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Abstract: Reject water separated from digested sludge may be a potential source of nutrients due to
its high content. However, most often, reject water after sludge dewatering is directed to sewage lines
at wastewater treatment plants, negatively affecting their operation, especially in the biological part.
The activities related to sludge conditioning before dewatering have a direct impact on the quality of
the reject water. The reject water of raw digested sludge is characterized by very high concentrations
of ammonium nitrogen, at 1718 mgN-NH,*/dm?3; phosphates, at 122.4 mgPO43~ /dm3; and chemical
oxygen demand (COD), at 2240 mgO, /dm?3. The objective of the research was to determine the
impact of selected sludge conditioning methods on the quality of reject water obtained after sludge
dewatering. The following parameters were analyzed in the reject water: the chemical oxygen
demand (COD), phosphates, ammonium nitrogen, and total suspended solids (TSS). It has been
observed that the sludge sonification process increases the content of impurities (COD, phosphates) in
reject water with an increase in the amplitude of the ultrasonic field. On the other hand, the chemical
reagents cause a decrease in the concentration of the pollutants with an increase of the chemical
dose. It has been found that the inorganic coagulant PIX 113 gives much better results regarding the
reduction of contamination than the polyelectrolyte Zetag 8180.
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1. Introduction

One of the important processes involving the treatment of sewage sludge at wastewater
treatments plants is anaerobic digestion. This is a biological process of decomposing organic
substances in sewage sludge that leads to its stabilization. As a result, hydrophilic, highly
hydrated, highly viscous, sanitary hazardous sewage sludge is transformed into easily
dehydrated, thin, earthy sludge [1-5].

Reject water is formed during the dewatering of digested sludge, which is currently
the subject of numerous studies [6-11]. Reject water treatment is a problem that wastewater
treatment plants have to face. Most often, reject water is directed to a primary settling
tank without prior pretreatment, mixed with the inflow, and then treated in a conventional
wastewater treatment line. In that way, mainly due to a high concentration of nutrients,
reject water disturbs the operation of the activated sludge chambers, which has a negative
impact on the effectiveness of the biological part of the sewage treatment plant [12-16].
The quality of the reject water formed in the process of mechanical sludge dewatering
depends considerably on the anaerobic sludge stabilization, the type of device used in the
mechanical dewatering, its correct operation, and the proper selection of chemical reagents
for the sludge conditioning prior to the dewatering. Reject water may contain from 10%
to 25% of the nitrogen load and from 10% to 80% of the phosphorus load introduced to
the treatment plant with the raw sewage [10,17-20], although the stream of reject water is
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relatively small (0.4% to 1.2% of the volume of the wastewater flowing into the treatment
plant) [21,22].

The problem of reject water is that the concentrations of ammonia and orthophosphates
are relatively high compared to the influent composition. A substantial part of nitrogen
is redissolved during the digestion process; then, during the sludge dewatering, it is
separated from the sludge as a liquid rich in nitrogen [23]. The situation is similar in the
case of phosphorus; as much as 60% of the phosphorus removed from sewage can be re-
released during the hydrolysis of polyphosphates to the reject water [24,25]. The increasing
amount of phosphorus with an equally high concentration of ammonium, nitrogen and
magnesium ions constitutes a source of struvite [26-28]. Unfortunately, this is a common
case in a number of wastewater treatment plants where large amounts of nitrogen and
phosphorus are concentrated in the stream of reject water. Dissolved nutrients promote the
formation of struvite, which occurs in pumps, sludge pipelines, dewatering devices and
leachate pipelines. This results in a decrease in the effective cross-section of the pipelines.
Additionally, the hard structure of struvite poses numerous operational problems. Struvite
often mechanically blocks the inlets of pumps, aerators, screens and other technological
devices. It has a serious impact on installations’ reliability and efficiency, as well as their
operating and maintenance costs. Struvite is a very unfavorable phenomenon known to be
present in wastewater treatment plants. Therefore, many studies on reject water focus on
the removal of nitrogen and phosphorus [29,30].

Podstawczyk et al. [31] proposed the removal of ammonium and orthophosphates
from reject water generated during the dewatering of digested sewage sludge using an in-
novative two-stage method including an adsorption and membrane contactor system. The
results showed that the use of a membrane system can lead to a 98.9 & 0.1% reduction in the
ammonium concentration in the feed. The orthophosphate removal efficiency was also high,
at 92.4 & 0.1%. The mechanism of orthophosphate binding by eggshells modified with iron
and zirconium oxide—based on a strong interaction between the positively charged adsor-
bent surface and negative orthophosphate ions in the solution—confirmed the effectiveness
of the method. Podstawczyk et al. [31] concluded that the membrane system can be used for
an effective removal of ammonium from reject water, while the adsorption process on metal
oxide-modified eggshells can be an attractive alternative to conventional orthophosphate
removal processes. Some of the researchers investigating reject water conduct research aim
exclusively at removing nutrients from reject water, while others seek to find methods that
would allow for the removal of these elements from reject waters but simultaneously to
retrieve them to the largest extent. Given the growing demand for macronutrients such as
nitrogen and phosphorus, and the environmental issues related to their production, the
demand for effective nutrient recycling is growing [32-35]. Koskue et al. [33] successfully
removed and recovered nitrogen from reject water using an electrochemical system com-
bining electroconcentration and stripping. They achieved the highest nitrogen removal and
recovery efficiencies in a three-chamber bioelectroconcentration cell with an ion-exchange
membrane. In such systems, bacteria facilitate electrochemical reactions, such as the con-
version of chemical energy into electrical energy. Then, the electrical energy can be used
directly for nutrient recovery. This makes the process low-energy and chemical-free. Hence,
the use of bioelectrochemical systems for nutrient recovery from liquid sources has gained
considerable interest in recent years [36-39].

The selection of appropriate chemical and physical agents for the conditioning of
digested sludge is one of the factors that have a significant impact on the quality of reject
water [13,40-42]. These agents play two important roles: they increase the amount of
water released by the sludge during dewatering in order to reduce the sludge volume and
affect reject water quality, which is very important in the aspect of the further recovery of
nutrients. Considering the importance of the reject water’s quality, this paper presents the
influence of independent and combined methods of sludge conditioning on the quality
of the reject water obtained during the mechanical dewatering of digested sludge, which
is a new approach to the issue. An ultrasonic field was used as a physical factor, and the
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chemical reagents used for the sludge conditioning prior to the mechanical dewatering
process included Zetag 8180 polyelectrolyte and PIX 113 inorganic coagulant. Controlling
the concentration of biogenic nutrients in reject water with the use of the applied methods
of sludge conditioning is an important and practical aspect of the current research.

2. Materials and Methods

A digested sludge from a municipal, mechanical-biological wastewater treatment
plant with a population equivalent (PE) of more than 100,000 was used for the study. The
biological treatment of sewage was carried out using the method of activated sludge in the
multifunctional biological reactors in which the process of the oxidation of organic com-
pounds, nitrification, denitrification, and biological dephosphatation take place. A simulta-
neous precipitation of phosphates with the use of iron compounds occurs there, too. The
technological scheme of sewage sludge processing includes the following unit processes:

- the thickening of primary sludge in primary sedimentation tanks,

- the final thickening of primary sludge in gravity thickeners,

- the thickening of excess sludge in a mechanical thickener,

- the single-stage mesophilic anaerobic digestion of the mixed sludge,

- the stabilization and thickening of digested sludge in open digestion chambers (ODC),
- the mechanical dewatering of digested sludge using belt filter presses, and

- thermal drying.

The sludge was collected at a mechanical dewatering station before the dewatering.
In order to ensure the appropriate process conditions during the research, samples of the
sludge were first stored in the fridge at 4 °C and then warmed up to room temperature.
The following scheme of the research was applied (Figure 1).

Sludge

Digested, unprepared.

Sludge physical conditioning.

Sludge sonification.

Sonicated sludge Sonicated sludge Sonicated sludge

A=1525um
t=60s

A =30.5um
t=60s

A =4575um
t=60s

Sludge chemical conditioning

Types and doses of chemical agents

PIX 113
Zetag 8180

4.0; 5.0; 6.0; 7.0 mg/g DM

Sludge dewatering - centrifugation

Analysis of reject water

pH, total suspended solids, COD, ammonium nitrogen, phosphates

Figure 1. The scheme of the experimental research.

Initially, the physical conditioning of the sludge was carried out using various parame-
ters of the ultrasonic field, and then the sludge was subjected to chemical conditioning. The
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ultrasonic disintegration was carried out using a Sonics VC750 microprocessor ultrasonic
disintegrator at the frequency of 20 kHz. The volume of the sludge samples was 0.4 dm3,
and the sonication process used three different amplitudes: A; = 15.25 um, A, = 30.5 um,
and Az = 45.75 um; it was carried out in a non-flow system, with a single-vessel filling.
The sonication time was constant, at t = 60 s. The following chemical agents were used
for the sludge preparation before the dewatering: cationic polyelectrolyte Zetag 8180 and
inorganic coagulant PIX 113, in doses of 4.0, 5.0, 6.0, and 7.0 mg/g DM. The doses were
within the range of optimal doses obtained in capillary suction time (CST) tests. In the case
of Zetag 8180 polyelectrolyte, a solution of 0.1% was applied, while for inorganic coagulant
PIX 113 a solution of 10% was used. The basic information on the chemical agents used in
the tests is presented in Table 1.

Table 1. Characteristics of the chemicals used in the test.

Chemical Reagent Description

A ferric coagulant, a dark brown water solution of ferric sulphate,
PIX 113 with total iron (Fe) content of 11.4 %+ 12.2%, and ironions Fe?*
content of 0.4 £ 0.3% [43,44]
Copolymer of acrylamide and quaternized cationic monomer,
Zetag 8180 highly effective, supplied as off-white granular solid powder,
manufactured by BASF Corporation [45]

The prepared sludge samples were mixed using a Biosan MMS-3000N magnetic stirrer
according to the following scheme. After adding chemical agents to the sonicated sludge,
a rapid mixing was performed for a period of 60 s (200 rpm) in order to mix the samples
thoroughly, and then a slow mixing for 300 s at 30 rpm was applied. Next, centrifugation
was used for the dewatering of the sludge samples. The dewatering process was carried
out for five minutes with a rotation speed of 5000 rpm. The reject water was collected
from the samples, and the following analyses were performed: pH, by the potentiometric
method (pH-meter CP401, Elmetron); total suspended solids (weight method); chemical
oxygen demand (COD) according to (PN-ISO 6060:2006 [46]); and ammonium nitrogen
and PO, 3 phosphates by the spectrophotometric method (Spectrophotometer JENWAY
6300). A test was performed three times for each sample, and the results are presented as a
mean value. Table 2 presents the symbols assigned to the reject water samples obtained in
the process of the dewatering of the sludge samples.

Table 2. Symbols assigned to the reject water samples.

Lp Symbol Description
1.  RwNDS Reject water from non-sonicated digested sludge
RwSDS1 Reject water from sonicated digested sludge.

The time of sonication 60s, the amplitude: A; = 15.25 um

2 Exggg; (RwSDS1); Ay =30.5 um (RwSDS2); Az = 45.75 um
(RwSDS3) respectively.
3 RwNDS + PIX113 Reject water from non-sonicated sludge prepared with chemical
" RwNDS + Zetag 8180 reagents: PIX 113, Zetag 8180
4 RwSDS1 + PIX113 Reject water from sonicated digested sludge (t = 60 s, A; = 15.25 um)
" RwSDS1 + Zetag 8180  and chemically prepared with: PIX 113, Zetag 8180
5 RwSDS2 + PIX113 Reject water from sonicated digested sludge (t = 60's, A; = 30.5 pm)
" RwSDS2 + Zetag 8180  and chemically prepared with: PIX 113, Zetag 8180
6 RwSDS3 + PIX113 Reject water from sonicated digested sludge (t = 60 s, A; =45.75 um)

RwSDS3 + Zetag 8180  and chemically prepared with: PIX 113, Zetag 8180




Energies 2022, 15, 1678 5o0f 14

3. Results

The characteristics of the reject water obtained in the process of the mechanical de-
watering of non-sonicated digested sludge are presented in Table 3. The reject water
demonstrated a very high concentration of ammonium nitrogen, at 1718 mgN-NHy*/dm?;
phosphates, at 122.4 mgPO,>~ /dm?; and organic compounds. The COD of the reject water
was found to be 2240 mgO,/ dm3.

Table 3. Characteristics of the reject water from non-sonicated digestion sludge.

No Indicator Unit Value
1 pH - 7.32
2 Total suspended solids (TSS) mg/ dm? 1142
3 Chemical oxygen demand (COD) mgO, /dm3 2240
4 Ammonium nitrogen mgN-NH,, / dm3 1718
5 Phosphates mgPO, 3 /dm? 1224
6 Phosphorus mgP-POy =3 /dm3 40

The results from the subsequent stages of the research are presented in Table 4. In the
reject water obtained from the non-sonicated sludge prepared with inorganic coagulant PIX
113, a decrease in the pH value was observed. The pH value decreased with the increasing
dose of the coagulant. The lowest value of pH was observed for the dose of 7.0 mg/g DM;
it was 5.02. The pH value decreased by 31.4% compared to the pH of 7.32 in the case of
reject water from non-prepared digestion sludge. On the other hand, the pH value of the
reject water obtained from non-sonicated sludge prepared with Zetag 8180 remained in a
relatively narrow range of 7.43-7.47. This was not a significant change in relation to the pH
value for reject water obtained from non-prepared sludge. Similar relationships in the pH
values were obtained for reject water separated from sonicated sludge prepared with the
selected chemical agents.

Table 4. Analysis of the reject water separated from prepared and non-prepared digested sludge.

Parameter Dose pH Phosphates Phosphorus Am‘m ontum COD TSS
Nitrogen
Unit mg/g DM - mgPO; 3/dm® mgP-PO43/dm? N-NH4*/dm3 mg O,/dm3 mg/dm3
Reject water separated from non-sonicated digested sludge prepared with:
4.0 6.27 10.1 3.3 1427 770 350
5.0 5.95 8.9 2.9 1155.7 500 300
PIXT13 6.0 5.56 7.0 23 984.8 320 260
7.0 5.02 4.3 14 969 280 110
4.0 7.43 50.5 16.5 1241.1 2230 540
Zetae 8180 5.0 7.44 41.6 13.6 788.4 1930 340
& 6.0 7.45 38.7 12.7 648.2 1850 240
7.0 7.47 26.6 8.7 612.7 1670 140
Reject water separated from sonicated (A = 15.25 um; t = 60 s) sludge
- 7.8 215.2 70.3 853 3679.2 1083
and sludge prepared by:
4.0 5.9 249 8.1 703 1394.4 783.3
5.0 5.7 11.8 3.8 562 604.8 683.2
FIX 113 6.0 5.4 1.1 3.6 466 474 583.1
7.0 5.0 6.2 2.0 288 386.4 333.3
4.0 7.8 98.4 32.1 474 3354 500
5.0 7.8 95.3 31.1 286 2734.8 466.7
Zetag 8180 6.0 7.8 914 29.9 258 2614.4 383.3

7.0 7.9 68.4 22.3 206 2390.8 266.7
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Table 4. Cont.

Parameter Dose pH Phosphates Phosphorus Am‘m onum COD TSS
Nitrogen
Unit mg/g DM - mgPO,; 3/dm® mgP-PO43/dm? N-NH4*/dm3 mg O,/dm? mg/dm3
Reject water separated from sonicated (A = 30.5 um; t = 60 s) sludge
- 7.86 244.5 79.9 1354 3960 1230
and sludge prepared by:
4.0 6.4 63.0 20.6 1241.1 900 580
5.0 6.2 17.1 5.6 1155.7 590 470
PIX113 6.0 58 15.9 52 1150.6 570 370
7.0 5.52 11.0 3.6 1040.1 400 310
4.0 7.88 156.7 51.2 1190.8 2880 770
Zetae 8180 5.0 7.89 134.9 44.1 1215.9 2800 560
& 6.0 7.90 131.9 43.1 803.9 2640 480
7.0 7.95 111.7 36.5 778.8 2400 440
Reject water separated from sonicated (A = 47.75 um; t = 60 s) sludge
- 7.88 355.5 116.2 600 5260 2100
and sludge prepared by:
4.0 6.1 30 9.8 280 1172 766.7
5.0 5.8 23 7.5 260 862 533.3
PIX113 6.0 54 8.8 2.9 240 689.6 4833
7.0 5.1 7 2.3 200 586 466.6
4.0 7.9 332.5 108.7 498 5124 616.7
Zotag 8180 5.0 7.92 263 85.9 466 4987.4 516.7
& 6.0 7.93 230.5 75.3 261 4577 .4 433.3
7.0 7.95 213 69.6 260 4440.8 400

The amount of total suspended solids in the reject water in all cases decreased with the
increase of the dose of the chemical reagents. The lowest value of TSS was 110 mg/dm? for
the reject water from the sludge prepared with PIX 113 at a dose of 7.0 mg/g DM. In this
case, a high decrease of 91.2% concerning the TSS in the reject water from non-prepared
sludge was observed. For the reject water from sonicated sludge (A = 15.25, 30.5, 45.75 um)
with the addition of PIX 113 at a dose of 7.0 mg/g DM, the following values were recorded,
respectively: 333.3 mg/dm? (a reduction of 69.2%), 310 mg/dm? (a reduction of 74.8%),
and 466.6 mg/dm? (a reduction of 77.8%).

In general, the COD decreased with the increasing dose of the applied chemical
reagent in the reject water from the prepared sludge. The lowest COD value (280 mg
0O,/dm?) was observed for the reject water obtained from non-sonicated sludge to which
PIX 113 was added at a dose of 7.0 mg/g DM. This resulted in a reduction of COD at the
level of 87.5%. In the reject water from sonicated sludge (A = 15.25; 30.5; 45.75 um) with
the addition of PIX 113 at a dose of 7.0 mg/g DM, the following values were recorded:
386.4 mgO,/dm? (a reduction of 89.5%), 400 mgO,/dm? (a reduction of 89.9%), and
586 mgO, /dm? (a reduction of 88.8%). The achieved reductions were significant for all of
the cases.

For phosphates, a similar relationship was observed to that in the case of COD. The
concentration of phosphates decreased with the increasing dose of the applied chemical
reagent in the reject water samples. The lowest value of phosphates (4.3 mgPO,~3/dm?)
was achieved for the reject water from non-sonicated sludge in which PIX 113 was used at
a dose of 7.0 mg/g DM. The reduction amounted to 96.5%. For sludge sonicated with three
different amplitudes (15.25, 30.5, and 45.75 pm), and to which PIX 113 was added at a dose
of 7.0 mg/g DM, the reduction of phosphates amounted, respectively, to 97.1%, 95.5%, and
98%. The PIX 113 coagulant bound and retained phosphates in the sludge proportionally
to the applied dose.
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The lowest value of ammonium nitrogen was obtained for reject water separated
from non-sonicated sludge with the addition of Zetag 8180 at a dose of 7.0 mg/g DM.
It was 612.7 mg N-NH4*/dm3. The reduction amounted to 64.3%. For sonicated sludge
(A =15.25,30.5, and 45.75 pm) with the addition of Zetag 8180 at a dose of 7.0 mg/g DM, the
lowest values of ammonium nitrogen were obtained: 206 mg N-NH;*/dm? (a reduction
of 75.8%), 778.8 mg N-NH,*/dm? (a reduction of 42.5%), and 260 mg N-NH,*/dm?
(a reduction of 66.7%) respectively.

It can be concluded that the addition of the inorganic coagulant PIX 113 allows us
to achieve better results in the reduction of impurities in reject water than polyelectrolyte
Zetag 8180.

The concentration of organic compounds determined as COD in reject water increases
with the amplitude of the ultrasonic field used for the sludge sonification. For non-sonicated
sludge, the COD was 2240 mg O, /dm?. However, for sludge sonicated with three different
amplitudes (A = 15.25, 30.5, and 45.75 um), the COD in the reject water was as follows:
3679.2 mg O, /dm3, 3960 mg O, /dm?3, and 5260 mg O, /dm3 respectively. The power of
the ultrasonic field affects the amount of dissolved organic compounds. Then, after the
addition of chemical agents to the sonicated digested sludge, the COD values in the reject
water decrease with the increasing dose of the chemical agent (Figures 2 and 3).

6000

RwSDS3

5000

RwSDS2

4000 RwSDS1

3000
RwNDS

COD (mgO,/dm*)

2000

1000

O %EEE

i

4 5 6 7 4 5
Dose (mg/g DM)
RwNDS+PIX113 RwSDS1+PIX113 RwSDS2+PIX113 RwSDSI1+PIX113

Figure 2. Changes of the COD in the reject water separated from sludge prepared with PIX 113.

The concentration of phosphates in the reject water, similarly to the COD, increased
for the samples obtained from digested sewage sludge sonicated with an increasing am-
plitude of the ultrasonic field. The values of the phosphate concentration were as follows:
215.2 mgPO,; 3/dm?, 244.5 mgPO, 3 /dm?, and 355.5 mgPO, 3 /dm?, respectively. The
addition of chemical agents to the sludge sample led to a decrease of the phosphate concen-
tration in the reject water. In particular, one can observe the effect of the use of PIX 113 on
the decrease in the phosphate concentration (Figures 4 and 5).
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Figure 3. Changes of the COD in reject water separated from sludge prepared with Zetag 8180.
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Figure 4. Changes of the phosphate concentration in the reject water separated from sludge prepared
with PIX 113.

In the case of the ammonium nitrogen concentration in the reject water, it was ob-
served that it decreased with the increasing amplitude of the ultrasonic field used for the
sludge preparation. For non-sonicated sludge, the ammonium nitrogen concentration
was 1718 mgN-NH4* /dm?. For sludge sonicated with three amplitudes (A = 15.25, 30.5,
and 45.75 um) the concentration of ammonium nitrogen in the reject water amounted
to 853 mgN-NH4* /dm?, 1354 mgN-NH,*/dm?, and 600 mgN-NH,*/dm?, respectively.
The concentration of ammonium nitrogen decreases with the increasing doses of applied
chemicals (Figures 6 and 7).
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Figure 6. Changes of the ammonium nitrogen concentration in reject water separated from sludge

prepared with PIX 113.
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Figure 7. Changes of the ammonium nitrogen concentration in reject water separated from sludge
prepared with Zetag 8180.

4. Discussion

The disintegration of sewage sludge is aimed at breaking the bonds between microbial
cells, destroying the cells with the release of organic substances, which affects the subse-
quent stages of sewage sludge processing [47-52]. The effect of ultrasonic disintegration is
assessed on the basis of indicators such as sludge dewaterability, flocs structure and size
changes, and the COD in reject water [53-55].

In the study, the authors analyzed the impact of ultrasonic disintegration and chem-
ical conditioning methods on the pH, COD, phosphates, ammonium nitrogen and total
suspended solids in the reject water obtained after the filtration of sewage sludge. Due to
the disintegration of the sludge samples, the COD concentration in the reject water was
higher than the concentration of COD in the reject water obtained after the filtration of
non-sonicated sludge (2240 mgO,/dm?), and the COD increased with an increase of the
ultrasonic field’s amplitude (A = 15.25; 30.5; 45.75 um) by 64.2%, 76.8%, and 134.8% respec-
tively (Figures 2 and 3). The increase in COD during sonication is related to the release
of extracellular polymeric substances (EPS) during floc disintegration, and the release of
cell components during cell lysis. Zawieja et al. [47] obtained similar dependencies in
their research. They observed that with an increase of the power and the amplitude of the
ultrasonic wave, the degree of liquefaction of the sludge increased, which was expressed as
an increase in the COD. The highest efficiency in sludge biodegradability and COD increase
was observed for the acoustic power of 1500 W [47]. Results obtained by Zhang et al. [56]
showed that sonification effectively degrades and deactivates the sludge. The soluble chem-
ical oxygen demand (sCOD) concentration increased with the increase of the sonication
time and power density. The ultrasonic treatment for a period of 1800 s increased the sCOD
by 690%.

Ultrasonic disintegration caused an increase of phosphates in the reject water, too. The
concentration of phosphates in the reject water increased with the increase of the ultrasonic
field’s amplitude. The basic phosphate concentration in the reject water after the filtration
of non-sonicated sludge was 122.4 mgPO, ~3/dm3. After sonication with three different
amplitudes (A = 15.25, 30.5, and 45.75 pm), the concentration of phosphates increased
respectively by 75.8%, 99.7%, and 190.4% in the reject water samples (Figures 4 and 5).
The concentration of phosphates in the reject water decreases with increasing doses of
applied chemical agents. In the case of ammonium nitrogen concentration, no increase
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was found during the sonication process of digested sewage sludge. On the contrary, the
concentration of ammonium nitrogen decreased in the reject water, respectively, by 50.3%,
21.2%, and 65.1% when the sludge was sonicated with three different amplitudes (A = 15.25,
30.5, and 45.75 um). The basic concentration of ammonium nitrogen in the reject water
after the filtration of non-sonicated sludge was 1718 mg N-NH;*/dm? (Figures 6 and 7).
The decrease of ammonium nitrogen concentration is caused by the advanced oxidation
of ammonium nitrogen by hydroxyl radicals. The mechanism of sonication is based on
sonochemical reactions, i.e. pyrolytic reactions and cavitation. Pyrolytic reactions occur
inside the cavitation bubbles formed by ultrasonic irradiation. In this way, free radicals
such as H, OH, and OHj, are formed in a very short period. These radicals are involved in
the rapid oxidation of organic and inorganic matter. When the chemical agents were added,
the concentration of ammonium nitrogen decreased proportionally to the increased dose of
chemicals. Negral et al. [57] analyzed changes in sCOD and N-NH," using ultrasounds,
enzymatic hydrolysis, and a combination of both pretreatment methods. They applied five
ultrasonic energy powers: 3500, 7000, 10,500, 14,000 and 21,000 k] /kg. The results showed
an increase in sCOD with the increase of the energy power of the ultrasonic field. They
also observed an increase in N-NHy4* in all of the cases, while in our work we observed a
different relationship.

The problem of backloads from sludge management in wastewater treatment plants
(WWTP) is ever more frequently noticed and undertaken in the literature on the
subject [58-60]. Considering the amount of phosphorus and nitrogen in reject water,
it is therefore worth asking the question “what is the right way to handle reject water at
WWTP?” Should all of the untreated sludge liquids be included in the raw sewage stream?
Or maybe we should just purify reject water from the load of biogenic compounds, as
happens in some treatment plants. Another solution would be to look for methods of their
recovery, especially given the deficit of nutrients in the environment. Obviously, recovery
would be the best option. The results of the research demonstrated that the amount of
biogenic compounds in reject water can be increased or decreased depending on how we
intend to handle reject water at WWTPs.

5. Conclusions

- The concentration of COD in the reject water increased with the increase of the
amplitude of the sonication wave. The use of chemical agents for sludge conditioning
reduced the COD value in the reject water. The COD concentration decreased with
the increase of the chemical dose. The best COD reduction effect (to 280 mgO, /dm?)
was observed for reject water obtained from non-sonicated sludge prepared with PIX
113 coagulant at a dose of 7.0 mg/g DM.

- The phosphate concentration in the reject water obtained from sonicated sludge
increased along with the increase of the ultrasonic field’s amplitude. However, it
decreased with the increase of the dose of chemicals agents added to the sludge.
The lowest value of phosphate concentration (4.3 mgPO;3/dm?) was observed
for the reject water from non-sonicated sludge prepared with PIX 113 at a dose of
7.0mg/g DM.

- The concentration of ammonium nitrogen in the reject water decreased with the
increase of the amplitude of the ultrasonic field applied for the physical conditioning
of the sludge. The addition of chemical agents to the sludge resulted in the further
reduction in the concentration of ammonium nitrogen in the reject water. The lowest
concentration of ammonium nitrogen (200 mg N-NH,*/dm?) was observed in the
reject water obtained after the filtration of the sonicated sludge prepared with the
addition of PIX 113 (at a dose of 7.0 mg/g DM).

- The sludge sonication increases the content of impurities (COD, phosphates) in the
reject water along with an increase in the amplitude of the ultrasonic wave. The
introduction of chemical agents causes a decrease of pollutants with an increase of the
chemical dose.
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- PIX 113 coagulant gives much better results regarding the reduction of the impurities
in the reject water than the polyelectrolyte Zetag 8180.
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