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Microbiological Assessment of Sewage
Sludge in Terms of Use as a Fertilizer

Teodora P. Popova, Botjo S. Zaharinov, Adelina Gentcheva,
M. Pejtchinova, S.M. Marinova-Garvanska and Bayko D. Baykov

Abstract Sewage sludge from wastewater treatment plant was examined for the
existence of microorganisms of several major groups such as Gram-negative aerobic
bacteria, E. coli, Clostridium perfringens, the genera Pseudomonas, Staphylococcus,
Enterococcus, fungi, and the total number of microorganisms, in order to assess the
epizootiological safety of the final product. In parallel similar study was made of
composted cattle manure and a comparison of the results was made with the ready
for manuring compost in order to assess the possibilities for the use of sludge for
fertilizing. It was found that the examined sewage sludge were rich in microor-
ganisms from studied groups and their direct application in soils without prior
treatment is not recommended of epizootiological point of view. Methods of pro-
cessing of sewage sludge should be consistent with epidemiological safety of the
final products, but also be aimed at reducing the pollutants’ emissions released
during the cycle of wastewater sludge, which contribute to global warming.

Keywords Sewage sludge � Cattle manure � Microflora � Epizootological
assessment

1 Introduction

In the wastewater treatment plants, waste domestic and industrial waters, those of
livestock, natural waters and others for purification enter. The aim is to obtain
environmentally safe wastewater and solid wastes (treated sludge) suitable for
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disposal or for reuse in soils as a fertilizer. For treatment of wastewater sludge,
anaerobic digestion in bioreactors is usually applied in installations with larger
scale, while aerobic decomposition is suitable for small stations [1–3]. In the
presence of oxygen, the bacteria process waste solid substances and produce a
substantial amount of heat, which is an important factor for the decontamination of
the final product. Then the sludge is concentrated through dehydration to reduce the
transport volume. The removed fluid is usually brought back into the wastewater
process cycle, and the concentrated product most often is applied in soil as fertilizer
[2, 4, 5].

According to Department for Environment, Food and Rural Affairs of UK [6]
sewage sludge is a by-product of the wastewater treatment process that can be used
on farms. Treated sewage sludge (bio solids) contains nutrients and valuable trace
elements essential to plants. It is a more efficient and sustainable alternative to
inorganic and mineral fertilizers as it provides a source of slow-release nitrogen
ideal for use in land restoration and also is a good substitute for peat for land
reclamation and thus conserving valuable natural peat land.

In the recent decades more and more wastewater is treated to reduce the outlet of
harmful substances and xenobiotics to the environment and this leads to increasing
production of sewage sludge. To avoid excessive fertilization and prevent accu-
mulation of contaminants, the use of sewage sludge must be regulated and con-
trolled [7]. Agricultural use of sewage sludge also helps to reduce the use of mineral
fertilizers, which are a limited resource, produced under large energy consumption.
The ecological consequences of sewage sludge amendment are not fully assess, but
the use of sludge as organic fertilizers in agriculture will not have long-term
damaging impact on the overall soil quality of arable land. Long-term observations
are needed to assess the biological alterations as a result of sewage sludge
amendment [7].

In an environmental aspect it must also be borne in mind that the pollutants’
emissions released during the whole treatment life cycle of wastewater sludge
contribute to global warming. In this respect Houillon and Jolliet [8] had compared
six wastewater sludge treatment methods: agricultural spreading, fluidised bed
incineration, wet oxidation, pyrolysis, incineration in cement kilns, and landfill. For
global warming, incineration in cement kilns has the best balance; landfill and
agricultural spreading the worst, while incineration and agricultural spreading have
the lowest nonrenewable primary energy consumption.

Organic substances, deposited in soils, contain large amounts of carbon, whose
future dynamics can affect climate change and the trend toward global warming.
According to Kirschbaum [9] the content of organic carbon in soil may decrease
greatly with global warming and thereby providing a positive feedback in the
carbon cycle, because cooler soils contain greater amounts of organic carbon. The
most often used methods in Japan for sewage sludge treatment are dewatering,
composting, drying, incineration, incinerated ash melting, and dewatered sludge
melting, each with or without digestion. Other methods used are: landfilling,
agricultural application, and building material application. Hong et al. [10] reported
that among these approaches sewage sludge digestion can reduce the environmental
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load and cost through reduced dry matter volume. In China the commonly used
sewage sludge treatment techniques are composting, co-combustion in power plant,
thermal drying incineration, and cement manufacturing. Dong et al. [11] proved that
the anaerobic digestion is an effective pretreatment approach to reduce environ-
mental burden, while the composting poses a positive effect to mitigate global
warming, but it introduces high heavy metals to the soil.

At incomplete decontamination, however, the applying of sewage sludge in
agriculture can be a source of biological contamination of soil, water, groundwater,
and plants, including with pathogenic microorganisms. It is important to avoid such
infection risks of consumers of crops (humans and animals). That is why, the
monitoring and the evaluation of these risks are important to the search for envi-
ronmentally favorable decisions [1, 4, 12]. Sewage sludge is the main source of
mould emission into the air at workplaces in wastewater treatment plants and it is a
reason for infectious and allergic diseases [13].

The aim of this study was to perform microbiological assessment of sludges of
final purification steps in an urban sewage treatment plant in terms of their epi-
zootiological safety in comparison with that of matured bovine compost.

2 Materials and Methods

• Samples from different stages of rehash in urban wastewater treatment plant
near Sofia were examined. The materials were indicated as follows:—secondary
sludge (SS) with 0.90 % dry matter (DM) and pH 7.52;—dewatered by belt
filter presses mixed sludge (DMS) with 41.81 % DM and pH 7.56;—stayed
mixed sludge (SMS) with 56.46 % DM and pH 6.63;—input into the digester
(methane tank) (ID) with 2.96 % DM and pH 7.22.

• Cattle manure. Composted for 6 weeks cattle manure (CCM) of dairy cows
was examined and used as a comparative control in the microbiological studies.
Its dry substance was 52.20 % and pH value—7.20.

• Microbiological studies were conducted in accordance with the ordinance on
the terms and conditions for use of sludge from wastewater treatment by its use
in agriculture in Bulgaria [14]. In addition the titers of E. coli and Clostridium
perfringens were established. Furthermore, quantities of the bacteria of the
genera Enterococcus, Staphylococcus, Pseudomonas, Gram-negative aerobic
bacteria, fungi, and the total number of microorganisms were tracked.

• Nutrient media. Selective media (Scharlau—Antisel, Bulgaria) were used for
isolation and quantitative determination of the microorganisms from the studied
groups and species, as follow: Mueller Hinton agar for determination of the total
number of microorganisms, Eosin Methylene Blue agar for E. coli and
Gram-negative aerobic bacteria, Cetrimide agar for bacteria of the genus
Pseudomonas, Chapman Stone agar for those of the genus Staphylococcus,
Sabouraud agar for fungi, selective medium for enterococci, Salmonella-
Shigella agar for Salmonella enterica, and selective agar for Clostridium per-
fringens (Merck-Bio Lab, Bulgaria).
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• The quantification of the microorganisms was performed in serial tenfold
rising dilutions of the investigated material in a sterile saline solution. Cultures
of them were made on the selected nutrient media, three for each medium and
dilution. After incubation at 37 °C for 24–72 h under aerobic and anaerobic
conditions (with Anaerocult® A mini—Merck-Bio Lab, Bulgaria) the mean
arithmetical number of developed colonies was determined and the quantities of
colonies forming units (CFU) in 1 ml or 1 g of the starting material were
calculated. The corresponding quantities of microorganisms in 1 g of dry matter
in each of the studied materials were also calculated, as the number of detected
CFU was multiplied by the quotient obtained according to the percentage of dry
matter in the material.

• Statistical analysis of the results was carried out by the classical method of
Student–Fisher, as well as using one-way analysis of variance (ANOVA) fol-
lowed by Dunnett post hoc test.

3 Results

The results of the quantitative examinations of the total number of the microor-
ganisms as well as that of the Gram-negative bacteria in the tested materials,
expressed in CFU in 1 g of dry substance, are presented in Fig. 1.

Fig. 1 Quantities of microorganisms (total and Gram-negative bacteria), presented in a unit of dry
matter in the examined materials. SS secondary sludge, DMS mixed sludge, dewatered, SMS stayed
mixed sludge, ID input into the digester, CCM composted cattle manure
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Figure 2 shows the data of quantitative researches of Gram-positive microor-
ganisms in the samples of the sludge from the treatment plant compared with cattle
manure, presented in CFU in 1 g dry matter.

It was found that the tested sludge and manure do not contain Salmonella
enterica. The content of the microorganisms from most studied groups is higher in
the sludge in comparison with the cattle compost. The differences in the total
amount of the microorganisms between the separate studied samples are statistically
unreliable (P > 0.05). From the secondary sludge, as well as from the incoming in
the bioreactor liquid, E. coli is not isolated in a titer of less than 1 ml. In these
materials the enterococci are also less than those in the bovine compost, but C.
perfringens is settled in them in higher amounts, as well as the fungi. The mixed
dehydrated sludge (DMS) and the stayed mixed sludge (SMS) before its disposal,
contain the most microorganisms. In these materials, the quantities of E. coli sig-
nificantly exceed those in the researched bovine compost (P < 0.001).

However, as seen from Fig. 2, in the secondary sludge the enterococci are in
significantly higher amount compared to the bovine compost (P < 0.05). The
enterococci in the dehydrated mixed sludge (DMS) are less in comparison with
these in the bovine compost, but the differences are unreliable (P > 0.05). Their
quantity in the SMS is superior to that in the bovine compost, but also unreliable
(P > 0.05). Clostridium perfringens is however in considerably higher amounts in
each material tested, compared to the matured bovine compost (P < 0.001).

Fig. 2 Quantities of Gram-positive microorganisms, presented in a unit of dry matter of the
examined materials. SS secondary sludge, DMS mixed sludge, dewatered, SMS stayed mixed
sludge, ID input into the digester, CCM composted cattle manure
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4 Discussion

The application in agriculture of sludge from wastewater treatment plants is the
shortest and cheapest way for their utilization. It also allows the return in the natural
cycle of the basic elements and organic substances, containing in them. This,
however, may be associated with potential health risks for animals and humans [15,
16]. The examined by us sewage sludge do not fully meet the requirements of the
Bulgarian Ordinance on the terms and conditions for use of sludge from wastewater
treatment through its use in agriculture [14]. Similar results were obtained also by
other authors in their studies of the sewage sludge [12].

The data from current research indicate that the smallest amounts of the
microorganism were contained in the bovine compost, intended for manuring.
Results from our previous studies indicate, that the decontamination of composted
cattle manure in regard to imported therein pathogenic test bacteria from different
groups occurs in a period of at least 3 weeks [17]. This fact gave us reason to use
the ordinary 6-week cow compost as a control for comparison of the results in
upcoming studies. In order to achieve effective decontamination, it is necessary for
the studied sludges to go through an analogous process of aerobic decomposition
(composting) like animal manures prior to use for fertilization to reduce the number
of potentially dangerous microorganisms.

According to Wolna-Maruwka [12] by the composting process a reduction is
achieved in the quantities of fungi and pathogenic bacteria from the
Enterobacteriaceae family and C. perfringens in the composted matters, as well as
an increase in the number of thermophilic bacteria. Ivanov et al. [5] also recom-
mend sewage sludge mixed with food waste to undergo degradation by ther-
mophilic aerobic bacteria using starter cultures from Bacillus thermoamylovorans.
In our opinion according to the obtained results the disposal of final dehydrated
sludge for a time sufficient for the inactivation of the pathogens is important and
right from an environmental point of view, as its microbial content is high,
including bacteria with sanitary significance as E. coli, Enterococcus spp. and C.
perfringens.

Sewage sludge can be raw or treated and there are different sorts of treatment [6].
Use of different acids as acetic, propionic, and others is proposed as an ecological
and fast way for decontamination of such waste materials [18, 19]. This is not so
appropriate for ordinary use, because it is not recommended to spread sludge on a
soil with a pH below five [6]. Scheinemann et al. [20] proposed ecological method
by mesophilic lactic acid fermentation of cow manure or sewage sludge during
which Gram-negative bacteria, enterococci, and yeasts are inactivated within sev-
eral days. Ammonia also is used in this direction for the sanitization of fecal sludge
[21] and other organic wastes [22], as well as formaldehyde [23] and calcium oxide
[24]. To test the inactivation of pathogenic bacteria in sewage sludge and cattle
manure, they were used suspensions E. coli, Salmonella Anatum, Listeria mono-
cytogenes, Clostridium sporogenes, or C. perfringens. For the same purpose
Popova et al. [17] used test strains of Escherichia coli, Pseudomonas aeruginosa,
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and Staphylococcus aureus, multiresistant to amphenicols and tetracyclines, in
comparative investigations of the efficacy of different methods for decontamination
of manures (anaerobic digestion, ordinary composts, and after treatment with CaO).

Due to population growth, the quantity of sewage sludge produced in the world
continuously grows. Today the predominant method for the disposal of this sludge
is its storage and agricultural application. However, the legislation will limit these
avenues of sewage sludge disposal. Therefore, new effective methods of thermal
sewage sludge utilization such as pyrolysis, gasification, combustion, and
co-combustion are developed [25]. A new type of sewage sludge incineration
providing 50 % energy savings and 40 % reduction of CO2 emissions in com-
parison with a conventional plant was proposed by Murakami et al. [26]. This
advanced method can realize energy recovery and savings as well as a low envi-
ronmental impact. Hong and Li [27] found that the use of sewage sludge as sec-
ondary raw material in cement production have little or no effect on changing the
overall environmental potential impact generated from general cement production.
Using this technology could reduce the pressure on the environment from dra-
matically increased sludge disposal. Wet oxidation [28] also is an alternative
solution to incineration for recovering energy in sewage sludge while converting it
to mostly inorganic residues. This technology, although requiring a certain increase
of technical complexity at the wastewater treatment plants, may contribute to
environmental and economic advantages. Kim and Kim [29] evaluated feed man-
ufacturing, composting, and landfilling for food waste disposal options from the
perspective of global warming and resource recovery. These common treatment
methods currently employed as environmentally friendlier than other methods, can
negatively affect the environment if their by-products are not appropriately utilized
as intended. Smith [30] highlighted, that soil carbon sinks and sources are included
in attempts to meet emission reduction targets according to the Kyoto Protocol.
Croplands are the largest biospheric source of carbon lost to the atmosphere and
serious reductions in carbon emissions will be required over the next decades. There
are options available in this direction including more efficient use of organic
amendments (animal manure, sewage sludge, compost). Zhao et al. [31] compared
co-composting and utilization of sludge and woodchips to reveal potential impacts
to environment and human health. They point out the impacts of co-composting to
acidification and terrestrial eutrophication due to ammonia emission, and trace
gaseous compounds have marginal impacts to global warming and toxicity
categories.

Obviously, processing methods for sewage sludge are many, but of paramount
importance is to be environmentally safe and end products should not contain
pathogenic microorganisms.
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5 Conclusions

The comparative study of the sewage sludge and matured bovine compost for
content not only of E. coli, Enterococcus spp., C. perfringens, but also for the main
groups of Gram-negative and Gram-positive microorganisms, allows for a more
certain assessment of their decontamination.

The examined sewage sludge contains microorganisms of the species E. coli, C.
perfringens, Enterococcus spp., etc., in amounts, exceeding those in the matured
bovine compost, and should not be deposited in the soil without prior aerobic or
anaerobic treatment.
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