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1. Introduction

Constructed wetlands are mainly used for all kinds of sewage treatment. Ev-
ery available studies and researches relate to the analysis of physical and chemical
quality of treated waste water [3-5, 9]. Only few publications report on disinfect-
ing possibilities of constructed wetlands and in addition they focus on eliminating
microorganisms from wastes [2, 7, 8, 11], grey-water [1, 6] or rainwater surface
runoff [9]. As a matter of fact there are no publications related to the possibilities
of using constructed wetlands for drinking water treatment or disinfection, even
though the processes which take place in wetlands can successfully replace
a number of processes used in water treatment plants. The microbiological con-
tamination removal mechanisms of constructed wetlands are based on various
processes. The contaminations are stopped in wetlands porous environment as
a result of sedimentation, filtration and adsorption that is physical and chemical
processes determined by the flow conditions and time. The elimination of micro-
organisms occurs as a result of biological processes between wetlands microcosm
and bacteria and viruses contained in treated water. It includes predatory, compe-
tition and antagonism. The elimination can be also a result of unfavorable con-
structed wetlands condition such as: pH, temperature, UV radiation etc.

The wetlands vegetation also affects the number of bacteria and viruses in
wastewater. The flora protects bacteria and viruses from solar radiation and elimi-
nates them by slowing down wastewater flow which has a beneficial influence on
sedimentation degree of particles with bacteria deposited on them. Also the roots
system, inhabited with bacteria, produced substances which are toxic for other
bacteria colonies [7, 9, 10].
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The researches described in the paper focus on the analysis of using con-
structed wetlands for water disinfection which helps to estimate the usage of pro-
-ecological method of water disinfection and becomes popular in many countries.

2. Materials and Methods

The research on the possibilities of drinking water disinfection was conducted
on bed models created in a laboratory. The beds were constructed in the non-
-transparent PCV pipes (10 cm diameter and 55 cm high). The beds had the verti-
cal direction of flow. The laboratory system consisted two pairs of bed models
(with and without plants) to examine the vegetation influence on disinfecting pos-
sibilities of beds.

Two types of beds filling were used: sand (0.1-0.5 mm diameter) and gravel
(9-10 mm). The porosity of sand beds was 46%, whereas the gravel ones — 54%.

Two beds were planted with umbrella papyrus (Cyperus involucratus) with
5-12 cm roots length. For all types of filter mediums three papyrus seedlings were
stipulated. The umbrella papyrus was selected on the basis of its ability to grow
indoors as well as outdoors, and the fact that as a marshy plant it easily adapts to
the habitat conditions. The seedlings were planted directly under a mineral me-
dium to provide light access for branches and their stable rooting. For better root-
ing the seedlings were planted a month before the research began. The disinfec-
tion was carried out on water from the Rudawa river. The water samples were de-
livered to the laboratory on a measurement day in the volume adequate to the
number of experiments.

During the experiments the influence of the flow rate and the initial concen-
tration of microorganisms on the disinfection effectiveness were examined. This
effectiveness were measured by the number of culturable microorganisms after
48 h and 72 h incubation at 36°C and 22°C. The number of culturable microorgan-
isms at 36°C and 22°C was defined in the sowing method according to Polish
norm PN-EN ISO 6222:2004.

For one value of flow rate (0.04 m/h) and an initial bacteria concentration, the
removal effectiveness was measured for bacteria from coli group, thermotolerant
coli bacteria, Escherichia coli. The number of coliform bacteria was determined with
the membrane method according to Polish norm PN-EN ISO 9308.1:2004.

3. Results and Discussion

As can been seen in figure 1 for the microorganisms at 36°C and in figure 2
for the microorganisms at 22°C, flow rate has a significant influence on achieved
results.
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Three levels of flow rate were investigated: 0.04 m/h; 0.05 m/h and 0.07 m/h,
and for lower values of flow rate, the higher removal effectiveness of the number
of microorganisms was observed. The lowest number of microorganisms incu-
bated at 36°C and 22°C was observed in the sand bed with plants. For the gravel
bed with plants the similar tendency occurred.
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Fig. 1. The number of culturable microorganisms after 48 h incubation at 36°C related to
the speed of filtration (initial number of microorganisms 13 300 c.f.u./ml): SB — sand bed,
PSB - planted sand bed, GB — gravel bed, PGB — planted gravel bed
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Fig. 2. The number of culturable microorganisms after 72 h incubation at 22°C related to
the speed of filtration (initial number of microorganisms 10 900 c.f.u./ml): SB — sand bed,
PSB - planted sand bed, GB - gravel bed, PGB - planted gravel bed
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The influence of the initial number of microorganisms on the removal effec-
tiveness was the other factor analyzed in the research. Water from Rudawa was di-
luted with redistilled water to achieve three values of the initial concentration. The
experiments were carried out for the number of culturable microorganisms after
48 h and 72 h incubation at 36°C and 22°C (for the constant flow rate — 0.04 m/h).
The values of the final number of microorganisms incubated at 36°C after 48 h in
the effluents from all types of beds are presented on figure 3, and at 22°C after
72 h — on figure 4. As can be observed on figures 3 and 4, the disinfection effec-
tiveness was increasing with the initial number of microorganisms.

For the culturable microorganisms incubated at 36°C, for the initial number of
60 000 c.f.u./ml of wastewater, the disinfection effectiveness ranges from 58% for
the gravel bed with plants to 89% for the sand bed. For the initial values of 19 000
cfu./ml, the lowest effectiveness (32%) was observed for the gravel bed with
plants, and the highest one (90%) for the sand bed. For the lowest initial number
of microorganisms (13 300 c.f.u./ml) the maximum value of effectiveness was 80%
and was observed in the sand bed with plants.

Similar tendency for the number of microorganisms incubated at 22°C was
observed. For the highest initial number of microorganisms (39 000 c.f.u./ml) the
effectiveness ranges from 58% for the planted sand bed to 77% for the sand bed
without plants. For the initial value of 31 000 c.f.u./ml the effectiveness ranges
from 51% for the sand bed with plants to 81% for the sand bed without plants. For
the lowest initial number of microorganisms (10 900 c.f.u./ml) the effectiveness
ranges from 22% for the gravel bed to 56% for the sand bed.
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Fig. 3. The number of culturable microorganisms after 48 h incubation at 36°C related to
the initial number of microorganisms (flow rate: 0.04 m/h): SB — sand bed, PSB — planted
sand bed, GB - gravel bed, PGB - planted gravel bed
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Fig. 4. The number of culturable microorganisms after 72 h incubation at 22°C related to
the initial number of microorganisms (flow rate: 0.04 m/h): SB — sand bed, PSB — planted
sand bed, GB — gravel bed, PGB — planted gravel bed

The research on the possibilities of using constructed wetlands for coliform
bacteria elimination was conducted with one value of the initial number of micro-
organisms and one level of flow rate. As it can be seen on figure 5 coliform bacte-
ria with fecal coliform bacteria and Escherichia coli included were highly elimi-
nated on tested constructed wetlands. The gravel bed without plants was
characterized by the lowest disinfecting effectiveness (67% for all types of coliform
bacteria) and both sand beds (with and without plants) was characterized by the
highest effectiveness (ranges from 92% for Escherichia coli to 92-94% for coliform
bacteria and fecal coliform bacteria).

The research showed the high usefulness of constructed wetlands for the ini-
tial water disinfection. The results of the disinfection effectiveness related to the
number of microorganisms incubated at 36°C ranges from 32% to 87% for planted
beds and from 37% to 90% for beds without plants; results related to the number
of microorganisms incubated at 22°C ranges from 31% to 72% for planted beds
and from 22% to 81% for beds without plants; effectiveness of the coliform bacte-
ria disinfection ranges from 57% to 92% for planted beds and from 67% to 94% for
beds without plants.

No explicitly tendency of better disinfecting results for planted beds was ob-
served. This can be caused by the fact that beds were relatively new and thus the
root systems were underdeveloped, which can cause incomplete interactions be-
tween beds and bacteria present in treated wastewater. However the results are
satisfactory and hopefully the disinfecting effectiveness will be higher while the
roots system and the cultures of microorganisms will develop.
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Fig. 5. The number of coliform bacteria after filtration on constructed wetlands
(flow rate 0.04 m/h): ZP - sand bed, ZPR - planted sand bed, ZZ — gravel bed,
Z7ZR - planted gravel bed

4. Conclusions

The researches focused on the possibilities of using constructed wetlands for
the water disinfection showed that there is no significant difference in disinfection
results between beds with and without plants. The removal effectiveness of micro-
organisms incubated at 36°C ranges from 32% to 87% for the planted beds, and
from 37% to 90% for the beds without plants. For the microorganisms incubated at
22°C the effectiveness ranges from 31% to 72% for the planted beds, and from 22%
to 81% for the beds without plants. The sand beds proved to be more effective
than the gravel beds, so the bed porosity and the filtration of microorganisms play
a significant role in the disinfection by the constructed wetlands. The disinfection
effectiveness decreased with the flow rate, and increased with the initial number
of microorganisms.

The high removal effectiveness was observed for coliform bacteria. For bacte-
ria from coli group the results of disinfection range from 57% for the planted
gravel bed to 94% for the sand beds without plants; for thermotolerant coli bacte-
ria — from 67% for the gravel bed to 94% for the sand one, and for Escherichia coli
the disinfecting effectiveness was 92% for sand beds (with and without plants)
and the worst results were observed for the gravel beds.

The research showed the high usefulness of the constructed wetlands for the wa-
ter disinfection. The research was conducted after a short time after the construction of
the model beds (1 month). Probably the elimination effectiveness of microorganisms
by the planted beds will be much better when root system is well developed.
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