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Abstract

Membrane bioreactors (MBRs) are a compact technology used as part of tertiary
treatment combined with an activated sludge process for wastewater treatment
(WWT) and recycling. These MBR units can perform high efficiency in removing nutri-
entfs such as nitfrogen, phosphorus, and complete biomass retention without using a
secondary clarifier. In this arficle, operational data and analyzes from WWT that use
an MBR will be presented to reuse or recycle the effluent. The results obtained made
it practicable to calculate the efficiency of removal of organic matter, the chemical
nature of the incrustations, and correlate them to operational problems. The presence
of the salt inorganics was confirmed using optical microscopy. These analyses were
carried out at five collection points, determining parameters such as BOD, COD, pH,
and soluble salt. From the evaluation of these data and the operational data, it was
possible to propose an improvement for the effluent treatment plant, thus increasing
its efficiency.

Keywords: Bioreactor, Membrane, Fouling, Bacteria.

Desempenho fisico-quimico em um sistema MBR para tratamento de aguas
residuais. Os biorreatores de membrana (MBR) sdo uma tecnologia compacta
usada como parte do fratamento tercidrio combinado com um processo de lodo
ativado para fratamento e reciclagem de dguas residuais. Essas unidades MBR
podem alcancar alta eficiéncia na remocdo de nutrientes como nitrogénio, fésforo
e até a retencdo completa da biomassa sem a necessidade de um clarificador
secunddrio. Neste artigo, serdo apresentados dados operacionais e andlises da
estacdo de fratamento de efluentes que usam um MBR para reutilizar ou reciclar o
efluente. Com os resultados obtidos, foi possivel determinar a eficiéncia da remogdo
da matéria orgdnica, bem como a natureza quimica das incrustacdes e
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correlaciond-las com problemas operacionais. A presenca dos sais inorgé&nicos foi
confirmada por microscopia éptica. As andlises foram realizadas em cinco pontos de
coleta, determinando parémetros como DBO, DQO, pH, sais soluveis, entre outros. A
partir da andlise destes dados em conjunto com os dados operacionais, foi possivel
propor uma melhoria para a estacdo de tratamento de efluentes, aumentando sua

eficiéncia.

Palavras-chave: Biorreator, Membrana, Incrustacoes, Bactérias.

Introduction

Systems using membrane biore-
actors (MBRs) have become a good al-
ternative for wastewater freatment and
reuse (IORHEMEN et al., 2019; NEOH et
al., 2016). Since the 1990s, the use of
MBRs to treat wastewater has prolifer-
ated (SKOUTERIS et al., 2012). This phe-
nomenon of popularity is attributed to a
series of advantages that can be men-
tioned: excellent quality of treated wa-
ter, relatively simple maintenance, re-
duced area occupation, longer hy-
draulic retention time (HRT) and solids
retention, less production sludge, high
volumetric load rates and the exclusion
of the secondary clarification part
(MENG et al., 2017; YAMASHITA et al.,
2019).

Despite these advantages, the
use of MBR is always associated with in-
crustations in the filtering membrane
caused by the deposition of biological
material. Additionally, in MBR system:s,
the formation of a biocake layer with
different average particle sizes is ob-
served, this modifies the physicochemi-
cal property of the membrane surface,
acting on the surface adsorption prop-
erty (MARRQOT et al., 2004). This problem
increases the operating cost of MBR’s
and causes a decrease in the quality of
wastewater freatment. Additionally,
there is an increase in energy demand
for the aeration mechanism, which re-
duces the useful life of the filter mem-
branes in the equipment.

The literature reports several stud-
ies (ARIAS et al., 2019; ZHANG & JIANG,

E27

2019; JARMA et al., 2018) that aim to
minimize the effects of incrustations on
the membrane. Strategically, aca-
demic studies have been proposed
with the objective of optimizing the
cleaning and maintenance process of
the membrane to decrease the cost of
energy, decrease the cost of the clean-
ing process and increase the cycle life
of the membrane.

In general, the published works in-
volve the use of aeration (CAMPO et
al., 2017), flocculants (GKOTSIS et al.,
2017) and chemical cleaning
(HACIFAZLIOGLU et al., 2019), as well as
the use of nanotechnology (SABALAN-
VAND, HAZRATI, & JAFARZADEH, 2019),
process mapping (TAO & LI, 2018), hy-
brid processes coupled to electrocoag-
ulation and electrophoresis (ENSANO et
al., 2016), in addition to other processes
involving the modeling and simulation
(YANG et al., 2017) of the process for
opfimization. The results have already
been reported about the composition
and mechanisms of membrane incrus-
tation, nature of biological material,
and interactions between incrusta-
tions/membranes, aeration efficiency,
chemical washing efficiency, and
mathematical modeling of the system.

Literature data show that the
analysis of the operational parameters
(HABIB et al., 2017), the membrane con-
figuration (BURMAN & SINHA, 2018) and
the physicochemical (SHEN et al., 2017)
and microbiological (KIM & CHANG,
2019) characteristics of the tributary are
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decisive to establish the level of incrus-
tations of the membrane, according to
the scheme of Figure 1.

Factors Affecting Fouling

|

Membrane Operation Biomass
Condition )
Configuration Dissolved
Material Aeration matter
Hydrophobicity Cross-flow velocity Floc structure
Porosity Configuration Floc size
M T™P EPS or SMP
HRT or SRT L

MLSS

Figure 1. Some factors that influence the appearance of scale in MBR systems. Adapted (SA-

BRINA et al., 2012).

The absence of complementary

studies involving chemical, physico-
chemical, and microbiological param-
eters resulting from the activity of the
sludge indirectly affects the MBR system
functioning, since the effects under it,
are not known. According to Barak et
al. (2020), the microbial activity present
in the sludge is the factor responsible for
the MBR system's ability to eliminate the
organic matter.
As stated by Kellner et al. (2014), the
level of degradation of organic matter
can be controlled by two variables: bi-
ological oxygen demand (BODS) and
Chemical Oxygen Demand (COD),
which are physicochemical parame-
ters. Dubber & Gray (2010) observed
that the COD/BODS ratio that can be @
parameter to measure the efficiency of
the wastewater treatment (WWT)
ranges typically from 1.25-2.50 in
wastewater, increasing by values at
each stage in the biological freatment.
It is because the biodegradable frac-
tion of organic matter undergoes oxi-
dation, and these results in an increase
in the ratfio of the non-biodegradable
fraction.
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Besides, as the biodegradation of
organic matter occurs, other physico-
chemical variables such as pH, Mixed
liquor suspended solids (MLSS) (MU-
TAMIM et al., 2012), Dissolved Oxygen
(DO) (SARIOGLU et al., 2017), feed for
microorganisms (F/M) (AMANATIDOU et
al., 2015), total soluble solids (TSS ) (NA-
KHLA et al., 2006) and sludge age
(SATYAWALI & BALAKRISHNAN, 2008)
are changed. There is also a variation in
the BOD/COD ratio. The combination
of these variables' values can be used
to detect problems and establish pro-
cedures to optimize the biodegrada-
tion process of organic matter and,
consequently, improve the quality of
treated wastewater. This work aims to
study the physicochemical properties
related to the effluent's freatment in an
MBR system, to estimate its efficiency
and the factors related to foulings in its
membrane. Based on this, a study of
the physicochemical factors surround-
ing the membrane and how biomass
and operating conditions are neces-
sary to understand and optimize the
MBR system's functioning.
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Relevant parameters in the evaluation
of the functioning of MBR System

The factors that can be consid-
ered when monitoring the MBR System
(CAMPO et al., 2017; DIAZ et al., 2017;
NG et al., 2016) are pH, Dissolved Oxy-
gen (DO), Mixed Liquor Suspended Sol-
ids (MLSS), Feed for Microorganisms
(F/M), Total Suspended Solids (TSS) and
sludge age; these factors need to be
monitored daily as they influence the
performance of the MBR and the qual-
ity of the effluent.

The adequate efficiency of the
treated effluent must be obtained by
choosing the correct monitoring pa-
rameters (ZAZOU et al., 2019). The justifi-
cation for this continued measurement
is to guarantee the survival and excel-
lent performance of the consumption
of organic matter made by the bacte-
ria that act in the degradation of the
material that makes up the effluent. Be-
sides, this right choice of parameters
protects the service life of membranes
in MBR systems. Among these factors,
we can mention:

Biological Oxygen Demand (BOD)

A Wastewater Treatment Plant
(WWTP) is a highly complicated and dy-
namic system. Therefore, its proper op-
eratfion and control are essential to pro-
tect public and environmental health
problems (NOURANI, ELKIRAN & ABBA,
2018). The quality of the raw and
treated effluent has a significant im-
pact on the WWTP's operation and per-
formance (AHMADI, MAHDAVIRAD, &
BAKHTIARI, 2017). Besides, the changing
flow of cargo for freatment influences
the whole freatment system. It is difficult
to estimate some dominant variables;
for example, the biological oxygen de-
mand (BOD) requires a 5-day incuba-
tion. It hinders the rapid detection of
operatfional problems. The correct
measurement of COD requires a high

E29

concentration of organic matter pre-
sent in the wastewater. This high con-
centration demands more aeration
time and more oxygen supply. Thus, it is
important to measure the efficiency of
the system through these parameters,
which are inversely proportional to the
quality of treatment. Measuring them
helps to manage the plant and control
the quality of the effluents (KIM, et al.,
2006). The operational control of the
WWTP is complex because of the com-
plexity of the mechanism in the treat-
ment plant, the quality and the strength
of the wastewaters (HAMEED et al.,
2017).

pH

The pH measurement parameter
represents the concentration of H* ions
in the sample, indicating acidity, neu-
trality, or alkalinity of the wastewater
(von SPERLING, 2005). The pH results are
mainly influenced by solids and gases
dissolved in the effluent. (GUPTA et al.,
2012). The measurement of pH values is
of great importance, as they can assist
in the measurement of the degree of
organic and/or inorganic incrustation in
MBR pipes and membranes in the same
way as it characterizes water supply
and wastewater.

According to von Sperling (2006),
the pH can act as an indication for di-
agnosing the MBR operating. For pH
values below 7, in addition to the
wastewater having a degree of acidity,
this value will favor the appearance of
corrosion and wear of membranes. For
pH values above 7, the effluent has an
alkaline behavior, and this favors the
appearance of fouling. Thus, the opti-
mum pH values for the MBR operating
range from 6.0-7.0 The same dynamic
also applies to processes such as nitrifi-
cation, which are oxidative and con-
sume effluent alkalinity, decreasing
their pH values below 7.0 (TIERLING &
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KUHLMANN, 2018). When the inversion
to more acidic pH values occurs, there
is a growth of microorganisms responsi-
ble for oxidation.

Mixed liquor suspended solids (MLSS)

The concentration of suspended
solids in mixed liquor is one of the key
parameters for the operation of mem-
brane bioreactors (YOON, 2015). Yoon
(2015) also states that the effect of foul-
ing from the MLSS concentration occurs
naturally and can be aggravated by:

e Characteristics of Biomass;

e Concentration above or below

of ideal;

e Operating Conditions;

e Characteristics of the mem-

brane module used in the equip-

ment.

According to Judd (2010), the ad-
equate concentration of MLSS in mem-
brane bioreactors must be greater than
8,000 mg L1, ranging from 10,000 mg L™
to 12,000 mg L', these values justify a
sufficient amount of material for a good
growth of bacteria and their consump-
tion of organic matter. Below-ideal
concenftrations indicate excessive EPS
release.

Dissolved Oxygen (DO)

According to von Sperling (2005),
dissolved oxygen is an extremely im-
portant factor for the survival of aerobic
organisms in nature. For the growth of
aerobic bacteria, they use oxygen in
their breathing process; this causes the
reduction of organic matter, where
they are inserted.

The DO parameter in the aquatic
environment is used to characterize the
effects of water pollution, as well as in
sewage treatment plants (HOSSAIN,
SARKER & KHAN, 2018). In aerobic reac-
fors, the recommendation for dissolved
oxygen is at least 1 mg L7, and can be
infroduced by artificial aeration, usually
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in geration tanks at treatment plants,
but of all the factors that affect aerobic
bacteria, the DO concentration is the
most  significant factor (VERONESE,
2013).

According to the study presented
by Veronese, (2013), the reduction of
dissolved oxygen causes low oxidation
of nitrite in the treatment of biological
effluent, favoring the incomplete nitrifi-
cation of organic matter. In addition,
some sediments with low oxygen con-
centrations were observed, where fila-
mentous bacteria and porous flakes
occur. (WILEN & BALMER, 1999). Also, as
a result of low concentration of DO, the
low transfer of oxygen in the mixed lig-
vor, causes the excessive release of ex-
fracellular polymeric substances (EPS)
and soluble microbial products (SMP),
which increases the occurrence of in-
crustations in the membrane of biore-
actors.

According to Yoon, (2015), when
there is the presence of flakes greater
than 2 fo 3 mg L7 in the concentration
of OD and microorganisms such as Ni-
frosomonas sp., Pseudomonas sp., Xan-
thomonadaceae, Rhodococcus and
Sphingomonas, this demonstrates that
there was low nitrification in the studied
wastewater. Where there are higher
concentrations of dissolved oxygen, re-
sulting from the increased airflow, there
is the occurrence of disruption and de-
crease in size in the observed flakes.
(GERMAIN, STEPHENSON & PEARCE,
2005).

F/M Ratio

The F/M ratfio influences the
amount of food available for degrada-
fion. It is directly proportional to the or-
ganic matter amount available for the
growth of bacteria. It is also a factor of
great importance in WWT that uses ac-
tivated sludge as a biological agent
treatment (IORHEMEN; HAMIZA; TAY,
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2016). As "F" corresponds to "food" and
"M" to "microorganism," this relationship
is associated with the efficiency of the
system (CAPPELLO et al., 2016), as it cor-
responds to the amount of substrate
available per unit mass of microorgan-
isms.

According to von Sperling (2006),
this parameter fit in prolonged aeration
systems for MBR systems. In these sys-
tems, the biomass remains for longer re-
tention time in the MBR tank and, ide-
ally, as an MLSS range of 8to 18 g / L,
the F / M ratio should be 0.13g COD / g
of MLSS / day, as maintained by Zsirai et
al. (2014). Thus, as stated by Yoon
(2015), the lower the values of the F / M
ratio, this would lead to the greater the
need for food, resulting in greater deg-
radation of organic matter. This raises
the need to increase the size of the re-
actor for the storage of organic matter.

The F / M ratio is given by the fol-
lowing equation (JUDD, 2010):

F _ (Q@So)
M= vx) (1)
Where, F/M = food-to-microorganism
ratio (g BOD/g MLSS/day);

Q = influent flow rate (m3/day)

So = influent BOD (g/m3)

X = MLSS in aeration tank (g/m3)

V = tank volume (m3)

Yoon (2015) lists the recommended in-
tervals for optimal operation parameter
of an MBR system, seen in Table 1.

Table 1. Optimal operation parameter for
an MBR system.

Design Pa- Unit Range

rameter

F/M g BOD/g 0.04-0.12
MLSS/day

MLSS g/m3 8,000 - 12,000

SRT days 10-20

DO mg L-1 1-2

From Judd (2010).
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To calculate the efficiency of mat-
ter organic removal could utilize the

equation (2):
E=52"4100 = % )

Where Co is the concentration in-
itial of COD or BOD e Ce is the concen-
tration final of COD or BOD.

According to Yoon, (2015), there
are three variables that correlate with
each other: the F/M ratio, the solids re-
tention fime (SRT) and hydraulic reten-
tion time (HRT). When the hydraulic re-
tention time decreases, F/M grows, this
ratio is inversely proportional and to
keep this ratio working, the sludge must
be removed.

Hydraulic Retention Time (HRT)

According to von Sperling (2005),
the Hydraulic Retention time (HRT) is de-
fined as the time that the wastewater is
inside the reactor to be biodigested.
The retention time varies according to
the characteristics of the process
(CHENG et al., 2018; KAYA et al., 2016),
whether it is aerobic, anaerobic or an-
oxic and the composition of the
wastewater and the time indicated for
prolonged aeration processes in mem-
brane bioreactors varies from 20 to 30
days.

For the calculation of hydraulic re-
tention time, the following equation is
considered (RAHMAN & AL-MALACK,
2006):

VR

HRT =
[J*Am}

3)

S0, Vr é the Reactor Volume, Am is
the Membrane Surface Area, and J is
the Permeate Flux.

As maintained by Liu & Tay (2007),
HRT with low values favor cell granulo-
tion and improve the stability of bio-
mass since it increases the pressure of
cell growth through natural selection
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with short cycles. As claimed by Viero,
Sant & Jr (2008), concerning membrane
systems, the HRT is always higher, allow-
ing more excellent retention of solutes
and, consequently, better removal effi-
ciency.

On a report of Yoon (2015), for
MBR systems that treat domestic sew-
age, the hydraulic retention time varies
from 2 to 4 hours in aeration tanks and
from 1 to 2 hours in membrane tanks.
However, in tanks with aeration and
membrane together, if there are no an-
oxic and aerobic tanks connected, the
HRT varies from 3 to 6 hours. For systems
connected with the anoxic tank, the
HRT varies from 1 to 2 hours inside the
tank.

Sludge Retention Time (SRT)

According to Meng et al. (2009),
among the membrane operating fac-
tors that influence the membrane foul-
ing are SRT, HTR, aeration, and the per-
meate flow.

There is arelationship between SRT
and HTR, with the retention time being
the time necessary for solids and water
to pass, respectively, through the reac-
tor. They are directly proportional, as at
the same fime, as the hydraulic reten-
tion fime increases, the age of the
sludge increases, and the growth of
bacteria. This impairs the filtration flow
of the membrane by increasing the de-
posit of particles on it, which causes the
membrane fouling. On the other hand,
if the detention time is reduced, there
will also be no degradation of biomass,
causing a decrease in the efficiency of
the WWTP (FUCHS et al., 2003).

The operation of MBR in longer
SRTs is capable of leading to an internal
blockage of the membrane pores, pos-
sibly due to higher concentrations of in-
organic fouling (HUANG, ONG & NG,
2008). In addition, in longer SRTs, there
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may be an increase in the concentra-
tions of carbohydrates and proteins
that are soluble insoluble in the SMP. As
well as may result in less particle floccu-
lation and changes in particle size and,
consequently, accelerate membrane
fouling (HUANG, ONG & NG, 2011). Re-
garding HRTs, Huang, Ong & Ng (2011)
concluded that a decrease in their val-
ues increases the growth of biomass,
leading to the accumulation of SMP in-
side the MBR tank, leading to an accel-
eration of the fouling of the membrane
process.

The aerobic SRT can be calcu-
lated by the following equation:

SRT = ZAr

4
QAT ( )

Where: Var = Aerobic tank volume
and Qar = Inlet flow of the arerobic tank.

Materials and Methods

The experimental study unit was
performed utilizing an MBR System,
which is located at an industry of the
Industrial Pole of Manaus, with capacity
of 1.140 m3/day. It is a domestic
wastewater treatment plant (WWTP),
designed to treat sewage from a con-
tingent of up to 15 thousand employ-
ees. The collections were made at five
collect points, which were chosen be-
cause they are the backbone of the
WWTP (Figure 2): Septic Tank, Aerobic
Tank, Anoxic Tank and MBR Reactor
and Final Effluent.

The arrangement of samples per-
formed to study the physicochemical
parameters is shown in Table 2. In the
plan, shown in Table 2, each run
corresponds to the five samplings
performed in each of the five
collection points presented in Figure
2 (sepftic tank, aerobic tank, anoxic
tank, MBR, and final effluent outlet).
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wasivater @ —}—}

Aerobic Tank

Final Effluent

v

Membrane module

>

Biological Reactorﬂ

Blower

Figure 2. Flowchart of the steps studied in the MBR system in the original size. Operating tem-
peratfure bioreactor, anoxic and aerobic tanks: 32 ° C; Inlet flow in the system: 240 m3 / day;
Recirculation flow: 75 m3 / h; Operating pressure: 0.981 bar; Feed input flow: 18 ~ 20 m3 / h;
Volume of the anoxic tank: 275 m3; Aerobic tank volume: 849 m3; Aeration rate: an average
of 42 m3 / min volume of the bioreactor: 44 m3; Tubular type bioreactor with hollow fiber mem-
brane; membrane material: polyvinylidene fluoride; a system with two modules; each module
contains five lines with 12 filters on each line; discharge flow from the MBR: average 10 m3 per

hour; final effluent output flow: 26 m3 / h

Table 2. Experimental planning of
physicochemical parameters
Physicochemical Runs Samples
Parameter
BOD - 24 (inlet
6 and outlet)
30
DO 11 55
pH - 12 (justin
5 the outlet)
25
Soluble Salts 8 40
BOD Analysis

The BOD measurement was car-
ried out in two different periods and
with specific objectives. To check if the
pH meets the established by 357
CONAMA (BRAZIL 2005), monthly col-
lections were made at the outlet (final
effluent) for one year, totaling 12 col-
lections. In order to verify the behavior
of each of the five stages of the MBR
system, which were considered most
relevant in this study: sepftic tank, aero-
bic tank, anoxic tank, MBR and final ef-
fluent outlet; collections were carried
out at weekly intervals, not coinciding
with the monthly collections, totaling six
collections. The samples were col-
lected using a manual collector at
each stage studied. The samples were
stored in an amber bottle under refrig-
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eration until the tfime of analysis. The an-
alyzes were performed on the Hach
Respirometry equipment, following the
recommendations of APHA (2011) and
were coded with the numbering from $;
to Sia.

DO analysis

DO measurements were per-
formed by collections performed three
fimes a week. The samples were col-
lected using a manual collector, each
run comprised the five samples from
each of the five stages of the studied
MBR system, totaling 11 runs. The sam-
ples were stored in an amber bottle un-
der refrigeration until the time of analy-
sis. The analyzes were performed follow-
ing the recommendations of APHA
(2011).

pH Analysis

The pH measurements were per-
formed in two different periods and
with specific objectives. The first collet
data was made to check if the pH
meets the established by 357 CONAMA
(BRAZIL 2005). To obtain these data
were done monthly collections at the
outlet (final effluent) over one year, to-
taling 12 collections. The second ar-
rangement of data was made to verify
the behavior of each of the five stages
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of the MBR system. The collections per- Hydraulic retention Th1é6min
formed three times a week. The sam- time
ples were collected using a manual col- Sludge retention time 17 days
lector; each run comprised the five Recirculationrate 75m3/h
samples from each of the five stages of MLSS Coocemrm'on in- 4500 g/m?
the studied MBR system, totaling six runs. fhe no bioreactor

. Chemical cleaning 90 days
The samples were stored in an amber frequency
bottle under refrigeration until the fime Backwash frequency 7 days

of analysis. The analyzes were per-
formed in a Bench pHmeter of the
brand AZ, following the recommenda-
tions of APHA (2011).

Soluble salts analysis

Soluble salts measurements were
performed by collections performed
three times a week. The samples were
collected using a manual collector,
each run comprised the five samples
from each of the five stages of the stud-
ied MBR system, totaling 8 runs. The
samples were stored in an amber bottle
under refrigeration unftil the time of
analysis. The analyzes were performed
following the recommendations of
APHA (2011).

Characterization of the treatment sys-
tem

The reading of the operational
parameters, in the studied system, ena-
bled the results presented in Table 3.

Results and Discussion

The presentation of the results
starts with the operational results ob-
tained by the station's sensors.

F/M Ratio results

With the data provided by the station's op-
erating system (Table 3), it was possible to
determine the F/M ratio.

F/M = [(240 m3/day) x (230 g/m3)1/[(44 m3) x
(4500 g/m3)] = 0,28 g BOD / g MLSS / day

Table 3. Operation parameter directly
measured at the WWTP.
Description

Data
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The WWTP presented a standard
F / M value corresponding to 0.28. This
value was above the range of 0.04-0.12
g BOD / g MLSS / day. A high F/M rate
implies a reduced STR and conse-
quently, an increase in incrustations
(YOON, 2015). The consegquence of the
decrease in STR implies a greater re-
moval of sludge from the system, which
implies a low MLSS. The terms high and
low utilized in this paragraph refer to the
intervals shownin Table 1. The set of fac-
tors, low MLSS (4500 g / m3), high F/M
(0.28 BOD / g MLSS / day), low STR (17
days) and low HTR (Th16 min) lead to in-
creased fouling.

Grelier et al. (2006) carried out
work with parameters very close to
those presented in this study. Among
the studied parameters, the MLSS was
considered to be 4.900 g L'! for the STR
of 15 days. The authors concluded that
the rapid inlay of the membrane with
low SRT was due to the high
concentration of SMP based on
polysaccharides in the mixed liquor. This
matches the type of food served to
employees in the studied industry, rich
in carbohydrates. Other study that
collaborates with the impact that a low
SRT and high F M impacts on the
increase of incrustations was carried
out by Wu et al. (2013). These authors
used transmembrane pressure (TMP) as
a fouling indicator, observed an
increase from 5 to 20 times from the
lowest to the highest F/M ratio (0.17 and
0.50 g COD / g MLSS / day).
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This study's results so far tend to in-
dicate a higher incidence of fouling
and loss of operational efficiency,
which can be confirmed by analyzing
the physicochemical parameters' data.

Physicochemical parameters

DO results
Figure 3 shows the DO values for the studied
MBR System steps.

20
18—~ T 179
16-
14;
12:

10 +

(mg L")

DO

=058

T 118

[ EEE]

-=012

The arrangement of samples per-
formed to study the physicochemical
parameters is shown in Table 2.

In the plan, shown in Table 2,
each run corresponds to the five
samplings performed in each of the
five collection points presented in
Figure 2 (septic tank, aerobic tank,
anoxic tank, MBR, and final effluent
outlet).

T Min~Max
@® Mean

T 174

T 152

@646
@584

-~ 0.88

--0.36

T T
Septic tank Anoxic tank

T
Aerobic tank

T

T
MBR Final Effluent

Figure 3. DO concentration in the studied MBR system steps.

When analyzing the data presented in
Figure 3, a high DO average is observed in all
stages of the studied MBR System. It is already
a consensus that the optimum DO concentra-
tion range is between 1 and 2 mg L (YOON,
2015). Itis also known that high DO can provide
incrustations both positive and negative. How-
ever, if high DO is caused by excessive aeration,
it can lead to a high shear of the flake particles,
which will be divided into smaller and smaller
pieces, which will increase the incrustations.

A study by Jin et al. (2006), with two DO
concentrations: low (<0.1 ppm) and high (> 3.0
mg / L), led them to verify that the increasing
rate of TMP was much lower in the reactor with
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high DO. In other words, even although there
was an increase in fouling for low DO values, it
was lower for high DO values.

Even with the high DO concentration
caused by excessive aeration, which does not
affect fouling less than the low DO rates, the en-
ergetic course would not justify this procedure.
Generally, the cost of sludge treatment and the
cost of aeration were inversely proportional to
each other, which means that the cost of sludge
treatment is minimized when the cost of aera-
tion is maximized and vice versa.

So, the relationship between SRT (sludge
retention time) and aeration must be consid-
ered (YOON, KIM & YEOM, 2004).
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As can also be seen in Figure 3, there is a
constant change in the dissolved oxygen
throughout the treatment process of WWT, but
it does not present very high values, and the fi-
nal effluent can be disposed of without signifi-
cant problems in the environment. Because fol-
lowing Sdo Paulo (1976) for direct release into
the receiving body of DO effluents, in any sam-
ple, not less than 5 mg L™

pH

76

6.84
6.36

583

543

468

717

65

57
538

5.1

47

The result of the monthly pH anal-
ysis showed a value of 6.48 £ 0.86, which
statistically complies with the require-
ments of 357 CONAMA (BRAZIL, 2005).
The results relate to the monitoring of
the process of five stages of the MBR
system are presented in Figure 4. It was
carried out to see if it would provide any
additional information on the treatment
process's functioning.

T Min~Max
® Mean

532
{491
43

T
Septic tank Anoxic tank

Aerobic tank

T T
MBR Final Effluent

Figure 4. pH measurement in the studied MBR system steps.

The data showed in Figure 4 shows
that the pH tends to decrease in the an-
oxic tank and the MBR. This fact demon-
strates that the connection between
the anoxic tank and the MBR by reflux is
not working correctly. Its function would
be to degrade the nitrate, and in this
process, the pH would rise, which does
not occur here. However, the values
found in the MBR, with these results, are
compromising the growth of bacteria
present in the bioreactor (SHEN et al.,
2015). These values of pH below 6 in the
bioreactor demonstrate that nitrifica-
tion can occur in the bioreactor. It
means the need to correct the process
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entry and preserve the membrane
(MENG et al., 2017).

The importance of pH control is
related to the effluent's flocculation,
when the optimum pH level, which
should be between 6.0 to 2.0 (as re-
quired by 357 CONAMA (BRAZIL 2005),
for launching into water bodies). It re-
flects suitable flocculation and later de-
cantation, these impacts on the excel-
lent performance of biological pro-
cesses (Ly et al., 2018; Xu et al., 2019).
However, observing the values pre-
sented by MBR always operates with
acidic pH levels, this causes corrosivity
in the membrane pipes with an in-
crease in the incrustations of dissolved



Scientia Amazonia,v. 9, n.3, E26-E44, 2020
Revista on-line http://www.scientia-amazonia.org
ISSN:2238.1910

Ciéncias Exatas

salts. Then, the analysis of soluble salts at
the WWTP is shown in Figure 5.

900
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Figure 5 - Values of Soluble Salts from the WWT samples.
As shown in Figure 5, despite the
presence of soluble salts in the MBR BDO results

samples with average values ranging
from 387 to 561 m L7, these inorganic
salts obstruct the membrane filtration
pores more stops and cleanings in the
operational procedure of the WWT.
Dreszer et al. (2013) and Chen et al.
(2019) also verified that soluble salts in
other stages of the process are not so
significant, as the filtering membrane
will absorb most of these components.
Although the treatment is carried out in
all freatment units, there is a predomi-
nance of inorganic salts present
throughout the process, and this ends
up causing a blockage of the MBR filter
membranes, it also was verified by Han
et al. (2017) and Han et al. (2019).
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The presentation of the results be-
gins with the analysis of the monthly
monitoring data of the BOD data. These
data are shown in Figure 6.

From Figure 6, during the WWT
monitoring period, its efficiency has al-
ways been higher than the minimum
value required by the standard. The 430
CONAMA (BRAIZIL, 2011), establishes a
minimum removal of 60% of BODs so
that the effluent can be released into
the receiving body. However, despite
the relatively high efficiency, it is below
expectations for the MBR System. Ac-
cording fo Barbosa (2017), an effi-
ciency greater than 97% is expected for
the MBR System.
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Figure 6. BODs monthly measurements at the entry and exit in the MBR system and its % removal

efficiency.

Thus, the BODs results for other
steps of the MBR system can help iden-
tify the deviations that led to these re-
sults. Monitoring data for the most rele-
vant parts of the WWTP is shown in Fig-
ure 7.

As observed by the data in Figure
7. most of the consumption of organic
matter occurs in the aerobic tank (129
mg L'). However, the MBR system is not
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working properly, because the values
decrease from the septic tank to the
aerobic tank, increasing the BOD value
in the membrane reactor and in the fi-
nal effluent. This behavior should not be
observed, because according to Dub-
ber & Gray (2010), the value of BDO
should decrease at each stage of the
process, as the biodegradable fraction
of organic matter is being oxidized.
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Figure 7 — BOD:s results obtained in mg L
E38



Scientia Amazonia,v. 9, n.3, E26-E44, 2020
Revista on-line http://www.scientia-amazonia.org
ISSN:2238.1910

Ciéncias Exatas

Conclusion

The results of the analysis of the
physical-chemical indicators evalu-
ated made it possible to compare
them with the parameters established
by the legislation. These results indi-
cated that the processes operate
within normality and, therefore, meet
the criteric  established by 357
CONAMA (BRAZIL, 2005) and 430
CONAMA (BRAZIL, 2011).

Although the parameters meet
the standards, observing the analysis of
the physical-chemical parameters in
the monitoring of the MBR system
demonstrates that there is an oppor-
tunity to improve the process. When
comparing these results with the plant's
operational data, it is confimed that
the MLSS could reach values of 8000 mg
L', which would lead to the improve-
ment of operational parameters. The in-
crease in the MLSS will lead to the natu-
ral adjustment of the F/M ratio to de-
creasing values, impacting the in-
crease in the STR and HTR values.

Both operational and physical-
chemical data indicate the growth of
fouling in the MBR. The DO adjustment,
to the standard expected for an MBR
system, will bring energy savings and
less likelihood of scale formation. The F /
M alignment will balance the reaction
between food and microorganism,
leading to the adequacy of BOD values
in the system.

Adjusting the pH will also improve
efficiency in the conversion of organic
mafter and consequently, in the BOD
values, in addition to helping to mini-
mize the risk of corrosion throughout the
entire MBR system.

A more consistent cleaning
schedule for the system and adapted,
as suggested in the manual, can mini-
mize this problem.
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Thus, it appears that the objective
of the work was achieved, as the aim
was to make a diagnosis of the system
and indicate ways to improve its perfor-
mance.
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