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Solar Disinfection of Drinking Water: Saving Lives with Sunlight

Lemme Olangadi is eight years old and lives in the Maasailand Region of the Kenyan

Rift Valley. Three times each week she helps her mother carry empty water containers from

her bomah - a small collection of mud-huts surrounded by a protective fence of thorn bushes,

where she and her extended Maasai family live - to the nearest water source which is a 6 km

journey away, on foot. On arrival at the small surface-water pond upon which the local

community relies, they wait until a herd of cattle has finished drinking. When their turn

comes, Lemme collects turbid water that is heavily contaminated with microbiological

pathogens while her mother washes clothes at the opposite end of the same pond. Afterwards

it takes more than 3 hours to carry the full containers, some of which now weigh more than 30

kg, back to the bomah.
[image: image1.emf]
Figure 1: A Maasai girl collects contaminated water from a surface pond. The water is then

placed in bottles in direct sunlight for at least 6 hours to inactivate the microbiological

pathogens it contains.

In many ways, Lemme’s situation is not unique. The World Health Organisation

estimates that in 2003 more than 1.1 billion people around the world did not have reliable

access to safe drinking water. In Sub-Saharan Africa 769,000 children of less than 5 years of

age, died annually from diarrhoeal diseases between 2000 and 2003 (this is nearly twice the

total death-toll of the 2004 Indian Ocean Tsunami). However, in one important respect,

Lemme is special. If we take a close look at Lemme’s bomah we see plastic bottles of water

perched on the top of each mud-hut in full sunshine. For the past 10 years the Maasai

Community in Southern Kenya has been using Solar Disinfection (SODIS) to improve the

quality of their drinking water.

Solar disinfection is not a new technology. Descriptions exist of communities on the

Indian Sub-Continent nearly 2000 years ago who placed their drinking water in open trays to

be “blessed” by the sun. The bactericidal effect of sunlight was first rigorously investigated

by Downes & Blunt in 1877 [1] but it was not until 1984 that Aftim Acra and co-workers in

Beiruit [2] published their seminal work on using sunlight to disinfect contaminated water for

use in oral rehydration therapy. Since then several groups have investigated the full potential

of SODIS to inactivate a wide range of waterborne pathogens.

The modern SODIS protocol for making microbiologically contaminated drinking water

safe, requires that clear transparent containers are filled with contaminated water and placed

in direct sunlight for at least 6 hours. The containers can be made from glass or plastic

(usually polyethylene-terephthalate – P.E.T.) – even plastic bags have been used. Previous

studies have showed that plastic bottles tend to be more robust than glass bottles. Few glass

bottles can survive a fall from the top of a mud hut or a bumpy cross-country journey in the

back of a 4-wheel drive vehicle.
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Figure 2: An information booklet describing the solar disinfection technique

(reproduced by kind permission of EAWAG: see www.SODIS.ch)

The biocidal effect of sunlight is due to both optical and thermal processes and a strong

synergistic effect occurs at temperatures exceeding 45°C. In addition to direct UV killing,

sunlight is absorbed by natural photosensitizers present in the water that then react with

oxygen producing highly reactive oxygen species such as hydrogen peroxide and superoxide

dismutase which exert a disinfecting effect. Solar UV (290-400nm) has been proven to have

mutagenic and lethal effects on DNA. The purine and pyrimidine bases, which absorb at 250-

270nm, are the main targets of UV damage often through the formation of pyrimidine dimers

on bacterial the DNA which halts the cellular fission process and prevents further

proliferation of the organisms. We have been able to reduce faecal contamination levels from

1 million E. coli bacteria per ml to zero in less than 1.5 hours using the comparatively feeble

Irish summer sunlight. SODIS has been shown to be completely effective against many of the

most important waterborne pathogens which are responsible for some of the most devastating

waterborne diseases such as cholera, dysentery, typhoid, salmonella, gastroenteritis,

cryptosporidiosis, giardiasis and polio. A retrospective analysis of an outbreak of cholera

which took place in a region of Kenyan Maasailand where a Health Impact Assessment of

SODIS was taking place showed that children under 5 years of age in households using

SODIS were 7-times less likely to contract cholera than a child of a similar age in a house that

did not use SODIS. This simple intervention has been shown to produce irreparable damage to cellular membranes. Berney et al [3] showed how 6 hour sunlight exposures equivalent to less than half of what might be experienced at sea-level at the equator, is enough to reduce the proton

motive force, efflux pump activity, glucose uptake activity, ATP synthesis, membrane
potential and culturability in E. coli K12. The results strongly suggest that these exposed cells

were no longer able to repair the damage and recover. Cell membrane damage is clearly

visible in the scanning electron micrograph image of Cryptosporidium parvum oocysts which

were exposed to simulated sunlight for 10 hours [4].

[image: image3.emf]
Figure 3: A scanning electron micrograph of oocysts of the protozoa Cryptosporidium

parvum. In each case the scale bar represents 1μm. (a) C. parvum at 40oC at time = 0 h.

(b)C. parvum at 40oC at time = 10 h. (c) C. parvum at 40oC + 870 Wm-2 at time =10 h. (d)

Wide field view of C. parvum at 40oC + 870 Wm-2 at time =10 h

Even when strong sunlight is not reliably available SODIS has been found to be

surprisingly effective. This may be because roughly half of the incident solar UV is received

at ground level as diffuse sunlight which is present even on cloudy days. In addition,

infectivity studies using Salmonella typhimurium and oocysts of C. parvum that we have

carried out have proven that even when the pathogen is not completely killed the surviving

pathogens lose their capacity to induce the associated disease [4, 5].

In January 2005, in the immediate aftermath of the Indian Ocean Tsunami Disaster, the

World Health Organisation approved solar disinfection as an appropriate emergency

intervention against waterborne disease. Emergencies come in a variety of forms. We are

familiar with earthquakes or Tsunamis and it is obvious how SODIS can assist under such

circumstances. However the failure of the a water distribution pumping system or poisoning

of the local well by an animal carcass might not seem to be obvious emergencies but for those

people directly effected, the emergency and its possible ramifications are very real. We do not

see SODIS as the solution to all household water safety problems. A variety of alternate

household water treatment and storage technologies are available such as boiling,

chlorination, ozonation or filtration and may be more appropriate. However, each of the

previous technologies involves a significant financial or man-power investment.

As you read this, solar disinfection is currently in use by more than 2 million people who

rely on it to provide safe drinking water in more than 20 developing countries. Most of the

microbiological questions have been answered. We know that it is effective against the

majority of waterborne biological pathogens. However, many questions remain unanswered,

particularly in the area of Photochemistry, such as:
• What roles do natural photocatalysts play in SODIS?

• Can safe photocatalysts be identified and used to speed up or enhance the

disinfection process in a Pro-Poor, cost efficient way?

• How long can plastic bottles be used before photodegradation of the container

material renders them inefficient or even hazardous?

• Which photoproducts are produced during the photodegradation of PET?

• If so, what are their toxicities?

Over the years in the course of my research I have collected faeces from Maasai children,

run from poisonous snakes, been attacked by Africanised (killer) bees, been bitten by

bedbugs, been stalked by lions and have had my experiments stolen at spear-point. At the

same time I have had the opportunity to share the hospitality of some of the kindest and

welcoming people on the planet such as Lemme and her family. As someone who started his

career in semiconductor physics I find it hugely satisfying to be involved in a project whose

success is measured by a reduction in infant mortality rate. I would challenge photochemists

everywhere, especially early stage researchers to consider a career in this fascinating and

rewarding field of research.
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