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Table S1: EDX analyses presenting the chemical characteristics of particle-free synthetic biofilms, particles-embedded biofilms, and real SWRO foulant.
	Element
	BFs
	Kaolin-embedded BFs
	DE-embedded BFs
	SWRO foulant

	
	
	Mass%
	
	

	C
	42.75
	34.82
	58.39
	23.24

	O
	40.43
	39.27
	29.52
	48.33

	Ca
	3.89
	0.85
	1.14
	0.6

	Al
	3.41
	11.32
	0.78
	4.09

	P
	3.31
	1.10
	1.69
	0.13

	N
	2.54
	0.00
	3.50
	-

	Cu
	1
	-
	-
	-

	Zn
	0.94
	-
	-
	-

	Na
	0.73
	0.51
	0.39
	0.84

	K
	0.32
	0.38
	1.37
	1.04

	Si
	0.21
	10.82
	2.28
	13.18

	Mg
	0.16
	0.12
	0.09
	2.45

	S
	0.12
	0.05
	0.33
	2.01

	Cl
	0.09
	-
	0.29
	0.28

	Fe
	0.05
	0.31
	0.10
	3.47

	Mn
	0.04
	-
	0.14
	-

	Ti
	-
	0.45
	-
	0.32
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Table S2: ICP-OES elemental analyses of particle-free synthetic biofilms, particles-embedded biofilms, and real SWRO foulant.
	Element 
 
	BFs
	Kaolin-embedded BFs
	DE-embedded BFs
	SWRO Foulant

	
	
	mg/g biomass
	
	mg/g foulant

	Al
	0.09
	15.27
	0.15
	43.99

	Ba
	0.08
	0.11
	0.04
	4.40

	Ca
	2.00
	4.88
	1.97
	133.08

	Cd
	0.04
	0.11
	0.00
	2.20

	Co
	0.04
	0.11
	0.00
	2.20

	Cr
	0.06
	0.15
	0.00
	3.30

	Cu
	0.06
	0.42
	0.06
	1.10

	Fe
	0.08
	3.99
	0.16
	24.20

	K
	0.19
	3.90
	1.20
	2.20

	Li
	0.04
	0.11
	-
	1.10

	Mg
	-
	0.61
	0.74
	37.39

	Mn
	0.04
	0.11
	0.00
	2.20

	Ni
	0.04
	0.00
	0.00
	4.40

	Sr
	0.00
	0.00
	0.00
	3.30

	Zn
	0.11
	0.34
	0.00
	4.29
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Table S3: ATR‑FTIR peak assignments used for spectral interpretation
	Functional group
	SWRO biofouling layer
	Particle-free biofilm
	Kaolin-embedded biofilm
	DE-embedded biofilm
	Representative functional significance

	O-H / N-H stretching
	3297
	3300
	3269, 3687*
	3286
	Hydroxyl- and amine-containing compounds, including EPS constituents and other organic foulants

	Aliphatic C-H stretching
	2926
	2964
	2935
	2930
	Aliphatic organic matter, including lipids and EPS-associated compounds

	Amide I (C=O stretching)
	1636
	1636
	1638
	1632
	Proteinaceous material, including EPS proteins and other protein-derived organic matter

	Amide II (N-H bending)
	1578
	1501
	1541
	1546
	Proteinaceous material, including EPS proteins and other nitrogen-containing organic matter

	Amide III
	1242
	1201
	1215
	1244
	Protein-associated functional groups

	C-O / C-O-C stretching
	1236
	1218
	1238
	1226
	Oxygenated organic compounds, including polysaccharides, EPS carbohydrates, and other ether-containing organic compounds

	P-O / PO₂⁻ stretching
	1236
	1215
	1215
	1244
	Phosphorylated organic compounds, including EPS-associated constituents

	Aromatic C=C stretching
	1485
	-
	-
	-
	Aromatic organic matter, including humic-like substances

	Aromatic C-H out-of-plane bending
	832-872
	-
	-
	-
	Aromatic structures associated with complex organic matter

	Si-O stretching
	1078, 986, 977
	-
	1007
	1040
	Silicate mineral phases

	Si-O-Si stretching
	-
	-
	-
	1072**
	Silica-rich mineral phases

	Al-O-Si stretching
	832-872
	-
	907
	-
	Aluminosilicate mineral phases


*	Characteristic hydroxyl vibration in kaolin.
**	Characteristic Si-O-Si vibration in DE.





	(a) Kaolin suspension (Unstained)
	(b) Kaolin suspension (Stained (SYBR+PI))
	(c) Kaolin-embedded biofilms
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	(d) DE suspension (Unstained)
	(e) DE suspension (Stained (SYBR+PI))
	(f) DE-embedded biofilms
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Figure S1: Flow cytometry gating controls used for intact cell count (ICC) determination. Scatter plots of unstained and SYBR Green I/propidium iodide (SYBR+PI)-stained kaolin suspensions ((a) and (b)) and DE suspensions ((d) and (e)), together with representative kaolin-embedded ((c)) and DE-embedded ((f)) biofilm samples. The green polygon denotes the ICC gate applied consistently across all samples. Particle-only suspensions exhibited negligible overlap with the ICC gate (≤0.01% gated events), whereas substantial gated populations were observed in the biofilm samples, indicating minimal contribution of mineral particles to ICC quantification.
Table S4: Rheological properties of representative biofilm and fouling matrices reported in literature using plate rheometry.
	System
	Yield point
	Yield stress 
	Storage modulus
(Frequency Sweep) 
	Reference

	
	(Pa)
	(Pa)
	(Pa)
	

	Particle‑free biofilm
	810
	-
	1165
	This work

	P. fluorescens biofilm
	-
	57
	385
	[1]

	B. subtilis biofilm
	-
	248
	2250
	

	P. aeruginosa biofilm
	-
	100
	655
	

	
	-
	-
	223
	[2]

	
	-
	-
	2000
	[3]

	
	-
	-
	1050
	[4]

	Nutrient-enriched biofilm
	-
	3
	20.75
	[5]

	Kaolin‑embedded biofilm
	1603 
	-
	1502
	This work

	DE‑embedded biofilm
	3192 
	-
	3726
	This work

	River-water biofilm
	-
	203
	70.9
	[5]

	Drinking-water NF biofilm
	-
	-
	3000-3500
	[6]

	NF biofouling layer 
(COD 50 mg/L)
	-
	0.59
	14313
	[7]

	NF biofouling layer + kaolin
(50 mg/L COD + 2 mg/L kaolin)
	-
	32.81
	797
	

	NF biofouling layer 
(COD 250 mg/L)
	-
	266.98
	14050
	

	Seawater MF Pretreatment biofilm
	-
	-
	4153
	[8]

	Seawater UF Pretreatment biofilm
	-
	-
	8358
	

	SWRO foulant
	18952
	-
	16879
	This work




[bookmark: _Toc235397316]Table S5: Nutrient Stock Solution Characteristics
	Parameter
	Concentration in Stock Solution
(mg/L)
	Final Concentration in Annular Reactor
(mg/L)
	Unit

	Carbon from Sodium acetate (C)
	500
	50
	mg C/L

	Nitrogen from Sodium nitrate (N)
	100
	10
	mg N/L

	Phosphorus from sodium phosphate dibasic (P)
	50
	5
	mg P/L

	C:N:P ratio
	100:20:10
	100:20:10
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