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Abstract: In order to find the optimal design characteristics of constructed wet-
lands for saline wastewater treatment, halotolerant microorganisms, isolated
from the water of the Secovlje salterns, were inoculated into the media of a
pilot-scale constructed wetland (CW). The purpose of this study was to exa-
mine the influence of different salinities on the efficiency of halotolerant mic-
roorganisms for the removal of pollutants in order to evaluate the possibility of
their employment for saline wastewater treatment. The efficiency of ammo-
nium removal (34.1 %) was the highest with 0 % NaCl in wastewater and
dightly lower (31.8 %) when 2 g/dm3 saccharose was added to aerated 1.5 %
NaCl wastewater. The highest removal efficiency of chemical oxygen demand
(COD) in the pilot-scale subsurface flow (SSF) CW was 83.6 % when saccha-
rose (2 g/dm3) was added to aerated 1.5 % NaCl wastewater. It was found that
removal efficiency of the pilot-scale constructed wetland with inoculated halo-
tolerant microorganisms showed a higher sensitivity to aeration and the pre-
sence of saccharose than to variation of the salinity of the wastewater. It can be
concluded that halotolerant microorganisms, isolated from the Se¢ovlje sal-
terns, are not sensitive to the changes in salinity and are, therefore, an ater-
native in the treatment of saline wastewater with a constructed wetland. How-
ever, with aeration their efficiency could be further improved.

Keywords. constructed wetlands; saline wastewater; halotolerant microorga-
nisms.

INTRODUCTION
Seawater infiltration,1 road deicing,23 and landfill leachates,*® as well as
the chemical, petroleum, textile, leather and agro-food industries,® generate large
amounts of saline wastewater. Consequently, pollution removal in hypersaline
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130 KARAJIC et al.

wastewater is likely to represent up to 5 % of the global wastewater treatment
requirement.” The discharge of such wastewater affects aguatic life, water pot
ability and agriculture. Thus, legidlation is becoming more stringent and the treat-
ment of saline wastewater, both for organic matter and salt removal, is nowadays
compulsory in many countries. Saline effluents are conventionally treated through
physico-chemical means, as biological treatment is strongly inhibited by salts.
However, as the costs of physico-chemical treatments are particularly high, alter-
native systems for the treatment of organic matter from saline wastewater are
nowadays increasingly the focus of research.6 One of the aternative systems is
constructed wetlands (CW). The use of this system is becoming very popular in
many countries8 but its application for saline wastewater treatment has not been
studied extensively. Lin et al.? found that salinity played an important role in the
growth of microorganisms, resulting in a switch of the microbial population when
studying the effects of salinity on the degradation of atrazine in a subsurface flow
(SSF) constructed wetland (CW). They found that increasing salinity depressed
the activity of the microorganisms and, therefore, caused a poor degradation effi-
ciency of the CW. Studies by Nitisoravut and Klomjek10 also reported that the
effect of salinity on biologica oxygen demand (BOD) removal appeared to ap-
proach an exponential phase. The same restraining effect showed that salinity
inhibited the metabolism of microorganisms in the wetland environment, which
may be critical for the proper functioning and maintenance of the system.®

In order to maximize the efficiency CW treatment of saline wastewater and
keep its area to a minimum, it is necessary to find the optimal CW design cha-
racteristics. One of the most important characteristics is the microorganisms, but
usually they are sensitive to salinity. Severa studies, conducted with conven-
tional cultures of bacteria indicated that the following four common difficulties
exist when treating saline and hypersaline wastes with organisms derived from
freshwater and soil ecosystems:11 limited extent of adaptations,12-14 sensitivity
to changes in ionic strength,1516 reduced degradation kinetics and high effluent
suspended solids concentrations.1? Several studies have shown8-23 that utiliza-
tion of salt-tolerant microorganismsin biological treatment could be a reasonable
approach for the treatment of high salinity wastewater.24 Although the number of
studies dealing with the biological treatment of saline wastewater is increasing
rapidly, not much is known regarding the application of halotolerant microor-
ganismsin CW.

The aim of this study was to examine the efficiency of halotolerant micro-
organisms in correlation with wastewater salinity using a pilot-scale SSF CW.
The high concentration of nutrients and organic matter in the salt ponds of the
Secovlje salterns, the high concentration of salt and its oscillation during rain-
storms, designate the Secovlje sdlterns as very interesting for the isolation of
halotolerant microorganisms and their application in the media of constructed
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CONSTRUCTED WETLAND FOR SALINE WASTEWATER TREATMENT 131

wetland for saline wastewater treatment. With thisin mind, a pilot-scale SSF CW
was designed, constructed and operated with halotolerant microorganisms, iso-
lated from water of the Secovlje salterns, inoculated in the media. Plants were not
included in the pilot-scale SSF CW since the aim was to investigate the effi-
ciency of halotolerant microorganisms in a sand/gravel/peat environment of vary-
ing salinity. It is known from the literature that plants accelerate the growth of
microorganisms, especialy in the area of the root environment,25-28, but the em-
ployed halotolerant microorganisms were isolated from the water of the Secovlje
salterns and naturally they were not attached to the roots of plants. Changes in
salinity also often occur in real CW and the aim was to investigate the efficiency
of halotolerant microorganisms, isolated from the Secovlje salterns, during Sali-
nity shocksin the pilot-scale SSF CW.

EXPERIMENTAL

A pilot-scale SSF CW was constructed from three rectangular plastic tanks, each with
the dimensions. length 0.77 m, width 0.16 m and depth 0.58 m, which were separated by
0.20-0.25 m long empty compartments on both sides (Fig. 1). The total length of the pilot-
-scale SSF CW was 2.99 m. Between the three soil-filled compartments, two perforated com-
partment walls were placed across the flow of the water. There was only water in these four
narrow empty compartments. In every soil-filled compartment, there was a perforated pipe
reaching to the bottom. The pipe ended with part of a plastic bottle from which a small plastic
tube led to a glass bottle with a solution of barium hydroxide to catch carbon dioxide, as a
measure of the microbial activity in the soil.2%31 A perforated rubber pipe connected to an
aquarium air pump, which was switched on only during the aeration treatment, was laid at the
bottom of the pilot-scale SSF CW. The hydraulic retention time was determined by adding 0.1 %
NaCl to the influent and the conductivity of the effluent was measured.32

The medium of the pilot-scale SSF CW was prepared as a mixture of sand (limestone)
and peat. The sand was prepared from particles of different sizes: 1-4 mm (30 %; 0.12 md),
4-8 mm (60 %; 0.24 m3) and 8-16 mm (10 %; 0.04 m3). The chemical composition of the
sand was. CaCOs, 30.56 %; MgCO;3, 21.8 %; SO3, 0.09 %; MnO,, 0.02 %; TiO,, trace;
Fe,O3, 0.00 %; Al,Os, 0.00 % and SiO,, 0.08 %. Peat, with the following characteristics: pH
3.5-4.0; organic matter, 35 % and total nitrogen, 0.4 %, was added to make up 10 % of the
total volume. The final pH value of the medium mixture was 7.4.

The employed halotolerant microorganisms were isolated3® from the active solar Se¢ov-
lje sdterns in the autumn of 2005. The hal otolerant microorganisms were cultivated for three
months in synthetic wastewater (artificial wastewater (ART) medium)34 and the optical den-
sity (OD) was measured at 600 nm to monitor their growth. The microorganisms were then
stored at —20 °C. Before inoculation into the pilot-scale SSF CW, they were reactivated in the
synthetic wastewater for one week. The reactivated culture (300 cm3) was added to the first
115 dm3 of the synthetic wastewater that was added into the pilot-scale SSF CW.The synthetic
wastewater used throughout the study was composed of 130 mg/dm?® yeast extract, 130
mg/dm?3 casein peptone, 130 mg/dm? meat extract, 317 mg/dm3 CH3;COONH,, 40 mg/dm3
NH,CI, 24 mg/dm3 K,HPO,, 8 mg/dm3 KH,PO,, 100 mg/dm® CaCOs, 100 mg/dm3 MgCOs;,
40 mg/dm3 NaCl and 5 mg/dm?3 FeSO,-7H,0. The volume of the wastewater in the pilot-scale
SSF CW was 115 dmd. The salinity of the synthetic wastewater was changed from no added
NaCl to 1.5 % NaCl and to 3 % NaCl. When the measurements were realized with and
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132 KARAJIC et al.

without the aeration and with added saccharose in a concentration of 2 g/dm3, as a source of
organic carbon in the synthetic wastewater of pilot-scale SSF CW, the salt concentration in
the synthetic wastewater was 1.5 % NaCl. When the synthetic wastewater contained 0 % and
3 % NaCl, the pilot-scale SSF CW was not aerated and no saccharose was added. Synthetic
wastewater with 1.5 % NaCl was added to pilot-scale SSF CW together with halotolerant mic-
roorganisms and this salinity was maintained for two months with the wastewater being re-
placed weekly with fresh synthetic wastewater, without aeration. After this initial two-month
period, the conditions in the pilot-scale SSF CW (sdinity, aeration, and saccharose) were
changed biweekly. In addition, the wastewater was replaced with fresh wastewater once a
week. First, synthetic wastewater with 1.5 % NaCl was aerated for two weeks. Then synthetic
wastewater with 3 % NaCl circulated for two weeks and after that, 1.5 % NaCl wastewater
without aeration was circulated for a further two weeks. It was then replaced with 0 % NaCl
synthetic wastewater for one week and finally with 1.5 % NaCl synthetic wastewater, which
was aerated and contained 2 g/dm?3 saccharose, for two weeks. When changing the synthetic
wastewater in the pilot-scale SSF CW, fresh synthetic wastewater was pumped into the first
compartment at a flow of 1.7x10® m3/s, while simultaneously, the old synthetic wastewater
flowed out from the fourth/last compartment through the valve. Water was pumped into the
pilot-scale SSF CW with an aguarium pump (Hydor Seltz L20 I1). The same inflow and out-
flow were set with an aquarium pump and valves. After all of the fresh synthetic wastewater
had been pumped into the pilot-scale SSF CW, the system was set to pump the water from the
last compartment to the first one at aflow of 1.7x10® m3/s, using an aquarium pump.
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CONSTRUCTED WETLAND FOR SALINE WASTEWATER TREATMENT 133

Effluents from all four compartments of the pilot-scale SSF CW were analyzed daily for
the first fifteen days after inoculation and subsequently less frequently. Samples of the treated
synthetic wastewater were then taken on the first, third and seventh day after adding fresh
synthetic wastewater. Water samples were taken from each water compartment. The effi-
ciency of the pilot-scale SSF CW was assessed based on the difference between the ammo-
nium, phosphate and COD concentrations at the influent and the effluent.32 The concentra-
tions of ammonium, phosphate and COD were measured using a LF2400 Windaus photome-
ter, Germany. To determine the ammonium, phosphate and COD concentrations, the Windaus
“Ready mixed cuvette test kit”, Cat. No. 3773900, “Aquanal test kit”, Cat. No. 3745100, and
“CSB-Fertigkuvetten Type 1500”, Cat. No. 804691826, were used, respectively. The pH va-
lue, the oxygen and carbon dioxide concentrations and the redox potential were also mea-
sured. The redox potential, pH and oxygen concentration were measured in all four water
compartments with a WTW Sonde Multi 350i/SET, Wissenschaftlich, Germany, every second
day. The COD value was measured in the first and last compartment. All the mention para-
meters were measured according to APHA .35

The carbon dioxide concentration in the soil2%31 and the ETS activity (electro transport
system activity)3® were measured in order to determine the microbial activity. The measure-
ments of the ETS activity and CO, concentration were realized using an Ocean Optics
USB2000 spectrometer, USA. The ETS activity and carbon dioxide concentration in the soil
were measured in al three compartments every second day of the experiments.

RESULTS

The pH in pilot-scale SSF CW was around 8.3, varying from 7.7 to 8.5 with-
out aeration; therefore it was optimal for nitrification and slightly higher than
optimal for denitrifiers.37 In the case where the wastewater contained 2 g/dm3
saccharose, the pH varied from 6.4 to 8.1, thus being optimal also for denitrifiers.
The concentration of oxygen in the pilot-scale SSF CW was mostly lower than
0.4 mg/dm3, except during the first days of the cycle when fresh synthetic waste-
water was added. The oxygen concentrations without aeration were less than 1.5
mg/dm3, but with aeration and without saccharose it increased. The redox po-
tential was around —90 to —60 mV, which means anaerobic conditions existed in
the pilot-scale SSF CW. With aeration, the redox potential increased to +20 mV,
however the conditions were still anoxic.

After the second week of inoculation, an increase of the ETS activity in 1.5 %
NaCl without agration was noticed and it remained between 2x10-9 and 4x10-°
dm30, g1 h—1. The ETS activity, as a measure of the respiration capacity of the
microbial community, increased only in aerated 1.5 % NaCl wastewater with 2
g/dm3 of added saccharose. The ETS activity was the lowest with 0 % NaCl
without aeration and the highest with 3 % NaCl.

During the first two weeks of the inoculation period with 1.5 % NaCl, the
concentrations of carbon dioxide in the water and soil were lower than later. The
carbon dioxide concentrations in the water and soil were similar in al concen-
trations of salt (0, 1.5 and 3 % NaCl). With 2 g/dm3 of saccharose in the aerated
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134 KARAJIC et al.

wastewater, the concentrations of carbon dioxide were the highest during the first
day of measurements in the water and in the soil and then decreased.

For all salinity conditions (0, 1.5 and 3 % NaCl), the most significant reduc-
tion of the ammonium concentration was registered after seven days. The best
removal efficiency was observed in wastewater in the absence of NaCl (Table I).
In 1.5 % NaCl wastewater, the removal efficiency was reduced with or without
aeration in comparison to that of wastewater in absence of NaCl. However the
combination of aeration and saccharose significantly increased the removal effi-
ciency to the same level asthat of wastewater in the absence of NaCl. Under high
salinity conditions (3 % NaCl), the ammonium removal efficiency was equiva
lent to the one in wastewater containing 1.5 % NaCl.

After inoculation, the phosphate removal efficiency was around 50 % in the
wastewater with 1.5 % NaCl without aeration. Changes in salinity (reduction to 0 %
or increase to 3 % NaCl) led to a reduced removal efficiency, especialy in the
case of the lower NaCl concentration (Table I). Aeration alone and in combi-
nation with saccharose addition, also had a negative impact on the phosphate
removal efficiency.

The concentration of COD decreased most on the last (seventh) day of every
cycle. The final concentrations of COD on the last day for all salt concentrations
(0, 1.5 and 3 % NaCl) were approximately the same (Table I), leading to the con-
clusion that salinity did not affect the removal efficiency of COD. Aeration in-
creased the COD removal efficiency and when saccharose was added to aerated
wastewater, the concentration of COD first increased, however the greatest re-
duction of COD was aso achieved under these conditions.

DISCUSSION

Reddy and Patrick38 pointed out that losses of ammonium through volatili-
zation from flooded soils and sediments are insignificant if the pH value is below
7.5 and very often the losses are not serious if the pH is below 8.0. According to
pH, high losses of ammonium through volatization are not to be expected in the
pilot-scale SSF CW. In the study of Baere et al.,-39 the pH dropped significantly
after each shock treatment with a high concentration of NaCl. Also in the pre-
sented experiment, the lowest pH was registered with 3 % NaCl.

Carbon dioxide is a product of microbial metabolism and the obtained results
confirmed earlier suggestions that saccharose as an energy source and aeration
would stimulate the growth of the halotolerant microorganisms, which were iso-
lated from the Secovlje salterns, thus increasing the amount of produced carbon
dioxide. This increase probably caused the drop in pH under these conditions.
However, since the carbon dioxide concentration decreased on a third day, the
amount of added saccharose was obviously enough only for about three days of
intensive metabolism. After the third day the pH also started to rise and on the
seventh day it was at the same level asfor the other conditions.
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136 KARAJIC et al.

Obvioudly, the available oxygen was quickly consumed by the microorga-
nisms and after the first day there was alack of oxygen, making the conditionsin
the pilot-scale SSF CW similar to those in wetlands. 40 Salinity, however, did not
influence the oxygen concentrations, which were very low for all the studied sali-
nities. The low concentrations of oxygen resulted in the redox potential being
independent of salinity and hence the registered variations were the same in dif-
ferent cycles and for different salinities. Conversely, the redox potential changed
under conditions of aeration, when the amount of oxygen was increased and con-
sequently the redox potential also. However, even when the pilot-scale SSF CW
was aerated and the redox potential had positive values, the conditions were till
anoxic (< 100 mV). This means that the pilot-scale SSF CW should be more ae-
rated, with more air pumpsin each compartment to achieve oxic conditionsin or-
der to increase the efficiencies of the removal of pollutants. The presence of plants
usually enhances the aeration of CW but based on the results obtained in this
study additional aeration is proposed. When 2 g/dm3 saccharose was added to the
synthetic wastewater, oxygen was consumed during degradation processes and aso
aeration could not import enough oxygen to the pilot-scale SSF CW.

Asthe ETS activity is a measure of microbial activity, it could be concluded
that the hal otolerant microorganisms were adapted and inoculated into the system
after two weeks under the employed conditions (1.5 % NaCl). Also, the increased
production of carbon dioxide in the first two weeks and the stable production
after the second week of inoculation confirm that the halotolerant microorga
nisms had adapted to the conditions in the pilot-scale SSF CW after the second
week and were successfully inoculated. From the results of the ETS activity at 3 %
salinity, it could be concluded that the hal otolerant microorganisms isolated from
the Secovlje salterns and inoculated into the pilot-scale SSF CW were neither af-
fected by 3 % salinity nor by a drop of salinity, since the ETS activity at 0 %
NaCl was similar to that with 1.5 % NaCl. The increase in the ETS activity with
aerated 1.5 % NaCl wastewater containing saccharose means that the number of
microorganisms increased due to the aeration and the presence of the additional
energy. Lin et al.9 reported that salinity impacted the growth of bacteria resulting
in a switch of the microbial community in a pilot-scale SSF CW that was inocu-
lated with a conventional culture of bacteria. However, in the present case, the
ETS activity was not reduced by 3 % salinity, hence the conclusion could be that
the same microorganisms were active at 1.5 % and 3 % NaCl, thus they were in-
sensitive to the sudden increase in salinity.

Generally, anaerobic conditions in a pilot-scale SSF CW cause low removal
of ammonium because the oxidation of ammonia to nitrite and then of nitrite to
nitrate (nitrification process) occurs under aerobic conditions by autotrophic bac-
teria. Contrary to Dahl et al.,41 who found inhibition of the nitrifiers in the case
of a rapid increase in the chloride concentration with conventional microorga-
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CONSTRUCTED WETLAND FOR SALINE WASTEWATER TREATMENT 137

nisms, the results obtained in this study indicate that the removal of ammonium
ions was not influenced by increased salt concentrations in the case of the ino-
culated halotolerant microorganisms. These results are in accordance with Kargi
and Dincer,18 who found that the adverse effects of high salt concentrations were
significantly alleviated by the use of salt-tolerant microorganisms. Vymazal42
concluded that the ability of a horizontal flow CW to nitrify ammonia is very
limited because anaerobic conditions usually exist. Thisisin accordance with the
present results where, at the same salinity, high removal of ammonium did not
occur even with aeration of the pilot-scale SSF CW because the conditions were
gtill anoxic. To aerate the system of SSF CW, different aeration systems for the
introduction of oxygen were suggested, such as frequent water level fluctuation
(tidal-flow),43-45 passive air pumps (vertical-flow)46 or direct mechanical aera-
tion of the water in the gravel bed (horizontal-flow),47—49 which was improved
by Nivalaet al.>0 The lower concentration of ammonium found in the experiment
with saccharose were also in accordance with the study of Vymazal,42 who re-
ported that some degradation processes require energy (typically derived from an
organic carbon source) to proceed, and others release energy, which can be used
by organisms for growth and survival. This suggests that the added saccharose
stimulated the growth of the microbial community and also the nitrification pro-
cess because saccharose acts as a source of energy.

The higher concentration of phosphate with 0 % NaCl indicates that phos-
phate was washed out with 0 % saline wastewater. This is in accordance with the
study of Bulc,® in which it was found that all the phosphorus was washed out du-
ring precipitation.

As was found by Akratos and Tsihrintzis,8 the organic removal efficiencies
were significantly higher than those for nitrogen and phosphorus removal. Thisis
the case in most wetland systems and it is probably the consequence of nitrogen
and phosphorus removal requiring longer hydraulic retention times.

When comparing different salt concentrations, the mean values for COD re-
moval showed the best efficiency with 0 % NaCl (64.4 %) followed by 3 % sali-
nity (52.1 %) and 1.5 % salinity (44.3 %), indicating that the used microorga-
nisms were not affected by salinity and could therefore improve the saline was-
tewater treatment process in CW. In the case of 1.5 % NaCl in the wastewater, it
was noticed that higher removal efficiencies were achieved with aeration com-
pared to non-aerated wastewater. This means that aeration improves organic mat-
ter decomposition processes and that they were hindered by lack of oxygen. The
removal efficiencies of COD in the pilot-scale SSF CW with 1.5 % NaCl waste-
water were the highest with aeration and 2 g/dm® saccharose addition, but the
final COD concentration was same as without added saccharose, which therefore
did not help in lowering the final COD concentration but did help in increasing
the ammonium removal efficiency. The remova efficiencies of the pilot-scale
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SSF CW with inoculated halotolerant microorganisms did not depend on varia-
tions of the salinity but did depend much more on aeration and the presence of
saccharose. Additionally, the experiment indicated that the inoculated halotole-
rant microorganisms in the pilot-scale SSF CW were tolerant to salinity vari-
ations.

The found removal efficiencies of ammonium and COD confirmed the study
of Garcia et al.®! that the removal efficiency of an SSF CW is rather low for
COD and ammonia, usually < 70 % and < 30 %, respectively. They indicated that
the efficiencies were more dependent on aeration and the presence of sugar as an
organic carbon source. This was also confirmed by the variation of the percent
remova of ammonium and COD with time. The process of aeration of the pilot-
-scale SSF CW did not improve the removal efficiency for ammonium, but im-
proved the COD removal efficiency by 26 %, when experiments with the same
salinity (1.5% NaCl), with or without aeration, were compared. This confirms the
results of Scholz,52 who claimed that the ammonium removal efficiency is more
dependent on the aerobic conditions than COD removal. A higher removal effi-
ciency was found with aeration of the pilot-scale SSF CW, but not as much as ex-
pected. This could be explained by the low redox potentia in the pilot-scale SSF
CW, meaning that the aeration was not adequate.

The fact that ETS and reduction of COD were the highest in the presence of
saccharose and aeration shows that saccharose and aeration stimulated the growth
and metabolism of the halotolerant microorganisms. These results are in accor-
dance with the study of Burchell et al.,33 in which it was found that the addition
of organic matter to the soils used for an in-stream CW significantly increased
biomass growth when compared to the addition of inorganic matter. The same fi-
nal concentrations of COD for all conditions are a consegquence of the added sac-
charose and aeration, which stimulated the growth of the microbes and metabo-
lism by using the organic matter as a source of energy. Since the COD concentra-
tions were similar at all conditions with varying salinity, the COD removal effi-
ciency was not influenced by salinity changes.

The relatively high values of the standard deviation of the removal effici-
encies (Table 1) for ammonium and phosphate are the consequence of high va-
riations of the removal efficiency during the operation period. Akratos and Tsi-
hrintzis8 explained that variations occur because the bacteria for nitrogen are less
efficient at low temperatures. Similarly, the water temperature was not constant
in the pilot-scale CW employed in the present study. It changed from 14 to 26
°C. The negative values of the phosphate removal efficiencies and lack of oxygen
in the pilot-scale CW confirmed that phosphate is mainly removed by adsorption
on the porous media32 and that reducing conditions (i.e., lack of oxygen) can lead
to solubilization of minerals and release of dissolved phosphorus.3254 The COD
removal efficiencies were relatively stable during the entire operation under all
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CONSTRUCTED WETLAND FOR SALINE WASTEWATER TREATMENT 139

conditions. This can be seen from the relatively low standard deviation values of
the removal efficiencies for COD, compared to standard deviation of ammonium
and phosphate. Similarly, the study by Akratos and Tsihrintzis8 found that the re-
moval efficiencies for COD were stable, while ammonium and phosphate remo-
val efficiencies were not observed in their pilot-scale CWs.

CONCLUSIONS

Salinity changes in the studied pilot-scale SSF CW did not have a strong in-
fluence on the removal efficiency of pollutants, mainly because the processes
were affected by alack of oxygen and energy.

According to the increase in the carbon dioxide concentration and ETS acti-
vity, the microorganisms required about two weeks to establish a stable popula-
tion.

Salinity affects the process of ammonium removal, which was more effectti-
ve in the absence of salinity. However, in saline wastewater, the NaCl concen-
tration had no impact on the removal efficiencies. The process of ammonium re-
moval in the pilot-scale SSF CW was affected by the available energy, which
could be seen from the increase in the removal efficiency when saccharose was
added. According to the literature, the process is strongly dependant on the avai-
lable oxygen, but since the pilot-scale SSF CW was not aerated sufficiently with
the employed aeration system, the removal efficiencies for ammonium were low.

A higher concentration of phosphate was detected with 0 % NaCl in waste-
water. Thisindicates that phosphate was washed out under these conditions.

Aeration and saccharose addition increased the COD removal efficiency but
the final COD concentrations were the same, therefore the additional source of
energy is not as important in this case as for anmonium removal. The COD re-
moval efficiency was affected by lack of oxygen but salinity did not have an in-
fluence.

The results obtained from the pilot-scale SSF CW show that the use of halo-
tolerant microorganisms can improve the efficiency of saline wastewater treat-
ment. Special attention should be paid to the aerobic/anaerobic conditions be-
cause anaerobic conditions strongly hinder COD removal regardless of salinity.
In addition, ammonium removal is not sensitive to changes in salinity but care
should be taken about aeration and also about providing the energy required for
ammonium removal. Plants and their rhizosphere are players in the aeration of
ecosystems and therefore provide better conditions for aerobic microorganisms.
Thus, the use of plants, preferably halotolerant varieties in association with halo-
tolerant microorganisms could improve removal efficiencies in the treatment of
wastewater. However, the obtained results show that aeration alone is not suffi-
cient and that parameters other than aeration (e.g., sugar addition) should be in-
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cluded in the design of SSF CWs with halotolerant microorganisms to improve
saline wastewater treatment.

U3BO/

YTULAJ ITPUMEHE XAJIOTOJIEPAHTHUX MUKPOOPT'TAHU3AMA HA
EOUKACHOCT EKCIIEPUMEHTAJIHOI' CUCTEMA I1OJbA 3A
BUOJIOHIKO ITPEUHNIITRABABE CJIAHE OAITAIHE BOJIE

MILANA KARAJ G, ALESLAPANJEZ JAKA RAZINGER? ALEXIS ZRIMEC? u DANIJEL VRHOVSEK®

1 IMNOS Company for Applied Ecology, Podlimbarskega 31, 1000 Ljubljana «
?Institute of Physical Biology, Toplarniska 19, 1000 Ljubljna, Sovenia

V uuspy mpoHanaxema ONTUMATHIX KapaKTePHCTHKA CHCTEMA T10Jha 32 OHOJIOIIKO IPEYHIL-
haBambe ciaHe omagHe BOAE, XAIOTOJICPAHTHH MHKPOOPraHMU3MH, H30JI0BaHH U3 Boae conaHe Ce-
9OBJbE, OWIIM CY MHOKYJIHPHH Yy MEOWjyM EKCIICPHMEHTAIHOI CHCTeMa I0Jba 33 OHOJOLIKO mpe-
yumhagame. b pama OMO je Ja ce UCIUTA YTHIA] PAa3IUYUTOr CATWHUTETa Ha €()UKACHOCT
npeuninhiaBarma CIaHe OAaHE BOJC Ca XaIOTOJNICPAHTHUM MHKPOOPraHM3MHMa, Ca HAMEPOM Jia ce
olLieHe MOryNHOCTH IPHMEHE XaJOTOJEPaHTHUX MHUKpOOpraHu3ama 3a mpeunmhaBame ClaHe Ofl-
nagae Boge. EukacHoct oxcrpamuBama amouujyM jona (34,1 %) 6una je najseha ca 0 % NaCl y
oxmaaHoj Boau M Maio Hika (31,8 %) kana je 2 g/dm3 caxapose 610 J0AATO y 03padeHy OHaIHy
Boay ca 1,5 % NaCl. Hajseha epukacHocT cMamema xeMujcke notpourse kuceonnka (KITK) y ek-
CIIEPUMEHTAIIHOM CHCTEMY M0Jba 33 OUOJIOIIKO NpeuniihaBame ca MOAMOBPIIMHCKUM TOKOM H3HO-
cuna je 83,6 % kana je caxaposa (2 g/dm3) Guna nonara y ospaueny oxmanuy Boay ca 1,5 % NaCl.
EduKacHOCT eKCHepUMEHTAIHOT CHCTEMa M0Jba 33 OHOJIOMIKO mpeuninfiaBambe ca HHOKYJIHMPaHUM
XaJIOTOJIEPaHTHIM MHKPOOPTaHH3MHMa MOKa3yje Behy OCeT/FMBOCT Ha O3padnBaEbe M IIPHCYCTBO
caxapose, Hero Ha BapHjalujy CalMHHUTETa OANagHe Boxe. MoXe ce 3aK/bYYHTH Ja XaJOTOJIepaH-
THH MHKPOOPTaHW3MH, H30JIOBaHU u3 cosaHe CedoBibe, HUCY OCET/BHBH Ha POMEHE CATMHUTETA U
300r TOra Cy anTepHaTHBa y TPETMaHy ClIaHE OJMaJHE BOJE CHCTEMOM I0Jba 3a OUOJIOIIKO Tpe-
ynmhaBame. bruxosa epuxacHocT Moxke OuTH yHanpeheHa o3paunBameM.

(TMTpumsbeno 8. jyna, peuaupano 8. HoBem6pa 2009)
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