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Abstract

The influence of didecyldimethylammonium chloride (DDDM) on the processes of denitrification - occurring
with a contribution of Bacillus licheniformis bacteria, and desulfurication - with a contribution of Desulfotomaculum
ruminis bacteria, was studied. i has been shown in Iaboratory conditions that the compound tested is not
assimilable by the cultures of the above mentioned heterotrophic bacteria and the values of toxic concentrations

of DIXDM for the studied microorganisms were determined.
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Introduction

Multifunctional character of tertiary ammonium
compounds makes them important components in
many technological processes and many materials of
everyday household use [1, 2). Depending on the
number of carbon atoms of organic molecules attached
to the tertiary nitrogen forming the cation, they can be
used as washing means (surfactants) and disinfectants
[3, 4]. After use they can penetrate into the natural
environment in unaltered form and cause harmful
effects, for example when at concentrations higher
than the threshold of toxicity their presence can inhibit
the self-purification process and delay metabelic pro-
cesses.

Didecyldimethylammonium chloride (DDDM) has
been widely used as an active component of various
fungicidal, algaeicidal and bactericidal agents [5, 6].
Used for cleaning and disinfection of various devices,
machines and apparatuses in the food industry, medi-
cine and sanitary product maintenance [7, 8]. Accord-
ing to literature, the spectrum and effectiveness of
DDDM activity depends on its concentration, type of
microorganism, time of contact, pH of the environ-
ment, temperature and chemical composition of the
support [9]. The widespread use and toxicity of DDDM
has prompted studies on its biodegradation and the
degree of harmful effects it has on the environment, in
order to find the right means of environmental protec-

tion. In particular, we were interested in the effects of
DDDM on the processes of denitrification and desul-
furication occurring in nature with participation of
nitrate and sulfate reducing bacteria [10, 11]. Realising
a possible threat to ground table waters and soils, and
consequences of the above, it is necessary to establish
the threshold admissible concentration of DDDM
which would not give harmful effects to microorgan-
isms in the natural environment.

This paper reports results of the study on the
DDDM effect on the kinetics of growth of Bacillus
bacteria responsible for denitrification and Desudfo-
tomaculum ruminis bacteria which reduce sulfates and
degrades organic compounds to obtain energy and
growth substrates for their metabolism.

Material and Methods

Denitrification

Bacteria from the Bacillus genus controlling denitri-
fication were isolated and identified in the procedures
described earlier [12]. Kinetic studies were conducted
at 37°C in air tight glass reactors of 20 cm® in volume.
The reactors were filled with 10 cm® of lactate medium
[12] towhich 4% volume of an inoculum obtained after
24 hours of bacteria growth (the phase of logarithmic
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Fig. 1. The effect of DDDM concentration on microbiological
reduction of nitrates with Bacillus licheniformis bacteria (T=37°C,

pH=8)
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Fig. 2. The effect of DDDM concentration on microbiological
reduction of nitrates with Bacillus licheniformis bacteria {T=37°C,
pH=8)

growth), was introduced. The process was performed
at pH 8. The rate of denitrification was measured at
certain time intervals by determining the concentra-
tion of nitrates and nitrites. The tested DDDM was
added into the reactors in concentrations of 4.3, .43,
0.215, 0.086 ppm. The concentration of nitrates was
measured potentiometrically using an ion-selective
electrode DETECTOR, while that of nitrites by the
measurement of absorption of a dye composed of ni-
trates, sulfanilamide and N-1-naphfylethylene chlo-
ride in the presence of phosphoric acid [13].
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Fig. 3. The effect of DDDM concentration on dissimilatory
reduction of sulphates with Desulfotomaculiem rnninis bacteria
(T=37°C, C/8=3.6)

Desulfurication

The bacteria reducing sulfates were isolated and
identified as Desulfotomaculum ruminis according to
the earlier described procedure [14]. The kinetic stud-
ies were conducted in glass reactors containing 15 cm®
of the culture medinm [14] inoculated with 4% volume
of the inoculum taken each time from the pure bacteria
culture after 24 hours of growth. The process was
conducted at 37°C, and medium pH 7. The concentra-
tions of the tested DDDM introduced into the medium
with the bacteria were: 11.0, 21.5, 25.8,30.1, 32.3 ppm.
The rate of the reaction was determined as the degree
of the microbiological reduction of sulfates to sulfides
measured at certain time intervals. In order to do this
the reactors were blown with helium and the reduced
hydrogen sulfide was absorbed in a bulb containing
(.02 M solution of cadmium acetate, and the sulfides
(CdS) concentration was determined iodometrically.

In the studies of both denitrification and desulfuri-
cation measurements were also performed on the con-
trol samples without DDDM, and the reported results
are averages from 3 experiments.

Results and Discussion

As follows from our results, from the two kinds of
bacteria studied, the Bacillus ones (responsible for
denitrification) are much more sensitive to the pres-
ence of DDDM than Desulfotormnaculum taking part in
desulfurication. The influence of DDDM on the proc-
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ess of denitrification is illustrated in Figure 1. Denitri-
fication is a multistage redox process in which nitrates
are the last link in transportation of electrons during
oxidation of organic compounds, and it is catalyzed by
enzymes from the group of reductases which are found
in cells of the studied denitrificators. This process
involves two subsequent 1st order reactions [15], ac-
cording to the scheme:

NO3 = NO2 =Ny

The results show that for kinetic curves illustrating
the rate of denitrification obtained for the reference
samples and samples containing DDDM at low con-
centrations have a similar shape typical of enzymatic
reactions [16]. The rate of bacteria growth determined
as the temporary changes of nitrate concentration in
the reference samples and samples with a low concen-
tration of DDDM depends on the rate of consumption
of the limiting substrate (lactate) and on the concen-
tration of DDDM. The total inhibition of the process
takes place at the DDDM concentration of 4.3 ppm.
Tests performed for samples with the media which did
not contain the lactate proved that DDDM resists the
attacks of the bacteria, 1. e. it is not assimilable by them,
therefore the total inhibition of denitrification in the
presence of DDDM at 4.3 ppm must be due to its toxic
influence on the bacteria. The presence of DDDM at
lower concentrations results in a significant elongation
of the time of the process (see Table 1).

Fig. 2 presents results of the study on the effect of
DDDM at different concentrations on reduction of
nitrites which are the intermediate products of denitri-
fication [15].

The results show that although the reduction of
nitrates in the presence of DDDM at the concentra-
tion of 0.43 ppm occurs only after 80 hours, the
whole process is inhibited at the stage of formation
of nitrites [17] known to be highly toxic. In view of
this it should be regarded that the presence of
DDDM at concentrations admissible from the point
of view of nitrate reduction may still be harmful to
the environment because it stops denitrification at
the stage of nitrite formation. Therefore, only the
presence of DDDM in concentrations lower than 0.4
ppm can be concluded as not toxic to microorgan-
isms responsible for the process of denitrification, an
important element in the cycle of elimination of
nitrogen compounds from waters and wastes. The
only manifestation of the toxic effect of this com-
pound when at lower concentrations is a noticeable
slow down in the reaction rate.

The effect of DDDM on Desulfotomacuium bacte-
ria responsible for the process of desulfurication is
illustrated in Fig. 3.

As follows from the results of this series of experi-
ments, the Desulfotornaculum ruminis bacteria are
about 7.5 times less sensitive to the toxic influence of

DDDM than the bacteria from the Bacillus genus. The
threshold toxic concentration of this compound in this
case is 32.3 ppm. In the presence of DDDM at a
concentration of 11 ppm in the medium the rate of
desulfurication is practically the same as in the refer-
ence samples.

According to literature data [18] the concentration
of DDDM toxic for hetrotrophic Desulfovibrio desulfi-
ricans bacteria (which are also involved in the process
of desulfurication) is as low as 7.5 ppm. Such a low
value of the lethal DDDM concentration in this case
may be related to the fact that this species of bacteria
does not go through a sporulation phase and the
mechanism of desulfurication it takes part in is differ-
ent [19].

As follows from the results of our study, the toxic
effect of DDDM is much more pronounced in the
processes of denitrification than in those of desulfuri-
cation. Moreover, it should be remembered that lethal
concentrations of DDDM can be much different for
different species of bacteria, and that the known phe-
nomenon of adaptation of bacteria to extreme condi-
tions can result in a shifting of these values. Very often
bacteria cells donot use the energy for enzyme produc-
tion before it is required to perform a special task like,
for example, a catalytic degradation of DDDM. Thus,
enzyme production can be imposed by DIDDM or an
appropriate product of transformation as has been
shown by the results reported by Van Eyk and Bartels
[20]. The observed difficult biotransformation of
DDDM can also be a consequence of molecular struc-
ture of the compound, as according to literature data
compounds whose molecules are made up of a large
number of chains are difficult to metabolize. Pirnik et
al.[21] suggest that metabolism of such branched or-
ganic compounds is also inhibited by the products of
biotransformation.

As follows from our studies, DDDM is assimilable
neither by Bacillus licheniformis nor Desulforomacudurm
ruminis bacteria. In the medium containing DDDM as
the only source of carbon, neither of the two above
menticned kinds of bacteria grew, meaning that
DDDM did not undergo biodegradation in these con-
ditions. Moreover, DDDM was found to inhibit deni-
trification and desulfurication already when present in
low concentrations.

The tests of toxicity carried out for Bacillus licheni-
formis bacteria have shown that reduction of nitrates is
inhibited at a DDDM concentration of 4.3 ppm, while
reduction of nitrites occurs at 0.43 ppm. At DDDM
present in lower concentrations the reduction of ni-
trates to nitrogen is not broken at the stage of nitrite
formation.

The tests of DDDM toxicity performed for Desuifo-
tomaculum ruminis have shown that the process of
desulfurication is totally inhibited at DDDM concen-
trations of 32.3 ppm.
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A general conclusion following from the results of

our studies is that DDDM will be harmful for the
processes of denitrification and desulfurication in
natural environment only if present at concentrations
higher than the determined toxic ones.
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