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ABSTRACT
The purpose of the study is to evaluate the efficiency of removing organic pollutants
from wastewater in a household wastewater treatment plant with a hybrid reactor.
The efficiency of the plant was analysed in terms of decreasing BOD5, COD and the
content of total suspended solids in differentiated technological conditions. The variable parameter was the length of the reactor aeration phase and the dwell phase. Six
different aeration variants were analysed. The efficiency of a wastewater treatment
plant with a hybrid reactor in terms of reducing BOD5 oscillated from 81 to 90%,
COD – 64–84%, whereas total suspended solids – 66–89% which, as a rule, was not
sufficient to achieve standard levels. The best results were achieved for the following
variants: 2h aeration – 2h dwell and 1h aeration – 0.5h dwell. Lower efficiency of the
plant could have been attributed to operational problems, mainly failures of the plant
control system and uneven conditions such as air temperature, volume and composition of wastewater received in the plant.
Keywords: wastewater treatment, hybrid reactor, BOD5, COD, TSS.

INTRODUCTION
Among numerous onsite wastewater treatment plant solutions offered in the market the
so-called hybrid plants combining active sludge
and trickling filter methods are of significance.
Biomass present in two forms, and in particular
settled in the trickling filter, is deemed a safety
buffer making it possible for these systems to
achieve high efficiency of removing pollutants
even when the volume and composition of the
received wastewater is variable. This provides
an opportunity for using such systems in onsite
wastewater treatment plants that are often exposed to uneven inflow of wastewater [Abbasi
et al. 2000; Fouad and Bhargava 2005; Hannah et al. 2005; Krzanowski and Wałęga 2008;
Makowska and Kolanko 2005].
Hybrid systems are much more resistant to
hydraulic overload and can receive larger loads
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of pollutants than classic systems with regard to
the possibility of accumulating more biomass in
two forms. They also prevent a loss of biomass
for large hydraulic overloads, in particular in
onsite systems with a low throughput capacity
[Makowska and Kolanko 2005]. The intensity of
biochemical processes occurring during wastewater treatment in hybrid reactors, and thus the
efficiency of removing pollutants, are closely
connected with the amount of biomass in the reactor and its growth rate. These parameters are
determined by process conditions, among other
things, its intensity and method [Abbasi et al.
2000; Fouad and Bhargava 2005]. Currently,
studies are carried out into hybrid reactors using
variable aeration, which fosters the coexistence
of both aerobic and anaerobic conditions inside
the reactor, stimulating the growth of various
cultures of bacteria. Thus, carbon compounds
and biogenic compounds – mainly nitrogen –
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can be removed simultaneously [Yoo et al. 1999;
Hanhan et al. 2005].
This work aims at evaluating the efficiency
of removing organic pollutants from wastewater in a TRYBIO household wastewater treatment plant with a hybrid reactor. The efficiency
of the plant was analysed in terms of decreasing
BOD5, COD and the content of total suspended
solids in technological conditions differentiated in terms of the length of the wastewater
aeration cycle in the reactor.

MATERIALS AND METHODS
The said wastewater treatment plant is located in Dys (Lublin voivodeship) and it has operated since June 2013. It is used for treatment of
domestic wastewater from two houses inhabited
by five people. The maximum throughput capacity of the plant amounts to 1.0 m3·d-1. The actual
hydraulic load of the plant is considerably lower
– about 0.35–0.40 m3·d-1.
The tank of the TRYBIO plant is made of concrete. It consists of four chambers with the total active capacity of 5.57 m3 [ZWB Wojciech Trykacz
2009]. The first two chambers are primary settling
tanks (Vcz.= 3.36 m3), the third chamber (Vcz.=
1.57 m3) is the hybrid reactor operating based on
activated sludge and immersed trickling filter sys-

Figure 1. Schematic of a TRYBIO household wastewater treatment plant with a hybrid reactor (horizontal
section): I, II – chambers of the primary settling tank,
III – hybrid reactor (activated sludge and trickling
filter), IV – secondary settling tank [ZWB Wojciech
Trykacz 2009; Jóźwiakowski et al. 2012]

tem, and the fourth chamber (Vcz.= 0.64 m3) contains a secondary settling tank (Fig. 1).
In the primary settling tank solids are separated and the accumulated sludge is initially fermented. From the second chamber of the primary
settling tank wastewater flows into the hybrid reactor where it is cleaned by means of the biological activated sludge method (suspended biomass)
and immersed trickling filter (settled biomass).
The trickling filter with the capacity of 0.225 m3
is fitted with plastic packing. Suspended and settled biomass is supplied with oxygen by means
of a diaphragm blower and a disc diffuser [ZWB
Wojciech Trykacz 2009; Marzec et al. 2011]. The
last element of the plant is a secondary settling
tank from which cleaned wastewater flows to the
drainage system. Some sludge retained inside the
secondary tank is from time to time recycled into
the reactor by means of an airlift pump to ensure
a fixed concentration of biomass. The rest is discharged into the first chamber of the primary settling tank (Fig. 1).
The pollutant removing efficiency of a treatment plant with a hybrid reactor was analysed
in differentiated technological conditions. The
variable parameter was the length of the reactor aeration phase and the dwell phase. Six different reactor aeration variants were analysed
during the study term: I: aeration – 2h, dwell
– 2h (2h-2h); II: aeration – 1h, dwell – 1h
(1h-1h); III: aeration – 1h, dwell – 2h (1h2h); IV: aeration – 1h, dwell – 3h (1h-3h); V:
aeration – 2h, dwell – 1h (2h-1h); VI: aeration – 1h, dwell – 0,5h (1h-0,5h). Each variant
was analysed for 5 weeks.
Samples for physical and chemical analyses
were taken every week from the first chamber
of the primary settling tank (raw wastewater)
and from the outlet of the secondary settling
tank (wastewater after biological treatment). According to applicable methods [Hermanowicz et
al. 1999], the following indicators were determined in the samples: temperature, pH, BOD5
and CODCr, total suspended solids and in addition – the concentration of dissolved oxygen,
nitrogen and total phosphorus.
Based on the results, characteristic values
were determined for the above-mentioned indicators along with the effects of removing pollutants for each of the analysed variants of biological reactor aeration. The results of analyses were
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compared with the requirements set forth in the
Regulation of the Minister of Environment issued
in 2014 [Dz. U. 2014, poz. 1800].

RESULTS AND DISCUSSION
Hybrid wastewater treatment plants are considered resistant to highly variable hydraulic
loads and pollutant loads, mainly thanks to the
presence and utilisation of microorganisms occurring in two forms: active sludge (suspended
biomass) and bio-diaphragm (settled biomass)
[Abbasi et al. 2000; Fouad and Bhargava 2005;
Hannah et al. 2005]. In TRYBIO hybrid plants the
bio-diaphragm develops on a fixed-bed trickling
filter immersed in wastewater. The analyses carried out at the plant tested its efficiency in terms
of removing basic pollutants such as: total sus-

pended solids and organic pollutants expressed
as BOD5 and CODCr. The removal of such pollutants is closely connected with the intensity
of conversion of nitrogen and phosphorus. In
turn, it is determined by the concentration of
oxygen dissolved in wastewater. Therefore, the
quality of treated wastewater and the efficiency
of a TRYBIO hybrid plant were tested for different lengths of the reactor aeration phase and
the dwell phase. Selected results of the survey
are presented in Table 1.
The composition of raw wastewater received
by the facility during the term of analyses was
quite varied. The pH of wastewater ranged from
7.38 to 8.37. Wastewater sampled from the primary settling tank was characterised by a relatively
low content of total suspended solids, clearly lower than indicated in reference literature [Heidrich
1998]. Over the entire study period the concen-

Table 1. Characteristic values of pollution indicators in raw wastewater and in wastewater treated
Reactor aeration variants
Parameters

I
(2h-2h)

II
(1h-1h)

III
IV
(1h-2h)
(1h-3h)
Min-Max
Mean

V
(2h-1h)

VI
(1h-0,5h)

14,2–18,8
16,7

11,1–16,0
13,7

10,5–14,3
12,4

8,0–13,2
9,9

5,9–12,9
10,3

14,1–18,6
16,6

7,50–7,84

7,64–8,24

0,10–0,23
0,17
117–225
165
350–447
405
610–730
682
118–192
143
15,4–21,0
17,84

0,10–0,32
0,18
8–168
86,3
166–509
400
360–870
718
55–166
120
7,6–24,0
17,30

7,38–8,02

7,87–8,23

7,82–8,37

7,61–7,90

0,1–0,2
0,16
84–306
195,4
147–450
340
380–940
664
111–146
127
5,18–19,25
14,23

0,16–0,44
0,25
88–316
187,6
387–609
512
710–1030
864
109–144
128
13,6–16,8
15,00

0,2–0,28
0,23
2,6–160
89,3
140–556
379
540–1030
810
124–145
137
10,6–20,0
14,58

0,23–0,34
0,31
112–165
137
142–309
245
330–570
430
75–109
86
10,1–15,5
12,60

Raw wastewater
Temperature

[°C]

pH
Dissolved oxygen

[mg/l]

TSS

[mg/l]

BOD5

[mgO2/l]

CODCr

[mgO2/l]

Total nitrogen

[mg/l]

Total phosphorus

[mg/l]

Treated wastewater
Temperature

[°C]

pH
Dissolved oxygen

[mg/l]

TSS

[mg/l]

BOD5

[mgO2/l]

CODCr

[mgO2/l]

Total nitrogen

[mg/l]

Total phosphorus

[mg/l]
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14,2–18,0
16,5

11,5–16,6
13,6

10,3–13,9
12,1

6,7–12,6
9,3

6,0–13,0
9,9

14,1–18,2
16,1

7,51–8,07

7,98–8,20

7,93–8,15

8,10–8,28

8,04–8,24

7,57–7,92

3,14–3,89
3,46
9,6–103
55,8
16,1–83
40,8
65–142
108,8
75–87
79
2,5–15,1
11,72

0,13–3,37
2,13
13,3–30,6
18,8
36–137
64,6
121–310
221
98–131
109
10,1–16,9
13,72

0,75–3,3
2,23
2,3–38
21,1
20–93,6
69,2
190–280
238
91–126
108
4,76–16,5
12,79

0,41–3,42
1,25
6,3–54,9
26,8
66–102,4
84,9
230–290
270
101–126
111
9,6–15,2
12,98

0,24–2,38
1,05
2,17–42,3
19,3
27–132
70,8
160–290
230
104–139
125
12,6–18,1
14,44

0,21–3,51
1,27
7,2–22
15,5
7,9–60,8
28,5
50–230
140
12–72
40
0,80–9,50
5,83
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tration of suspended solids only sporadically
exceeded 300 mg·dm-3. On average it amounted
to 144 mg·dm-3 (Table 1). Slightly higher values, closer to typical levels, were recorded for
organic pollutant indicators – BOD5 and CODCr.
For the first one the average value over the entire period of study exceeded 380 mgO2·dm-3,
and sporadically it was close to 500 mgO2·dm-3.
At the same time, CODCr oscillated within a very
wide range from 330 to 1030 mgO2·dm-3 (on
average slightly above 700 mgO2·dm-3). Such a
differentiated composition of raw wastewater is
characteristic of most rural households. It is due
to many factors, mainly of social, economic and
technical nature [Heidrich 1998]. In addition,
mutual relations between the indicators, and in
particular COD:BOD5, BOD5:N and BOD5:P are
very significant in terms of correct course of the
treatment process [Heidrich et al. 2008]. The ratio COD:BOD5 in the analysed samples of raw
wastewater was equivalent to the optimum level
(≤2.2). Relations between other ratios should be,
respectively: BOD5:N≥4, BOD5:P≥25 [Heidrich
et al. 2008]. In most wastewater samples analysed
they were too low, which means that the supply of
nitrogen and phosphorus compounds is too high
compared to the content of organic compounds.
At the same time, it must be taken into account
that a considerable part of organic substances is
found in suspended solids [Heidrich et al. 2008],
so the relations between the indicators analysed
in the wastewater subject to biological treatment
could have been even less favourable.
The quality of wastewater discharged from
the secondary settling tank was highly variable.
The pH was not significantly different from that
TSS

100

Effects [%]

CODCr

89,2
84,0

80
70

BOD5

89,9

90

of raw wastewater. The content of total suspended solids in treated wastewater was low.
In single cases it exceeded the level acceptable
for small treatment plants (Table 1). The highest
values of the parameter were noted down at the
beginning of the plant’s operation (variant I). At
that time, the average efficiency of the plant in
removing suspended solids was slightly above
66% (Fig. 2). The high content of suspended solids at the beginning of the plant’s operation can
be related to the process of sludge seeding. At
high concentrations of active sludge and insufficient capacity of the recirculation system sludge
floated onto the surface of wastewater in the secondary settling tank from which samples were
taken for laboratory tests. At subsequent stages
of the analyses, the efficiency of eliminating suspended solids increased to 80–90%, and the average value of the parameter for variants II-VI did
not exceed 30 mg·dm-3 (Table 1).
The most representative indicators of
wastewater quality are BOD5 and COD. In case
of BOD 5 a very large discrepancy between
results in respective series of tests is worth
noting. In all variants the average efficiency
of removing organic pollutants expressed by
this indicator oscillated around 80–90% (Fig.
2). Despite this fact, only for variant I and VI
the average value of BOD 5 was higher than
or close to the acceptable level [Dz. U. 2014,
poz. 1800]. In other cases, it clearly exceeded
this level (Table 1). In respective series of tests
the indicator in treated wastewater often exceeded the limit of 80 mgO2·dm-3.
A similar trend can be observed for CODCr
where the time variation curve of the indicator

83,8

79,7

78,2

78,4

69,2
66,2

88,7 88,4

85,7 83,4

68,8

81,3
71,6

69,6

64,2

60
50
40
30
20
10
0

2h-2h

1h-1h

1h-2h

1h-3h

2h-1h

1h-0,5h

Figure 2. Average efficiency of removing basic pollutants for respective variants of hybrid reactor aeration
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was similar to that for BOD5. During the tests
of variant I (2h-2h), CODCr was below the level
described as acceptable. During tests of variants
II, III, IV and V (1h-1h, 1h-2h, 1h-3h, 2h-1h),
COD clearly exceeded 200 mgO2·dm-3, and was
often close to 300 mgO2·dm-3 (Table 1). For
variant VI of biological reactor aeration (1h0.5h) improved quality of treated wastewater
and a decrease in COD below 100 mgO2·dm-3
were noted down. The highest average efficiency of removing organic pollutants expressed as
COD, that is, nearly 85%, was recorded for variant I (2h-2h). For other variants the average efficiency of the treatment plant in reducing COD
did not exceed 70% (Fig. 2).
The quite high variation of results prevents
an unambiguous evaluation of the operation of
a TRYBIO hybrid plant and the selection of the
optimum variant of biological reactor aeration.
This is because the efficiency of removing pollutants in such facilities, apart from aeration of
wastewater in the reactor, is affected by many
other, equally significant factors. The tests have
shown that the level of elimination of organic
pollutants was the highest for a two-hour reactor
aeration phase and two-hour dwell (variant I) and
one-hour aeration and thirty-minute dwell (variant VI). This fact can be closely connected with
removing biogenic compounds – nitrogen and
phosphorus – from wastewater since heterotrophic microorganisms responsible for their ultimate
elimination from wastewater, that is, denitrifiers
and phosphorus accumulating bacteria, will uti-

lize organic compounds in wastewater as an external source of carbon [Yoo et al. 1999; Hanhan
et al. 2005]. The efficiency of removing both nitrogen and total phosphorus in the said treatment
plant was definitely the highest in variant I and VI
of hybrid reactor aeration (Fig. 3), which could
be conditioned by the temperature of wastewater.
The optimum temperature for correct removal
of nitrogen and phosphorus from wastewater is
above 16°C [Obaja et al. 2003]. Tests of respective variants, with regard to their duration, were
carried out at various temperatures. Only for variant I and VI the average temperatures of wastewater exceeded 16°C. In other cases they ranged
from 9.9°C to 13.7°C (Table 1).
Apart from temperature, oxygen conditions
and their variability are significant for the correct
conversion of nitrogen and phosphorus in the
wastewater, including correct activity of denitrifying and phosphorus accumulating bacteria. In
the hybrid reactor they are shaped by adequate
selection of intensity and length of reactor aeration phases [Mazumder and Dikshit 2004]. The
optimum concentration of oxygen in the aeration
zone, as given in reference literature, should not
exceed 2.5 mgO2·dm-3 [Yoo et al. 1999]. In the
analysed reactor aeration variants the concentration of dissolved oxygen was determined in
treated sewage. The average value of this parameter oscillated about 1–2 mgO2·dm-3, whereas in
variant I it reached 3.46 mgO2·dm-3 (Table 1).
These values are not reliable but it can be supposed that the content of oxygen in a hybrid

Total phos phorus

Total nitrogen

100
90

Effects [%]

80
70
60
50
40

53,8 53,0
44,0
34,3

30

21,0

20,8

20

9,0

10

10,1

15,0

13,5

8,0
1,0

0
2h-2h

1h-1h

1h-2h

1h-3h

2h-1h

1h-0,5h

Figure 3. Average efficiency of total nitrogen and phosphorus removing
for respective variants of hybrid reactor aeration
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reactor, in particular at the aeration phase, was
considerably higher. With regard to the fact that
the content of organic compounds in treated
sewage is quite high, it is likely that the concentration of oxygen could be a factor limiting
the process of reduction of nitrogen compounds
and accumulation of phosphorus.
The analysed wastewater treatment system
makes it possible to remove organic pollutants efficiently but it requires a more advanced system
of controlling conditions inside the reactor and
increasing the recirculation of sludge from the
secondary settling tank. In this context it should
be mentioned that in the study period several operational issues occurred, including single cases
of failure of the time switch controlling the process of wastewater aeration in the hybrid reactor
and recirculation of wastewater and active sludge.
Such a defect can cause, for example, destruction of active sludge in the reactor [Bugajski and
Ślizowski 2004] and even if quickly removed, it
can affect the process of treatment and the quality
of wastewater flowing out of the facility.

CONCLUSIONS
1. The efficiency of a TRYBIO household wastewater treatment plant with a hybrid reactor in
terms of reducing BOD5 oscillated from 81 to
90%, COD – 64–84%, whereas total suspended
solids – 66–89% which, as a rule, was not sufficient to achieve standard levels set for such
indicators.
2. The best effects of removing organic pollutants
expressed as BOD5 and COD were achieved
for the following variants: aeration – 2h, dwell
– 2h and aeration – 1h, dwell – 0.5h.
3. Removal of organic pollutants from wastewater in the treatment plant with a hybrid reactor
was dependent on the dynamics of conversion
of nitrogen and phosphorus compounds and indirectly on the thermal and oxygen conditions
inside the reactor.
4. Highly differentiated indicators of efficiency
for respective variants of analyses result from
the fact that the analyses were carried out in
field conditions and over a long period of time,
which is connected with a considerable differentiation of conditions, including ambient temperature, volume and composition of wastewater received in the plant.

5. Providing an efficient system of control to
maintain the optimum technological conditions
and signal emergencies is the fundamental condition for efficient operation of onsite wastewater treatment plants with a hybrid reactor.
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