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INTRODUCTION

The supply of an external source of carbon 
to the treated wastewater is often necessary to 
achieve a high efficiency of the wastewater treat-
ment plant, which must meet very strict require-
ments for reducing the nitrogen concentrations. 
The use of conventional sources of coal results 
in high operating costs for wastewater treatment 
plants. The costs of an external coal source and 
waste management together account for more 
than 50% of the total cost of wastewater treatment 

(Fernández-Nava et al. 2010, Bernat et al. 2016, 
Cherchi et al. 2009, Ignatowicz et al. 2011). Addi-
tionally, a period of adaptation of microorganisms 
is often required after the introduction of a given 
coal source to the wastewater treatment plant sys-
tem. (Elefsiniotis and Li 2006; Min et al. 2002, 
Dąbrowski et al. 2010, Janczukowicz et al. 2011, 
2013). This has become a premise for exploring 
other, alternative sources of organic carbon. 

Molasses is a waste product that has a high 
potential as an external source of carbon. It is 
created as a by-product of the sugar industry 
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ABSTRACT 
The article presents the effectiveness of the N, P, C (nitrogen, phosphorus and carbon) removal from sewage with 
the use of molasses as an external carbon source (ECS). The research was carried out during the wastewater treat-
ment processes in two SBR-type activated sludge reactors. A cycle of the SBR operation lasted 360 minutes and 
included the following phases: wastewater supply (2 min), anaerobic (60 min), aeration (210 min), sedimentation 
(60 min) and decantation (30 min). After twenty minutes of the wastewater supply, molasses was added to one of 
the reactors in the cycle, as a source of easily available organic compounds. The conducted tests showed that the 
use of molasses as an ECS during wastewater treatment resulted in higher nitrogen removal efficiency in compari-
son with the reactor without ECS. The wastewater treatment in the SBR without the addition of ECS resulted in a 
total nitrogen removal of 80% and ammonium nitrogen of 95.9%, whereas the wastewater treatment in the reactor 
with the addition of molasses resulted in the removal of total nitrogen at 90.3% and ammonium nitrogen at 97.3%. 
Despite the increase in the final nitrate concentration in both SBRs, the nitrate concentration in the reactor using an 
external carbon source was lower by as much as 4.5 mg N/dm3. The COD fractions and their changes in wastewater 
were determined in order to find out their quantitative and percentage share. Determination of the COD fraction 
allows assessing the susceptibility of wastewater to biological treatment, additionally indicating the impurities 
that are difficult to decompose, which reduce the effectiveness of biological wastewater treatment. Introduction of 
ECS in the form of molasses to municipal wastewater caused an increase in the SS fraction by 9 mg O2/dm3, thus 
increasing the percentage of the readily biodegradable dissolved organic compounds by about 10%. The increased 
amount of easily available carbon compounds has contributed to the increase of the denitrification rate. In the 
initial phase of denitrification with the addition of ECS in the form of molasses, an acceleration in the removal of 
nitrogen compounds by 2.48 mg N∙dm3/h compared to the control reactor, was observed.
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and often used in the distillery industry. Molas-
ses is a malleable liquid with a brown colour. The 
substance has a specific smell and a bittersweet 
taste. Molasses contains about 48–50% sucrose 
(Arshad et al. 2008, Silva et al. 2009, Smyk and 
Ignatowicz 2017). Molasses or hydrolysed molas-
ses can be used to support biological wastewater 
treatment processes. The main component of mo-
lasses, i.e. polysaccharides, contains long chains 
that prevent rapid use of this substrate by denitri-
fying bacteria; therefore, it is recommended that 
molasses be hydrolysed to convert it into simpler 
compounds such as sucrose, fructose and glucose 
(Janczukowicz and Rodziewicz 2013). The diffi-
culty in using molasses as ECS is its high density, 
which can create problems with the precise dos-
ing of the substance (Arshad et al. 2008, Mąkinia 
and Czerwionka 2013, Silva et al. 2009).

The aim of the research was to determine the 
effect of molasses on the speed and efficiency of 
the denitrification process as well as the changes 
in COD fractions during individual wastewater 
treatment phases.

MATERIALS AND METHODS

The tests were performed during municipal 
wastewater treatment processes carried out in two 
independent reactors (R1 and R2) with SBR-type 
activated sludge (Smyk and Ignatowicz 2017). 
Their active volume was 13 dm3, whereof 8 dm3 
was occupied by activated sludge, and the remain-
ing volume was occupied by mechanically treat-
ed raw wastewater delivered from the Białystok 
wastewater treatment plant. Table 1 shows the 
operating parameters of the SBR reactors.

A single operating cycle of a reactor lasted 
6 hours and comprised the following stages: 
wastewater supply (2 min.), anaerobic mixing 
(60 minute), aeration (210 min), sedimentation 
(60 min) and decantation (30 min). During the 
stage of aeration performed via a diffuser lo-
cated at the reactor bottom, compressed air was 

supplied, depending on the operation stage, in 
amounts from 0.1 up to 2.0 mg O2/dm3; activated 
sludge concentration was 3.5 kg/m3, sludge in-
dex fluctuated from 120 to 180 cm3/g, chamber 
hydraulic load was 1.5 m3/m3∙d and the load of 
organic compounds was 0.2 kg COD/m3∙d. Mo-
lasses were added to one of the SBRs 20 minutes 
after filling the wastewater. The dose of molasses 
was individually calculated taking into account 
the amount and composition of raw wastewater, 
assuming the COD/N ratio of 6. 

The wastewater samples were filtered, and 
each of the following parameters were determine 
individually, in accordance with the applicable 
methodology (Smyk and Ignatowicz 2017, Igna-
towicz 2008, Puchlik et al. 2015):
 • COD – dichromate method as per PN-

74/C-04578.03 standard,
 • BOD5 – manometric method based on OxiTop 

standard,
 • N-NH4 – spectrophotometric method as per 

PN-ISO 7150–1:2002 standard,
 • N-NO3 – spectrophotometric method as per 

PN-82/C-04576/08 standard,
 • Ntot – spectrophotometric method as per 

PN-EN ISO 6878:2006 standard,
 • Ptot – spectrophotometric method as per 

PN-C-04576–00:1973P standard.

COD fractions: SS (dissolved easily biode-
gradable), SI (dissolved non-degradable biologi-
cally), XS (organic suspension slowly degrad-
able), XI (organic suspension non-degradable bio-
logically) were determined based on ATV-A 131 
guidelines (Dulekgurgen et al. 2006, Myszograj et 
al. 2017, Sadecka et al. 2011, Struk-Sokołowska, 
2011, Wu et al. 2014). 

The rate of NUR denitrification was deter-
mined using the formula:

𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑆𝑆𝑁𝑁−𝑁𝑁𝑁𝑁3,𝑡𝑡1 − 𝑆𝑆𝑁𝑁−𝑁𝑁𝑁𝑁3,𝑡𝑡2
∆𝑡𝑡 [𝑚𝑚𝑚𝑚𝑁𝑁 − 𝑁𝑁𝑂𝑂3 

𝑑𝑑𝑚𝑚3 · ℎ ] (1)

where: SN – NO3,t – concentration of nitrate nitrogen 
at time of t [mgN /dm3],

 Δt – measurement time [h],

Table 1. Operating parameters of the SBR reactors

Pos. Indicator Value Unit of measure
1 Activate sludge concentration 3.5 kg/m3

2 Load of organic compounds 0.2÷0.3 kg COD/m3∙d
3 Sludge index 120÷180 cm3/g
4 Chamber hydraulic load 1.5 m3/m3∙d
5 Decantation coefficient 0.3 -
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RESULTS AND DISCUSSION

The obtained results are shown in Figures 1–5. 
According to the guidelines of ATV, Henze, Tora 
(2011), Yang (2012) and other authors, denitrifi-
cation takes place without any disturbances if the 
COD/N ratio is between 5 and 10. The COD/N 
ratio in the wastewater of the SBR reactors tested 
was insufficient for the denitrification process 
and was lower than the recommended range. The 
COD/N ratio in the raw wastewater was 7.2, while 
the reactors were filled with wastewater and the 
20-minute mixing process reduced this value to 
4.2. Adding molasses to the reactor increased the 
COD/N ratio to the required value (Figure 1). 

The amount of organic compounds defined 
as COD in the mechanically treated wastewater 
was 535 mgO2/dm3 and BOD5 300 mgO2/dm3 
(Figure 2). The concentration of Ntot in raw waste-
water was 73.9 mgN/dm3, ammonium nitro-
gen – 51.1 mgN/dm3 and nitrates – 2.6 mgN/dm3 
(Figure 3 decrease in the amount of organic matter 
was noted 20 minutes after the SBRs were filled, 
which indicates that the assimilable carbon com-
pounds were absorbed by the denitrifying bacte-
ria. The amount of organic compounds measured 
as COD in the control reactor was 268 mgO2/dm3 
and BOD5 130 mgO2/dm3. Similar values were 
recorded in the second R2 reactor: COD was 
259 mgO2/dm3 and BOD5 130 mgO2/dm3. The 
concentration of ammonium nitrogen in R1 was 
44.9 mgN/dm3 and 45.8 mgN/dm3 in R2. The con-
centration of nitrates increased slightly, in SBR 
R1 the concentration was 3.9 mgN/dm3, whereas 
in SBR R2 – 4.0 mgN/dm3. 

Molasses were then added to SBR R2 and 
after twenty minutes of anaerobic denitrifica-
tion, further samples were taken. In the control 
SBR, where the wastewater treatment process 
was carried out without the assistance of ECS, a 
further slight decrease in the amount of organic 

compounds defined as COD (262 mgO2/dm3) and 
BOD5 (120 mgO2/dm3) was observed (Figure 2). 
The introduction of ECS in the form of molas-
ses caused an increase in the COD values in SBR 
R2 to 281 mgO2/dm3. The concentration of Ntot in 
SBR R1 decreased to 55.9 mgN/dm3 (Figure 3). 
InSBR R2, the concentration of Ntot also decreased 
to 54.0 mgN/dm3. In the case of nitrates, a lower 
concentration was recorded in R1 than in the 
SBR with added molasses – the concentration 
in R1 was 2.4 mgN/dm3, while the concentra-
tion in R2 was 2.9 mgN/dm3. The concentration 
of ammonium nitrogen decreased slightly in the 
reactor R1 to 43.2 mgN/dm3. In SBR R2, a high 
decrease in ammonium nitrogen concentration to 
41.0 mgN/dm3 was recorded. 

After another twenty minutes of anaerobic 
wastewater treatment, a further decrease in COD 
(259 mgO2/dm3) was observed in the R1 and BOD5 
reactors (115 mgO2/dm3). COD was also reduced 
to 273 mgO2/dm3 and BOD5 to 115 mgO2/dm3 in 
the reactor with molasses (Figure 2). A clear dif-
ference in nitrogen form concentrations between 
the reactors was observed. The concentration of 
Ntot continued to decrease in SBR R1 and was 
53.6 mgN/dm3. In the case of SBR R2, the con-
centration of Ntot was 43.3 mgN/dm3 (Figure 3).

The COD value in the wastewater treated from 
the R1 reactor after decantation was 37 mgO2/dm3, 
while BOD5 was 9 mgO2/dm3 (Figure 2). Despite 
the addition of ECS in the wastewater treated 
with molasses, COD was 25 mgO2/dm3 and 
BOD5 4.0 mgO2/dm3. These values are lower 
than in SBR R1, where no additional ECS was 
used. The concentration of Ntot in the wastewater 
treated from SBR R1 was 14.8 mgN/dm3, am-
monium nitrogen – 2.1 mgN/dm3 and nitrates – 
8.8 mgN/dm3 (Figure 3). In SBR R1, the removal 
of Ntot took place with an efficiency of 80% and 
ammonium nitrogen – of 95.9%. In the case of 
SBR R2, the concentration of Ntot in  treated 

Figure 1. Comparison of COD to N tot at control points (A – raw wastewater; B – wastewater after filling 
(20 min); C – denitrification process (20 min); D – denitrification process (20 min); E –nitrification process 

(90 min); F – nitrification process (120 min); G – decantation (30 min))
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Figure 3. Changes in the concentration of nitrogen and phosphorus compounds 
during the wastewater treatment processes

Figure 2. Changes in the amount of organic compounds during the wastewater treatment process
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wastewater was 7.2 mgN/dm3, ammoniacal nitro-
gen – 1.4 mgN/dm3 and nitrates – 3.9 mgN/dm3. 
In SBR R2, the removal of Ntot occurred with an 
efficiency of 90.3% and ammoniacal nitrogen of 
97.3%. The use of molasses resulted in a higher 
efficiency of the wastewater treatment process 
and, above all, in a more effective removal of ni-
trogen compounds.

During the study, the COD fractions in the 
wastewater were determined in order to determine 
their quantitative and percentage share. Determi-
nation of the COD fraction allows the assessment 
of the susceptibility of wastewater to biological 
treatment, additionally indicating the pollutants 
which are difficult to decompose and reduce the 
effectiveness of biological wastewater treatment. 
A distinction is made between easily biodegrad-
able, hardly biodegradable and non-biodegradable 
compounds. The biodegradable fraction includes 
the fraction of dissolved organic substances eas-
ily biodegradable SS and the fraction of insoluble 
organic substances slowly biodegradable XS. The 
non-biodegradable fraction includes fractions of 
dissolved non-biodegradable organic substances 
SI and insoluble non-biodegradable organic sub-
stances XI (Sadecka et al. 2011, Myszograj 2017, 
Dulekgurgen et al. 2006, Wu et al. 2014).

Figure 4 shows the quantitative share of 
the individual fractions in individual reactors. 
The fraction of insoluble, slowly biodegradable 
XS organic compounds dominated in the me-
chanically treated raw municipal wastewater. 
This fraction accounted, on average, for 46.6% 
of the total COD of wastewater. The percent-
age share of the fraction of dissolved organic 
compounds easily biodegradable SS in raw mu-
nicipal wastewater was 33.8% on average. The 
fraction of insoluble non-biodegradable organic 
compounds XI accounted for 15.5% of the total 
COD of wastewater. The fraction of dissolved 
non-biodegradable organic compounds SI had 
the lowest percentage share in raw municipal 
wastewater – 4.1%. 

After filling the SBRswith wastewater and 
mixing for twenty minutes, a decrease in the frac-
tion of insoluble organic compounds slowly bio-
degradable XS was observed by 202.5 mgO2/dm3 

on average. A decrease in the fraction of easily 
biodegradable organic compounds SS was also ob-
served from the mean value of 211.0 mgO2/dm3 to 
132 in the control reactor and to 136 mgO2/dm3 in 
the reactor with molasses. The percentage shares 
of the SS fractions increased to 49.64% for R1 

and 52.20% for R2. The value of the fractions of 
insoluble non-biodegradable organic compounds 
XI also decreased, on average, by 67.5 mgO2/dm3, 
which in both reactors accounted for about 10% 
of the total COD of wastewater. The fraction of 
dissolved non-biodegradable organic compounds 
SI did not change its value as a result of filling 
the SBRs, while its percentage share increased 
slightly and ranged from 5.0 to 7.9%.

Molasses was added to the R2 reactor. Af-
ter twenty minutes of wastewater mixing in the 
reactors with added molasses, an increase in the 
amount of dissolved, easily biodegradable or-
ganic compounds determined by the SS fraction 
was noted at 9.0 mgO2/dm3. In the control reactor, 
a decrease in the value of readily biodegradable 
organic compounds fraction at 3.0 mgO2/dm3 was 
recorded. In both SBRs, a decrease in the value 
of XS and XS fractions of insoluble, slowly bio-
degradable organic compounds and in the value 
of non-biodegradable, non-biodegradable organic 
compounds XI fractions was recorded, which is 
caused by the combination of the XI fraction with 
activated sludge flocculation. 

The increased amount of easily assimilable 
carbon compounds has contributed to an increase 
in the denitrification rate. Figure 5 shows the av-
erage denitrification rate of NUR. In the case of 
the denitrification rate in a SBR without addition 
of ECS, the speed was much lower and amounted 
to only 0.45 mgN·dm3/h, while the difference in 
rate between the SBRs was 2.48 mgN·dm3/h.

CONCLUSIONS

1. The application of molasses as ECS in waste-
water treatment increased the effectiveness of 
removing the forms of nitrogen while main-
taining a high efficiency of removing organic 
compounds.

2. The use of molasses reduced the nitrate 
concentration in the treated wastewater by 
4.9 mgN/dm3 compared to the SBR without 
ECS support.

3. The introduction of molasses into municipal 
wastewater resulted in an increase of 10% of 
the dissolved, easily biodegradable organic 
compounds called SS fraction in the R2 reactor.

4. Molasses, as a waste product, can be success-
fully used as an external source of carbon in 
denitrification processes.
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Fig. 4. Quantitative share and percentage of individual fractions in a reactor without the addition of a 
carbon source (R1) and a reactor with the addition of molasses (R2) (B – wastewater after filling (20 min); 

C – denitrification process (20 min); D – denitrification process (20 min); E – nitrification process (90 min); 
F – nitrification process (120 min); G – decantation (30 min).

Fig. 5. The denitrification rate comparison
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