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Abstract

The article analyzes the effectiveness of individdiibloc wastewater treatment plants
(produced by Sotralentz) working in the technoledyow-rate activated sludge in the
Sequential Batch Reactor (SBR) system. The assessmwk the effectiveness
of household wastewater treatment plants was madge basis of pollutants: BGQD
COD, total suspended solids, total nitrogen andl fphosphorus. The research objects
were four household sewage treatment plants locatedlubar, Kiebanowice, Stara
Rzeka and Kgcian. The efficiency of removing pollutants in tseamined facilities was
in the range of: BOP92.2 + 97.2%, COD 82.6 + 89.9%, total suspenddids80.2 +
96.2%, total nitrogen 50.8 + 83.1%, total phospbord6.5 + 73.6%. The treated
wastewater met the requirements set out in the IRggn of the Minister of the
Environment on the conditions to be met when diggihg sewage into water or soil,
and on substances patrticularly harmful to the aquatvironment (Journal of Laws
2014, item 1800) in terms of indicators such as BAIDD, total suspended solids and
total nitrogen. The effectiveness of phosphorusoneahin the studied treatment plants
was much lower.
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1. INTRODUCTION

Habitants of non-canalised areas use onsite sew@getion systems: holding

tanks and onsite wastewater treatment systems. t@rlast few years,

a systematic decrease of holding tanks number heen bnoted, with

simultaneous increase of onsite wastewater tredtsystems number. Number

of holding tanks decreased from about 2,136 thalsan 2015 to 2,117

thousands in 2016 (by 0.9%), while number of onsitestewater treatment

systems increased from about 203 thousands in @0&bout 217 thousands in

2016 [2,6].

Domestic wastewater treatment plants provide aromppity to curb illegal

discharges of untreated wastewater into the envient.

Activated sludge is a popular and effective metlodbdvastewater treatment,

however, the technology has certain requiremenishmmust be met to ensure

proper removal of organic compounds, nitrogen, gimasphorus, which is more

and more frequently required also in small systE78].

The optimal solution for the management of wasteewom individual farms

is the SBR system. Such systems are less sensitivenfavorable working

conditions, more resistant to hydraulic overloadsl avarying amounts of

wastewater inflow [4,7].

SBR plants have many advantages that make thenmmaetitive solution in

relation to classical activated sludge flow systdeh®]. These are, first and

foremost:

— greater flexibility of system operation, possilyilibf quick parameter
changes depending on the amount and constitutiorcoming sewage,

— high resistance to uneven inflow of sewage arahghs in pollution loads,
smaller reactor volumes needed for wastewatembeat processes,

— possibility of precise maintenance of a fixed ade studge - basic
technological parameter of a treatment plant witlive sludge,

— lack of secondary settling tanks,

— automatic control of reactors.

It is advisable to use SBR reactors wherever thegesignificant fluctuations in

the amount of wastewater and rapid changes indheentration of pollutants in

incoming wastewater. Due to the cyclical naturéechnological operations and

batch discharge of waste water, these plants gf@yheffective in removing

contaminants and are characterized by high resstamhydraulic and substrate

loads.
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The aim of the study was to assess the work antyzmnéhe effectiveness of
pollution removal in domestic SBR wastewater treatmplants of Actibloc

type.

2. MATERIAL AND METHODS

The research objects were four Actibloc (producgdSotralentz) backyard
sewage treatment plants operating in the low-ldadge technology in the SBR
system. The throughput of the studied objects rérfgem 0.6 to 1.8 riid
(Tab. 1).

Three wastewater treatment plants operate neaterg&l buildings, while the
wastewater treatment plant in $6an near the workplace, which receives only
domestic wastewater from sanitary rooms and kitshdor employees.
Wastewater inflowing to the tested systems was adtarized by typical
parameters for household wastewater. The inflowadtewater to the treatment
plant was uneven. The largest performance tookeplat¢he morning (morning
toilet) and late afternoon and evening (eveninkgtpi

The analysed wastewater treatment plants werelledstand put into operation
in years: 2012 - sewage treatment plant isdfan, 2013 - installations in Luba
and Klebanowice and 2014 - a sewage treatment plathie Stara Rzeka. The
installations are exploited by the users in acaocdawith the operating manual
and are covered by the manufacturer's cyclicabfgcervice.

Table 1. Basic technological data of Actibloc SBRtems

Wastewater . . Vollume of |Bioreacto
: Flow Loading of organic
Location treatment (m3/ d) | substances (kg BOJ) the settler | volume
plant 9 (m) (m)
Lubah Actibloc 4 0.6 0.30 25 25
Stara RzekalActibloc 4 0.6 0.30 2.5 2.5
Ktebanowice Actibloc 5-6| 0.9 0.36 35 2.5
Koscian Actibloc 7-8| 1.8 0.48 35 35

Actibloc wastewater treatment plants consist of ti@oks made of PEHD:

a primary settling tank and SBR bioreactor andchrieal box with a control

system and a membrane blower. The reactor is egdippth a fine bubble

diaphragm diffuser and two mammoth pumps: the farst pumps the treated
wastewater to the receiver, the second one isfosetudge recirculation.

The system is operated in four six-hour cyclesdasr. The complete treatment
cycle was divided into five consecutive phasedinl (approx. 10 min.),
aeration (approx. 248 min.), sedimentation (appr®®. min.), decantation
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(approx. 10 min.) and recirculation (approx. 1 mitn individual phases, the
individual processes of removing pollutants fromstea water take place
successively, with the maintenance of variableld@erand anaerobic conditions.
The receivers of wastewater treated in Liubad the Stara Rzeka are lymphatic
wells, while in Kkbanowice and Kéian - draining.

Sampling was carried out four times a year in Janulay, August and
November at each of the treatment plants tested: &awvage samples were
taken at the inflow to the primary settling tankdile treated sewage from the
outflow of the treatment plant was taken from tampling well.

Wastewater samples were taken in accordance witHSEN5667-10:1997.
BODs (respirometric method), COD, total suspended solidirect weight
method), nitrogen and total phosphorus were deterthin samples of raw and
treated wastewater according to the current metbgglo The results have been
used to calculate the effectiveness of the remoivabllutants from waste water.

3. RESULTSAND DISSCUSION

Test results of raw and treated wastewater santpken from the analysed
wastewater treatment plants are presented in Tébles2 to 5.

During the research period, the lowest wastewataperatures were recorded in
January and November, ranging from 11.5 to 17.0%& highest in summer,
May and August and ranged from 17.5 to 19.5°C.

In all examined objects the pH of wastewater reethiat the level of 7.0 to 7.5
in wastewater inflowing to the treatment plant and to 7.5 in treated
wastewater.

The raw sewage flowing into the tested treatmeauttgl was characterized by an
uneven quality composition. BQOn raw sewage ranged from 408 to 889
mgQ,/dn? (mean 513.8 mggdn?), and in treated sewage from 12 to 69
mgQ,/dn (mean 23.1 mg@dn?). The maximum values for each treatment
plant are shown in Tables from 2 to 5.

The content of organic pollutants expressed as @Otbe raw sewage was in
the range from 810 to 1310 mg@n (mean 910.3 mg@in?). In treated
wastewater, COD values ranged from 85 to 188 my/¢mean 116.3
mgQOy/dnt).

In the studied objects the content of total suspdneblids in raw wastewater
varied from 370 to 560 mg/dhfmean 454.0 mg/dijy and in treated sewage
from 17 to 55 mg/drh(mean 27.5 mg/dij

In the study period under review total nitrogenteomn in raw sewage ranged
from 42 to 71 mgN/di(mean 59.4 mgN/di In the treated sewage the total
nitrogen concentration was in the range of 12 +n3dN/dn? (mean 16.1
mgN/dn7).



EFFICIENCY OF SEWAGE TREATMENTS PLANTS IN THE SEQUENTIAL... 125

The amount of total phosphorus in raw sewage vandtie range from 8.2 to
14.0 mgP/dri(mean: 11.4 mgP/d¥h The effluent contained from 2.9 to 6.4
mgP/dm (mean: 4.9 mgP/d

Table 2. Parameters of raw and treated wastewa&&R-system in Luba

January May August November
Raw Treated Raw Treated Raw Treated Raw Treated
wastewatel wastewatef wastewate wastewater wastewater wastewatefwastewatenwvastewate

pH 7.2 7.1 7.2 7.1 7.2 7.1 7.1 7.2
E;‘ér]"perat”r 12.5 12.5 17.7 17.8 18.6 18.2 16.9 16.5
BODs

570 19 475 15 889 69 540 24
[mgO,/ dn]
COD

901 115 950 105 1310 188 895 125
[mgO,/dn]
TSS
[mg/d mg] 459 25 500 19 560 55 430 27
Ntot
[mgN/dnﬂ 61 18 48 12 63 31 56 13
Plot
[mgP/dri] 13.0 55 11.0 2.9 11.2 45 12.0 6.2

Table 3. Parameters of raw and treated wastewa&&R-system in Klbanowice

January May August November
Raw Treated Raw Treated Raw Treated Raw Treated
wastewater wastewatef wastewatef wastewater wastewatef wastewatefwastewatewastewate

pH 7.0 7.1 7.2 7.1 7.1 7.1 7.2 7.2
F,ecr]"perat”r 11.5 11.7 18.3 18.0 18.0 18.1 17.9 17.3
BODs

408 430 22 450 24
[mgOy/ dnf] 26 676 26
COD

810 89 845 85 954 141 830 115
[mgOy/dn]
TSS
[ mg/dn] 470 35 399 24 501 31 430 30
Ntot
[mgN/dn?] 65 20 52 14 64 12 60 15
Ptol
[mgP/dnd] 9.9 5.3 125 4.4 12.0 6.4 8.8 4.3
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Table 4. Parameters of raw and treated wastewa&&R-system in Stara Rzeka

January May August November
Raw Treated Raw Treated Raw Treated Raw Treated
wastewatef wastewate wastewatef wastewater wastewatef wastewatefwastewaterwastewatel

pH 7.3 7.3 7.1 7.1 7.3 7.2 7.2 7.1
F,‘g]"perat”r 12.9 13 18.2 17.9 19 19.3 16.4 15.8
BODs

450 16 471 17 507 14 520 19
[mgO,/ dn]
COD

810 141 842 95 900 115 911 101
[mgO,/dn]
TSS
[ mg/dn] 501 26 489 21 410 25 399 27
Ntot
[mgN/dn] 64 20 42 14 56 14 58 15
P'tot
[mgP/dn] 11.8 5.0 11.0 51 9.9 5.1 8.2 3.9

Table 5. Parameters of raw and treated wastewa&&R-system in Kézian

January May August November
Raw Treated Raw Treated Raw Treated Raw Treated
wastewatef wastewatef wastewatef wastewatef wastewatef wastewatefwastewatemwastewate

pH 7.5 7.5 7.1 7.1 7 7.1 7.1 7.1
F,‘g]"perat”re 12.5 12.7 17.3 17 19.5 19 18 17.7
BODs

414 12 450 459 16
[mgOy/ dnf] 511 25 25
COD

950 119 891 95 885 112 880 120
[mgO,/dn]
TSS
[ mg/dn] 467 32 370 17 480 25 399 21
Ntot
[mgN/dn] 70 12 59 14 71 12 61 21
Ptol
[mgP/dn] 11.8 4.0 14.0 5.0 13.0 6.0 12.8 5.1

The removal efficiency of organic pollutants, exgsed by BOR in the studied
objects varied between 92.2 and 97.2% (Fig. 1)thim study period under
consideration, the highest average efficiency oDB@ductiorwas achieved at
the Stara Rzeka treatment plant, which was 96.6B& Values of BODin
treated wastewater in all systems were lower thanmgQ/dn?, which is
required in accordance with the Regulation of theister of the Environment
on the conditions to be met when discharging sewatgewater or soil, and on
substances particularly harmful to the aquatic remvnent (Journal of Laws
2014, item 1800) [9]Only at the Luba WWTP, this value was exceeded once
(in August).
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Treatment efficiency, [%]

January May August November
W Luban mKitebanowice ® Stara Rzeka m Koscian

Fig. 1. Efficiency of BORQ removal

The effectiveness of COD reduction ranged from 88.89.9% (Fig. 2). The
highest average COD removal efficiency of 87.6% wasorded at the
Kiebanowice and Ké&ian WWTPs. In accordance with the requirements
[Journal of Laws 2014, item 1800] the COD in trelateastewater should be less
than 150 mg@dn?. At the Lub&a WWTP this value was exceeded in August
and was 188 mgin?. The content of organic pollutants expressed tjiou

COD in the remaining samples of treated wastewase below the acceptable
value.

Treatment efficiency, [%]

=

January May August November
M Luban W Ktebanowice M StaraRzeka M Koscian

Fig. 2. Efficiency of COD removal
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The removal efficiency of the total suspended solichs high and ranged from
90.2 to 96.2% (Fig. 3). The wastewater treatmemntplin Kacian was
characterized by the highest average efficiencyediéicing the concentration of
total suspended solids in wastewater - 94.5%. Afingrto the Regulation of the
Minister of the Environment on the conditions to mmet when discharging
sewage into water or soil, and on substances pkatig harmful to the aquatic
environment (Journal of Laws 2014, item 1800), ¢bacentration of the total
suspended solids in wastewater discharged frontntezd plants below 2000
p.e. should not exceed 50 mgAinthe examined wastewater treatment plants
operated steadily and the amount of total suspersidids in the treated
wastewater was within the range required by thanargte. In August, the
concentration of total suspended solids in thetdbavastewater was higher at
55 mg/dni at the Luba treatment plant.

98
97
96
95
94
93
92
91
90
89
88

Treatment efficiency, [%]

January May August November
MW Luban mKiebanowice M Stara Rzeka M Koscian

Fig. 3. Efficiency of removing the total suspemsgnlids

In wastewater treatment plants of less than 2 0@ pitrogen and total

phosphorus concentrations shall be standardisgdfahie treated wastewater is
discharged into lakes and their tributaries, diyeatto artificial waters and

agglomerations. The amount of total nitrogen in tileated wastewater should
not exceed 30 mgN/diand total phosphorus 5 mgP/dm
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Treatment efficiency, [%]

January May August November
M Luban M Kiebanowice M Stara Rzeka ™ Koscian

Fig. 4. Efficiency of total nitrogen removal

The effectiveness of total nitrogen removal in shedied facilities ranged from
50.8 to 83.1% (Fig. 4). The highest average nitnogemoval efficiency was
achieved at the Kgian treatment plant at 77.0%. Reffering to theeleequired

by the Regulation, in the tested treatment plamiy at the Luba treatment

plant in August, a slightly higher concentration total nitrogen in treated
wastewater was recorded, amounting to 31.0 mgRi/dm other samples of
treated wastewater, the total nitrogen contenndicexceed 20 mgN/din
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Treatment efficiency, [%]

January May August November
M Luban M Ktebanowice M Stara Rzeka M KosScian

Fig. 5. Efficiency of total phosphorus removal

The effectiveness in removing total phosphorus fremaste water over the
period considered ranged from 46.5 to 73.6% (F)g.The best results were
achieved in the sewage treatment plant isdian, where the average removal
efficiency was 61.1%. In purified wastewater, conications of total phosphorus
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were high, in six samples they exceeded the pethialue of 5 mgP/dn
According to Blaejewski [1], phosphorus removal in SBR treatmeaints to
below 5 mgP/drhis only possible with the use of the chemical gmiéation
module.

4. CONCLUSIONS

The overall assessment of the research resultssstawindividual installations
operating in the SBR system are a very good aret®&fe solution. The proper
functioning of individual systems also depends targe extent on the proper
exploitation and maintenance of the system.

» The efficiency of removing pollutants in the exagdrfacilities was in the
range of: BODR from 92.2 to 97.2%, COD from 82.6 to 89.9%, total
suspended solids from 90.2 to 96.2%, total nitnofyem 50.8 to 83.1%,
total phosphorus from 46.5 to 73.6%.

» The treatment plant in Koian was characterized by the highest efficiency
of removal of pollutants from sewage, where therage efficiency of
removal of indicators was: BQM5.8%, COD 87.6%, total suspended
solids 94.5%, total nitrogen 77.0%, total phospko61.1%.

* The treated wastewater met the requirements sahabe Regulation of
the Minister of the Environment on the conditiorts le met when
discharging sewage into water or soil, and on suic&fs particularly
harmful to the aquatic environment (Journal of L&044, item 1800) in
terms of indicators such as BQECOD, total suspended solids and total
nitrogen. The effectiveness of phosphorus remowval the studied
treatment plants was much lower.
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EFEKTYWNOSC OCZYSZCZANIASCIEKOW W SEKWENCYJNYCH
REAKTORACH BIOLOGICZNYCH

Streszczenie

W artykule dokonano analizy efektywdmd funkcjonowania indywidualnych
oczyszczalni sciekdw Actibloc (producent: Sotralentz) pragrjch w technologii
niskoobcizonego osadu czynnego w systemie SBR. Oceny skut&izmpracy
przydomowych oczyszczalni dokonano na podstawie abadwskanikow
zanieczyszcze BZTs, ChZT, zawiesiny ogolnej, azotu ogdlnego i fosfagoblnego.
Obiektami bada byly cztery przydomowe oczyszczalnigiekéw zlokalizowane
w miejscowdciach: Luba, Kilebanowice, Stara Rzeka i Kman. Efektywné¢
usuwania zanieczyszazev badanych obiektach byta w zakresie: BAR.2 + 97.2 %,
ChZT- 82.6 + 89.9 %, zawiesina ogélna — 90.2 + 3%,2azot ogdiny —50.8 + 83.1 %,
fosfor ogdiny — 46.5 + 73.6 %.Scieki oczyszczone spetnialy wymagania cloae
w Rozporadzeniu MinistraSrodowiska w sprawie warunkow, jakie nafespetné przy
wprowadzaniusciekéw do woéd lub do ziemi, oraz w sprawie subgtasmczegdlnie
szkodliwych dlasrodowiska wodnego (Dz. U. 2014 poz. 1800) w zakresskanikow
takich jak: BZT;, ChZT, zawiesiny ogdlnej i azotu ogdlnego. Skuteé& usuwania
fosforu ogdélnego w badanych oczyszczalniach by&cydowanie riisza.

Stowa kluczowe: indywidualne systemy oczyszczaoiekow, sekwencyjny reaktor
biologiczny, monitoring, wydajnig
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