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W pracy przedstawiono wyniki badan przeprowadzonych w okresie 1997-2005 nad
odwadnianiem osadow $ciekowych stabilizowanych w warunkach beztlenowych na polet-
kach trzcinowych zlokalizowanych na komunalnej oczyszczalni §ciekéw, w Polsce Cen-
tralne;j.

Z istniejacych na oczyszczalni poletek osadowych do badan wydzielono poletko
o powierzchni 60 m?. Po nasadzeniu trzciny rozpoczeto zalewanie poletka osadem prze-
fermentowanym. W ciagu roku dokonywano 5-6 zalewow. Wysokos¢ warstwy zalewu
wynosita od 0,1 do 0,2 m. Roczne obciazenie poletka sucha masg osadu wynosito okoto
41,7 kg/m?. Czas odwadniania w okresie wiosenno—letnim wynosit 39 dni, za$ w okresie
jesienno-zimowym 176 dni.

Objetos¢ osadu przefermentowanego po odwodnieniu zmniejszala si¢ Srednio o 91,8 %.
Ogdlna wysokos¢ warstw zalewow wynosita 9,15 m. Laczna wysokos¢ nagromadzonego
wysuszonego osadu w ciagu 9 lat eksploatacji poletka trzcinowego wynosita 0,75 m.

W okresie badawczym byl obserwowany wzrost trzciny. Plon trzciny w postaci su-
chej masy wynosit od 1978 do 3150 g/m?. Badania wykazaly, ze poletka trzcinowe moga
by¢ wykorzystywane do odwadniania osadéw $ciekowych stabilizowanych w warunkach
beztlenowych.
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1. INTRODUCTION

Sludge developed in the sewage treatment process must be a subject to sta-
bilization and dewatering process, because of its characteristics and a large volu-
me. Many sewage treatment plants, especially small ones, can dewater stabilized
sewage treatment sludge utilizing sludge dewatering beds. Currently some Euro-
pean countries and USA utilize wetlands ecosystem plants, mainly common re-
eds (Phragmites australis), to intensify sludge dewatering process on sludge
dewatering beds.

Reed is a plant capable of growing on various types of beddings including
acid, alkaline and neutral environment. It easily accommodates to constant floods
as well as extended drought periods. As all capillary aquatic plants, reed has
substantial ability to transpiration, which is the ability to intake water and dischar-
ge water in a form of vapor. Reed extensive root system increases permeability
and filtration abilities of the bedding through constantly growing root and rhizome
system, which positively affects the dewatering process of stabilized sewage sludge.
The dewatering process of stabilized sludge, in natural condition on reed beds is
less expensive then dewatering of sludge utilizing mechanical methods.

Initial research related to reed utilization for dewatering of sewage sludge was
carried out in Germany in the Nuclear Research Center in Karlsruhe [Beitmann
and Seidel, 1967; Kickuth 1969]. The eighties brought an increased interest in this
method of dewatering. At that time research on this problem begin in many Euro-
peans countries such as Germany, France, Belgium, Denmark, Sweden, and Gre-
at Britain as well in the United States.

In the nineties some research results were published based on couple of
years of usage of dewatering systems in European countries [Lienards et all.1990,
1999, Lienard and Payrastre 1996, Hoffman 1990, Nielsen 1999] and in the Uni-
ted States [Kim and Cardenas 1990, Burgon et al. 1996, Hastreiter 1996, Kim and
Smith 1997, Beeg et all. 2001]. Towards the end of nineties wide research over
utilization of reeds for the sewage sludge dewatering in aerobic and anaerobic
conditions commenced in Poland [Kalisz and Satbut 1998, 1999, 2001, Cytawa
1995, 1996, Kalisz et all. 2002, Kalisz and Satbut 2003, Obarska-Pempkowiak
and Zwara 1996, Obarska-Pempkowiak et al. 1997]. Different types of concrete
tanks with drainage and aeration channels, lined ground tanks as well as conven-
tional sludge beds with reeds planted over it were used for sludge dewatering with
reeds utilization.

The goal of those researches was to establish sludge dewatering parameters,
in particular an applied dry mass loading of the dewatering systems to be used.
Published results indicate, that dry mass loading applications used by different
researchers vary very significantly.
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Based on research by Lienard et all. [1990] the applied dry mass loading for
the systems operating in the 10 year period for the aerobically stabilized sludge
varied from 30 to 40 kg-d.m./m?year (d.m. = dry mass). Nielsen [1990] indicates
that the aerobically stabilized sludge loading was 49 kg-d.m./m?year, and fermen-
ted sludge loading was approximately 55 kg.d.m./m?year. Research data provi-
ded by Maeseneer [1997] indicate, that the applied rate of the aerobically stabili-
zed sludge was 20 to 30 kg-d.m./m?year. Kim and Smith [1997] indicate, that the
applied system rate of fermented sludge was 13 to 60 kg-d.m./m”year. Based on
Kalisz et all. [2002], Kalisz and Satbut [2003] the loading of the reed bed over the
5 year usage was averaging 30 kg-d.m./m?year for the aerobically stabilized slud-
ge and was averaging 47 kg-d.m./m?year for the fermented sludge. Those later
results allowed establishing initial technological parameters for the dewatering
process over the 5 year period of usage of reed beds, where stabilized aerobic
sludge and fermented sludge was dewatered [Kalisz et all. 2002]. Nielsen [2003]
indicates, that over 10 year usage period of the dewatering system, he applied the
aerobically stabilized sludge loading at a rate of approximately 50 kg-d.m./m?year.

Advantages of usage of reeds for dewatering of sewage sludge were confir-
med during the practical use and resulted in continuous successful application of
this method in many Europeans countries as well as in the United States [Kalisz
2001, Nielsen 2003, Nielsen 2005].

2. MATERIAL AND METHODS

The fermented sewage sludge was the research material. Tests were carried
out at the Municipal Sewage Treatment Plant, where a 60 m? bed separated from
the other existing sludge beds was planted with reeds (Phragmites australis) and
was exposed to multi layer flooding of the fermented sludge. There were 50
drying bed flood applications with sludge during the research period between
1997 and 2005. The height of the flood level during the research period was
between 0,1 to 0,2 m. The subject reed bed was in use for 106 months. The
purpose of tests was to evaluate the sludge dewatering process on the dewatering
bed, where reeds were planted to intensify the dewatering process.

Technological measurements during the test:

e Height of the flood level — meters.

e Bed flood loading — based on the dry mass of the applied sludge and height
of the flood level.

e Daily bed loading — based on the bed sludge dry mass loading and time of the
sludge dewatering to the time in reaches water contents of 65 %.
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e Yearly height of the flood level-determined by height of each loading and the
number of loadings per year.

e Yearly bed loading-determined from bed flood loading and the number of
loads per year.

Samples of sludge are taken to regular determine of analytical methods like:
e pH - potentiometric method.
e Dry sludge mass — weight method.
e Minerals and organics substances — weight method.
e Sludge wetness- determined by weight difference between wet sludge and dry
sludge (dried in 105°C).
Total nitrogen-Kjeldahl method.
Total phosphorus-colorimetric method.
Potassium, calcium, magnesium-atomic absorption spectrometry (ASA).

During the test at the end of each vegetation period (autumn) results of plants
activity were noted as follows:

e Height of the reed plants — determined in meters.

e Number of individual reed plants — clusters of reed plants was counted and
number of individual plants in a cluster was counted per the unit area of the
drying bed.

e Estimated weight of plants — at the end of the vegetative season, during each
year of drying bed usage, reeds were cud from a certain area of the bed and
the harvest was weighted and then dried in temperature of 105 degrees C, and
from the difference of the weight the dry weight of plants was computed per 1 m?.

3.RESULTS

See table 1 for the physical-chemical characteristic of the stabilized sludge
applied for the dewatering during usage of the bed. The results in this table indica-
te, that pH of the sludge over the entire testing period remain at the similar level
and averaged at pH of 7,0. Sludge had a tar consistency and the water contents
was 95,8% on average, which equaled to a dry sludge weight of 42 g/kg. There
was an average of 61,5% d.m. of organic material. There was on average of
3,90% d.m. of total nitrogen and 1,76% of total phosphorus and 0,47 % potas-
sium in the dry mass of sludge.

There were 50 flood applications with sludge on this bed during the research
period (between 1997 and 2005), out of which the last flood was applied during
the winter period. The height of the flood level during the research period was
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Table 1. Parameters of fermented sludge during dewatering process over period 1997
to 2005

Tabela 1. Parametry osadu przefermentowanego podczas procesu odwadniania w okresie
od 1997 do 2005

Parameters Units — Paramet.er range
minimum | maximum average

pH 6,3 7,6 7,0

Dry weight g/kg 20 72 42

Mineral substances % d.m. 29,1 53,0 38,5
Organic substances % d.m. 470 70,9 61,5
Sludge water content % 92,8 98,0 95,8
Total nitrogen (Nog) % d.m. 1,42 7,10 3,90
Total fosforus P) % d.m. 0,70 3,50 1,76
Potassium (K) % d.m. 0,38 0,56 0,47

between 0,1 to 0,2 m. The dry mass bed loading was changing within the range of
3,0 to 14,4 kg/m?. Discharge of the drainage water was reduced to zero after 5 to
6 days. After several days of the dewatering process the sludge layer was bre-
aking up. During the vegetation period the bed dry mass loading was between
0,085 to 0,489 kg/m?>day during the nine year period of the drying bed usage.
During the fall/winter season the bed loading was lighter and was 0,033 to 0,077
kg/m?day. The number of flood applications during the year was 5 to 6. During
the spring/summer season the of the dewatering process was 39 days on average
and during the fall/winter season was longer and was 176 days on average. Re-
duction of the sludge water contents was 34,7 % on average and sludge volume
reduction was by 91,2 %.

Total loading of the drying bed with dry sludge mass during the exploitation
period was 375,7 kg/m?, which equaled to the total height of the flood level of
9,15 m (table 2).

Strong growth of plants (Phragmites australis) was observed on the drying
bed. The reeds harvest in form of dry mass during each year of the bed explora-
tion was 1978 to 3150 g/m?. Water content in plants was from 39 to 50%. Ash
content was 9,3% with organic substances at 90,7 %. Contents of total nitrogen
discovered in the reeds varied from averaging 1,63 % d.m., of total phosphorus
averaging 0,17 % d.m.

Average in underground parts of reeds amount to the following: dry mass
476 g/kg, organic substance 86,2 % d.m., ash contents 13,8 % d.m., water con-
tents 52,4 %, total nitrogen 31,5 g N/kg d.m. (3,15 % d.m.), total phosphorus
3,9 g P/kg d.m. (0,39 % d.m.).
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Table 2.
period of 1997 to 2005

Technological parametus of fermented sludge dewatering on a reed bed over

Tabela 2. Parametry technologiczne osadu odwodnionego na poletkach trzcinowych
w okresie od 1997 do 2005
Parameters Units — Paramet.er ranse
minimum | maximum | average

Dry mass bed loading

- per flood kg/m*flood | 3,0 14,4 7,6

- per day (spring—summer) kg/m’day 0,085 0,489 0,236

- per day (winter season) kg/m’day 0,033 0,077 0,056
Height of the flood m. 0,10 0,20 0,10-0,20
Number of the flood in year Qvantity 5 6 5-6
Time of the sludge dewatering
(spring—summer) day 14 63 39
(autumn—winter) day 150 193 176
Time of the sludge dewatering to the
time in reach water contents of 65 %
(spring—summer) day 10 59 37
(winter—season) day 156 177 170
Dry weight of dewatered sludge kg/m’ 211 864 388
Sludge water content % 13,6 78,9 61,2
Dry mass of dewatering sludge kg/m® 20 72 42
Organic substances in dewatering sludge % 53,8 70,9 61,6
Yearly hight of the flood m 0,75 1,20 1,00
Yearly bed looding kg/m’ 25,5 53,0 41,7
Complite height of the flood level* m 9,15
Complite dry mass loading of the sludge* kg/m® 375,7

* after nine years operation

Collect height of sludge withered and processed in time of nine — year explo-
itation of reed bed amount to 0,75 m. Samples collected for research from three
levels i.e. from depth 20-35 ¢m, 40-55 cm and 60-75 cm, have exerted. Afthe
first level dry mass of sludge totaled 312 g/kg in which organic substances pre-
sented 47,8 % d.m. Water contents amount to 68,8 % at this level. Contents of
total nitrogen totaled 2,5 % d.m. and total phosphorus 2,0 % d.m. . Small amo-
unts of potassium — 0,43 % d.m., calcium — 4,0 % d.m. and magnesium — 0,35 %

d.m. were detected in the sludge.
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At secourid level depth of 40 to 55 cm, the layer of sludge was characterized
with water content 69,5 %, which equaled to dry mass of 305 g/kg. Content of
organic substance was lower (46 %), however, content of total nitrogen and total
phosphorus was higher in comparison to the amount of these substances in slud-
ge from depth of 20 to 35 cm.

At depth of 60 to 75 cm, the layer of sludge was characterized with lowest
water content (64,6 %), which equaled to dry mass of 354 g/kg. A considerably
smaller content of organic substance, total nitrogen, total phosphorus, potas-
sium, calcium and magnesium was detected in the sludge (table 3).

Table 3. The characteristic of dewatered fermented sludge on the different depth of
reed bad after 9 years exploration

Tabela 3. Charakterystyka odwodnionego osadu na réznych glgbokosciach podczas
9-letniej eksploatacji

Parameters Units Depth, cm
20-35 40-55 60-75 average
pH 7,1 7,0 7,2 7,1
Dry weight % d.m. 31,2 30,5 354 324
Mineral substances %d.m. 52,2 54,0 61,3 55,8
Organic substances % d.m. 47,8 46,0 38,7 44,2
Sludge water content % 68,8 69,5 64,6 67,6
Total nitrogen (N) % d.m. 2,5 2,7 2,2 2,5
Total fosforus (P) % d.m. 2,0 2,3 1,7 2,0
Potassium (K) % d.m. 0,43 0,38 0,34 0,38
Calcium (Ca) % d.m. 4,0 2,6 2,1 2,9
Magnesium Mg) % d.m. 0,35 0,32 0,25 0,31

4. DISCUSION

The application of multilayer floods without necessity of removal of indivi-
dual layers is the essence of the dewatering process using reed beds. Results
obtained through research indicate, that it is possible in climatic conditions of
central Poland to apply flood of fermented sludge to reed beds 5 to 6 times per
year, which dry mass was averaging 42 g/kg. Applied reed bed loading rates,
that were depending on the sludge dry mass poured, were changing from 3,0
for 14,4 kg/m? per flood application, which equaled to the yearly bed loading of
25,5 t0 53,0 kg/m?, averaging 41,7 kg/m?.
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Similar fermented sludge dewatering results were obtained Lienard et al. [1990].
Loading of the bed totaled 45,5 kg d.m./m? per year, and dry mass of sludge
totaled 3,5 %. Nielsen [1990] provides results of research over dewatering of
fermented sludge on Regstrup Sewage Treatment Plant in Denmark, where
fermented sludge loading totaled 54,6 kg d.m./m? per year, but content of dry
mass in the sludge applied varied from 3 to 4 %.

Edwards et al [2001] used high loading of 60 kg d.m./m? per year on reed
beds, during dewatering of sludge from farm of swine flock in Rugeley Stafford-
shire, Great Britain.

According to Kim and Cardens [1990] in 28 sewage treatment plants in New
Jersey, Pennsylvania and Maine, stabilized sludge was dewatered in anaerobic
conditions, in which dry mass loading was very high and it totaled 108,5 kg d.m./m?
per year.

Burgoon et al. [1996] is indicating that in the United States particularly in
small Sewage Treatment Plants dewatering of sludge on reed beds is often used.
Loading of approximately 40 kg d.m./m? per year was used on the Sewage Treat-
ment Plant in Washington State.

Nielsen [2002, 2003, 2005], who lead many research in Denmark on sludge
dewatering o reed beds applying different parameters of processes considers
that, the reed bed loading for sludge stabilized in anaerobic conditions shall be 60
kg d.m./m? per year.

Results of authors research indicate, that applying the parameters of sludge de-
watering such as dry mass loading of beds between 25,5 to 53,0 kg d.m./m? per year
will result in exuberant growth of reeds, which reached a maximum of 3150 g/m?.

Many researchers confirm the reed grows well on beds achieving even supe-
rior values. Hoffman [1990] indicates, the harvest of reed from the reed beds in
Ulm, Germany totaled 4 kg d.m./m? at the applied relatively low loading of 20 kg
d.m./m? per year. However, lower production of reed was noted at high loadings,
and plant’s leaves indicated numerous parasitic forms. According to this author
application of non — stabilized or partially stabilized sludge is sometimes a reason
of partial dying of these plants. Nielsen [2003, 2005] also reports, that however,
reed is susceptible to high rate loadings. Hardey and Ozimek [2001] indicate that
harvest of reed on reed beds in Swarzewo totaled 3600g/m?. So, harvest of reeds
on reed beds can be twice reed harvest of those in natural conditions, in Masuria
Lakes littoral, as it was indicated by research results of Mochnacka-t.awacz [1974].

Authors have detected in underground parts of reeds, during various years
of exploitations of reed beds, average parameters as follows: total nitrogen
3,15 % d.m. and total phosphorus 0,39 % d.m.

Peverly et all. [1995] detected contents of total nitrogen at 2,03 % d.m. and
total phosphorus at 0,05 % d.m. in underground parts of reed (roots). Compa-
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ring contents of total nitrogen and total phosphorus in underground parts of
plants in the hereby elaboration with above mentioned data of authors resulted the
total nitrogen content is 1,55 times greater and total phosphorus content is 7,8
times greater.

After nine year exploitation of reed bed, the authors received 0,75 m thick
layer of withered and processed sludge. Sludge from the depth of 40 to 55 cm
had higher water content, lower content of organic substance, higher content of
total nitrogen and total phosphorus in comparison to the amount of those para-
meters in the sludge layer from depth of 20 to 35 cm.

5. CONCLUSIONS

It is possible to apply reed beds to dewater anaerobically stabilized slud-
ge, particularly in small sewage treatment plants, by applying multilayer flo-
ods and without necessity of removal of the already dewatered sludge for a
number of years.

e The height of layer was 0,2 m and the amount of discharged sludge layers
was 5—6 to per year.
e Average reed bed loading with sludge dry mss was per one flood was

7,6 kg/m? and yearly reed bed loading equaled to 53 kg/m?.

Fermented sludge after dewatering reduced its volume by approximately 91,8 %.
Dry mass harvest of reed was in a range of 1978 to 3150 g/m?2.
Layer of the dewatered and transformed sludge reached 75 cm over a period
of nine years.

e Dewatered and processed sludge included biogenic substances (nitrogen,
phosphorus and potassium).
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