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A b s t r a c t

Ra i nwa t e r  is ga i n i n g  i mpor t ance  as a s u p p l e me n t a r y  source  of  

d r i nk i ng  water ,  e s pe c i a l l y  in the pe r i - u r ban  zones  of  Nai robi ,  

whe r e  piped wa t e r  is not a va i l ab l e ,  or the supp l y  is i r regular .  

The ground wa t e r  sources ,  bor eho l e s  and wel l s ,  may be 

uns u i t ab l e  due to unp l ea san t  odour s  and t as t e ,  or microbia l  

c on t a mi na t i on .

S t ud i es  a d d r e s s i n g  the publ i c  hea l t h  su i t ab i l i t y  o f  r a i nwa t e r  for 

d r i nk i ng  p u r pos e s  are l acking in this count r y  and the region.  

The pr esent  s t udy  was conduc t ed  to de t e r mi ne  the pr esence  of  

Esc h er i c h i a  col i  [ E. co l i j  in r a i nwa t e r  ha r ve s t e d  for human 

c o n s umpt i on .  Thi s  s tudy was conduc t ed  in Ngong  Divi s ion of  

Ka j i ado  Di s t r i c t ,  Kikuyu Di v i s i on  of  Ki ambu Di s t r i ct  and 

Dagor e t t i  Di v i s i on  o f  Nai robi  Pr ovi nce .  These  d i v i s i ons  are 

found in the n e i g h b o u r h o o d  of  the ci ty o f  Na i r ob i ,  Kenya,  and 

were  pur pos e l y  s e l ec t ed .  Col lect ion of samples was done from 

regions where people consume rainwater  stored in reservoir  tanks.
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An area with a rich tree cover,  moderate t ree cover,  and a 

predominant ly resident ial  region were selected for sampling.  

Livestock keeping and crop farming was done in these areas to 

varying degrees.  The homes selected for sampl ing from were those 

convenient ly si tuated along the commonly used roads in the study 

area.

Ra i nwa t e r  s a mpl e s  were co l l ec t ed  from water  t anks .  The roofs 

were  made of  e i t he r  conc r e t e  r oo f i ng- t i l e s  or ga lvanized  

c o r r uga t ed  iron sheet s .  The wat er  t anks  were  made of  

ga l va n i z ed  i ron shee t s ,  concr e t e  (or  f e r r o - c onc r e t e ) ,  or pl as t i c .

Ba c t e r i o l o g i c a l  ana l yses  were  done to de t e r mi ne  the 

mi c r o b i o l o g i c a l  qua l i t y  of  wa t er  from the sour ces .  The total  

v i ab l e  count  of  the  mi c r oo r ga n i s ms  was a s ses sed  us ing the pour  

p l a t e  met hod.  The  most  p r obabl e  number  of  co l i f o r ms  was 

de t e r mi ne d  us ing the mul t i p l e  t ube  f e r ment a t i on  t echni que .  The 

p r e s e nc e  of  E. co l i  was de t e r mi ne d  by b i oche mi c a l  r eac t i ons  of  

I ndol e ,  Methyl  Red,  Voges Pr oskauer ,  and f e r men t a t i on  of  

Ci t r a t e .
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Ei gh t y - n i ne  (89)  water  s ampl e s  were c o l l e c t e d ;  29 from 

Dagor e t t i  Di v i s i on ,  31 from Ngong Di v i s i on ,  and 29 from 

Ki kuyu Di v i s i on .  The TVC per ml o f  the wa t er  samples  ranged 

be t ween  0 and 1 . 0 2 x l 0 7 in Dagor e t t i  and Ngong whi l e  it ranged 

be t ween  0 and 8 . 0 x l 0 5 in Kikuyu.  In Dagor e t t i ,  the mean TVC 

was 1 . 665x 1 0 6 wi t h  a s t andar d  devi a t i on  (SD)  of  2 . 995X106 

whi l e  in Ngong it was  8 . 2 3 6 x l 0 5 wi th an SD o f  2.545X 1 0 6 and 

in Kikuyu it was 7 . 7 5 6 x l 0 4 wi th an SD of  1.837X 1 0 5. The most  

p r obab l e  number  (MPN)  of  c o l i f o r ms  per  lOOmls of  water  

s ampl e  ranged be t ween  0 and 1609 in the 3 Di vi s i ons .  The 

means  were 684 wi t h  an SD of  780 for the area,  740 and an SD 

o f  734 for Da go r e t t i ,  652 and an SD of  641 for Ngong,  and 891 

wi th an SD of  729 for Ki kuyu.  In the s tudy a rea ,  89% of  the 

s a mpl e s  sc r eened  t es t ed pos i t i ve  for genera l  co l i f o r ms ,  with 

40% t es t i ng  pos i t i ve  for E. coli .  Ar ea - wi s e ,  83% of  the samples  

f rom Dagore t t i  t e s t ed  pos i t i ve  for  co l i f o r ms  and 31% for E. 

c o l i ; 87% from Ngong  were  pos i t i ve  for c o l i f o r ms  and 55% for 

E . col i ,  whi l e  in Ki kuyu 97% t es t ed  pos i t i ve  to co l i f or ms  and 

34% for E. coli .

An ana l ys i s  of  the va r i ance  in the TVC o f  wa t er  samples  from 

the three d i v i s i o n s  showed t hat  there was no s i gni f i cant  

d i f f e r enc e  be t wee n  Dagoret t i  and Ngong,  but  that  both
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0 . 033] .

Of  the 29 s a mpl e s  from Dagor e t t i ,  24% had less than 3 

co l i f o r ms  per  lOOmls,  28% less than 10 c o l i f o r ms ,  and 72% 

more  than 10 c o l i f o r ms  per  lOOmls;  in Ngong it was 19%, 23% 

and 77% r e s pe c t i ve l y ,  whi l e  in Ki kuyu  it was 7%,  17% and 83% 

r espec t i ve l y .

d i v i s i o n s  h a d  a s i g n i f i c a n t l y  h i g h e r  T V C  t h a n  K i k u y u  [p =

Se ve n t y - e i g h t  p e r c e n t  ( 69/ 89)  of  the sampl es  col l ec t ed 

c on t a i ned  more t han  10 c o l i f o r ms  per  lOOmls o f  water ,  and 

t he r e f o r e  fai l ed t he  Kenya Bur eau  of  S t a n d a r d ’s r equi r ement  

for un- p i ped  d r i n k i n g  water .  E i gh t y - t h r e e  pe rcen t  (74/89)  of  

the sampl es  of  t he  s ampl es  in the s tudy area had more than 3 

c o l i f o r ms  per  lOOmls of  wa t er  and t he r e f ore  fai l ed the World 

Heal t h  O r g a n i z a t i o n ’s s t andard for  un t r ea t ed  d r i nk i ng  water .  It 

was t he r e f o r e  c onc l ude d  that  r a i nwa t e r  from the s tudy region 

shoul d  be t r ea t ed  be f o r e  c ons umpt i on .
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1. I N T R D U C T I O N

Sour c es  of  wat er  for  domes t i c  use include:  bo r e ho l e s ,  wel l s ,  

r i ve r s ,  spr i ngs ,  da ms  and r a i nwat er .  Ra inwat er  is usua l ly  

c o l l ec t ed  from r oo f s  d i r ec t l y  into r ecep t ac l es  f rom where it is 

c o l l ec t ed  for  c o n s u mp t i o n .  The r oof s  are made o f  e i t her  

c onc r e t e  t i l es  or met a l  sheet s .  T h i s  being a pe r i - u r ban  area,  no 

g r a s s - t ha t c he d  r oof s  were e ncoun t e r ed .

Faeca l  c o n t a mi n a t i o n  of  r a i nwa t e r  ha rves t ed  from roofs  

ema na t e s  f rom:  w i n d - b l o wn  dust  con t a i n i ng  pa r t i cu l a t e  mat t er  

f rom animal  f aeces ,  and de f e ca t i on  onto roofs  by bi rds .  Since 

the pr i mar y  hab i t a t  for  E. col i  is the gas t r o - i n t e s t i na l  t ract  of  

wa r m- b l oode d  a n i ma l s ,  it is a good i nd i ca t or  for faecal  

c on t a mi na t i on .  L i ve s t ock  may p l ay  an impor t ant  role  as a 

s our ce  of  the mi c r o b i a l  load found in the dust .  Work done by 

Kha l i d ,  ( 1 993)  s howe d  that  s t orage  t anks in homes  wi th 

a n i ma l s  are more p r one  to mi c r ob i a l  con t a mi na t i on  than those 

wi t hou t .

Con t a mi n a t i o n  o f  r a i nwa t e r  wil l  occur  on the roof ,  or af ter  

ha r ve s t i ng ,  in the r eser voi r .  St udi es  on the publ i c  heal th 

s u i t a b i l i t y  o f  r a i n w a t e r  for d r i nk i ng  pur poses  are l acking in
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Kenya.  It is c o n c e i v a b l e  that  c on t a mi n a t i o n  occur s .  The Cent re  

for  Di sease  Con t r o l  (CDC) ,  At l an t a ,  Georgi a ,  ( 1 988)  r epor t ed 

t hat  rats c o n t a mi n a t e  r a i nwa t e r  sour ces .  As the ra t s  use the 

gu t t e r s  and roofs  as por t a l s  of  i nvas i on  into houses ,  thei r  

f aeces  and c o n t a mi n a t e d  fur are washed into the wa t e r  

r e s e r vo i r s .  Dust  c o n t a mi na t e d  by faecal  mat t e r  f rom l ives tock 

may be t r a n s f e r r e d  to the roofs  by wind,  from wher e  it is 

wa s he d  into the wa t e r  s torage  t anks .

The popu l a t i on  wi t h i n  the ci ty o f  Nai robi  has i nc r eas ed  

t r e me n d o u s l y  ove r  the last  few year s ,  forcing peop l e  to move 

to i ts suburbs .  T hese  areas  do not  have enough p i ped  water  

s upp l y  and the r e s i de n t s  have r e s o r t e d  to us ing gr ound  and 

r i ve r  wat er  as a l t e r n a t i v e s  ( Moha mme d ,  1971,  Gi t hu i ,  1990).  

Gr ound  wa t e r  has to be pumped out  for it to be ava i l ab l e .  In 

some cases ,  it has an ob j e c t i ona b l e  t aste due to high mineral  

con t e n t ,  and so a l t e r n a t i v e  sour ces  of  dr i nki ng  wa t e r  are 

needed .  Among t hes e  is r a i nwa t e r  which is ha r ves t ed  and s tored 

s p e c i f i c a l l y  for d r i n k i n g  pur poses .

The pr i mar y  h a b i t a t  of  E. col i  is the ga s t r o - i n t e s t i n a l  t ract  of  

mammal s  and b i r ds .  It is one of  the p r edomi nan t  bac t er i a l  

s pe c i e s  that  form the normal  f lora of  i n t es t i nes  in humans  and
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o t h e r  an i mal s  ( At l a s ,  1984) .  The t r ans fe r  o f  bac t e r i a  has been 

shown to occur  a mo n g  d i f f e rent  animal  spec i es ,  be t ween 

humans ,  f rom a n i ma l s  to man and vice versa  ( Levy  et al . ,  1 985;  

Mar sha l l  et a l ., 1990) .  The o r gan i sm may be passed  t hrough 

c on t a c t  wi th faecal  mat er i a l  or faecal  c on t a mi na t e d  water .  The  

pa t ho l og i c a l  c o n s e q u e n c e s  in the vict im wi l l  depend  on the 

pa t hoge n i c  c h a r a c t e r i s t i c s  of  the pa r t i cu l a r  s e r o t ype  i nvolved.  

Dr ug - r e s i s t a n t  s e r o t ype s  o f  this o r gani sm remain a major  

p r ob l em in the wor l d .

Al t hough  most  o f  the s t r a ins  of  E . col i  are n on - pa t hoge n i c ,  

some show a c qu i r e d  or oppo r t un i s t i c  pa t hogen i c i t y .  E. col i  is 

an i mpor t an t  cause  of  acute g a s t r oe n t e r i t i s  wi th high morbidi t y  

and mor t a l i t y  in c h i l d r en  ( Se ne r wa  et al . ,  1 989) .  In addi t i on ,

E. co l i  causes  u r i n a r y  and wound i n f ec t i ons  ( Hol t s  et al. ,

1 994) .

In vi ew of  the c o n c e i v a b l e  c on t a mi na t i on  o f  r a i n wa t e r  from the 

r oof s ,  this p r o j ec t  a imed to assess  the mi c r ob i o l og i c a l  qual i t y  

and the p r e va l e nc e  o f  E. col i  in the r oo f - ha r ve s t e d  water  from 

some  pe r i - u r ban  z one s  of  Na i r ob i ,  Kenya.  The  s e l ec t e d  s tudy 

a reas  in the v i c i n i t y  o f  Nai robi  were  chosen for t hi s  survey 

pur pose l y ,  based on the f o l l owi ng  c r i t e r i a :  t hei r  wi de  var i a t i on
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in t ypes  of  she l t e r ;  d i f f e r ent  i n t ens i t i e s  o f  l i ve s t ock  and crop 

f a r mi ng;  ac t ual  u t i l i z a t i on  of  r oo f - ha r ve s t e d  r a i nwa t e r ;  s t orage 

of  the r a i nwa t e r  in water  t anks ,  and p r ox i mi t y  to a ci ty 

c h a r a c t e r i z e d  by de t e r i o r a t e d  ga r bage  co l l ec t i on  and sewage  

hand l ing s e r v i ce s .

The spec i f i c  ob j e c t i v e s  of  this s t udy were:

1) To assess  the mi c r ob i o l og i c a l  qua l i t y  o f  r oo f - ha r ve s t ed  

s t o r ed  r a i nwat er .

2) To assess  the p r e s enc e  o f  E. co l i  in the r oo f - ha r ve s t e d  

r a i nwat er .

3) To eva l ua t e  the des ign,  e r ec t i on  and loca t i on  o f  the s torage 

r a i nwa t e r  t anks .
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2.  R E I E W  OF  L I T E R A T U R E

2.1 Wa t e r  a nd  w a t e r  s o u r c e s

Wat er  in i ts va r i ous  forms is so abundant  in the e nv i r onme n t  

t hat  it is t aken for  grant ed unt i l  it becomes  scarce .  

Env i r onme n t a l  a n a l y s t s  f r equen t l y  i ndi ca t e  that  v i o l en t  human 

conf l i c t s  are l i ke l y  to occur  in the future as wa t er  suppl i es  

r educe  dr as t i ca l l y .  T h i s  r educ t i on  can be a t t r i bu t e d  to the fact  

t hat  r a i nfa l l  and r u n - o f f  pa t t e r ns  are l ikely to be a l t ered by 

a t mos phe r i c  wa r mi n g  due to p r es en t  day e nv i r onme n t a l  

po l l u t i on  ( Go l d f a r b ,  1 993) .

Ra i nwa t e r  h a r v e s t i n g  is be comi ng  more  wi de s p r ea d  in Afr i ca  

and Kenya in pa r t i c u l a r ,  where  numer ous  pr o j ec t s  have been 

i n i t i a t ed  mai n l y  by the non - gove r nme n t a l  o r ga n i z a t i ons .  Li t t le  

a t t en t i on  has  been given to r a i nwa t e r  ha r ves t i ng  in urban 

c e n t r e s ,  whi ch  a l so  suf fer  pe r i od i c  water  s ho r t a ges  though 

i r oni ca l l y ,  have e xc e l l e n t  c a t chmen t s  (Ngigi ,  1996) .  However ,  

it appea r s  t hat  p e o p l e  at the i nd i v i dua l  level  are i nc r e a s i ng l y  

pa y i ng  a t t en t i on  to r oo f  c a t chmen t s ,  e spec i a l l y  a f t e r  the severe  

wa t e r  shor t ages  e x p e r i e n c e d  in the last  few years .

v/
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2 . 2  Q u a l i t y  o f  d r i n k i n g  w a t e r

The qua l i t y  of  d r i n k i n g  wat er  is a f f ec t ed by ba c t e r i o l o g i c a l ,  

phys i ca l  and c he mi c a l  factors .  T he World Heal th Or gan i za t i on  

( WHO,  1996)  has publ i shed  gu i de l i ne s  for d r i nk i ng  water  

qua l i t y .  I nd i v i dua l  count r i es  are supposed  to use t hese  

gu i de l i ne s  to f o r mul a t e  t he i r  own s t andar ds  based on local  

spec i f i c  c o n d i t i o n s .

The most  i mp o r t a n t  pa r amet e r  is the ba c t e r i o l og i c a l  content  of  

d r i nk i ng  water .  A wi de  var i e t y  o f  mi c r oo r ga n i s ms  are found in 

na t ur a l  wat er s ,  f o r mi ng  a ba l anced  ecosys t em.  However ,  the 

p r e s ence  of  pa t h o g e n s  in d r i nk i ng  wat er  poses  a publ i c  heal th 

haza r d .  The  World Heal th Or ga n i z a t i on  gu i de l i ne s  (WHO,  1971) 

s t a t e  that  un t r e a t e d  water  for  human cons umpt i on  must  not 

c on t a i n  more  than 3 co l i f or ms  per  lOOmls,  and mus t  not have a 

s i ng l e  faecal  c o l i f o r m at any one sampl i ng .  The  Kenya  Bureau 

o f  St andar ds  ( KBS)  requi r e  that  un-pi ped wat er  shoul d  contain 

no faecal  c o l i f o r ms  per  lOOmls,  and a maxi mum o f  10 col i forms  

at any s ingle  s a mp l i n g  (KBS,  1 985) .

/
2 . 3  P h y s i c a l  and  c h e m i c a l  c h a r a c t e r i s t i c s  of  w a t e r

Unt r ea t ed  wat er  c on t a i ns  numer ous  mat e r i a l s .  T hese  mat er i a l s  

de t e r mi ne  i ts p hys i c a l  c ha r a c t e r i s t i c s  ( colour ,  t u r b i d i t y ,  t as te ,
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and odour ) ,  c he mi c a l  c ha r a c t e r i s t i c s  (pH,  h a r dne s s ,  d i s so l ved  

oxygen ,  oxygen de ma nd ,  nu t r i e n t s ,  ch l o r i des  and o t her  

e l ement s ) ,  and b i o l og i c a l  c ha r a c t e r i s t i c s  ( mi c r o b i a l  con t en t )  

( APHA,  1981) .  T h e  i mpur i t i e s  in wa t er  af fect  i ts publ i c  heal th 

a spec t s  to va r i ous  degrees .

2. 4  Wa t e r  p o l l u t i o n

All  natural  and wa s t e wa t e r  c on t a i ns  a var i e ty o f  l i v i ng  

o r gan i sms .  The c on t a mi n a t i o n  o f  wa t e r  by pa t h o g e n i c  bact er i a ,  

v i r uses  and me t azoa l  pa ras i t es  can occur  e i t her  at the water  

sour ces  dur i ng  i ts c onveya nce  f rom the sources  to the 

consumer s  or in t he  s t orage  t anks .  The pa t hoge n i c  agent s  may 

be from faecal  and ur i nary  e xc r e t i ons  of human and animal  

or i g i n ,  sewage  and sewage  e f f l ue n t s ,  and wa s h i n g s  from the 

soi l  (WHO,  1 972) .  Ra i nwa t e r  is l i ke l y  to be c o n t a mi na t e d  in 

the s torage  t anks ,  on the roof ,  or in the a t mo s p h e r e  before  it 

comes  in con t ac t  wi t h  the roof .

At mosphe r i c  p o l l u t i on  is a common probl em in t he  wor ld t oday 

(Di x,  1981;  Mi l l e r ,  1 990;  Gour l ay,  1 995).  T h e  na t ur a l  

a e r o s o l i s a t i on  of  ba c t e r i a  t hrough dust ,  vapour ,  wi nd ,  and other  

means ,  also i n t r o d u c e s  po t en t i a l l y  harmful  mi c r o o r g a n i s ms  to 

the a t mosphe r e ,  and e ven t ua l l y  into r a i nwat er .  S i mmons  (2001)

7



s howed  that  r oo f - t a ppe d  r a i nwa t e r  had bac t er i a  known to pose 

publ i c  heal th  haza r ds .  In his work in Auckl and,  New Zealand,  

he de mons t r a t e d  t ha t  r oo f - co l l ec t e d  r a i nwa t e r  sys t e ms  provide  

po t ab l e  suppl i es  o f  r e l a t i ve l y  poor  p h ys i c oc he mi c a l  and 

b a c t e r i o l o g i c a l  qua l i t y .  Samples  o f  cold faucet  wa t e r  were 

ana l yzed  for  p hys i c o - c he mi c a l  and bac t e r i o l og i c a l  

d e t e r mi n a n t s ,  i nc l ud i ng  meta l s  ( z i nc ,  copper  and lead) ,  

bac t e r i a l  i nd i c a t o r  o r gan i s ms ,  he t e r o t r oph i c  plat e  count ,  total  

co l i f o r ms ,  faecal  c o l i f o r ms ,  e n t e r ococc i ,  bac t e r i a l  pa t hogens  

i nc l ud i ng  S a lm on e l l a  s p p , Le g i on e l l a  s p p , Cam py lo ba c t e r  s p p ,

A e romonas  spp;  and the pr o t ozoa ,  Cryp to spo r id iu m  spp  and 

Giardia  spp.  The  p r e s e nc e s  of  the i nd i ca t o r  o r gan i s ms  were all 

s i g n i f i c a n t l y  c o r r e l a t e d  wi th one another .  Aer omo na s  spp were 

i den t i f i ed  in 16.0% of  the supp 1 i e s . T here was a pos i t i ve  

a s s oc i a t i on  be t wee n  the p r esence  o f  Aeromonas  and the 

bac t e r i a l  i nd i c a t o r  o r gan i s ms .  Hous eho l ds  r e po r t i ng  at least  

one member  wi th ga s t r o i n t e s t i n a l  sympt oms  in the month pr ior  

to s ampl i ng  were mor e  l ikely to have  Aeromonas  speci es  

i den t i f i ed  in t hei r  wa t e r  suppl y  than those hou s e h o l d s  wi thout  

sympt oms .  It woul d  appear  that  f u r t he r  work is r equ i r ed  on 

Aeromonas  s p p , as pot ent i a l  i nd i ca t o r s  of  both ba c t e r i o l og i c a l  

qua l i t y  and publ i c  heal th  r i sk of  r oo f - c o l l e c t e d  d r i nk i ng  water  

supp l i e s .
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Al though the work  by Simmons (2001) docs not i ndicat e  

whether  the c o n t a mi n a n t s  were as a resul t  of  being washed of f  

the roof  by the r a i nwa t e r ,  or as a resul t  of  direct  a t mospher i c  

pol l u t i on ,  work by Angs t rom et al. (1952)  suppor t s  the 

pos s i b i l i t y  o f  d i r ec t  a tmospher i c  contaminat ion being a 

c on t r i bu t i ng  factor .  It has been repor ted that  small  showers  

tend to have  a much h i gher  mineral -ni t rogen concent r a t i on  than 

do l arger  fal l s ,  and that  concent rat ion decreases  with shower  

size in an a p p r o x i ma t e l y  exponent ial  manner  (Angs t rom et a l .,

1 952).  E x p e r i me n t s  car r i ed  out at Samaru,  Niger ia,  in 1969,  

produced s i mi l a r  r esu l t s  (Jones,  1 978).  Jones (1978)  t here fore  

conc l uded  that  the gr ea t e r  part  of  the rain minera l -n i t rogen 

der ives  f rom “ w a s h o u t ” of  mineral -ni t rogen compounds  from 

the air t h r ough  whi ch the rain fal ls.  Empi r i cal ly,  

mi c r oo r ga n i s ms  and o t her  atmospher ic contaminant s  may be 

found in r a i n wa t e r  as a resul t  of  the “washout  phenomenon.

Work in the Mi ddl e  Eas t  suggest s  that the bacter ial  content  of 

r a i nwa t e r  f a l l i ng  over  ci t i es  and thei r  envi rons  is d i f ferent  

from that  f a l l i ng  in rural  areas (Herut  et a l ., 2000).  In this 

work,  the r e l a t i ons h i p  between the acidi ty and chemical  

c ompos i t i on  of  r a i n wa t e r  and c l i mat ologi ca l  condi t i ons  a long a
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t r a n s i t i on  zone be t wee n  large deser t s  and Me d i t e r r anean  

c l i ma t e  wer e  s t udi ed .  Dur i ng five wi nt er s  in 1981/ 1982,  

1982 / 1983 ,  1983/ 1984,  1988/1989 and 1989/ 1990,  569 

r a i n wa t e r  s ampl e s  were  col l ec t ed for chemi ca l  ana l yse s .  The  

g e o g r a p h i c a l  and me t eor o l og i ca l  va r i a t i ons  of  rain c hemi s t r y  

were s t u d i e d  in r e l a t i on  to natural  and an t h r opogen i c  sour ces  

and t r a n s p o r t  o f  the cons t i t uen t s .  The r egional  ef fect  on rain 

c he mi c a l  c ompos i t i on  is a l a t i tudinal  funct i on in a t r ans i t i on  

zone be t we e n  l arge dese r t s  in the south and a Me d i t e r r ane an  

c l i ma t e  in the cent r e  and nor thern I s rael ,  and a l ong i t ud i na l  

f unc t i on  in the l and- s ea  conf i gura t i on .  T he average  r a i nwa t e r  

sa l i n i t y ,  mai n l y  con t r i bu t e d  by non- s e a - s a l t  f rac t ion ( NSSF) ,  

var i es  by more than one order  of  magn i t ude  from south to 

nor th.  T h e s e  va r i a t i ons  were a t t r i but ed  to h i gher  input  of  

c o n t i n e n t a l  c ompone n t s  at the sout hern r egions  and to 

d i f f e r e n c e s  of  annual  p r ec i p i t a t i on  be t ween  the r eg i ons .  In a 

Wes t - Eas t  c r o s s - s e c t i o n  through I srael ,  sea- sa l t  f r ac t i on  (SSF)  

is i n f l u e n c e d  mai n l y  by the di s t ance  f rom the Me d i t e r r a ne a n  

Sea ( He r u t  et a l ., 2000) .

Ba c t e r i a  d i scha r ged  into the a t mosphe r e  may be de pos i t e d  in 

r a i n w a t e r  wi t hin  the ne i ghbour hood .  T h e  mechani sm o f  this 

ba c t e r i a l  depos i t  woul d  par t ly be the “ washout  phe nome non  of
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( 1 952) ,  and the i nco r po r a t i on  of  mic r oor gani sms  in r a i n d r o p ­

f or mi ng  p a r t i c u l a t e  mi l i eu .

Pi nfo l d  ( 1990) ,  r epo r t e d  that  water  used for t oi l e t ,  wash i ng  

di shes  and c o o k i n g - r e l a t e d  act ivi t i es  was more c o n t a mi na t e d  

than wa t e r  used for d r i nk i ng ,  due to the ca r e l e s snes s  o f  the 

ha nd l e r s .  He r epor t ed  t hat  E. col i  was s t rongl y  a s s oc i a t e d  with 

c h i l d c a r e ,  food and wa t e r - r e l a t e d  ac t iv i t i es .  Water  

c o n t a mi n a t e d  by the hand l e r s ,  or p r e - c on t ami na t ed  wa t e r  may 

be the c a us e  of  thi s  obse r va t i on .  From these sources ,  E. col i  

may show op p o r t u n i s t i c  pa t hogeni c i t y  by caus i ng  en t e r i t i s ,  

u r e t h r i t i s ,  and ne ona t a l  meni ngi t i s ,  e spec i a l l y  in ch i l d r en  

( Ma c D o n a l d  et al,  1970;  Kar iuki ,  1996) .

2 . 5  B a c t e r i a l  i n d i c a t o r s  o f  f a e c a l  w a t e r  p o l l u t i o n

Co l i f o r m o r gan i s ms  are easy to detect  and enumer a t e  in water  

and so t hey  have for a l ong t ime been regarded  as su i t ab l e  

i n d i c a t o r s  of  d r i nk i ng  wa t e r  qual i ty.  These  or gan i sms  are 

de f i ne d  as mi c r o o r g a n i s ms  which d i sp l ay  H- ga l a c t o s i da s e  

a c t i v i t y  ( WHO,  1996) .  Not  all c o l i f o r ms  are useful  as 

i n d i c a t o r s  of  wa t er  po l l u t i on  from faecal  sources .  The so- 

ca l l ed  f aeca l  [ t he r mo t o l e r a n t ]  c o l i f o r ms  are used for t hi s

m i n e r a l - n i t r o g e n  m e a s u r e d  in S a ma r u  by  A n g s t r o n g  et  a l .
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They i n c l u d e  E s c h e r i c h ia  coli ,  Ci trobact er ,  E n t e ro ba c t e r  and 

K leb s i e la  spp  ( WHO,  1 985) .

Al t hough  o t her  c o l i f o r ms  may be of  faecal  or igin,  the pr i mar y  

habi t a t  o f  E . col i  is t he  gas t r o- i n t es t i na l  t ract  o f  mammal s  and 

bi rds .  T h i s  has made it an impor t ant  i nd i ca t or  o r gan i s m of  

faecal  c o n t a mi n a t i o n  o f  food and water .  Measur ement  o f  faecal  

c o l i f o r ms  is a good i nd i c a t o r  of  water  c on t ami na t i on  by 

ma t e r i a l s  o f  faecal  o r i g i n .  Some co l i f o r ms  such as Kl ebs i e l l a  

p n e u m o n i a e  and Ente ro bac t e r  spp  may a l so,  bes i des  a faecal  

or i g in ,  be a s soc i a t ed  wi th other  de compos i ng  mat t e r  and water-  

soaked wood.  Some spec i e s  of  the faecal  s t r e p t oc occ us  group 

may a l so  mul t i p l y  in soi l  and sur face  water ,  e s pec i a l l y  in 

c o mb i n a t i o n  wi th pl ant  debr i s  decay mat e r i a l .  However ,  E. coli  

is e x c l u s i v e l y  o f  faecal  or igin ( W H O , 1 985) .  The average  human 

e xc r e t e s  a round 2 b i l l i on  E. col i  bac t e r i a  each day ( Adr i an ,  

1999)

2. 5 . 1  P a t h o g e n i c  b a c t e r i a

Most  mi c r o o r g a n i s ms  found in water  are ha rml ess .  However ,  

p a t h o g e n i c  ones may be acc i den t a l l y  i n t r oduced .  

En t e r o p a t h o g e n i c  s t r a i ns  of  E. col i  are some of  the o r gan i s ms

p u r p o s e .  U n l i k e  t he  r e s t ,  t h e s e  f e r m e n t  l a c t o s e  at  4 4 - 4 5 ° C .
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r epor t ed  among the pa t hogen i c  bact er i a  that  may c on t a mi na t e  

water  ( Mo h a mme d  and Mor r i son ,  1 975;  WHO,  1984;  Ihona  el 

a l •, 1988;  Pi nf o l d ,  1990) .  Ant ibiot i c  r es i s t an t  E . coli  may be 

t r a n s mi t t e d  from an i ma l s  to humans t hr ough contact  wi th faecal  

ma t e r i a l  or faecal  c on t a mi na t e d  water .  Normal  E. col i  f lora 

acqui r e  r e s i s t a nc e  p l a s mi ds  from the i nges t ed r es i s t an t  E. coli  

s t r a i ns .  The a n t i mi c r ob i a l  res i s t ant  normal  E. col i  f lora 

d i s s e mi n a t e  r e s i s t ance  pl asmi ds  to pa t hogeni c  bac t e r i a  

( E s p i n a s s e ,  1993) .

2 . 5 . 2  V i r u s e s

E n t e r o v i r u s e s ,  e.g.  po l i ov i r us e s  and c oxs ack i e  v i r uses ,  

a d e n o v i r u s e s  and r h i nov i r us e s  are some of  the vi ruses  

c o mmo n l y  found in po l l u t e d  water s  and sewage (WHO,  1979;

1 984) .  The v i r uses  t r ans mi t t e d  t hrough wat er  are t hose ,  which 

mu l t i p l y  in the i n t e s t i ne s  and are excr e t ed  in l arge number s  in 

faeces  o f  i n f ec t ed  i nd i v i dua l s  (WHO,  1 979) .  Ou t br eaks  of  viral  

he pa t i t i s  and g a s t r o e n t e r i t i s  r esu l t i ng  from sewage-  

c o n t a mi n a t e d  wa t e r  are f r equent l y  r epor t ed  in many coun t r i e s  

all  ove r  the wor l d  ( WHO,  1 984) .  Rats t hat  hide in sewage  ducts  

and t o i l e t s  l at er  move into houses  via the roof  gut t e r s  and may 

t he r e f o r e  t r ans mi t  t hese  vi ruses ,  e i t her  t hrough thei r  excr e t i ons

13



or fur,  i nto the s t o r age  t anks ,  thus c on t a mi na t i ng  rain wa t e r  

( Cen t r e  for  Di sease  Cont r o l ,  1 988).

2 . 5 . 3  P a r a s i t e s

Common human p r o t ozoa l  wat erborne  pa t hogens  such as 

E nta m oeb a  hy s to l y t i ca ,  Giardia lambl ia ,  Cryp to spor id ium  

s p p , an d  Ba lan t i d ium  coli ,  and he l mi n t hs  such Ech i no coc cus  

g r a n u l o s u s , Taenia so l i um  and Taenia sag ina ta  may be 

t r a n s mi t t e d  t hrough d r i nk i ng  water  and have been a s soc i a t ed  

wi th d i s e a s e  ou t b r e a ks  af t er  c ons umpt i on  of  c on t a mi na t e d  

water .  These  o r g a n i s ms  may c on t a mi na t e  r a i nwa t e r  in the 

s t o r age  t ank or af t er  such r a i nwat er  is handled by i nf ec t ed  

pa t i en t s .

2 . 5 . 4  F r e e - l i v i n g  o r g a n i s m s

P h y t o p l a n k t o n  free l i v i ng  bact er i a ,  fungi  and algae,  

z o o p l a n k t o n  f r e e - l i v i ng  pro t ozoa ,  Ro t i f e r s ,  Cl adoce r a  and 

wor ms ,  and ma c r o - i n v e r t e b r a t e s  can grow in r a i nwa t e r ,  

e s p e c i a l l y  that  which s t ays  in s t orage  t anks  for p r o l onged  

p e r i o d s .
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2 . 6  P u b l i c  h e a l t h  a s p e c t s  of  w a t e r

Many c o mmu n i c a b l e  i n f ec t i ons  are r e l a t ed to both wat er  and 

excr e t a .  Al t hough  a wa t e r - wa s he d  f aeca l -ora l  route  t r ans mi t s  

many e x c r e t a - r e l a t e d  d i seases ,  e spec i a l l y  d i a r r hoea ,  a 

wa t e r b o r n e  route can a l so spread them.

Safe wa t e r  suppl i es  and bet t er  s an i t a t i on  have been a ccep t ed  as 

some o f  the maj or  bas i c  necess i t i e s  for  a heal thy l iving.  

Ho we v e r ,  measur i ng  the  heal th benef i t s  that  accrue  from them 

r ema i ns  c on t r ove r s i a l .  Some s tudies  i nd i ca t e  that  i mpr oved 

wat er  qu a l i t y  and s a n i t a t i on  f ac i l i t i es  are not e f f i c ac i ous  in 

i mp r o v i n g  heal th s t a t us  and are not pa r t i cu l a r l y  cost  e f f ec t i ve  

( Wal sh  and War ren,  1 979) .  In con t r a s t ,  a revi ew of  67 s tudies  

f rom 28 coun t r i e s  found that  i nves t ment s  in wat er  and 

s a n i t a t i o n  can r educe  d i a r r hoea l  mor b i d i t y  and mor t a l i t y  rates 

by a me d i a n  of  22% and 21% r e s pe c t i ve l y  (Esrey et a l ., 1985).  

The he a l t h  benef i t s  r e s u l t i ng  from i nves t ment  in clean wat er  

and s a n i t a t i o n  have been  measur ed  by c a s e - con t r o l  s t udi es  

s i nce  t he  end o f  the 1 9 8 0 ’s. These  s t ud i es  have been conduc t ed  

in Ma l awi  ( Young and Br i scoe ,  1 988) ,  the Phi l i pp i nes  

( Ba l t a z a r ,  1 988) ,  Les o t ho  (Danie l s ,  1 990)  and in Col umbi a  

(Bersh and Osor io,  1 985) .  It was found that  wa t er  and 

s a n i t a t i o n  i nves t ment s  can produce  a 20% - 24% r educ t i on  in
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the i n c i d e n c e  of  d i a r r hoe a .  Chunge et al.  (1992) ,  in a s t udy  to 

compar e  the ae t i o l ogy  o f  chi ldhood d i a r r hoea  in Kiambu and 

Ka kame ga  Di s t r i c t s  of  Kenya,  found that  water  sources  

a cc oun t e d  for  some occur r ences  of  d i a r r hoea l  cases .

2. 7 S t a n d a r d  T e c h n i q u e s  For  T e s t i n g  M i c r o b i a l  Wa t e r  

Q u a l i t y

2 . 7 . 1  M u l t i p l e  T u b e  F e r m e n t a t i o n  T e c h n i q u e

The Mu l t i p l e  Tube Fe r ment a t i on  Techn i que  (MTT)  has been 

used for  the e nume r a t i on  of  total  co l i f o r ms  for over  70 year s  as 

an i n d i c a t o r  of  wa t er  qua l i t y .  The t ec hn i que  is s t i l l  in use 

t oday in many  c oun t r i e s  for moni t or i ng  wat er  suppl i es  and food 

qua l i t y  con t r o l  ( Evans  et  a l ., 1981).  The method u t i l i zes  the 

abi l i t y  o f  c o l i f o r ms  to ferment  l actose  wi th product i on  o f  acid 

and gas wi t h i n  24 hours  at 37°C.

In the i n i t i a l  p r e s umpt i ve  col i form tes t ,  wat er  samples  are 

i n oc u l a t e d  into f e r me n t a t i on  tubes  con t a i n i ng  a su i t ab l e  l iquid 

medi um,  and then i ncuba t ed  for an a ppr opr i a t e  per iod o f  t ime 

for the r ea c t i on  to t ake place.  The test  is cal l ed p r e s umpt i ve  

because  the r eact i on obse r ved  may oc c a s i ona l l y  be due to the 

p r e s enc e  o f  other  o r ga n i s ms  or combi na t i on  of  o r gan i s ms
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(WHO,  1971) .  The pr es umpt i on  that  the react ion is due to 

c o l i f o r ms  has to be conf i r med .

Severa l  wor ke r s  ( Le i t c h ,  1 925;  Hossong,  1981) have r epor t ed  

fal se r e a c t i o n s  whi ch are  thought  to be dependent  on the 

bac t e r i a l  f lora o f  wa t er  and the method used.  Hossong ( 1981)  

r e c ove r e d  member s  of  the Enterobac t e r iaceae  as the 

p r e d o m i n a n t  group from the false pos i t ive  p r es umpt i ve  t es t  and 

also a l a r ge  number  of  a typica l  and anaerobi c  l ac tose  

f e r me n t i n g  s t r a ins .  He conc l uded  that  no s ingle spec i f i c  

ba c t e r i a l  group can be i dent i f i ed  as being r espons i b l e  for  the 

fal se p o s i t i v e  r eac t i on  o f  the p r es umpt i ve  co l i f o r m test .

P r ob l e ms  o f  fal se ne ga t i ve  react ions  us ing St andard  Most  

Pr oba b l e  Numbe r  ( S- MPN)  t echnique  have been r epor t ed  (Evans 

et a l ., 1981) .  Us i ng  a Modi f i ed  Most  Pr obabl e  Number  (M- 

MPN)  me t hod ,  Evans  et a l ., (1981)  managed  to r ecover  

d i f f e r e n t  spec i es  of  co l i f o r ms  from the fal se negat i ve  t es t s  

i nc l ud i ng  C i t r o b a c t e r , En t erobac te r ,  Kl ebs ie l la ,  and  

E s c h e r i c h i a . The r e c ove r y  of  these  o r gan i s ms  depended  on the 

me t hods  used s i nce  each col i form de t ec t i on  t echni que  t ended to 

se l ec t  for  a d i f f e r en t  p r o f i l e  of  co l i f o r m speci es  from wa t e r  

s ampl e s  ( Evans  et al,  1981) .



2. 7 . 2  M e m b r a n e  F i l t r a t i o n  T e c h n i q u e

Since the Me mbr a ne  Fi l t r a t i on  (MF) Tec hn i que  was i n t r oduced  

as a t e n t a t i v e  met hod for col i form e nume r a t i on ,  it has gained 

wide usage  for  not only enumer a t i on  of  t ot a l  co l i f o r ms ,  but  

also for f aeca l  co l i f o r ms ,  total  bacter i al  count ,  and a va r i e t y  of  

other  b a c t e r i a l  t es t s .  The unique advant age  of  the MF over  

other  test  me t hods  is its abi l i t y  to conce n t r a t e  and l oca l i ze  the 

bac t er i a  f r om large sampl e  volumes ,  hence  the sens i t i v i t y  of  

q u a n t i t a t i v e  ba c t e r i o l ogy .  The ideal  c ha r a c t e r i s t i c s  of  a 

membr ane  f i l t e r  for qua l i t a t i ve  ba c t e r i o l ogy  would appear  to be 

pores  smal l  enough to r e t a in  the bac t e r i a ,  but  open enough to 

permi t  o p t i ma l  d i f f us i on  o f  media and a hos p i t ab l e  sur face  for 

growth.  Me mbr a ne  f i l t er s  cur r ent ly  r ec ommended  for 

e n ume r a t i on  of  faecal  co l i f o r ms  have a por e  r e t en t i on  size of  

0 . 45pm.  F i l t e r s  f rom d i f f e r en t  manuf a c t u r e r s  have a r e t en t i on  

size of  0 . 4 5 p m ,  but  they may have d i f f e r en t  sur face  

mo r p h o l o g i e s  and thus exh i b i t  c ons i de r ab l e  d i f f e r ences  in 

co l i form r e c ove r y  ( Sl adek  et al. ,  1 975).

It has been  r epor t ed  that  membr ane  c ompos i t i on  of  e i t her  

ce l l u l ose  e s t e r ,  c e l l u l os e  aceta t e ,  or po l ya r y l  es t er ,  is not  an 

i mpor t an t  f ac t or  in bac t e r i a l  r ecovery;  n e i t h e r  are there



s i gni f i cant  d i f f e r e nc e s  be t ween var ious s t e r i l i za t i on  met hods  

and the n u mb e r  r ecover ed  (Sladek et a l . y 1 975) .

Barbra et al .  ( 1 975)  compar ed  membranes  from d i f f e r ent  

ma nuf a c t u r e r s  for t hei r  r ecover y  s ens i t i v i t y  and c onc l uded  that  

membr anes  could be rat ed in order  of  dec r eas i ng  s e ns i t i v i t y  as 

fol lo w s :

Mi l l i pore  H C> Ge l ma n > J o h n s - Ma n v i l l e > S a r t o r i o u s > Mi l l i p o r e  

HA> S c h l e i c h e r  & Schne l l .

Dutka et al .  ( 1 974)  r epor t ed  var ious  pr ob l ems  encount e r ed  

when us i ng  var i ous  br ands  of  f i l ters.  On several  occa s i ons ,  

Sa r t o r i ous  membr ane s  wer e  found to have hydr ophob i c  a reas ,  

which l i mi t ed  the e f f e c t i ve  f i l t er ing areas .  Both Mi l l i por e  and 

Sa r t o r i ous  me mbr a ne  f i l t e r s  have areas ,  whi ch  upon 

au t oc l a v i ng  become d i s t o r t ed  and s omewha t  f r agi l e  mai nl y  due 

to s h r i n k i n g .  When t e s t i ng  for faecal  c o l i f o r m dens i ty ,  Dutka  

et al. ( 19 7 4 )  found that  Mi l l i pore  membr ane  f i l t ers  of ten 

pr oduced a be i ge - ye l l ow backgr ound  that  in some i ns t ances  

made c o u n t i n g  more d i f f i cu l t .

Other  c o mp l i c a t i o n s  of  us i ng  the f i l t er  membr ane s  i nc l ude  the 

r educ t i on  in the appa r en t  r ecovery of  o r gan i s ms  by the
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membr ane  f i l t e r s  in cases  of  high colony c o nc e n t r a t i on  due to 

ove r l a p p i n g ,  and the d i f f i cu l t y  in count i ng i nd i v i dua l  co l on i es  

for s p r e a d i n g  or gan i s ms .  The f i l ter  membr anes  have been 

modi f i ed to i nc l ude  a square  grid pat tern pr i n t ed  in 

hyd r ophob i c  ma t e r i a l  on the convent ional  f i l t er s .  Thi s  appea r s  

to s e p a r a t e  the co l on i es  f rom one another  and pr event s  l a t era l  

growt h,  s p r e a d i n g  and conf l uence ,  since the co l on i es  grow 

upwards  i n s t ea d  of  s i deways .

It a p p e a r s  t hat  c on f l i c t i ng  repor t s  wil l  c on t i nue  unt i l  a 

s t a n d a r d i z e d  p r ocedur e  for  f i l ter  eva l ua t i on ,  i nc l ud i ng  the 

source  o f  t he  test  o r gan i s m and s t a t i s t i ca l  ana l ys i s ,  is 

e s t a b l i s he d  and accep t ed  (Brodsky;  1 975) .

2 . 7 . 3  O t h e r  t e c h n i q u e s

An e n z y m a t i c  p r ocedur e  for  the i den t i f i ca t i on  of  co l i f o r ms  has 

been p r o p o s e d  (Lecheva l  1 ier  et al,  1 983).  Thi s  p r ocedur e  is 

based on O - n i t r o p h e n y l - b - g a l a c t o p y r a n o s i d e  ( ONPG)  

hyd r o l y s e s  and c y t o c h r o me  oxidase  ac t i v i t i e s .  Enzymes  are 

used as s u r r o g a t e  me a s u r e s  of  col i form c o nc e n t r a t i on  (Berg and 

F i k s d a l , 1 988) .  A di r ec t  MF method i nco r por a t i ng  MU- b- D-  

g a l a c t o s i d e  into the agar  medium al lowed the de t ec t i on  of  as 

few as 1 f aeca l  co l i f o r m per  lOOmls of  wa t e r  wi t hin 6 hours .



The use o f  P r e s e n c e - Ab s e n c e  Test ,  as an a l t e r na t i ve  to the 

Membrane  F i l t r a t i on  and Mul t ipl e  Tube Techni que ,  for 

moni t or i ng  the qua l i t y  o f  dr inking water  was fi rst  sugges t ed  by 

Clark (1 968) .  Ini t i a l  s t ud i es  used double s t r engt h  Ma cConkey  

broth mo d i f i e d  by a dd i t i on  of  lOg Tryptone  per  l i t re.  The test  

was p e r f o r me d  by addi ng  50mls  of  water  sampl e  to 50mls  o f  the 

modi f i ed b r o t h  in g l a s s - s c r ewed  bot t l es  c on t a i n i ng  i nver t ed  

Durham t ubes .  The P-A bo t t l e s  were i ncuba t ed  at 3 7°C for 5 

days and che c ke d  da i l y  for  growth and acid or acid and gas 

p r oduc t i on .  I nocu l um f rom posi t ive  p r es umpt i ve  bot t l es  were  

t r ans f e r r ed  to c on f i r ma t o r y  media and on Ma cConkey  agar  

plate.  The f i r s t  t es t  showed that  the P-A t es t  p r oduced 478 

conf i r med  pos i t i ve  r e su l t s  for col i forms ,  wher eas  Membr ane  

Fi l t r a t i on  t es t  produced  onl y  317 conf i r med  pos i t i ve  resul t s .

The P-A t es t  p r oduced  a h i gher  number  of  pos i t i ve  t ests ,  

d e mo n s t r a t i n g  a g r ea t e r  s ens i t i v i t y  for de t ec t i on  of  co l i f o r ms  

than the Me mb r a n e  F i l t r a t i on  Technique  ( Cl a r k  et a l . t 1982) .

A de f i ned  s ubs t r a t e  met hod (Edburg et al . ,  1 989)  has been 

appl i ed to d r i nk i ng  wat er  to s i mu l t aneous l y  enumer a t e  total  

col i form and total  E . col i  d i r ec t ly  from wa t e r  samples .  Af t e r  

i ncuba t i on  at 35°C for 24 hours ,  the deve l opme n t  o f  ye l low
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colour  f rom the i n i t i a l l y  co lour l es s  sol ut ion is speci f i c  for 

c o l i f o r ms .  F l uo r e s c e nc e  at 266 nm in the same tube(s )  

d e mo n s t r a t e s  the p r e s enc e  of  E. coli .  The met hod is known as 

Au t o a n a l y s i s  Co l i l e r t  (AC)  and has been r epor t ed  to give 

r esul t s  c o mp a r a b l e  to s t andar d  methods in p r e s e nc e / a bs e nc e  

form a t .

A H y d r o g e n  su l ph i de  Sc r een i ng  Test  for wa t e r  qua l i t y  was 

c ompa r e d  to the S t andar d  Mul t iple  Tube Tec hn i que  and found 

to be h i g h l y  s e ns i t i ve  and speci f i c  and showed a high 

p r e d i c t i v e  va l ue  ( Buke nya ,  1 990).  This t es t  has been 

r e c o m m e n d e d  for the deve l op i ng  count r i es  where  r e s our ces  are 

very l i mi t e d .

The Endo agar  medi um has  been found to be s e l ec t i ve  for 

c o l i f o r ms  and also the co l on i es  have a me t a l l i c  sheen unl ike  

o t he r  b a c t e r i a l  co l on i es ,  which may grow on the medi um.  

P r o b l e ms  have  been r epor t ed  with this me t hod  s ince the 

med i um is not  a de qua t e l y  i nhibi t i ve  to o t he r  bac t e r i a  from 

wa t e r  and as a r esul t ,  t he metal l i c  sheen o f  c rowded  co l on i es  is 

not  c l e a r - c u t  (Sharp and Michard,  1 974) .  Mohammed and 

Mo r r i s o n  ( 1 975)  r epor t e d  a high degree o f  fal se nega t i ve  

c o l o n i e s  on Endo agar  medi um,  which t hey  a t t r i bu t ed  to the
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presence  o f  c hemi ca l  i mpur i t i e s  in the wat er  suppl i es ,  

i n t e r f e r i ng  wi t h  the pr oper  devel opment  o f  the normal  r eac t i on .

2.8 E s c h e r i c h i a  col i

Es ch er i ch ia  col i  (E. col i )  is a f acul t a t i ve ly  anae r ob i c ,  g r a m ­

negat ive ,  r o d - s h a p e d ,  non- spor e - f o r mi ng ,  g l u c o s e - f e r me n t i n g  

bac t er i um b e l o n g i n g  to the fami ly E n te roh ac t e r ia cea e  ( At l as ,  

1984).  Mos t  s t r a i ns  f e rment  lactose a l t hough this f e r me n t a t i on  

may be d e l a y e d  or even absent  in some cases  (Hol t s  et al. ,  

1994).  Li ke  some o t her  member s  of  its gr oup,  it is mot i l e  by 

pe r i t r i c hus  f l age l l a  (Hol t s  et a l ., 1994).  It be longs  to the genus  

E s c h e r i c h i a , and is found as a commensal  organi sm in the 

g a s t r o - i n t e s t i na l  t r ac t s  o f  warm-bl ooded animal s ,  i nc l ud i ng  

humans .  Howe ve r ,  it is an i mpor t ant  cause  of  acute g a s t r o ­

ent er i t i s  in ch i l d r en ,  wi th high morbi d i t y  and mor t a l i t y  r a t es  

(Sener wa  et al . ,  1989) .  In devel oped c oun t r i e s ,  it r are ly causes  

g a s t r o - e n t e r i t i s  except  ‘t r a v e l l e r s ’ d i a r r hoe a  ( Dupont  et al, 

1982).  Ka r i u k i ,  (1 996)  r epor t ed  it as the mos t  i mpor t ant  

pa t hogen in the young and old i ndi v i dua l s  of  poor  economi c  

and soc i a l  s t a tus .  It has been i solated from wounds  (Hol t s  et 

al., 1 994)  and also causes  ur inary t ract  i n f ec t i ons  (Boyd,

1984).
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2.8.1 H i s t o r y

Theodor  E s c h e r i c h ,  a German pedia t r i c i an,  was the f i rst  pe r son  

to i s o l a t e  t he  o r gan i sm,  in 1 885 (Esche r i ch ,  1 885;  1 886) .  It 

was t hen  n a me d  Bact er ia  col i  commune , but  has s ince been 

renamed E s c h e r i c h i a  col i  (Sussman,  1 995) .

2. 8. 2 B i o c h e m i c a l  r e a c t i o n s

The  m a j o r  b i oche mi c a l  char ac t e r i s t i c s  o f  E. coli  a cc o r d i ng  

to Hol t  et al.  ( 1994)  are shown in appendi x  1.21.

2. 8. 3 S e r o l o g y

The mos t  us e f u l  way of  c l a s s i f y i ng  E. col i  is se ro l ogy,  based 

on the  a n t i g e n i c  p r ope r t i e s  of  its var ious  sur f ace  s t r uc t ur e s .

The s e r o l o g i c a l  c l a s s i f i c a t i o n ,  as r ev i ewed by Kaufman ( 1966) ,  

forms the  ba s i s  of  i ts t yping.

The a n t i g e n s  used in this c l as s i f i ca t i on  i nc l ude  the O or 

somat i c  a n t i g e n s ,  whi ch denot e  the po l y s a cc ha r i de  moie t y  of  

the ce l l  wa l l ;  the K, or c apsu l a r  ant i gens ,  are acidic 

p o l y s a c c h a r i d e s ;  and the H or f l agel la an t i gen ,  are prot e i n  in 

nature .  One  hundr ed  and sevent y  one (171)  d i f f e r en t  0  an t i gens  

(01 to 171) ,  103 K an t i gens ,  and 55 H a n t i ge ns  have been 

ident  i fi e d .
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E. col i  is a c omme ns a l  organ i sm in the i n t e s t i na l  t ract  of  

humans but  is po t en t i a l l y  pathogenic  (Munde l l  et al . ,  1976,  

Field,  1 979) .  It shows  oppor t un i s t i c  pa t hogen i c i t y  by caus i ng  

enter i t i s ,  u r i na r y  t r ac t  i nf ec t i ons ,  and neonat a l  meni ng i t i s  in 

humans,  and mas t i t i s  in cows .  The most  i mpor t an t  d i s eases  due 

to thi s  o r g a n i s m are en t e r i t i s  in chi ldren and young ani mal s .

De et al. ( 1 956)  d e mo n s t r a t e d  the first  spec i f i c  v i ru l ence  

factors a s s o c i a t e d  wi th the bacter i a.  They r epor t ed  that  some 

s t rains  o f  E. col i  were  a s soc i a t ed  with d i a r r hoe a  caused by 

secre t ion o f  exce s s i ve  f l u ids  and e l ec t r o l y t e s  into the i leal  

loops of  r a bb i t s .

The d i f f e r e n t  pa t hogen i c  mechani sms  i nvol ved  in the ent er i c  

i nf ec t i ons  in humans  caused  by the organi sm have been 

c l ass i f i ed  ( Honda ,  1 992)  as fol lows:

1. E n t e r o p a t h o g e n i c  Escher i ch ia  coli  (EPEC) ;

2. E n t e r o t o x i g e n i c  Escher i ch ia  coli  ( ETEC) ;

3. E n t e r o h a e mo r r h a g i c  Escher i ch ia  col i  (EHEC) ;

4. E n t e r o i n v a s i v e  Escher i ch ia  col i  ( EIEC) ;

5. E n t e r o a d h e r e n t  Escher i ch ia  col i  ( EAEC) ;

6. E n t e r o a g g r e g a t i v e  Escher i ch ia  col i  ( EAggEC) ;

2 . 8 . 4 . 1  E n t e r o p a t h o g e n i c  E .  c o l i

2.8.4 E n t e r o p a t h o g e n i c i t y
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Ent e r opa t hogen i c  E. col i  be l ong to the 0  se r ogr oups  and are 

capable o f  c aus i ng  d i a r r he a  wi thout  p r oduc i ng  en t e r o t ox i ns ,  

and are not  i nvas i ve  (Levi n  et al, 1 983).  About  15 to 20 o f  the 

known E. c o l i  s e r ogr oups  O, K and H have been des i gna t ed  

EPEC wi th the most  p r eva l en t  serogroups  wor l dwi de  being O i l ,  

026 ,  0 1 1 9 ,  0 1 2 7  and 0 1 2 8  (Rowe,  1 979).  EPEC is r e s pons i b l e  

for many c a s e s  of  i n f an t i l e  gas t ro i n t es t i na l  d i seases  wi th high 

mor t a l i t y  wo r l d wi d e  ( Rowe,  1 983).

2 . 8 . 4 . 2  E n t e r o t o x i g e n i c  E .  c o l i

E n t e r o t ox i ge n i c  E. col i  cause  di ar rhoea  by e l abor a t i ng  heat -  

l abi le (LT)  and heat  s t abl e  (ST) t oxins  ( Cl ement s  and 

F i nke l s t e i n ,  1979).  The pr oduc t i on  of  both LT and ST is 

encoded by t r ans f e r ab l e  pl asmi ds  wi th spec i f i c  p l asmi ds  

gove r n i ng  p r oduc t i on  of  LT alone,  LT and ST and ST a lone  

( Wa c h s mu t h  et al. ,  1 976) .

ETEC po s s e s s e s  a c c e s s o r y  vi rul ence  fac t or s .  The best  

c ha r a c t e r i z e d  are the a dher ence  or co l on i za t i on  factors ,  which 

permi t  a t t a c hme n t  of  ETEC to the mucosa  of  smal l  i n t e s t i nes  

(Nagy et al . ,  1 977;  Levin et a l , 1 983) ,  pe r mi t t i ng  r e l ease  of  

e n t e r o t ox i n  close to the react i ve  si tes .  Cl i n i ca l l y ,  the d i sease
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caused by E l  EC is i nd i s t i ngu i shab l e  from cho l e r a  ( Munde l l  et 

al., 1976;  F i e l d ,  1979) .

2 . 8 . 4 . 3  E n t e r o h a e m o r r h a g i c  E .  c o l i

E. col i  0 1 5 7 : H 7  be l ongs  to this group.  This  or gan i sm pr oduces  

cy tot oxi ns  ca l l ed  v e r oc y t o t ox i n  (VT) or s h i ga - l i ke  t oxin that  

appear  to p l ay  a ma j o r  role  in the pa t hoge nes i s  of  haemor r hag i c  

col i t i s  (Pai  et al. ,  1 986) .  There  is s i gn i f i can t  i nc r i mi na t i on  of  

VT- pr oduc i ng  E. co l i  ( VTEC)  as cause of  Hemol y t i c  Uraemi c  

Syndrome ( HUS)  ( Spi ka  et al. ,  1986).

Since the 1 983 ou t b r eaks  o f  hemor rhagic  c o l i t i s  a s soc i a t ed  

with E. co l i  0 1 5 7 : H 7  from the Uni ted St a t es ,  it has been 

repor ted wi t h  i nc r eas i ng  f r equency (Ri l ey et al. ,  1983) ,  

pa r t i cu l a r l y  in i n dus t r i a l i s e d  count r i es .

2 . 8 . 4 . 4  En t e r o i n  v a s i v e  E .  c o l i

Ent e r o i nva s i ve  E . col i  does  not  produce e n t e r o t o x i n s ,  but  it 

i nvades  t he  co l on i c  mucosa l  cel ls .  This i nvas i ve  pr ope r t y  was 

de mons t r a t e d  by the gui nea  pig ke r a t o c o n j u n c t i v i t i s  test  

(Sereny,  1 955) .  St r a ins  0 1 1 4 : K ,  0 43 : K,  0 1 3 6 : K ,  0 1 2 4 : K  and 

0 2 8 A , C : K 74 were i so l a t ed  (Ogawa et al . ,  1 968)  and shown to 

possess  i n v a s i v e  p r o p e r t i e s  cha r ac t e r i s t i c  o f  v i r u l ence  fac tors  

found in S h i ge l l a  s t r a ins .
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2 . 8 . 4 . 5  En  t e r o a d h e r e n t  E.  c o l i

This t erm was  des i gna t ed  to E. coli  i sol a t ed from a d i a r r he i c  

pat ient  in 1 985 and found not  to belong to the t ypical  EPEC 

se rot ypes ,  but  adhered to Hep-2 cel l s .  Two types  of  adher ence  

are known :  l oca l i z ed  and d i f fuse  (Mat hewson  et a l . y 1 985) .

2 . 9 . 4 . 6  E n t e r o a g g r e g a t i v e  E .  c o l i

These o r g a n i s m s  are of t en i solat ed from pa t i en t s  wi th d i a r r hoea  

pe r s i s t i ng  l onger  than 2 weeks .  The bac t er i a  show 

c h a r a c t e r i s t i c  ‘ s t acked b r i c k ’ adherence on Hep-2 ce l l s  and 

even on a g l a s s  sur f ace  (Vial  et al. ,  1 988) .
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3. M A T E R I A L S  A N D  M E T H O D S

3.1 Area of Study:

The s tudy was  conduc t ed  in the per i -urban areas  of  Nai robi  

( f igure 1). Pu r pos i ve  se l ec t i on ,  a iming to co l l ec t  s ampl es  for 

analyses f rom regi ons  wher e  people consume  r a i nwa t e r  whi ch 

has been s t o r e d  in r e s e r vo i r  tanks,  was done .  Fac tor s  

cons i dered for  the s e l ec t i on  of  the study a reas  were:  thei r  wide 

var i at ion in t ypes  o f  she l t e r ;  di f ferent  i n t ens i t i e s  o f  l i ves t ock  

and crop f a r mi ng ;  actual  u t i l i za t i on  of  r oo f - ha r ve s t e d  

r a inwater ;  and pr ox i mi t y  to a ci ty wi th de t e r i o r a t e d  garbage  

col l ec t ion and sewage  ha nd l i ng  services .

Conveni ent  s ampl i ng  was car r i ed out  from homes  s i t ua t ed  a long 

the access  r oads ,  which so r i chly c r i s s c r os s  the area that  the 

selected t a nks  were r ega r ded  r ep r e sen t a t i ve  o f  the area.

The samples were col lected from Dagorett i  Division of  Nairobi 

District in Nai robi  Province;  Ngong Division of  Kaj iado District  in 

Rift Valley Province;  and Kikuyu Division of  Kiambu District  in 

Central Province,  Kenya.  Sampl es  in Dagor e t t i  were co l l ec t ed  

from: Ka wa n g wa r e ,  Ri ru t a ,  and Rut h i mi t u  Loca t i ons ;  in Ngong 

Divi s ion:  f rom Ngong,  Ol ool ua ,  Ki se r i an ,  Nkai  Murunya  and
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Ongata Ronga i  Locat i ons ;  and in Kikuyu Di v i s i on :  f rom Ki noo,  

Kabete,  and Ki kuyu Locat i ons .

Figure 1 ( o v e r l e a f )  is a map of  the study area:
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3. 2 Steri l i zat ion of glassware,  plastic equipment ,  and media

The equipment used in the study was sterilized by washing in hot water 

containing a detergent and then rinsed with distilled water. It was then 

dried in a hot air oven at 100‘C and sterilized in an autoclave at 120°C for 

30 minutes. The plastic equipment was bought already sterilized.

3.3 Sa mpl i ng

The study focused on stored rainwater;  however,  the samples found 

to be mixed in the storage tanks with piped or borehole water were 

dis carded.

Sampling was done from stored rainwater harvested during the 

Octo ber -December  short  rains in 2001, and the Apri l -July 2002 long 

rains. The samples were col lected within the first fortnight  of  the 

onset of  the rains.

About 250ml  of  the rainwater  samples were col lected into sterile 

bottles.  The samplin g procedure was as folio ws: the tap was flamed 

and the water  al lowed to run for half a minute to empty the out let  

pipe and then the tap was closed.  The sampl ing bottle was held at 

the bot tom,  the stopper  removed and the bo t t l e ’s mouth flamed.  The
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tap was f l amed again,  opened,  and the water al lowed to run for 

another 30 seconds.  The mouth of  the bottle was then placed under 

the tap and the water sample collected.  The bottl es in each case 

were then l abel led with the fol lowing information:  location;  date;  

time; type o f  sample ( tank-col lected) ;  roof  type (whether  metal or 

concrete t i l es) ;  type of  tank (whether  plastic,  metal ,  or concrete);  

environment  (whether  slum or other residence,  liv estock or mixed 

farm); name and address of  respondent.  The sample was placed in a 

cool-box and taken to the laboratory.

Photographs of  some of  the tanks sampled from were taken to 

i llustrate the condi t ions under  which the rainwater  was harvested.  A 

delib erate effor t  was made to ensure that every si tuat ion of 

rainwater harvest ing was represented.  A total  of  9 pho t ogr aphs  

were t aken  o f  the va r i ous  s i t ua t i ons  in whi ch  r a i nwa t e r  was 

found to be co l l ec t ed .

3.4 Bacteriological  Analyses

The s a mp l e s  were  ana l ysed  for total  vi abl e  count  (TVC)  and the 

col i form c oun t .  E . col i  was  analysed for phys i ca l  and 

b i ochemi ca l  c h a r a c t e r i s t i c s .
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The media were  prepared and steril ized according to the 

manufacturers’ recommendat ions ,  which involved steri l izat ion in a 

pressure cooker  at 121°C for 15 minutes.

3.4.1 Total Viable Count

The Oxoi d d e h y d r a t e d  pl a t e  count  agar  ( PCA)  was r econs t i t u t ed  

and p r e p a r e d  a cc o r d i ng  to the m a n u f a c t u r e r ’s r e c omme nda t i ons  

(Appendix 6 . 1) .  The  agar  was  maint ained at be tween 45°C and 

5 00C in a wa t e r  bath unt i l  r eady for use.  T h e  bot t l ed water  

sample was shaken  sever a l  t imes,  the s t opper  f l amed and 

opened,  and the mouth of  the bot t le f l amed.  One mi l l i l i t r e  

( l ml )  of  t he  wa t er  s ampl e  was col l ected us i ng  a s t er i l e  p i pe t t e  

and t r a n s f e r r e d  into a test  tube conta in i ng  9ml  of  s t er i l e  

phys i o l og i c a l  sa l i ne .  Th i s  was ser i al ly d i l u t ed  ten fold up to 

105. One mi l l i l i t r e  ( l m l )  was drawn from each di lut ed sample  

using a s t e r i l e  p i pe t t e  and asept i ca l l y  d i s pe ns e d  into s t er i l e  

petri  d i shes  in dupl i ca t e .

Ap p r o x i ma t e l y  20ml  of  the PCA at 4 50C was  added into each 

petri  di sh c o n t a i n i n g  the wa t e r  sample  and gent l y  mixed.  The  

plates were  a l l owed to cool  and then i ncuba t e d  at 30 C for 48 

hours.  T h e  pl a t es  wi th count ab l e  co l on i es  were  se l ec t ed and the 

colonies  in each p l a t e  coun t e d  wi th the aid of  a colony counter .
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The mean c o u n t  for each sampl e  was recorded as the total  

viable count  ( TVC)  of  bac t e r i a  per ml of  the wat er  sample .

3. 4. 2 C o l i f o r m  C o u n t

3. 4 . 2 . 1  P r e s u m p t i v e  C o l i f o r m  Test

The Ma c C o n k e y  Broth ( Oxoi d ,  1 980) was pr epa r ed  accord i ng  to 

the m a n u f a c t u r e r ’s i n s t r uc t i ons  (Appendix 6 . 2 ) .  For each wat er  

sample,  10ml  o f  the doubl e  s t rength broth was di s t r i but ed  into 

5 uni ver sa l  bo t t l e s  and 5mls  of  the s ingle s t r eng t h  d i s t r i bu t ed  

into 2 sets o f  5 f e r me n t a t i on  tubes.  Inver t ed Durham tubes 

were i n t r o d u c e d  into the uni ver sa l  bot t l es  and the f e r ment a t i on  

tubes.  The  b r o t h  was then s t e r i l i zed  in a p r e s s u r e  cooker  at 

121 °C for 15 mi nu t e s  and a l l owed to cool .

The wa t e r  s a mp l e s  were t ho r ough l y  mixed.  10ml of  the water  

samples  was  t hen t r a ns f e r r e d  into each un i ve r s a l  bot t l e ,  1ml 

into each o f  the bot t l e s  in one set of  the 5 f e r ment a t i on  t ubes ,  

and 0.1ml  i n t o  the o t her  set  of  5 bot t l es ,  us i ng  a s t e r i l e  

pipet te.  T h e  bot t l e s  and the  tubes were i ncuba t e d  at 37°C for 48 

hours,  and t h e r e a f t e r  obse r ved  for acid ( Br omoc r e s o l  dye 

turning o r a n g e  from pur p l e )  and gas (in the Durham tubes)  

product i on.  T h e  number  o f  bot t l es  and t ubes  showi ng  acid and 

gas p r o d u c t i o n  was noted.  T h e  Most  Pr obab l e  Number  of



Col i forms per  100ml  o f  the wa t er  sample was read from the 

McCr ady’s S t a t i s t i c a l  T able (appendix 1.14).

3 . 4 . 2 . 2  C o n f i r m a t i o n  o f  The  P r e s e n c e  of  E.  c o l i

Eosin M e t h y l e n e  Blue Agar  (EMBA)  (Oxoid,  1 9 80) was 

prepared a c c o r d i n g  to the manuf ac t ur e r  s i ns t r uc t i ons  

( Appendix 6 . 4 ) ,  pour ed  into pet r i  di shes,  and al l owed to cool .  

The p l a t e s  in d up l i c a t e  were s t reaked wi th cu l t u r e  from the 

posi t ive  p r e s u m p t i v e  t ubes ,  and incubated for 24 hours at 37°C, 

Medium-sized round colonies, 2-3mm diameter, with a dark centre, some 

showing a me t a l l i c  g r een i sh  sheen,  were r ega r ded  suspect  E. 

coli. T h e  s u s p e c t  co l on i es  were  then sub j ec t ed  to biochemical  

tests to c o n f i r m  the p r e s ence  of  E. c o l i , as desc r i bed  below.

Met hyl - Red  V o g e s - P r o s k a u e r  medium (MRVP)  (Appendix 6.5) ,  

Simmons Ci t r a t e  agar  ( Append i x  6.6),  Indole  reagent  

( Appendix 6 . 7 ) ,  Met hyl  Red solut ion ( Append i x  6.8) ,  Creat ine  

solut ion ( A p p e n d i x 6 . 9 ) ,  and 40% Potass ium Hydroxi de  

( Appendix 6 . 10)  were  p r epa r ed  accordi ng to the manuf ac t ur e r  

i ns t r uc t i ons .  A por t i on  of  the suspect  co l ony was inoculat ed 

into a f e r me n t a t i o n  tube  o f T r y p t o n e  water .  Two  por t ions  f rom 

the same c o l o n y  were each i nocul a t ed  into a t ube of MRVP 

medium and a no t he r  por t i on  into Si mmons  c i t r a t e  agar.  All



t ubes wer e  i n c u b a t e d  at 3 70C for 48 hours .  T h e r e a f t e r  Indole 

p r oduc t i on  was  t es t ed  by addi t i on  of Ko v a c ’s r eagent  into the 

Trypt one  wat er .  Me t hy l - Red  pH indicator  was added into one of  

the MRVP m e d i u m  tubes ,  and Creat ine  so l u t ion  and Potass ium 

Hydr ox i de  in to  the other .

Col on i es  p r o d u c i n g  the r eac t i ons :  Indole pos i t i ve  (I + ), Methyl -  

Red pos i t i ve  (M + ), Vo g e s - P r o s k a u e r  nega t i ve  (Vi - ) ,  and 

Cr ea t i ne  n e g a t i v e  (C-)  were des i gna t ed  IMViC + + -- and 

c ons i de r e d  to be E. col i .

Nut r i en t  Agar  ( Appe nd i x  6.11)  and Cooked Meat  Medium 

( Append i x  6 . 12 )  were p r epa r ed  accordi ng to the ma n u f a c t u r e r ’s 

i ns t r uc t i ons .  T h e  conf i r med  E. coli  o r gan i s ms  were preserved 

under  r e f r i g e r a t i o n  in these  medi a  for future r e f e rence .

3.5 S t a t i s t i c a l  An a l y s e s

The data were entered and handled in a database (dBase IV, Ashton-Tate, 

Torrance, CA, USA).  PROC FREC in SAS (PC-SAS version 6.04, SAS 

institute, Inc., Cary, NC, USA) was used to generate tables of descriptive 

statistics and for computing the X2 statistics and odds ratio (OR) in tests 

of association.
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RESULTS, DISCUSSION, CONCLUSIONS AND 
RECOMMENDATIONS
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4. R E S U L T S

4.1 T h e  S a m p l e s  A n a l y s e d

Out of  115 respondent s  who were contacted to part icipate in the 

study, 104 (90%)  complied,  but only 89 water samples (86%) were 

usable.  The rejected 15 water samples were from tanks known to 

have been mixed with t reated piped-water,  but which were col lected 

because the owne r s ’ cooperat ion in the exercise was based on the 

unders t anding that  all the tanks in their compound would be 

sampled,  in order  to establ ish the bacteriological  quali ty of  their 

water.

4.2 P h o t o g r a p h i c  i l l us t ra t i on  of  the types  o f  tanks ,  thei r  de s i gn ,  

l oc a t i on  and  erec t i on .

Dur i ng  t he  s tudy,  no wat er  tank was found to be ideal ly 

de s i gned ,  c o ns t r uc t e d  and located;  the t anks  are i l l us t r a t ed  in 

f i gu r e s  2 to 10.

Only one t ank  was found to be proper l y des i gned and 

c o n s t r u c t e d  ( Fi gur e  10),  but  there was no provi s i on made for 

the f i r s t  r a i n f a l l  to r inse o f f  the dust  on the roof  and gu t t e r s  

be f o r e  t he  wat er  meant  for  s torage  was a l l owed into the t ank.
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F i g u r e  2:  A p h o t o g r a p h  s h o w i n g  a c o n c r e t e  r a i n w a t e r

s t o r a g e  t a n k  in N g o n g .

No t e :  The t ank is i mpr ope r l y  covered,  expos i ng  the col l ec t ed 

r a i n w a t e r  to easy cont ami na t i on .  The gut t e r  is also open to 

c o n t a m i n a t i o n .  Note  the l i ves t ock grazing nearby.
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F i g u r e  3: A p h o t o g r a p h  s h o w i n g  a tap f i t t e d  on t he  s i de  o f  

t he  c o n c r e t e  t a n k  ( r ight  hand side bot tom of  tank between the 

2 s h a d o ws )

Not e :  The p i pe  is so high above the f loor  o f  the tank that 

c ompl e t e  c l e an i ng  wi th dra i nage  o f  debr i s  is not poss ible .  

C o n t a m i n a t i o n  from one rain can t he r e f o r e  be car r i ed on to 

s u b s e q u e n t  ones.
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F i g u r e  4:  A p h o t o g r a p h  s h o w i n g  a s t u r d y  c o n c r e t e  r a i n w a t e r  

t a n k  in a m o d e r n  h o m e s t e a d  in N g o n g  D i v i s i o n .

Note:  he o r n a me n t a l - c u m- wi n d b r e a k e r  e xo t i c  t rees ,  and the 

c onc r e t e  f l at  r oof  to prevent  c on t ami na t i on  of  the s tored water .  

Howe ve r ,  t he poor l y f i n i s hed  roof  top does  not e f f ec t i ve l y  

p r even t  t he  i n t r oduc t i on  of  dirt  into the t ank.
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F i g u r e  5: A p h o t o g r a p h  t a k e n  on t op o f  t he  w a t e r  t ank in 

fi gu r e 4.

Note:  the poor l y  f i t t ed i nspec t i on  cover  and the poor ly f i t t ed 

c o n n e c t i o n  to the connec t i on  pipes,  which al low con t a mi na n t s  

to be wa s h e d  into the wa t e r
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F i g u r e  6: A p h o t o g r a p h  s h o w i n g  a me t a l  wa t e r  t a n k  next  to a 

z e r o - g r a z i n g  cow s he d  in Ng o n g .

Note:  The manur e  a cc umul a t e d  in the cow shed,  the open 

gu t t e r s ,  and the t r ees  overhead .  Also not e  the flat tank r o o f  

and the o b j e c t s  on top o f  it (a cooking  pot ) ;  all of  which a l low 

c o n t a mi n a t i o n  of  the s t ored  water .
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F i g u r e  7: A p h o t o g r a p h  s h o w i n g  a me t a l  r a i n w a t e r  s t o r a g e  

t a n k  in D a g o r e t t i .

Not e :  The t ank has been put  up next  to a pi t  l at r ine.  This was 

in a c r owde d  r es i dent i a l  area.
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F i g u r e  8: A p h o t o g r a p h  s h o w i n g  an i m p r o p e r l y  e r e c t e d  

p l a s t i c  w a t e r  t a n k  in K i k u y u .

Note:  Co n t a mi n a t i o n  of  t he  water  is i n t r oduced  through the 

i mp r o p e r l y  c l os i ng  inlet .  Immedi a t e l y  next  to the tank and the 

fence  ( b e t we e n  thi s  p r oper t y  and the next  one)  is a dust  road.  

Not e  the open gut t er s .

Ai
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F i g u r e  10:  A p h o t o g r a p h  s h o w i n g  a p r o p e r l y  c o n s t r u c t e d  

r a i n w a t e r  c o l l e c t i o n  w a t e r  t ank in N g o n g  D i v i s i o n .

Not e :  The inlet ,  i n s pe c t i on  and ' br ea t her '  point s  are buil t  into 

t he  s i des  o f  the s l opi ng t op of  the tank to f ac i l i t a t e  an easy

f l o w - o f f  o f  c on t a mi na n t s  f rom the sur face  o f  the t ank dur i ng

the r a i ns .  However ,  t here  is the lack of  a faci l i ty to al low 

d i s c a r d i n g  o f  the f i rst  r a i nwa t e r  from the r oo f  and gut t er s .
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4.3.  L i v e s t o c k  De ns i t y

Catt le,  pou l t r y ,  pigs ,  sheep,  goats ,  rabbi t s  and donkeys  are 

kept in the Di v i s i o n s  (MOA annual  r epor t s ,  2001) .  Except  for 

cat t le,  the r es t  o f  the an i mal s  were not un i f o r ml y  di s t r i but ed  in 

the s t udy a r ea ;  only a few farmers  reared them as a main 

income g e n e r a t i n g  e n t e r p r i s e .

Tabl e  1: T y p e s  o f  a n i m a l s  and n u mb e r s  k e p t  per  s q u a r e  

k i l o m e t r e  o f  l a n d  in t he  s t u d y  area

Divi s ion Ar e a Cat t l e Poul t ry Pigs Sheep
and
goats

Rabbi t s Donkeys

Kikuyu 128 364 2677 220 180 61 27

Ngong 40 1446 2873 176 - 39 -

Dagoret t i 38 . 2 166 691 77 93 40 -

The ca t t l e  we r e  kept  in zero grazing uni t s  wi t h i n  smal l  parcel s  

of  land in the ba c kya r d  or r i ght  adjacent  to the fami ly house 

(Figure 6).  Ca t t l e  c on t r i bu t e  large amount s  o f  faeces v i s - a -vi s  

the uni t  a rea  o f  land.  T h e r e f o r e  they were c hos en  as the 

l ives tock d e n s i t y  i ndicator .

Kikuyu Di v i s i o n  is 232 Km2 wi th 183 Km" in ag r o- eco- zone  II 

but only 70% (128 K m 2) is under  mixed a g r i cu l t u r e .  The ca t t l e  

densi ty for t h i s  Di v i s i on  is 364 per Km" ( t ab l e2 ) .  Ngong
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Divi s ion is 3 , 142  K m 2 wi th 40 Km2 ag r o - eco - zone  II. This  zone  

of  Ngong is unde r  mixed agr i cul t ure ,  with a ca t t l e  dens i ty  o f  

1446 per  K m 2 ( t abl e  2).  Large  numbers  of  ca t t l e ,  sheep,  goat s ,  

and donkeys  are kept  in the predomi nant l y  pas t o r a l i s t  zone III 

and IV of  t he  Di v i s i on ,  whi ch are out s ide the study area.  

Dagoret t i  Di v i s i on  is 38.2 K m 2, all of  which is in agro-eco-  

zone II,  wi th a ca t t l e  dens i t y  of  166 per Km2 ( t able 2).

Tabl e  2.  C a t t l e  d e n s i t i e s  ( a n i m a l s  per  K m 2) per  D i v i s i o n  in 

the s t u d y  a r e a

Division Area (Km2) Cattle

Kikuyu 128 364

Ngong 40 1446

Dagoretti 38.2 166

4.4 T o t a l  V i a b l e  C o u n t

A total  of  89 wat er  s ampl es  were co l l ec t ed;  29 from Kikuyu 

Di vi s i on ,  31 f rom Ngong Di vi s i on ,  and 29 f rom Dagoret t i  

Divi s ion.  The  TVC for  Dagore t t i  ranged f rom 0 to 1 . 02X107 

( appendi x 1 . 13a)  wi th a mean of  1 . 665X106 ( t ab l e  3) and a 

s t andard de v i a t i on  of  2.99 5X 1 06 ( appendi x 1.13a) .  The TVC for 

Ngong r anged  from 0 to 1.02X 1 0 7 ( appendi x  1.13b)  wi th a mean 

of 8 . 2 3 6 X 1 0 5 ( t abl e  3) and a s t andard dev i a t i on  of  2. 545X 1 0 6
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( appendi x 1 . 13b) .  The TVC for Kikuyu ranged from 0 to 

1 . 02X107 ( a ppe nd i x  1.13c)  wi th a mean of  7.756X1 04 ( table 3),  

and a s t a n d a r d  dev i a t i on  o f  1.837X 1 0 5 (appendi x  1.13c).  The 

TVC for  the s t udy  area  ranged from 0 to 1.02X 1 0 7 (appendix 

1.13d)  wi th a mean o f  8 . 547X 1 04 ( table 3) and a s t andard 

dev i a t i on  of  2 . 278X1 0 6 ( appendi x  1.13d).  T h e  mean TVC for 

Dagor e t t i  Di v i s i on  was  s i gn i f i can t l y  higher  (p = 0.033)  than the 

mean T V C  for  both Ngong and Kikuyu Di vi s i ons .

T a b l e  3 B a c t e r i o l o g i c a l  q u a l i t y  o f  r a i n w a t e r  s a m p l e s  f r o m  

t a n k s  in D a g o r e t t i ,  N g o n e ,  and Ki k uv u  D i v i s i o n s ,  Ke ny a

Division No. water 
samples

Mean Total 
Viable Count 
(MTVC)

Mean Most 
Probable no. 
(MPN)

No. with E. coli

Dagoretti 29 1,665,000 684 9(31%)
Ngong 31 823,600 652 17(55%)
Kikuyu 29 775,600 729 10(34%)
Total 89 854,700 733 36(40%)

4 . 5 . 0  C o l i f o r m s

The MPN for  wa t er  s ampl es  from Dagoret t i  r anged from 0 to 

1609 ( a p p e n d i x  1.13a)  wi th a mean of  684( t ab l e  3) and a 

s t anda r d  d e v i a t i o n  o f  729 ( appendi x  1.13a) .  Those  for samples  

from Ngo n g  r anged f rom 0 to 1 609 ( append i x  1.13b)  wi th a 

mean o f  652 ( t ab l e  3) and a s t andard de v i a t i on  of  74 1 ( appendi x 

1.13b)  whi l e  t hose  for  sampl es  from Kikuyu ranged from 0 to 

1609 ( a p p e n d i x  1.13c)  wi th a mean of  891 ( t ab l e  3) and a 

s t andard d e v i a t i o n  o f  729 ( appendi x  1.13c) .  The MPN for
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samples  f rom the overa l l  s t udy area ranged f rom 0 to 1609 

( appendi x  1 . 13d)  wi th a mean of  740 ( t able 3) and a s t andar d  

dev i a t i on  of  733 (appendi x  1.13d) .  There was no s i gni f i cant  

d i f f e r enc e  be t we e n  the mean MPN for the t hree  Di vi s i ons  

( p=0 . 4042) .

4.4.1 E. col i

Of  the 89 water  samples tested for the presence of  E. coli , 36 (40%) 

were positi ve (Table 3). The proport ion of  water samples test ing 

positi ve for E. coli was 31% (9/2 9), 55% (17/3 1) and 34% (10/29) in 

Dagoretti  , Ngong,  and Kikuyu Divisions,  respectiv ely (Table 4). 

There was no di f ference between the occurrence of  E. coli in water 

samples from the three Divisions (p=0.1249).

Se v e n t y - e i g h t  pe r cen t  (78%)  of  the water  samples  cont a i ned  
more than 10 c o l i f o r ms  per 100ml  of  water .

Tabl e  4: The  p r o p o r t i o n s  of  wat e r  sampl es  wi t h  e i ther  l ess  or 

more t han 10 c o l i f o r ms  per lOOmls of  wat er  s a m p l e  among  those  

t es t i ng p o s i t i v e  for c o l i f o r ms  in each Di vi s i on

Di vis io n Number  of 
samples

Proportio n of 
samples wit h 
less th an 10 
coli forms

Proportio n of 
samples wit h 
over 1 0 
coli forms

Dagoretti 29 8(28%) 21(72%)
Ngong 31 7(23%) 24(77%)
Kikuyu 29 5(17%) 24(83%)
Total 89 20(22%) 69(78%)
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Most  o f t h e  p l a s t i c  w a t e r  t a nks  s a mpl e d  f r om wer e  f ound  i n  

Da g o r e t t i .  M o s t  o f  t he  h o m e s t e a d s  s a m p l e d  f r o m  in Ng o n g  

and K i k u y u  D i v i s i o n s  had c o n c r e t e  and m e t a l - s h e e t  wa t e r  

t a n k s .

We obs e r ve d  t hat  mos t  of  the metal  and conc r e t e  water  t anks  

were old,  some  o f  whi ch were  in a poor  r epa i r  condi t i on.

T a b l e  5 :  T h e  t y p e s  o f  t a n k s  f o u n d  in t h e  s t u d y  a r e a

D i v i s i o n P l a s t i c Me t a l C o n c r e t e T otal
Dagoretti

17 9 5 31
Ngong

5 13 1 1 29
Kikuyu

3 12 14 29
Total

2 5 ( 2 8 % ) 3 4 ( 3 8 %) 3 0 ( 3 4 % ) 89
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5. DISCUSSION

About  97 . 3% o f  the wat er  on earth is seawat er ,  0.65% is f resh 

water  and the  rest  ( 2 . 05%)  occurs  in the form of  f rozen water  

(Anon,  1 977) .  Water  is found in the t r opos phe r e  as vapour  and 

as c l ouds ,  wi t h  a l i t t l e  wa t er  vapour  found in a nar row band 

of  the l owes t  por t i on  of  the s t r a tosphere  (Di x ,  1981).  The  

water  in the t r opos phe r e  is cont i nua l l y  be ing exchanged wi th 

the ear th t h r o u g h  the hydrol ogica l  cycle.  In the t r oposphere ,  

water  v a p o u r  c onde ns e s  to form rain,  which is pr ec i p i t a t ed  

over land and oceans  (Dix,  1981).  It is c onc e i va b l e  that  

pol l u t i on  can be spread  from a source to d i s t an t  pl aces  

t hrough the hyd r o l o g i c a l  cycle.

The d e mo g r a p h i c  p r opor t i on  of  the poor  in the wor ld is on the 

i ncrease .  We find that  among other  t h ings ,  pover t y  creat es  

u r ban i z a t i on  as peopl e  move to urban areas  in search of  

empl oymen t .  Ur ba n i z a t i on  and pover ty c r e a t e s  s lums and a 

general  o v e r c r o w d i n g  in the l ow- i ncome r e s i den t i a l  areas ,  

both in the c i t i e s  and pe r i - u r ban  areas .  T h e  i nabi l i t y  of  the 

af fect ed c i t i e s  to adjus t  to the i ncreased de ma nd  for basic 

servi ces  such  as was t e  d i sposa l  and wat er  supp l y  dr ives  

people to s e a r c h  for a l t e r na t i ve  sources  o f  t hese  needs ,  or to 

the mi suse  o f  what  is ava i l ab l e .  Ga r b a g e - s t r e wn  s t r ee t s  in
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r es i den t i a l  a r eas ,  s l ums  wi th over f lowing pi t  l a t r i nes  and 

sept ic t anks ,  c ons umpt i on  o f  poor qual i ty wa t er ,  etc,  become 

common.  P o u l t r y  and other  l ivestock are kept  by these 

ur ban i t e s  as a supp l e me n t  for  nut r i t ion as wel l  as an income 

gener a t i on .  Waste  ge ne r a t i on  is high,  a l t hough its d i sposa l  is 

poor.  Do me s t i c  and sewage  wastes  are mai nl y  organic  

ma t e r i a l ,  wh i c h  under  moi s t  condi t i ons  are found to be 

c onduc i ve  for  mi c r ob i a l  mul t i p l i ca t i on .

Ra i nwa t e r  is an i mpor t an t  subs t i t u t e  for p i ped  water .  The  

r a i n wa t e r  is c o l l e c t e d  from roofs into water  t anks  of  houses  

and d we l l i n g s  whi ch are cons t r uc t ed  from p l as t i c ,  metal ,  or 

c onc r e t e  (or  f e r r o - c o n c r e t e )  mater i a l s .  Dur i ng  this s tudy it 

was found t ha t  most  wat er  t anks  are i mpr ope r l y  des igned,  

i mpr o p e r l y  l oca t e d ,  or i mpr oper l y  e rec t ed.  T h i s  exposes  the 

wat er  c o l l e c t e d  to c on t a mi na t i on  ei ther  at the t ime of  

c o l l e c t i o n ,  or  dur i ng  s t orage .  Khal id,  (1 993)  r epor t ed  that  

l i ve s t ock  and human faeces  are probable  s ou r c es  of  

c o n t a mi n a t i o n  to wa t e r  in s torage  t anks .  The human 

popu l a t i on  d i s t r i b u t i o n  in the 3 s tudy areas  is s i mi l a r  and so 

it is r e a s o n a b l e  to draw such concl us i ons  f rom this s tudy 

s ince the ma j o r  d i f f e r ence  in the poss i b l e  sour ces  of  faecal ;  

c o n t a mi n a t i o n  of  wa t e r  is domes t i c  animal s .
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The high i n c i de nc e  o f  mi c r ob i a l  con t ami na t i on  in the water  

sampl es  c o l l e c t e d  f rom the areas  poor  in t ree cover ;  Dagoret t i  

and Ngong;  c ompa r ed  to the t ree- r i ch Kikuyu Di vi s i on,  

sugges t s  t ha t  wind s ca t t e r s  mi c r obe - bea r i ng  dust ,  e spec i a l l y  

in the d r i e r  pe r i ods  p r ec ed i ng  the rains ,  onto roofs or flat- 

r oof  wa t e r  t anks .  Among o t her  methods ,  the or gani sms  could 

also be i n t r o d u c e d  into the pa r t i cu l a t e  mi l i eu  around which 

r a i nd r ops  are  formed.  Dix,  (1981)  r epor t ed  that  chemical  

p o l l u t a n t s  may  be d i s pe r s ed  into the a t mos phe r e  through 

smoke  and o t he r  exhaus t s  car r i ed  in it. Li kewi se ,  

m i c r o o r g a n i s m s  can find t he i r  way into the a t mospher e  

t h r ough  dus t  pa r t i c l e s  and o t her  wi ndbor ne  means.

Dur i ng  s a mp l i n g ,  it was obse r ved  that  many exot i c  t rees  are 

p l an t ed  in a g r o - r e s i d e n t i a l  areas  of  Ki kuyu and Ngong 

Di v i s i ons ,  for  shade,  wood and ornament a l  purposes .  Kikuyu 

Di v i s i on  was  seen to have the r i ches t  t ree cover ,  fol lowed by 

Ngong Di v i s i o n .  The area o f  Dagoret t i  Di v i s i on  from which 

wat er  s a mp l e s  were t aken is a p r e domi na n t l y  r es i dent i a l  area,  

wi th very few t rees .  The  r e su l t s  from this s t udy showed that  

the mean  T VC of  wa t e r  s ampl e s  from Dagor e t t i  was 

s i g n i f i c a n t l y  h i gher  (p = 0 . 033)  than for bot h Kikuyu and
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Ngong Di v i s i o n s .  Pr obabl y ,  this di f ference  is related to the 

wi nd- b r ea ke r  role  o f  the t ree  cover,  which r educes  the 

d i s t r i bu t i on  o f  the mi c r obe - c on t a i n i ng  dust  onto the roofs.

In each Di v i s i o n ,  the Mi n i s t r y  of  Agr i cu l t u r e  has c l ass i f i ed 

the va r i ous  z o n e s  into ‘a g r o - e c o - z o n e s ’, and also ident i f i ed 

the p e r c e n t a ge  o f  each zone that  is used for agr i cul t ura l  

ac t i v i t i e s  ( MOA annual  r epor t s ,  2001) .  Th i s  has made it 

poss i b l e  to de f i ne  the agr i cu l t ura l  pe r f o r manc e  per uni t  of  

land per  zone ,  whi ch is more  accura t e  than a r e f erence  to the 

pr oduc t i on  pe r  uni t  o f  the total  a dmi n i s t r a t i ve  area of  the 

Di vi s i on  s i nce  some o f  them have large unpr oduc t i ve  t racts  of  

land.

Li ves t ock  r e a r e d  in the s t udy area i nc l uded  da i ry  cat t l e ,  

poul t ry,  p i gs ,  sheep and goat s ,  rabbi t s  and donkeys  (MOA 

annual  r e po r t s ,  2001 ). A heavy  human popu l a t i on  dens i ty  is 

found in z ones  I and II, and this is where  a conf l i c t  of  

l i ves t ock  k e e p i n g  and publ i c  heal th would be encount ered .  

Purpos i ve  s a mp l i n g  o f  the r a i nwa t e r  was t he r e f o r e  car r i ed out  

wi thin t hese  zones  o f  the Di vi s i ons .

The r esu l t s  o b t a i ne d  i nd i ca t e  that  the mean MPN for the three  

Divi s ions  was  a l mos t  s imi l ar .  However ,  Ngong  Divi s ion,
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which had the he av i e s t  ca t t l e  densi ty,  showed the highes t  

p r opo r t i on  o f  wa t er  s ampl e s  conta in i ng  E. col i  as compared  to 

the o t he r  2 Di v i s i o n s .  T his di f f er ence  was s i gni f i cant  

(p = 0 . 0059 ) .  Kha l i d ,  ( 1 993) ,  s imi l ar ly  r epor t ed  that  s torage 

t anks  in homes  wi th an i ma l s  were more prone to microbial  

c o n t a m i n a t i o n  than those  wi t hout .

Of  the f aecal  co l i f o r ms ,  E. col i  is a lways pr esen t  in the 

f aeces  o f  h u ma n s  and animal s .  It is rare ly found in water  

whi ch  has not  been c on t a mi na t e d  wi th faecal  mat t er ,  and it is 

t h e r e f o r e  an e s s en t i a l  i nd i ca t or  of  wat er  c on t a mi na t i on  by 

f aeca l  ma t t e r  o f  human and animal  or igin.  In thi s  s tudy,  40% 

( 36 / 89 )  o f  the sampl e s  co l l ec t ed  were pos i t i ve  for E. coli .  

Ch e mu l i t i  (1 999) ,  r epor t ed  that  40% ( 32/ 80)  of  the samples  

c o l l e c t e d  f rom her s tudy in Kibera were pos i t i ve  for E. coli ,  

whi l e  Kha l i d  ( 1993) ,  r epor t ed  that  73% ( 44 / 60)  of  the samples  

he c o l l e c t e d  f rom wat er  t anks  in Kiambu were  pos i t i ve  for E. 

c o l i . In t hi s  s t udy,  sampl es  col l ec t ed were f rom roof  - t r apped 

r a i n wa t e r .  The  s ampl es  co l l ec t ed  by Chemul i t i  (1999) ,  were 

from Na i r ob i  Ci ty  Counc i l  piped water  sour ces  whi le  Khal id 

( 1993a )  c o l l e c t e d  wa t e r  s ampl e s  of  bo r eho l e  or igin.  Chemul i t i  

obs e r ved  t ha t  human c on t ami na t i on  of  the wa t e r  af ter  it had 

been f e t ched  f rom the ou t - house  t anks  and s t and pipes was an
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i mpor t an t  c o n t r i b u t o r  to the presence  of  E. col i .  Khal id 

( 19 9 3b) o b s e r v e d  that  con t ami na t i on  from human  or animal  

s our ces  t h r o u g h  seepage o f  con t ami nant s  into s t orage  t anks 

t h r ough  c r a c k s  and loose pi pe  j o i n t s ,  or c on t a mi n a t i o n  by 

humans  d u r i ng  or af t er  f e t ching from the s t o r a ge  t anks  were 

i mpor t a n t  f ac t o r s .  Both obse r va t i ons  are c ons i s t e n t  wi th the 

f i nd i ngs  of  t h i s  s tudy.

Ki be r a  is a r e s i de n t i a l  area qui t e  s i mi l a r  to the area o f  

Da g o r e t t i  in whi ch  the sampl es  for thi s  s t udy  were co l l ec t ed .  

Thi s  s t udy s h o we d  30% ( 9 / 29)  of  the sampl e s  from Dagoret t i  

to be p o s i t i v e  for  E. col i  whi l e  Chemul i t i  in Ki bera  found 

40% ( 32 / 80 )  o f  the samples  to be pos i t i ve .  Howeve r ,  o f  the 32 

s a mp l e s  f rom Ki bera  that  were  pos i t i ve  for  E. coli ,  93.75% 

were  f rom i n - h o u s e  con t a i ne r s  whi le only 6 . 25% were from 

the o u t - h o u s e  t anks .  Most  o f  the water  f e t ched  for s torage 

i ndoor s  t h e r e f o r e  did not  have  faecal  c on t a mi na t i on .

Li ke wi s e ,  the r a i nwa t e r  f rom the roof  s our ces  in the 

l i v e s t o c k - f r e e  s lum areas such as Kibera  and Dagoret t i  is 

most  p r o b a b l y  c on t a mi na t e d  by human ac t i v i t y ,  hence the 

s i mi l a r i t y  in t he  pr opor t i on  pos i t i ve  for E. col i .  In Ngong 

Di vi s i on  wh e r e  l i ves t ock  are the most  p r obab l e  cause of
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faecal  c o n t a mi n a t i o n ,  the p r opor t i on  of  sampl es  with E. coli  

(55%;  17/31)  is much hi gher .

Watt  (1 986)  r epor t e d  that  s t o r i ng  water  for several  weeks  at 

10°C-15°C wo u l d  des t r oy  mos t  of  the main di sease  caus ing 

pa t hogens .  Du r i n g  thi s  s tudy,  it was noted that  the col l ec t ed 

r a i nwa t e r  was  c ons ume d  wi t h i n  only a few weeks  af ter  the 

rains  ended.  Were it s t ored for longer  dur a t i ons ,  the design of  

most  o f  the t a nks  woul d suppor t  the survi va l  of  mi c r o ­

o r gan i s ms  in the mud accumul a t ed  wi thin the tanks.

Twent y e ight  pe r c en t  (25 / 89)  of  the s t orage  t anks  were 

pl as t i c ,  38% ( 34 / 89)  met a l ,  and 34% (30/ 89)  concre t e .  Most  

o f  the p l a s t i c  t anks  were  r e l a t i ve l y  new,  and had a conica l l y  

shaped top.  Howeve r ,  the usage  of  the p l as t i c  t anks did not 

ne c e s s a r i l y  u t i l i z e  the conica l  shape to f ac i l i t a t e  the washi ng 

of f  of  the dus t  co l l ec t ed  on them.  Most  of  the concr e t e  and 

metal  t anks  we r e  old.  One concre t e  t ank was found to be 

des i gned  in t he  moder n  p l a s t i c - t a nk - de s i gn .  The old f ashioned 

concr e t e  and metal  t anks  had flat  t ops ,  wher e  dust  eas i ly 

ga the r ed ,  and eas i l y  got  washed into the t anks  when it rained.  

A pipe in the wal l  of  the t ank,  5 to 10 cm above  the base and 

f i t ted wi th a t ap,  was used to col l ect  the s t o r ed  water ,  and
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t he r e f o r e  c o mp l e t e  c l e an i ng  of  a tank af ter  the  s tored water  is 

exhaus t ed  is not  poss ib l e .  Water  was scooped from shal low 

t anks  and d r u ms  us ing a j ug.

It was noted t ha t  adequa t e  hygieni c  measur es  to prot ec t  the 

wa t e r  in the s t o r age  t anks  f rom c on t ami na t i on  were l acking;  

for  e xampl e ,  some t anks  were  erected near  pi t  l a t r ines ,  

l i ve s t oc k  ba r ns ,  and r oads i des ;  somet imes  due  to lack of  

space .  Th e  i n l e t s  of  most  s t or age  t anks  were  not  sealed to 

e ns u r e  that  c o n t a mi n a t i o n  o f  the water  in the t ank did not 

ha p p e n .  Gu t t e r s  were open and therefore  l i ab l e  to 

c o n t a m i n a t i o n  by dust ,  i n f es t i ng  rodent s  or l i zards ,  and 

f aeces  f rom ove r he a d  bi rds .  It was obse r ved  that  r a i nwat er  

was  us ua l l y  not  t r ea t ed  before  consumpt i on .

To mos t  pe op l e ,  c l ear  odour l e s s  water  is sa fe  for  dr inking.  

Howe ve r ,  p e o p l e  some t i mes  boi l  or c h e mi c a l l y  t reat  

d i s c o l o u r e d  wa t e r .  It was found that  i f  r ot t en l eaves  from 

ov e r h e a d  t r ees  i mpar t ed  bad odour  to the r a i n wa t e r  s tored in 

t anks ,  it was bo i l ed  before  consumpt i on ;  the foul  smel l  

hav i ng  been a s s o c i a t e d  wi th some sort  of  spo i l age .  The  

common s i t u a t i o n  is that  the r a i nwat er  which is d i scoloured 

by dust  f rom the  roofs  at the t ime of  co l l ec t i on  wil l  have
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se t t l ed  in the s t or age  t anks  long enough to come out clear  at 

the t ime of  c o n s u mp t i o n .  Peopl e  t herefore  t ake  it raw, 

e s p e c i a l l y  in the b e l i e f  that  what  comes from the sky has not 

been po l l u t e d .

S e v e n t y - e i g h t  pe rcen t  (78%)  of  the water  s a mpl e s  contained 

mor e  than 10 c o l i f o r ms  per  100ml of  water ,  and t herefore  

f a i l ed  the Kenya  Bureau o f  S t a n d a r d ’s r equ i r e me n t  for un­

p i pe d  d r i n k i n g  wat er  (KBS,  1 985).  Lower  numbe r s  of  mi c r o ­

o r g a n i s m s  are needed to cause  di sease when t r ans mi t t ed  in 

w a t e r  than in o t her  foods ,  s i nce  unl ike the l a t t e r  whose 

p r e s e n c e  in t he  s t omach  causes  secre t ion o f  hydr och l o r i c  acid 

in the ga s t r i c  j u i c e ,  which ki l l s  some of  the bac t e r i a ,  water  

doe s  not .

5 . 1  C o n c l u s i o n

1. Wind a ppe a r s  to d i s t r i bu t e  c on t a mi na n t s ,  i nc l udi ng  those 

o f  f aeca l  or i g in ,  onto the roofs from whe r e  it is washed 

into s t o r a ge  wat er  t anks  by rain,  e s p e c i a l l y  in s i t uat ions  

o f  poor  sewage  and ga r bage  di sposal .

2. U n t r e a t e d  r a i nwa t e r  co l l ec t ed  in the s t udy  area is unfi t  

for  h u ma n  c ons umpt i on  accordi ng to the World Heal th 

O r g a n i s a t i o n ’s s t anda r d  for unt r ea t ed d r i nk i ng  water .
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3. Un t r e a t e d  r a i nwa t e r  co l l ec t ed  in the s t udy  area is unfi t  

for  huma n  c ons umpt i on  accordi ng to the Kenya Bureau 

o f  S t a n d a r d ’s r e qu i r e me n t  for un-pi ped dr i nk i ng  water.

4. The n u m b e r  of  an i mal s  kept  in an area appear s  to 

i n f l u e n c e  the number  o f  samples  t es t i ng pos i t i ve  for E. 

col i .

5. Mos t  wa t e r  t anks  are i mpr oper l y  de s i gned ,  improper ly  

l oca t e d ,  and / or i mpr ope r l y  erected.  Wher e  proper ly 

l oca t ed  and des i gned ,  t here  lacks a de s i gn  to a l low the 

f i r s t  down  pour  to wash of f  the roof  and gut t e r s  before 

the  c l e a n e r  wa t er  is col l ec t ed.

6. Many u s e r s  of  r a i nwa t e r  do not t reat  it in the as sumpt i on  

t ha t  it is safe,  and are t herefore  vu l ne r a b l e  to i nfec t i ons

5 . 2  R e c o m m e n d a t i o n s

1. Wa t e r  f r om the s tudy area  should be t r ea t e d  before 

human  c o n s umpt i on .

2. An i deal  c o l l ec t i on  of  r a i nwat er  for human  consumpt i on 

shou l d  be based on the fol lowing poi nt s :

• T r e e s  shoul d  not  grow over  the c a t chmen t  roof  and 

g u t t e r s

• The  gu t t e r s  shoul d  have an i nc l i na t i on  so that  

w a t e r  eas i l y  f l ows unhi ndered to p r event  pocket s  of
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dus t  and debr i s  accumul a t i on .  They should also 

ha ve  wi r e - me s h  at the out let  to p r eve n t  rodent s ,  

l i z a r d s  and geckos  enter ing the t anks .

• A d i v e r s i o n  of  the fi rst  heavi ly  con t a mi na t e d  

r a i n w a t e r  at the begi nni ng  of  the ra i ns  before it 

ge t s  into the t ank should be p r ov i ded .

• Wa t e r  shoul d  f low from the gut t e r s  to the tank 

t h r o u g h  a co l l ec t i on  pipe rather  t han an open 

gu t t e r .

• The  r oo f  o f  the t ank should be s l op i ng  to f aci l i t a t e  

w a s h i n g  o f f  of  any dust ,  and to d i s c our age  pl ac ing 

o f  ob j ec t s  on the tank

• A po l i c y  s pe c i f i c a l l y  address ing the design,  

l oc a t i on  and e rec t i on  of  r a i nwa t e r  t anks  should be 

ma d e  and enfor ced  to ensure that  the growi ng 

i mp o r t a n t  r a i nwa t e r  resource  does  not  lead to 

s e r i o u s  publ i c  hea l t h  problems.

3. User s  s h o u l d  be e n l i gh t ened  on the safe  ha rves t i ng  and 

use o f  r a i n wa t e r .

4. Fu r t h e r  r e s ea r ch  shoul d  be car r i ed out  to assess  the 

p r e s e n c e  and i mpor t anc e  of  faecal  c o l i f o r ms  and other  

p a t h o g e n s  in the wat er  harves t ed from r oof s  in Nai robi .
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5.  A r c h i t e c t s  s h o u l d  be  c o m p e l l e d  to i n c l u d e  t he  d e s i g n  f o r  

s a f e  r a i n w a t e r  h a r v e s t i n g  r e c e p t a c l e s  i n t h e  d e s i g n s  for  

t h e i r  c l i e n t s .
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7 - A P P E N D I C E S

1 - 1 P r e p a r a t i o n  o f  Plate Count  Agar  (Oxoid,  Bas ings toke,  

E n g l a n d ) ..........................

grams per l i ter

L a b  M y e a s t  e x t r a c t  2.5

L a b  M T r y p t o n e  5.0

G l u c o s e  1.0

L a b  M Ag a r  N o . l  15.0

T h i s  a g a r  was  p r e p a r e d  by suspendi ng  17.5 grams of  the 

m e d i u m  in 1.0 l i t e r  o f  di s t i l l ed water  and d i s so l ved  by 

b r i n g i n g  to boi l  wi t h  cons t ant  s t i r r i ng and mixi ng.  It was then 

s t e r i l i z e d  in a p r e s s u r e  cooker  at 121°C for 15 mi nut es  and 

c o o l e d  to 5 5 °C. The  PH of  the agar  was 7.0.  Approxi mat e l y  20 

m l  o f  t he  me d i u m were  d i s so l ved  into s t er i l e  pet r i  di shes and 

a l l o w e d  to s o l i d i f y .

1 . 2  P r e p a r a t i o n  o f  Mac Conkey Broth (Bi ot ec ,  England

g r a m s  pe r  l i t e r  

P e p t o n e
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L a c t o s e  10.0

B  i l e  s a l t s  5.0

S o d i u m  Ch l o r i d e  5.0

B r o m o c r e s o l  p u r p l e  0.01

T h i r t y  - f i ve  g r ams  o f  powder  was weighed and di s sol ved in 1 

l i t e r  o f  d e i o n i s e d  wat er .  It was mixed and d i spensed  into 

t u b e s  or  b o t t l e s  wi t h  i nver t ed Durham tubes .  All were 

s t e r i l i z e d  by a u t o c l a v i n g  for 15 minutes  at 1 2 1 °C. The double 

s t r e n g t h  M a c C o n k e y  broth was prepared by d i s so l v i ng  70 

g r a m s  o f  the p o wd e r .  The PH was brought  to 7.4.

1 . 3  P r e p a r a t i o n  o f  Br i l l i an t  Green Lactose  Bi le (2%) Broth 

( O x o i d ,  Ba s i n g s t o k e ,  England) .

grams per  l i ter

P e p t o n e  ( Oxo i d  L37) 10.0

L  a c t o s e 10.0

O x - B i l e  ( p u r i f i e d ) 20.0

B r i l l  i ant  Gr een 0.0133

F o r t y  g r ams  of  t he  broth were suspended in 1.0 l i t er  of  

d i s t i l l e d  wa t e r .  The  broth was d i s t r i bu t ed  into f e rmenta t ion



I u b e s  f i t t e d  wi t h  Dur ham tubes.  The mixture  was s t er i l i zed in 

a p r e s s u r e  c o o k e r  at 121 °C for 15 minutes .  The PH of  the 

b r o t h  w a s  a d j u s t e d  to 7.4.

1 *4 P r e p a r a t i o n  o f  the Eosin Methylene  Blue agar  (Oxoid,  

B a s i n g s t o k e ,  Engl and)

grams per l i ter

P e p t o n e  ( OXOI D L37)  10.0

L a c t o s e  10.0

D i p o t a s s i u m  h y d r o g e n  phospha t e  2.0 

E o s i n  Y 0.4

M e t h y l e n e  Bl ue  0.06

A g a r  n o . 3 ( OX OI D L13)  15.0

A  w e i g h t  o f  37.5 gr ams  of  a mixt ure  of  the above chemical s  

w a s  s u s p e n d e d  in 1.0 l i t er  of  d i s t i l l ed  wat er  and boi led to 

d i s s o l v e  c o m p l e t e l y .  The mixt ure  was s t e r i l i zed in a pressure 

c o o k e r  at 1 2 1°C for  15 minut es ,  and cooled to 60°C. The 

m e d i u m  was  s ha ke n  in order  to oxidize  the Met hyl ene  blue 

( i . e .  r e s t o r e  i ts b l ue  color )  and to suspend the prec i pi t a t e  that  

i s  an  e s s e n t i a l  pa r t  o f  the medi um.  The PH of  the agar  was
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b r o u g h t  to 6 .8.  The  agar  was di spensed into s t e r i l i zed  petri  

d i s h e s  and l ef t  to so l i d i f y .

* *5 P r e p a r a t i o n  o f  Met hyl -Red Voges - Pr oskaue r  Medium 

< M R  V P )  ( Oxo i d  Ba s i ngs t oke ,  England) .

g r a ms  pe r  l i ter

P e p t o n e  ( OXOI D L49)  5.0

P h o s p h a t e  b u f f e r  5.0

D e x t r o s e  5.0

F i f t e e n  g r ams  o f  the above medium were put  into 1.0 l i ter of

d i s t i l l e d  wa t e r  and then di s so l ved  by boi l i ng.  The mixture 

w a s  s t e r i l i z e d  in a p r es sur e  cooker  at 121'’C for 15 minutes,  

a n d  c o o l e d  to 60°C. The PH of  the medium was 7.5.  The 

m e d i u m  was then d i s pe ns e d  on s t er i l e  f e r ment a t i on  tubes.

1 . 6  P r e p a r a t i o n  o f  S i m m o n s ’ Ci t r a t e  Agar  (Oxoi d,

B a s i n g s t o k e ,  Engl and)

grams per  l i t er

M a g n e s i u m  s u l p h a t e  

A m m o n i u m  d i h y d r o g e n  phospha t e

0.2

1.0
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^ i p o t a s s i u m  p h o s p h a t e  

S o d i u m  c h l o r i d e  

L a b  M Ag a r  N o . 2 

B r o  m o t h y m o l

5.0

0. 08

1.0

15.0

A  w e i g h t  o f  24.2 g r ams  of  the above medium were suspended 

i n  1 . 0  L o f  d i s t i l l e d  water  and di ssolved by boi l i ng with 

c o n s t a n t  s t i r r i n g  and mixing.  The agar was s t e r i l i zed in a 

p r e s s u r e  c o o k e r  at 1 2 1°C for 15 minutes .  The PH of  agar was 

6 . 8 . T h e  me d i u m was  d i s t r i but ed  into s ter i le univer sal  bot t les 

a n d  a l l o w e d  to so l i d i f y .

1 . 7  P r e p a r a t i o n  o f  Indole  r eagent  (EHRLICH S Reagent )  

( C o w a n  and s t e e l ’s 1 974)

p - d i m e t h y l a m i n o b e n z a l d e h y d e  1.0 gram 

A b s o l u t e  E t h a n o l  95 ml

C o n e .  HCL 20 ml

O n e  g r am o f  p - d i m e t h y l a m i n o b e n z a l d e h y d e  was  d i s s o l v e d  in 

9 5 m l  o f  a b s o l u t e  e t h a n o l .  T w e n t y  ml o f  c o n c e n t r a t e d
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h y d r o c h l o r i c  acid wer e  added to the solut ion.  The final  

s o l u t i o n  was  put  in a brown bot t l e  to protect  it f rom light.

1 *8 P r e p a r a t i o n  o f  Methyl  Red solut ion (Cowan and s t e e l ’s 

1 9 7 4 )

M e t h y l  red 0.04 gram

E t h a n o l 40 ml

D i s t i l l e d  wa t e r  to 100 ml

A w e i g h t  o f  0 . 04 gr am of the met hyl - r ed was di ssol ved in 

4 0 m l  o f  e t ha no l  and  di lut ed using 100 ml of  d i s t i l l ed  water.

1 . 9  P r e p a r a t i o n  o f  1% Creat ine  solut ion (Cowan and s t ee l ’s 

1 9 7 4 )

C r e a t i n e 1 gram

0 . 1  N - H C L 100ml

A w e i g h t  o f  1 g r am of  Creat ine  was di s sol ved in 100 ml of 0.1 

N- HC1  acid.
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1 * 1 0  P r e p a r a t i o n  o f  4 0 % P o t a s s i u m  h y d r o x i d e  ( C o w a n  and

s t e e l ’ s 1974

P o t a s s i u m  h y d r o x i d e  (KOH) 40gram 

d i s t i l l e d  w a t e r  to 100ml

F o r t y  g r a m s  o f  p o t a s s i u m hydroxi de  were added to 10 0ml of 

d i s t i l l e d  wa t e r .

1 . 1 1  P r e p a r a t i o n  o f  Nut r i en t  Agar

L A B  M Pe p t one  

L A B  M Be e f  E x t r a c t  

S o d i u m  c h l o r i d e  

L A B  M Agar  N o . 2

grams per l i ter

5.0

5.0

8. 0  

12. 0

T w e n t y - e i g h t  g r a ms  of  the medium w e r e  s u s p e n d e d  

l i t e r  o f  d i s t i l l e d  wa t e r .  This  was di s t i l l ed by boi l i ng  w i t h  

c o n s t a n t  s t i r r i n g  and mixi ng .It was t he n  s t e r i l i z e d  

p r e s s u r e  c o o k e r  at  1 2 1 °C for 15 minutes .  The so l ut ion was 

d i s p e n s e d  into un i v e r s a l  bot t l es  and fe rment a t i on  tubes ,  and 

a l l o w e d  to s o l i d i f y .  The PH of  the agar was 7.3.
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1 * 1 2  P r e p a r a t i o n  o f  c o o k e d  mea t  m e d i u m

O n e  p a r t  LAB.  M meat  granules  is equivalent  to 5 parts of 

f r e s h  ox  he a r t  t r i m m e d  free of  fat.

1 . 5  g o f  c o o k e d  me a t  medium were added to 20mls of  Nutrient  

b r o t h .  The  mi x e r  was  s t er i l i zed in a pressure  cooker  at 121 C 

f o r  15 m inutes, and allowed to cool. It was then dispensed into sterile 

u n iv e r s a l  bottles.
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number TVC MPN E. coli Faecal E. coli
1 -------
'3 ------------ 0 2 +
L 9,200 17y
| 7,800 542+
C ~ ------------- 1,120,000 1609y 320,000 16090 0 07 9,500,000 0
8 10,200,000 22
9

hr^r------------------- 187,000 4
1 10 2,210,000 0
(Ti 1,600,000 2
i 12 0 5
r 3 0 0

5,800 1609 +
\T s 2,400,000 1609tnzzz_ 1,340,000 34 + +

17 1,920,000 1609 + +
18 41,000 918
19 169,000 1609
2 0 1,320,000 0

L21_______ 1,080,000 130 + +
L22 ____________________ 10,200,000 1609
p 3 138,000 1609

2,000,000 542 +
|2 5 2,500,000 1609
[2 6 0 918 + +
, 27 21,200 542 +

28 0 1609
29 0 70 + +
R an g e Oto 1.02X107 Oto 1609 • -

M ean 1.665X106 684 - -
S ta n d a rd
dev iation

2.995X106 729.70
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^ 3  h  ; F i n d i n g s  f o r  w a t e r  s a m p l e s  f r o m t h e  N g o n g  D i v i s ion

Sam ple number TVC MPN E. coli ;aecal £. coli
1 173,000 1609 + +
2 10,200,000 240 + +
3 2,000,000 0
4 79,000 34
5 10,200,000 1609
r 960,000 1609
v T 5,700 1609 + +

r 1,500,000 1609
16,200 1609 + +

rTo 7,200 1609
T i 0 1609 + +

|12 21,400 346 + +

|13 0 1609
| 14 0 23 + +

115 0 0
^ 6 ------------------- 0 1609 + +

[17 0 33 + +

| 18 120,000 109 + +

| 19 0 221 +
1 20 0 22

ill 21 0 130
122 141,000 1609
1—---------------------

23 0 918 + +

1 24 0 278 + +

1 25 0 130 + +

i 26 10,900 2 + +
h——------------------

27 0 2
I U s 4,800 0

1 f 29 8,600 0
85,000 9 + +

j 30 
31 0 22 + +

— --------------------------------
R an g e 0 to 1.02X10' 0 to 1609 -

M ean
S ta n d a rd
rt pviatinn

8.236X105 
2.545X106 ~

652.19
741.30
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. 13c:  F i n d i n g s  f o r  w a t e r  s a m p l e s  f r o m  t h e  K i k u v u  Di v i s i o n

Sample number TVC MPN E. coli Faecal E. coli
1 0 22 + +
2 0 2
3 0 12
4 0 172
5 137,000 9
6 45,000 1609
7 137,000 1609
8 128,000 1609 + +
9 15,000 918
10 17,300 23
11 0 918
12 0 0
13 800,000 918 +
14 87,000 918
15 0 1609
16 3,100 1609 +
17 0 1609
18 7,100 1609 +
19 5,600 33
20 43,000 26
21 91,000 1609 + +
22 630,000 1609
23 6,800 1609
24 92,000 1609 + +
25 4,400 1609 + +
26 0 13 +
27 0 918
28 0 1609
29 0 22 + +
Range 0 to 8.000X105 Oto 1609 - -

Mean 7.756X104 891.07 - -

Standard
deviation

1.837X105 728.90

1.13d:  F i n d i n g s  for  w a t e r  s a m p l e s  f r o m t h e  s t u d y  ar ea

Sample number TVC MPN E. coli Faecal E. coli
Range Oto 1.02X107 Oto 1609 - -

Mean 8.547X104 740.42 - -

Standard
deviation

2.278X10" 733.52
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1. 14 M c C r a d y ’ s S t a t i s t i c a l  t a b l e  f o r  r e a d i n g  MP N  of  
c o l i f o r m s  p e r  1 0 0 m l  o f  w a t e r

Number of tubes giving positive reaction 
out of:

MPN 95% confidence limit

5 of 10ml 5 of 1ml 5 of 
0.1ml

Lower limit Upper limit

0 0 1 2 0.5 7
0 1 0 2 0.5 7
0 2 0 4 0.5 11
1 0 0 2 0.5 7
1 0 1 4 0.5 11
1 1 0 4 0.5 11
1 1 1 6 0.5 15
1 2 0 6 0.5 15
2 0 0 3 0.5 13
2 0 1 7 1 17
2 1 0 7 1 17
2 1 1 9 2 21
2 2 0 9 2 21
2 3 0 12 3 28
3 0 0 8 1 19
3 0 1 11 2 25
3 1 0 11 2 25
3 1 1 14 4 34
3 2 0 14 4 34
3 2 1 17 5 46
3 3 0 17 5 46
4 0 0 13 3 31
4 1 1 17 5 46
4 1 0 17 5 46
4 1 1 21 7 63
4 1 2 26 9 78
4 2 0 22 7 67
4 2 1 26 9 78
4 3 0 27 9 80
4 3 1 33 11 93
4 4 1 34 12 96
5 0 0 23 7 70
5 0 1 31 11 89
5 0 2 43 15 114
5 1 0 33 11 93
5 1 1 46 16 120
5 1 2 63 21 154
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5 2 0
5 2 1
5 2 2
5 3 0
5 3 1
5 3 2
5 3 3
5 4 0
5 4 1
5 4 2
5 4 3
5 4 4
5 5 0
5 5 1
5 5 2
5 5 3
5 5 4

49 17 126
70 23 168
94 28 219
79 25 187
109 31 253
141 37 343
175 44 503
130 35 302
172 43 486
221 57 698
278 90 849
345 117 999
240 68 754
346 118 1005
542 180 1405
918 303 3222
1609 635 5805

1 . 15:  D e s c r i p t i v e  s t a t i s t i c s  for  the TVC in t he  s t u d y  area

Feature Dagoretti Kikuyu Ngong
Sample size 29 29 31
Sum 48289000 2249300 25532800
Lower 95% 
confidence interval

5.259X10" 7.673X10J -1.099X10s

Mean 1.665X10" 7.756X104 8.236X10’
Upper 95% 
confidence interval

2.804X1011 l ^ X lO 4 1.757X10"

Standard Deviation 2.995X10" 1.837X10" 2.545X106
Standard Error of 
Mean

5.562X105 3.412X10“ 4.571X10’

Minimum 0.0000 0.0000 0.0000
Maximum 1.020X10' 8.000X10" 1.020X10'
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1 1 6  A N O V A  f o r  t h e  m e a n s  of  t he  T V C  in t h e  s t u d \  a r e a

Sour c e DF s s MS F P
Between 2 3.659X1015 1.830X1015 3.52 0.0330
Within 86 4.465X1014 5.191X1012
Total 88 4.830X1014

Variable Mean Sample size Group Standard 
Deviation

Dagoretti 1.665X10" 29 2.995X10"
Kikuyu 7.756X10“ 29 1.837X103
Ngong 8.236X103 31 2.545X106
Total 8.547X103 89 2.278X10"

1 . 1 7 :  L S D  ( T )  P a i r - w i s e  c o m p a r i s o n s  o f  t h e  me a n s  of  the  

T V C  in t he  s t u d y  ar ea

V ar i ab le Mean Homoge nous  groups

Da g o r e t t i 1.665X10" I

Ng o n g 8.236X105 I I

Ki k u y u 7.756X104 ............. I

T h e r e  are 2 g r oups  in which the means are not  s i gni f i cant l y  
d i f f e r e n t  f rom one another

Cr i t i c a l  T va l ue  1.988.  Re j ec t i on  level  0. 050.  St andard er rors  
and  c r i t i c a l  va l ues  of  d i f f e r ences  vary be t ween  compar i sons  
b e c a u s e  of  une qua l  sample  s izes .
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1 • 1 8: D e s c r i p t i v e  s t a t i s t i c s  f o r  t he  M P N  in t h e  s t u d y  a r e a

Feature Dagoretti Kikuyu Ngong
Sample size 29 29 31
Sum 19838 25841 20218
Lower 95% 
confidence interval

406.41 613.81 380.27

Mean 684.07 891.07 652.19
Upper 95% 
confidence interval

961.63 1168.3 924.12

Standard Deviation 729.70 728.90 741.33
Standard Error of 
Mean

135.50 135.35 133.15

Minimum 0.0000 0.0000 0.0000
Maximum 1609 1609 1609

1 . 1 9  A N O V A  f o r  the  me a n s  o f  the MP N  in t h e  s t u d y  area

S o u r c e DF s s MS F P
Between 2 9.915X10s 4.958X105 0.92 0.4042
Within 86 4.527X107 5.380X105
Total 88 4.726X107

Variable Mean Sample size Group Standard 
Deviation

Dagoretti 684.07 29 729.70
Kikuyu 891.07 29 728.90
Ngong 652.19 31 741.33
Total 740.42 89 733.52
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^ - 2 0 :  L S D  ( I )  P a i r - w i s e  c o m p a r i s o n s  o f  t h e  me a n s  o f  the  

M  P N  in t h e  s t u d y  area

V a r i a b l e Mean Homoge nous  groups

D a g o r e t t i 891.07 I

N g o n g 684.07 I

K i k u y u 652.1 9 1

T h e r e  are  no s i gn i f i c a n t  pa i r -wi se  d i f f e r ences  among the 
m e a n s

C r i t i c a l  T va l ue  1.988.  Reject ion level  0 . 050.  St andard errors 
a n d  c r i t i c a l  v a l u e s  of  d i f f e r ences  vary be t wee n  compar i sons  
b e c a u s e  o f  u ne qua l  sample  sizes .

1 . 2 1 :  T h e  m a j o r  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  E .  c o l i  ( Hol t  
e t  a l ,  1 9 9 4 ) :

O p t i m u m  g r owt h  t emper a t ure  

C a t a l a s e  

O x i d a s e

D -  G a l a c t o s i d a s e  

G a s  f rom g l u c o s e  at 37°c 

G r o w t h  on p o t a s s i u m cyani de  

M u c a t e ( a c i d )

N i t r a t e

C a r b o h y d r a t e s

3 7°c 

+

+

+

+

+
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A c i d  p r o d u c t i o n  from:

A d o n i t o l -

A r a b i n o s e +

D u l c i t o l d*( 1)

E s c u l i n D*

I n o s i t o l -

L a c t o s e  + or * (2)  X

M a l t o s e +

M a n n i t o l +

S a l i c  in d*

S o r b i t o l +

S u c r o s e D*

T r e h a l o s e +

X y l o s e D*

O t h e r  c a r b o n  sour ces :

C i t r a t e -

M a l o n a t e
d*d - T  a r t r a t e

M e t h y l  Red Re a c t i o n +

V o g e s - p r o s k a u e r

P r o t e i n  u t i l i z a t i o n :
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A r g i n i n e d *

G e l a t i n  h y d r o l y s i s

H 2S f rom T r i p l e  Sugar  Metal  Medium

I n d o l e  p r o d u c t i o n +

L y s i n e  d e c a r b o x y l a t i o n +

O r n i t h i n e d*

U r e a

G l u t a m i c  acid 

P h e n y l a l a n i n e

d * (1)  r e f e r s  to d i f f e r en t  r eact ions  by d i f f e r ent  serotypes .  
* ( 2 )  X r e f e r s  to late and i r r egular ly pos i t ive  (mut a t i ve )


