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Solute Buildup and Concentrating Effect
Solute buildup (SBU) (g m? h'!) is used to quantify the solute concentration due to

accumulation cause by RSF and can be calculated using Eq. (S1)
A XAt (S1)

SBU =

where n; rand ngrrepresent the DS in the feed solution’s initial and final mole, respectively, MW
is the molecular weight of the solute, 4 is the effective surface area of the FO membrane, and At
is the operation time.!

The concentrating effect (CE) quantitatively describes the effect of water recovery on the

solute concentration, if already present, in the feed solution (Eq. (S2)):

|4 a X Cip

recovere

CE =

A X At (S2)

Note that CE (g m? h!) utilizes the amount of recovered water - V,ecorered (L) and the initial
concentration of the feed solution - C; (g L) to find the rate of concentration of the solute in the
feed solution relative to the water recovered in the draw solution. This is different from the change
of the absolute amount of solute in the feed solution after the membrane treatment duration. These
two variables can be used to determine the movement of solute (J;) across the membrane by
subtracting the SBU from the CE, unless DI water is used as the feed solution resulting in J; =

SBU.2
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Additional Information on Mass Balances

Physical Separation Case Study

In order to showcase the use of the two proposed parameters- solute removal/recovery rate (SRR)
and removal/recovery ratio (ReR), a mass balance was completed on the osmotic membrane
bioreactor (OMBR) of a previous study.? The data used to generate Figure 3A was both

calculated and provided (Table S1).

Table S1. Mass balance variable used for physical separation case study

Mass Balance Variable* Value
Average Water Flux 3.5 LMH
Average Reverse Salt Flux 0.03 gm=2h-!
Salinity Accumulation 0.58 gday!
Mg?* Removal 4.06 mg L-!

* Variables are either directly reported or calculated based on the data in the study

The salinity accumulation in the OMBR was determined as described by Eq. S3.

Accumulation
_(TDSf—TDSi) * V_(ECf*a—ECi*a)*V

At At

(Eq. S3)

Where EC; and EC; represent the final and initial electrical conductivity (mS cm!), respectively;
At (days) represents the operation time; a is the conversion factor between conductivity and TDS;
TDSyand TDS;represent the final and initial TDS (g L!) concentration; ¥ is the bioreactor’s feed

solution volume. MF flux used in the SRR calculation was estimated using a study that
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investigated MF flux rates compared to FO flux.* The draw solution concentration was

considered in this assumption as well.

Chemical Precipitation Case Study

For the chemical precipitation case study, the information was both calculated and provided to

generate Figure 4A (Table S2). The mass balance was based off a previous FO study.’

Table 2S. Mass balance variable used for chemical separation case study

Mass Balance Variable* Value
Draw Solution Molarity (MgCl,) 0.5M
Average Water Flux 2.32 L m?2h'!
Average Reverse Salt Flux 1.55 gm?2h!
Struvite Precipitation 0.39 g m2h!

* Variables are either directly reported or calculated based on the data in the study

This case study presented many of the details necessary to compare to other DS precipitation
studies. The RSF was converted to more widely used units (g m2h!) to determine the other
parameters. In the paper, the authors reported that ~25% of the DS precipitated as struvite. The
struvite composition was determined using scanning electron microscopy-energy dispersive
spectroscopy. In addition to struvite, it was reported that a portion of the Mg?* precipitated as
Mg(OH),. With struvite being the precipitate of interest, the SRR would be calculated using Eq.

S4.
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CMg,struvite * ered

Ax At (Eq. S4)

SRR =

Where Ciyg siruviee (M) 1s the concentration of magnesium precipitated as struvite, Vieq is the
volume of the concentrated feed solution. However, not enough information was provided to
make this distinction and resulted in a slightly higher ReR. Based on information provided by the
authors, the amount of reversed fluxed Mg?" that precipitated as struvite was assumed to be the
ReR (0.25 or 25%). The assumed ReR did not include Mg?* that was naturally present in the
digested swine wastewater (feed). Moreover, removal techniques rely heavily on a precipitate
being formed over the chemical purity. This caused us to consider calculating the SRR for this

case study by manipulating the ReR parameter (Eq. S5).

In the event that more information is provided, the ReR can be denoted if a particular precipitate
is desired. This would suggest that future research could present ReR that determine how much
of the reverse fluxed DS precipitated as one compound compared to another. For example,
distinction between Mg(OH), and struvite could help determine what operation conditions exist
when comparing removal efficacies between different studies that use MgCl, as a DS. This same

concept would apply to other DS and precipitates, as well.
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