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For children in developing
countries, each year
contaminated water causes:
2 million deaths
1.5 billion episodes of diarrhea















How can contaminated water
be made safe to drink?



Milk Pasteurization

71.7°C (161°F)
15 Seconds



Pasteurization of whole
eggs

60°C (140°F)
3.5 min



D - Value
(Decimal Reduction Time)

Time to cause 90% kill at
a given temperature



Temperatures which kill pathogens
in contaminated water

Microbe D value <1 min
Giardia, Cryptosporidium  355°C

E. coli, cholera, typhoid,
Shigella bacteria, rotavirus 60°C

Hepatitis A virus 65°C















D value, E. coli In water

60°C 40 seconds
62°C 25 seconds
65°C 10 seconds



Solar Water Pasteurization

Heating water to 65°C (149°F)
in a solar cooker will
pasteurize the water and Kkill
disease causing microbes
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A solar box cooker (SBC) was constructed with a cooking area deep enough to hold several 3.7-liter jugs
of water, and this was usced 1o investigate the potential of using solar energy to pasteurize naturally
contaminated waler. When river waler was heated cither in the SBC or on a hot plate, coliform bactena
were inactivated al temperatures of 60°C or greater. Heating water in an SBC to at least 63°C ensures that
the water will be above the milk pasteurization temperature of 62.8°C lor at least an hour, which appears
sufficient to pasteurize contaminated water. On clear or partly cloudy days, with the SBC lacing magnetic
soulh In Sacramento, bottom waler temperatures ot at lcast 65°C could be obtained in 11.1 liters of water
during the 6 weeks on either side of the summer solstice, in 7.4 liters of water from mid-March through mid-
September, and in 3.7 liters of water an additional 2 to 3 weeks at the beginning and end of the solar scason.
Periodic repositioning of the SBC iowards the sun, adjusting the back reflective lid, and preheating water in
a simple reflective device increased final water temperatures. Simultancous cooking and heating water 10
pasteurizing temperatures was passible. Additional vses of the SBC (o pasteurize 501l and to decontaminate
hospital materials betore disposal in remote areas are suggested.

several attempts have been made to use the energy of the found that several liters of river water in 4-liter cooking
i and solar cookers to cook and bake food. The two most could be heated to 80°C or greater in 2 hin an SBC, killin
ommon solar cooker designs are the slant-faced cooker coliform and fecal coliform bacteria (M. Logvin, M

ith side reflectors and the antenna dish concentrator. thesis, California State University, Sacramento. 198().
hese solar cookers have proven to be impractical for wanted to expand on this particular usc of an SBC, and 1
*gular cooking and baking because their poor designs allow we built an SBC which was deep enough to hold three to |
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How can one verify that water
has been heated to 65°C?



Water Pasteurization Indicator (WAPI)
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Temperatures which kill disease microbes
present in contaminated water

MICROBE KILLED RAPIDLY AT:
Worms, Giardia, Entamoeba,
Cryptosporidium 13100F (5511C)
Escherichia coli, Shigella, cholera, 140 F (60C)

Typhoid, Rotaviruses, Polioviruses

Hepatitis A virus 1497F (651C)

WAPI wax melts 149(F (65(1C)
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NEGAR SAFAPOURYT anp ROBERT H. METCALF*

Department of Biological Sciences, California State University Sacramento,
Sacramento, California 95819-6077

Received 13 July 1998/Accepted 3 November 1998

A simple and reliable method that could be used in developing countries to pasteurize milk and water with
solar energy is described. A cardboard reflector directs sunshine onto a black jar, heating water to pasteurizing
temperatures in several hours. A reusable water pasteurization indicator verifies that pasteurization temper-

atures have been reached.

Exposing water in clear plastic or glass jars to sunshine has
been shown to inactivate bacteria. However, much variability-
from no inactivation to an approximately 3-log decrease in 1.5
h-has been reported (1, 2, 10-12, 14, 15, 17, 18, 20). Reasons
for this variability include the transparency of the container,
water turbidity, water temperature reached, altitude, aerobic
or anaerobic conditions, and the amount of solar radiation
received (2, 10-12, 15, 17). In addition, only a few studies have
included viruses or protozoan cysts, which might not be as
sensitive to sunshine as bacteria,

A major limitation of exposing clear containers of water to
ciinching ic that thare 1o i clmmnle tact +#0 marfaem sobioh wareanl A

tube, it indicates that pasteurization conditions have been
reached.

The bacteriophage T2 was included in these studies. Al-
though T2 is not a human pathogen, its inclusion tests the va-
lidity of extrapolating to nonbacterial microbes Escherichia co-
li’s response,

Cultures and test conditions. L. coli ATCC 11775 (Ameri-
can Type Culture Collection, Rockville, Md.) was maintained
in brain heart infusion broth (BHI; Acumedia, Baltimore,
Md.). A stock of T2 phage with 4 % 10” PFU/ml was obtained
by seeding 100 ml of BHI broth with E. coli B *md a dmp Uf T2
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Point Source Water Testing in
Developing Countries



The most specific
of the readily
detectable fecal
indicators, and
the one presentin
greatest numbers
in feces, is
Escherichia coli,
and it is therefore
recommended as
the indicator of
choice for
drinking water.
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Colilert

An easy 24-hour test for coliforms and E. coli

Colilert has become the
number one method in countries

around the world because

= Colilert takes less than one
minute hands-on time per
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$8as @ Petrifilm’ E. coli/Coliform Count Plates
e FEastest and fastest confirmed E. coli test available.
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Risk Assessment of Water Sources

Risk Level ~ E.coli/'sample  Colilert MUG  #Blue/Petrifilm
Low <110 ml - 0

Moderate | 1-9/10 mi + 0
High 1-10/ml + 1-10

Very High | > 10/ml + >10
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Inactivation of microorganisms by
UV-A-radiation and thermal
treatment

The Solar Water Disinfection (SODIS) process is a simple technology used to improve the microbiological quality of
drinking water. SODIS uses solar radiation to destroy pathogenic microorganisms which cause water borne diseases.

SODIS is ideal to treat small quantities of water. Contaminated water is filled into transparent plastic bottles and
exposed to full sunlight for six hours.

Sunlight is treating the contaminated water through two synergetic mechanisms: Radiation in the spectrum of UV-A
(wavelength 320-400nm) and increased water temperature. If the water temperatures raises above 50°C, the
disinfection process is three times faster.









20015 = 43 fn

L]

Lolileer $120,

Eg[a{ﬂ!_r o

i .




T ED pMEeTa
w iminist lﬂr Srl ‘AV Y '_}‘ e
Bmmd:y # = .’ L
o o

SUDAN AT ? - ‘k j
- & g L Chlew, (1

o Kaposta —— Foa Nabo L R Ry §

_,‘i ) 4 .IR .‘% J F é

,.‘..ﬂ#kinhnkin il A ‘
S e T B f ! ¥ - .J: e i
g S‘.c%ajeﬂ ' N {

| (i

Sunny

z\ gngSTERN _
£ 7 s T
;=f 7 \s" Marsait k m
BIP AN A - lution
7 W APYT ' ; SOMALIA
A phep X Lo 2
PR P ST\
L ok AL P A NORTH ~
Y M Enitd Nt u
»w , _ s £ ~ Mado N h,:):,:._h\'
‘-\‘ 'a’/‘\]_?_' £Y J,».f-_.\ Gashi E&\’TERI\i\Q Lt A j
oSl i Isiolo 4% . \ : N tak y i
) Fale g Rampibie 7R 1\‘\ [ a ; ‘\uﬁ:\o
N T~ alluionrs P S T (A
N S ‘ﬁj\l\\‘&’%\
‘) ‘i; r'!ﬂd‘_\ i 7 1_:/ 3 E:lrilsl
Y |
“‘Thhtm%ﬂzm n: \ \ 4
; @ EASTEF(N

e ﬁ . e Nairol 'i‘-‘t Ak
E Y ' s .- V’ ‘

COAST

Gars

= Nyakach
| Kenya

Kenya

——-—— Province boundary
* National capital
® Province capital
Railroad
—— Road

50 100 Kilometars
0 50 100 Miles

5] /)J

Boundary rapresentation g
4n not necassarily euthoritative. |-

Base BO1062 (B0OD446) 1-38










Water Sources from K irive lWorlel

? At c f?fw TS 258 ”’L"P_
#M E







WHTEK SDULKC €5 {;'M {(I-TI'TO wbﬁ&ﬁwé
?ﬁfﬂcr?ﬁp“ﬁg <7 Ja.Lj) D co 348







T

g - -\l..n\ll‘un\.\\h.n.u.u

Eppparaaddes



















Thermotolerant Coliform Test, Kenya

3 tube MPN, 10, 1, 0.1 ml

1. MacConkey’s broth, 37°C, 1-2 days

2. Gas +to BGLB broth, 44°C, 1-2 days
Gas + = Thermotolerant coliforms
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WATER RESOURCES MANAGEMENT AUTHORITY
TANA CATCHMENT REGIONAL OFFICE

R 0. BOX 1930 EMBU TEL. 068- 31271
an 068' 3]3]5 E'MML:wrmatana @ winnet-co-ke
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Fuelwood = 79% of Kenya’s
Total Energy

Enerqgy Usage Per Day
Wood = 81 million lbs

Charcoal = 13 million Ibs
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COOKER’S SHOP

HARAMBEE MARKET
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# THE COOKERS SHOP
TEDO GICHENG































