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ABSTRACT
Sediments constitute one of the wastes that are generated in sewage treatment plants. The methods of their final
management depend on the sewage sludge system management. One of the employed methods is Autothermal
Thermophilic Aerobic Digestion (ATAD). The article presents the process of autothermal oxygen digestion of sewage sludge as a method enabling to obtain biomass, which can be used in the natural environment. In addition to the
description of the theoretical basis of the discussed process, the quality of the formed sewage sludge is presented.
The amount of sludge and the manner of its final utilisation were also analyzed. The results were presented on the
basis of waste records kept in each of the analyzed sewage treatment plants. Sludge transfer cards in 2013–2018
were also analyzed in the sewage treatment plants where sludge undergoes the ATAD process.
Keywords: autothermal sediment digestion, ATAD, organic fertilizers, sewage sludge, natural utilisation of
sewage sludge.

INTRODUCTION
Wastewater treatment plants belong to the
objects that on the one hand are an essential element of surface water protection, and on the other
hand cause a real nuisance to the surrounding environment in terms of air quality, acoustic climate
or protection of the Earth’s surface. The sewage
treatment plant also generates various types of
waste, the amount of which depends both on the
size of the sewage treatment plant and the technological processes being carried out. The necessity of using highly effective wastewater treatment methods causes the formation of initialand
excessive sediments after chemical precipitation
and the dosage of an external source of organic
carbon, necessary for the implementation of technological processes related to the removal of nitrogen compounds (denitrification).
The amount of sewage sludge is constantly
increasing. In 2017 1,035.2 thousand tons of dry
matter of sludge were generated in industrial and
municipal wastewater treatment plants. Out of
44

this amount, 584.5 thousand tons of dry matter
(56.5%) were produced in municipal wastewater
treatment plants. In agriculture, 26.4% of municipal sewage sludge was used for land recultivation and composting plant cultivation (GUS
(Poland) – Central Statistical Office 2018).
The increasing amount of municipal sewage sludge necessitates the search for the methods of their final utilisation. Two directions are
viable: agrotechnical utilization and energy recovery. The utilisation of sewage sludge in soil
is possible when it is stabilized and undergoes
hygienization. Energy recovery is ensured by
combustion or co-incineration processes. Thermal treatment of sludge is associated with high
investment and operating costs. Undoubtedly, the
preferred way of sludge disposal is its agricultural or natural utilisation. Until now, in terms of
sludge hygienization, the most serious limitation
of this process was the exceeding of heavy metals concentration (compared to the permissible
level) (Podedworna and Heidrich 2010). There
are many known methods for processing sewage
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sludge into usable biomass. One of the methods
is Autothermal Thermophilic Aerobic Digestion
(ATAD). This process, unfortunately still not relatively unknown in Poland, enables to obtain organic fertilizer – instead of waste – in wastewater
treatment plants. There are 11 ATAD installations
in the country. The purpose of this article was to
analyze the amount of sludge generated in these
wastewater treatment plants and the manner of
its final utilisation. The cognitive goal was also
to show that the installations in question enable
to obtain the sludge with the desired properties,
allowing for its environmentally friendly utilisation. The review will serve to make people aware
that the sewage sludge produced in sewage treatment plants should be treated as a source of plant
nutrients for recovery, rather than as waste.
Process description
The ATAD process is based on the natural phenomenon of exothermic organic carbon
oxidation under aerobic conditions. An important role is played by microorganisms, owing to
which the decomposition of organic compounds
contained in the sewage sludge is possible. It generally takes place in two stages. During the first
stage, the hydrolysis of complex organic compounds (proteins, carbohydrates and fats) occurs
as well as the hydrolysis of cells, when followed
by the necrobiosis of microorganisms. These
phenomena occur thanks to the participation of
extracellular enzymes produced by thermophilic
bacteria. During the second stage, thermophilic
microorganisms oxidise the products dissolved

in water hydrolysis, which turn into low energy
compounds. These reactions are accompanied
by the release of heat, and the final substances
of these transformations are CO2, H2O and NH3
(Ugwuanyi et al. 2008, Zupančič and Roš 2008,
Shugen et al.2013).
Efficient heat retention, triggered during decomposition, results in a high working temperature (> 50°C), which in turn results in a high degree of decomposition of organic substances as
well as the elimination of pathogens. This process
requires initial sludge thickening to about 5% of
dry mass, resulting in a higher unit organic content, which should not be less than 40.0 g / l, expressed in COD (Bartkowska 2014, 2015). By
supplying substrates with appropriate densities,
when enough oxygen is supplied in thermally insulated tanks, a spontaneously heated sludge can
reach a temperature of 55–80 °C. The process is
shown in Figure 1.
The thermophilic population of microorganisms replaces the organisms of the raw sludge.
It is a fairly homogeneous microflora, which in
more than 95% consists of Bacillus, Thermus or
Actiomycestes bacteria. Most strains belong to
the Bacillus stearothermophilus species, which
are active in the temperature range of 40–80 °C.
The remaining microflora are thermo-tolerant
bacteria, which are mesophilic and extremely
thermophilic, including the type of Thermus
(Piterina et al. 2010a, 2010b). They are usually
characterized by the ability to reproduce quickly
and the thermophilic cells die off with simultaneously occurring autolysis. In their development,
a typical phase of endogenous respiration is not

Fig. 1. The autothermal process of thermophilic digestion
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observed. On the other hand, the extracellular
thermostable hydrolytic enzymes produced by
them are very capable of quick and efficient hydrolysis of proteins, fats, carbohydrates and other
organic compounds as well as hydrolysis of dead
cells of many micro-organisms (e.g. pathogenic
bacteria, yeasts or intestinal parasitic eggs). The
fatty acids derived from hydrolysis products are
the basic source of carbon and energy for thermophilic bacteria, while amino acids are their
main source of nitrogen. These bacteria are also
characterized by high resistance to the action of
metabolic products and the ability to adapt to
small amounts of oxygen. Very rapid increase in
the number of thermophilic bacteria, without the
need to inoculate sludge with the proper microflora, fast substrate bio-degradation, low sensitivity to temperature fluctuations and resistance to
periodic interruptions in system aeration, guarantee, even in emergency situations, an extremely
stable and flexible biological system in a thermophilic digestion environment (Rojas et al. 2010,
Sokolovs et al. 2015).

Table 1. Physicochemical parameters of sludge
after the ATAD process and dewatering

Characteristics of sewage sludge

The research on municipal sewage sludge
was conducted in 2013–2018. The subject of this
research was the amount of sludge stabilized in
the ATAD installation and dehydrated. The analysis included a summary of data on municipal sewage sludge at 11 treatment plants, a record sheet
for municipal sewage sludge and a record sheet
for the transfer of sewage sludge. In the case of
two wastewater treatment plants, the results of
the studies are for a shorter period, as the ATAD
installations were built in 2015.

The dehydrated sewage sludge after the ATAD
process has a black-brown earthy form. They
are free from unpleasant odours and pathogens.
Sludge hydration, depending on the equipment
used, ranges from 69.6% to 82.8%. The ranges
of values pertaining to the quality parameters of
sludge are presented in Table 1 below.
The analysis of the results obtained during the
research on the produced municipal sewage sludge
subjected to the ATAD process allowed us to state
the obvious fact that the sludge abounds in rich
sources of nutrients for plants and substances on
which the soil fertility depends. The heavy metals
contained in the sludge did not exceed the limit
values when they are used for fertilization. Sewage sludge and its microbiological transformation
products have a positive effect on the physical,
chemical and biological properties of soils. The
macro- and micro-nutrients contained in the sewage sludge are well absorbed by plants, and the
full-value organic matter accumulated in them
contributes to the improvement of the balance of
humus compounds. Restoring the components accumulated in sewage sludge to the soil is not only
economically appropriate but also necessary to
maintain and restore the ecological balance.
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Parameter

Range

pH

6.5 ÷ 9.1

Dry mass [%]

15.4 ÷ 30.5

Organic substances [% of dry mass]

52.1 ÷ 59.2

Total nitrogen [% of dry mass]

2.4 ÷ 7.6

Ammonia nitrogen [% of dry mass]

0.8 ÷ 1.8

Total phosphorus [% of dry mass]

1.1 ÷ 3.8

Calcium [% of dry mass]

1.6 ÷ 8.8

Magnesium [% of dry mass]

0.1 ÷ 1.3

Cadmium [mg/kg of dry mass]

0.3 ÷ 5.5

Copper [mg/kg of dry mass]

68.0 ÷ 806.0

Nickel [mg/kg of dry mass]

8.9 ÷ 59.7

Lead [mg/kg of dry mass]

4.7 ÷ 162.0

Zinc [mg/kg of dry mass]

328.0 ÷ 2396.0

Mercury [mg/kg of dry mass]
Chromium [mg/kg of dry mass]

0.2 ÷ 9.3
12.0 ÷ 448.0

Source: results of own research carried out in the years
2003–2018.

Research and tests methodology

Analysis of results
All the considered wastewater treatment
plants run the ATAD installation. The size of
these installations is different, as the average annual mass of produced sludge within the analysed
period ranges from 199.9 to 2479.2 Mg (Fig. 2).
In the analysed period, a tendency to increase
the amount of sludge was observed in each of the
plants. An exemplary graph showing the amount
of sludge produced in the years 2013–2018 in one
of the analysed plants is shown in Figure 3. The
chart shows the trend line for the series of results.
The quantities of sewage sludge produced
also change during the year. Figure 4 shows the
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Fig. 2. The mass of sludge generated at the studied wastewater treatment plants

Fig. 3. Example of the amount of sludge generated along with the trend line

Fig. 4. Monthly quantities of sewage sludge generated in the years 2013–2018

monthly quantities of sewage sludge generated in
the years 2013–2018.
The amount of sewage sludge produced
within a year is characterised by considerable
variability. In the analysed wastewater treatment
plants, an increase in their amount was observed
from April to August.

Utilisation of sewage sludge generated
The choice of the final disposal (use) of sewage sludge is a common problem in most Polish
wastewater treatment plants. Due to their nature,
sewage sludge is subject to many regulations, including legalones, the most important of which
are: the Waste Act, the Environmental Protection
47
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Act, the Regulation of the Minister of Environment on the waste catalogue and the Regulation
of the Minister of Environment on municipal
sewage sludge.
According to the Waste Act, sewage sludge
can be used:
•• in agriculture, understood as the cultivation of
all commercially marketed agricultural crops,
including crops intended for the production
of feeds,
•• for the cultivation of plants intended for the
production of compost,
•• for the cultivation of non-food crops and for
the production of feed,
•• for the recultivation of land, including agricultural utilisation,
•• adaptation of land to specific needs resulting
from waste management plans, spatial development plans or decisions on development
and land use conditions.
When using municipal sewage sludge on the
ground, the rate of sludge is determined on the basis of the results of tests of representative samples
of municipal sewage sludge and soil samples.
When determining the acceptable sludge rate, the
principles of good agricultural practice should be
taken into account by adapting it in terms of the
nitrogen and phosphorus content. The application of a permissible dose on a given soil must
not cause the limit values for heavy metals to be
exceeded in the surface layer of the soil. Table 2
presents the theoretical size of the area required
in relation to the average annual mass of sludge
produced in the analysed treatment plants.
Each wastewater treatment plant is obliged
to keep records of the sewage sludge produced.
Waste transfer cards which include the generated
sewage sludge are also catalogued. The generated sewage sludge is used for natural purposes in
95–100% of the considered plants. On the basis
of record cards and transfer cards of municipal
sewage sludge, it was stated that the recipients of
municipal sewage sludge are the landowners in
the area. Sludge is used on medium to heavy soils.

CONCLUSION
Municipal sewage sludge has high fertilizing
and soil-forming properties. The sludge subjected
to the process of autothermal thermophilic digestion is also hygienically and sanitarily safe. It
should be remembered that the purpose of municipal sewage sludge recovery on the ground
surface is to take advantage of the valuable agronomic properties and fertiliser potential of
municipal sewage sludge, i.e. the organic matter
contained therein and nutrients for plants, such as
nitrogen, phosphorus and microelements. However, introduction of these components to the soil,
along with the sludge should be in line with the
generally binding rules of fertilization, while respecting the principles of environmental protection, including, among others, the protection of
soil and water. The determination of the dose and
the conduct of studies determining the quality of
sludge are extremely important for the fulfilment
and preservation of the objective of using municipal sewage sludge in soils. A factor which is
indispensable for the utilisation of sludge on the
surface is to find willing customers. Landowners
should declare the cultivation of crops for which
fertilisation with municipal sewage sludge is authorised, have adequate equipment to distribute
and mix sludge with soil, and base their actions
on the Code of Good Agricultural Practice.
The presented research results, their analysis and evaluation speak in favour of the natural
utilisation of sewage sludge after ATAD. This is
also evidenced by the decisions to market organic
fertilizer from the sludge produced by three of the
sewage treatment plants in question.
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Table 2. Area necessary for the utilisation of the generated municipal sewage sludge
Specification
Surface (hectare)
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Further wastewater treatment plants
1

2

3

4

5

6

7

8

9

10

11

517

616

357

275

724

584

140

603

826

208

67
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