
Effective Household Water Treatment 
Systems for People Living with HIV/AIDS 

Tom Mahin  CAWST & MIT
Presented at 2009 CAWST Learning Exchange 



From Partners in Health 2008 Manual



Household Chlorination in 
Developing Countries

CDC



HOUSEHOLD WATER 
TREATMENT AND SAFE :

STORAGE OPTIONS IN 
DEVELOPING COUNTRIES:

A REVIEW OF CURRENT 
IMPLEMENTATION PRACTICES:

By Daniele S. Lantagne, Robert 
Quick, and Eric D. Mintz



Impact of SWS

In November 2002, the Global AIDS 
Program (GAP), the CDC, and the Uganda 
Viral Research Institute and AIDS Support 
Organization completed an 18-month study 
documenting that use of the safe water 
system reduced the risk of diarrhea by 25 
percent and that the total number of days ill 
from diarrhea decreased by 33 percent 
among PLWHA.

Lule J.R. et al. Effect of Home-Base Water Chlorination and Safe Storage on Diarrhea among Persons with 
Human Immunodeficiency Virus in Uganda. American Journal of Tropical Medicine, 2005;73(5):926-933
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From: “Microbiological Safety of Water” by Suresh Pillai Texas A & M



Chlorine & Giardia
Importance of Temperature



Number of Minutes Required to Inactivate 99% of 
Microsporidia with 1 mg/L of Chlorine (@ 5o C) 

pH - 7 pH - 8

John, D. E., Haas, C. N., Nwachukuc, N., Gerba, C. P. (2005) Chlorine and ozone 
disinfection of Encephalitozoon intestinalis spores Water Research 39, pp. 2369–2375



Microsporidia Inactivation by Chlorine 
(continued) 

Minutes needed for 99% Inactivation 
with 1 mg/L Chlorine

John, D. E., Haas, C. N., Nwachukuc, N., Gerba, C. P. (2005) Chlorine and ozone 
disinfection of Encephalitozoon intestinalis spores Water Research 39, pp. 2369–2375

“E. intestinalis (Microsporidia) is much less resistant to chlorine than 
Cryptosporidium, which has been found to be essentially unaffected by 
water treatment chlorination practices”. 



Population Services International

PSI is working with HIV/AIDS programs            
in Ethiopia, Nigeria, Uganda, Kenya, 
Rwanda, Zambia, and Malawi to implement 
HIV-related safe water programs and/or                       
to include the product                                          
in basic care                                           
packages                                                        
for PLWHA.



Case Study - Mozambique

• “Mozambique launched a safe water 
campaign targeted to PLWHA after the 
general launch of the safe water solution. 
This approach had the dual benefit of 
averting an association between the 
product and HIV/AIDS while building on 
the existing branded marketing campaign 
when developing marketing strategies for 
PLWHA.”



Kenya Case Study

• In Kenya, women in rural areas with high HIV 
prevalence rates market the PSI chlorine product to 
their villages. 

• The women purchase the product at the wholesale 
rate and sell it in their communities at the retail rate 
providing much-needed income and an incentive to 
continue promoting the product and good hygiene. 

• The project depends on the availability of the 
product from wholesalers and from a community 
store, located nearer to their villages and supported 
by Rotary International, which provides the product 
at cost to the entrepreneurs.



Côte d’Ivoire Case Study

• PSI distributes kits to improve the quality of life of 
PLWHA. Each kit includes among other things 18 
sachets of ORASEL oral rehydration salts and 365 
Aquatabschlorine purification tablets, a jerry can and 
an informational pamphlet. 

• Since one tablet purifies 20 liters, the kit includes a 20-
liter jerry can with a cap, which protects treated water.

• Since the start of the program in 2007, PSI has 
distributed more than 5,000 kits to PLWHA across the 
country.



Chlorine HWT Introduction Timing to Avoid 
HIV/AIDS Stigmatization Issues

“Experience in several PSI countries has 
shown that the safe water solution can be 
successfully integrated into HIV/AIDS 
programming without stigmatization, 
provided that promotion of the product to the 
general population occurs before initiation of 
a safe water campaign associated with 
HIV/AIDS programming.”



Case Study - Nigeria
“In Nigeria, PSI, the CDC, and Hope Worldwide 
(an NGO) distributed WaterGuard to mothers 
enrolled in a prevention of mother-to-child 
transmission (PMTCT) program. The project 
documented diarrheal disease  reduction, and 
project partners are working to expand access to 
WaterGuard among PLWHA.”



PSI Chlorine Tablet Programs



Rwanda Case Study

• Sûr’Eau (“safe water”), a chlorine-based product, 
has been available in Rwanda since 2002. In the 
following years, there were reportedly availability 
issues and irregular distribution of the product, 
and overall use of Sûr’Eau was very low, 
particularly in rural areas. 

• In 2007, PSI revived the social                            
marketing of Sûr’Eau through                                     
the Point of Use and Zinc                                       
Project (POUZN),selling it                                      
through health centers                                          
and commercial outlets                                          
throughout the country. 





Adapted from: Chankova et al. Innovative Distributio n of Point-of- use Water Treatment:                                
A Pilot Project in Rwanda, Abt Associates 



Adapted from: Chankova et al. Innovative Distribution of Point-of- use Water Treatment:                                

A Pilot Project in Rwanda, Abt Associates



Adapted from: Chankova et al. Innovative Distribution of Point-of- use Water Treatment:                                
A Pilot Project in Rwanda, Abt Associates 
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UV Disinfection Effectiveness

Microbe
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Hijnen et al. (2006)
Inactivation credit of UV 
radiation for viruses, 
bacteria and
protozoan (oo)cysts in 
water: A review, Water 
Research 40 3 – 22



Particulates can shield pathogens from disinfection, 
however it can make it easier to filter larger particles/floc





Removal of MS2 Bacteriophage, Cryptosporidium, Giardia, and Turbidity by                                               
Pilot-Scale Multistage Slow Sand Filtration – Univer sity of Waterloo 2007

Rainfall & Turbidity 



Chemical Quality- Used and New Bottles

From: “Migration of organic 
components from polyethylene 

terephthalate (PET) bottles to water”
Report 429670 Swiss Federal 

Laboratories for Materials Testing 
and Research June 20, 2003



Chemical Quality of Water SODIS

From: “Migration of organic components from polyethylene terephthalate (PET) bottles to water”
Report 429670 Swiss Federal Laboratories for Materials Testing and Research June 20, 2003



Chemical Leaching Testing - SODIS



SODIS Users Worldwide



Recent SODIS Microbial Research

SODIS exposure times required for complete inactivation (at 
least 4-log-unit reduction and below the limit of detection, 17 
CFU/ml) under conditions of strong natural sunlight was as 
follows: 

• Camplobacter 20 min; 
• enteropathogenic E. coli (EPEC), 90 min; 

. 

Boyle et al.  Bactericidal Effect of Solar Water Disinfection und er Real Sunlight Conditions 
Applied and Environmental Microbiology, May 2008



E. Coli Inactivation by SODIS  

McGuigan et al. (2006) Batch solar disinfection inactivates oocysts of 
Cryptosporidium parvum and cysts of Giardia muris in drinking water

Journal of Applied Microbiology



Inactivation of 
Cryptosporidium

oocysts by 
SODIS vs. Time 

(hours)

McGuigan et al. (2006) Batch solar 
disinfection inactivates oocysts of
Cryptosporidium parvum and cysts 
of Giardia muris in drinking water
Journal of Applied Microbiology

Without SODIS

With SODIS



Average SODIS Profile 

25

30

35

40

45

50

55

8:00 AM 9:00 AM 10:00 AM 11:00 AM 12:00 PM 1:00 PM 2:00 P M 3:00 PM 4:00 PM 5:00 PM

Time [hours]

T
em

p
er

at
u

re
 [

D
eg

re
es

 C
]

0

100

200

300

400

500

600

700

800

900

1000

S
u

n
lig

h
t 

In
te

n
si

ty
 [

W
/m

2 ]

Average SODIS Temperature 

Synergistic Temperature Threshold

Sunlight Intensity

Sunlight Disinfection Threshold

Sunlight and Temperature Profiles 
Observed in Haiti, January 2001

By Susan Murcott, MIT



SODIS Inactivation of Cryptosporidium



Microsporidia Inactivation by UV

• Microsporidia are susceptible to 
inactivation by UV (SODIS) - Huffmana et al. 
(2002) Low- and medium-pressure UV inactivation of 
microsporidia Encephalitozoon intestinalis, Water 
Research 36 3161–3164



Huffmana et al. Water Research 36 (2002) 3161–3164  Low- and medium-pressure                                                  
UV inactivation of microsporidia Encephalitozoon intestinalis

Inactivation of Microsporidia by UV 



Focculation and Chlorination
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Flocculent-disinfectant
• Flocculent-disinfectant treats water at home                 

using techniques used in municipal water treatment. 
The powder is available in single-use sachets and 
facilitates removal of bacteria, viruses, parasites and 
heavy metals.  A 4-gram sachet of powdered PUR 
treats 10 liters of water. 

• After decanting, the treated water looks clearer, and is 
left with free residual chlorine. 

• Reduced the risk of diarrhea by 20-40% in Guatemala 
and Kenya, although effectiveness in individuals with 
HIV has not been evaluated.



Virus and Protozan Removal by PuR



Bacteria Removal by PuR



Uganda Water Source Treated by PuR

Photo by Greg Allgood PuR



From IFRC Manual





Ferric Chloride and 
Cryptosporidium Removal



Alum Dose Is Important for 
Cryptosporidium Oocyst Removal



Increased Turbidity of Raw Water 
Increases Alum Effectiveness



Biosand & Slow Sand Filters
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Cryptosporidium Removal & SSFs
• Cryptosporidium oocyst removals improve as slow sand 

filters became biologically mature, there is  greater 
biofilm coverage and build-up of organics and solids on 
the surface of the SSF and in the pore spaces. This 
should lead to increased oocyst and cyst removals by 
physical removal mechanisms.

• Microbial populations (bacteria, protozoa, etc.) would 
also be higher in mature SSFs, which could improve 
oocyst and cyst removals by biological mechanisms.

• USEPA has determined that slow sand filters should 
provide 3 log (99.9%) removal of Cryptosporidium.



Cryptosporidium Oocyst Predators

Investigation of the Survival of Cryptosporidium in Environmental Waters (2007)                                  
Research Report 47 - Cooperative Research Centre for Water Quality and Treatment





Ceramic/Candle Filters 

From MIT
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Protozoan Oocyst Removal by 
Nicaraugan Ceramic Pot Filters

Modified from van 
Halem et al. 2009) 



Removals (shaded) by Straining Assuming 
1 um Pore Size for a Ceramic Filter

From Van Halem 2006



From MIT



Pathogen Removal by Candle Filters

P. LAURENT MSF-Holland “HOUSEHOLD DRINKING WATER SYSTEMS AND THEIR IMPACT 
ON PEOPLE WITH WEAKENED IMMUNITY” FEBRUARY 2005



Ceramic Candle Filters for PLWHA Kenya

• Pottery filter systems, fabricated at the Eastleigh
Community Centre (ECC), in Nairobi, Kenya, were 
placed with families with HIV/AIDS in the summer of 
2007. The systems are were installed in the 
neighboring slum of Mathare, where residents do not 
have access to piped water.

• The pottery candle filters of the systems are produced 
in the stoneware pottery of the ECC. The systems 
reportedly give 2.0 liters per hour of filtered water and 
these have been approved for the market by the Kenya 
Bureau of Standards.

• The candle systems are identical to systems that have 
been in production in Nepal. 



Ceramic Water Filters 

Improving Household Drinking Water Quality Use of Ceramic Water
Filters in Cambodia by WSP (August, 2007)



Microsporidia Treatment

• Because of their small size (1–5 � m) 
Microsporidia spores may be difficult to remove 
using conventional filtration techniques. Initial 
studies using cell culture suggest that the spores 
are susceptible to disinfection (Wolk et al. 2000).

• Ultraviolet doses used in water disinfection (6–9 
mJ/cm2) achieved high levels of inactivation 
(Huffman et al. 2002)



Lab study of LifeStraw® Family filter found that:
“In laboratory testing through 20,000 L (~110% 
of design life) at moderate turbidity (15 
NTU), the device achieved log10 reduction 
values of 6.9 for E. coli, 4.7 for MS2 coliphage
(proxy for enteric pathogenic viruses), and 3.6                 
(>99.9%) for Cryptosporidium oocysts .”





LifeStraw Family Filter



LifeStraw
Family 
Filter
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Conclusions

• Surface water sources should be avoided if 
possible for PLWHA. Open/unprotected wells 
should be treated for Cryptosporidium especially 
during the rainy season. 

• Multi-barrier approach is recommend for treating 
drinking water for PLWHA.  Effective treatment 
for Cryptosporidium is critical. Chlorine is 
ineffective for Cryptosporidium but is important 
for maintaining  a residual and will inactivate 
Microsporidia.  



Conclusions (continued)

• Biosand filters, ceramic filters, PuR and SODIS 
are all effective at removing or inactivating 
Cryptosporidium.

• The protozoan pathogens Isospora, Toxoplasma, 
and Cyclospora that pose a risk to PLWHA are 
larger in size than Cryptosporidium and as such 
should be as easy or easier to filter out from 
water. The same is true for Giardia though it is 
unclear whether it is a significant risk for PLWHA.  


