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Table S1. Details of the basis of calculation for COD balance in four reactors. 


Biogas Composition Calculations

Assuming: 
Peptone = 100% Protein
Starch = 100% Carbohydrate
Milk Powder = 41.7% Carbohydrate, 29.7% Lipids, 28.6% Protein
Yeast Extract = 46.1% Carbohydrate, 9.0% Lipids, 44.9% Protein

Considering typical chemical formulas (Rittmann and McCarty, 2012)

Carbohydrates:   C6H10O5 					fs = 0.28 	fe=0.72
Proteins:   C16H24O5						fs = 0.08	fe=0.92
Lipids:   C16H32O2						fs = 0.06	fe=0.94
Acetate:   C2H4O2						fs = 0.11	fe=0.89

and using:

CwHxOyNz  +  aO2      bCO2  +  cH2O

The overall synthetic wastewater composition (690 mg/L as COD) is calculated: 

50% Carbohydrate, 19% Protein, 10% Lipids, and 21% Acetate

Based on the generalized stoichiometric equation and assuming fs + fe = 1 (Rittmann and McCarty, 2012, eqn. 13.5):

CwHxOyNz  +  aH2O        bCH4  +  cCO2  +  dC5H7O2N  + eNH4  +  gHCO3-

For each M compound:
				 M CH4		M CO2
Carbohydrates:   		 2.16			2.50			
Proteins:   			 7.60			3.35
Lipids:   			 9.20			1.52
Acetate:   			 0.89			0.93

Therefore 0.815 M of CO2 will be produced for each 1 M of CH4 for this synthetic wastewater. 

Average biogas production from reactors (measured):

			R1 (mL)	R2 (mL)	R3 (mL)	R4 (mL)		
Captured CH4 		2180		2200		2080		2210
Captured CO2		1270		1440		1430		1619



Based on the ideal gas law, total produced CH4 and CO2 could be determined:

			R1		R2		R3 		R4 
CH4			89 (mM)	90 (mM)	85 (mM)	90 (mM)
CO2 			52 (mM)	59 (mM)	59 (mM)	66 (mM)
CO2/CH4		0.58		0.66		0.69		0.74
CH4  			1.42 g		1.44 g 		1.36 g		1.44 g

Theoretical methane production as COD

Maximum theoretical methane production was calculated based on:

CH4  +  2O2      CO2  +  2H2O
(16g) + (64g)   (44g) + (36g)

0.25 g CH4 = 1 g COD
Therefore ideally at STP, 1 g COD = 350 mL CH4. 

			R1		R2		R3 		R4 
CH4			1.42 g		1.44 g 		1.36 g		1.44 g
COD CH4 		5.68 g		5.76 g		5.44 g		5.76 g

COD as Propionate

CH3(CH2)COOH  +  3.5O2      3CO2  +  3H2O
          (74g)           +  (112g)     (132g) +  (54g)

Therefore: 1 g propionate  = 1.51 g COD

COD as propionate (R4) = COD propionate = 0.27 g propionate x 1.51 = 0.40 g COD

R1		R2		R3 		R4 
COD propionate		0 g		0 g		0 g 		0.40 g 

COD as Tetracycline

C22H24N2O8   		MW = 444.4 g/mol 		MW (C) = 264 g/mol

TOC = 0.595 g/g C22H24N2O8

COD / TOC  = 3 (for water and wastewater) 		sorption coefficient = 0.5 (empirical) 

COD as tetracycline (R4) = COD tet = 20 mg/L x 0.595 x 3 x 0.5 x 1 L = 17.8 mg COD 

R1		R2		R3 		R4 
COD tet		0 g		0 g		0 g		0.02 g

COD Converted to biomass

R1		R2		R3 		R4 
Generated biomass =	0.64 g		0.55 g		0.85 g 		0.38 g 

Wasted biomass = 1.17 g total (1.8 g/L average and 0.05 L wasted per cycle (13 cycles)) (R1 – R4)

Average microorganism decay rate ba = 0.01 d-1 (Rittmann and McCarty, 2012)

Total biomass = generated biomass + wasted biomass + decayed biomass

Total biomass (R1)  = 0.64 g + 1.17 g + (0.01 x 1.8 g/L x 1 L (tot. vol.) x 40 d) = 2.53 g  

COD conv. to biomass = 1.42 g COD / g MLVSS (Rittmann and McCarty, 2012)

COD converted to biomass (R1) = COD biomass = 2.53 g x 1.42 = 3.59 g COD  

R1		R2		R3 		R4 
Total biomass		2.53 g 		2.44 g 		2.74 g 		2.27 g
COD biomass 		3.59 g 		3.47 g 		3.89 g 		3.22 g 

COD Remaining in Solution

R1		R2		R3 		R4 
COD remaining 		0.20 g 		0.30 g 		0.23 g 		0.30 g 

Total COD Mass Balance

COD influent = 9.66 g COD (R1 – R4)

Total COD (in) = COD influent + COD tet  

Total COD (out) = COD propionate + COD biomass + COD CH4 + COD remaining

R1		R2		R3 		R4 
Total COD (in)	9.66 g 		9.66 g 		9.66 g 		9.68 g 
Total COD (out)	9.49 g		9.53 g		9.56 g		9.69 g
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Table S2. Sequences of the oligonucleotide primers for qPCR used in this study. 

	Primer
	Target Gene
	Sequence
	Standard curve equation

	Annealing Temp. (°C)
	Amplicon Size (bp)
	Reference

	
	27-F
	16S rRNA
	AGAGTTTGATCCTGGCTCAG
	y = -4.00x + 43.8
R2  = 0.99


	57
	348
	(Frank et al. 2007)

	
	338-R
	
	GCTGCCTCCCGTAGGAGT
	
	
	
	(Amann et al. 1990)

	Ribosomal protection protein genes
	
	
	
	

	
	tetW-F
	tetW
	GAGAGCCTGCTATATGCCAGC
	y = -3.49x + 38.9
R2  = 0.98

	60
	168
	(Aminov et al. 2001)

	
	tetW-R
	
	GGGCGTATCCACAATGTTAAC
	
	
	
	

	
	tetQ-F
	tetQ
	AGAATCTGCTGTTTGCCAGTG
	y = -3.26x + 36.3
R2  = 0.99

	55
	169
	

	
	tetQ-R
	
	CGGAGTGTCAATGATATTGCA
	
	
	
	

	Efflux pump genes
	
	
	
	

	
	tetG-F
	tetG
	GCAGAGCAGGTCGCTGG
	y = -3.42x + 40.0
R2  = 0.997

	60
	134
	(Aminov et al. 2002)

	
	tetG-R
	
	CCYGCAAGAGAAGCCAGAAG
	
	
	
	

	
	tetZ-F
	tetZ
	CCT TCT CGA CCA GGT CGG
	y = -3.83x + 40.09
R2  = 0.99

	60
	210
	

	 
	tetZ-R
	
	ACC CAC AGC GTG TCC GTC
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Table S3. Relative abundance (%) of genera identified as methanogens normalized against the total archaeal community in the anaerobic digesters (R1, R2, R3 and R4: 0, 1 µg/L, 150 µg/L and 20 mg/L of TC-HCl, respectively; R4B21 and R4A21 represents the samples collected from R4 before and after day 21 respectively). An asterisk (*) denotes that average relative abundance was significantly different (p < 0.05) than that of the control R1. For sample clusters R4B21 and R4A21, an asterisk (*) indicates a significant difference in relative abundance for that particular genera when compared to each other. 

	
	R1
	R2
	R3
	R4
	R4B21
	R4A21

	Methanobrevibacter
	0.7
	0.5
	0.9
	0.9
	0.9
	1.0

	Methanobacterium
	14.5
	14.0
	13.6
	13.0
	14.3
	11.2

	Methanosarcina 
	1.1
	0.6
	1.3
	0.9
	0.5*
	1.3*

	Methanothrix
	61.8
	63.9
	62.4
	61.8
	65.1
	57.3

	Methanoculleus
	16.6
	16.3
	15.0
	14.0
	10.9*
	18.0*

	Methanomassiliicoccus
	3.4
	3.1
	4.3
	7.0*
	5.1*
	9.4*
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Figure S1. 
The dynamic of tetracycline hydrochloric acid (TC-
HCl
) 
A
) 
in the liquid phase and 
B
) 
in the solid 
p
hase in R1-R4
 
(0 µg/L, 1 µg/L, 150 µg/L, and 20 mg/L of tetracycline hydrochloric acid, respectively)
.
 
The vertical bars associated with each data point reflect the standard deviation.
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Figure S2.
 Comparison of the COD profiles over time in 
R1-R4
(0 µg/L, 1 µg/L, 150 µg/L, and 20 mg/L of tetracycline hydrochloric acid, respectively)
.
 
The vertical bars associated with each data point reflect the standard deviation.
)












Determination of tetracycline concentrations 

Solid phase extraction of TC-HCl
After centrifugation, the supernatant was filtered through a 0.22 µm cellulose acetate syringe filter and stored in an amber glass bottle, and the pellets were stored in a freezer at -80 ºC. 20 mL of Na2EDTA-McIlvaine buffer, prepared by mixing 19.2 g of citric acid, 17.75 g of Na2HPO4 and 60.5 g of Na2EDTA in 1.625 L of deionized water, was added to the amber glass bottle prior to solid-phase extraction (SPE). 
To determine the TC-HCl in the solid phase, the collected pellets were conducted as follows. Briefly, the centrifuged biomass was lyophilized with a freeze-dryer, and extracted with 20 mL of 1:1 (v/v) of EDTA-SPE (prepared by mixing 12.14 g of NaH2PO4∙H2O, 37.2 g of Na2EDTA∙H2O, and 0.82 mL of H3PO4 in 1 L deionized water) and acetonitrile. The suspension was vortexed for 5 s, ultrasonicated in an ice-water bath for 15 min, and then centrifuged at 3600 g and 4 °C for 20 min. The supernatant was collected in a clean 50 mL centrifuge tube. With 10 mL of the 1:1 (v/v) of EDTA-SPE and acetonitrile, the same lyophilized samples were subjected to an additional two rounds of extraction, and the supernatant obtained from all three rounds of extraction was combined.  The combined supernatant was then directly filtered through a 0.45 µm syringe nylon membrane filter, and diluted with deionized water prior to adding Na2EDTA-McIlvaine buffer in a 3:2 v/v ratio, enabling < 5% of acetonitrile in the total extracted matrix. 

All samples prepared as described above were individually added with 20 µg/L of tetracycline-d6 (VWR, UK) surrogate.  SPE was then performed on a Dionex Autotrace 180 SPE equipment (Thermo Fisher Scientific, Waltham, MA). Briefly, the SPE cartridge (Oasis HLB, 500 mg) was conditioned with methanol, 10 mM trifluoroacetic acid (TFA) and deionized water, consecutively, at a flowrate of 15 mL/min. The sample was then loaded with a flowrate of 1 to 3 mL/min d(Aydin et al. 2015)epending on the sample volume. Once the sample loading was completed, the cartridge was consecutively rinsed with 10 mL methanol/deionized water (5:95 v/v) and 10 mL deionized water. The cartridge was then dried under a gas stream for 60 min, and eluted twice with 5 mL of 0.1% formic acid in methanol at 1 mL/min. The eluted solvent was collected, and evaporated under a nitrogen gas stream to concentrate to a final volume of 0.5 ml, prior to LC-MS/MS analysis for TC-HCl concentration. 
Quantitation of TC-HCl 
The liquid chromatography (LC) was performed on HPLC 1260 Infinity (Agilent Technologies, Santa Clara, CA) fitted with a Luna®-C18(2) column and SecurityGuardTM cartridges (Phenomenex, Torrance, CA). The gradient mobile phase was composed of water (phase A) and methanol (phase B). Both phases were acidified with 0.1% (v/v) of formic acid. The isolated sample was further detected by Tandem Mass Spectrometry QTRAP 5500 (Sciex, Framingham, MA). A series of standard solution (2 to 50 µg/L) for TC-HCl and isotope-TC were prepared. Similar to the sample, all the standard solution for TC and isotope TC were conducted with the SPE before being detected by LC-MS/MS. A calibration curve was then generated by plotting the peak areas against their corresponding amounts of standard solution.  

Microbial community analysis

PCR amplification for Illumina MiSeq sequencing
The DNA from pellets was extracted according to the PowerSoil DNA Isolation kit (Mo Bio, Laboratories, Inc, Carlsbad, USA). 16S rRNA gene was amplified with the primer pair 515F (5′- Illumina overhang- GTGYCAGCMGCCGCGGTAA- 3′) and 907R (5′- Illumina overhang CCCCGYCAATTCMTTTRAGT- 3′). After the PCR amplicons being clean-up with AMpure XP beads (Beckman Coulter, CA, USA), an Index PCR was further performed to barcode the microbial sample via the Nextera XT Index Kit (Illumina Ina, San Diego, CA, USA). With a clean-up of the Indexed PCR amplicons via AMpure XP beads, equimolar amount of the purified DNA sample was pooled together and submitted to KAUST core lab for Illumina MiSeq sequencing. 

RDP Classifier- and OTU-based analysis methods
The sequences without the chimera were analyzed by two methods. Briefly, the first approach involved assigning sequences to a taxonomic hierarchy to the genus level at a 95% confidence interval using the Ribosomal Database Project (RDP) Classifier and adjusting the calculated relative abundances based on 16S rRNA gene copies per cell of the genera identified. The second approach utilized the sorting of sequence files to identify and cluster all identical sequences to create unique operational taxonomic units (OTUs) for each of the sequence clusters at a 97% 16S rRNA gene similarity confidence level. These OTUs were then normalized to the total number of chimera-removed sequences in each sample. OTUs with an average relative abundance of greater than 0.3% were blasted against the NCBI nucleotide database using the BLASTN algorithm to determine identity similarity data of the closest matching bacterial or archaeal species at an E-value < 10-5. 























R1_0 ug/L	1.0506596615887549E-3	9.4449262915631711E-4	6.7872149468463014E-4	4.3278012830510337E-5	1.7447772405231586E-4	1.8523251870660994E-4	1.0506596615887549E-3	9.4449262915631711E-4	6.7872149468463014E-4	4.3278012830510337E-5	1.7447772405231586E-4	1.8523251870660994E-4	3	9	15	21	27	33	39	2.3736428571428572E-3	6.6782857142857139E-3	8.6867857142857163E-3	1.5236666666666664E-3	9.7870952380952423E-3	2.5632857142857146E-3	1.4381047619047621E-3	R2_1 ug/L	6.1922350981050483E-3	1.5960410203924857E-3	1.9973487529263215E-3	7.0032402607407367E-4	1.4451257507131193E-3	6.1922350981050483E-3	1.5960410203924857E-3	1.9973487529263215E-3	7.0032402607407367E-4	1.4451257507131193E-3	3	9	15	21	27	33	39	0.21805000000000002	0.15440000000000001	0.11914999999999998	0.1002390476190476	0.13478999999999999	0.11392523809523809	R3_150 ug/L	2.2190853033025433	2.3782333253909287	0.99451449629119681	2.2190853033025433	2.3782333253909287	0.99451449629119681	3	9	15	21	27	33	39	42.853333333333325	34.954999999999991	25.595333333333322	21.361000000000001	20.728999999999996	21.713999999999999	18.72	R4_20 mg/L	0.12392546483000698	8.2765859507408029E-2	7.6524914243663283E-2	0.12392546483000698	8.2765859507408029E-2	7.6524914243663283E-2	3	9	15	21	27	33	39	4.42	3.68	3.3699999999999997	2.23	1.55	2.11	1.83	 Time (d)
TC-HCl_solid phase content in digesters R1-R3 (ug/L)
Tetracycline_solid phase in digester R4 (mg/L)


R1_0	32.173400000000001	25.1023	87.681200000000004	32.173400000000001	25.1023	87.681200000000004	0	3	6	9	12	15	18	21	24	27	30	33	36	39	201	143.25	186.875	138.75	264.25	239	165.5	161	208.5	R2_1 ug/L	15.2028	6.0103999999999997	35.708900000000007	19.622199999999996	15.2028	6.0103999999999997	35.708900000000007	19.622199999999996	0	3	6	9	12	15	18	21	24	27	30	33	36	39	205	145	165.75	171.75	271.25	265.75	205.25	177.125	305.75	R3_150 ug/L	27.930700000000002	34.294700000000006	47.552900000000001	20.8597	26.516500000000001	32.880499999999998	38.537300000000002	36.239200000000011	33.234000000000002	27.930700000000002	34.294700000000006	47.552900000000001	20.8597	26.516500000000001	32.880499999999998	38.537300000000002	36.239200000000011	33.234000000000002	0	3	6	9	12	15	18	21	24	27	30	33	36	39	199	209	148	188.75	196.25	166.75	213.375	262.25	311.75	280.75	264.75	206.375	240	R4_20 mg/L	26.163	75.306899999999999	68.942899999999995	118.79389999999999	28.284300000000002	38.890900000000002	26.163	75.306899999999999	68.942899999999995	118.79389999999999	28.284300000000002	38.890900000000002	0	3	6	9	12	15	18	21	24	27	30	33	36	39	203	240	333	362.5	657	579	493.75	400.75	466.25	755	550	580	587.5	734	Time (d)
COD in the suspension (mg/L)


R1_0 ug/L	3	9	15	21	27	33	39	0	0	0	0	0	3.488611111111112E-3	0	R2_1 ug/L	1.8800310543408823E-4	1.5357945102707513E-3	1.0246982392302074E-4	2.9083177331641451E-4	3.0670698708364292E-4	1.8800310543408823E-4	1.5357945102707513E-3	1.0246982392302074E-4	2.9083177331641451E-4	3.0670698708364292E-4	3	9	15	21	27	33	39	3.3613333333333342E-2	2.0090000000000004E-2	1.2245444444444442E-2	1.1352055555555558E-2	9.4477777777777772E-3	1.2178500000000002E-2	9.3238333333333385E-3	R3_150 ug/L	0.7062713666384427	0.12924404563976383	0.13500381784724974	7.1848213849290285E-2	0.16092394425110673	0.7062713666384427	0.12924404563976383	0.13500381784724974	7.1848213849290285E-2	0.16092394425110673	3	9	15	21	27	33	39	7.6180333333333321	5.6558333333333337	2.9319333333333333	3.5753166666666667	3.4182333333333328	3.2263999999999995	3.6458166666666667	R4_20 mg/L	6.0000000000000019E-3	8.0000000000000019E-3	3.0000000000000009E-3	2.0000000000000005E-3	2.0000000000000005E-3	6.0000000000000019E-3	8.0000000000000019E-3	3.0000000000000009E-3	2.0000000000000005E-3	2.0000000000000005E-3	3	9	15	21	27	33	39	4.58	1.8900000000000001	1.01	0.94000000000000006	1.06	1.05	0.98	TC-HCl_liquid phase content in digesters R1-R3 (ug/L)
TC-HCl_liquid phase in the digester R4 (mg/L)
 Time (d)


