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Abstract. The paper presents the efficiency of nitrogen removal from
wastewater using glycerin as an external carbon source. The study was
conducted during the municipal wastewater treatment process in two
independent activated sludge chambers of SBR type. One of the chambers
contained glycerol as the source of easily available organic compounds.
The study showed that the use of glycerol as the external carbon source
resulted in a higher efficiency of nitrogen removal in compare with the
reactor without external carbon source.

1. Introduction

These sources are divided into internal (present in wastewater), endogenous (produced in
the activated sludge chambers due to biomass decomposition), and external (not present in
the wastewater)[1]. Internal sources refer to the organic carbon substrates obtained both in
the inlet wastewater (as the organic load of entering wastewater) or generated and stored in
cells, also known as an endogenous carbon source[2].

Delivery of external carbon sources to treated wastewater often becomes necessary to
achieve high efficiency of sewage treatment, which must meet very stringent requirements
for reducing the concentration of nitrogen. One of the initial stages of the activities related
to the possibility of using the alternative sources carbon for the denitrification process is a
review of available waste products and semi-finished products from different branches of
the food industry in terms of the high COD/N ratio and high content of easily degradable
organic compounds. Mainly the post-production wastewater from distillery, brewery,
fishing industry, as well as waste and semi-finished products such as corn syrup, glucose,
molasses, beet pulp, raw spirit or fusel oil, are taken into account [1, 3, 4, 5,6].

Another waste product, which has a great potential as an external carbon source is the
glycerol fraction, which is a byproduct of biodiesel production. There are numerous reports
of the glycerol use as a carbon source suitable for the wastewater treatment process[7, 8, 9,
10],as well as on the use of glycerol to reduce the biomass production [11]. Nowadays, in
many countries, diesel oil is supplemented with biodiesel causing a gradual increase of its
production, and thereby the amount of waste glycerol fraction [12, 13].At about 10 liters of
produced biodiesel, about 1 liter glycerol is generated [14, 15].Glycerol phase, besides
glycerol (propane-1,2,3-triol) - 50-60%, contains other substances in its composition such
as methanol, mono-, diacylglycerols, free fatty acids and soaps [16].Due to the fact that
glycerol originated from biodiesel production has many impurities, therefore it has led to
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a concomitant decrease in the price of glycerol along with an increase in its production.
Consequently, glycerol has become a waste, which should be neutralized, and price for this
product is more attractive as compared to other substrates used as external carbon sources
in the denitrification and phosphorus removal processes[17, 18, 19,20,21].

The study aimed at demonstrating that the use of glycerol as an external carbon source
in wastewater treatment process has a positive impact on the effectiveness of the removal of
nitrogen forms from wastewater and can replace other alternative carbon sources.

2. Methods

The study was conducted during the municipal wastewater treatment process in two
independent SBR-activated sludge reactors. The active capacity was 10 dm?, including
6.5dm’was the activated sludge provided by the sewage treatment plant in Bialystok, while
the remaining quantity originated from the raw mechanically treated wastewater (3.5 dm?)
that were also obtained from the sewage treatment plant in Biatystok.

The single cycle of the reactor lasted for 6 hours and included following phases:
sewage supply (2 min), mixing (anaerobic) (60 min), aeration (3.5hrs), sedimentation (1h),
and decantation (0.5h). During the aeration phase, the compressed air was fed through the
diffuser placed at the bottom of the rector; depending on the operating phase, the amount
of air was from 0.1 to 3.0 mg O, /dm?, concentration of activated sludge 3.5 kg/m?, sludge
index oscillated within 120-150 cm®/g, hydraulic load of the chamber was 1.4 m3/m3d,
whereas the pollution load 0.2 kg COD/m’d. Glycerin, as a source of easily available
organic compounds, in an amount of 100 mg/dm? wastewater was added into one of the
chambers in each cycle, twenty minutes after the sewage pouring.

The collected sewage samples were filtered immediately after the filtration. Each filtrate
was subject to determination of the following items in accordance with applicable
methodology [2,4,5,3,22]:

— CODc; - dichromate PN-74/C-04578.03,

— BODs—manometric applyingOxiTop Standard system,

—  N-NHs—spectrophotometryaccording to PN-ISO 7150-1:2002,
—  N-NOs—spectrophotometryaccording to PN-82/C-04576/08,

—  Ntot. —spectrophotometryaccording to PN-EN ISO 6878:2006,
—  Ptot. —spectrophotometryaccording to PN-EN ISO 6878:2006.

3. Results and Discussion

The results of the R1 reactor wastewater tests without the addition of an external carbon
source were included in Table 1, while Table 2 shows the results of wastewater tests from
R2 reactor with addition of glycerin as external carbon source. Figure 1 shows the
concentration of studied nitrogen forms after individual stages of wastewater treatment.
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Table 1.Data and test results of wastewater without addition of glycerin as an external carbon source

REACTOR R1 —without carbon source
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BODs[mgO,/dm?] 230 25 20 20 15 8 6
Total nitrogen [mgN/dm?] 118.0 | 84.0 | 68.7 | 552 | 48.1 | 243 | 144
Nitrate NO; [mgN/dm?] 2.6 39 2.4 3.6 4.6 8.6 8.6
Ammonia NHs [mgN/dm?] 51.1 58.2 553 41.6 335 9.7 1.8
Phosphate POs[mgP/dm®] | 185 | 152 | 18 | 128 | 1.5 | 1.1 | 08

Table 2. Data and test results of wastewater with addition of glycerin as an external carbon source

REACTOR R2-glycerin
Dosage of carbon source
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COD[mgO,/dm?] 530 262 | 322 331 279 234 28
BODs[mgO,/dm?] 230 25 50 45 20 8 2
Total nitrogen [mgN/dm?] 118.0 | 84.1 72 69 612 | 16.5 7.6
Nitrate NO3 [mgN/dm?*] 2.6 4.8 2.2 2.6 6.6 9.6 5.6
Ammonia NHs [mgN/dm?] | 51.1 42.2 49 452 | 244 4.3 0.6
Phosphate PO4 [mgP/dm?] 185 | 149 | 169 | 149 1.2 0.8 0.5
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Nitrate - R2 2,6 4,8 2,2 2,6 6,6 9,6 5,6

Fig. 1.Concentrations of tested nitrogen forms after individual phases of wastewater treatment

Studies performed byBernatet al. [12] upon the use of glycerin as an external carbon source
in the process of nitrogen removal in SBR-type chambers revealed that the optimum
CODI/N ratio should amount to 3.0, at which both nitrates removal and biomass production
from SBR chambersis the lowest. The COD/N ratio in tested raw wastewater was 4.49,
while just before glycerin addition, this COD/N decreased to 3.11, thus close to
recommended by above authors.

Value of COD in raw wastewater amounted to 530 mgO,/dm?, while BODs 230
mgQO,/dm>. Concentration of the total nitrogen in raw sewage was118mgN/dm?, ammonia
51.5 mgN/dm?and nitrate2.6mgN/dm?>.

Twenty minutes after the reactors filling, some decrease in COD and BODsvalues
were observed —available carbon source were taken by denitrification bacteria. Value of
COD in reactor R1 was 268.0mgO,/dm?,while value of BODs 25.0mgO,/dm?. In the
reactor R2, similar levels were recorded: COD262.0mgO,/dm?, BODs 25 mgQ,/dm?. In
both reactors, ammonia concentrations were similar—in reactorR1 84.0mgN/dm?,while in
reactor R284.1mgN/dm®. Content of nitrates in both reactors increased up to 3.9
mgN/dm’in R1 and to4.8mgN/dm’in R2. The increase in the ammonia concentration was
also recorded in R1 to 58.2 mgN/dm?, whereas decrease in R2 amounted to42.2mgN/dm?>.

Then glycerin as the external carbon source was added into the reactor R2 and after
20 minutes of denitrification process, subsequent samples were collected. In R1 reactor,
where the wastewater treatment process proceeded without support of the external carbon
source, a further slight decrease in COD (262mg0O,/dm?) and BODs (20 mgO,/dm?) was
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noted. Introducing the carbon source in a form of glycerin caused the increase in COD
value in reactor R2 by60.0mgO,/dm*up t0322.0mgO»/dm*. The BODsvalue in reactor R2
increased to 50 mgQO,/dm’. Some decrease in the total nitrogen concentration in both
reactors was recorded: in R1 68.7 mgN/dm?, while in R2 72.0mgN/dm®. In the case of
nitrate, there were also lower concentrations as compared to the previous control point. In
reactor R1, nitrate content was 2.4mgN/dm?>, in reactorR2 2.4 mgN/dm?®.Concentration of
ammonia slightly decreased in R1 to 55.3mgN/dm’, whereas in reactor R2 the adverse
situation was recorded—there was an increase in ammonia up t049.0 mgN/dm?®, however
the concentration was still lower than in reactor R1.

After subsequent 20 minutes of anaerobic process of wastewater treatment, further
slight decrease in COD in reactor R1 was found (259 mgO,/dm?);Value of BODsremained
intact (20 mgO»/dm?). In the reactor with glycerin addition, an opposite situation was
observed-there was further COD increase by 9 mgO»/dm>to the level 0f322mgO,/dm?*.The
BODsvalue decreased to 45 mgO»/dm?, but these results were higher than in reactor
without carbon source addition. Concentration of the total nitrogen still decreased
reaching55.2 mgN/dm’in reactor R1. For R2 reactor with addition of glycerin, the total
nitrogen concentration was higher than in reactor R1 and amounted t069.0mgN/dm3giving
the difference of 13.8mgN/dm?3total nitrogen between both reactors. In both reactors, an
increase in nitrates contents t03.6 mgN/dm>was recorded in R1 and2.6mgN/dm?in R2. The
ammonia level decreased in R1 to 41.6 mgN/dm?, while in R2 to 45,2 mgN/dm?’.
Difference of the ammonia concentrations at that control point between reactor without
carbon source R1 and with glycerin R2 amounted to3.6mgN/dm?,

Another samples were collected after 1.5hours of wastewater aeration. Value of COD
in reactor R1 was 254 mgQO,/dm?, while BODs 15 mgO,/dm?. In reactor R2, despite of
decreased COD value by 52 mgQO,/dm?® to the level of 279mgO,/dm*and value of BODsby
15 mgO,/dm? to 20mg0,/dm?, these numbers were higher than in the reactor without
glycerin addition. Also total nitrogen concentration was lower in reactor without carbon
source amounting in reactor R1 to 48.1 mgN/dm?®. In the case of reactor R2, concentration
of the total nitrogen was61.2mgN/dm? Difference between total nitrogen levels between
reactors R1 and R2 was 13.1mgN/dm’. Concentration of nitrates in R1 increased up to 4.6
mgN/dm?, which resulted from the inhibition of denitrification process due to the supply of
oxygen into reactors. In reactor R2,also increase in nitrates concentration was recorded,
but these were higher values—even as high as6.6mgN/dm?. Content of ammonia decreased
in reactor R1 to 33.5 mgN/dm?, whereas in R2 to 24.4 mgN/dm?>. Difference in the
ammonia concentrations at that control point between reactor without carbon source (R1)
and that with glycerin (R2) amounted to 9.1mgN/dm?,

Subsequent samples were collected after another 2hoursof wastewater aeration. Value
of COD in reactor R1 was 243.0mgO,/dm’®. In reactor with glycerin, there was further
intake of available organic compounds, which resulted in lower COD values (234.0
mgO»/dm?)than in reactor without carbon source addition. In the case of BODsin both
reactors, the same values were recorded— 8.0mgO,/dm?. Concentration of the total nitrogen
in reactor R1 was determined as 24.3mgN/dm’. For reactor R2, concentration of total
nitrogen wasl6.5mgN/dm?’.Difference in the total nitrogen between both reactors
amounted to7.8mgN/dm’. Nitrate concentration in both reactors increased -in Rl
t08.6mgN/dm?, while in R2 to 9.6 mgN/dm’. A long duration of wastewater aeration
resulted in a significant lowering the ammonia concentration in both reactors as compared
to the previous control point. In R1, concentration of this nitrogen form was 9.7 mgN/dm?,
while in R24.3 mgN/dm?. Difference in the ammonia content between reactor without
carbon source R1 and that with glycerin R2 was5.4 mgN/dm?®,

Value of CODin treated wastewater from reactor R1 after decantation process
amounted to 35.0mgO,/dm?, while value of BODswas 6.0mgO,/dm?’. Despite of adding the
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external carbon source, the COD value in treated sewage with glycerin addition amounted
to 28.0mg0,/dm’, and BODs2.0mgO,/dm>. These are lower numbers than in reactor R1,
where no additional carbon source was used. Concentration of the total nitrogen in treated
wastewater from reactor R1 amounted tol4.4mgN/dm?, ammonia 1.8 mgN/dm?, and
nitrates 8.6 mgN/dm3. Treatment of wastewater in reactor R1 caused the removal of total
nitrogen in 87.8% and ammonia in 96.5%. In the case of reactor with glycerin addition,
concentration of the total nitrogen in treated wastewater was7.6 mgN/dm®, ammonia
0.6mgN/dm® and nitrate5.6mgN/dm?® . Treating the sewage in reactor R2 resulted in the
removal of total nitrogen in 93.6%, while ammonia in98.8%. The use of glycerin in R2
reactor has resulted in a higher efficiency of the wastewater treatment process than in R1
reactor, where no external carbon source was applied. Despite of the increase in the final
nitrate concentration in reactors R1 and R2, the reactor with external carbon source
addition contained lower nitrate concentration by3.4mgN/dm?.

Like in the research by Bodiket al. [8], in which results from laboratory and technical
scale tests upon the use of glycerin fraction in denitrification process in SBR-type
chambers, were presented, No elevated COD concentrations were recorded in the outflow
indicating a properly adjusted glycerin dose and its utilization during denitrification
process.

4. Conclusions

1. The use of glycerin as an external source of carbon during wastewater treatment
has resulted in a higher removal efficiency of nitrogen forms than in reactor
where no external carbon source has been applied along with low COD content
in the purified wastewater.

2. Despite of the increase in nitrate concentration in sewage treated in both
reactors, the use of glycerin has resulted in a decrease in the concentration of
nitrates in purified wastewater by3.4mgN/dm’as compared to reactor without
supply the external carbon source.

3. Glycerin as a waste product can provide better alternative to other expensive
sources of carbon.
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