the lower BOD, after treatment. In the tank
without an enzyme preparation the concentration of BOD;
increased with increase in chloride concentration and was
higher by almost 20 mg/l than that in the tank with the
preparation. Chlorides are characterized by an antiseptic
effect. Where the concentration of Cl~ in wastewater
reaches 400 mg/l, a large part of active sludge microor-
ganisms, including microorganisms participating in the
BOD process, are destroyed. This is shown in Fig 3.

While a high concentration of chlorides (400 mg/1)
that get into the tank with wastewater reduced active
sludge concentration more than twice (from 2,45 g/l to
1,05 g/1) in five days, the use of an enzyme preparation
resulted in a very slight change in active sludge concen-
tration (from 2,21 g/l to 1,80 g/l).

Osmotic pressure increases with increase of chlo-
ride concentrations. Different concentration of solutions
of the medium and the cell cytoplasm is the main driver
of osmotic absorption of nutrients. The higher the con-
centration of chlorides in the medium, the larger the
amount of water diffused from the cells to the medium,;

the cytoplasm shrinks, wrinkles and comes off the mem-
brane and wall, as a result of which nutrients do not
reach the cells. Cells are destroyed and the concentra-
tion of active sludge lowers.

The biochemical oxidation of organic matter is
closely related to the metabolism in an active-sludge sys-
tem, therefore, the accumulation of energy in active sludge
was determined on the basis of the findings of the experi-
ment. 1,8 litres of wastewater (533,58 kcal) was added
into the tank. The investigation shows that the energy
value of 1 kg of dry active sludge was 15,000 kJ or
3585 kceal which corresponds to the theoretical calculation
results.

There is a direct dependence between the amount
of energy in an active-sludge system and the amount of
microorganisms. The total amount of energy before treat-
ment is proportional to the concentration of active sludge
in the tank because the baseline BOD is constant and
equal to 192 mg O,/I. The total amount of energy after
treatment depends upon the amount of microorganisms
and BOD of wastewater after treatment. It is determined
during the experiment that an enzyme preparation adds
energy to the system (Fig 4).

Fig 4 shows that the total amount of energy in the
tank without an enzyme remains almost unchanged as
the concentration of chlorides is increased. On the con-
trary, in the tank with an enzyme preparation the total
energy level increases by 5-30 % after treatment. In both
cases the data of the experiment were approximated by
second-order parabolas. Bacterial spores contained in an
enzyme preparation produce a renewing effect upon ac-
tive sludge. The larger the amount of microorganisms,
the higher the enzyme release levels; thus defence against
the negative effect of chlorides is improved. As the
amount of microorganisms (protozoa) in the system in-
creases, ie the number of nutritional links is increased,
the growth of biomass is reduced and more energy is
consumed.
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Fig 3. Dependence of active sludge concentration upon
time (chloride concentration of 400 mg/l)
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3.2. Influence of chlorides upon biological wastewa-
ter treatment

Using K,SO,, the effect of sulphate ions upon the
biochemical oxidation process and splitting of organic
pollutants was investigated. The experiment allowed to
determine the effect of K,SO, on both metabolism in
the active sludge system and changes in the organic
matter load. Two parallel investigations were conducted:
1) 300 mg/l SO,*, 2) 700 mg/l SO,*. Literature states
that SO,?" are characterized by the properties of acidifi-
cation of the medium and inhibition of the purification
process. No influence of an enzyme preparation over
the efficiency of wastewater treatment was noted during
the experiment (Fig 5).

Fig 5 shows that an increase in sulphate concentra-
tion in the medium results in an increase of BOD; after
treatment both in the tank with an enzyme and in the
tank without an enzyme (the character of change is para-
bolic). One may assume that, due to their acidifying
properties, sulphates damage the active centres of an
enzyme and produce a destroying effect upon active
sludge microorganisms.
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Fig 5. Dependence of biochemical oxygen demand upon
sulphate concentration

Comparison of the results of experiments with KCI
and K,SO, shows that the degree of treatment (in tanks
with an enzyme preparation) as determined according to
BOD; is up to 33 % lower in the presence of sulphates.
An assumption may be made that enzymes are affected
more by sulphate ions than by chloride ions. Literature
indicates that enzymes are the key factor influencing
nutrition of microorganisms and biochemical treatment
of wastewater at the same time. This explains a higher
BODj value after treatment during the experiment with
K,SO,.

Where the SO,* concentration in the tank reached
700 mg/l, the active sludge was “inflated”, the sludge in-
dex increased and the active sludge sedimentation proper-
ties deteriorated just as during the experiment with CI.

Metabolism is an essential sign of life. Each reac-
tion of changes in substances causes an energy change

in a system. An organism is an open system with a per-
manent equilibrium of chemical and energy exchange
with the environment — metabolism. Metabolism as an
entirety of complex enzyme reactions provides a basis
for the functioning of a living system. Substances that
get into an organism are affected by protein biocatalysts
(enzymes) and non-protein parts of an active enzyme
(coenzymes). The effect of enzymes and coenzymes
determines the course of reactions. Under the influence
of enzymes and coenzymes the initial amount of energy
necessary for the processing of substrate is reduced and
further transformation of substrate is regulated. The ef-
fect of enzymes helps to maintain an equilibrium be-
tween primary substances and the final products of their
processing.

A very marked decrease in energy accumulation was
initially observed during the K,SO, experiment. One may
assume that the given amount of sulphates in wastewa-
ter disarranged both metabolism of microorganisms and
the activity of enzymes’ active centres. However, in the
course of a longer pollution process part of the microor-
ganisms adapted to changed ambient conditions and the
accumulation of energy was restored and settled to a
more or less stable level. When sulphates were used as
pollutants the amount of energy accumulated was by 5—
40 kcal smaller than in the case of use of chlorides.

4. Conclusions

1. It is found experimentally that a 400 mg/l con-
centration of chlorides disarranges the activity of micro-
organisms and at a 700 mg/l concentration active sludge
is no longer suitable for biological treatment. While a
high concentration of chlorides (400 mg/l) that get into
a tank with wastewater reduces active sludge concentra-
tion more than twice (from 2,45 g/l to 1,05 g/l) in five
days, the use of an enzyme preparation results in a very
slight change in active sludge concentration (from
2,21 g/l to 1,80 g/l).

2. As chloride concentrations are increased in a tank
without an enzyme, the total amount of energy remains
almost unchanged; in a tank with an enzyme the total
amount of energy after treatment increases by 5-30 %.
Bacterial spores contained in the enzyme preparation
produce a renewing effect upon active sludge.

3. After additional sulphate concentrations were
introduced into a biological treatment system, an enzyme
preparation did not affect active sludge microorganisms
and the accumulation of energy in the system. An as-
sumption can be made that, due to their acidifying prop-
erties, sulphates damage the enzyme’s active centres and
produce a destroying effect upon active sludge microor-
ganisms.

4. Tt is determined by calculating the accumulation
of energy in an active-sludge system that an enzyme
preparation increases the energy levels of the system.
The amount of energy accumulated during an experi-
ment with sulphates was by 5-40 kcal smaller than that
accumulated during an experiment with chlorides.
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CHLORIDU IR SULFATU JTAKA BIOLOGINIO
NUOTEKU VALYMO KOKYBEI NAUDOJANT
FERMENTIN] PREPARATA

A. Skaisgirien¢, P. Vaitiekiinas, V. Zabukas

Santrauka

Biologinio valymo metodas dél didelio efektyvumo, pi-
gumo ir tinkamumo valyti jvairias nuoteky rasis placiai taiko-
mas Lietuvoje. Po ivairiy technologiniy procesy i vandens tel-
kinius patenka ivairiy mineraliniy medziagy, kaip pavyzdziui,
chloridai ir sulfatai. Sios medziagos biologinio valymo biidu i3
nuoteky nepasalinamos. Nagrinéjama, kokios chloridy ir sulfa-
ty koncentracijos turi jtakos biologinio nuoteky valymo koky-
bei, tiriama fermentinio preparato jtaka aktyviojo dumblo ko-
kybei ir energijos sanaudoms, apskaiciuota energijos poky¢iai
mitybinéje mikroorganizmy grandyje biologinio valymo metu.
Siekiant iSanalizuoti mineraliniy drusky jtaka biooksidaciniams
procesams buvo atlikta keletas laboratoriniy tyrimu: nustatytas
BDS,, aktyviojo dumblo koncentracija ir kt. Eksperimento me-
tu nustatyta, kad 400 mg/1 chloridy koncentracija sutrikdo mik-

roorganizmy veikla, o kai ji esti 700 mg/l, — aktyvusis dumblas
visiSkai nebetinka biologiniam valymui. Taip pat buvo tiriama
fermentinio preparato ,,Roebic* itaka nuoteky valymo kokybei.
Rezervuare, veikianiame su fermentiniu preparatu, bendrasis
energijos kiekis po valymo padidéjo nuo 5 iki 30 %. Apskai-
Ciavus energijos akumuliacija aktyviojo dumblo sistemoje, nu-
statyta, kad fermentinis preparatas suteikia sistemai papildomos
energijos.

Raktazodziai: aktyvusis dumblas, fermentai, biologinis
nuoteky valymas, sulfatai, chloridai.

BJIMSIHUE XJVIOPUJOB U CYJIB®ATOB HA
KAYECTBO BHOJIOTMYECKOM OYUCTKHU
CTOYHBIX BO/J ITPU UCITIOJIBb30BAHUN
OEPMEHTHBIX ITPEITAPATOB

A. Ckaiicrupene, I1. Baiitexynac, B. 3adykac

Peszowme

B JlutBe mIMPOKO NMPHUMEHSETCS BHICOKOA()(EKTHBHBIN U
JEIIEBBIM METOJ OMOJIOTMYECKOM OYHMCTKH CTOYHBIX BOA. B
pe3yiIbTaTe TEXHOJIOTHYECKUX IPOLECCOB B BOJHBIC UCTOUHUKH
MoNajaloT TaKWe MHHEpalbHBIE BEIIECTBA, KAK XJIOPUABI H
cynbdaTel. JTH BEMIECTBA METOJIOM OHOJOTHYECKOW OYHCTKU
U3 BOJBI HE yHalsioTcsa. B Hacrosmiei paboTe MCCIeIOBaHbI
KOHIICHTPAIlMU XJIOPHAOB U CYJIb()ATOB, OKa3bIBAIOUIHE
BJIMSIHAE HA Ka4eCTBO OMOJIOIMYECKOW OYHMCTKHM CTOYHBIX BOJ,
MpOaHAJU3UPOBAHO BIHSHUE (EPMEHTHOIrO Ipernapara Ha
KauecTBO aKTHBHOTO WJIa M YHEPreTUYECKYIO MOTPEOHOCTD, a
TaKKe PACCUUTAHBI YHEPICTUUCCKHE U3MEHEHHS B TPOPHUECCKOM
LeTM TIMTaHUsT MUKPOOPraHU3MOB. [[Jisl onpeneneHus BIUsSHUAS
MHHEpaJIbHBIX COJIed Ha OHOJIOTMYECKHE MPOLECChl ObUIH
MPOBEICHBI J1abOpaTopHbIe HccienoBanus: ompenesneH BIIK,
KOHI[EHTpAluss aKTUBHOTO HWiIa W Jp. B pesynbrate
SKCIIEPUMEHTOB OBIJIO yCTAHOBIEHO, YTO KOHIICHTPAIUS
xynopuaoB B 400 Mr/n mopaxaetr paboTy MHKPOOPTaHU3MOB, a
npu KoHueHTpauuu B 700 M/  aKTHBHBIH WM CTaHOBUTCS
abCOJTIOTHO HENMPUTOAHBIM IS OHOJOTHYCCKOW OYMCTKH.
Takxe wucciaenoBanoch BIWsSHHE (EPMEHTHOTO IMpenapara
,»Roebic* Ha kauecTBo ouncTku. O0IIEe KOIMYECTBO YHEPTUU
B pe3epByape ¢ (GEepMEHTHBIM IIpEnapaToM IOCJIEC OYUCTKH
yBenrumiIoch ¢ 5 1o 30 %. PaccunraB akkyMyJsIHIO SHEPTUU
B CUCTEME aKTHBHOIO HJja, yJaJloCh yCTAaHOBHUTH, UTO
(hepMeHTHBII TpenapaT MOBBINIACT SHEPTHIO OMOCHCTEMBI.

KiroueBbie cioBa: akTUBHBIH Wi, QepMeHTHI, Ouo-
JIOTMYECKasi OYHCTKA CTOYHBIX BO, CYJIb()AThI, XITOPHUIBL.





