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INTRODUCTION

ABSTRACT

The paper presents information related to the use of hydrophytic technology com-
bined with traditional activated sludge solution for wastewater treatment in areas
without central sewage system. The analyzed wastewater treatment plant (WWTP)
was operated in activated sludge technology with a hybrid activated sludge reac-
tor where biomass is kept in a settled and suspended form. Treatment system was
completed with a hydroponic lagoon. Hydroponic lagoon has been used as tertiary
treatment, in which the self-cleaning processes with the participation of the plant has
come to an additional reduction of nutrients. The analyzed three-stage treatment plant
is located in the municipality of Nowa S6l. Only domestic wastewater delivered by
slurry tanks is treated there in the amount of 60 m*/d. During the observation, high
average concentrations of total nitrogen (201.0 mgN/dm?®) was observed and organic
matter expressed by COD reaching 1341.5 mgO,/dm* and BOD, on the level of 246.3
mgO,/dm’ were noted. A characteristic feature of the object designed for wastewater
treatment delivered by slurry tanks is high irregularity of wastewater supply and high
instantaneous loads of pollutants (the system does not provide expansion tank). The
biggest inequality factor of the flow to the reactor was observed in December 2014
(Nd=3.9). During the observations days with no inflow of sewage also occurred. The
study shows the dynamics of changes in the amount of delivered domestic wastewater
and sewage flowing out of the treatment plant including inequality factor. Information
about the quality of wastewater was used to determine the reduction of concentrations
of pollutants such as organic matter, suspended solids, nitrogen and phosphorus.

Keywords: activated sludge technology, hydroponic lagoon, wastewater delivered by
slurry tanks, wastewater treatment efficiency

formed to reduce the load of pollutants introduced
with wastewater were numerous modernizations

Due to the location of the entire territory of
Poland in the basin of the Baltic Sea, which was
recognized as sensitive to eutrophication, in the
EU Accession Treaty Poland is committed to a
75% reduction in the load of nutrients (nitrogen
and phosphorus) discharged into the surface wa-
ter. This information is contained, inter alia, in
the National Programme of Municipal Sewage
Treatment, which at present is controversial as to
write specific assumptions [Mikosz, Mucha 2014;
Mucha, Mikosz 2014]. Activities that were per-

of existing treatment plants, construction of new
facilities and building sewerage in the areas pre-
viously unequipped with sewer systems [Struk-
Sokotowska 2012]. Doubts are raised about re-
cords specifying the reduction levels for selected
size of the treatment plant which does not define
the size of the agglomeration, from which waste-
water is received, without reference to the capac-
ity of the treatment plant. Still, achieving high
reduction of biogenic compounds is a huge tech-
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nological problem especially on greenfield sites.
This is due to the inability to build central sewer
systems completed with at least two-stage sewage
treatment plant, for which constant control of the
effects of work is possible. This would allow for
a full control of the impact of such a facility on
the environment and on early prevention of prob-
lems, e.g. breach of water permits and standards
for wastewater discharge to the receiver.

The task of wastewater treatment plant is to
remove contaminants present in the form of car-
bon, nitrogen and phosphorus from sewage. The
methods used for these purposes are primarily
mechanical methods which deprive thicker sew-
age pollution and biological methods helpful in
reduction of nutrients (nitrogen and phosphorus)
[Klaczynski, Ratajczak 2013]. Among the avail-
able technology activated sludge technology is
used on a global scale. It was developed as early
as in 1914 [Ardern, Lockett 1914] and improved
throughout the years. The proper course of waste-
water treatment is provided by constant supply
of wastewater with known characteristics, rich in
easily decomposable carbon compounds and nitro-
gen compounds. According to Bever et al. [1997],
to ensure the removal of nitrogen and phospho-
rus from wastewater at a high level, the ratio of
N:BOD, no greater 0.2 and the ratio P:BOD;, not
exceeding 0.04 should be provided. Lomotowski
and Szpindor [1999] and also Pirsaheb et al.
[2015] indicate that the process of denitrifica-
tion is also conditioned by an appropriate ratio
of organic carbon to nitrogen, which should ex-
ceed 3.5 g BOD. /g N. A necessary condition must
also ensure an adequate oxygen concentration in
the aerobic chamber in reactor for the growth of
microorganisms that “work” for the reduction of
the pollutant load in wastewater [Sikora, Miksch
2012]. The biggest technological problem is the
lack of a constant inflow of wastewater, whose
operators try to compensate by delivering sew-
age from septic tanks. This becomes a problem
for wastewater treatment plant at a time when the
physicochemical composition of the wastewater
is far from the composition of sewage widely ad-
opted for design purposes. Domestic wastewater
from septic tanks due to its composition and the
state in which they are anaerobically decomposed
may cause difficulties in cleaning them in con-
ventional systems [Karczmarczyk 2013; Richards
et all. 2016]. In wastewater delivered from septic
tanks a high concentration of pollutants occurs,
mainly organic matter. Particular hazard may
result from a high concentration of ammonium,
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which can cause poisoning of activated sludge
[Kucharski 2000; Im, Gil 2015]. As a result of
processes of anaerobic decomposition of pollut-
ants in the septic tank occurs gases, among which
the most toxic effect has hydrogen sulfide [Pias-
kowski, Terlecka 2012]. Its moderate concentra-
tions in effluent flowing into the chambers of ac-
tivated sludge may slow down the growth of mi-
croorganisms, but increased levels of H_,S are the
cause of technological problems and increased
oxygen consumption, which stems from the need
to oxidize delivered pollutants before O, is used
in the processes of nitrification [Sikora, Miksch
2012]. Additional problems in wastewater treat-
ment plants in the areas without sewer system are
also caused by delivering of sludge from local
sewage treatment plants and mixing them with
sewage. Impact flow of this type of mixture to the
reactor could lead to anaerobic conditions and the
extinction of activated sludge organisms [Pow-
ley et al. 2016]. Therefore, the design assumes
a partial share of sewage delivered by slurry
tanks in relation to the wastewater inflow from
sewerage systems. Usually the 10% as the maxi-
mum amount of delivered sewage in relation to
the influent is accepted [Bugajski, Satora 2009].
Wastewater treatment plants, which function as
facilities for the treatment of sewage delivered by
slurry tanks are rare [Lam et al. 2015]. They rep-
resent mainly transient condition before connect-
ing the area to the sewage system and directing a
constant flow of wastewater into a proper facility
[Sadecka et al., 2012].

Wastewater from the septic tanks is mainly
characterized by “hard” physical and chemical
composition and high irregularity of delivery,
which certainly presents a challenge for any con-
ventional technology. The aim of the study was
to assess the legitimacy of the use of hydroponic
lagoon working in conjunction with the two-stage
mechanical-biological ~wastewater treatment
plant as the right technology for the treatment of
domestic sewage delivered by slurry tanks.

MATERIALS AND METHODS

Samples of wastewater were used to define the
possibility of delivered wastewater treatment in
traditional activated sludge technology with addi-
tional third stage treatment in hydroponic lagoon.
Samples of raw wastewater were taken from tank
for delivered wastewater. Purified wastewater
were taken from the outflow from WWTP — the
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outflow from hydroponic lagoon. Tests of the
quality of raw and purified wastewater were made
in Water and Wastewater Laboratory of Faculty
of Environmental Engineering and Geodesy in
Wroctaw University of Environmental and Life
Sciences with use of current standards. BOD,,
COD, total suspended solids, total nitrogen and
total phosphorus concentrations were determined
with methods showed in Table 1.

Samples of raw and treated wastewater were
taken from three stage (mechanical-biological-
hydroponic) treatment plant, located in the mu-
nicipality of Nowa So6l. The object purifies only
sewage delivered by slurry tanks in average
amount of 60 m3/d. The analyzed object consist
of a technical block, which includes a tank for de-
livered wastewater, whose task is to collect and
averaging sewage inflow. After averaging tank,
sewage flows through the pumping system on a
vertical screen, where larger parts are separated
and then to the grit chamber to remove mineral
particles. Next, the sewage flows into a primary
settling tank, which ends the mechanical block.
Specifications of the equipment installed in hy-
droponic wastewater treatment plant are presented
in Table 2. After the primary settling tank sewage
is subject to biological treatment in a hybrid cir-

culating reactor of activated sludge. The reactor is
built on the outer cover of the secondary settling
tank and has the shape of a radial flow chamber. It
is divided into oxygenated and anoxic chambers,
with one anaerobic chamber, to whom the waste-
water flows after mechanical cleaning. Individual
chambers are separated by plastic panels covered
with bacterial biofilm which are the trophic and
oxygen barrier. The purpose of the reactor is to
remove carbon compounds as well as the reduc-
tion of nitrogen (nitrification and denitrification)
and phosphorus (biological dephosphatation).
After the activated sludge reactor, wastewater is
directed to the secondary settling tank located in
the central part of the building, where wastewater
is clarified. The final stage of wastewater treat-
ment in this system is a hydroponic lagoon. Lo-
cation of the lagoon inside the building provides
insulation from unfavourable thermal conditions,
and windows built-in wall and roof provide a sup-
ply of solar energy required for the processes of
photosynthesis of plants planted on the lagoon.
About 50% of the lagoon is covered with panels
made of plastic, which is a support for milfoils
whorled (Myriophyllum verticillatum) that was
introduced into the lagoon (Figure 1). WWTP is
also equipped with a station of sludge dewatering.

Table 1. Methods used for determining the physico-chemical composition of wastewater

Parameter Unit Methods Standards
BOD, mgO,/dm?3 specific method PN-EN 1899-1:2002
COD mgO,/dm?3 non-specific spectrophotometric method | ISO 6060:1989
Total suspended solids mg/dm? Potassium dichromate titration PN-EN 872:2002
Total nitrogen mgN/dm? specific method PN-EN 25663:2001
Total phosphorus mgP/dme | SPectrophotometric method with PN-EN 1189-2000

mineralization with HNO,

Table 2. Specification of hydroponic wastewater treatment plant in the municipality of Nowa S6l

dav

Characteristics Type of device/size of parameter Task / Comments
60 m¥/d Only wastewater delivered by slurry tanks (eventually
Q after sewerage 250 m®d)

Tank of delivered wastewater

Collecting of wastewater and averaging composition

Vertical screen EKOFINN 1.5kW

Preliminary reduction of pollutants

Mechanical Block Vertical grit EKOFINN

Securing of biological area from the inlet of solids

Primary settling tank

endangering proper operation of WWTP

Chamber of activated sludge
(capacity 180 m?®)

Biological treatment of organic carbon, nitrogen and
phosphorus by activated sludge

Aeration grids with blowers

Providing oxygen conditions necessary for the
occurrence of the process

Biological Block
lological bloc Secondary settling tank

Separation of activated sludge from treated wastewater

Hydroponic lagoon with aeration
diffusers

Reduction of biogenes in wastewater additional reduction
of suspended solids flowing out of the secondary settling
tank

Sludge block Chamber of sludge stabilization

Belt press with thickener

Dewatering and stabilization of sewage sludge
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Figure 1. Plastic panels with plants (Myriophyllum verticillatum) (phot. A. Bawiec)

Dehydration takes place on a belt press with the
use of polyelectrolytes, and then also on press,
sludge is subjected to compaction. Dehydrated
sludge goes into drying and then is stored in the
warehouse of sludge.

Designed hydroponic wastewater treatment
plant uses a hybrid method of activated sludge
consisting in conjunction suspended in the depths
of sewage biomass and the biomass attached to
the packages that are placed on the border of the
individual oxygen — anaerobic zones. Wastewa-
ter without thicker parts of pollutants that were
removed on mechanical block flow successively
through the anaerobic zone (Figure 2) to the an-
oxic and aerobic zones.

‘ Raw wastewater

| . Anaerobic zone

A2robic zons

Outflow to the
hydroponic
lagoon

N
\-..
Direction of sewage flow

Figure 2. Functional diagram of a circulating reactor
[Sadecka, Was 2007]
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RESULTS AND DISCUSSION

The analysis of raw and purified wastewa-
ter included the determination of the content of
organic matter in the wastewater expressed by
BOD, and COD, total suspended solids, total
nitrogen and total phosphorus. All the analyses
were made by current standards listed in Table 2.
Qualitative characteristics of wastewater deliv-
ered to WWTP assumed by designers and the re-
sults of the analysis made in the laboratory are
presented in Table 3.

Design values presented in Table 3 formed
the basis for the design of WWTP. Designers
did not take into account that wastewater qual-
ity may be characterized by high variability. The
results of the laboratory analysis showed that the
concentrations of pollutants in sewage delivered
by slurry tanks are sometimes even almost three
times higher than the expected values. Organic
matter concentration expressed by COD reached
the level of 3234.8 mgO,/dm’, where the design
value is 1243.0 mgO,/dm’. Real values of pollut-
ants concentrations were even more than three
times lower than those adopted for the purposes
of design, as is the case of BOD, Laboratory ana-
lyzes showed that BOD; levels were lower than
design values during the whole research period
and varied from 2.3 to 480.0 mgO,/dm’. Such a
wide range of changes in the concentrations of the
basic parameters was closely associated with the
place of sewage origin (septic tanks, local sew-
age treatment plants) and had a direct impact on
the nature of the processes occurring in devices of
treatment blocks [Scistowska, Wolny 2010; Pias-
kowski, Kotacz 2011; Siwiec 2012].
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Table 3. Characteristics of quality of delivered wastewater and intervals of design values estimated for WWTP

Parameter Unit Design value Real value*®
CcOoD mgO,/dm?3 1243.0 74.3 -3234.8
BOD, mgO,/dm?3 746.0 2.3-480.0
Suspended solids mg/dm? 870.4 90.0 — 2200.0
Total nitrogen mgN/dm? 136.8 62.1 - 333.3
Total phosphorus mgP/dm? 22.4 6.1 —-49.2

Table 4 shows designed, obtained and recom-
mended in the literature relative shares of indi-
vidual parameters characterizing the raw sew-
age in order to provide appropriate conditions
for the removal of nitrogen and phosphorus in
biological processes.

The values of the relative shares of N:BOD,
and P:BOD, presented in Table 4 indicate that the
composition of delivered wastewater does not
provide adequate conditions for proper overlap
of the biological treatment process. At the de-
sign stage the quality of wastewater necessary for
correct treatment and maintenance high removal
efficiency of nitrogen and phosphorus was esti-
mated. Assumptive values of contaminants con-
centrations are not corresponding to the actual
quality of sewage supplied to the treatment plant.
Analysis of the ratio of nitrogen to organic mat-
ter expressed in BOD, (N:C > 0.2) showed that
the wastewater treated in described plant does
reach the value that guarantees high reduction
of N and P (required N:C ratio should be lower
than 0.2). In each of the analyzed samples dur-
ing measurement, the concentration of BOD, in
relation to the concentration of the nitrogen was
at least twice as low in comparison to the re-
quired minimum. The ratio of phosphorus to or-
ganic matter in inflow sewage also did not show
values required for normal biological process of
purification. The analysis of P to BOD; ratio of
showed that in the wastewater there is inufficient
organic matter, which can be used by the micro-
organisms in the processes of nitrification, deni-
trification and phosphorus removal [Piaskowski
2015; Zhi, Ji 2014]. In the case of failure to pro-
vide adequate C:N ratio, it may be necessary to

introduce an external carbon source to the pro-
cesses taking place in the chambers of the biore-
actor to provide the correct parameters of sewage
into the occurrence of effective wastewater treat-
ment processes [Lomotowski, Szpindor 1999;
Isaacs, Henze 1995].

On the basis of the analysis of pollutants con-
centration in wastewater delivered and flowing
out of the plant after the three stages of the purifi-
cation (mechanical treatment, bioreactor with ac-
tivated sludge, hydroponic lagoon), the efficiency
of contaminants removal in the analyzed WWTP
was calculated (Table 5).

The data presented in Table 5 for the efficien-
cy of pollutants removal in the three-stage waste-
water treatment plant show a very high percent-
age of their removal despite working only with
sewage delivered by slurry tanks. Reducing the
concentration of total nitrogen was approaching
almost 95% during the research period (reduction
from 333.3 mgN/dm?® to 17.0 mgN/dm?). The re-
moval of phosphorus in research period reached
almost 95%, but in one month the concentration
of phosphorus in the treated wastewater (7.2 mgP/
dm?®) was higher than in raw sewage ( 6.1 mgP/
dm?®). Organic matter, expressed in COD was of-
ten removed with the efficiency exceeding 95%
(COD in raw wastewater — 3234.8 mgO,/dm’ and
in treated wastewater — 56.2 mgO_/dm*). BOD,
levels were usually reduced by 99%, for example
in June 2015 the BOD level in raw wastewater
was 480 mgO_/dm’ where it reached the level of
0.3 mgO,/dm’ in the treated wastewater. Similar
removal efficiency was observed for total sus-
pended solids. In samples taken in December
2014 sewage enrichment in phosphorus and or-

Table 4. Summary of shares of nitrogen and phosphorus relative to the organic matter (design and preferred values)

N:BOD, | Designed ratio Obtained ratio | Preffered ratio Designed ratio Obtained ratio | Preffered ratio

Date N:BOD, N:BOD, N:BOD, P:BOD, P:BOD, P:BOD,

04.11.2014 0.50 0.13

09.12.2014 27.0 2.67

03.02.2015 0.69 0.04

18.03.2015 0.18 0.88 <0.2 0.03 0.18 <0.04

24.04.2015 2.16 0.23

14.05.2015 0.84 0.12

19.06.2015 0.61 0.06
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Table 5. Efficiency of contaminants removal [%] in wastewater treatment plant in Nowa Sol municipality

Indicator COD BOD, Suzzﬁg:ed Total nitrogen | Total phosphorus
Efficiency [%] min— max 15.1-98.3 -21.7-99.9 61.9-98.5 43.4-94.9 -16.6-94.2
average 80.7 75.0 89.6 74.1 56.1
Number of samples (n) 5 5 5 5 5
Number of exceedances according to ) ) 2 x *
water permit

* negative values of reduction indicate the secondary contamination of sewage

-* not required by the water permit

ganic matter (BOD,) was observed, as indicated
by the negative values shown in the table 5. The
reason may be decomposition of plants growing
on hydroponic lagoon caused by low tempera-
tures and lack of sunlight which are necessary for
plants vegetation. In February and March 2015,
there was no outflow from the plant, what made
it impossible to determine the quality of treated
wastewater and thus — to calculate the removal
efficiency. Inflow to the WWTP was so small that
all wastewater were collected in the tanks of sew-
age treatment facilities as well as in the hydro-
ponic lagoon. Reducing the outflow and, conse-
quently, periods without any outflow were due to
the lack of sewage delivered to the plant resulting
in a lagoon worked as a buffer (additional second-
ary sedimentation tank) [Zawatek, 2012].

According to the legal status (Regulation of
the Minister of the Environment) [Rozporzadzenie
Ministra Srodowiska...], on the outflow WWTP
should provide a reduction of 3 basic parame-
ters BOD,, COD and TSS, whose concentration
should not be higher than : 25 mgO /dm’, 125
mgO,/dm’, 35 mg/dm* accordingly. Research on
sewage quality flowing into the plant showed, that
during the period of observation the maximum
permissible concentrations of BOD, and COD
on the outflow from the plant were not overrun,
but has twice exceeded the maximum permissible
concentration of total suspended solids, which
reached 50 mg/dm’. The attention should be paid
also to the fact that in February and March 2015
during the sampling did not occur the outflow of
sewage from the plant and hydroponic lagoon
worked as a tank for biologically treated waste-
water. Using hydroponic lagoon as a sedimen-
tation tank caused formation of sewage sludge
which, at the time of increasing the wastewater
inflow, was flowing out of WWTP. The flocs of
sludge picked up by flowing wastewater from the
bottom of the lagoon increased the concentration
of total suspended solids in the outflow.

The occurrence of periods in which treated
wastewater is not discharged from the plant is
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due to the high inequality of sewage inflow. Itis a
plant that receives only wastewater delivered by
slurry tanks. Lack of central sewer and constant
inflow of wastewater by pipes causes occurrence
of periods without inflow, which has an unfavor-
able impact on the treatment processes that oc-
cur in the biological reactor and the hydroponic
lagoon. Daily values of inflow and outflow of
wastewater to the treatment plant and the maxi-
mum and minimum values in the analyzed period
are shown in Figure 3.

The median for the observed values of the de-
livered wastewater was 45.5 m*/d (Figure 4), and
the amount of treated sewage due to the nature
of the work of the object was characterized by a
wide range of changes. Lagoon assuming partly
the character of buffer tank regulated largely un-
even inflow. For outflowing wastewater median
had value of 37.2 m*/d.

Technological system set only for the purifi-
cation of wastewater delivered by slurry tanks has
high flow imbalances which translates to varying
hydraulic load as well as high and time-varying
pollutants loads. The technology based on “live
structures” as is the activated sludge flocs without
continuous over time and stable in terms of physi-
co-chemical composition inflow in the long term
of time react with deterioration of the condition of
activated sludge as well as a reduction in the qual-
ity of discharged wastewater. During the observa-
tions the amount of wastewater delivered into the
plant showed an upward trend (Figure 3). How-
ever, despite a noticeable increase in the volume
of sewage, high rates of inequality (2.0-3.9) were
noted. The largest percentage in the amount of de-
livered wastewater had daily inflows in the range
of 40-60 m*/d (24% — Figure 5a). The amount of
wastewater discharged from the facility is also
characterized by a growing trend (Figure 3). The
shift in the value of the daily outflow: 2040 m?/d
(36% — Figure 5b) was noticeable. Despite of
shifts in the class of the sewage inflow and out-
flow medians in both cases were similar to each
other (Figure 4).
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CONCLUSIONS

On the basis of the observations and labora-
tory analyzes the following conclusions were
performed:

1. Maintaining the required quality parameters of
wastewater outflow from the plant that treats
only sewage delivered by slurry tanks (often
anaerobically decomposed, with very high
loads of pollutants) is demanding and difficult
task from a technological point of view, how-
ever, feasible;

2. Facilities that use hybrid reactors in sewage
treatment processes, although they are less sen-
sitive to uneven conditions of flow and wide
ranges of inflowing pollutants concentrations,
show irregularities in the functioning with the
absence of wastewater inflow and with deliv-
er of anaerobically decomposed wastewater
mixed with sludge coming from the local sew-
age treatment systems;

3. During the research time, high concentrations
of organic matter expressed by COD and BOD,
exceeded 2000 mgO,/dm® which may have
negative impact on the stability of wastewater
treatment processes.

4. The observed values of the relative shares of
N:BOD; (N:C > 0.2) and P:BOD, (P:C > 0.04)
indicate that the composition of delivered
wastewater does not provide adequate condi-
tions for proper overlap of the biological treat-
ment process.

5. In systems based on delivered wastewater it is
possible to achieve high efficiency of waste-
water treatment. In described facility when the
inflow and outflow from WWTP occurred, it
was possible to obtain even 99% reduction of
BOD,, COD and suspended solids, as well as
95% reduction of total nitrogen and phospho-
rus concentrations.

6. Wastewater collected in the lagoon where there
is no wastewater flowing into WWTP cause
sewage sludge disposal which, during high in-
flow of wastewater, can be picked up by flow-
ing sewage from the bottom of the lagoon and
increase the concentration of total suspended
solids in the outflow.
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