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Sustainable Human Waste Treatment: Disinfection & Recycling



Disinfection Achieved within 2‐3 Hours

Fecal Coliform Counts vs. Time

Total Coliforms vs. Time
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E.coli Log/100ml Clostridium Log/100ml
Date S1 S2 S3 Log Red Date

Wed, 20/6/2018
8:00 S1 S2 S3 Log Red

Wed, 20/6/2018
8:00 4.43 6.29 0.82 5.47

10:00 10:00 4.82 6.41 0.73 5.68

Thu, 21/6/2018

8:00 5.07 7.37 0 7.37

Thu, 21/6/2018

8:00
10:00 5.1 7.72 0.22 7.5 10:00
12:00 5.3 7.68 0.22 7.46 12:00
14:00 5.41 7.74 0 7.74 14:00

Fri, 22/6/2018
8:00

Fri, 22/6/2018
8:00 4.07 6.54 0.22 6.32

10:00 10:00 4.61 6.54 0.7 5.84

Mon, 25/6/2018

8:00 5.03 7.51 0 7.51

Mon, 25/6/2018

8:00
10:00 10:00 4.02 6.64 0 6.64
12:00 5.26 7.34 0 7.34 12:00
14:00 14:00 4.07 6.57 0 6.57

Tue, 26/6/2018

8:00 5.13 7.47 0 7.47

Tue, 26/6/2018

8:00
10:00 10:00 4.08 6.54 0 6.54
12:00 5.33 7.38 0 7.38 12:00
14:00 14:00 4.37 6.56 0 6.56

Wed, 27/6/2018

8:00 5.2 7.54 0.3 7.24

Wed, 27/6/2018

8:00
10:00 10:00 4.2 6.63 0 6.63
12:00 5.43 7.73 0.37 7.36 12:00
14:00 14:00 4.48 6.55 0 6.55

Human Health Parameters (Protozoa, Clostridium)  
Spiked Samples Introduced into the EC Reactors  

Banana City, Durban, South Africa







Loop Mediated Isothermal Amplification (LAMP)

PCR vs. LAMP
LAMP assays are much faster

PCR LAMP

Enzyme Taq DNA  
Polymerases

Bst DNA Polymerase

Primers 2 4‐6

Temperature temperature cycling Isothermal (60‐65 oC)

Time >2 hour <1 hour

Yield ~ 0.2 µg/reaction 10‐20 µg/reaction

Detection Fluorescence Fluorescence,  
turbidity

Inhibition Sensitive to  
inhibitors

High tolerance

Multiplex Yes Difficult

LAMP

Notomi et al, Nucleic Acids Res. 2000; 28(12): e63.





In-Gel LAMP or (gLAMP)

Gelation

Amplification

Detection

65 oC

RT

RT

Viruses are  
immobilized in  
polymer networks
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LED Array

20×10×5 cm

Portable & Field‐Ready gLAMP  
Microbial Quantification System  

Total Cost = $500
C





Asymmetric Membrane for Digital Detection of Single  
Bacteria in Milliliters of Complex Water Samples



Extracted DNA Amplification

Salmonella Typhi Enterococcus faecalis





Digital Loop-Mediated Isothermal Amplification  
on a Commercial Membrane








