
1. INTRODUCTION
At the design stage of the sewerage network, it is
assumed that the average period of its use should be
about fifty years [1]. In addition to many factors affect-
ing the sureness of its functioning, the impact of waste-
water and sewage air components is important [1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11]. Currently, the problem of corro-
sion of concrete concerns small fragments of the sani-
tary sewerage network, mainly with a diameter ranging

from 200 mm to 350 mm, located below the expansion
well, to which sewage from sewage pumping stations is
supplied [12]. The sewage retention time in the pump-
ing station, is often so extended that, as a result there
are already significant physical, chemical and biochem-
ical transformations with oxygen depletion. In addition,
in the expansion well there is a rapid change in
hydraulic conditions, associated with vigorous evolution
of odors (olfactory system stimulants [13]) to sewarage
air. The main cause of the occurrence of odors in the
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A b s t r a c t
The problem of corrosion of sanitary sewer concrete concerns the elements located just behind the expansion well. Evolving
odorogenic substances and bioaerosols spread in the sewage system, cause in adverse conditions both chemical and biolog-
ical corrosion of concrete. The paper presents the results of tests of samples taken from the top concrete circle and from a
corroded cast iron hatch of 7 years old manhole located below the expansion well. Well elements were subjected to a strong
interaction of hydrogen sulphide, which average concentration in the sewage air, during an exemplary 84 hours was 29 ppm.
Concrete was gelatinous fine with noticeable outer pellicular layer of 1 mm thick and the inner layer containing aggregates
(grain < 1 cm). Sulfur oxidizing, sulfates reducing, Fe2+ oxidizing bacteria, aerobic heterotrophs, anaerobic heterotrophs,
nitrifiers and denitrifiers were determined. In the concrete sample, no sulfate-reducing bacteria were detected under the
film-like layer and in the cast-iron manhole material, while the hatch also did not contain anaerobic heterotrophs, nitrify-
ing and denitrifying bacteria. The sulphate content in the concrete samples tested was very high, about 20% in the mass of
concrete and 50% in the weight of the binder soluble in HCl. Microscopic investigations showed that the outer layer of the
concrete was very rich in gypsum, and the pH of the aqueous extract was in the range of 7–8.
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sewer recognizes hydrogen sulphide [14, 15], and an
exemplary distribution of its concentration over time
in an expansion well is shown in Fig. 1.
Hydrogen sulfide escaping into the sewage air in the
expansion well spreads through sewerage pipes, usu-
ally with the direction of sewage flow [17]. Therefore,
the risk of corrosion of the concrete applies not only
to the expansion well, but also to several subsequent
wells [4]. In this work, the analysis of the technical
condition of the sewage well located 67 m just behind
the expansion well was carried out, where problems
with odors were observed. Focused mainly on sul-
phate corrosion. The aim of the article is to present
the results of tests of samples taken from the corrod-
ed upper elements of “S50” sewage well – the con-
crete taken from the internal layers of the last circle
called narrowing circle and samples from cast iron
hatch. The drawing of concrete well elements is
shown in Figure 2.
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Figure 1.
Example of a change in the concentration of hydrogen sulphide and volatile organic compounds (VOC) in an expansion well, average
retention time of sewage about 2 hours, pumping station for household sewage, measurements made with a multi-gas meter MX6
iBrid, measurement accuracy ±0.1ppm, enabling data registration [16]

Figure 2.
Elements of concrete well (manhole)
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The work concerns sewage systems in the area of
medium density of buildings, typical urban areas
without participation of industrial sector. This paper
is a part of works on biodeterioration of sewage wells
caused by the influence of the internal environment
in gravity sewerage.
The occurrence of sulphate corrosion significantly
reduces the durability and load-bearing capacity of
concrete elements. As a consequence, there are
breakdowns that threaten the collapse of the terrain
[2, 3]. Research conducted by Boehm et al. [17]
showed that in the case of hydrogen sulphide concen-
tration in the sewerage system of about 5 ppm, the
corrosion rate of concrete can range from 0.12 to
10.8 mm/year, which leads to damage to the top layer
of concrete circle in sewer manholes from 0.8 mm to
76 mm in 7 years, while the average thickness of a
concrete circle is about 150 mm.
The sulfate corrosion of concrete, from the macro-
scopic point of view, can have many forms. The effect
of sulphate corrosion in concrete is visible as [18]:
• gradual loss of binding properties, uncovering of

aggregate grains, formation of gypsum
• swelling and cracking, the formation of colloidal

ettringite
• flaking and chipping of surface layers, which is

accompanied by swelling or loss of strength of con-
cretes exposed to mixed environments.

Most often, this type of concrete corrosion is tested
by using aggressive solutions which are made from
pure chemical reagents. Biological solutions are
rarely used.
In the sewage system, in reality, there is corrosion
caused mainly by the action of biogenic forms of the
sulphate residue. The most commonly mentioned is
biogenic sulfuric acid. However, the presence of
other cations in the sewage environment is also
important, and their aggressiveness towards concrete
falls in a series NH4+ > Mg2+ > Na+ > Ca2+ [6, 19].
In addition, it should be emphasized that the rate of
sulphate corrosion depends on the temperature, so
that it occurs at 5°C the fastest and decreases gradu-
ally with its increase [6].
Microorganisms play an inseparable role in the
destruction of concrete in sewage infrastructure [8, 9,
10, 11]. Corrosion caused by the action of bacteria
was noticed in various forms in prefabricated sewage
wells. It is estimated that about 20% of the destruc-
tion of concrete sewage constructions is caused by the
activity of microorganisms [2].

2. THE FACTORS INCREASING THE
LIKELIHOOD OF CONCRETE CORRO-
SION OF SEWAGE WELLS
The corrosion of sewage wells is synergistically influ-
enced by chemical, biochemical and biological
processes that occur simultaneously with mechanical
and physical influences [9]. The degree of aggressive-
ness of the sewage system in relation to concrete ele-
ments is considered according to the non-valid PN-
88/B-01807 standard [20], both because of the quali-
ty of wastewater and sewage air. The indicated norm,
in contrast to newer ones, is more accessible and
gives corrosionists a broader view of the environ-
ment.
In the case of sewage discharged into the sanitary
sewage system, the sulphate concentration is analyzed
to determine the degree of aggressiveness towards the
concrete. According to the literature, the average con-
centration of sulphates in domestic wastewater is from
15 to 30 mg/dm3 [19]. Thus according to the concrete
standard PN-88/B-01807 [20], domestic sewage is a
poorly aggressive environment, and considering the
flow, this aggressiveness is at most medium.
However, in the sewage air, hydrogen sulfide H2S is
present whose concentration can be very diverse [4].
It depends, among others, on the emission of odoro-
genic compounds in the expansion well, ventilation
conditions of the gravity canalization and hydraulic
conditions prevailing in the network. Exemplary
studies [4] show that the concentration of hydrogen
sulfide, for a total period of about seven hours (the
analysis covered 12 hours) did not exceed 5 ppm,
which poses the risk of a poorly aggressive environ-
ment to concrete [20]. On the other hand, for a total
of about 4 hours, the hydrogen sulfide concentration
ranged from 4 ppm to 72 ppm, which in turn corre-
sponds to an environment that is moderately aggres-
sive towards concrete [20]. The H2S concentration
above 72 ppm for about 1 hour corresponds to
strongly aggressive environment to concrete [20].
Figure 3 presents frequencies and sums of the fre-
quency of occurrence of hydrogen sulphide concen-
trations in the expansion well, determined based on
the data presented in Fig. 1.
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Released hydrogen sulphide in sewage may occur in
the sewage system, both in gaseous form and in dis-
solved form – Fig. 4. The state of equilibrium which
is established between these forms depends on the

reaction of the environment, the ionic strength of the
aqueous solution, the type of metals present in the
sewage (having the ability to form sparingly soluble
salts), but also on physical conditions, i.e. on pressure
and temperature. For example, the amount of hydro-
gen sulphide separated in a gaseous form depends on
the pH of the environment [15]. The higher pH of
sewage, the dissolved form of hydrogen sulphide in
the sewage dominates. At the pH below 6, the hydro-
gen sulfide in a gas form dominates, in the pH range
from 6.0 to 8.5 H2S and HS– appears. The state of
equilibrium between the dissolved and gaseous form
occurs at a pH of approximately 7.3 [15].
Hydrogen sulfide released into the sewerage air can
be oxidized in contact with moist sewage air to sul-
furic acid – Fig. 4 [17, 21]. The intensity of this
process decreases with the increase of temperature
(because both the adsorption of gases on the con-
crete surface as well as the dissolution of hydrogen
sulfide in water decreases with the increase of tem-
perature [22]). H2S may come from sulphates found
in flowing sewage but it may also come from dissim-
ilatory sulfate reduction under anaerobic conditions
as a result of the activity of Desulfovibrio and from
other bacteria and sulfur-reducing fungi. Hydrogen
sulphide, next to ammonia and carbon dioxide, also
comes from the decomposition of organic com-
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Figure 4.
Diagram of corrosive interactions and transformations of
sulfur compounds, source: [21]

Figure 3.
An example of the frequency and sum of the frequency of occurrence of hydrogen sulphide (H2S) concentration in the expansion well,
determined based on the data presented in Fig. 1
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pounds in anaerobic biochemical transformations
[8, 9, 10, 11, 15].
Corrosion of concrete is a complex process [23], it has
a dynamic character and a specific development cycle
and, in the initial period of its impact, mainly favors
pH lowering of the concrete. In the first stage of cor-
rosion of concrete, hydrogen sulphide can react
directly with calcium components of concrete, in par-
ticular with Ca(OH)2 creating calcium bisulfite [2, 3].
In the next stage of corrosion resulting from
the interaction of sulfuric acid, ettringite
3CaO�Al2O3�3CaSO4�32H2O is formed, and then gyp-
sum CaSO4�2H2O, because of lowering pH [24, 25].
In several cases, a fine plastic, mushy mass was also
observed, which was associated with a drop in adhe-
sion and strength of the concrete [3, 18]. It can there-
fore be assumed that one more dangerous sulphate is
produced in the corroded concrete of sewage sys-
tems, which is formed either by itself or from a solid
solution with ettringite, when the pH drops and
then the gypsum begins to form. Thaumasite
CaSiO3�CaCO3�CaSO4�15H2O having no-binding
properties, totally disintegrates hardened cement
matrix, and its presence in the discussed conditions of
strong declacification is possible [10, 25, 26, 27].
Chemical corrosion of concrete in the sewage system
is associated with the corrosion products with
increased volume and the formation of low strength
compounds. Gradual loss of binding properties of
concrete, uncovering of aggregate grains, formation
of gypsum, swelling and cracking of concrete, flaking
and chipping of surface layers reduce the durability
of sewage wells [9, 28]. The factors that support the

corrosion process are the presence of other cations in
the sewage environment, the most dangerous are
NH4

+ and Mg2+ [23, 25, 26]. Ammonia is released as
a result of anaerobic biochemical changes, which
intensifies the process of concrete corrosion. The
most exposed to sulfuric acid is the part of concrete
occurring at the cope of a sewage well (Fig. 5a) or
above the wastewater table in concrete canals
(Fig. 5b). In the concrete which has undergone sul-
phate corrosion, zonal changes are macroscopically
observable (Fig. 5a).
In the sewage system, thanks to the high humidity and
content of nutrients in the sewerage air, there are
favorable conditions necessary for the development of
microorganisms with the ability to form biofilms on
the inner walls of the sewer wells [29]. Biofilm forma-
tion protects microorganisms from adverse conditions
of the external environment, it also allows sorption
and providing microorganisms with nutrients [8, 29].
Biodeterioration. The mechanism of concrete dam-
age respecting the activity of microorganisms is relat-
ed to biophysical as well as biochemical deterioration
of concrete. Biophysical deterioration of concrete
includes the absorption of compounds contained in
the air, the diffusion of vapor within the biological
membrane and intensification of the migration of
metabolites of biochemical transformations penetrat-
ing into the concrete through cracks. Biochemical
deterioration of concrete, on the other hand, is
described by processes that trigger metabolic prod-
ucts, e.g. sulfuric and carbonic acid, and organic
acids, which cause a further stage of environmental
modification. These new conditions favor the devel-
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Figure 5.
Example of sewage manholes affected by sulphate corrosion of concrete [Photo: B.Słomka-Słupik, B.Gil]
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opment of further groups of microorganisms and fur-
ther stages of corrosion of concrete elements [30, 31].
The effects of metabolic activity of various microor-
ganisms can lead to biophysical as well as biochemi-
cal damages of concrete. Colonization of the materi-
al and the formation of a biological membrane start
the so-called pioneer species that create favorable
conditions for the development of other groups of
microorganisms. The metabolic activity of microor-
ganisms initiates and can even accelerate, both
mechanical and chemical, rate of concrete corrosion
[2, 3, 9, 10, 11, 19, 28, 29, 30, 31, 32].
Damage to the upper layers of concrete sewage wells
due to chemical corrosion, increasing porosity of the
material, lowering pH below 9 creates a favorable con-
ditions for the growth of bacteria [8]. Among them are
Delsulfovibrio – sulphate reducing bacteria (anaerobic
corrosion), which transform sulphates from sewage to
H2S. The separated hydrogen sulphide can react over
the waste water table with oxygen, and the product of
this reaction is sulfur – a substrate for many bacteria
from the chemolithotrophic Thiobacillus, which metab-
olize it to sulfuric acid [2, 3, 9]. Furthermore H2S can
react with water vapor, forming sulfuric acid residues
condensing on concrete walls above the water table.
Such an acidified surface of concrete usually favors the
development of acidophilic bacteria Thiobacillus func-
tioning at pH: 2–3, mainly Acidothiobacillus thiooxidans
also known as Thiobacillus concretivorus (concrete
devourers). H2S it can therefore be oxidized in multi-
stage reactions in the aerobic environment to sulfuric
acid by green and purple sulfur bacteria (close anaer-
obes) [2, 3, 8].

3. MATERIALS AND METHODS
The analysis of the technical condition of the S50
sewage well located at a distance of 67 m behind the
expansion well was performed in the work. The S50
well was located in the odor zone emerging from the
sewage network located in one of the agglomerations
of Upper Silesia. To analyze the issue, a part of the
sewerage network to which it is pumped was selected:
a) municipal sewage from the catchment area of

3.5 ha by a single pipe Ø 315 mm length 1914 m,
with an average wastewater retention time of
approx. 6 hours;

b) domestic sewage from the drainage area of 2.5 ha,
characterized both by low buildings as well as
multi-family housing, by a single pipe Ø 160 mm
length of approx. 500 m, the average retention
time of these wastewater was about 2.5 hour.

Analysis of the quality of sewage gas in S50 well was
based on the measurement of hydrogen sulphide with
a OdaLog meter with measurement accuracy ±1 ppm.
The measurement was carried out in the period of dry
weather, which preceded the period of about 7 rainy
days before measurements, and when the average
daily ambient temperature was above 16°C.
After visual assessment of the technical condition of
the S50 well, a detailed chemical and microbiological
analysis of the samples taken from it was carried out.
Concrete samples were taken from the inner part of
the highest concrete circle, from a height of about
2.20 m above the sewage level. Visually, it was possi-
ble to separate a part of the non-cohesive surface in
the form of a “film” having a thickness of 1–2 mm
from material under it having thickness of about
2 cm. Both concrete zones were incoherent and
crumbled. The film layer was above mushy and
greasy. In this study “concrete” was a material com-
posed of aggregate with corrosion products and bio-
logical membrane – from the inner side of the well.
Chemical tests included checking the pH of an aque-
ous concrete extract and the content of sulphate ions
in concrete. The aqueous extract was made from 20 g
of material and 100 ml of distilled water with a con-
ductivity of 0.66 µS. After 1 day, mixing twice per each
twelve hours, for 1 min.; the pH of the filtrate was test-
ed. The humidity of the samples was also determined
by drying them in 100°C until constant weight.
The content of sulphate ions was tested in the state of
natural humidity using the method given in the
cement standard [33]. This method consists in the
precipitation of barium sulphate using a barium chlo-
ride solution from previously separated SO4

2- ions
from concrete dissolved in hydrochloric acid. The
results are given in weight % of SO4

2- ions in relation
to the weight of the concrete and in relation to the
acid soluble parts of the concrete considered as the
binder. Calculations of sulphate content in “binder”
were made – after deducting the mass of insoluble in
HCl parts of the collected material (remaining on the
filter), aggregate. The calculations were made with
the assumption that sulphates do not react corrosive-
ly with aggregate. “Binder” should be interpreted as
the sum of cement paste with the content of other
HCl-soluble corrosion products and microorganisms
in the biological membrane. The content of sulphate
ions was calculated as the average out of two prepa-
rations whose maximum error was 4%.
Chemical analysis of sulphate content was confirmed
by observations made in the high-resolution scanning
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electron microscope (SEM) Mira3 by Tescan.
In the microbiological tests, beside the concrete, an
additional material was taken from the cast iron
plate. Prior to the microbiological tests, all samples
(fragment of a corroded cast-iron plate, concrete film
and corroded concrete) were shaken in physiological
saline by 30 min by 150 RPM in room temperature.
The suspension, containing biological material, were
used to carry out the appropriate tests. Exhibiting
corrosion potential with respect to concrete and
metallic materials, biochemical tests API 20E and
API 20 NE and selection substrates were used
(Waksman medium, 9K Silverman and Lundgren
medium, Winogradski medium in order to determine
the presence of selected groups of microorganisms) –
Table 1.
Selective substrates (Table 1) were inoculated with
1 ml of the previously prepared suspensions (frag-
ment of a corroded cast-iron hatch, concrete film and
corroded concrete). For further analysis, samples of
the inoculated substrates were taken before incuba-
tion and after 5 days of incubation at temperature of
37°C. A list of selected media with the groups of
microorganisms designated therein are collected in
Table 2.
The presence of denitrification bacteria, sulphate
reducing bacteria and heterotrophic bacteria, both
aerobic and anaerobic, was determined based on
selected biochemical tests included in the strip of

API 20E and API 20NE (BioMerieux, Poland)
accordingly the test of NO2 / N2, test of H2S, tests of
GLU, MAN, INO, SOR, RHA, SAC, MEL, AMY,
ARA and test of GLU (anaerobic conditions).

4. TEST RESULTS WITH DISCUSSION
In the first stage, a visual analysis of the technical
condition of the well was carried out. In the bottom
of the kinetas and around the periphery of inner walls
of the concrete well rusty formations were observed.
The cavities caused by the crushed concrete reached
6 cm thick concrete circle. Also iron steps corroded
(Fig. 6).
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Figure 6.
The interior of the S50 well

Medium A group of microorganisms Method for determining the presence of microorganisms

Waksman Sulfur-oxidizing bacteria
Determination of changes in SO4

2- ions concentration using reagent tests cat. No.
114791 (Merck, Germany) before and after incubation

9K Iron (II) ions oxidizing bacteria Determination of changes in Fe2+ and Fe3+ ions concentration using a titration
method with a EDTA solution against the sulfosalicylic acid index

Winogradski Nitrifying bacteria
Determination of changes in NH4

+ and NO3- ions using reagent tests cat. No.
100683 and cat. No. 109713 (Merck, Germany) before and after incubation

Table 1.
Composition of microbiological media used for screening of selected groups of microorganisms

Waksman medium 9K Silverman and Lundgren medium Winogradski medium
Component Concentration g/l Component Concentration g/l Component Concentration g/l
(NH4)2SO4 0.2 K2HPO4 0.5 (NH4)2SO4 2.0

KH2PO4 3 (NH4)2SO4 3 K2HPO4 1.0
MgSO4 � 7 H2O 0.5 MgSO4 � 7 H2O 0.5 MgSO4 � 7H2O 0.5
CaCl2 � 6 H2O 0.025 Ca(NO3)2 0.01 NaCl 2.0
FeSO4 � 7 H2O traces KCl 0.1 FeSO4 � 7H2O 0.4

S0 10 FeSO4 � 7 H2O 44.2 CaCO3 10.0

c

Table 2.
Media used to determine the presence of selected groups of microorganisms in the samples
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The degree of sewage air aggressiveness for concrete
in the S50 well was high. The altering of the concen-
tration of hydrogen sulfide within more than 84 hours
is shown in Fig. 7. During the period of the tests, the

concentration of hydrogen sulphide over 22 ppm was
most common (lower quartile 13 ppm, upper quartile
41 ppm; coefficient of variation: 78%; slant: 1.6).
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Figure 7.
The example of a change in the concentration of hydrogen sulphide in the S50 well. Measurements made with the OdaLog gas detec-
tor. September 2016

Figure 8.
Gypsum. SEM-BSE images of concrete film sample of 1 mm thick from the inside of the upper circle of the S50 drain well, scale:
a) 50 µµm, b) 2 µµm 

a b
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The content of sulphate ions in the concrete samples
was 22.4%mas. in the case of a surface film of concrete
and 18.5%mas. in a 2 cm layer of concrete – Table 3.

Table 3 shows also the results of sulphate content in
the binder, after subtracting the weight of the dried
aggregate. These values are more than twice higher
than in the original material. Corroded concrete from
a 2 cm thick layer was characterized by a larger
amount of thicker aggregate fraction (max 1 cm) and
its humidity was about 25%. 
The moisture content of the top film layer was about
23%, and the graining of the aggregate did not
exceed 1 mm. The pH of both concrete samples was
very low, ranging from 7 to 8, so it can be confirmed
that the samples consisted mainly of aggregate, bio-
logical film and products of sulphate concrete corro-
sion [23]. 
The high content of sulphates in the investigated
samples was confirmed by SEM-images depicting
mainly hexagonal pillar-shaped gypsum crystals –
Fig. 8.
Near the gypsum and the highly decalcified C-S-H
phase, next phase present in the tested material in
small amounts was probably calcium carbonate,
which accompanied gypsum in the strong concrete
decalcification conditions [24, 25, 26, 27]. 
The research on identification of microorganisms
groups present in fragments of corroded cast iron
manhole plate is presented in Table 4.

Biochemical analysis showed the presence of bacteria
that oxidized iron ions Fe2+ in all samples (Table 4).
These bacteria affect the biocorrosion of concrete
and metal-containing materials [12, 34]. As a result of
the conducted analyzes, the presence of bacteria oxi-
dising sulfur in concrete samples (film and deeper
layer) was also observed, which indicates the sulphate
corrosion occurring in these materials. The result of
metabolic processes carried out by this group of
microorganisms is the production of biogenic sulfuric
acid, which has a corrosive potential and reacts with
the components of concrete, mainly with Ca(OH)2

leading to the formation of gypsum, and as a result of
further reactions to ettringite [9, 35, 36]. Sulphide-
oxidising bacteria can also cause corrosion of metals
and materials containing them [37]. In spite of this, in
the examined preparation from cast-iron plate, the
activity of sulfur-oxidising bacteria was determined to
be relatively low. Detected groups of aerobic and
anaerobic heterotrophs on the surface of the upper
circles of the sewer well most probably indicate the
creation of a concentration gradient of oxygen in the
biofilm. Oxygen bacteria – heterotrophic and
autotrophic (nitrifying) bacteria appeared in the
outer layer of the biofilm. As a result of microbial
activity, biogenic acids: nitrite (III) and nitric (V)
lowered the pH of the substrate. The nitric acid (V)
formed in aerobic conditions, reacted with the com-
ponents of the concrete, mainly with the binder. As a
result, most likely soluble calcium nitrates were
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Table 3.
Average values of sulphate concentration in concrete and pH value, concrete specimens taken from the height of 2.20 m above the level
of sewage table, well S50

Table 4.
Types of microorganisms marked in preparations from S50 well

Type of the test
Specimen pH SO4

2- Concentration, %mas SO4
2- concentration relative 

to the dissolved phase, %mas
Humidity, %

Concrete film, thickness: 1–2 mm 7.1 22.4 54.8 23

Concrete under the “film”, thickness:
2 cm 7.7 18.5 43.6 25

o.n.

Location of sampling in a sewage well

A group of microorganisms
Cast iron plate of the well

Outer coating of concrete
(concrete film, thickness

approx. 1–2 mm)

Layer of concrete under the
film; thickness about 2 cm

1 +/- + + sulfur-oxidizing
2 - - + sulfate-reducing
3 + + + Fe2+-oxidizing
4 + + + aerobic heterotrophs
5 - + + anaerobic heterotrophs
6 - + + nitrifiers and denitrifiers

Legend: detected (+); not detected (-) group of microorganisms
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formed, which were dissolved and washed away from
the surface zones of concrete, which led to deteriora-
tion [8, 38]. The presence of heterotrophic aerobic
bacteria was also determined in all samples. These
bacteria can also affect the corrosion of various mate-
rials because organic acids are formed as a result of
their metabolic activity. These substances have a cor-
rosive potential, and reacting with the components of
concrete caused its destruction. For example, glucon-
ic acid formed as a result of oxidation of glucose may
react with calcium ions [39]. In the inner layer of the
biofilm, anoxic and anaerobic conditions could also
occur, as evidenced by the presence of denitrifying,
sulphate-reducing and anaerobic heterotrophic bac-
teria. Although there are no results of studies show-
ing the influence of denitrification bacteria on the
biocorrosion of concrete, their impact in the destruc-
tion of sewage channels can not be unambiguously
eliminated. It has been shown that the oxidation of
metallic iron can be related to the reduction of
nitrites (III) and nitrates (V) [40]. The occurrence of
anaerobic heterotrophic bacteria in concrete samples
may indicate fermentation processes. As a result of
fermentation, biogenic organic acids (e.g. butyric
acid, acetic acid, lactic acid) are produced which are
corrosive. These compounds react with the contained
in concrete Ca(OH)2 and CaCO3 cause dissolution of
the hardened cement paste matrix. The soluble
organic calcium salts can then be rinsed off the sur-
face of the concrete, affecting its destruction [41]. In
addition, biogenic organic acids can cause biocorro-
sion of metallic materials [42, 43]. 

5. SUMMARY AND CONCLUSIONS
Currently, the problem of sulphate corrosion in sani-
tary sewage usually concerns parts of the network
(diameter 200–350 mm) below the expansion well,
where there are problems with odors. The risk of
odors in the sewage system is correlated with the
extended sewage flow time in the sewage system,
which is accompanied by the formation of anaerobic
biochemical changes in sewage sludge. As a result of
these changes arise as by-products, among others
CO2, NH3, or H2S [4, 15, 17]. 

The analyzed case confirmed that concrete corrosion
is a complex process. Most likely, after lowering the
pH of the concrete and associated leaching and
cracking of the external concrete surface, favorable
conditions for the development of the biofilm were
created (pH < 9). The development of microorgan-
isms that caused, inter alia, the oxidation of hydrogen

sulphide to sulphates is already the stage of biological
corrosion. In the analyzed case, intense corrosion of
concrete resulted most probably from the develop-
ment of chemical and biological corrosion. However,
this is a supposition, because even in world-class
work there are still disputes regarding the priority
and importance of biological processes and biological
combined with chemical ones, because the develop-
ment of the biological membrane has already been
noticed even by pH: 11–13 [9].
Tested concrete samples, taken from the well, were
characterized by a pH value between 7 and 8 and a
very high amount of sulphate ions. This material had
no longer binding properties, it was fragile and
mushy, it consisted primarily of fine aggregate and
gypsum. Under these conditions, the biological mem-
brane functioned as a binder. And it is worth men-
tioning that the S50 well has worked just for 7 years.
In the 2 cm layer of the concrete that underwent cor-
rosion, predominated oxygen microorganisms that
have the ability to oxidize hydrogen sulphide to sul-
phates. However, the development of Thiobacillus
under aerobic conditions is possible in the case of a
low pH environment, so it was probably preceded by
chemical corrosion. Stimulators of chemical reac-
tions may also be nitrifying bacteria that produce
nitric acid and nitrous acid to the environment, con-
tribute to the delamination of concrete, or other het-
erotrophs, both aerobic and anaerobic, which use
organic compounds as a carbon source to produce
organic acids. Various groups of microorganisms iso-
lated from the film part of the concrete samples may
suggest the creation of a biological membrane
(biofilm) on the walls of the sewage well. Biofilm pro-
duction, due to the separation of extracellular poly-
meric substances (EPS), which affects the change of
porosity with the formation of microcracks associated
with changes in the vapor diffusion inside the mater-
ial, results in reducing the surface tension [31].
Biological membrane acts as a pollutants absorber
and as a precursor to the formation of shells or
encrustation, which leads to increased salt migration
as well as to the change of the environment from aer-
obic to anaerobic [31], and the amount of odors
released into the environment is periodic – according
to Fig. 1. During the microbiological tests, both
organisms from the group of aerobic and anaerobic
heterotrophs were isolated. In the deeper layers of
corroded concrete, there were also bacteria from the
sulphate-reducing bacteria group that cause the reduc-
tion of sulphates to hydrogen sulphide. The research
confirmed that biological corrosion did not concern
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only concrete elements of wells, but also steel ones.
Confirmation of the last one might be corrosion of
cast iron plate of the well caused by various groups of
microorganisms. Moreover, the research shows that
in the mass of the biofilm that wraps inner parts of
the well, corrosion products and thus microorgan-
isms, migrated as evidenced by the presence of bacte-
ria in the outer coating of concrete and in the cor-
roded concrete under the film.
It is generally known that microbial induced corro-
sion of concrete sewers is a significant problem with
global repair costs in the range of billions of dollars
per year [9, 44]. Otherwise, it may have an adverse
effect not only on the functioning of the sewerage
network, or on the continuity of the land surface, but
in extreme cases can have a negative impact on the
environment.
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