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Abstract

Today, the number of wastewater treatment plants is rapidly increasing. Accordingly, there is a large increase in the
amount of sewage sludge. The sewage sludge obtained should be disposed of in such a way as not to damage the
environment. Among these methods, disposal of sewage sludge by landfill is one of the most suitable methods in
terms of environment and economics. In this study, the effects on the development of “Cicer Arietinum” and “Allium
Ascalonicum” plants were investigated by adding municipal solid waste compost, brewery sludge, pyrolysis solid
product of brewery sludge and chemical fertilizer at certain rates to the soil in order to improve the soil and increase
the yield. As a result, it can be seen that the materials used can be used for remediation of the soil and contribute to
the development of the plant. As a result of the study, it was observed that the soil mixture obtained by mixing the
pyrolysis solid product with soil at certain ratios positively affected plant growth. Soil and pyrolysis solid product
(25%) provided the highest yield for “Cicer Arietinum”.Soil and brewery sludge (25%) provided the highest yield

for “Allium Ascalonicum”.
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Introduction

Sewage sludge is a type of solid waste, and it contains 0.25-
12% solids by weight, depending on the treatment applied,
which is odorous, semi-solid in the liquid formed as a result
of wastewater treatment. The micro and micro nutrients in the
sludge that emerged as a result of the treatment are a bene-
ficial fertilizer to this waste; and organic substances provide
a good soil improvement feature, many authorities support
the use of these products in agriculture and applications are
spreading in many countries (Strauch,1991; Diiring and Géth,
2002). Within the framework of the European Union Direc-
tives; composting, biometanization and landmass application
with energy recovery and recovery methods to reduce the stor-
age of biodegradable waste in landfills. It is also appropriate
to use treatment sludge not only for agriculture but also for
green space, land recreation and urban landscape (Debosz et
al., 2002). Nowadays it is a very common practice to supply
the treatment sludges having suitable properties to agricultural
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areas and to use them. Both the final disposal and the plant nu-
trients in the sludge become natural cycles of the soil (Kocaer
et al., 2003) by applying the treatment sludges to the soil in ac-
cordance with the agriculture. Waste incineration / gasification
(thermal conversion) is the process of converting combustible
waste to an inert residue (ash, slag) at high temperatures. By
means of the method, while the space required for the storage
of solid wastes is reduced, energy recovery is achieved by us-
ing the heat that is present in the waste and which is produced
as a result of the treatment (Ongen et al., 2019). Pyrolysis is
a process based on thermal decomposition of waste in a com-
pletely oxygen-free environment. With the pyrolysis method,
coke, tar, volatile oils, condensable hydrocarbons, water and
pyrolysis gases are released as a result of disposal of wastes.
In the gasification method, a certain amount of air is given
but the amount of oxygen in the environment is kept below
the stoichiometric ratio (Saltabas et al., 2011). Biochar pro-
duced by carbonization of biomass with pyrolysis are used for
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soil remediation and as a plant fertilizer to store carbon in the
soil, increase soil fertility, reduce climate change (reduce CO,
and CH, emissions), dispose of waste causing environmental
pollution in waste management and generate energy (Akgul,
2017). In this study, the effect of compost, brewery sludge,
biochar obtained by pyrolysis of brewery sludge and chemical
fertilizer on the development of “Cicer Arietinum” and “Alli-
um Ascalonicum” plants was investigated.

Materials and Methods

In this study, Tropical brand 100% organic soil was used.
Compost which is recycled from the domestic solid waste ob-
tained from Istac Kemerburgaz Recovery and Compost Facil-
ity. Ammonium sulphate containing 21% Nitrogen obtained
from Giibretas as chemical fertilizer. Treatment sludge (from
a brewery waste water treatment plant) and heat treatment sol-
id product (pyrolysis product of brewery sludge) were used.
These contents mixed at the ratios indicated in Table 3 and
placed in a pot. As a plant material, natural field crop “Cicer
Arietinum” (chickpeas) and “Allium Ascalonicum” (shallot)
were used. Soil samples were prepared to contain 25% com-
post, 50% compost, 1.5% chemical fertilizer, 2.5% chemical
fertilizer, 10% brewery sludge, 25% brewery sludge, 10%
biochar, 25% biochar, mixture of 10% biochar and 25% com-
post. All of the percentages are as volume/volume (v/v).

Prior to addition of chemical fertilizer to samples, a two-
week waiting period was applied to obtain the reaction be-
tween the soil and compost for reclamation. Only irrigation
was employed at this stage. Also, plant seeds were planted in
the soil with no additives. The prepared pots were placed under
artificial light and constant temperature environment with tim-
er control, for 16 hours day and 8 hours night. The change in
the size of the plant (body and root), weight of the plant were
measured after a period of 40 days. At the beginning and end
of the experiment, the pH values of the mixtures in the pots
were measured.

For determining the pH values of the samples, for compost
pH; distilled water was added to the samples at a 5:2 (v/w)
ratio (Page et al. 1982), for soil pH; solution KCI 0.1 N was

added to soil samples at a 1:2.5 (v/w) ratio (Paradelo et al.
2011).Then mixed by a magnetic stirrer for 10 minutes. The
pH values were measured using a Jenway 3040 lon Analyzer.

For Elemental analysis of the compost and soil samples
(C, H, N, S determination) Thermo-Flash 2000 CHN-S ele-
mental analyzer in the laboratory of Istanbul University-Cer-
rahpasa, Environmental Engineering Department was used
(ASTM-D5373 (2016) method). The organic matter (%) de-
termination of the compost samples was performed in Halic
Cevre Laboratory.

For the determination of the total metal concentrations and
some elements (Mg, Ca, Na and K), the samples from the soil
and the compost were thoroughly ground with porcelain mor-
tar. Then, 0.5 g of air-dried sample was placed in microwave
tubes and mixed with 9 mL of concentrated HNO,, 3 mL of
concentrated HCI, 2 mL of concentrated HF and microwaved
(Berghof MWS-2 microwave-system) (EPA Method 3051A,
2013). During the digestion of the microwaves, the temperature
was gradually increased and 10 minutes were left at 185 ° C.
After digestion, the samples in Teflon containers were filtered
(MN 640 de, 125 mm Macherey-Nagel fitler paper) and the
filtrate was taken to HDPE containers and their volumes were
completed to 50 mL. The determination of concentrations of
metals and some elements was measured using ICP optical
emission spectrometer (Perkin Elmer Optima 7000 DV) com-
bined with autosampler (Perkin Elmer S10 Autosampler) in
Bahgesehir University Environmental Engineering laborato-
ry. Using the reference soil, the accuracy of the measurement
results was checked. NCS Certified Reference Material NCS
ZC73002 was used as reference soil.

Results

Table 1 shows the composition of the soil and compost
used in the study. When the results in Table 1 were examined,
it was found that the pH of the soil was slightly acidic. The pH
value of the compost is a slightly basic value.

Table 1. Composition of soil and compost

Parameters Soil Compost

pH 5.5-6.5 7.9

NO, 50-100 ppm -

EC 0.5-0.8 mmhos/cm -

Ca 30-50 ppm 22727 mg/kg dryweight
P 10-20 ppm -

K 40-100 ppm 7995 mg/kg dryweight
OM(%) - 1.36

Na - 17525 mg/kg dryweight
Mg - 5100 mg/kg dryweight
S(%) - 0.17

C(%) - 11.07
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Table 2 shows the characterization of the brewery sludge
and biochar used in the study. When the results in Table 2
were examined, it was seen that the C (%) and N(%) contents

in the brewery sludge not subjected to pyrolysis were higher
than the C (%) and N (%) contents of biochar obtained from
pyrolysis sludge.

Table 2. Characterization of brewery sludge and biochar

Parameters Brewery Sludge Biochar
C 17 9.30
H 3.15 0.20
N 3.20 0.12
S - -
Calorific Value (kcal) 1470 720

Table 3. Plant height, root length, weight and pH measurements at the end of the study for Cicer Arietinum

Soil mixture

pH Body height (cm)  Root lenght (cm) ~ Weight (gr)

Soil 6 19 9 0.11
Soil+ 25% compost 7 19.25 55 0.88
Soil+ 50% compost 7.5 13.5 6.5 0.92
Soil +1.5% chemical fertilizer 5.5 - - -
Soil+2.5% chemical fertilizer 6 - - -
Soil+10% brewery sludge 5 19.75 9 0.64
Soil +25% brewery sludge 5.5 16.25 5.85 0.3
Soil +10% biochar 7 23.5 13.25 1.07
Soil + 25% biochar 7 25.5 11 1.0595
Soil+ 10% biochar + 25% compost 7 21 9 0.95

When the changes in pH values of soil mixtures were ex-
amined, it was seen that the addition of compost and biochar to
soil increased soil pH slightly (Table 3 and 4). When the results
in Table 3 are examined, it is seen that the best plant growth
for Cicer Arietinum plant is in biochar added soil mixtures.

Cicer Arietinum plant growth was not observed in pots where
chemical fertilizer was added. When the development of Cicer
Arietinum plant was evaluated, it was observed that the results
were similar for plant development as a result of using com-
post and brewery sludge (Table 3).

Table 4. Plant height, root length, weight and pH measurements at the end of the study for Allium Ascalonicum

Soil mixtures pH at the end of study Body height (cm)  Root lenght (cm) Weight (gr)
Soil 6 25.75 9 1.6
Soil + 25% compost 7 29.9 12.15 2.4
Soil + 50% compost 7.5 18.5 11.75 1.23
Soil + 1.5% chemical fertilizer 5.5 27.75 5.85 2.038
Soil + 2.5% chemical fertilizer 6 13.85 1 0.7
Soil + 10% Brewery sludge 5 28.25 7 2.75
Soil + 25% Brewery sludge 5.5 31 2.5 3.5
Soil + 10% biochar 7 36.5 17 2.829
Soil + 25% biochar 7 - - -
Soil + 10% biochar + 25 % compost 7 2.09 9.5 1.5

In the study, when the results of the experiments related
to the growth of Allium Ascalonicum plant were examined, it
was seen that 10% compost added soil growth in the soil was
better than no remedial soil. Best plant growth was observed
in soil mixtures with 10% biochar added. It was observed that
plant Allium Ascalonicum did not develop in soil added to 25%
biochar. It was observed that A/lium Ascalonicum plant growth
was also very good in the soil mixtures where brewery sludge
was added. It can be said that Allium Ascalonicum plant root
growth and plant weight in soil mixtures with 25% brewery

sludge is better than the growth of plants growing in soil mix-
tures using 10% biochar (Table 4).

According to Lehmann and Joseph (2009), biochar not only
enhances water and nutrient retention properties, but also con-
tributes to creating favorable micro-environments to accom-
modate microorganisms. Addition of biochar in soil may affect
soil composition, soil diversity and microbial activity (Doan et
al., 2014; Purakayastha et al., 2015; Wang et al., 2015; Pan et
al., 2016). In this study, it was found that adding 10% biochar
to the soil positively affects plant development. The reason for
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this is thought that the biochar added to the soil increases the
water and nutrient retention properties of the soil as stated in
the studies in the literature.

Conclusions

In this study, it has been determined that the waste sludge
from the brewery’s wastewater treatment plant can be used as
a soil conditioner in the agricultural sector. While the yield is
highest in the soils where the heat treatment is included in the
solid product (biochar), it is followed by beer sludge which is
included raw in terms of yield. Thus, the use of so-called waste
sludges as soil conditioners after pyrolysis is considered to be
good in terms of “zero waste” approach. However, it is thought
that it is necessary to deepen the research with laboratory scale
studies where more parameters related to soil and plant are ob-
served before the implementation.
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