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Abstract: 

Various membrane bioreactors are used for various levels of wastewater treatments in terms 

of aerobic and anaerobic conditions. A huge quantity of water is used as a prime utility in 

pharmaceutical production and releases as full of effluent waste. The approach of instant 

MBR treatment under aerobic conditions by bifurcating the effluent and using those having 

less dissolved solids (at present study obtained 97 mg/L) will recover pure water for reuse 

and rejected water divert for continuous recycling (at present study yielding 674 mg/L). The 

performance investigation through experiments on the Aerobic Membrane Bioreactor 

(AMBR) will yield the results in ratios of possibility reuse and recycle water capacity 

obtained per day. Also, the challenges can be addressed such as clogging as increases in the 

number of recycling, decline in reuse water yield, and tendency to yield higher sludge 

suspension. The present experimental investigation was performed on the real-time approx. 

897 mg/L Total Dissolved Solids (TDS) pharma effluent treated at fabricated Polyvinylidene 

Fluoride (PVDF) MBR with 0.45 µm pores followed by Reverse Osmosis (RO). AMBR was 

only considered for experimental investigation where RO was tested qualitatively for the 

effect of recirculation, bifurcation, and instant water recovery for reuse. The parameters of 

unit operations are reported and discussed over the advantages and disadvantages of pharma 

effluent instant treatment at AMBR.   
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1. Introduction 

Water occupies the first essential among utilities in any industry. In pharma industries 

water is the main prime resource where various collective sources said 1-2% of globally 

available fresh water is utilized by the pharma industrial sector alone. The scarcity of fresh 

water and the increase of wastewater released affect the environment adversely, also, 

production yield is economically weak. Hence, it is very significant to work on various 

membrane processing unit systems to reduce freshwater usage and increase the reuse of 

purified effluent. Various membrane technologies are implemented in anaerobic conditions 
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such as Up-flow Anaerobic Sludge Blanket Membrane Bioreactor (UASB-MBR), Moving 

Bed Biofilm Reactor (MBBR), etc to resolve this issue (Strade et al., 2020). However, the 

period of treatment takes several days within that huge cubic meter of effluent used to 

discharge per day and cumulatively accumulated. Hence, in order to develop the solutions in 

an instant manner the aerobic system needs to be enhanced so that the requirement of basic 

parameters study at regular operation modes is inevitable. In this connection, Guo et al. 

(2007) studied the aerobic growth of activated sludge in suspended conditions. The data was 

obtained through experimental investigation from Floating Media Bioreactor-Submerged 

Membrane Bioreactor (FMB=SMBR) and Submerged Membrane Adsorbed Bioreactor 

(SMABR). The study was compared between the reactors where SMABR obtained the 

stabilization 13 days earlier than FMB-SMBR but by reaching 94% removal of dissolved 

organic. Though both the membranes operated under aerobic conditions the time and holdup 

tank required more for the released fresh effluent on a daily basis. Other hand inorganic 

dissolved matter is the main drawback factor of the Membrane Bioreactor (MBR) process 

and for the anaerobic biogas production too. The membrane fouling rate was executed and 

suggested pre-treatment was required before being taken into the MBR. Dealing after the 

activated sludge conversion would not be the right solution for the instant requirement of 

water reuse as the activation sludge formation may take a minimum of 25 days.  

An aerobic membrane bioreactor employed for municipal effluent treatment reported 

the effectiveness over the aerobic MBR. Municipal effluent is complex in nature as it has a 

mix of major biomass compositions with various microorganisms present, meanwhile 

containing industrial compounds in terms of pharmaceutical, chemical, and micropollutants. 

The work dealt with the complete separation of solid and liquid using aerobic MBR and 

solved in terms of biomass and inorganic contains between the permeated and retained. The 

membrane fouling was also analyzed and found it affect more the membrane in aerobic 

conditions hence, a simultaneous anaerobic MBR process is suggested. But in this present 

approach with pharma industrial effluent again needs mega holdup need for the anaerobic 

process meanwhile discharge of fresh effluent rate is higher is the main problem. The 

suggestion was given to control the fouling by connecting MBR with Reverse Osmosis (RO) 

system (Galinha et al., 2018). In our current study, the suggestion of MBR connected with 

RO is adapted for the aerobic system.  

In municipal or aquaculture effluent nitrogen removal is included as an essential 

treatment. Recirculating system interconnected with a submerged Membrane Bioreactor 

(sMBR) can be the best way of nitrogen removal which has been recorded via simple 
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dynamic modeling of recirculated cum data logging structure attached predictive control 

system. Flow rate, pressure, and stirring rate are important parameters that are investigated 

(Pimentel et al., 2017). From the above study recirculating system is interpreted in our 

present work. In order to remove the hydro-carbons from the mineral oil industry effluent 

hollow fiber membrane with a microfiltration system submerged in MBR was used. 94 to 

97% of removal efficiency happened in terms of COD which is analysed and reported by 

Alberti et al (2006). In general, the MBR types are used to avoid the permeation of biomass 

where it remains in the suspended solids and is quite commonly used for civil and municipal 

water. In the case of pharma effluent which consists of inorganic compounds in considerable 

fractions the permeation also retained with inorganic compounds is challengeable and 

possible of high fouling as well as hard-to-turn activated sludge. For municipal effluent kind 

of waste and after degradation begins industrial waste needs to be assessed with soluble 

microbial presents in the MBR. In pharma effluent, the assessment of microbes is needed due 

to the formation happened by proteins and polysaccharides kind of materials even in both 

anoxic and aerobic MBR (Zhang et al., 2016). Thermophilic membrane bioreactor 

performance at leachate of landfill evaluated in terms of BOD and COD. COD removal rate 

obtained between 62 -79% whereas BOD removal attained 97- 99%. But ammonia is 

decreased by a number of runs where it starts from the removal of 72% but decreases in 

further runs at about 60% of removal (Visvanathan et al., 2007).  

Bhimrao and Mittal (2009) contributed a deep experimental investigation on the 

Upflow Anaerobic Sludge Blanket (UASB) reactor running for a long run of around 120 days 

and reported all the transport variables and parameters by studying the COD / BOD. The 

main drawback of the anaerobic study for the pharma effluent process is the handling of daily 

discharged effluent to under-treatment effluent ratio is very huge, needs more space which is 

not economically viable, and very long time process, and not possible to reuse treated water 

instant. To work towards pharma effluent treatment by MBR it is need to verify the review of 

various types of membrane systems to choose appropriate connections in a series of processes 

to test the factors. In this regard, Asheh et al., (2021) review work on membrane bioreactors 

for wastewater treatment helps to fix the process plan. Before starting framing the process it 

is very important to consider the possible factors that affect the system (Urase et al., 2005)   

Based on all the above studies, the present work is framed to treat a real-time pharma effluent 

by aerobic MBR permeated followed by recirculation. The framed system has investigated 

the effect of unit operation variables, parameters, and fouling effects, the advantages and 

disadvantages are also reported followed by feasible suggestions.   
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2. Experiment Setting and Operation 

 With the intention of curiosity after coming across the various studies on MBR, to 

know if MBR followed by RO has been used for instant discharged pharma effluent what 

would be the factors really need to be faced, and how far the process can recover the pure 

water for reuse. A very simple low-cost experimental setup is framed as given in the 

schematic of Fig-1. The setup is arranged to run continuously by filling the effluent in the 

inlet container manually but as a continuous process. Also, the rejected effluent from RO is 

connected to the inlet container through a peristaltic pump. Pressure gauges were connected 

between the inlet and outlet of MBR with 0.45 µm pore size. It is called aerobic because the 

PVDF MBR is submerged in a container that has free airflow. A blood pressure-checking 

sensor transducer is placed over the membrane and covered by a polymer net and the value 

can be checked at the smartwatch system. The obtained pressure may not be possible to be 

perfect values but helps to measure the transmembrane pressure indirectly and can understand 

the process trend qualitatively. A booster suction pump is connected to transform the 

permeate into RO and pure water & rejected water is bifurcated. The experimental running 

time was decided to be performed for one hour only in order to set the quick recovery process 

by adding an extra suction pump at the MBR outlet location. Also, the process setup is 

assembled to run as a continuous process and can operate 480 liters per day. Due to the 

limitation of real-time pharma effluent availability the process running time is restricted to 

one hour along with recycling of rejected stream. The extended time variables are predicted 

by adopting simple dynamic model of Pimentel et al (2017).                      

 
Fig.1: Schematic diagram of Aerobic MBR followed by RO experimental setup. 
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 Fig.2a covers the photograph during the running of the process and Fig.2b shows the 

process at recycle. Inlet feeding is done manually, MBR at submerged container is shown in 

Fig.2C transducer sensor is placed and entirely covered tightly by a polymer net bag. Pharma 

effluent is collected from the Pondicherry industrial estate in India with unknown factors of 

source contents. The basic characterization of effluent is given in Table.1. Since the effluent 

contents are unknown, the blank approach was made with Gas Chromatography-Mass 

Spectroscopy (GC-MS) listed in Table.2. The collected effluent was kept under 4 °C and the 

experiment was started within three days and physio-chemical characterization taken part 

simultaneously as per the availability of instruments but the samples were kept under cold of 

4 °C so it is considered there was no considerable biodegradation happen in the effluent in 

the aerobic process. The obtained values all might have a 10 – 11% deviation.    

 

 

(a) 

 

(b) 
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          (c)                              (d) 

Fig.2: (a) Photograph of Experimental arrangement. (b): The snap captured while the experiment setting for 

recycling. (c). MBR at process unit (d) Zoomed cross sectional shows covered by a polymer net in bulk. 

 

 

Table.1: The basic properties of collected effluent from the pharma unit.  

Properties Values 

pH 9.03 

Conductivity 1743 µs/cm 

TDS 897 PPM 

COD 1600 mg/L 

BOD 420 mg/L 

Viscosity 0.00118 Pa.s 

Color Dark Brownish  

Density 1.08 g/cm3 
 

Table.2: The approximate GC-MS accessed compounds in the collected pharma effluent. 

Composition Given 
Number 

Composition 
Weight Fraction 

Based on intensity 
area 

01 Isosorbide  0.35 
02 Thiophenecarboxylic acid, 2-tridecyl ester  0.36 

03 
Cyclohexanemethanol, 4-hydroxy-.alpha.,.alpha.,4-
trimethyl-  5.88 

04 dl-Citrulline 1.32 
05 Formic acid, hex-2-yl ester 1.08 
06 O-Acetyl-2,3,4-tri-O-methyl-6-deoxy-d-galactonitrile 0.29 
07 2-Heptanol, 3-methyl- 0.91 
08 PROPANEDIOIC ACID, DIETHYL ESTER 0.25 
09 Dimethyl{bis[(2Z)-pent-2-en-1-yloxy]}silane 0.28 
10 P-MENTH-1-ENE-7,8-DIOL 0.48 
11 ETHANONE, 1 0.19 

12 
2-Oxabicyclo[2.2.2]octan-6-ol, 1,3,3-trimethyl-, 
acetate 3.6 

13 6-Hepten-3-ol, 4-methyl 0.21 
14 D-Glucitol, 1,4-anhydro 0.67 
15 Diethyl Phthalate 38.32 
16 3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one 0.22 
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17 1,3,4-Trimethoxy-butan-2-ol 1.25 
18 Ethene, (2-ethoxy-1-methoxyethoxy) 0.44 
19 Methyl-E-11-tridece-1-ol acetate 0.33 
20 OCTADECENOIC ACID 0.14 
21  4-HEPTANOL, 2,6-DIMETHYL 0.14 
22  n-Hexadecanoic acid 5.47 

23 
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-
methylpropyl) 0.46 

24 2-CYCLOHEXEN-1-OL 0.77 
25 1,6,10-DODECATRIEN-3-OL, 3,7,11-TRIMETHYL 0.4 
26 Butanedioic acid, 2,2-dimethyl-, bis(1-methyl 1.27 
27 cis-Vaccenic acid 0.53 
28 Octadecanoic acid 27.13 
29 OCTADECADIENOIC ACID 7.63 
30 Nonadecanamide 0.91 
31 OCTADECADIYNOIC ACID, METHYL ESTER 1.1 
32 3-Hexadecyne 0.49 
33 Hexadecanoic acid, 2,3-dihydroxypropyl ester 1.05 

34 
 HEXADECANOIC ACID, 2-HYDROXY-1,3-
PROPANEDIYL ESTER 0.37 

35 EICOSANOIC ACID 0.14 
36 Nonadecen-1-ol acetate 0.16 
37 2-Methyl-Z,Z-3,13-octadecadienol 0.28 
38 Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester 0.77 
39 Hexadecanoic acid,  0.16 
40 2,3-dihydroxypropyl ester 0.18 

 

 As per data obtained from GC-MS the compounds presented in the collected effluent 

consisted of both organic and inorganic contents. Though most of the compounds present in 

the effluent are acidic in nature the overall effluent pH falling on 9.03 at base nature is 

notable for researchers' further study. Comparative to other studies the obtained pH is high 

(9.03) whereas most of the other studies reported pH values between 5.8 and 8.2. 

Comparatively obtained TDS value 897 mg/L is met with other reports which value between 

600 mg/L to 3000 mg/L (Asheh et al., 2021; Saleem 2007). In the present work, the COD 

arrived at 1600 mg/L and BOD at 420 mg/L whereas other reports figured COD between 

2500 mg/L – above 25000 mg/L too and BOD between 1300 mg/L - 20000 mg/L. Density 

arrived at 1.08 gm/cm3 and viscosity got 0.00118 Pa.s but in other reports mostly no detail on 

the density and viscosity. The apparent dynamic viscosity of raw, rejected and reuse was 

estimated by Anton Paar MCR 302 Rheometer discussed in a separate topic. In colour of the 

effluent matches with other which is dark brown. However, the main focus of the present 

work is evaluating the unit operation variables in AMBR connected with RO to check the 

factors at room temperature alone. In this connection, the variables such as pressure at the 
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inlet, and outlet followed by transmembrane pressure, flowrate, volume rate, viscosity, 

Reynolds number, velocity, shear stress, fouling rate, and removal efficiency are executed 

and qualitatively discussed in the result and discussion section. The results could be used for 

the predictive model development to fix the standard properties to install the AMBR – RO 

connected system. At RO only the volume of outlet efficiency was studied but at the same 

time, the impact of recycle of rejected waste recirculation effect over AMBR is examined. All 

the operations were run at isothermal conditions at room temperature. CHNOS was analyzed 

only for the raw effluent evaporated remaining solids traces qualitatively presented in Table 

3.  

 

 

 

Table.3: CHNOS analysis of the collected pharma effluent. 

Component Weight % 
C 59.73 
H 4.268 
N 0.478 
O 34.551 
S 0.0423 

Others 0.93 

            

 

3. Results and Discussion 

3.1. GC-MS Analysis: 

 The effluent was collected based on request which is labeled as discharged effluent to 

ETP. The fraction of composition assessment decided to be performed by GC-MS, but there 

is no reference to compare the components present in effluent hence based on the report by 

Kumari and Tripathi (2019) the retention time given for 1 min and compared with equal to 

their given result at standard library. Fig.3 represents the predicted compounds in our 

collected pharma effluent where the intensity area is taken as a fraction of weight. The given 

number represents the respective composition in Table 2 for reference. The predicted data 

apparently provide the idea about the composition of the mixture to set the work on 

membrane processes. Also, it is noted that based on composition present in effluent 

properties can’t be directly proportional to existing physio-chemical properties. Hence, the 

approach of transport processes work decided to consider between TDS and COD.     
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Fig-3: Compounds present in pharma effluent predicted in GC-MS 

3.2. Description of Process Analysis Conditions & Consideration: 

 The predicted compounds can be considered as volatile nature present in pharma 

effluent which was studied in MBR at aerobic processes. The removal efficiency studied 

through COD and BOD analysis between the inlet and outlet streams, that is the MBR and 

RO processed streams are not checked out by GC-MS to compare with the result of raw 

effluent due to economic constraint. Instead of that the TDS, COD & BOD of inlet and 

bifurcated outlet streams were tested. Fig.4 explains the aerobic MBR cum RO treatment of 

pharma effluent by simple flow chart where the removal efficiency was studied through TDS, 

COD, BOD, and pH. 

 

Fig.4: Flow chart explains the removal efficiency studied pattern 

 

 The outlet samples of rejected recycle and reuse water were collected after the MBR 

to RO process, but the transmembrane pressure rate was studied at aerobic MBR PVDF 

membrane. The physical colour appearance transformation switchover between raw, rejected, 

and pure is displayed in Fig.5. The colour changes indirectly indicated the removal range of 

organic and inorganic pollutants. The intent of the study was to investigate the process flow 

parameters, instant treatment capacity of aerobic MBR cum RO process, and volume ratio of 

reuse water delivery with time. The operating time was fixed at about one hour by continuous 

recycling based on the limitation of raw effluent availability.  
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 (a) (b) (c) 

Fig.5: TDS of (a) Raw Effluent (810 ppm), (b) Rejected for recycling (695 ppm) (c) Treated water 

for reuse (97 ppm) 

 

Fig.6 resembles the Fig.5 images through a plot for 60 minutes of the process run by 

continuously adding effluent along with recycling, there is not much change in TDS for I 

hour run in the respective rejected and reuse stream but changes happened in transmembrane 

pressure which proving the capacity of membrane cum RO maintaining the constant 

operating capacity up to one hour. Due to the recycling of rejected effluent the raw effluent 

changes in TDS between 810 ppm to 897 ppm, rejected recycle transforms between 695 ppm 

to 709 ppm, and reuse water trips between 97 ppm to 140 ppm. Inlet flowrate was exhibited 

on 5.5 ml/s and 1.6 ml/s of reuse water set into reuse approximately for one hour of running 

process. If the direct ideal measurement is considered for a day operation, it may fall on 30 % 

recovery efficiency, approximately it might decline up to a maximum of 25 % of recovery 

due to the flocculation. Hence, the aerobic MBR followed by RO saves 25 – 30 % of 

freshwater usage and 62 - 70 % of total raw effluent can be treated per day in a pharma 

production plant. The determination of TDS is performed by an instant TDS meter. The 

assembled unit capacity has the ability to treat 20 liters per hour.    
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Fig.6: TDS range of raw effluent, rejected and reuse stream during the operation.  

 

 The process of 20 liter/hour holdup raw effluent continuous operation with rejected 

stream recycling alters the pH drastically at the inlet location for a period of 60 minutes. The 

pH changes from 9.03 to 6.84 clearly said that the base contents are separated and held by the 

membrane as shown in Fig.7. The pH reading of samples was taken instantly by collecting 

the samples at the inlet for every 1 minute. After the testing, the samples were again mixed in 

that inlet holdup tank. Over the pH results the interpretation may be that inorganic 

compounds are greater than 0.45 µm at maximum quantity separated by membrane and RO. 

Based on the CHNO analysis presented in Table.3 the permeated effluent will be rich in 

organic compounds which might increase the BOD level. However, the perfect investigation 

is needed in an anaerobic study in detail for further validation and confirmation dealt with in 

the next chapter. The repetition of effluent with recycling Aerobic MBR cum RO process for 

one-hour operation not reducing much TDS but within the same period inlet effluent with 

recycling process drastically reduces the pH from 9.3 to 6.84 is an interesting observation 

opens several research gaps to find the appropriate reasons. The direct initial measurement of 

pH obtained was 9.3 for raw effluent, 6.30 for rejected stream of recycling, and 7.06 on 

recovered water for reuse.  
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Fig.7: Changes in pH range while running the effluent holdup with rejected recycling. 

 

3.3. Rheological Response of Raw Effluent, Rejected and Reuse Stream: 

 Rheological behavior of effluent could help in the selection of membrane and 

sequence of the process. Also, the pattern of behavior under shear force helps to design the 

pumps, valves, and pipelines of the MBR and RO treatment process units in addition to the 

setting flow rate, temperature, and pressure. If the inlet fluid is homogeneous then a higher 

temperature than room temperature would provide an effective process by reducing the 

density. In the case of effluents, dissolved with micro and Nano solids at higher temperatures 

would provide complex non-uniform behavior. In the present study, all three streams are 

expected Newtonian behavior only but the curiosity to check over the viscous differences 

between the three streams in MBR cum RO processes which are in continuous recycle and 

changing in dissolved solids’ values under constant and varied shear. The flow pattern in 

cylindrical tubes of pipelines and microtubes of membrane pores prediction is dependent on 

the Rheological behavior of streams.  

 All the rheological measurements were performed with a concentric cylinder (CC) 

measuring geometry with a 1.12 mm measuring gap (inner radius 13.331 mm, outer radius 

14.450 mm). The operation under varying shear was studied with viscosity (Fig.8a) and stress 

(Fig.8b) response with the Newtonian behavior where viscosity does not change and stress 

yields a linear direct proportional response. The constant viscosity in Pa.s yielded 0.0018, 

0.0015, and 0.0010 with exhibited stress in Pa at 2, 1.2, and 0.08 for raw effluent, rejected, 

and reuse stream respectively (Table.4). All three solutions responded with the Newtonian 

effect, hence, it is confirmed that operating the raw effluents and other streams with recycling 

can be run at MBR membrane cum RO processes via small mm tubes and membrane 
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microspores. So the Rheological study helps to make a decision to check flow feasibility in a 

decided membrane process system.  

 

 
(a) 

 
(b) 

Fig.8: Shear rate over Raw Effluent, Rejected and Reuse streams are exhibited Newtonian 
behaviour with (a) Viscosity (b) Shear stress. 
 

Table.4: Rheological study data on three different process streams 

S.No Process Streams Viscosity (Pa.s) Shear Stress (Pa) 

01 Raw Effluent 0.0016-0.0018 2 

02 Rejected for Recycle 0.0012-0.0016 1.2 
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03 Reuse for Process 0.0009-0.0010 0.8 

 

3.4. Study on Flow Parameters at Aerobic MBR followed by RO Process: 

The approximate unit operation parameters were determined based on the available 

measurements and flow conditions. The transmembrane rate was investigated via an indirect 

method of pressure calculation with a commercial blood pressure transducer available in the 

online market incorporated with the MBR membrane surface one at the inlet and the other at 

the outlet which has connected to the smartwatch helped to measure and calculate the 

permeate values. The main inlet and outlet tube to MBR connected with a pressure gauge 

measured at kg/cm2 later converted to kPa. Since the goal was fixed on the bulk recovery of 

reuse water with the limited support of facilities estimation was not made over the surface 

area rate in the membrane circumstances. Other hand only inlet and outlet conditions are 

taken for the investigations of flow parameters. The calculated values quantitatively may 

have had error percentages up to an unknown extent but qualitatively provided a good 

outcome of transmembrane pressure and helped to predict the fouling rate in extended or 

more than one-hour processes. The suction pump used at the RO inlet to support the MBR is 

not considered for the estimation of flow processes at the RO unit. The variables of the flow 

process along with estimated COD and BOD values are listed in Table.5 and the trend of 

pressure variations qualitatively represented with approximately predicted values is shown in 

Fig.9. The transmembrane pressure calculated from the standard formula

2
feed retentate

permeate

P P
P


 . The removal efficiency was calculated via COD and BOD for all 

three streams involved in the process.  

 

Table.5: Estimated Unit Operation Parameters 

S.No Process 
Streams 

Re @ 0.8 
mm D 

Re @ 0.5 
mm D 

 

Re @ 0.000045 µm 
D 

MBR Membrane 

COD 
mg/L 

BOD 
mg/L 

01 Raw Effluent 878.4 549 0.04941 1600 42 
02 Rejected for 

Recycle 
342.16 213.85 0.0005985 939 70 

03 Water for 
reuse 

31.17 19.485 0.00005265 17 4.2 

 

 As per the standard estimation and calculation of COD, 41.4% was removed by MBR 

and RO at BOD which increases at recycling hopefully the removal of COD increases the 

organic to get into processes other hand the reuse water obtained perfectly COD & BOD 
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value for the utility purposes. The transmembrane plot showed the increasing trend that may 

be happening due to the separation COD retained at the membrane influencing the foul 

factors. However, the membrane stability and flexibility holding the laminar flows between 

the inlet and outlet pipes at the same time at membrane pores of 0.45 µm exhibits a creeping 

flow pattern, on the other hand, it is called Stokes flow. Even though the flow at the 

membrane was less than one Reynolds number the microfluidic nature with capillary force 

action might have evolved to show the trend of a turbulent-like pattern at the microspores but 

no facility interpreted to estimate that. Transmembrane and other pressures are qualitatively 

interpreted in Fig.9. The membrane and RO interconnected pipes consist of 0.5 mm diameter 

whereas the peristatic pump-connected pipelines for recycling and filling are connected with 

0.8 mm diameter of tubes. It is predicted that pipes in micrometers can exhibit a parabolic 

profile with laminar smooth flow but while entering the MBR membrane in micron level 

pores it might turn a little microfluidic nature blunted profile due to the increase of fouling 

and opposite reaction flexible exerts by polymer.  

 

 

Fig.9: Trend of pressure behavior between the streams involved in the MBR process.  

 

4. Interpretation of parameters with a Simple Dynamic Model 

 The transmembrane pressure development augmentation can be interpreted with the 

fouling factor in order of fraction which could help to predict the trend in an extended time. 

Transmembrane pressure varied from 31 kPa to 96 kPa with the average rate of theoretically 

0.8 kPa linearly and 1.48 kPa exponentially in an increased trend, followed by – 0.01125 kPa 

square the order of decreasing trend with negligible rate for the one-hour continuous 

operation. Hence, the trend is considered to increase by taking decreasing orders is negligible 

with the potential running functioning between the pressure range of 45 kPa and 52 kPa. The 
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obtained R2 values are equal to 92.4 which can be considered moderate and the theoretical 

parameters are also possible to take into prediction on extension time from a simple dynamic 

model.      

 

Fig.10: Trend fitting for exploring theoretical parameters at the membrane to fit in the simple 

dynamic model. 

 

 To study the membrane fouling, equations 4.1, 4.2, and 4.3 can help. Among the 

equations given in Pimentel et al., (2017) only three equations on aerobic conditions were 

taken for estimating membrane fouling whereas the others are used for the biodegradation 

rate in the anaerobic process discussed in the next chapter performed for an anaerobic system.  

C
C

dR
kD

dt
  ---------------------------------------------------------------------------------------------   

4.1 

( )R
pf S R W

dM
Q F A M L

dt
  ---------------------------------------------------------------------------   

4.2 

( ) R
S R C

S R

M
M D

H M
 


 ------------------------------------------------------------------------------   

4.3 

Equation 4.1 denotes the change of cake resistance attached with membrane respect to 

the time is equal to the detachable cake formation with respect to the suction pump flow rate. 

In equation 4.2 two terms are formed as one equation, one is a layer attached over the surface 

of the membrane that effluent inlet flow rate with total dissolved solids presented in bulk. 

This is directly proportional to the second term of equation 4.2 representing the removable 
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suspended solid layer proportional to the suction rate. The ratio between the mass resistance 

of the mixed solid layer to the suction rate of air and fresh air entry makes the gram of the 

bulk layer attachable until the saturated condition is represented by equation 4.3. By 

providing the experimental values derived from an hour operation set into to extended time 

period varying the thickness of the layer until reaching the saturated suction rate coefficient. 

As time varied the increasing layer thickness (gram is considered in the present study) 

covering area removing while continuous recycling fouling happens. It was considered to 

operate under a constant suction rate and whenever the suction stops the constant inlet flow 

starts to make saturation and detachment from the membrane. The reason is whenever the 

sucking pressure reduces fresh air enters and make loosens the suspended solids' thick layers. 

The equations help to predict the fouling rate at an extended time including with recirculation 

effect. Table.6 represents the notations detail of the above equations. 

 

Table.6: Notation Explanation of the Equations 4.1-4.3. 

S.No Notation Description 

01 
CR  Resistance of cake layers formed in membrane 

02 k  The rate constant of suction air and air inflow 

03 
CD  Resistance of the detachable layer at the suction rate 

04 t Time for the process to run 

05 
RM  Mass of resistance fouling 

06 
pfQ  Rate of permeate flow 

07 F  Solid bulk concentration 

08 
SA  Air suction rate 

09 
WL  Layer weight in gram 

10 
S  Viscosity of suction air 

11 
SH  Half saturated coefficient 

12   Rate of fouling 

13 K  Flow consistency  

14 n  Clogging rate index (in fraction 0 to 1 assumed from 

theoretical curve fitting (Fig.10) 
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Fig.11 (a) represents the MBR membrane’s view inside the net and Fig.11 (c) just views the 

settling layers at the bottom run while finishing the effluent input connected with aerobic 

MBR.  

 

                                                                 (a)                            (b) 

Fig.11: (a) View of PVDF Aerobic Membrane at initial state of fouling begins, (b) view the final 

stage of detaching suspended solids immersed over the membrane. The detached suspended solids 

became a sludge waste. 

 

To predict the trend of fouling for an extended time period the curve-fitting 

interpreted values (Fig.10) considered as defamation rate at membrane set into the equation 

4.4 would be given the result in a qualitative manner.  

n

CD
K

dt
    

 
-------------------------------------------------------------------------------------------  

4.4  

The effluent flow in micropores of membranes freely flows in the cross-sectional area until it 

has a laminar behavior flexible. Further, running the accumulating suspended solids layer 
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defames the free flow and increases the pressure rate. To determine the flow defaming rate in 

the membrane indirectly Equation 4.4 is interpreted with Equation 4.1 by adapting the Power 

law of Newtonian viscous law. The predicted fouling is represented in terms of decreasing 

outcome permeate flow at the time of operation (Fig.12). The decreasing permeated flow 

indirectly represents the fouling rate of the membrane. This present method indirectly and 

qualitatively helps to predict the rate of fouling with respect to the extension of time with a 

conditional basis.  

 

Fig.12: Fitting through Equation 4.4 by setting 120 days extension of time variables obtained rate 

of permeation and fouling. 

 

5. Conclusion 

 An investigation was carried out to verify the efficiency of instant treatment of 

pharma effluent in 20 L/hr operating capacity with a holdup and recycling system in 

recovering water for reuse. In the system, Aerobic MBR with PVDF-made membrane of 0.45 

µm pores followed by Reverse Osmosis bifurcated streams lead to recycling and reuse of 

sequence system is assembled and performed for a short one hour run. From the performance, 

30% of water recovered in a continuous manner which could reduce the freshwater usage in 

the production industry, and 62 % of effluent was treated among overall input where around 

38 % go for recycling along with initial holdup effluent in terms of TDS reduces drastically 

from raw to rejected and reuse in one hour run. But no change in the TDS of each stream for 

the extended of one hour may be as run for a day or continuous input of fresh effluent along 

with recycling may provide changes in TDS to the respective stream of inlet, reject, and 

reuse. Meanwhile, the changes in pH at the inlet effluent from 9.3 to 6.84 open the research 
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gap to study the mechanism of separation at MBR and RO with a particular effluent process. 

In industry the 30 % of recovery is a good economically impact process only, however, the 

increased recycled effluent further needs an anaerobic treatment. Next, the instant treatment 

reduces the maximum COD part, hence, the remaining rejected part would be developed with 

bioresources proved by the BOD values between the streams where the rejected stream 

increased the BOD to 70 mg/L from 42 mg/L meanwhile half of the COD is decreased from 

initial rate. Long run aerobic MBR would not be economically good in case of continuous 

addition of new raw effluent, on the other side the membrane washed by chemicals will 

create secondary pollutants. Hence it is good to recover 30% of water for reuse meanwhile 

the rejected stream may take into an anaerobic process and can retain further water but after a 

number of days only can be done. Because the TDS is not changed by the recycling process 

but BOD COD changing happens, it needs to be studied in detail separately. In order to set 

the primary conditions especially the time period of MBR performance rate a simple dynamic 

model is fitted in a qualitative manner. Based on the qualitative model fitting fouling rate is 

calculated indirectly for 120 days of operation time. Since BOD increases in the aerobic 

system need to be connected with an anaerobic study by fixing 120 days of anaerobic period 

which is studied and reported in the next chapter.    
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