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Abstract	

	

Stefano	Amalfitano	

A	differenza	di	ogni	altro	sistema	acqua4co	terrestre,	l'esplorazione	dello	spazio	richiede	lo	sviluppo	di	metodi	indipenden4	dalla	col4vazione	

per	il	monitoraggio	della	qualità	delle	acque,	sopra;u;o	sui	veicoli	spaziali	per	viaggi	di	lunga	durata.	Nell'ambito	del	proge;o	H2020	Biowyse,	

la	citometria	a	flusso	è	stata	selezionata	tra	le	tecnologie	più	prome;en4	per	la	valutazione	in	tempo	reale	della	carica	microbica	totale	nelle	

acque	 spaziali.	 L'analisi	 di	 acque	 a	 diverso	 livello	 di	 contaminazione	 ha	 consen4to	 di	 iden4ficare	 delle	 nuove	 soglie	 di	 qualità	 basate	 su	

parametri	alterna4vi	al	conteggio	delle	unità	forman4	colonia	(CFU)	su	piastre	di	col4vazione.	Questo	nuovo	approccio	sarà	di	fondamentale	

importanza	per	migliorare	la	reaQvità	dell'equipaggio	in	caso	di	imprevista	contaminazione	microbiologica.	

	



Heterotrophic	plate	counts	
20-500	CFU/ml	

Escherichia	coli	(fecal	coliforms)	
0-1	CFU/ml	

Courtesy:	T.	Egli	

R.	Koch	



Courtesy:	NASA	





Biocontamina4on	Integrated	Control	of	Wet	Systems	for	Space	Explora4on	

h;p://www.biowyse.eu/		



Study	aims	
•	 to	 cross-validate	 reliable	 measurement	 methods	 to	 assess	 microbial	
contamina4on	and	cell	densi4es	in	waters	with	different	quality	
•	to	provide	insights	on	microbial	community	composi4on	in	space	waters	

Methods	
Water	samples	with	different	levels	of	biological	contamina4on	included:	
7	drinking	waters	(potable	tap	waters)	
7	groundwaters	from	wells	and	piezometers	
7	treated	waters	(drinking	water	treatment	plant	effluents	before	disinfec4on)		
7	surface	waters	from	streams	and	rivers	(natural	and	engineered	sources)		
7	secondary	effluents	of	wastewater	treatment	plants	
2	drinking	space	waters	aaer	5-years	exposure	to	microgravity	
	
•	ATP-metry	(total	cell	content)	
•	Heterotrophic	Plate	Counts	-	HPC	(AWWA	and	EPA	standard	methods)	
•	Flow	cytometry	-	FCM	(Sybr	Green	I	and	Live/Dead	double	staining)	
•	Total	cell	count	-	EFM	(DAPI	staining	and	epifluorescence	microscopy)		
•	qPCR	(16S	rDNA	primer	sets)	
•	NGS	(16S	rDNA	Illumina	profiling)	



Ø  Flow	cytometry	
•  Mul4parametric	technology	to	count	and	measures	the	op4cal	proper4es	of	individual	par4cles	in	a	flow	stream	
•  The	analysis	of	several	thousands	of	cells	in	a	few	seconds	(up	to	100.000	par4cles/s)	is	more	accurate,	sta4s4cally	significant,	

and	independent	from	the	operator.		

Portable	systems	
(Apogee	A50-micro)	

Basic	principles	and	system	internal	funcLoning		

QuanLtaLve	assessment	of	water	
microbiological	contaminaLon	Spaceflight-compaLble	

applicaLons	by	FCM	
	
Crucian	&	Sams,	2005	
Balestrieri	et	al.,	2010	
Cohen	et	al.,	2011	
Dubeau-Laramee	et	al.,	2014	



Results	 HPC (YEA, 3d)
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Results	
Model Parameter Warning 

threshold 
Alarm 
Threshold 

FDM HPC-YEA3d (CFU/ml) 41 100 
FDM HPC-YEA7d (CFU/ml) 126 195 
FDM HPC-R2A7d (CFU/ml) 684 4898 
LRM HPC vs ATP 557 1604 
LRM HPC vs qPCR 381 4980 
LRM HPC vs FCM 428 4145 
 Reference values (mean ±sd) 512 ±137 3907 ±1580 
FDM ATP (pg/ml) 2.7 10.2 
LRM ATP vs HPC 3.3 26.1 
LRM ATP vs qPCR 1.7 37.9 
LRM ATP vs FCM 2.0 22.2 
 Reference values (mean ±sd) 2.4 ±0.7 24.1 ±11.5 
FDM 16S rDNA (104 copies/ml) 3.2 44.4 
LRM 16S vs HPC 5.5 29.4 
LRM 16S vs ATP 4.7 13.2 
LRM 16S vs FCM 3.6 29.9 
 Reference values (mean ±sd) 4.2 ±1.0 29.2 ±12.8 
FDM ICC (105 cells/ml) 1.0 4.2 
LRM ICC vs HPC 1.3 3.6 
LRM ICC vs ATP 1.2 2.1 
LRM ICC vs qPCR 1.0 4.1 
 Reference values (mean ±sd) 1.1 ±0.2 3.5 ±1.0 
 1 






