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Abstract. Aims of the investigation were to evaluate toxicity of monoethanolamine waste to various microorganisms and
plants; and to search for means accelerating waste biodegradation. The results of the investigation show toxic effects of
MEA waste on bacteria, fungi and plant seeds at rather low concentrations. Some microorganisms are able to adapt to the
pollutant in the mixed substrates of the MEA and peat. During the experiment, density of the bacterial and fungal popula-
tions in the MEA and peat mixed substrates increased, followed by the intensive acidifying process of the substrates and
by the degradation of pollutant. Strong negative effect of MEA waste on peat microbial communities was determined dur-
ing the first day of the experiment; respiration rate significantly decreased as compared with peat control. Inhibition rate
depended on the MEA waste content in the mixture, peat pH and incubation time. After 3—4 days of the incubation, respi-
ration rate of the MEA mixture with acid peat at lower MEA concentration exceeded that of the control by almost five
times. Respiration rate of the MEA mixture with neutral peat gradually increased after 4 days of incubation, and was stim-
ulated by the addition of NPK fertilizers. Introduction of yeasts complex and the fungus Trichoderma harzianum acceler-

ated the process of degradation, moreover, the phytotoxicity of the mixed substrate decreased significantly.

Keywords: microorganisms, monoethanolamine, pollutants, degradation.

1. Introduction

Monoethanolamine (MEA) — carbon organic compound
with a hydrogen group on the one carbon atom and an
amine group on the other — is released into biosphere
almost exclusively from anthropogenic sources. MEA is
used to remove CO,, SO,, NO, and H,S from natural gas
and other gases, in the synthesis of surface active agents,
in polishes, hair waving sols, in emulsifiers; as softening
agents for hides, dispersing agent for agricultural chemi-
cals, for gas scrubbing at petroleum refineries and in the
production of antibiotics (Lam et al. 1999; Sorensen
1999; Zaretskii et al. 2008). The role of MEA addressed
in this work is the use in the removing of CO, from hy-
drogen in ammonia processing plants.

Reaction of MEA with carbon dioxide yields differ-
ent products and composed waste can contain more than
50 organic components. The main components, including
residual MEA, are nitrogen- and oxygen-containing com-
pounds the percentages of which were as follow, %:
N-ethylolethylenediamine — 37.9, MEA — 20, piperazine
and its derivatives — 20, 2-aminoheptane — 5, DEA (dime-
thilamine) — 4, saturated hydrocarbons — 1, and esters of
fatty acids — 1. In the waste, some heavy metals, especial-
ly Fe and Ni, are found as well (Khitrin ef al. 2002). Dur-
ing processing, a part of MEA compounds get into the
atmosphere and effluent water. This pollutant prevails in
water. Emission of MEA from water to the atmosphere is

impossible because of physical and chemical properties
of the chemical. For example, 77.98 ug of MEA L' was
detected in rainwater samples but only 0.43 ng —in m~ of
air at Columbus Islands (Hirzel 1996).

The influence of various industrial wastes on the en-
vironment may be forecasted according to their toxicity
data (Klein 2000; Baltrénas et al. 2006). Monoethanola-
mine is toxic to various organisms. Threshold of the toxic
limit values for the aquatic microorganisms is ranging
from 1.6 (e.g. Microcystis aeruginosa) to 6.3 (e.g. Pseu-
domonas putida) mg L' MEA at pH 7. For members of
the genus Nitrosomonas, MEA at 100 mg L™ concentra-
tion caused an inhibition of ammonia oxidation by 16%.
The toxic threshold limit value of 0.75 MEA L' was
found for the green algae Scendesmus quadricauda after
8 days of exposure in the cell growth inhibition test.
Chlorophyll mutations of the sowed barley (Hordeum
vulgare) plants were estimated after incubation of seeds
for 5 hours in 30 mM L' MEA solution (Hirzel 1976).

Depending on the concentration and the contact du-
ration, MEA causes pronounced irritation that may lead
to burns in contact with human skin. The contact with
products containing MEA can cause asthma, rhinitis,
inflammation of airways, chronic bronchitis, and allergic
dermatitis. The 100% exhibition of asthmatic symptoms
was found in people working with MEA (Chang-Yeng,
Malo 1995; Hirzel 1996). Monoethanolamine undergoes
moderate biodegradation and is not expected to be persis-
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tent in the environment. Bioremediation methods based
on the occurrence and activity of microorganisms are
usually used for the detoxification of pollutants (Exner
1994; Klein 2000, Sabate et al. 2004; Baltrénas, Zagor-
skis 2008). This process relies on the ability of microor-
ganisms to break down the complex hazardous waste
(O’Niell, Nzengung 2004; Sabate et al. 2004; Arbique
2006). Test results indicate that MEA has been success-
fully biodegraded or transformed into simple compounds
under aerobic and anaerobic conditions (Wong et al
2004). Bacterial degradation studies using uncontaminat-
ed soil amended with 1300 mg L' MEA showed very
rapid degradation of MEA with more than 99% degrada-
tion occurring in less than 3 days with quantitative con-
version to ammonia, followed by slower conversion to
nitrite and nitrate (Hawthome et al. 2005). Hazardous
waste can also be made into useful chemicals by applying
various microorganisms, thus reducing its possibility to
pollute environment. Ohtaguchi and Yokoyama (1997)
developed MEA conversion biotechnology suitable for
acetic, formic acids and acetaldehyde production using
Escherichia coli or Clostridium formicoaceticum, and
confirmed availability of ecotechnology for resolving the
above-indicated problem. The available results of ecotox-
icology of MEA in the environment are considered to be
sufficient for evaluation of MEA waste relevance to the
environment. Cleaning of environment from pollutants is
a relevant problem impacting on the safe pattern of life.

Bioremediation involves the use of microorganisms
to treat contaminated soil in an environmentally friendly
manner. MEA and their breakdown products may be
degraded in soil and groundwater using indigenous mi-
croorganisms (Mrklas er al. 2004). In the process of bio-
degradation, chemical components are transferred or
bounded to complexes by the action of microorganisms.
Optimization of biodegradation and bioremediation tech-
nologies requires to determine factors essential to the
development and activity of microorganisms and to eval-
uate the reduction of the pollution level using various
tests.

Aims of the investigation were to evaluate MEA
waste toxicity to microorganisms and plants and to find
out the effectiveness of microbiological ways in accelera-
tion of the waste degradation.

2. Methods

The methanolamine solution is used in an ammonia pro-
duction plant for depuration of hydrogen from CO,. A
pitchy fraction, consisting of more than 50 various organic
compounds and heavy metals, is formed during the techno-
logical process as waste. The initial pH of the newly pro-
duced waste, chosen for the investigations was 11.5.

2.1. MEA waste toxicity to microorganisms

The effect of the MEA waste at various concentrations on
the growth of microorganisms was studied using a meth-
od of paper discs, which is based on the diffusion of the
tested compound to the medium. Sterile discs of the filter
paper were soaked in appropriate for experiment concen-

trations of MEA waste. Discs were laid on media with
microorganisms (3 bacterial, 5 fungal and 5 yeast strains
were used) in Petri dishes and incubated at 26 °C tempe-
rature. The sterile zones around the discs with MEA were
measured after 3 days of the incubation (Bilaj 1982).

2.2. MEA phytotoxicity

The seeds of the winter wheat “Sirvinta 1” and the winter
rye “Duoniai” were used for toxicity tests. The seeds
were sorted, washed with sterile water and laid (200
seeds) in Petri dishes lined with 3 layers of the filter pa-
per for maintenance of humidity. The experiment was
carried out at 23-25 °C temperature. The germination
energy of the seeds was estimated after 3 days of the
incubation; seeds viability as well as length of seedling
shoots and roots — after 6 days of incubation (Bilaj 1982).
The MEA waste for phytotoxicity tests was diluted with
water in ratios: 1:1; 1:2; 1:5; 1:10; 1:20; 1:40; 1:60; 1:80;
1:100; 1:120.

2.3. Abundance of microorganisms and pH of mixed
substrates

Two types of peat (pH 3.1 and 6.3) were used for detoxi-
fication of MEA waste. Waste was mixed with either of
peat substrates in ratios 1:10, 1:20 and 1:20, enriched
with NPK (nitrogen (N): phosphorus (P): potassium (K)
as 10: 10: 20) fertilizers. Mixed substrates were kept
under conditions of 60% humidity and 18.5-19.5 °C tem-
perature. The pH of substrates was measured in 1 N KCI
solution (Thomas 1996). Bacteria and micromycetes were
grown on standard media — nutrient agar (NA, Oxoid)
and malt agar (MA), respectively. Abundance of micro-
organisms in the substrate mixtures was evaluated as a
number of colony forming units (cfu g of dry soil), de-
termined by the suspension dilution method. Phytotoxici-
ty of the mixed substrates was tested after 4 and 14 days
of incubation according to the method mentioned above.

2.4. Respiration rate

The rate of CO, release from the soils provides a useful
parameter of biological activity in them. Thus the meas-
urement of the CO, evolution from the MEA waste mixed
with peat at an appropriate ratio was applied. Tested sub-
strates were incubated at 60% humidity and 18.5-19.5 °C
for 42 days. Respiration rate of the treated substrate mix-
tures was measured after 1, 4, 14 and 42 days of incuba-
tion. Respiration rate was determined using the alkali
traps method (Luo, Chou 2006) by absorbing released
from substrate CO, into a sealed headspace chamber for
24 hours using 1.0 M NaOH solution. At the end of the
absorption period, the total mass of CO, in the alkali traps
was determined by titrating NaOH solutions with diluted
HCI (0.5 M) to a set pH value (reaction starts at pH 8.3
and finishes at pH 3.7). The rate of substrate respiration
was calculated as the total amount of CO, trapped over
and absorption period (h™") from the kg of the investiga-
ted substrate.
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Table 1. Sensibility of microorganisms to various MEA waste concentrations (sterile zone, mm)

Concentration of MEA
Microorganisms
100% 75% 50% 25% 10% 5% 1% 0.1%

Bacillus megaterium 8 6 3 3 2 1 0 0
Escherichia coli 10 6 4 2 0 0 0 0
Proteus mirabilis 8 5 4 3 3 1 0 0
Acremonium roseum 17 5 3 2 0 0 0 0
Cladosporium herbarum 12 8 4 2 0 0 0 0
Fusarium culmorum 5 2 0 0 0 0 0 0
Penicillium expansum 5+10* 10* 8* 6* 4* 2% 0 0
Trichoderma harzianum 2+20* 10* 10* 10* 4* 3* 0 0
Rhodosporidium diobovatum 10 13* 8* 0 0 0 0 0
Aureobasidium pullulans 10 8* 6* 6* 8* 8* 6*
Rhodotorula rubra 8 0 0
Candida lipolytica 10

Geotrichum fermentans 15 10 10

* — fungistatic effect

2.5. Introduction of microorganisms into MEA-peat
mixed substrates

The peat (pH 6.3) was mixed with MEA waste at a ratio
1:20. The suspensions of microorganisms for inoculation
of the substrates were prepared from the 3-7 days cul-
tures. Petri plate with the grown culture was poured with
the distilled water to remove cells or conidia of microor-
ganism. Obtained suspension was diluted up to concen-
tration of 10® cells/conidia ml™'. The following micro-
organisms were used for substrata inoculation:

1. Yeast complex;

2. Trichoderma harzianum Ko-2;

3. Yeast complex + Trichoderma harzianum Ko-2.

The abundance of microorganisms in the prepared
substrates was estimated after 24h, 1 month and 2
months since the inoculation. The humidity and pH of
substrates were observed during all incubation period.
The changes of the toxicity of the degrading pollutant
were estimated using the phytotoxicity test.

3. Results and discussion
3.1. MEA waste toxicity to microorganisms

MEA waste as a mixture of organic components is eco-
toxic and harmful to the environment. Its toxicity was
determined according to resistance of various microor-
ganism strains. Bactericidal effect of MEA waste was
relatively high — the growth of bacteria was not inhibited
only when MEA content in solution was < 1% (Table 1).
Esherichia coli were the most resistant to MEA at con-
centration up to 25%. Higher MEA concentrations (from
25% to 100%) inhibited all bacteria alike. The more sen-
sitive bacterial strains, Bacillus megaterium and Proteus
mirabilis, were inhibited by MEA waste at 5-fold lower
concentrations (< 5%).

The effect of MEA on the growth of fungi was
weaker than on the bacteria. The most fungicidal effect
was determined against Acremonium roseum and

Cladosporium herbarum. The sterile zone reached 12—
17 mm around stock (not diluted) MEA decreasing to
2 mm at 25% MEA concentrations. Effect of MEA waste
on fungi Fusarium culmorum, Penicillium expansum and
Trichoderma harzianum was observed at 100% and 75%
MEA concentrations (diameter of sterile zone was 5—
Il mm). Penicillium expansum and Trichoderma har-
zianum cultures lost green pigmentation (sporulation was
inhibited).

Aureobasidium pullulans was the most sensitive to
MEA among the treated yeasts and yeast-like fungi. Actu-
ally 0.1% MEA concentration had fungistatic effect. Can-
dida lipolytica and Geotrichum fermentans were inhibited
by MEA at 75-25% concentrations. The growth of
Rhodosporidium diobovatum and Rhodotorula rubra were
inhibited starting from the 25% MEA concentrations.

3.2. MEA waste phytotoxicity

Plant seeds are often used for ecotoxicity tests. The via-
bility of rye and wheat seeds selected for current tests
was 90-92%. The MEA waste attenuated with water in
ratios from 1:1 to 1:40, inhibited seed germination of test-
plants completely. The seeds softened and became tar-
nish; therefore the lower concentrations of MEA (MEA:
water ratio from 1:60 to 1:120) were tested. After 6 days
only few seeds germinated, moreover, roots didn‘t devel-
op in 1:60 treatment. Higher dilutions of MEA waste
(1:80, 1:100 and 1:120) were more favourable to the seed
germination (Table 2).

Table 2. Effect of MEA waste on viability of seeds (%)

Dilution of MEA | Germination energy Viability
with water Wheat Rye Wheat | Rye
1:80 11.9 2.2 11.9 2.2
1:100 17.4 13.3 17.7 13.3
1:120 39.1 20.0 42.5 25.0
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The growth of shoots and roots was rather weak in
tested MEA dilutions. Thus in the most favourable vari-
ant for germination (dilution 1:120) shoots of wheat were
3.540.2 cm and roots — 0.9£0.1 cm long; of rye — 2.8+0.2
and 0.7+0.1 cm respectively, after 6 days (Fig. 1). The
obtained results show that winter wheat “Sirvinta 17 were
more sensitive to MEA; ends of roots were brown and its
development stopped.

g

B

A B
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Fig. 1. The influence of MEA waste on shoots growth: A — rye
(control); B — wheat (control); C — rye (MEA dilution with
water 1:120); D — wheat (MEA dilution with water 1:120)

3.3. Changes of pH and abundance of microorganisms
in MEA-polluted peat substrates

The appliance of peat to reduce MEA toxicity was tested.
Two types of peat (with pH 3.1 and 6.3) were used for
preparing of mixed substrata. Changes of pH during the
experiment are presented in Table 3. The acid peat in
mixture with MEA reduced substrata pH to neutral or
weak alkaline (pH 7.3-8.99) and persisted till the end of
the experiment (pH > 8).

In the substrata mixed with peat, which pH was 6.3,
initial pH was > 9, then gradually decreased to pH 6-7
(except for the mixture variant 1:10, where pH was > 8).
Enrichments of the substrates with the NPK fertilizers did
not influence pH dynamics. The obtained results showed
that acidic peat was more suitable for neutralization of
MEA waste.

The acidity of substrata influenced on viability and
biodegradable activity of microorganisms. The amount of
bacteria in substrata mixed with acid peat (especially in

J. Repeckiene et al. Microbiological reduction of monoethanolamine waste toxicity

Table 3. Changes of pHgc of peat and peat: MEA mixed

substrata
Time of pH measurement
Peat Mixed substrata

(MEA: peat) Initial After 4 | After 14

days days

Control (peat) 3.1 3.21 3.25

1:10 8.99 8.45 8.70

pH 3.1 1:20 731 6.67 8.39

1:20 + NPK 7.23 6.48 8.41

Control (peat) 6.3 6.03 5.94

1:10 9.79 8.95 8.30

pH6.3 1:20 9.24 8.64 6.40

1:20 + NPK 9.21 8.66 7.02

variants 1:20 and 1:20+NPK) was greater as compared
with the control variant after 4 days and increased up to
14 days of incubation (Fig. 2, A). The number of bacteria
and increase of their abundance during incubation period
in mixture 1:10 was significantly less, whereas in substra-
ta with neutral peat, the number of bacteria in all treated
variants exceed the control variant only after 14 days
(Fig. 2, B). In the variant with addition of NPK fertilizers
the number of bacteria was the greatest.

The acid peat was more suitable for the development
of micromycetes. Their number in the variant with MEA
and peat mixed at a ratio 1:20 and added NPK, reached
about 590 x10° cfu g’ substrate after 14 days (Fig. 3, A).
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—&— MEA:Peat (1:20)

Fig. 2. The number of ammonifying bacteria in MEA and peat
(A —pH 3.1; B—pH 6,3) mixed substrata
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At the same time in mixture with neutral peat the amount
of fungi was 17x10° cfu g substrate (Fig. 3, B). In the
control variant the number of fungi was greater than in
mixed substrata. The addition of NPK fertilizers positive-
ly influenced the amount of fungi.

The appliance of acid peat for the neutralization of
MEA pitch solution was suitable for development of both
bacteria and micromycetes. The concentration of H' ions
decreased permanently during the experiment in substrata
with neutral peat. These variants were more suitable for
the development of bacteria.

The toxicity of MEA mixed with peat was evaluated
according to germination of wheat and rye. In substrata
with acid peat in the variant 1:10 after 4 days seeds didn’t
start to germinate (Table 4). After 14 days, viability of
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Fig. 3. The number of micromycetes in MEA and peat (A — pH
3,1; B—pH 6.3) mixed substrata

seeds of rye and wheat in this variant was 8.16 and
12.51%, respectively. Viability of seeds in the variants
1:20 and 1:20+NPK was 95.8-100% and 87.5-100%,
respectively.

In substrata mixed with neutral peat, germination of
wheat seeds was successful only in variant 1:20. NPK
affected the viability of seeds. The obtained data con-
firmed that neutral peat mixed with MEA at a proportion
1:20 decreases the toxicity of MEA.

It may be concluded that despite of the fact that acid
peat was suitable for the pH reduction of MEA waste,
results of the ecotoxicity tests showed that neutral peat is
more suitable for the elimination of MEA waste toxicity
and acceleration of its biodegradation process.

3.4. Respiration rate of peat and MEA: peat
substrates

Soil respiration is one of the key ecosystem processes that
release carbon from the soil in the form of carbon diox-
ide. It provides a useful parameter of biological activity
in the soil. Respiration rate is commonly used to evaluate
impact of pollutants on activity of microbial communities
in soil. The possible effect of MEA waste on biological
activity of peat was expected. Values of the respiration
rate, determined in the control acid peat (pH 3.1) and the
MEA mixture with acid peat at the ratios of 1:10 and
1:20, differed significantly (P = 0.01) after the first day
of incubation. Microorganisms’ community in acid peat
substrates reacts simultaneously to the addition of the
pollutant, therefore, after the first day of incubation, sig-
nificant differences between the control peat and the con-
taminated peat biological activity was observed (Fig. 5).
Respiration rate of the MEA: peat mixture (ratio 1:10)
after the first day of incubation was very low (0.7 mg
C-CO, kg™' h™") and was almost 38.2 times less than of
the control peat (26.9 mg C-CO, kg™' h™"). Lower con-
tamination of the acid peat (at the ratio of 1:20) deter-
mined a reduction of the substrate respiration rate only
2.7 times as compared with control; the rate was 15 times
higher than that of MEA: peat mixture at the ratio of
1:10. Marked reduction of the control peat respiration rate
was determined after 2 days of incubation (3.4 mg C-CO,
kg h™") and decreased to 0.8 mg C-CO, kg ' h™', where-
as the respiration rates of the MEA-contaminated acid
peat (both at the ratio 1:10 and 1:20) increased up to the
3" day of incubation and only then sharply decreased
(Fig. 4). Due to the fact that no other organic substrate

Table 4. Viability of wheat and rye seeds (%) in MEA and peat mixed substrata

Peat Mixed substrata Rye Wheat
(MEA: peat) After 4 days After 14 days After 4 days After 14 days
Control (peat) 89.79+2.8 95.92+1.3 88.76+0.9 100+0

pH 3.1 1:10 0 8.160.3 0 12.51+0.6

’ 1:20 100+£0 97.96+0.2 95.83+0.2 100£2.7

1:20 + NPK 94.54+3.1 91.84+0.4 100+0 87.50+2.7

Control (peat) 100+0 95.92+1.4 98.12+0.3 95.83+0.2

1:10 0 0 0 0
pH6.3 1:20 0 30.61+2.7 0 97.92+0.2
1:20 + NPK 0 44.89+3.3 0 50.0£3.1
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(except humus) was present in the control peat, activity of
indigenous microorganisms decreased, followed by the
decrease of the respiration rate. The mean concentration
of the CO, in the peat air must be always higher than that
in ambient air because of the biological activity of micro-
organisms, and because of restricted diffusion to the at-
mosphere. Due to MEA peculiarity to absorb CO,, its
additions into peat could initiate CO, absorption. Thus, it
can be considered as an important fact during the first
days of incubation, determining the lower CO, mass from
MEA-contaminated peat. Respiration rate values either of
the control peat and MEA-contaminated peat after 4 days
of incubation were similar and varied only from 0.76 to
4.5 mg C-CO, kg ' h™'. Negative correlation between the
respiration rate of the control acid peat and the MEA-
contaminated suggest that microorganisms adapted to the
pollutant and were able to degrade it in some degree.
Degradation process could be energy consuming and
influencing the respiration process in contaminated peat.
However, the results of the respiration rate of MEA-
contaminated peat showed advantage only during days
1-4 of the incubation period (Fig. 4).

MEA additions into peat can affect peat microbiota
directly or indirectly through changes in peat solution,
particularly through a decrease of pH due to dissolution
and dissociation of CO, (Santrtikova et al. 2005). Com-
parable effects were investigated in soil polluted with
MEA. The change in soil pH could explain the decrease
of microbial biomass and activity observed immediately
after an increase of CO, concentration in the soil
(Santriickova et al. 2005). The negative effect was, how-
ever, only temporary and was followed by an increase in
biological activity as well as during our investigation.
The increase of CO, in MEA: peat mixture (ratio 1:10)
could be possible and that fact could determine the low
CO, concentration in the ambient air from which CO,
was alkali trapped (Fig.4). Such statement could be
explained also by the low but gradual increase of the
released CO, from MEA: peat (ratio 1:10) substrata. It is

30 —&— Peat, control
—0O— MEA:Peat (1:10)
—— MEA :Peat (1:20)
—— MEA :Peat (1:20 + NPK)
25
20
T
<
's 15
X
N
3
%) 10
o
€
5
0
Time (days)

Fig. 4. Respiration rate of the acid (pH 3.1) peat, MEA: peat
mixture (ratio 1:10 and 1:20) and MEA: peat (ratio 1:20) en-
riched with the NPK fertilizers
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40 7 |—e— Peat, control —O— Peat + 4,7% MEA + NPK

35 A

30 A

25 1

20 A

mg C-CO, kg‘1 h™'

Time (days)

Fig. 5. Respiration rate of the peat (pH 6.3) (control) and MEA:
peat mixture (ratio 1:20) enriched with the NPK

likely that peat microorganisms, being adapted to the
higher CO, concentration in the peat environment during
first days of incubation, will employ mechanisms that
enable them to utilize CO, as an additional source of
carbon and survive the unfavourable period. The im-
portant role of carboxylase in intermediary metabolism of
a large variety of aerobic organisms including fungi and
bacteria has been demonstrated (Jones 1994).

The aerobic slurry experiments suggested initial
phosphate limitation, as biodegradation rates increased by
one order of magnitude after phosphate addition (Mrklas
et al. 2004). Enrichment of the acid MEA: peat mixture
(1:20) with the NPK fertilizers did not influence respira-
tion, except the differences determined after 2 days of
incubation, when the NPK affected respiration rate
(Fig. 4). It is documented that N can reduce soil respira-
tion in N saturated tropical forest soil (Mo et al. 2008).

Respiration of peat with pH of 6.3 both of control and
MEA -contaminated and enriched with the NPK, followed
the non-linear pattern as well (Fig. 5) with the highest rates
after 42 days (36.1 and 22.4 mg C-CO, kg™ h™', respec-
tively), and the lowest during days 1-4 of incubation. In
the control variant, the mean respiration rate was almost
two times higher than in the MEA-amended and NPK
enriched cages. Surprisingly, the dynamics of the respira-
tion rates determined for the substrates composed of the
peat (pH 6.3) (Fig. 5) were reverse to those obtained for the
substrates composed of the acid peat (pH 3.1) (Fig. 4). The
amount of CO, released from the substrate is controlled by
several factors. The temperature, moisture and nutrient
content were the same for all microcosms; however, pH
could produce extremely disparate rates of respiration.

3.5. Acceleration of MEA degradation by introduction
of microorganisms

According to the obtained data, the MEA: peat mixture in
proportion 1:20 was used for the further experiment. The
initial pH of peat was 6.04, of MEA waste — pH 11.5, of
mixed substrata — 8.27. The dynamic of microorganism
number, pH and humidity during experiment are given in
the Table 5.
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The MEA waste is rather alkaline, therefore the addi-
tion of peat creates more favourable conditions for the
growth and biodegradable activity of microorganisms.
Thus, one month after the inoculation of substrata with
microorganisms, in separate variants pH decreased to 5.5—
5.8; two months after the inoculation, pH decreased to 5.3
(in the control variant pH changed to 7.4 and 6.1, one and
two months after inoculation, respectively). Perhaps, the
substrata acidification trends show MEA degradation due
to the activity of microorganisms. Decreasing alkalinity in
the control could be related to an evaporation of ammonia.

Tested substrata were periodically watered and
mixed up; therefore water content comprised 30-33%
during the experiment. After 1 month of incubation, hu-
midity of the control variant was higher because of MEA
property to keep moisture.

The microorganisms introduced into mixed substrata
survived: their number after 24 hrs was 24.4-45.7x10°
cfu g d. substrates. In the variant with introduced com-
plex of microorganisms 31.1x10° cfu of yeasts and
24.4x10° cfu of Trichoderma harzianum in g of sub-
strate were isolated. Their total number exceeded a num-
ber of microorganisms in variants where yeasts or fungus
were introduced separately.

One month after the inoculation, the number of mi-
croorganisms decreased about 10 times and was 2.2—
9.7x10% cfu g dry substrates. After 2 months, reduction
was not especially significant — 2.1-6.1x10° cfu g of
microorganisms were found. The lowest amount of yeasts
was isolated from the substrata, inoculated with complex
of yeasts and fungus. The highest number of fungus 7.
harzianum was isolated from the variant inoculated with
this fungus. Consequently introduced microorganisms
adapted and developed in MEA and peat mixed substrata.
The study of other researches proposed biodegradation
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pathways of MEA in natural soil using indigenous micro-
organisms (Mrklas et al. 2004).

The toxicity of MEA waste decreased due to the deg-
radation of MEA waste process under the action of micro-
organisms. That is confirmed by the obtained results of rye
viability changes during the experiment (Table 6).

At the beginning of experiment the germination en-
ergy and viability were rather low due to the MEA waste
toxicity. Introduced yeasts buffered this negative influ-
ence. After 1 month MEA toxicity significantly de-
creased: germination activity and viability of rye became
similar to that of the control variant. Yeasts and fungus 7.
harzianum Ko-2 complex have positive effect on the
germination energy and separately introduced yeasts and
fungus — on the viability of seeds. The similar data were
obtained after 2 months, while germination activity in-
creased even more.

There are comparable data about the application of
microorganisms in bioremediation processes. Juhanson
et al. (2007) detected the enhanced degradation rates of
pollutants (of oil shale chemical industry) in field exper-
iment after the addition of bacteria into substrata. MEA
pollutants were successfully remedied in situ during a
138-day period, and soil toxicity was significantly re-
duced (Lee, Portier 2007). It allows confirming that under
the action of introduced microorganisms, the toxicity of
MEA waste mixed with peat significantly decreased.

Some suggestions for the remediation of polluted soil
or water sites in situ may be proposed appealing to the
obtained results under laboratory conditions. The concen-
tration of MEA pollutants should not exceed 1000 mg L™".
It is desirable to regulate pH near neutral in liquid waste.
The inoculation of indigenous active microorganism
strains accelerates the process of biodegradation of amine-
related waste.

Table 5. The changes of introduced microorganism number cfu g™ d. substrate (x10°) and physical rates in peat and MEA pitch

mixture (1:20)

After24 h After 1 month After 2 months
Variants Humidity Humidity Humidity
cfu pH % cfu pH % cfu pH %
Control — 7.42 63 — 7.42 38 — 6.10 30.4
Yeast complex 45.7£6.3 5.78 63 5.2£1.3 5.78 31 3.5¢1.5 5.27 314
Trichoderma 31.1+4.8 5.77 63 9.7+0.8 5.77 33 6.1+0.8 5.34 30.0
harzianum Ko-2
Yeast complex 31.1+4.8 5.51 63 2.240.8 5.51 32 2.1+0.7 5.27 30.4
+ Trichoderma + +
harzianum Ko-2 24.442.1 7.4%1.5 5.0+1.2

Table 6. The effect of MEA waste in peat with inoculated microorganisms on rye germination energy and viability (%) during the

experiment
After 24 h After 1 month After 2 months
Variants Germination | Viability Germination Viability Germination Viability
energy energy energy

Control 20 72 37 94 38 92
Yeast complex 40 90 39 94 45 98
Trichoderma harzianum Ko-2 20 76 30 98 40 96
Yeast complex + Trichoderma 22 84 43 96 47 94
harzianum Ko-2
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4. Conclusions

1. Bacteria were more sensitive to the toxic action of
monoethanolamine than fungi. Bactericidic action of
MEA waste was at 5-25%, fungicidic — at 25%, fungi-
static — at 5% concentrations. The more resistant to MEA
waste were Escherichia coli and Trichoderma harzianum
species. Yeasts were resistant to MEA waste up to 10%
concentration.

2. MEA pitch was rather toxic to seeds of wheat and
rye. MEA dilutions with water from 1:1 to 1:40 inhibited
the germination of seeds completely. Dilution 1:120 in-
hibited germination of seeds weakly but significantly
depressed development and growth of shoots.

3. Neutral peat is perfect for development of active
bacteria strains in polluted substrata. In MEA and peat
mixed substrata (especially 1:20) the processes of biodeg-
radation and detoxication of pollutants run successfully.
The increasing amount of microorganisms showed that
they are able to adapt to MEA-polluted environment.

4. Increasing rate of the respiration of the MEA mix-
ture with acid peat showed good adaptation of microor-
ganisms, confirming that neutral peat can be used as
substrate for the MEA waste detoxification technology.
Addition of NPK fertilizers didn’t improve seeds germi-
nation but had positive effect on the respiration rate.

5. During a 2-months experiment in MEA and peat
substrata, mixed in proportion 1:20 with addition of
yeasts and fungus 7. harzianum pH changed from alka-
line to acid side. The significant decrease of phytotoxicity
was estimated. The obtained data show the acceleration
of MEA degradation due to activity of microorganisms.
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MIKROBIOLOGINIS MONOETILAMINO ATLIEKU TOKSISKUMO MAZINIMO BUDAS
J. Repetkiené, D. Petiulyté, A. Paskevitius, O. Salina, [K. Jankeviiug, R. LiuZinas
Santrauka

Darbo tikslas — jvertinti monoetilamino (MEA) atlieky toksiSkuma ivairiy grupiy mikroorganizmams ir augalams bei
parinkti budus atlieky biodegradacijai pagreitinti laboratorinémis salygomis. Nustatytas gana mazy koncentraciju MEA
derviniy atlieky toksinis poveikis bakterijoms, mieléms, grybams ir augalams. Dalis mikroorganizmy durpiy ir MEA
misinyje prisitaiko prie ter$aly, didéja ju populiacijos tankis, mazéja substrato pH, o tai rodo MEA atlieky degradacija,
vykstanc¢ia deél mikroorganizmy veiklos. Stiprus mikroorganizmy bendrijos aktyvuma slopinantis MEA poveikis paste-
bétas pirmaja eksperimento para; mikroorganizmy kvépavimo intensyvumas, palyginti su kontrole, Zymiai sumazéjo.
Poveikio kvépavimo intensyvumui mastas priklaus¢ nuo MEA atlieky kiekio miSinyje, durpiy pH ir ekspozicijos trukmés.
Po trijy pary mikroorganizmy kvépavimo intensyvumas nedidelés koncentracijos MEA ir riig§¢iy durpiy misinyje beveik
penkis kartus buvo didesnis nei kontrolés. MEA dervos miSiniuose su neutraliomis durpémis nustatyta palaipsnis
kvépavimo intensyvumo didé¢jimas substrata papildzius (NPK) tragSomis. Nustatyta, kad introdukavus mieliy kompleksa ir
mikromiceta Trichoderma harzianum { MEA ir durpiy miSinio substrata, mikroorganizmy pradai islicka gyvybingi ir vys-
tosi, skatindami MEA biodegradacija. Tai rodo zymiai sumaz¢j¢s su durpémis sumaiSyty MEA atlieky toksiskumas au-
galams.

Reik§miniai ZodZiai: mikroorganizmai, monoetilamino (MEA) atlickos, teralai, toksiskumas.

MUKPOBNOJIOTMYECKOE CHU)KEHUE TOKCUYHOCTHU MOHOSTUJIEHAMUWHHBIX OTXOA0B
IO. Peneukene, J. [leyraure, A. [lamkasuyroc, O. Canuna, , R. JIroxkunac
Pesome

Lenpto paboThl OBUIO OLEHUTH TOKCHYHOCTh MOHOATHUIICHAMUHHBIX (MDA) CMOJIMCTBIX OTXOMOB JUISl PA3HBIX TPYI MUK-
pPOOPraHU3MOB U PACTEHUM, a TaKKe HAWTH CIIOCOOB! YCKOPEHMsT OMOAETPaally 3TUX OTXO0A0B B JTaOOPaTOPHBIX yCIOBHU-
SIX. YCT@QHOBJIEHO TOKCHMYHOE BO3JCHCTBUE CPABHUTEIBHO HEOOJBINIMX KOHIEHTpaimii MDA Ha OakTepuu, IpOXIKH,
rpulsbl U pacTenus. Yacte MUKpOOpraHu3mMoB B cMecd MDA 1 Top(a npucrnocabiuBaeTcs K 3arps3HUTENSAM, YBEINUMBa-
eTcsl IIOTHOCTE MX nomynsiiuy, pH cyOcTpara MeHseTcss B KUCIOTHYIO CTOPOHY, 4TO yKa3blBaeT Ha jerpazanuio MOA
OTXO/JIOB, NMPOUCXOSIIYI0 Ollaroaaps AEsATEIFHOCTH MUKpooprann3mMoB. CribHoe Bo3zeiicTBue MDA, yrueraromiee ax-
THUBHOCTH COOOIIIECTBA MUKPOOPTaHU3MOB, HAOMIOAATIOCH B TIEPBbIE CYTKH IKCIICPUMEHTAa: MHTEHCUBHOCTH JIBIXaHUS 110
CPaBHEHHWIO C KOHTPOJILHBIMU JaHHBIMU 3HAUUTENBHO yMEHbIIMIAch. CTereHb BO3ACHCTBIS Ha UTEHCUBHOCTD JBIXaHUSI
3aBHcena OT KonudecTBa MDA OTXOJ0B B CMECH, KUCIOTHOCTH Topda 1 BpeMeHU dKCro3uiwn. CIycTst Tpoe CyTOK MH-
TEHCHBHOCTH JIbIXaHUS B cMecd MDA 0TX0/10B HEOOJBINON KOHIIEHTpALUMU U Topda ¢ KUCIIOoi peakiuell ObLia MOYTH B
ST pa3 Oouiblle, 4eM B KoHTpouse. B cmecn MDA u Topda HeHTpanbHO#M peakiy yCTaHOBIEHO MOCTENIEHHOE yBeIuUe-
HHME MHTEHCUBHOCTHU JABIXaHUS Npu oboramenuu cyocrpara ynoopenusmu NPK. YcraHoBneHo, 4TO Mpu MHTPOIYKLIUH
KOMILIEKca Iposkkelt 1 Mukpomuuera 1richoderma harzianum B cydctpar cmecu MDA u Topda ux mpomnaryisl OCTalOTCs
JKU3HECTIOCOOHBIMU M PA3MHOXKAIOTCS, CIOcoOCTBYs Ouoerpagaund MDA oTxo10B. JlaHHBIA BHIBOJ NOATBEPXkKAACT 3HA-
YUMOE YMEHBIIIEHUE TOKCHYHOCTH cMec MDA 0TX0JI10B 1 Topda 110 OTHOIICHHUIO K PACTCHUSIM.

Kunrouesrle ciioBa: MHUKPOOPIraHU3Mbl, MOHOOTUJICHAMUHHBIC CMOJIbI, 3arpA3HUTENIA, TOKCUYHOCTD.

Juraté REPECKIENE. Doctor of Science (biomedicine sciences), senior researcher of Botany Institute of Nature
Research Centre (NRC). Scientific publications — 65, invention patents — 6. Research interests: physiology and ecology of
fungi and bacteria, biotechnologies.

Dalia PECIULYTE. Doctor of Science (biomedicine sciences), senior researcher of Botany Institute of Nature Research
Centre (NRC). Scientific publications — 69. Research interests: soil microorganisms abundance, fungi community struc-
ture in variously polluted habitat.

Algimantas PASKEVICIUS. Head of Biodeterioration Research Laboratory of Botany Institute of Nature Research Cen-
tre (NRC), Doctor of Science (biomedicine sciences). Scientific publications — 110, invention patents — 6. Research inter-
ests: fungal physiology and biochemistry, epidemiology and biology of pathogenic fungi, biotechnologies.

Olga SALINA. Doctor of Science (biomedicine sciences), senior researcher of Botany Institute of Nature Research Centre
(NRC). Scientific publications — 68, invention patents — 2. Research interests: fungal physiology and ecology, biotechnologies.

Karolis JANKEVICIUS. Scientific consultant of the Public Agency “Grunto valymo technologijos™ (Soil Remediation
Technologies), Doctor of Science (biomedicine sciences), Prof. Several hundreds of scientific publications, invention pa-
tents — 40. Research interests: technical microbiology, biotechnologies, ecological metabolism.

Rapolas LIUZINAS. Director of the Public Agency “Grunto valymo technologijos™ (Soil Remediation Technologies).
Scientific publications — 18, invention patents — 12. Research interests: environment quality and prognosis, technologies
of environment bioremediation and water bogy renovation, environment protection management.



