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: d e r l a r e  that t h i s  pr oj e ct  report is ny own,  u n a i d ed  work .  It  is  

t»-ing s u b m i t t e d  f o r  t h e  d e g r e e  o f  M a s t e r  o f  S c i e n c e  i n  

Fngirieering in the  U n i v e r s i t y  of  the  Wi t w a t e r s r a n d , J o h a n n e s b u r g .  

It h.is not been s u b n i t t e d  befor .  fi r any d e g r e e  or e x a m i n a t i o n  in 
any other  U n i v e r s i t y .



A s i mp l e ,  lou cost , far il\ s c a l e  w.il.cr treatment  pl a n t  for  rural  

u s e ,  const m e t e d  f ron a 2 1 0  l i t r e  drum uRirig local  m a t e r i a l s ,  is 

t e s t e d  f o r  b a r t c r i a  r e m o v a l .  T h e  p l a n t  i n c o r p o r a t e s  

s e d i m e n t a t i o n ,  intermittent  slow sand f i l t r a t i o n ,  and a 24 hour 

s t o r a g e  c y c l e .  B a c t e r i d  r e d u c t i o n  o f  t h e  o r d e r  o f  1 0 1* i s  

h i e v e d ,  m t h  ri an tr ea t ed  iter total  p l a t e  co u n ts  of  2 9 4 ' ml  

and t . ’tal  c o l i l  . rn 'iints of  1 . t* < 100ml .  The mean tr e a t e d  water  

t u r b i d i t y  is  0 . 2 7  NTl . rhe slov% s a n d  f i l t r a t i o n  p r o c e s s  is 

d i s  ussed  .it. i ari ann t ited 1 i b l i o g r a p h y  i n c l u d e d .
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INTRODUCTION :  PROJECT OBJECTIVES

The  p r o v i s i o n  of  domeBt ic wat er  for rural  f a m i l i e s  ih a problem 

whi ch  is b r i ny  a d d r e s s e d  w i t h  i n c r e a s i n g  urgency  t hroughout  the  

t h i r d  w o r l d .  In the  course  of  the p r e s e n t  I n t e r n a t i o n a l  D r i n k i n g  

W a t e r  S u p p l y  a n d  S a n i t a t i o n  D e c a d e  ( 1 0 8 1  - 19 9 0 )  m i l l i o n s  of  

d o l l a r s  have been  spent on b a s i c  s e r v i c e s .  D i s q u i e t e n i n g  v o i c e s  

art b e g i n n i n g  to be h e a r d ,  now that the  decade  is  d ra wi n g  to a 

c l o s e ,  that  l i t t l e  h e a d w a y  is b e i n g  madt ( A b i d j a n  C o n f e r e n c e ,  

V% rid  Wa t e r ,  November 19fl(>). There  remains  l i t t l e  pros pe ct  that 

many r u r a l  d w e l l e r s  w i l l  e n j o y  the benef it  of  a t r e a t e d  water  

s u p p l y .  The purpos)  of  thi !  project  was t h e r e f o r e  to d e v e l o p  a 

1 ( w c.-st , appt opr i at < m>-t h i of  t r e a t i n g  w itfi on a f ami l y  sea 1 e .

Thi ob }«•<•♦ i ve 1 i f t h> pi i) je o t w>' i > t < d e s i g n  a p 1 ant to meet t he 

f o l l ow i n g  c r i t e r i a  : *

Ti | i v ide  d r i n k i n g  arid cooking  water  ' 50  l i t r e  per day)  

for one f a m i 1 \ ,

Simp 1 e operat i o n ,

Minimal ma i n te n a n ce  r e q u i r e me n t s ,

or 

Minimum loral  s k i l l s  r e qu i re d  to c o n s t r u c t ,

The plant must be a c c e p t a b l e  to u s e r s ,

The t r e a t e d  water  must be a c c e p t a b l e  to u s e r s ,

The ba>' ter 1 0 1 o g i c a 1 q u a l i t y  must be s u b s t a n t i a l l y  improved ,  

without the  use of  c h e m i c a l s ,

/

f
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The cost must he as low as possible.

The  f inal  d e s i g n  c o mpr i s e*  a 210 l i t r e  g a l v a n i z e d  i r on  drum cut  

a n d  f i t t e d  as  i n d i c a t e d  in F i g .  5 . 1 .  The d e s i g n  meets  a l l  the  

c r i t e r i a  s e t  o u t  a b o v e .  T h e  t r e a t m e n t  m et h o d i n c l u d e s  

s e d i m e n t  dt i o n  a n d  an  a d a p t a t i o n  o f  c o n v e n t i o n a l  s l o w  B and  

f i l t r a t i o n  ( S S F ) .  The pi irit ope r a t e s  on a batch  l o a d i n g  p r i n c i p l e  

w i t h  intermittent  flofc. Hi ause  c o n v e n t i o n a l  slow sand f i l t r a t i o n  

p r o d u c e s  an i n f e r i o r  q u a l i t y  e f f l u e n t  if  it is  not o p e r a t e d  

c o n t i n u o u s l y ,  a n d  b e c a u s e  t h e  d e s i g n  o p e r a t e s  at  a d a i l y  

e q u i v a l e n t  ratf of  10 of  c o n v en t i o n a l  S S I . the term i n t e r m i t t e n t  

s 11 « i ’h I f i lt  rati  n (I S S I )  is used to d e s c r i b e  the p r o c e s s .

"tliis rej rt i n ludi-s a d i s c u s s i o n  of  he. ilth r e l a t e d  a s p e c t s  of  

r u r a l  w a t e r  a n d  w a t e r  q u a l i t y  g u i d e l i n e s .  The theory of  the  

I r ' ■ * s m  s >f  s e d  11 ciit .i t i i >n .md s 1 ok s.»nd f i l t r a t i o n ,  i n c l u d i n g  

* h> physt il ani  I i 1 ogi il a t l n,  is d i s c u s s e d ,  a f t e r  which  the  

d e s i g n  o f  t h e  pl a n t  is e x p l a i n e d  in  d e t a i l .  A n i n e  m o n t h  

r. nitc ring  (t> iranm- is d e s c i i b e d ,  i n c l u d i n g  t e st s  performed  on 

t h e  | 1 a n t a rid t h< me 1. h n do  1 og i e s u s e d ,  f i n a l l y ,  r e s u l t s  a r e  

re v n -we d  aril c o n  l u s i or i 1 diawii lndl  .ititii a re a s  where  f u r t h e r  

re s e a r c h  is r e q u i r e d .



2 .  I .JTERATURF Sl'HVFS

I s i n g  the  WATFRLIT o' r v i r c  of  the C S I R ,  a l i t e r a t u r e  survey  

h.is c o n d u c t e d  w h i c h  p r o d u c e d  2 0 6  r r f e r e n c e H  r e l e v a n t  to 

w a t e r  s u p p l i e s  i n  d e v e l o p i n g  c o u n t r i e s ,  w i t h  s p e c i a l  

a t t e n t i o n  g i v e n  to treatment and slow sand f i l t r a t i o n .  From 

t h e s e  some 4S a r t i c l e s  and p u b l i c a t i o n s  were  a c q u i r e d  for 

exanin.i1 ion .  The c o n t e n t s  of these* and o t h er  r e f e r e n c e s  are  

summarized in t hi ,um< t.tted b i b l i o g r a p h y .

Th« l i t er a ture  r e f e rs  tn small f i l t e i  p l a n t s  (Al agarsamy & 

G h a n d i r a j a n ,  1*181) but ru r e f e r e n c e  to  r e s e a r c h  conducted  

into the «*ff( tiveiii's of  s n a i l  s c a l e  slow sand f i l t r a t i o n

i>.is  f o u n d .



Rl'RAI WATKR

1 nt r o d u c t 1 on

Rural  water  usage  in the  t h i r d  worl d  is  a t o p ; c  of  immense 

i m p o r t a n c e  w i t h  i m p l i c a t i o n s  b e y o n d  t h e  b o r d e r s  o f  t h e  

r u r a l  c o m m u n i t i e s  i n v o l v e d .  W a t e r  q u a l i t y  a n d  q u a n t i t y  

a f f e c t  e v e r y  a sp ec t  o f  rural  l i f e  - how pe op l e  use  t h e i r  

t i m e ,  s o c i a l  and  c u l t u r a l  a s p e c t s ,  h e a l t h ,  a g r i c u l t u r e ,  

anin. il  h u s b a n d r y ,  wea l th  g e n e r a t i o n ,  and g eneral  q u a l i t y  of  

l i f e .  T h e s e  f a c t o r s  h a ve  d i r e c t  i n f l u e n c e  on n a t i o n a l  

e anomies because  drought has the  e f f e c t  in many t h i r d  world  

c o u n t r i e s  of  i n c r e a s i n g  t h e i r  dept and creat. ing d ependance  

on 1 nt e r n a t i o n 1 1 a i d .

The  ̂ ial  ru s t s  f v> it ei to rural  communit ies  can be ver y  

h i g h  b e c a u s e  o f  t h e  h a u l a g e  time and energy  r e q u i r e d ,  as 

w e l l  d s the  cost of 1 st p r o d u c t i v i t y  as a consequence  of  

watfM r e l a t e d  d i s e a s e .  The impact of  rural  water  on h e a l t h  

needs  ti hi c l ear l y  d e f i n e d  i ri o rd er  to combat water  r e l a t e d  

d i s e a s e s  in  t h e  f i e l d .  W a t e r  c o n s u m p t i o n  v a r i e s  f r o m  

community to  community and depe n d s  on a v a i l a b i l i t y ,  h a u l a g e  

d i s t a n c e  and  local  custom.  The  q u a l i t y  of  water  a v a i l a b l e  to 

r o m m u m t  i e s  a 1 so v a r i e s  g r e a t l y  d epending  on the s o u r c e .  

Very  feu natural  sources  remain u nrontami nated  when used  as 

re g u l a r  wa t e r  c> l l e c t i o n  p o i n t s .

The soci al  c o s t s  of  rural  water

The cost of  water  in rural  a r e a s  needs  to be det er mined  i f  

an e f f e c t i v e  assessment is t.o be made of  cost b e n e f i t s  of  

any pr opos ed  change  to an e x i s t i n g  s u p p l y .  Few s t u d i e s  have  

been  made of  t h i s  very important a s p e c t .  Water c o l l e c t e d  by 

rural  p e o p l e  is seldom paid  for  in cash  but to assume that 

it  has  no cost  w o u l d  bf i n c o r r e c t .  A study o f  the s o c i a l



c o s t  o f  r u r a l  w a t e r  in  N i g e r i a  ( A k i n t o l a ,  A r e o l a ,  & 

F a n i r a n ,  1980 )  r e p e a l s  the  p r i c e  p a i d ,  mostly  by women,  for  

d o m e s t i c  w a t e r . T h e  study  was co n du c t e d  in Oyo S t a t e  whi ch  

h a s  a me a n  a n n u a l  p r e c i p i t a t i o n  of  1 0 0 0  - 1 2 5 0 m m .  T h e  

a v e r a g e  mi nimum a n d  maximum d a i l y  consumpti on  per  c a p i t a  

were  21 1 and 26 1 r e s p e c t i v e l y .  75 of  h o u s e h o l d s  r e p o r t e d  

t h a t  t h e i r  ma i n  s o u r c e  o f  w a t e r  d r i e d  up d u r i n g  the  dry  

s e a s o n  when 92\ resort  to. d i g g i n g  in r i v e r  beds  to o b t a i n  

w a t e r .  T h e  f o l l o w i n g  t a b l e s  w h i c h  a r e  t a k e n  t o  b e  

r e p r e s e n t a t i v e  of s e m i - a n d  c o n d i t i o n s  i n d i c a t e  the  d a i l y  

e f f o r t  whi ch  is expen d e d  in f e t c h i n g  w a t e r .

T a b l e  3 . 1  Sou r ce s  of  water  suppl y  at d i f f e r e n t  se a s o n s

of  the  year

Sources

-

t M 1

He-

yea r

■-eholds u s i n g  so u rc es  (%)

Dry season  Rai ny  season

Kell - 6 . 6 1 4 . 4

S p r i ny 1 2 4 -7 3 . 7 8 2 . 2

Pond 2 . 8 3 . 7 7 8 . 1

Dugout 

stream bed
!

° *

3 91 . 9 0 . 3

Ta b l e  3 . 2  I sc of  vi.it ei o b t a i n e d  from d i f f e r e n t  so u rc es

Use | Wei 1

H o u s e h o 1 ds 

St. reamhed

(%)

Spr ing Pond

Washing  | 9 . 7 8 5 . 3 5 . 3 0 . 0
Cooklng  1 1 . 9 9 . 3 87 . 5 1 . 6
D r i n k i n g  j 5 . 6 5 . 3 18 . 1 71 . 3

L i v e s t o c k  j, 0 . 0 0 . 0 7 . 2 5 7 . 5



c o s t  o f  r u r a l  w a t e r  i n  N i g e r i a  ( A k i n t o l a ,  A r e o l a ,  & 

F a n i r a n ,  1 9 8 0 )  r e v e a l s  th~ p r i c e  p a i d ,  most ly  by women,  for  

d o m e s t i c  w a t e r . T h e  study  was c o n d u c t e d  in Oyo S t a t e  which  

h a s  a me a n  a n n u a l  p r e c i p i t a t i o n  o f  1 0 0 0  - 1 2 5 0 m m .  T h e  

a v e r a g e  mi nimum a n d  maximum d a i l y  co n su mp ti o n  per  c a p i t a  

were  21 1 and 26 1 r e s p e c t i v e l y .  75% of  h o u s e h o l d s  re p o r t e d  

t h a t  t h e i r  ma i n  s o u r c e  o f  w a t e r  d r i e d  up d u r i n g  the  dry 

s e a s o n  when ° 7%  re so rt  to d i g g i n g  in r i v e r  beds  to o b t a i n  

w a t e r .  T h e  f o l l o w i n g  t a b l e s  w h i c h  a r e  t a k e n  t o  be  

r e p r e s e n t a t i v e  of  s e mi -a r i d  c o n d i t i o n s  i n d i c a t e  the  d a i l y  

e f f o r t  whi ch  is  expended  in  f e t c h i n g  w at e r .

T a b l e  3 . 1  S ou r ce s  of  water  s u ppl y  at d i f f e r e n t  se a so n s

of  t h e  year

r" ■— ■“ ■ ■" .................. - ------------------

Hou se hold s  u s i n g  sources  (%)

Sources A l l  year Dry se a son Ra i n y  season

Well •  m 6 . 6 1 4 . 4

Spr i n g ! 2 4 . 7 3 . 7 8 2 . 2
Pond 2 . 8 3 . 7 7 8 . 1

Dugout 1 0 . 3 9 1 . 9 0 . 3

st ream bed
L .

T a b l e  3 . 2  Use of  water  o bt a i n e d  from d i f f e r e n t  so u rc es

Use | Well

Househol ds  

St reanbed

<%>

Spr ing Pond

Washing  j 9 . 7 8 5 . 3 5 . 3 0 . 0
Cooking  | 1 . 9 9 . 3 8 7 . 5 1 . 6
D r i n k i n g  | 5 . 6 5 . 3 18 . 1 71 . 3
L i v e s t o c k  j 0 . 0 0 . 0 7 . 2 5 7 . 5
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Ta b l e  3 . 3 Labour  force  i nvolved  in  f e t c h i n g  water

F a m i 1y

member

% Households  in which  

member p a r t i c i p a t e

Av e r a g e  n o . o f  

t r i p s  per  day

Youngest w i f e  “ 9 8 . 4 5 . 2 5

Second w i f e 7 0 . 6 4 . 40
First  w i f e 7 . 2 4 . 8 3

First  c h i l d 4 5 . 9 2 . 8 9

Second c h i l d 1 2 . 5 3 . 1 0

T h i r d  chi  Id 2 . 2 1 . 86

Tal Ir 3 . 4  Pist jncf*'  to main so u r c e s  of  wa t e r  supply

D i s t a n c e  (km) H o u se ho l d s  (%)

Less  t han 1 . 5  

1 . 5 - 3

7 . 1

9 2 . 0

0 . 9

Tat le 3 . c> l i n e  spent in f e t c h i n g  water

Hours per  t r i p

Houst-ho 

Dry season

ds (%)

Rainy  season

Less  than  1 

1 - 2 
2 - 3 

More th a n  3 

M< .in

9 . 9  

6 2 . 2  

2 6 . 5  

1 . 6
I . (<f! hi

3 5 . 6
6 1 . 0

3 . 4

0 . 0 6  hr

Sone i n d i c a t i o n  of  the so c i a l  c o s t s  of  rural  wat er  in South 

A f r i c a  a re  g i v en  in a stud\ of  household  wat er  consumption  

l n t h e  I n a d i  ward ,  KwaZulu ( A l c o c k ,  1 9 8 6 ) ,  The  mean d a i l y  

per c a p i t a  consumption  was 1 r>, 6 1 w i t h  an a v e r a g e  per c a p i t a  

consumpt ion of d r i n k i n g  water  of  2 , 3  1 . A d a i l y  aver a ge  of  

three  t r i p s  was s a i d  to he common.

6

I



I n  a d d i t i o n  to t he e n e r g y  and  t i m e  s p e n t  in c o l l e c t i n g  

w at e r ,  a large  amount of  time is  spent  i n c a p a c i t a t e d  due to  

w a t e r  r e l a t e d  d i s e a s e s .  R e f e r r i n g  t o  t h e  N i g e r i a n  study  

c ted a b o v e ,  where the  water borne  p a r a s i t e  Gu i n e a  Worm i s  

common ,  of  the p o p u l a t i o n  had s u f f e r e d  at one time or

anti  her .  Of  those  who had s u f f e r e d ,  an a v e r a ge  of  126  days  

p e r  y e a r  w e r e  u n p r o d u c t i v e  as  a r e s u l t .  ( H e a l t h  r e l a t e d  

f a c t o r s  o f  r u r a l  w a t e r  a r e  d i s c u s s e d  in g r e a t e r  d e t a i l  

l ater  in t h 1 ' p a p e r . )

The  s o c i a l  cost f  of wat er  should  brj a s s e s s e d  in terms of  the  

t i n e  and energy  expend,  d in f e t c h i n g  water  and the  e f f e c t s  

of  w.iter r l<ited d i s e a s e  on community h e a l t h .  Th i s  cost  may 

h< measured  in terms of  t hi t ini lo> t which  could  o t h e r w i s e  

1 (Vi b e e n  s p e n t  in a c t i v e  and i i o d u c t i v e  p a r t i c i p a t i o n  in 

the  community .  The so c i a l  c o st s  of  wat er  in Southern  A f r i c a  

need to be researched  in greatei  d e p t h .

3 . 3  Rural  water  consumption

Tht q u a n t  i t > of  w.itei consumed b> rural  pe ople  who depend 

on n a t u r a l  s o u r c e s  f o r  tht lr s u p p l y ,  i s  l i m i t e d  by t h e  

a v a i l a b i l i t y  o f  w a t e r  at t h e  s o u r c e  and  by the  c a r t a g e  

d i s t a n c e  b e t w e e n  the  s o u r c e  a n d  t h e  u s e r ' s  home .  W a t e r  

s o u r c e s  may i n c l u d e  s p r i n g s ,  st r e a m s ,  s h a l l o w  w e l l s ,

I i i. h. les and r i ver  bed abstract  i o n .  Both Alcock  ( 1 9 8 6 )  and 

Ak inf  i la < t ,i I ( 1 98 0 )  i n d i c a t e  that d i f f e r e n t  sources  a re  

p r e f e r r e d  by d i f f e r e n t  users  and that  water  is reused  for 

d i f f e r e n t  pu r pos es  w i t h i n  the h o u s e h o l d .

Water  us.jyi and t lie p e r c e p t i o n  of  wa t e r  q u a l i t y  v a r i e s  from 

c o m m u n i t y  t o  c o m m u n i t y  ( G u i d e l i n e  f o r  D r i n k i n g  W a t e r  

Q u a l i t y ,  Volume ] ,  WHO,  1 9 8 4 ) .  Al co ck  ( 1 9 8 6 )  quotes  a d a i l y  

d r i n k i n g  water  consumption  of 2 , 3  1 wh i ch  c o n s t i t u t e s  15*» of  

the t o t a l  consumption  ( KwaZulu ,  N a t a l ) .  O t h e r  uses of  water

7



int'lud> r o o k i n q ,  personal  hy g i e n e  and  c l o t h e s  w a s h i n g .  The  

.«\ ci ay. total  <i.i i I > pet rap  1 1 .< ronsumpt ion h i s  1 5 , 6  1. T h i s  

s u r v e y  indir . i t  cs t h* v e r y  lok consumpti on  rat cr  of  rural 

( i nriun i t i ■■ when w 11 r i hi- f • ■ I > c , d  t iimI t r • the  home .

 
 

t'< ► i t • . . n ii u ' l  il i : sic I | ipei d a t e d  N o v e m b e r  1 9 8 7 ,  

<1 . t i ■ I In f 11 w it*-} iiMimf't i nn  f j g u i eh  ( i ri l i t r e  p e r  

.•[ 1 1 i } • i l.i> I 1 1 f i r .< WH r**p r  1 < • f  1 ° 7 0 : -

Typ* <*f supply

1

1 000 n 

500  - 1 000  n 

< 500  M

Cunnun«  1 >«t .nidp 11 » 

250  m

 

House connect  
s i n g l e  tap 

It i p t . 

7 R.»r

7 

1 2
20

30

40

50 

1 5 0

I

5 - 1 0  

10 - 15 

1 5 - 2 5

20  - 30

20  - 80

30  - 60  

70  - 2 5 0

■
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A l c o c k  ( 1 9  8 6 ) q u o t e s  c o n s u m p t i o n  f i g u r e s  f r o m  

u n p u b l i s h e d ,  mainly  o f f i c i a l ,  s o u r c e s  for  rur.il a re a s  

with  water  col l otted  f roii source  ( see  t a b l e  3 , 7 ) .

D.«ilv per c a p i t a  wa t e r  c onsumpti on .

L o c a t i o n Lit  res

Lebowa 20
besot h< > 10 - 24

Kw j Zu 1 u 1 1
T r a n s k o i 10
C i ske i 9

Hea 11 h and rut a 1 Wat er

A c c o r d i n g  t. t lie pul !i iti t, - Rural  Water  Suppl y  in C h i n a ,  

IDRC ( 1 9 8 1 )  - "of  a l l  d i s e a s e s  a f f e c t i n g  rural  p o p u l a t i o n s ,  

t h o s e  t h a t  are  water r e l a t e d  are  the most i m p o r t a n t . "  The 

e f f e c t  of  the  a v a i l a b i l i t y  of  water  of  s u f f i c i e n t  q u a n t i t y  

arid s u i t a b l e  q u a l i t y  on tin h e a l t h  o f  communities  is not 

r e s t r i c t e d  to w a t e r  b o r n e  a n d  w a t e r  w a s h e d  d i s e a s e s ,  

m a l n u t r i t i o n  can a l s o  resul t  from the  e f f e c t s  of  drought  on 

a g r i c u l t u r e  and animal  h us ba n d r y .  It is t h e r e f o r e  c l e a r  that  

v i r t u a l l y  e v e r y  f a c t o r  of  r u r a l  l i f e  i s  d e p e n d e n t  u p o n  

w a t e i  and that no community wi l l  be a b l e  to ma i n t a i n  even 

the  must b a s i c  level  of  h e a l t h  if  it does  not have wat er  in 

s u f f i c i e n t  q u a n t i t y  and oi a d e q u a t e  q u a l i t y .

The  e f f e c t s  of  wjt . t on rural  h e a l t h  can be d i v i d e d  into  the 

f o l l o w i n g  c a t e i  t i c s , a c c o r d i n g  to Si bony ( 1 9 8 1 ) ,  Van dor 

V e e n  ( 1 9 8 0 ) ,  W i n d 1e - T a y 1 or ( 1 9 8 0 ) ,  and  t h e  Wo rl d  He a l th  

O r g a n i s a t i o n ' s  " G u i d e l i n e s  l o r  D r i n k i n g  W a t e r  Q u a l i t y ”

< 3 9 8 4 ) : -

N u t r i t i o n a l  : drought - food s h o r t a g e s
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Wat_ei b o r ne <31 gp.isi-s : water is a p a s s i v e  v e h i c l e  for  f ae c a l  

p o l l u t i o n  and a source  of  p a t h o g e n i c  b a c t e r i a ,  v i r u s e s  

and p r o t o z o a .

W.i t e i w i s h e d  d i s i ' . i s i s  : i n s u f f i c i e n t  s u p p l y  of  wa t e r  i*r 

a v a i l a b l e  to m a i n t a i n  pers on a l  h y g i e n e .

Wat e r h a wed i n f e c t  i n g  a g e n t s  ,ire i n g e s t e d  or e n t e r  the 

body by p e n e t r a t i n g  the s k m  and mucous membranes .

Wit .  i n  1 at ed i nsect ve c t o r s__ : when d i * e a s e i  art spri , 1  by

i n s e c t  h w h i c h  breed  in water  e . g .  m a l a r i a  and y e l l o w  

f e v e r .

! n r g a 1111 • s : when t ra< e e l eme n t s  pr e s e n t  in too small  or 

t o o  g r e a t  c o n c e n t r a t i o n s  g i v e  r i s e  t o  e n d e m i c  

d e f i c i e n c i e s  oi p o i s o n i n g .  The so u rc es  may be n a tu r a l  

or the  result >f manmade pt l l u t i o n .

D i s e a s e s  or symptoms a s s o c i a t e d  with  the  above  c a t e g o r i e s

art- as f o l l o w s : -

Nutri t i on . i l  : M i 1 nut r 11 i on

Wat_er bet d i s ases V i r u s e s  e . g .  i n f e c t i o u s  h e p a t i t i s ,

B d c t e r i d  e . g .  c h o l e r a ,  typ ho i d  and p a i a t y p h o i d  f e v e r s ,  

b a c i l l a r y  d y s e n t e r y ,  g a s t r o - e n t e r i t i s  , l e p t o s p i r o s i s .  

P r o t o z o a  e . g .  amoebic  d ys e n t e r y

Wat e i w ish*d  d i si.,-. . : s c a b i e s ,  skiii s e p s i s ,  yaws ,  l e pr o s y ,  

l i c e  a n d  t y p h u s ,  t r a c h o m a ,  c o n j u n c t i v i t i s ,  b a c i l l a r y  

d y s e n t e r y  e t c .

W a t e r  b . iserf  d i s e a s e s  : b i l h a r z i a ,  l e p t o s p i r o s i s ,

s c h i s t o s o m i a s i s ,  gui nea  worm.

W.it i'i-r<' 1 it ed d i s e a s e s  : y e l l o w  f e v e r ,  m a l a r i a ,  s l e e p i n g  

s i c k n e s s ,  dengue  e t c .
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Wat «• i b o rne dise . igfs  : w.it ei 1 s a p a s s i v e  v e h i c l e  f or  faecal  

p o l l u t i o n  and a source  of  p a t h o g e n i c  b a c t e r i a ,  v i r u s e s  

and p r o t o z o a .

Wat f t wastied ii i ■, i < ; i n s u f f i c i e n t  s u p p l y  of  wa t e r  is 

a v a i l a b l e  to m a i n t a i n  pers onal  h y g i e n e .

h. itet b a s ed j  i n f e c t i n g  a g e n t s  are  i n g e s t e d  or e n t e r  the 

body by p e n e t r a t i n g  the  s k i n  and mucous membranes .

tv'ter r e l a t e d insect vi ' tors  when d i s e a s e s  are  spread  by 

i n s e c t s  w h i c h  breed  in wa t e r  e . g .  m a l a r i a  and ye l l ow  

f e v e r .

I n o r g a n i c s  : when  t r a c e  e l e me n t s  p r e s e n t  in too small or 

t o o  g r e a t  c o n c e n t r a t i o n s  g i v e  r i s e  t o  e n d e m i c  

d e f i c i e n c i e s  or p o i s o n i n g .  The so u rc es  may be natural  

or the  result  of  minmade p o l l u t i o n .

D i s e a s e *  or symptoms a s s o c i a t e d  with  the  above  c a t e g o r i e s

a re  as f o l l o w s :-

Nut r i t  loria 1 : M a l n u t r i t i o n

Water  borne  dis< ases : V i r u s e s  e . g .  i n f e c t i o u s  h e p a t i t i s ,

B a c t e r i a  e . y .  c h o l e r a ,  typ ho i d  and p a r a t y p h o i d  f e v e r s ,  

b a c i l l a r y  d y s e n t e r y ,  g a s t r o - e n t e r i t i s , l e p t o s p i r o s i s .  

P r o t o z o a  e . g .  amoebic  d ys e n t e r y

Watei washed  i : s c a b i e s , k i n  s e p s i s , \ a* s , l a p r o s y ,

l i c e  and  t y p h u s ,  t a c h o m a ,  c o n j u n c t i v i t i s ,  b a c i l l a r y  

d y s e n t e r y  e t c .

W a t e r  b a s e d  d i s e a s e s  ; b i 1 h a r z i a , l e p t o s p i r o s i s ,  

s c h i s t o s o m i a s i s ,  gui n ea  worm.

W a t e r -re  1 at ed d i s e a s e s__ : y e l l o w  f e v e r ,  m a l a r i a ,  s l e e p i n g

s i c k n e s s ,  dengue e t c .
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Chemical  e 1 ement s : below aie  some of  the e f f e c t s  of  the

ni>r» important e J einent s , based  on t a b l e s  e x t r a c t e d  from 

the  l\ i l d  Hi 11 )i O r g a n i s a t i o n  G u i d e l i n e s  for D r i n k i n g  

Water  Q u a l i t y .  ( See  a ppendi x  C . )

h i g h  c o m  entrat  ions g i v e  unpl easant  t a s t e  

a n d  a f f e c t s  t h e  s e c r e t i o n  o f  g a s t r i c  j u i c e s  a n d  

d igest  i o n .

S u l f a t e s  : m.t m e  s i ut su 1 pha  t e .j nd s o d  i un s u l p h a t e  

r a u n  d i a r r h o e a .  Th< n< crit rat ions of  t h e s e  s u l f a t e s  

mist t h e r e f o r e  I" kept low.

I ron i n h i g h  c n > rit i it i on  c a u s e s  d i s c o l o r a t i o n  and 

t as:  e p i ot 1 « I is .

C o p p e r  a c  c u rti u 1 a t i n l r. t h e b o d y  d u e  t o  h i g h  

C o n c e n t r a t i o n  in water is t o x i c .

I o d i n e  iv n e c e s s a r y  f i tho pr o d u c t i o n  of  t h yr ox i n e  in 

t h< thyr ni glarid.  I - » V f i o d i n e  in d r i n k i n g  water  is 

tht m a i n  c a u s e  of  g i t r e s .  A mi n i mu m of  1 0 m g / l  i s  

recommended in d r i n k i n g  w at e r .

F l u o r i d e  is imp rtarit in t lie f o r ma t i o n  of  teeth  and 

b ones .  Fndemic t « -t h decay oc urs where c o n c e n t r a t i o n s  

a r* I t ' S 1 1 han  <). r.i i'j 1.  However ,  where  c o n c e n t r a t i o n s  

a n  gr> a t e i  t h a n  l . ' m g  1 , m o t t l i n g  o f  t e e t h  may be 

o b s e r v e d .  At <. U - C . 01’ i ■) 1 s k e l e t a l  f l u o r o s i s  may occur  

and  w he n  1 Omg I is ex e e d e d  c r i p p l i n g  f l u o r o s i s  may 

e n s u e .

N i t r i t e  a n d  n i t r a t e  : U s u a l l y  o f  o r g a n i c  o r i g i n ,  

i n d i c a t e  s o u r c e  p o l l u t i o n .  N i t r i t e  i s  h a r m f u l  to  
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