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S 1. [bookmark: _Ref60699150][bookmark: _Ref60338755][bookmark: _Ref41814991]Bioanode enrichment and performance tests
A microbial fuel cell (MFC) was prepared as described in Section 2.1 (Figure 1 (b)) except the cathode was replaced with a Pt-coated titanium mesh. A 10 Ω load was used to complete the circuit by connecting the anode and cathode. The anolyte and catholyte consisted of the same ingredients as described in Section 2.1 except 3.0 g/L NaCl was substituted by 50 mM phosphate buffer (PBS) at pH 7.0 to ensure that the best quality bioanode was enriched. Effluent obtained from a parent MFC operated over a year served as the starting inoculum [17]. The inoculum was then mixed with the anolyte in a 1:1 ratio and purged with 99.999% N2 (BOC) for 10 minutes before injecting the mixture into the anode chamber. Catholyte was recycled at a 2.5 mL/min flow rate through a 1.0 L constantly air-sparged reservoir. The enrichment was performed in duplicate.
The enriched bioanode was subjected to several tests to check its performance under actual treatment conditions. Two parameters were chosen in this study: (i) batch vs. flow-through anode mode (Test Parameter 1) and (ii) with vs. without PBS in the anode (Test Parameter 2) (Table S 1). The first parameter was carried out to find a solution to alleviate the unstable cathode potential caused by anode substrate depletion and mass transport limitation. PBS was removed as the second test parameter. The idea was to study the contribution of PBS to electrolyte conductivity and find an alternative to replace the use of PBS. However, the conductivity of the wastewater would be low without PBS, thus causing low bioanode performance. Cell and electrode potentials, current density and electrolyte pH were monitored during the tests. For the flow-through anode mode, the anolyte was continuously fed into the anodic chamber from a 1.0 L reservoir under a specified flow rate as described in (Table 2). All tests were performed in duplicate at room temperature (22±3°C).
[bookmark: _Ref60699081][bookmark: _Ref516675497]
Table S 1	Test parameters of the bioanode performance on mass transport and conductivity 
	Test
	Parameter 1
(mass transport effect)

	1
	Batch mode anode

	2
	Flow-through anode mode (0.60 mL/min)

	3
	Flow-through anode mode (1.25 mL/min)

	4
	Flow-through anode mode (1.67 mL/min)

	5
	Flow-through anode mode (2.50 mL/min)

	6
	Flow-through anode mode (5.00 mL/min)

	
	

	Test
	Parameter 2
(conductivity effect)

	7
	PBS (50 mM) -based medium

	8
	NaCl (3.0 g/L) -based medium



Bioanodes play a crucial role in powering BES and assisting metal ion reduction at the cathode [5,6]. In laboratory set-ups, the electrolytes used usually contain synthetic phosphate buffer (50mM PBS equivalents to conductivity of 5.5 mS/cm) that maintains electrolyte’s ionic strength and conductivity. In order to develop an applicable technology, realistic electrolytes were tested in the following experiments. 
Figure S1 shows the profiles of current density, cell and electrodes potentials during the development of bioanodes. Bioanodes were initially enriched using phosphate buffered medium. As can be seen, current density increased after day 4 to peak at 0.06 A/m2, indicating the growth of electrochemically active microbes at the anode. The current decreased to nearly zero at day 7, and then increased back instantly after the medium replacement to remain stable at 0.11 A/m2 for a day. At the anode, batch cycle was changed to continuous mode at day 9 with 0.6 mL/min flow rate. In the continuous mode, the current remained stable at 0.11 A/m2 for the next 6 days instead of following the batch cycle. 
When phosphate buffer was removed at day 15, the current dropped significantly to 0.03 A/m2. Monitored potentials showed the increase of anode potential from around -0.20 to +0.15 V indicating the loss of performance of the bioanode. The results also indicated that both anolyte and catholyte pH were maintained between 7.0 and 7.5 (Figure S2) which made the pH changes insignificant under the continuous mode. Therefore, the main issue affected the performance drop was due to the decreases of electrolytes’ conductivity causing overpotentials in the system. Studies have proved that the ionic conductivity in MFCs can be improved using saline electrolytes such as seawater or NaCl [30,47]. Therefore, a saline solution of similar ionic strength (3.0 g/L NaCl equivalents to 5.7 mS/cm) was prepared to replace phosphate buffer as background electrolyte for subsequent Zn removal tests.
	The second test was performed at flow rates between 0.60 and 2.50 mL/min to check the effect of mass transport in the absence of phosphate buffer. The test was started at day 18 when the flow rate was increased from 0.60 to 1.25 mL/min. However, no significant change in cell potential nor current was monitored even at higher the flow rates of 2.50 and 5.00 mL/min; showing that the flow rate did not have a significant effect when the MFC was operated without phosphate buffer. Both anolyte and catholyte pH remained stagnant over the whole test (Figure S2). However, the cell potential decreased and the anode potential increased when the anolyte was switched from batch to continuous mode. There are evidences that batch or fed-batch mode actually lead to better performance than continuous mode and could subsequently increase bioanode performance over time [48,49]. Electrogenic species like Shewanella sp. depend on soluble mediators to perform electron transfer mechanisms between outer membrane cytochromes and electrode. Low hydraulic retention time could cause wash out of the mediators which can in turn reduce electron transfer rate.
[bookmark: _Hlk41814901]	The current density produced from our MFC was lower than some studies reported in the literature. Other studies showed that the current density produced in MFC-based metal removal can reach up to 7.00 A/m2 under specific external loads [12,50]. Recently, Rodenas et. al [19] reported high energy production rate in their copper removal BES system. In the repeated study, they successfully increased microbial fuel cell performance by, at least, 5 times compared with previous study [29]. The improved setup not only had higher electrode surface area but also lower internal resistance which largely contributed to voltage loss. Maximum current density of 23.00 A/m2 with power density of 5.50 W/m2 were achieved with high copper concentration (2.0 g/L) at cathode (Cu/Cu2+ E°' = +0.34 V vs. SHE). In our study, the bioanode was enriched using Pt-coated cathode to reduce oxygen (O2/OH- E°' = +0.40 V vs. SHE) at cathode. The standard reduction potentials of Cu/Cu2+ and O2/OH- are almost similar. However, saturated oxygen concentration in water at 25°C is about 8.0 mg/L which limiting the flow of electrons (electrical current) due to the available reactant in cathode. At the end of the enrichments, the bioanode generated about 2.0-3.0 A/m2 of maximum current density under 10 Ω load as shows in Figure S1. The bioanode was then used for Zn recovery experiments. 
 
[bookmark: _Ref41813194]Figure S1	Profiles of potentials and current density of enriched MFC to be used for Zn recovery.


[bookmark: _Ref529536228]Figure S2	Profile of electrolyte pH relatives to non-PBS (NaCl) medium. 

S 2. Reactants crossover in abiotic cell experiments 
Figure S3 shows the concentration profile of Zn2+ and acetate in anolyte and catholyte separated by an anion exchange membrane. Initially, only Zn2+ (1.9mM) and acetate (12.5mM) was added into the anolyte and catholyte, respectively. A range of current density from 0 to 5.56 A/m2 was applied between anode and cathode. The impact of the current to the substance crossovers was analysed. Based on Figure S3 (a), a very small amount of Zn2+ (< 0.04 mM or 2.1 %) was found in the anolyte sample at the end of each experiments. The trends of Zn2+ concentration showed slight increment over time. Meanwhile, significant acetate crossover (> 2.0 mM or 16 %) was observed in Figure S3 (a). However, there is no noticeable pattern that could related to the effect of the current density or potential gradient to the acetate crossover. It indicated that the concentration gradient was predominated in the acetate crossover while potential gradient in the Zn2+ crossover.  
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[bookmark: _Ref41823763]Figure S3	Abiotic half-cell tests: (a) Zn2+ concentration in anolyte, and (b) acetate concentration in anolyte and catholyte. Note: Anion exchange membrane was used as separator, [Zn2+o]anolyte = 0; [Zn2+o]catholyte = 1.9 mM; [Aco]anolyte = 12.5 mM; [Zn2+o]catholyte = 0.
S 3. 
Line fitting of rate law and rate constant for Zn2+ removal
Figure S4 shows the linear form line fitting of the rate law and rate constanst based on the Table 5. 




[bookmark: _Ref42110017]Figure S4	Line fitting of the Zn2+ removal as (a) zero (abiotic cell test) and (b) its rate constant correlates to current density (c) first (MFC mode) and (d) second order reaction

0.06	0.22	0.56000000000000005	2.2200000000000002	5.56	4.0124852510597407E-2	0.11889131669798539	0.16312743084385795	0.6576662587947385	1.3419406546344448	Fixed current density (A/m2)


Coefficient k (mM/hr)



Batch anode	
0	1	2	3	4	5	6	0.6605053703031688	0.46347874304354642	0.36704108645111028	0.28063296641559698	0.2090588982137285	0.11280095281641847	1.9350166991851912E-2	Flow-through anode	
0	1	2	3	4.5	6	22	0.63708694348618444	0.49673523115386575	0.42848703540379757	0.38391718381214085	0.31887801329979332	0.2506551579526326	Sample A	
0	1	2	3	4.5	6	22	0.36517235728093556	9.8966460881881699E-2	-0.13060897250700229	-0.37222210249588306	-0.75494795584455798	-1.0336782344045188	Sample B	
0	1	2	3	4	5	6	22	0.818080469979799	0.29581209217768656	0.13807299241426821	-0.13874602219575077	-0.46526473497554482	-0.71965479805898747	-1.0670777395528919	Time (hr)


ln [Zn2+]




Batch anode (Control)	
0	1	2	3	4	5	6	22	0.52011294305328093	0.60158834782197967	0.62262140307895075	0.64906592946578645	0.66460920409540758	0.67553814186714267	0.69855999908824629	Sample A (Control)	
0	1	2	3	4.5	6	22	0.66539498137360875	0.88272384808421323	0.99595894711733357	1.0967415998277741	1.2156580351410409	1.3093858110856142	Time (hr)


1/[Zn2+]
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Potential (V)


Current density (A/m2)
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Potential vs. SHE (V)


Electrolyte pH




0.00 A/m2	0	30	60	90	120	180	6.7497705720403799E-3	1.2240746405628633E-2	1.3612725604160296E-2	1.7003670847353932E-2	1.5220250841235853E-2	2.4011930253900277E-2	0.06 A/m2	0	30	60	90	120	180	2.1970021413276232E-2	2.9929642092382996E-2	2.4692566534108291E-2	1.9684918935454269E-2	2.9268889568675436E-2	3.1269501376567761E-2	0.22 A/m2	0	30	60	90	120	180	2.7012847965738759E-2	3.863260936066075E-2	3.2092382991740595E-2	3.3331293973692257E-2	3.5816763536249616E-2	3.6235851942490058E-2	0.56 A/m2	0	30	60	90	120	180	0	4.7170388498011633E-3	6.5952890792291231E-3	9.348424594677272E-3	1.0192719486081371E-2	1.7184154175588866E-2	2.22 A/m2	0	30	60	90	120	180	6.1180789232181097E-4	2.9932701131844606E-3	5.0611807892321815E-3	6.5922300397675132E-3	1.2636892015907007E-2	1.7774548791679414E-2	5.56 A/m2	0	30	60	90	120	180	0	1.2893851330682167E-3	2.3019271948608137E-3	3.7136739063933924E-3	3.6601407158152344E-3	9.3025390027531348E-3	Time (min)


[Zn2+] in anolyte (mM)




0.00 A/m2	
0	30	60	90	120	180	1.5724885286020189	1.479946466809422	1.6817084735393089	1.6999571734475374	1.7744937289691038	1.9493300703579077	0.06 A/m2	
0	30	60	90	120	180	2.1911471397981037	1.5744111349036405	1.7788758029978586	1.2375145304374426	1.9463673906393395	1.853163046803304	0.22 A/m2	
0	30	60	90	120	180	2.0378984398898745	1.8827408993576018	1.9658779443254819	1.9151942490058123	1.849484551850719	1.6174319363719791	0.56 A/m2	
0	30	60	90	120	180	1.9178785561333742	1.893842153563781	1.8441281737534416	1.7493621902722547	1.6183680024472316	1.4568201284796574	2.22 A/m2	
0	30	60	90	120	180	1.9491266442337107	1.6161593759559501	1.3557020495564394	0.96088712144386668	0.58952584888345061	4.7904557968797799E-3	5.56 A/m2	
0	30	60	90	120	180	1.9427714897522179	1.3537855613337413	0.44362649128173759	9.5900887121443869E-3	Time (min)


[Zn2+] in catholyte (mM)
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