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Granular Strength Measurement Protocol
Sample preparation
Take a mixed sample of granular sludge
Let the sludge settle and decant the supernatant
Wash and filter the granules on a 1600 µm sieve
Dry the granules on the sieve by adding paper to the bottom of the sieve, and refreshing this piece until no more water gets soaked up
Granule weighing
Tare the balance with an empty cup
Add granules to this cup, and note down their mass (‘WWreactor’)
Weigh 2 empty 50 mL Falcon tubes for X0 samples (‘Empty’)
NB: Make sure to remove the gas that new tubes initially contain, by blowing compressed air into the tubes
Add granules to the 2 X0 tubes, and note down their mass (‘Sample’)
Weigh 4 empty 50 mL Falcon tubes for XF samples (‘Empty’)
Starting the operation
Transfer the WWreactor granules to a 250 mL glass measuring cylinder
Add tap water up to a total volume of 250 mL
NB: When working with different salinity, this water should contain the correct salt concentrations
Pour this mixture into the reactor
Add another 250 mL of the same liquid to the reactor
Stir for 60 minutes at 800 rpm
Processing after strength test
Weigh an empty bucket (‘Empty bucket’)
Flush the reactor contents through a 200 µm sieve into this bucket
Let the fine particles in the permeate settle, and use the supernatant twice to remove remaining granules from the reactor, and to wash the biomass on the sieve
Weigh the bucket with the permeate and fines (‘Bucket + permeate’)Transfer 50 mL of this liquid into each empty XF tube, and note down their mass (‘Sample’)
Centrifuge these tubes for 10 minutes at 4200 rpm (4 °C)
Decant the supernatant
NB: When working with high salinity, wash the pellet twice with distilled water 
Dry the samples by either freeze drying, or by drying at 60 °C for at least 24 hours until completely dry
NB: Dry some empty reference tubes, to compensate for mass loss of the tubes themselves
Note down the mass of all dried samples (‘Dry’)
TSS measurement
	
	Empty (g)
	Sample (g)
	Dry (g)

	X0-a
	
	
	

	X0-b
	
	
	

	XF-a
	
	
	

	XF-b
	
	
	

	XF-c
	
	
	

	XF-d
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	mpermeate (g) = (Bucket + permeate) – (Empty bucket)


Calculation of abrasion rate coefficient (K)
The equation for the abrasion rate coefficient (K, in s-1) is as indicated in equation A1.
	
	(A1)


X0 is the initial biomass concentration (mg TSS g-1), XF is the concentration of abraded particles after the strength characterization test (mg TSS g-1). t is the duration of the strength test (should be 3600 s). Values for X0 and XF can be calculated as indicated in equations A2 and A3, respectively.
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Values for ‘dry’, ‘empty’, and ‘sample’ (g) are their respective masses that were weighed before and after the strength test. WWreactor (g) is equal to the mass of wet weight granules that were used in the strength characterization test. mpermeate (g) is the mass of the liquid that was sieved through the 200 µm sieve after the 60 minutes of agitation. mreactor (g) is the mass of liquid in the reactor during the strength test (taking into account the liquid density). The value of 1000 mg g-1 gives an easier order of magnitude for calculations.


