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FACTS

• > 2 BIL. PEOPLE LIVE IN WATER-STRESSED COUNTRIES (FECES AND MICROBIAL 

CONTAMINATION)

• 2 L/PERSON DAILY DRINKING / ~3000 L/PERSON PRODUCE DAILY FOOD NEEDS, 

~70% OF WATER WORLDWIDE IS USED FOR IRRIGATION → 20% CULTIVATED LAND

→ 40% FOOD PRODUCED

• GLOBALLY, GROUNDWATER PROVIDES AROUND 50% OF ALL DRINKING WATER AND 

43% OF ALL AGRICULTURAL IRRIGATION

• IN 2019, ANTIBIOTIC-RESISTANT INFECTIONS → DEATHS OF ~5 M PEOPLE

CONTAMINANTS OF EMERGING CONCERN

Sources: WHO, EU commission, FAO, Wise Freshwater, Prangya et. al. 10.1016/j.scitotenv.2020.141990



WHY VIRUSES

2ND LEADING CAUSE OF DEATH IN CHILDREN < 5 YEARS

1.5 MILLION OF CHILDREN

(200.000)



• NANO FILTRATION, SEDIMENTATION WITH FLOCCULATION

• HEAT, CHLORINATION, OZONATION, UV

• IONIZING RADIATION, PHOTOCATALYSIS

• PLASMA, CAVITATION

VIRUS REMOVAL

SOURCE: BLUEWATER LTD.



PLASMA



CAVITATION



• “WILD” PROCESSES (BUBBLE IMPLOSION, FAST JETS, SHEAR FORCES, “HIGH” TEMPERATURE)

ACOUSTIC AND HYDRODYNAMIC CAVITATION

C. E. Brennen, Cavitation and bubble dynamics. 

New York: Oxford University Press, 1995.

Thanh Bui et al. Journal of Science Advanced Materials and Devices 3 (2018)



HYDRODYNAMIC CAVITATION

Zupanc et al., Ultrasonics Sonochemistry 57 (2019), 147-165



HYDRODYNAMIC CAVITATION
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HYDRODYNAMIC CAVITATION

Kosel et al., Water Research 124 (2017) 465-471

Filipič et al., Ultrasonics Sonochemistry 82 (2022), 105898

8.4 LOG10 PFU/ML

2.7 LOG10 PFU/ML



THE COMBINED DEVICE

EU AND US 

PATENT PENDING

EP3981743A1

US2022106206A1



FIRST COMBINED DEVICE ITERATIONS



LATEST VERSION



OPTICAL EMISSION SPECTRUM



EXPERIMENTS

• IMMEDIATE MS2 INACTIVATION BY DIRECT TREATMENT

• CONTROL TREATMENTS

• CYTO AND GENO TOXICITY



VIRUS INACTIVATION OF MS2 BACT.

H2O2 concentration (mg/L)

Treatment time (min)
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Virus inactivation (%)

Treatment time (min)

1 2 3 4 5 10 15

0 71 99.8 99.97 99.9997 100 100 100

60 87 99.9993 100 100 100 100 100



CONTROL TREATMENTS

1. SUPERCAVITATION (NO PLASMA)

2. SUPERCAVITATION W. PLASMA + 

INCUBATION (PAW)

3. H2O2 + INCUBATION (H2O2)



VIRUS INACTIVATION OF MS2 BACT.



CONTROL TREATMENTS

1. SUPERCAVITATION

2. SUPERCAVITATION W. PLASMA + 

INCUBATION (PAW)

3. H2O2 + INCUBATION (H2O2)



OH



IS THE TREATMENT SAFE?

• PAW CYTOTOXICITY: MTS ASSAY AND HUMAN HEPATOCELLULAR 

CARCINOMA CELL LINE (HEPG2)

• 2 HOURS (A)

• 24 HOURS (B)



CONCLUSIONS

• SUCCESSFUL MS2 INACTIVATION FOR 6 LOG IN 5 MIN (0.4 L)

• NO ADVERSE EFFECTS

----------------------------------------------------------------------------------------------------------------------------

• CEC’S (ESTRADIOL, DICLOFENAC, BPA 100%, VALSARTAN, NAPROXEN 60%, 20 MIN.)

• COMBINATION WITH PHOTOCATALYTIC REACTOR (TETRACYCLINE → TOTAL DEGRADATION 10 MIN)

• CURRENTLY

• UPSCALE AT 100 L/MIN

• PFAS DEGRADATION

• RESEARCH ON HUMAN NOROVIRUS AND ITS SURROGATE

• MECHANISMS (SCAVENGERS), BACTERIA, DIFFERENT WATER MATRICES, COMBINATIONS
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