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ABSTRACT

The aim of the study was to evaluate the changes in the carbon/nitrogen ratio as a result of different natural methods
of sewage sludge treatment from two municipal wastewater treatment plants. The sludge from the first treatment
plant was poured into two lagoons, one covered with reed and the other with willow and a field with Californian
earthworms. The sludge from the second treatment plant was composted with sawdust. The sludge processed with
each method was simultaneously subjected to Effective Microorganisms. The samples of processed sludge from
both treatment plants were collected three times. In the first one, after five weeks, four months and ten months from
the beginning of treatment. The material from the second treatment plant was composted after four, ten weeks and
a year of composting. In the samples taken, the total nitrogen content was determined by means of the Kjeldahl
method. The determination of the organic carbon content was carried out on a TOC analyser. The C:N ratio was
then calculated. It was found that the changes in the C:N ratio depended on the duration of individual processes,
and to a lesser extent on the way they were processed. The carbon content during sludge processing increased or
remained at a similar level and the nitrogen content decreased with time of their processing, regardless of the EM
addition. The addition of Effective Microorganisms to the sludge treatment reduced the C:N ratio in the first period
of time and increased this ratio to the optimal value after 10 months or a year. The best technology for sludge pro-
cessing appeared to be the technology of heap composting with sawdust and with aeration. The ten-week compost

had a suitable C/N ratio for use in lawn production.
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INTRODUCTION

The Central Statistical Office “Environment
Protection 2018 reports that in 2017, about one
million tons of dry matter of municipal sew-
age sludge was produced in the whole country.
Wastewater treatment plants have problems with
sludge management, the amount of which is still
growing due to the increase of older plants being
built and modernized. They are looking for the
methods of treatment and final disposal of sew-
age sludge using their own capabilities. The best
methods of sludge treatment are those referring to
the natural processes, where the waste substanc-
es of producers become a substrate for reducers
and consumers. Sludge treatment through the
use of plants, composting or vermicomposting
are biological methods of waste disposal, as they
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involve biochemical processes, such as those tak-
ing place in nature, involving the decomposition
of organic matter by re-solidification [Sidetko
2005]. The sewage sludge processed in this way
is subjected to multifunctional processes which
ensure the stabilisation of the sludge, destruc-
tion of pathogenic organisms, weight reduction
and hydration. Mazy and lumpy sludge is easily
transformed to a less compact consistency under
the influence of atmospheric factors, plants and
earthworms and in the process of composting with
the addition of plant matter [Biernacka, Ozimek
2001 Walkowiak 2007]. However, this method
of sludge processing completely eliminates the
odour nuisance and reduces or eliminates the
presence of pathogenic organisms, as well as de-
creases (dilutes) the content of heavy metals in
the sludge and eliminates pathogenic organisms
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[Jedrczak 2001]. In addition to the disposal of
sludge, it is important to reuse it in the economy
and environment. After the biological treatment,
organic matter can be used as fertiliser, structure-
forming and reclamation material for degraded
soils, as well as in forest management. It can be
a valuable organic fertiliser that can replace ma-
nure and other organic fertilisers in the establish-
ment and maintenance of urban greenery [Siuta ,
Wasiak 2009]. The sludge processed in this way
is a structure material due to its high carbon, ni-
trogen and phosphorus content. The value of this
material is determined, among other things, by
the C:N ratio, which should ideally be 25-35:1.
Insufficient ratio (less than 20) results in the pro-
duction of an unstable final product, and when it
is too high (more than 80) it inhibits the process-
ing and lowers the temperature.

The aim of the study was to evaluate the
changes in the carbon/nitrogen ratio as a result
of various natural ways of processing the sewage
sludge from two municipal wastewater treatment
plants in Podlasie.

AREA OF STUDY AND METHODOLOGY

The first wastewater treatment plant to which
wastewater from the district town flows is based
on the Biooxyblok system (multifunctional bio-
logical reactor). The average amount of waste-
water flowing into the plant is 3,500 m®/day.
Excessive raw sludge amounts to about 1 ton of
dry matter per day. The sludge generated in the
process of wastewater treatment is accumulated
in sludge lagoons. Some of the lagoons are cov-
ered with reeds and some with willows. After the
end of the vegetation period, the reeds are not
cut down, but fall down and decompose, enrich-
ing the resulting compost and thickening it. A re-
search facility for processing the sludge from the
municipal wastewater treatment plant in this fa-
cility using energy willow was built at the end of
April 2010. Part of the sludge goes to the sludge
lagoons and then to a field where it is processed

into compost using Californian earthworms. The
material from all three installations was subjected
to Efficient Microorganisms.

The second wastewater treatment plant re-
ceives household wastewater from the district
town and industrial wastewater from a dairy
and poultry processing plant. It is a mechanical-
biological treatment plant, where the biological
part comprises 4 Sequential Biological Reactors
(SBR) equipped with a centrifuge, an aeration
grate with a compressed air pipeline. Concentrat-
ed sludge is pumped to the station for mechani-
cal dewatering of excessive sludge equipped with
a filter and belt press. Dehydrated sludge is then
transported to the compost preparation building,
where it is mixed with sawdust; then, it flows to
compost halls and compost maturing halls. On the
basis of the sludge in the treatment plant, compost
is produced, which is used for lawn production.
During its production, the compost was treated
with Effective Microorganisms,

The samples of processed sludge from both
treatment plants were collected three times. In the
first one, five weeks, four months and ten months
after the start of treatment. The material from the
second treatment plant was used compost after
four, ten weeks and a year of composting. In the
samples taken, the total nitrogen content was de-
termined using the Kjeldahl method. The deter-
mination of the organic carbon content was car-
ried out on a TOC analyser. Then, the C:N ratio
was calculated.

RESULTS ANALYSIS AND DISCUSSION

Tables 1-4 present the results of carbon and
nitrogen contents and the carbon/nitrogen ratio
calculated on their basis.

Five-week composts were characterised by
a very low C:N ratio (Table 1). According to
Boruszko and Butarewicz [2005], insufficient
C:N ratio causes the production of unstable com-
post. Jedrczak [2007] claims that at low carbon
values and/or high nitrogen content at a C:N ratio

Table 1. Carbon and nitrogen content in g/kgd.m. and C:N ratio in sludge treated with earthworms

Sludge + earthworm Sludge + earthworm + EM
Date/Term
C N C:N C N C:N
Five weeks 609 77 7.9 595 111 5.4
Four months 681 102 6.7 516 100 5.2
Ten months 594 33 18 539 23 23.4
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below 25:1, ammonia may be formed, which is
toxic to microorganisms, as a result of which the
composting process is stopped. If the nitrogen
content is too high, it can be released into the
atmosphere, and there can be a smell nuisance.
Composting with the California earthworm (ver-
micompost) resulted in a C/N ratio of the 5-week
compost and was low after four months. Vermi-
compost with the addition of Effective Microor-
ganisms contained slightly less carbon, but more
nitrogen during this period, resulting in a further
reduction in the C/N ratio of more than 5:1. The
ten-month composting period with earthworms
significantly improved the C/N ratio of 18:1. The
additional use of Effective Microorganisms sig-
nificantly increased the C/N ratio by more than
5. Other researchers point to the biodegradation
of organic matter (including carbon and nitrogen)
in the composting and vermicomposting process
and indicate different final effects depending on
the sewage sludge additives used, as well as the
way and length of the process. In Boruszko et
al. [2005] during the composting of dairy sludge
with various additives, a reduction in organic
matter content of 12% to 27% was achieved, and
Oleszczuk [2006] obtained a 15%-20% organic
matter loss for municipal sludge composted with
various additives. Jakubus [2010], who studied
the composting of municipal sludge with various
structural additives and confirmed the organic
matter reduction by 10-13%. The process of ver-
micomposting of sewage sludge indicates a var-
ied efficiency of organic matter decomposition,
which is confirmed by the studies conducted for
10 years at the Zambrow WWTP by Boruszko
[2016] in mature vermicomposts, where organic
matter loss ranged from 21.3 % d.m. to 48.3 %
d.m. The studies conducted in Estonia by Haiba
et al. [2014] shows a decrease in organic mat-
ter content from 63.3% DM to 53.9% DM in
mature vermicompost. Additionally, numerous
studies conducted by Kostecka [2000] confirm a
reduction in the organic matter content by sev-
eral dozen to twenty-four percent in the process
of vermicomposting of sewage sludge. The stud-
ies carried out by Czyzyk and Kozdras [2004] on
the composts from sludge from rural wastewater
treatment plants with the addition of straw also
showed a low C/N ratio after six-month storage
of 13.2 and a slightly higher 15.96 after the ap-
plication of Humobak biopreparation. It can be
assumed that the use of Efficient Microorgan-
isms for the composting of sewage sludge with a
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California earthworm results in a faster achieve-
ment of the required C/N ratio and thus a faster
maturing of the compost. The composting time
has led to a significant reduction in nitrogen con-
tent. However, a study of vermicomposts after 6
months by Songin and Hury [2002] showed even
lower nitrogen contents of 15.2 g/kg, .

The carbon content of the sludge processed
in the lagoon with reed increased with time of
processing (Table 2). Other dependencies were
obtained by Obarska-Pempkowiak et al. [2010],
the Ulm study showed a 42% reduction in or-
ganic matter, in reed beds in Helsinge, while in
Naskov Valo (Denmark) in the lowest layers of
the sediment the amount of organic matter was
36.6%-41.3% [Kotecka and Obarska Pempkow-
iak 2013]. In the study, the opposite relationship
was observed for nitrogen, regardless of the EM
presence. The C/N ratio in the first and second
term was low and exceeded 5:1. In a reed facil-
ity, however, the use of Effective Microorganisms
resulted in a significant expansion of the C/N ra-
tio. The reason was a significant reduction in the
nitrogen content, which most probably was used
by the present microorganisms and escaped in the
form of oxides. According to Sidetko [2005], the
physically and chemically different areas inside
the compost mass are conducive to different trans-
formations of ammonium nitrogen, mainly in the
process of biosynthesis and sorption, as well as
oxidation and reduction to mineral forms easily
carried away with leachate or process gas. This
leads to a systematic reduction in the amount of
nitrogen in relation to its initial content. Sidetko
[2005] refers to the Tiquia and Tama studies,
which observed even 58% decrease in the nitro-
gen content during the sediment transformation
processes. Nielsen et al.[2002], stress that 50%-
90% of total nitrogen in the sediment occurs in
the form of organic nitrogen and one of the rea-
sons for the decrease in nitrogen content in the
sediment is the biodegradation of organic matter
and the ammonification process. The decrease of
the nitrogen content in stabilised sediments in
reed and willow deposits is also influenced by the
occurrence of nitrification and denitrification pro-
cesses. Additionally, high nitrogen accumulation
by reeds and willows described by Kadlec and
Walace [2009], Obarska-Pempkowiak [2010] and
others, was also indicated. However, the content
of organic carbon after six-month composting was
307.3 g/lkg d.m. and after one year — 268.4 g/kg
d.m. In the above mentioned studies, the nitrogen
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Table 2. Carbon and nitrogen content in g/kg d.m. and C:N ratio in the sludge treated with reeds

Sludge + reed Sludge + reed + EM
Date/Term
C N C:N C N C:N
Five weeks 476 7 6.7 533 104 5.1
Four months 524 107 5.2 519 95 5.5
Ten months 681 36 16.6 681 36 18.9
Table 3. Carbon and nitrogen content in g/kg d.m. and C:N ratio in the sludge treated with willow
Sludge + willow Sludge + willow + EM
Date/Term
C N C:N C N C:N
Five weeks 519 118 4.4 578 84 6.9
Four months 620 102 6.1 409 109 3.7
Ten months 768 37 20.8 697 37 18.8
Table 4. Carbon and nitrogen content in g/kg d.m. and C:N ratio in the composted sawdust sludge
Sludge + sawdust Sludge+sawdust +EM
Date/Term
Cc N C:N C N C:N
Four weeks 597 97 6.2 730 102 7.2
Ten weeks 812 58 14 720 50 14
Twelve months 768 37 20.8 697 30 23

losses in the case of sewage sludge with reed and
EM were even 83%, compared to 5-week pro-
cessing. The C:N ratio in 10-month composts was
similar to that of digested manure (20:1).

The carbon content of the sludge on the la-
goon with willow (Table 3) increased with the
processing time of the sludge without EM and
the nitrogen decreased. The greatest decrease
in the nitrogen content occurred in the sludge
after 10 months of processing. The addition of
EM resulted in a decrease in the carbon content
four months after their application and a further
increase after 10 months. A similar dependence
was found for nitrogen. The C:N ratio increased
in the sludge without EM reaching 20.8 after 10
months of processing. After the addition of EM to
the sludge, the ratio was variable; in the second
period of time it decreased almost by half and af-
ter 10 months it increased to 18.8. Czekala and
Sawicka [2006] claim that it is difficult to achieve
an optimal C/N ratio at the beginning of sludge
treatment. They also recall the studies by Czyzyk
and others [2001] as well as Krzywe and others
[2002], which confirm this fact. The above men-
tioned authors claim that the reason for this is the
high nitrogen content in sludge and that an inten-
sive decomposition of organic matter should be
expected in the treatment processes.

The carbon content of composted sludge
changed slightly over time (Table 4). In the

EM-free composts, the carbon content increased
after ten weeks of composting compared to the
previous deadline. After one year of compost-
ing, the carbon content decreased by several
dozen grams. According to Mazury and Mas-
uria [2009], the compost from municipal sludge
with the addition of tree leaves that they ex-
amined contained 25.2 g/kg, . of nitrogen and
316 g/kg, of organic carbon. In the composts
studied by them, the obtained C/N ratio was
12.5. After the addition of EM, the carbon con-
tent initially increased and decreased over the
composting time. The loss of nitrogen in the
composts with plant additives is shown in Krzy-
wy et al [2002] and Czyzyk et al. The nitrogen
content was in the range of 23.3-18.6 g/kg,
(after half-year and two-year processing, respec-
tively), while the loss of carbon was small and
amounted to 307.3 g/kg and 268.4 g/kg, - re-
spectively. Similar dependencies were obtained
by other researchers (Haroun et al. 2007, Haiba
et al. The addition of EM has contributed to an
increase in the C:N ratio after one year of com-
posting. Heo et al. [2008] claims on the basis
of his research that the addition of EM in the
composting process of organic waste signifi-
cantly affects the ability to increase the matu-
rity of the compost, faster reduction of odours
and stabilisation of the mature compost, as well
as allows a higher degree of nitrogen fixation
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in the soil. The positive influence of the use of
EM on the speed of the composting process and
the quality of the obtained composts was also
demonstrated by others [Sivasubramanian and
Namasivayan 2013, Czyzyk and Kozdras 2004].
On the other hand, Czekata [2013] and Jakubus
[2010] have not found any positive influence of
the EM application on the quality of the sew-
age sludge compost obtained and its processing
speed. The Mazur and Mazur [2009] studies in-
dicate the nitrogen content in composts with the
addition of sawdust equal to 22.2 g/kg d.m. The
addition of sawdust may significantly improve
the C/N ratio due to high carbon content and low
nitrogen content. They state that the organic car-
bon content of composts with added sawdust is
398 g/kg d.m. and the C/N ratio is 17.4:1. The
above studies indicate a much lower C/N ratio at
the beginning of the composted period. It can be
concluded that the microorganisms themselves
were also an additional source of nitrogen. The
composts in this state cannot be used for natural
purposes due to an inappropriate C/N ratio. The
compost must continue to mature for at least one
year. Similar results were obtained by Gorska
and others [2009] after two years of composting
the sludge with pine sawdust. The results var-
ied depending on the thickness of sawdust. Such
mature compost can be successfully used as a
substrate for lawn production, as is the case in
the second wastewater treatment plant studied.

CONCLUSIONS

1. The C/N ratio in sludge treatment has changed
significantly mainly due to the sludge treat-
ment and — to a lesser extent — as a result of the
treatment method.

2. The carbon content during sludge treatment in-
creased or remained at similar levels and the
nitrogen content decreased over the treatment
time regardless of the EM addition.

3. The addition of Effective Microorganisms to
the processed sludge in the first period lowered
the ratio of C:N, and after 10 months or a year
increased this ratio to an optimal level.

4. The best technology for processing the sludge
proved to be the technology of heap compost-
ing it with sawdust and with aeration. The ten-
week compost had a suitable C/N ratio for use
in lawn production.
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