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a  b  s  t  r  a  c  t

Sludge  treatment  reed  beds  (STRBs)  are  an environmentally  friendly  technology  which  provides  inte-
grated  dewatering  and  stabilization  of sewage  sludge.  STRBs  do not  require  the  use of  chemicals  to
improve  the  dewatering  process.  STRB  is both,  a low-emission  and  a low-energy-consuming  method.
After  the  stabilization  process,  sludge  is characterized  by  the  chemical  composition  similar  to  that  of
humus.  The  aim  of  the paper  is  to present  the  comprehensive  data  from  Waste  Water  Treatment  Plant
(WWTP)  in  Gniewino  (Poland)  where  the  sewage  sludge  is dewatered  and  stabilized  in  a STRB.

Research  and  literature  reports  indicate  that  sewage  sludge  treated  in  STRB  is  dewatered,  which  results
in  an  increase  in  the  dry  matter  (dm)  (from  1.1%  to 15.5%)  and  stabilization  due  to  the  decrease  in  the
content  of  the  organic  matter  (from  71.2%  of  the  dm  to 52.4%  of  the  dm).  Likewise,  thanks  to  the high
concentration  of nutrients  (TKN  concentration  − 3.64%  of the  dm  and  P  concentration  −  3.54%  of  the  dm)
and  the  low  concentration  of  heavy  metals  (below  permissible  values  for the  agricultural  use) after  the
time of stabilization,  safe  and valuable  product  can  be  recycled  to  the  environment.  Reject  water  (RW)
generated  during  this  process  has  relatively  stable  and  much  better  properties  in  comparison  to these
which  are  generated  in high  technologies  for sludge  treatment.  Thus,  recycling  the  RW  from  the  slugde
dewatering  in STRB  represents  a very  low  internal  pollution  and  should  not  alert  the  treatment  proceses
of  wastewater.

© 2016  Published  by  Elsevier  B.V.

1. Introduction

Sewage sludge is a by-product of wastewater treatment pro-
cesses. Before recycling it needs to be stabilized. During sewage
sludge processing serious environmental, technical and economi-
cal problems arise. Treatment of sludge is a very expensive process
and can even reach 50% of total operation cost of WWTPs (Fytili and
Zabaniotou, 2008).

In recent years in Poland there has been observed an
increase of sludge amount resulting from improvements of
WWTPs meeting the requirements of Water Framework Directive
(WFD/2000/60/EU) which creates the additional problem (Table 1).

During the last 13 years the amount of sludge produced in
Poland has increased by 33.4% from 359,800 to 540,300 t of dry
matter. According to the National Waste Management Plan 2014
(NWMP,  2014) this trend will be maintained in the coming years.
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It is estimated that in 2022 the amount of sludge will achieve
750,000 t of dry matter.

Dewatering is one of the main processes of sludge management.
A minor decrease in the amount of water in the sewage sludge
causes a significant reduction in its volume. The increase of dry
matter content by 10% causes the decrease of initial volume of about
85–90% (Lı́Hermite and Ott, 1980). The reduction of sludge volume
is very important for the further stage of sludge utilization.

Until now mechanical dewatering and storage has very often
been the final stage of sewage sludge management in WWTPs.
According to Polish legislation in 2016 the storage of sewage sludge
is forbidden.

According to NWMP  (2014) sludge produced in large WWTPs
(approximately 500,000 pe − person equivalent) should be ther-
mally utilized. Due to potential fertilizing properties sewage sludge
from small and medium-sized WWTPs should be used in agricul-
ture. However, the use of sludge as a fertilizer requires proper
preliminary processing like dewatering, stabilization and hygien-
ization, as well as achieving adequate permissions.

Sludge treatment reed beds (STRBs) provide integrated dewa-
tering and stabilization of sewage sludge (Nielsen, 2003; Peruzzi
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Table  1
The mass (1000 t of the dm)  of sewage sludge in Poland according to Central Statis-
tical  Office (CSO, 2014).

Year 2000 2005 2010 2012 2013

The mass of sewage sludge 359.8 486.1 526.7 533.3 540.3

et al., 2009; Troesch et al., 2009; Uggetti et al., 2010; Kołecka and
Obarska-Pempkowiak, 2008). This method is predicted for long-
term management of sludge, which is about 10–15 years. The
surplus activated sludge (SAS) is directly supplied into special beds
planted with reed. An important element of the STRB is the correct
construction of the drainage layer, which drains reject water and
ensures the inflow of air (Nielsen, 2003; Troesch et al., 2009). Due
to the presence of the reeds, the efficiency of sewage sludge dewa-
tering is very high and the content of dry matter can even reach up
to 40% (Nielsen, 2011; Kołecka and Obarska-Pempkowiak, 2013). In
STRBs sewage sludge is not only dewatered, but it is also stabilized.
After this process, sludge is characterized by the chemical compo-
sition similar to that of humus (Peruzzi et al., 2011; Kołecka and
Obarska-Pempkowiak, 2013). Additionally, the obtained product is
safe regarding microbiology (Nielsen, 2007).

Thanks to their properties STRBs are an environmentally
friendly technology of sewage sludge management. It is very
important that STRBs do not require the use of additional chem-
icals (e.g. coagulants or polyelectrolytes) to improve the process.
Since mainly aerobic transformation of organic matter takes place,
unpleasant odors are not emitted, like for example during com-
posting or thermal incineration. Additionally, STRBs are very well
blended into the landscape (Kołecka and Obarska-Pempkowiak,
2013).

It is a low-emission method. The research conducted by Uggetti
et al. (2012a, 2012b) shows STRBs as the technology with the low-
est emissions of greenhouse gasses. CH4 and N2O emissions were
calculated in terms of CO2 equivalents and the following results
were obtained: 17 kg CO2eq/pe annually for STRBs, 36 kg CO2eq/pe
annually for centrifuge and 162 kg CO2eq/pe annually for untreated
sludge (with high content of water) transport. Olsson et al. (2014)
also confirms low emission of STRBs. STRB is also a low-energy-
consuming method, because electricity is needed only to pumps
supplying sludge to the system (Kołecka and Obarska-Pempkowiak,
2008). The operation of reed systems does not require the use of
heavy traffic and other dangerous machines. They are only needed
while emptying beds.

Although the STRBs methods have been in use for nearly 30
years there is still lack of knowledge about the influence of raw
wastewater composition on sewage sludge properties for process-
ing within STRBs, as well as the quality and quantity of reject water
(RW) generated during sludge handling in STRBs.

The aim of the paper is to present the comprehensive data from
municipal WWTP  in Gniewino in Pomerania Region (Poland) where
surplus sewage sludge is stabilized in STRB. The WWTP  in Gniewino
is a unique one, since it is supplied by 35% of wastewater originated
from food industry. The quality of sewage sludge as a result of raw
wastewater composition is evaluated. The spatial distribution of
pollutants is discussed between wastewater, sewage sludge, sludge
residue and reject water (RW) as a result of sludge treatment in
STRB.

2. Methods

2.1. Research object

The research has been conducted in a WWTP  located in
Gniewino (Pomerania Region, Poland). Fig. 1 presents the techno-
logical scheme of analyzed WWTP  working in technology based on

mechanical, biological and chemical removal of the organic matter
and nutrients (MBCNR). This WWTP  serves 15,000 pe. The quantity
of inflowing wastewater and produced sewage sludge is presented
in Table 2. About 35% of wastewater supplied to WWTP  comes from
the diary and food industry and 17% wastewater is delivered from
septic tanks.

Basing on three years of research it can be indicated that the
work of WWTP  in Gniewino is stable (Table 2).

The surplus activated sludge (SAS) is treated in the STRB from
March to December. Before the STRB the quality of the SAS is
averaged in the tank. During this period mechanical press is not
used. In winter the SAS is dewatered only by using mechanical
press and temporary storage at WWTP  until it gets warmer. From
March to December previously dewatered and stored sludge from
press is mixed with the SAS in the tank and then is treated on the
STRB.

STRB was built in 2012. Its total area is 2400 m2 and it consists
of six beds. The time of feeding of the SAS on beds is about 1 day.
During one load about 1000 − 2000 m3 of the SAS about moisture
below 1% of d.m. (1000–2000 kg of the d.m.) is discharged. The rest-
ing period of a bed is from 15 to 20 days. During the whole year of
2015 the amount of the SAS treated on the STRB was  98.8 t of d.m.
In 2015 the average load was  41 kg of d.m./m2. It is assumed that
the load in 2016 will be about 55 kg of d.m./m2.

Reject water (RW) from the STRB is recirculated to the inlet of
WWTP  and added to the influent. The outflow of RW just before
loading during regular maintenance was  about 0.01-0.02 m3/h. The
most intensive outflow appeared average about 3.0 h after loading
and it amounted about 0.14-0.16 m3/h. Average after about 11 days
the RW outflow achieved initial values (0.01-0.02 m3/h). RW from
one bed during the most intensive outflow constitutes only 0.5% of
the wastewater influent.

Due to the probable future operation problems in the STRB con-
nected with emptying of beds, three new beds will be built in 2016.

2.2. Samples and analyses

The quality of influent and effluent of wastewater, as well as the
quality of sewage sludge and sludge residue treated in the STRB and
RW were determined.

TSS (total suspended solids), COD, BOD5, total nitrogen (TN) and
total phosphorus (TP) in raw and treated wastewater were deter-
mined. The samples of wastewater were collected once a month
during the year.

In the feed sludge the following properties were determined: the
dry matter (DM), the organic matter (OM), Total Kjeldahl Nitrogen
(TKN), total phosphorus (TP), potassium (K), sodium (Na), as well
as selected heavy metals (Cr, Cu, Ni, Zn, Cd, Pb). Determinations
were made in the SAS (which is average in tank and discharge to
the STRB) and in the sludge treated in the STRB. The samples of
sludge from STRB were collected from the selected bed by using
of a special probe in six points (Kołecka and Obarska-Pempkowiak,
2013). Then the samples of sludge was averaged for analyses. The
profile of sludge residue was  divided into bottom and top layers.
The average height of the bottom layer was 20 cm and the height of
the top layer was  40 cm.  The samples were collected 20 days after
the last load before the next feeding. The sampling was  done three
times in vegetation period. The sludge has been treated in the STRB
since 2012.

In RW BOD5, COD, total nitrogen (TN), nitrate nitrogen (N-
NO3

−), ammonia nitrogen (N-NH4
+), orthophosphate (PO4

3−),
chlorides (Cl−) and sulfates (SO4

2−) were determined. RW came
from one bed where the quality of residue sludge was also deter-
mined. The samples of RW were collected before supplying sludge
into the STRB (20 days after the last load) and three hours after sup-
plying (when intense outflow of RW was observed) and then after
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