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Effect of pH, alkalinity, dissolved oxygen, and ratio of MLVSS to MLSS

The effect of A/O-MBR and O-MBR systems on pH values are shown in Table S1 and Figures S1 and S2. Raw
wastewater influent showed an insignificant change in pH value for both systems at different SRTs (p>0.05). The average
pH value of wastewater that entered the system in the experiments under SRT=10 days, SRT=20 days, and SRT=infinity
was equal to 7.51+0.1. The pH values of wastewater in the oxic tanks of A/O-MBR and O-MBR systems were in the
range of 7.12-7.31 under all SRTs. This reveals that they are suitable for microbial growth and that nitrification reactions
were not inhibited [19]. In the case of the anoxic tank of the A/O-MBR system, the pH values of wastewater were 7.22-
7.31. This suggested that certain pH values could prevent the inhibition of the nitrification reaction in the anoxic tank.
The optimal range of pH values for the nitrification reaction have been reported to be between 7.0 and 8.0 [20]. The pH
values of permeate from A/O-MBR and O-MBR systems were in the range of 7.18-7.28. It was found that those values
met the effluent pH standard of 5.0-9.0 [1].

The alkalinities of raw wastewater and wastewater in A/O-MBR and O-MBR systems are reported in Table 52 and
Figure S3. Raw wastewater influent showed alkalinity values for both systems in the range of 123.1-137.1 mg/L as CaCO;
under SRT=10 days, SRT=20 days, and SRT=infinity, which was sufficient for nitrification reactions. Alkalinity values of
wastewater in anoxic tanks of the A/O-MBR system were in the range of 164.9-172.1 mg/L as CaCO; under all SRTs.
The alkalinity values of wastewater in oxic tanks of the A/O-MBR system were in the range of 170.9-174.8 mg/L as
CaCOj; under all SRTs. The alkalinity values of wastewater in oxic tanks of the O-MBR system were in the range of 98.8-
128.9 mg/L as CaCOj; under all SRTs. The alkalinity was within the permissible limits for the nitrification process. The
alkalinity in the oxic tanks of the O-MBR system decreased due to its use in the nitrification reaction. Microorganisms
need sufficient alkalinity to operate as electron receptors [21-22].

The dissolved oxygen (DO) level in wastewater after treatment with A/O-MBR and O-MBR systems are reported
in Table S3 and DO levels during the experiment at different SRTs in the A/O-MBR system (System1) and O-MBR
system (System?2) are shown in Figure S4. The DO values of wastewater in the anoxic tanks of the A/O-MBR system
were in the range of 0.4-0.5 mg/L under all SRTs. These values were ideal for an anaerobic tank [23]. The DO values of
wastewater in the oxic tanks of the A/O-MBR system were in the range of 6.5-7.3 mg/L under all SRTs. The DO values
of wastewater in the oxic tanks of the O-MBR system were in the range of 6.3-7.5 mg/L under all SRTs. It has been
suggested that the DO value in an aeration tank should be at least 2.0 mg/L [24].

The ratio of MLVSS to MLSS (MLVSS/MLSS) of the wastewater in the A/O-MBR and O-MBR systems is reported
in Table 54 and Figure S5. In the A/O-MBR system, the MLVSS/MLSS values of the wastewater in the anoxic tanks were
in the range of 0.53-0.61 mg/L under all SRTs. In the A/O-MBR system’s oxic tank, the MLVSS/MLSS values of the
wastewater were in the range of 0.62-0.73 under all SRTs. The MLVSS/MLSS values of the wastewater in the anoxic



tanks were slightly lower than those obtained from the wastewater in the oxic tanks. This may explain how the anoxic
tank microbes used organic carbon from outside and collected them in their cells rather than using them for cell
synthesis [25]. This may consequently have contributed to the low MLVSS and MLVSS/MLSS values. Regarding the O-
MBR system, the MLVSS/MLSS values of wastewater in the oxic tank were in the range of 0.66-0.71 under all SRTs.

Table S1. effects of A/O-MBR and O-MBR systems on pH value.

pH
SRT A/O-MBR (System 1) O-MBR (System 2)
R

(days) aw Wastewafer Wastewater Wastewater
wastewater in Anoxic . . Permeate . . Permeate

in Oxic tank in Oxic tank

tank

10 7.53+0.15  7.22+0.18 7.26+0.14 7.26+0.13 7.12+0.14 7.18+0.19

20 7.48+0.14  7.29+0.13  7.31+0.09 7.26x0.075 7.15+0.13  7.24+0.15
Infinity ~ 7.52+0.18  7.31+0.08  7.30+0.09 7.28+0.071 7.20£0.08  7.22+0.17
p-value 0.055 0.000 0.009 0.351 0.001 0.044
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Figure S1. pH during experiment at different SRTs in the A/O-MBR system (System 1).
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Figure S2. pH during experiment at different SRTs in the O-MBR system (System 2).



Table S2. alkalinities of raw wastewater and wastewater in the A/O-MBR and O-MBR systems.

Alkalinity (mg/L as CaCOj)

SRT A/O-MBR (System 1) O-MBR (System 2)
(days) R tewat in Anoxi
y aw wastewater Wastewatt:rrlll(n MOXIC Wastewater in Oxic tank Wastewater in Oxic tank
10 137.1+18.4 164.9+11.3 170.9+4.4 128.9+22.4
20 123.1+£19.8 169.6+5.6 172.1£7.2 106.7+£11.3
Infinity 128.8+20.5 172.1+5.3 174.8+5.8 98.8+10.9
p-value 0.070 0.019 0.135 0.000
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Figure S3. alkalinity during experiment at different SRTs in the A/O-MBR system (System1) and O-MBR system

(System 2).



Table S3. dissolved oxygen in raw wastewater and wastewater in the A/O-MBR and O-MBR systems.

DO (mg/L)

SRT A/O-MBR (System 1) O-MBR (System 2)
d . . . .
(days) Wastewater in Anoxic tank Wastewater in Oxic Wastewater in Oxic

tank tank
10 0.5+0.1 6.9+0.4 7.1+0.3
20 0.4+0.0 6.5+0.2 6.3x0.4
Infinity 0.4+0.0 7.3+0.2 7.5+0.1
p-value 0.011 0.000 0.000
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Figure S4. DO during experiment at different SRTs in the A/O-MBR system (System 1) and O-MBR system (System 2).



Table S4. MLVSS/MLSS of raw wastewater and wastewater in the A/O-MBR and O-MBR systems.

MLVSS/MLSS
SRT A/O-MBR (System 1) O-MBR (System 2)
(days) ) . Wastewater in Oxic Wastewater in Oxic
Wastewater in Anoxic tank
tank tank
10 0.53+0.07 0.62+0.10 0.67+0.08
20 0.57+0.05 0.73+0.04 0.71+0.04
Infinity 0.61+0.05 0.66+0.03 0.66+0.03
p-value 0.000 0.000 0.006
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Figure S5. SS during experiment at different SRTs.



Table S5. efficiencies of A/O-MBR and O-MBR systems on total Kjeldahl nitrogen (TKN) removal.

total Kjeldahl nitrogen (mg/L)

SRT
Permeate from A/O-MBR Permeate from O-MBR
(days) Raw wastewater
(System 1) (System 2)

10 33.6+33.1 2.3+0.2 4.2+0.7

20 31.4+4.6 1.5+0.3 1.5+0.4
Infinity 32.3+3.1 1.2+0.1 1.2+0.2
p-value 0.052 0.000 0.000

Table Sé. efficiencies of A/O-MBR and O-MBR systems on nitrite (NO;) removal.

SRT nitrite (mg/L)
Permeate from A/O-MBR Permeate from O-MBR
(days) Raw wastewater
(System 1) (System 2)

10 1.1+0.4 1.5£1.3 2.9+2.6

20 0.2+0.2 0.2+0.2 0.3+0.3
Infinity 0.0£0.0 0.2+0.1 0.2+0.1
p-value 0.000 0.000 0.005

Table S7. efficiencies of A/O-MBR and O-MBR systems on nitrate (NO3) removal.

nitrate (mg/L)

SRT Permeate from A/O-MBR Permeate from O-MBR
(days) Raw wastewater
(System 1) (System 2)
10 0.8+0.3 18.2+1.8 21.9+2.5
20 0.1+0.1 11.0+0.9 22.1+£2.7
Infinity 0.1+0.1 7.5+0.7 20.0+£1.9
p-value 0.000 0.000 0.002
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