
17.6   Kenya Development Project: International Water and Health Alliances 
(IWHA) 

 
Robert1 and Mary Beth2 Metcalf 
 
1Professor Emeritus, Biological Sciences, California State University, Sacramento 
2Clinical Professor Emeritus, Dept. of Pediatrics, U. of California, Davis, Medical School 
 

17.6.1   Context 
 
“Water is Life” is often stated, but the corollary to this is that contaminated water can be 
a source of disease and death.  Although waterborne diseases have been almost 
eliminated in developed countries through efficient water treatment and sewage 
disposal, over a billion people in extreme poverty worldwide are still plagued with 
waterborne diseases, estimated to cause DAILY between four to six million cases of 
diarrhea and > 2,000 deaths. Yet this misery is preventable – kill the germs with chlorine 
or heat, and people don’t get sick.  
 
Once it was understood that fecal contamination of water could be the source of 
disease-causing bacteria, the question arose about how to test water for fecal 
contamination. It was recognized that testing for all the known waterborne pathogens 
was impractical. Instead, a universal microbial indicator of fecal contamination was 
sought. By 1900, Escherichia coli was selected as the best microbial indicator of recent 
fecal contamination because of these properties: 1) E. coli was always present in the 
feces of humans and other mammals in large numbers, whether one is healthy or sick 
(approximately one hundred million to one billion E. coli cells per gram of human feces); 
2) it doesn’t multiply when it leaves the body and enters water, 3) it slowly dies when 
shed in feces, but it survives in water at least as long as bacteria that cause typhoid 
fever, cholera, and dysentery; and 4) it is relatively easy to detect.   
 
The presence of E. coli in drinking water, therefore, indicates recent fecal 
contamination, raising the possibility that disease-causing microbes may also be in the 
water. The World Health Organization (WHO) correlated levels of E. coli in drinking 
water with the risk of disease and the priority for action. Médecins Sans Frontiéres 
(MSF) correlated these levels for action in emergencies (Table 17.2). 
 

Table 17.2  Correlation of E. coli levels with WHO disease risk categories 
           WHO   WHO action 
Level of E. coli     disease risk levela     Priority     MSF actionb 

 <1 in 100 ml     Very low None None 

< 1 in 10 ml     Low Low Consume as is 

1-10 in 10 ml     Moderate Higher Treat if possible 

1-10 in 1 ml     High Urgent Must be treated 

>10 in 1 lm     Very High Urgent Reject or thoroughly 
treat 

aWHO/UNICEF: A Toolkit for Monitoring and Evaluating Household Water Treatment and Safe Storage 
Programmes (2012), Figure A-1, p.62. 
bMédecins Sans Frontières (1994) Public Health Engineering in Emergency Situation. Médecins Sans 
Frontières: Paris. 
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For water testing, a new approach called the Defined Substrate Technology (DST), or 
chromogenic method, was introduced as Colilert® (IDEXX, Westbrook, ME) in 1988. In 

the Colilert test, a chromogen, abbreviated MUG, is an energy source that E. coli’s -
glucuronidase enzyme will cleave into the sugar (G) that E. coli can use for growth, and 
MU, which will fluoresce when a long wave UV light shines on the culture. Colilert also 

contains a second chromogen, ONPG, that the -galactosidase enzyme of all coliform 
bacteria can use as an energy source, cleaving the sugar (G) and leaving ONP, which 
turns the culture yellow.  
 
Colilert was first released as a 10 ml presence/absence (P/A) test in a glass tube with 
sterile, dry nutrients. After inoculation and incubation, a clear tube indicated no coliform 
bacteria in the sample, a yellow color indicated the presence of coliform bacteria, and a 
blue fluorescence indicated the presence of E. coli in the sample. The most widely used 
form of Colilert today in high-income countries is the plastic snap pack to inoculate a 
100 ml water sample for a P/A test, complying with current USEPA drinking water 
standards of no coliforms in 100 ml treated water. The simplicity of using Colilert makes 
it possible for unskilled individuals to perform accurate tests after a brief training. 
 
17.6.2    Challenges in Low-Income Countries 
 
Water quality monitoring is often a missing factor in programs to improve access to safe 
drinking water in low-income countries, despite its importance from a public health 
standpoint. This is because standard tests using multiple tube fermentation or 
membrane filtration require specialized equipment and training and are not easily 
adapted to field testing. In addition, the linkage between water quality and disease is 
commonly not appreciated at the community and household level.  
 
Public health problems arise in urban areas as a result of water supplies being 
intermittent or if coagulant/disinfectant supplies are missing. Rural areas often lack 
public support for providing and maintaining improved water sources. People must use 
contaminated local sources such as streams, ponds, rivers, or shallow wells. 
 
In September 2015, at the United Nations in New York, countries of the world adopted 
17 Sustainable Development Goals (SDGs) with a time-frame of from 2016 to 2030. 
SDG 6.1 states: “by 2030, achieve universal and equitable access to safe and 
affordable drinking water for all.” There is a lack of urgency in SDG 6.1. when over a 
billion people are susceptible to waterborne diseases in 2016. There is also no specific 
plan to achieve this goal. 
 
Water quality testing must be a component where drinking water is involved. For low-
income countries with limited resources, it is recommended they establish realistic, 
interim achievable standards instead of the 100 ml standard that has been successfully 
adopted in high-income countries (IWA Manual on Human Rights to Safe Drinking 
Water, section 7.8). 
 
17.6.3   Addressing the Water-Testing Challenge in Low-Income Countries 
 
Recognizing the importance of water testing in low-income countries but also 
recognizing there are limited funds and equipped laboratories to perform water quality 
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tests used in high-income countries, criteria for water tests in low-income counties 
should include: 

1. Specific for the fecal indicator E. coli. 
2. Ready to use, just add water 
3. Easy to perform with minimal instruction 
4. Easy to interpret and correlate with WHO disease risk levels 
5. Vetted methods that are low cost and commercially available 

 
Information in Table 1 states that the absence of E. coli in a 10 ml test identifies the 
source water as a low disease risk, a realistic and achievable standard for service 
providers in low-income countries to monitor drinking water throughout a distribution 
system in towns and cities. The 10 ml Colilert P/A test fits this requirement. 
 
Information in Table 1 also states that high and very high disease risk sources have 1-
10, and >10 E. coli/ml. To identify these highly contaminated sources, a test for 1 ml is 
ideal. For this purpose, since 1995, we have successfully used the E. coli/ Coliform 
Count PetrifilmTM (Petrifilm, 3M, St. Paul, MN), a 1 ml quantitative test that is widely 
used in the food industry. The Petrifilm is a flat, 7.5 x 10 cm rectangle composed of a 
bottom layer coated with sterile dried nutrients to support bacterial growth, a white foam 
layer with a 5 cm circular opening over the dried nutrients, and a transparent top film 

that encloses the sample within the Petrifilm. The -glucuronidase substrate in the 
Petrifilm is a colorless chromophore abbreviated BCIG. If an E. coli cell is present in the 
1 ml of water that is added to the Petrifilm, in 12-18 hours it will grow into millions of 

cells that can be seen as a small blue colony. The blue color results from E. coli’s -
glucuronidase splitting the G (sugar) from BCI, leaving an insoluble blue compound that 
colors the colony. As growth continues, the blue colony will enlarge and be surrounded 
by small gas bubbles as E. coli metabolizes lactose in the medium to produce gas 
bubbles (H2 and CO2). Environmental coliform bacteria that turn the Colilert tube yellow 
but do not cause fluorescence will grow into red colonies with gas bubbles on the 
Petrifilm. Red colonies, with or without gas bubbles, have no public health significance. 
 
E. coli grows most rapidly near body temperature, 35-37°C. In the absence of a suitable 
incubator, if ambient temperatures are <30°C that delay the appearance of positive 
tests, Colilert tubes can be placed in a small sack or sock, and Petrifilms can be placed 
between thin pieces of cardboard to incubate both tests close to the body for results in 
12-24 h.  The option of body incubation is a major advantage of these tests. For service 
providers testing in the distribution system, it avoids the requirement to get tests to an 
incubator in a central laboratory where gridlock traffic can make this a time-consuming 
challenge.  In rural areas, Colilert and Petrifilm tests can be taken to villages where 
these tests can be inoculated and incubated within the village. This educates the 
community directly about the disease risk of drinking water sources. The development 
of a blue E. coli colony from an invisible cell on the Petrifilm provides striking visual 
evidence to communities that the drinking water source has bacteria from feces, and 
that water from that source must be avoided or treated all the time.  
 
17.6.4    Accomplishments 
 
Since 2000, we have combined 25 each of the Colilert tubes, Petrifilm tests, sterile 
plastic pipettes, and stand-up Whirl-Paks along with a battery-operated, long-wave UV 
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light as a Portable Microbiology Laboratory (PML) that fits inside a gallon-size zip 
lock plastic bag to take to the field. We also have developed a comprehensive teaching 
component to accompany the PML that includes the UN-Habitat booklet co-authored by 
Robert Metcalf “A practical method for rapid assessment of the bacterial quality of 
water,” 
http://waterinternational.org/wpcontent/uploads/2011/07/UN_Habitat_Water_Booklet_V2
.pdf 
 
The teaching component & test results demystify microbiology at the community level, 
and lead to an understanding of the relationship between contaminated water & 
disease.  This is critical, as in many areas with contaminated drinking water sources 
communities are unaware that microbes from feces are responsible for waterborne 
diseases. An example is our experience with 70,000 people in Lower Nyakach, Kenya, 
near Lake Victoria. Since 2012, we have worked with The Friends of the Old (FOTO) 
community-based organization to eliminate waterborne diseases in this area where 
there are only highly contaminated, unimproved drinking water sources. To do this, 
FOTO staff members were taught how to perform and interpret the Colilert and Petrifilm 
tests. They now take the testing and teaching to communities with monthly trainings. 
Before community testing and teaching, most people in Lower Nyakach thought that 
water was made “in the beginning” and couldn’t cause disease. However, as a result of 
testing and teaching by respected members of their communities and observing the 
striking visual test results, the people in Lower Nyakach now understand that drinking 
water sources are contaminated with fecal bacteria and must be treated all the time.  
 
Through a small USA-based non governmental organization, International Water and 
Health Alliances (www.waterinternational.org), funds are provided to FOTO monthly for 
free distribution of Aquaguard, a 150 ml bottle of 1.2% sodium hypochlorite to 
households and schools through village chiefs and elders. A capful of Aquaguard, 3.5 
ml, will disinfect 20 liters of water in a commonly used jerry can. As an example of the 
effectiveness of this FOTO project, between January, 2015-January, 2016, over 2500 
cases of cholera occurred within Lower Nyakach’s Kisumu County and in neighboring 
Migori and Homabay Counties, but no cholera cases occurred in Lower Nyakach 
(www.imageevent.com/bobmetcalf/thegoaliszero).  
 
For >1,000 of the 14,000 households in Lower Nyakach that have the simple Cookit 
solar cooker, sunshine can also be used to pasteurize water by heating to 65°C, using a 
reusable wax-based water pasteurization indicator (WAPI) to verify that 65°C has been 
reached making the water is safe to drink (Safapour and Metcalf, 1999). 
 
Given that  >1 billion people are unaware that local drinking water sources are 
contaminated, the introduction of readily available water quality testing & monitoring 
methods that are easy to use and interpret could significantly contribute to a decrease in 
the global burden of waterborne diseases. The successful use of the PML in Lower 
Nyakach could be replicated in low-income communities worldwide.  

http://waterinternational.org/wpcontent/uploads/2011/07/UN_Habitat_Water_Booklet_V2.pdf
http://waterinternational.org/wpcontent/uploads/2011/07/UN_Habitat_Water_Booklet_V2.pdf
http://www.waterinternational.og/
http://www.imageevent.com/bobmetcalf/thegoaliszero
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Figure 17.5   Bob Metcalf with Sagam teachers 
 

 
 
 
 


