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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 enzyme preparations upon quality and energy consumption and assess energy changes in the trophic food chain during biological 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 experimentally that a 400 mg/l concentration of chlorides disarranges the activity of microorganisms, and at a 700 mg/l concentration 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 530 %. It is determined by calculating the accumulation of energy in an active-sludge system that an enzyme preparation increases the energy levels of the system.
Keywords: activated sludge, enzymes, biological wastewater treatment, sulphates, chlorides

1. Introduction
The problems of the protection of water bodies are
closely related to treatment of wastewater discharged to
them, however, municipal wastewater treatment facilities in most towns of Lithuania cannot ensure the quality 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 wastewater. Biochemical wastewater treatment processes are
most easily regulated in active-sludge facilities. However, biochemical wastewater treatment processes are
very complex and depend on a number of factors, including 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 microorganisms as a result of which microorganisms are
destroyed.
The efficiency of wastewater treatment depends
upon a number of factors including catalysts. While enzymes 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 concentrations 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 determined by the Winklers method [3]. The essence of
the biochemical oxygen consumption (BOD5) method [4,
5] consists in the analysis of a water sample after shaking it and keeping at 20 °C for five days in a dark place
in filled and sealed bottles. The concentration of dissolved oxygen is measured before and after the incubation. Oxygen consumption per litre of a sample is calculated.
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 aeration and mixing of active sludge takes place 20 hours
per day, then aeration is switched off for 4 hours leaving water to settle. During the adaptation period (34
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: KCl (chloride concentration
of 200 mg/l and 400 mg/l), during another experiment 
K2SO4 (sulfate concentration of 300 mg/l and 700 mg/
l). 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 active 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 = 2,326 · [145 · C + 610 (H2 
 0,125 · O2) + 40 · S + 10 · N], J/kg,
where C is the share of carbon in the organic matter (%
by weight); H2 is the share of hydrogen in the organic
matter (% by weight); O2 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 functions (e g, metabolism  breathing or evaporation) is obtained by splitting highly energetic substances (dissimilation, catabolism).
The biological treatment of wastewater is based on
the biochemical oxidation of substances. Biological oxidation is enzyme oxidation of cell substrates with the
main final products being CO2, H2O, 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 specific 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 BOD5, 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 KCl, 230 BOD5, 60
sludge indexes and 60 concentration samples were examined; K2SO4  170 BOD5 samples, 40 sludge indexes
and 40 sludge concentration samples.
3.1. Influence of chlorides upon biological wastewater treatment
Organic matter dissolved in water accounts for the
largest part of pollutants. In the course of experiment
with KCl the effect of chloride ions upon the biochemical oxidation processes and splitting of organic pollutants 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/l Cl, 3) 400 mg/l Cl. A daily concentration of Cl that does an irreparable damage to active sludge was established. Where the concentration of
chlorides in wastewater reaches 700 mg/l, the micro-organisms of active sludge are destroyed and sludge flakes
rise to the surface of water instead of settling after aeration is switched off. Such an active sludge is not suitable for the biological treatment of wastewater.
It is noted during the experiment that the higher chloride concentration in wastewater, the stronger a positive
effect of enzymes. Fig 2 shows the dependence of biochemical oxygen demand upon the concentration of chlorides after biological treatment of wastewater. As the chloride concentration varies from 0 to 400 mg/l, the dependence is described by a second-order parabola. As the concentration of chlorides was increased to 400 mg/l, BDS5
remained stable throughout the experiment in the tank with
an enzyme preparation. This is because the enzyme preparation used contained bacterial spores that enable continu-
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ous renewal of active sludge. The larger the amount of
microorganisms, the higher the quality of wastewater treatment and the lower BOD5, after treatment. In the tank
without an enzyme preparation the concentration of BOD5
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 microorganisms, including microorganisms participating in the
BOD process, are destroyed. This is shown in Fig 3.
While a high concentration of chlorides (400 mg/l)
that get into the tank with wastewater reduced active
sludge concentration more than twice (from 2,45 g/l to
1,05 g/l) in five days, the use of an enzyme preparation
resulted in a very slight change in active sludge concentration (from 2,21 g/l to 1,80 g/l).
Osmotic pressure increases with increase of chloride concentrations. Different concentration of solutions
of the medium and the cell cytoplasm is the main driver
of osmotic absorption of nutrients. The higher the concentration of chlorides in the medium, the larger the
amount of water diffused from the cells to the medium;

70

3
2,5

the cytoplasm shrinks, wrinkles and comes off the membrane and wall, as a result of which nutrients do not
reach the cells. Cells are destroyed and the concentration of active sludge lowers.
The biochemical oxidation of organic matter is
closely related to the metabolism in an active-sludge system, therefore, the accumulation of energy in active sludge
was determined on the basis of the findings of the experiment. 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 kcal 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 treatment is proportional to the concentration of active sludge
in the tank because the baseline BOD is constant and
equal to 192 mg O2/l. 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 contrary, in the tank with an enzyme preparation the total
energy level increases by 530 % 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 active 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 increases, ie the number of nutritional links is increased,
the growth of biomass is reduced and more energy is
consumed.
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3.2. Influence of chlorides upon biological wastewater treatment
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Using K2SO4, 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 K2SO4 on both metabolism in
the active sludge system and changes in the organic
matter load. Two parallel investigations were conducted:
1) 300 mg/l SO42, 2) 700 mg/l SO42. Literature states
that SO42 are characterized by the properties of acidification 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 concentration in the medium results in an increase of BOD5 after
treatment both in the tank with an enzyme and in the
tank without an enzyme (the character of change is parabolic). 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.

in a system. An organism is an open system with a permanent 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 effect of enzymes helps to maintain an equilibrium between primary substances and the final products of their
processing.
A very marked decrease in energy accumulation was
initially observed during the K2SO4 experiment. One may
assume that the given amount of sulphates in wastewater disarranged both metabolism of microorganisms and
the activity of enzymes active centres. However, in the
course of a longer pollution process part of the microorganisms 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.
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Comparison of the results of experiments with KCl
and K2SO4 shows that the degree of treatment (in tanks
with an enzyme preparation) as determined according to
BOD5 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
BOD5 value after treatment during the experiment with
K2SO4.
Where the SO42 concentration in the tank reached
700 mg/l, the active sludge was inflated, the sludge index increased and the active sludge sedimentation properties deteriorated just as during the experiment with Cl.
Metabolism is an essential sign of life. Each reaction of changes in substances causes an energy change

1. It is found experimentally that a 400 mg/l concentration of chlorides disarranges the activity of microorganisms 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 concentration 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 530 %.
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 assumption can be made that, due to their acidifying properties, sulphates damage the enzymes active centres and
produce a destroying effect upon active sludge microorganisms.
4. It 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 experiment with sulphates was by 540 kcal smaller than that
accumulated during an experiment with chlorides.
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CHLORIDØ IR SULFATØ ÁTAKA BIOLOGINIO
NUOTEKØ VALYMO KOKYBEI NAUDOJANT
FERMENTINÁ PREPARATÀ
A. Skaisgirienë, P. Vaitiekûnas, V. Zabukas
Santrauka
Biologinio valymo metodas dël didelio efektyvumo, pigumo ir tinkamumo valyti ávairias nuotekø rûðis plaèiai taikomas Lietuvoje. Po ávairiø technologiniø procesø á vandens telkinius patenka ávairiø mineraliniø medþiagø, kaip pavyzdþiui,
chloridai ir sulfatai. Ðios medþiagos biologinio valymo bûdu ið
nuotekø nepaðalinamos. Nagrinëjama, kokios chloridø ir sulfatø koncentracijos turi átakos biologinio nuotekø valymo kokybei, tiriama fermentinio preparato átaka aktyviojo dumblo kokybei ir energijos sànaudoms, apskaièiuota energijos pokyèiai
mitybinëje mikroorganizmø grandyje biologinio valymo metu.
Siekiant iðanalizuoti mineraliniø druskø átakà biooksidaciniams
procesams buvo atlikta keletas laboratoriniø tyrimø: nustatytas
BDS5, aktyviojo dumblo koncentracija ir kt. Eksperimento metu nustatyta, kad 400 mg/l chloridø koncentracija sutrikdo mik-

ÂËÈßÍÈÅ ÕËÎÐÈÄÎÂ È ÑÓËÜÔÀÒÎÂ ÍÀ
ÊÀ×ÅÑÒÂÎ ÁÈÎËÎÃÈ×ÅÑÊÎÉ Î×ÈÑÒÊÈ
ÑÒÎ×ÍÛÕ ÂÎÄ ÏÐÈ ÈÑÏÎËÜÇÎÂÀÍÈÈ
ÔÅÐÌÅÍÒÍÛÕ ÏÐÅÏÀÐÀÒÎÂ
À. Ñêàéñãèðåíå, Ï. Âàéòåêóíàñ, Â. Çàáóêàñ
Ðåçþìå
Â Ëèòâå øèðîêî ïðèìåíÿåòñÿ âûñîêîýôôåêòèâíûé è
äåøåâûé ìåòîä áèîëîãè÷åñêîé î÷èñòêè ñòî÷íûõ âîä. Â
ðåçóëüòàòå òåõíîëîãè÷åñêèõ ïðîöåññîâ â âîäíûå èñòî÷íèêè
ïîïàäàþò òàêèå ìèíåðàëüíûå âåùåñòâà, êàê õëîðèäû è
ñóëüôàòû. Ýòè âåùåñòâà ìåòîäîì áèîëîãè÷åñêîé î÷èñòêè
èç âîäû íå óäàëÿþòñÿ. Â íàñòîÿùåé ðàáîòå èññëåäîâàíû
êîíöåíòðàöèè õëîðèäîâ è ñóëüôàòîâ, îêàçûâàþùèå
âëèÿíèå íà êà÷åñòâî áèîëîãè÷åñêîé î÷èñòêè ñòî÷íûõ âîä,
ïðîàíàëèçèðîâàíî âëèÿíèå ôåðìåíòíîãî ïðåïàðàòà íà
êà÷åñòâî àêòèâíîãî èëà è ýíåðãåòè÷åñêóþ ïîòðåáíîñòü, à
òàêæå ðàññ÷èòàíû ýíåðãåòè÷åñêèå èçìåíåíèÿ â òðîôè÷åñêîé
öåïè ïèòàíèÿ ìèêðîîðãàíèçìîâ. Äëÿ îïðåäåëåíèÿ âëèÿíèÿ
ìèíåðàëüíûõ ñîëåé íà áèîëîãè÷åñêèå ïðîöåññû áûëè
ïðîâåäåíû ëàáîðàòîðíûå èññëåäîâàíèÿ: îïðåäåëåí ÁÏÊ,
êîíöåíòðàöèÿ àêòèâíîãî èëà è äð. Â ðåçóëüòàòå
ýêñïåðèìåíòîâ áûëî óñòàíîâëåíî, ÷òî êîíöåíòðàöèÿ
õëîðèäîâ â 400 ìã/ë ïîðàæàåò ðàáîòó ìèêðîîðãàíèçìîâ, à
ïðè êîíöåíòðàöèè â 700 ìã/ë àêòèâíûé èë ñòàíîâèòñÿ
àáñîëþòíî íåïðèãîäíûì äëÿ áèîëîãè÷åñêîé î÷èñòêè.
Òàêæå èññëåäîâàëîñü âëèÿíèå ôåðìåíòíîãî ïðåïàðàòà
Roebic íà êà÷åñòâî î÷èñòêè. Îáùåå êîëè÷åñòâî ýíåðãèè
â ðåçåðâóàðå ñ ôåðìåíòíûì ïðåïàðàòîì ïîñëå î÷èñòêè
óâåëè÷èëîñü ñ 5 äî 30 %. Ðàññ÷èòàâ àêêóìóëÿöèþ ýíåðãèè
â ñèñòåìå àêòèâíîãî èëà, óäàëîñü óñòàíîâèòü, ÷òî
ôåðìåíòíûé ïðåïàðàò ïîâûøàåò ýíåðãèþ áèîñèñòåìû.
Êëþ÷åâûå ñëîâà: àêòèâíûé èë, ôåðìåíòû, áèîëîãè÷åñêàÿ î÷èñòêà ñòî÷íûõ âîä, ñóëüôàòû, õëîðèäû.

