Electronic Supplementary Material (ESI) for Environmental Science: Water Research & Technology.
This journal is © The Royal Society of Chemistry 2021

Supplementary Appendix

Enhancing Nitrification Fluxes and Nitritation Efficiencies in
MABRSs: A Modeling Study

Patricia Pérez-Calleja, Emily Clements, Robert Nerenberg”

University of Notre Dame, Department of Civil and Environmental Engineering and Earth
Sciences 156 Fitzpatrick Hall, Notre Dame, IN 46556, USA. pperezca@nd.edu,
eclement(@nd.edu, nerenberg. 1 (@nd.edu

*Corresponding author

E-mail address: nerenberg. 1 @nd.edu

The following is included as a supplementary appendix for this paper:

Past Research

Past experimental studies were reviewed to seek trends in MABR behavior. Results are
summarized in Table S1 and Figure S1. As shown in Figure S1a, fluxes generally increase
with increasing bulk NH4". Greater air supply pressures also result in higher fluxes,
especially at higher bulk NH4" concentrations (Figure S1b). An increasing concentration
of COD in the bulk liquid decreases the nitrification flux, as seen in Figure S1c. Note that
each curve in Figure S1 is from a different study, where the air supply pressures,
membrane materials, and biofilm thicknesses may have differed. Thus, the curves are not
directly comparable to each other and only can show general trends.
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Figure S1: Selected past studies where (a) ranges of bulk NH," concentrations, (b) membrane pressures,
and (c) ranges of bulk COD concentrations were studied. The number on each curve corresponds to the
study listed in Table S1.

The trends observed in these experiments are discussed and explained through our
simulation findings in the results and discussion section.



Table S1. Summary of relevant MABR studies

Study Membrane type Gas supply type Influent Bulk Bulk NH,* Biofilm Bulk pH Nitrogen Nitrificatio Reference
and pressure flow type COD (mgN/L) Thickness loading n flux
(kPa) (mg/L) (um) (gN/m?2-d) (gN/m2-d)
1 Coal Air, 20 CM 55 10 1000 75.8 7.3 6.7 1
55 20 1900 ) 10.7 9.3
Intermittent Air Completel None > > 35
2 PDMS 35 o (CMY) addod 35 540 7.2 13 5.5 2
140 31 9.2
2 5.8 1.97 1.9
0, (Open end) 17 6.2 3.6 2.5
3 Silicone cM None 22 Not 6.8 5.7 3.6 3
Not reported added 47 reported 7 7.7 4
70 7.3 9.5 4.2
93 7.5 11.8 4.2
. Air None 1 Not 0.67 0.66 4
4 Silicone 7 M added 4 reported 1.35 1.3
. 17 1.5 0.39 0.37
5 Polyvinylidene fluoride ﬁ)‘g CcM 13 2.5 . I\L‘;:e q . I\i‘;:e q 0.59 0.53 s
20 3 P p 1.18 1.04
Air
540 + 160
100 None 9.5 2.1 1.6 6
6 Polypropylene flat sheet 100 CM added 196 52(1)3:080 7.2-7.8 42 25
193 21.4 4.2 2.4
Air
2 None 49 10.2 4.98 ;
7 PDMS 5 CM added 33 600 £ 12 7.5-8.3 10.4 7
10 14 9.8 8.4
0,
17 2.13 1.7
33 134 2.13 2
45 2.13 1.9
- Upflow None 4.8 Not 3
8 Nonporous silicone 62 MABR added 1 reported 7-7.5 4.2 3.5
54 1 34 2.8
49 10 2.8 2.4
47 2.4 2.2




Study Membrane type Gas supply type Influent Bulk Bulk NH,* Biofilm Bulk pH Nitrogen Nitrificatio Reference
and pressure flow type COD (mgN/L) Thickness loading n flux
(kPa) (mg/L) (nm) (gN/m?2-d) (gN/m?2-d)
) L ) Air, closed 2.3 80 0.74
Mitsubishi, composite 14 None 2.05 100 Not 1.01 9
9 CM : 33 :
35 added 1.78 100 reported 13
o fgg 720 Not 2.15
10 PDMS 28 CM 0 440 . (;t d 7.5-7.8 12.85 4.62 10
500 eporte 531
. 20.1 226 7.7 7.9 2.3
1 ZeeLung™ Air, (T;’Smt“ed) cM 16.7 14.5 o I\i)?tte q 78 8.3 47 n
14.7 14.2 P 76 7.4 53
Air Not
12 Coal CM 308 355 Reported 7.5-8 gg; %;g 12
25 800-1800 ' :
Air 45 37 Not 6.7 2.6 1 3
13 PVDF 100 CM 20 20 reported 7.2 2.6 1.5
0 6.7 1.65 1.1
0-0.5 9.1 1.65 0.9
0.5-2.5 11.5 1.65 0.7
. L. . . 0 114 2.24 0.97
14 Mitsubishi, composite I;?érs’sfllr?ﬁgt cM 0-0.5 133 120+25 Ii;’tte d 224 0.75 14
e 0.5-2.5 14.7 P 2.24 0.6
P 0 3.7 1.46 1.05
0-0.5 6.4 1.46 075
0.5-2.5 9.48 1.46

0.4




Effect of intra-membrane O, pressure

Increasing the intramembrane air pressure for a MAB increases the Jyy4 but the magnitude
depends on if the biofilm is ammonium limited, DO limited, or both (Figure S2).
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Figure S2. Effect of intramembrane air pressures of 7, 25, 50 and 70 kPa pressure on ammonium oxidation
fluxes when the NH4" concentration is 10 mgN/L.

Effect of Bulk BOD

Nitrifiers can grow in the inner biofilm, near the membrane surface, while BOD is
consumed in the external biofilm with the nitrate and/or nitrite produced by the nitrifiers
(Figure S3c and d).
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Figure S3: Model predicted biomass and substrate concentration profiles for CABs and MABs. Both
systems are simulated with bulk NH," and BOD concentrations of 5 mgN/L and 20 mg/L, respectively. For
the MAB, the intra-membrane relative air pressure is 40 kPa, for the CAB the bulk DO concentration is 3
mg/L. An LDL of 100 um is considered in all the simulations (LDL profile not shown in the graphs).
“Biofilm depth” on the x axis refers to the distance from the attachment surface.



Sensitivity Analyses

We performed a sensitivity analysis on the how different biokinetic parameters
would impact the nitrification flux and the nitritation percentage by changing each
parameter by positive and negative 20%. The effects on the ammonium removal fluxes
are seen in Table S2 below.

Table S2. The effect of changes in different biokinetic parameters on the ammonium removal fluxes.

Parameter % % change in % change in
change ammonium ammonium
removal flux removal flux
at S mg/L at 15 mg/LL
bulk NH,* bulk NH,*

Umax (AOB) -20% -1.51% -7.01%
20% 0.96% 3.45%
Umax (NOB) -20% 0.42% 1.57%
20% -0.32% -3.73%
b (AOB) -20% 0.99% 1.15%
20% -1.01% -1.26%
b (NOB) -20% -0.24% -0.43%
20% 0.24% 0.39%
Ko, (AOB) -20% 0.15% 1.07%
20% -0.15% -1.10%
Koz (NOB) -20% -0.24% -2.11%
20% 0.20% 1.24%
Kxyna (AOB) -20% 0.98% 2.47%
20% -0.15% -1.10%
Kyns (NOB) -20% 0.00% -0.02%
20% 0.01% 0.02%
Kyoz2 (AOB) -20% 0.00% 0.00%
20% 0.00% 0.00%
Kxo2 (NOB) -20% -0.33% -1.02%
20% 0.29% 0.76%
Kyos (AOB) -20% -0.01% -0.01%
20% 0.01% 0.01%
Kxos (NOB) -20% 0.01% 0.00%
20% -0.01% -0.01%

Since the pp, for AOB had a much larger impact on the fluxes than any of the
other biokinetic parameters, we investigated how a 20% positive or negative change
would change the trends that the model found. We compared the removal fluxes across
different bulk ammonium concentrations (Figure S4a) and biofilm thicknesses (Figure
S4b).
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Figure S4. Effect of a positive or negative 20% change in i, for AOB on ammonium removal fluxes
across different (a) bulk ammonium concentrations and (b) biofilm thicknesses.

As can be seen in Figure S4, the removal fluxes were very similar for a higher or lower
Umax for AOB and the trends were the same. Therefore, even if the values used in this
model were not exact, the trends and findings would still be valid.

A similar analysis was done with nitritation percentages, as shown in Table S3.



Table S3. The effect of changes in different biokinetic parameters on the nitritation percentages.

Parameter % % change in % change in
change nitritation nitritation
percentage at  percentage at
5 mg/L 15 mg/L

Umax (AOB) -20% -0.27% -14.81%
20% 0.23% 9.66%
Umax (NOB) -20% 12.81% 26.59%
20% -9.39% -19.22%
b (AOB) -20% 0.38% 3.92%
20% -0.27% -4.01%
b (NOB) -20% -7.67% -2.92%
20% 7.60% 2.95%
Ko, (AOB) -20% 0.54% 1.10%
20% -0.60% -1.28%
Ko, (NOB) -20% -4.98% -10.84%
20% 4.31% 10.07%
Kxns (AOB) -20% 0.02% 7.64%
20% 0.11% -6.73%
Kyus (NOB) -20% -0.23% -0.13%
20% 0.23% 0.13%
Kxoz2 (AOB) -20% 0.00% 0.00%
20% 0.00% 0.00%
Kyo2 (NOB) -20% -10.04% -9.48%
20% 8.99% 8.17%
Kyos (AOB) -20% -0.04% 0.00%
20% 0.04% 0.01%
Kynos (NOB) -20% 0.23% 0.03%
20% -0.23% -0.03%

The nitritation percentages were more sensitive to variations in the biokinetic
parameters than the nitrification fluxes. To ensure that the trends would be maintained
with different biokinetic parameters, the effect of varying the p ., for NOB (Figure S5)
and the Ko, for NOB (Figure S6) was examined.
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Figure S5. Effect of a positive or negative 20% change in p,,x for NOB on nitritation percentage across
different (a) bulk ammonium concentrations and (b) biofilm thicknesses.

Though the p,.x for NOB resulted in the largest differences in nitritation percentages, a

20% positive or negative change did not change any of the trends. A similar procedure
was done for the Kq, for NOB.
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Figure S6. Effect of a positive or negative 20% change in Ko, for NOB on nitritation percentage across
different (a) bulk ammonium concentrations and (b) biofilm thicknesses.

As seen in Figure S6, variations in Kp; do not change the trends of the nitritation
percentages found in these studies. Even if the parameters chosen for this study had
been different, the trends and general conclusions drawn about the nitrification fluxes
and nitritation percentages would remain the same.
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