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Use of improved sanitation in the world
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Pathogens in Untreated Municipal
Wastewater and Excreta (NRC, 7998)

Virus
Adenoviris
Faliovirus
Hepatitis A virtis

Bacteria
Campylobacter jejuni

E. coli 0157-H7
Salmonella

Protozoa

Cryptospondicm parvum
Cyciospora cayetanensis
Entamoeba histolytica

Helminths

Ascaris (roundworm)
Ancylostoma (hookworm)
Clonorchis (liver fluke)

NRC: Nationol Research Council

Disease

20 - 400 nm

Respiratory disease, eye infections
Paralysis, asepfic meningitis
Infectious hepalitis
0.5-5pum

Gastroententis, long term sequelae (e q. arthniis)

Bloody diarrhoea, hemolytic uremic syndrome
Salmonellosis, long tenm sequelae (e.q. arthrtis)

>3 um

Cryptospondiosis, diarthoea, fever
Persistent diarrhoea

Amebiasis (amebic dysentery)

20 - 80 um, eggs
Ascanasis

Hookwarm
Clonorchiasis




Left: Ventilated pit-latrine (VIP), Durban region, South Africa
Center: Compost toilet, http://www.thequirkymomma.com

Right: Flush toilet, Belize City, 1975.



An Integrated Solar Fuels System
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Caltech RTTC Project: Development of a Self-Contained, PV-Powered
Domestic Toilet and Wastewater Treatment System



How?

On-site Wastes Treatment

& Water Reuse
Target Wastewater — Solar Energy Storag_e
- TOllet Wastewater M
- Industrial Wastewater i
- High Salinity Waste Energy Sustainable

/ Cost-effective
/ Green Chemistry

Useful Bx-Products

- Hydrogen - Reuse Water
- Nutrient Fertilizer




Electrochemical Disinfection

H,O(H*) T —

Cathode: 2H* + 2e"— H,
Anode: 2H,0-4e — O, +4H*

SS ] -
(Cathode) 2CI— Cl, + 2e

Bulk Aqueous Phase:
- = i""', Cl,(ag)+H,0 <> HOCI + H*+ CI
L " - T HOCIl <> H*+ OCI~




Ir0,/Ta,0./Sn0,/Bi,0,/TiO, Composite Anodes

AAp1as2-o

Thickness (um)

(TiO,/Bi,0,) 2%(0C, ad, 5@425, H20, 5@425)
Slurry coat _"Bi-t‘-oped TiO, (Ti:Bi = 96:4 by mol%), Tx(slum; OC, ad, 5@250)
Seal coat Sn0,/Bi,0, (Sn:Bi = 90:10 by mol%), 2x(2%(SC), 10min@425)
Precoat IO/ Ta.0- firTa = 67:33 by mol%). 1x(1 hr@525). 5x(10 min@525)

Source: Nanopac Inc.
From Park et al., J. Phys. Chem. A, 2008, 112 (33), pp 7616—-7626



Ir0,/Ta,0./Sn0,/Bi,0,/TiO, Composite Anodes

Distance ~ 2 mm

Anode + <
|
4e ~ 2H,0 H,
=Ti—OH [
T O, + 4H" > 2H*
e +4Ti—*OH- -
H,0 pK, = 7.46
™ HOC| —> H*+CIO > ClO- + H,0
T Cl- + 20H"
e +HTi—"OH 2Ck
_ I‘"‘\_—}Cb > Cl,*
= Ti—*OH L 2ck 0

£ (HCIO,H*/H,0,CI*) = -0.46 V; E (HOCI/CI-,*OH) =

E(CI’ICI)=2.55V; E(CL*/2ClI)=23V;Cl**+ Cl- & Cl,~ K=1.4x10° M-

N

Cathode

J

Y
/29

-0.04 v; E (CIOH*/CI",HO")=1.90 V



Time-lapse Video of Reaction Progress
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Electrochemical Disinfection: Total Coliforms vs.

Fecal Coliform Counts vs. Time

0.01 mL, t=0 min 0.1mLt=30min 0.1 mlL t=60min 0.1 mL, £=100 min

0.1mL t=120 1 mL, £=180 min 1 ml, £t =240 min

i 0.1 mL, t=120 min 1 mL, t=180 min 1 mlL, t =240 min







— @

TN
.
Re_:_g:ﬂon Sedimen}tion Tank ECR-1 ECR-2 Filter

o4 watef




) f

.

Re_:_g:ﬂon Sedimen}tion Tank ECR-1 ECR-2 Filter
Y

 Y=10 wate

(&)




>
Toilet+City
wastewater
35V

@ 32 A/m?,
30 mM NaCl

COD (x 10 mg 0°/L)

Turbidity (NTU)/Total chlorine (mM Cl,)
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D nira aAalnhAa RmratAatvsinAac
> pre-alpna prototypes
e Caltech campus (2012)

— 30 ft. long with bathroom included, 1 reactor
— Separate urine path for Microbial Fuel Cell tests

e Ahmedabad Municipal Park (Caltech-ERAM)

— 10 ft. cubic container (treatment system only)
— Screening pit between eToilet and Caltech unit

e Mahatma Gandhi University (Caltech-Kohler)
— 20 ft. long with bathroom included, 1 reactor
— Hydrogen combined with biogas possible studies



Prototype on Caltech campus

3D rendering: A. Aryanfar



TWO PROTOTYPES IN INDIA

Ahmedabad Municipal Park
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Helminth Egg Detector & Counters

Photodiode

LED light source

Data
analysis

Voltage

Threshold

Helminth egg Helminth egg

Helminth egg
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