
e ry t hr< oyI ps in blood and impedes the  t r a n s m i s s i o n  of  

o x y g e n .

In pract i f f  the  n.i i n ca u s e  fur co n c e r n  is f aecaJ  p o l l u t i o n  

of  water Hourcf s which  ca u s es  c h r o n i c  d i a r r h o e a ,  e s p e c i a l l y  

a m o n g s t  i n f a n t s .  I n  a r e s e a r c h  s t u d y  c o n d u c t e d  in t h e  

D ' t s o b i ' t l a  d i s t r i c t  1 n Hophut at s w a n a , South  A f r i c a ,  (vari As 

f> K a s b e r g e n ,  10 P. 4 ) 4 f> of  c h i l d r e n  u nder  the  age of  s i x  

s u f f e r e d  f ror> d i a r r h o e a  at least once a y e a r .  The mo r t a l i t y  

r a t e  f u r  u n d e r  f i v e  ) p j i  o l d s  is 1 0 . 5 ' ,  o f  w h i c h  2 2 % 

r e s u l t e d  f ron  d i a r r h o e a .

3 . 5  D e t e r mi n i n g  water  q u a l i t y

Deteri'ii n l ny water q u a l i t y  is a subject  ive ext r c i s e  for  most 

rural  pe o p l e  wh*-n assessment  is based on se n so ry  p e r c e p t i o n .  

Th e  n.r i ri c r i t e r i a  a r e  t a s t e ,  smel l ,  c l a r i t y  and c o l o r .  In 

many a re a s  f actors  such as b a c t e r l o l o g i c a  1 q u a l i t y  are  not 

ci ris i ile re ). It would ,  however ,  be incorrect  to assume that 

a l l  c o n m u n i t i e s  are  ignorant of  the fact that some w at er ,  

a l t h  ugh app< irinj  palatal  1 <■ , is ' b a d '  and is d et r i men t a l  to 

h e a l t h .  ( Fan 1 rati, 1086 )

A number o '  f a ct or s  need to be c o n s i d e r e d  when d e t e r m i n i n g  

wat er  qua 1 1 1  y : —

Te mperat ure

pH ( u s u a l l y  b< t ween (j and 8 for natural  wat er )

C o n d u c t i v i t y ,  which  g i v e s  ati i n d i c a t i o n  of  total  d i s s o l v e d  

s o l i d s  ( T D S ).

T u r b i d i t y , which  i n d i c a t e s  the c l a r i t y  of  the  wat er .

B a c t e r i a  c o n t a m i n a t  inn , w h i c h  is i n d i c a t e d  by the  total  

p 1 a count te: t ami recorded  as total  b a c t e r i a  per  ml .

I if al c o n t a m i n at l j in, w h i c h  is i n d i c a t e d  as  e i t h e r  total  

f a e c a l  c o l  l f o r m  o r  E-col  i T y p e  I a n d  r e c o r d e d  as  

count s per 1 00m I .

12
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A t o t a l  cher u c . i l  a n a l y s i s  of  t h e  w a t e r  is important ,  i f  

e i th er  chemical  cunt am i riant s 01 d e f i c i e n c i e s  a r e  e x p e c t e d  or 

i f  t he t <it ,t 1 d i s s o l v e d  s o l i d s  is h i g h .  Records  a v a i l a b l e  

from other sources  wi l l  g i v e  an indicat  ion of  the chemical  

I ' unst  i t u e n t B  in t he water  in a r e g i o n  hut o f t e n  l a r g e  

v a r i a t i o n s  can he expec te d  w i t h i n  an a r e a .

¥ ?  H

)

Th< t o t a l  p l a t e  count  test  g i v e s  an  i n d i c a t i o n  o f  t h e  

I i t> rii ! ii il pu f it\ i f  t h e  w a t e r  and  t h e  p r es en c e  of  

p o l l u t a n t s .  " C l e a n "  v».tei wi l l  y i e l d  ahout 1 00  co u n t s  per  

m l ,  w h i l e  c o n t a m i n a t e d  w.itii  may l . n ’e s e v e r a l  h u n d r e d  

thousand  counts  per nil.

l a t h  |* n i i i r .) hi i s r> .iii 11 i f f i c u : t t . i s o l a t e  hut  t hf y

• xtst » i t h 1 i f rri I i t e r i a  whi ch  can be i s o l a t e d  and 

c unt- 1 r e l a t i v e l y  e a s i l y .  c*. • 1 » f r 1 a t * r i a are norma l l y  

four 1 in the  inte-tinal  t ia t ami are m re r e s i l i e n t  than 

t h e i | tthogeris when  dir- b a r g e d  int w a t e r .  They do not 

t heti'- e 1 ve >■ ns t 11 u * < a t hri it t hea 1 1 h but l n d i c a t e  the  

I s s 1 1 * ■ [ r e e r i i e  of  f itli |> ns and the  re ent c o n t a m i n a t i o n  

o f  t h e  w a t e r  b > e >, r e t a , w h i c h  n a  k i it u n s a f e  f o r  

consumpt io n .
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SLOW S AND fILTRATION

H i h^ n ry

The f irst  slow sand F i l t e r s  w er e  d e s i g n e d  an 1820  by James  

S i m p s o n  f o r  the  C h el s ey  Water Company in London ( Hui sman ,  

1 9 7 8 ) ,  T h e  o b j e c t i v e  w a s  to  c l a r i f y  r i v e r  water  and t h e  

a p p l i c a t i o n  was  so s u c c e s s f u l  that t h e  f i l t e r s  were  used  

e l s e w h e r e .  The  e f f e c t i v e n e s s  of  SSF in  t h e  removal  o f  

d 1 sea si f a u  »t.-i agents  was only  d i s c o v e r e d  around  1850  when 

it was  f o u n d  that  w a t e r  was t h e  m a i n  c a r r i e r  of  A s i a t i c  

c h o l e r a  and  that it c o u l d  be e f f e c t i v e l y  t r e a t e d  w i t h  S S F .

I nt ll 1 9 2 0  S S I  w a s  t h e  only method used to t r ea t  s u r f a c e  

w a t e r s  f<-r pul !i { 1 (Hsumpt i ri. A f t e r  * he f irst  world  war ,  

c h l o r i n e  c a m e  t ) I .  u s e d  a s  a d i s i n f e c t a n t  c a p a b l e  o f  

k i l l i n g  .i 1 J p a t h o g e n s  a n d  S S I  g a v e  w a y  t o  m o r e  

s o p h i s t i c a t e d  wa t et t r e a t m e n t  met hod s . H o w e v e r ,  d u r i n g  

r e t  e n t  d e c a d e s  S S t  h.is b e e n  r e a s s e s s e d  as  an  e f f e c t i v e  

treatment  ruth  d i n  t h i r d  w r i d  a p p  1 l c a  t lot s .

f 1 1 1 rat rg< amount of  land wh i c h

i s  r e l a t i v e l y  c h e a p  in  t h i r d  w o r l d  s i t u a t i o n s .  I t  i s  

i n e x p e n s i v e  t c o n s t r u c t ,  d o e s  not r e q u i r e  t h e  u s e  o f  

expensiv*  unit | : • - e | i.i l pr lent , and is s imple  to o p e r a t e .  

S S I  ) a . in I ia I v f i i t s  e f  fect  i veriess on t he u s e  o f  

chet i i c a 1 s which  < ften cannot be r e l i a b l y  s u p p l i e d  to remote 

area  s .

P hy s i c a l  pr oc es se s

T h e  p h y s i c a l  p r o c e s s e s  by w h i c h  s u s p e n d e d  m a t e r i a l  i s  

r e m o v e d  f r o m  t h e  i n f 1 ui nt w a t e r  a r e  c o m p l e x  a n d  

intei  r e l a t e d  (Corbet is ,  1984 ;  Huisman,  1 9 7 8 ) .  They i n c l u d e



more  t h a n  s i m p l y  a s t r a i n i n g  .1 • 1 1 on as  i n d i c a t e d  by the  

facl  th.it part i c l c s  much f i n e r  than the  mean pore  s i z e  are  

t r a ppe d  by the f i l t e r .  The v a r i o u s  t r a n s p o r t  mechanisms by 

which  suspended  p a r t i c l e s  are brought  into  co n t a c t  w i t h  the  

s a n d  g r a i n s  a r e  d i s c u s s e d  b e l o w .  In most c a s e s  mo l ec ul a r  

f o r c e s  c o m e  i n t o  p l a y  c a u s i n g  a d s o r p t i o n  o f  s u s p e n d e d  

p a r t i c l e s  to the sand ,  one,  contact  has been made.

4 . 2 . 1 St ra in i n y

Thi s  is the most simple  of  the  f i l t r a t i o n  pr o c e s s e s  by 

w h i c h  o n l y  p a r t  i c l e s  w h i c h  a r e  too l a r g e  to  p a s s  

through  the p res a r e  tr a p p e d .

4 . 2 . 2 Int ercept  ion

P a r t i c l e s  which  remain in stream l ines  (which  d i v e r g e  

ti p a s s  round a sand g r a i n )  but whose ra d i i  are  g r e a t e r  

than the  d i s t a n c e  between the s t r e a ml i n e  and the sand

i • ’ ' 1 ’ w i t h  thi surfa  . o f  tin g r a i n .

4 . 2 . 3 1

S u s p e n d e d  part  i c l e s  w h i c h  f o l l o w  s t r e a m l i n e s  h a v e  

inert ia which  is a f u n c t i o n  of  the  dynamic v i s c o s i t y  of  

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

v 0 1 in' it j o f  t h e  p a r t i c l e .  T h i s  i n e r t i a  c a u s e s  t h e  

p a r t i c l e  to m a i n t a i n  a t r a j e c t o r y  which  i s  d i v e r g e n t  

from the streamlirii and ma^ ca u s e  the p a r t i c l e  to  make 

contact  with  a f i l t e r  g r a i n .

4 . 2 . 4 Sed 1 rtent »' 1 on

T h i s  is a s ' . g n f i c a n t  p r o c e s s ,  e s p e c i a l l y  in h i g h l y  

t u r b i d  w a t e r s .  When p a r t i c l e s  have  a h i g h e r  d e n s i t y

15
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than w at e r ,  t h e /  arc  d e f l e c t e d  from stream l ines  under  

t h e  i n f l u e n c e  o f  g r a v i t y  and  may make  c o n t a c t  w i t h  

f l i ter  g r a i n s .

D i f f u s i o n

T h e r m a l  m o l e c u l a r  e n e r g y  of  t h e  w a t e r  c a u s e s  small  

p a r t i c l e s  to move in random f a s h i o n  as  a c o n se qu e nc e  

of  t r a n s f e r r e d  k i n e t i c  e n e r g y .  The amount of  movement 

depends  on the  v i s c o u s  drag  of t lie f l u i d  and the  s i z e  

of  t h e  p a r t i c l e .  I f  the p a r t i c l e  is l e s s  than lum in 

d i a m e t e r ,  t h e  m verient o ut s i de  t hie s t r e a m l i n e  may be 

n s i d e i  iM< and 1.1.1 j a r t i  li may make contact  k i t h  a

g r a i n  surf  act .

Hydrodynamic forces

Tin flm»  it the f i lt*  r l>ed is l a mi n a r .  T h i s  c r e a t e s  a 

vel< ity 'ii iii>nt arid she . a  f i e l d  as a result  of  which  

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

s t r e a m l i n e s .  I f  t he p a r t i c l e  lias an i r r e g u l a r  shape  

t h "  r e s u l t a n t  m o t i on  may l>e r a n d o m .  T h i s  e f f e c t  is 

1 n. re . ised  w i t h  the  ve 1 it> of  the  flow through  the  

f 1 1 1 i t I ut w i t h  s 1 mw s a n d  f i 1 t rat ion and ult ra-slow 

s.in I f i ] t r.i t i n , its i f f i t * iu 1 d be reduced  .

floccul. it ion

Part i d e s  with  o p p o s i t e  net e l e c t r i c a l  charges  a t t r a c t  

e a c h  o t h e r .  D u r i n g  f i l t r a t i o n  t h i s  may o c c u r  as  a 

result cf a t t t . i t  ion between suspended  ma t er i a l  and t he 

s a n d  g i a i ri s o r  m a t e r i a l  a l r e a d y  c o a t i n g  t h e  sa n d  

g r a i n s .  T i n s  is an e l e c t r o - k i n e t i c  phenomenon.

■ 9
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Fi I t e r  b l o c k i n g

S u s p e n d e d  m a t e r i a l  which is  t r a p p e d  by the f i l t e r  is 

c o n t a i n e d  in  t h e  p o r e s  b e t w e e n  s a n d  g r a i n s .  T h i s  

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

i n c r e a s e s .  In s l ow  sand  f i l t r a t i o n  t h e  b l o c k i n g  is  

r e l a t e d  to the  f o l l o w i n g  f a c t o r s :

the  t u r b i d i t y  01  the raw w at e r ,  

t he rate  of  f 1 o w ,

* h i  f i l t e r  g r a i n  s i z e  and shape  u n i f o r m i t y .

Tht f i l t e r  b l o c k i n g  o c c u r s  i ri t h e  t o p  l a y e /  o f  the  

f i l t e r .  The depth >f b l o c k i n g  v a r i e s  from 1Omn to 30mm 

iV| end i ik) on f i l t .  i gra i ri si  ;• wi th  t he l e s s e r  dept h 

be i n g  found in f i n e ,  11 g r a d e d ,  sand ( e f f e c t i v e  s i z e ,  

I S ( d j q ) 0 . 2 m m  a n d  u n i f o r m i t y  c o e f f i c i e n t ,  I1 C 

( d t,() d ] fj ) 2 ) .  Th e  g r e a t e s t  p e n e t r a t i o n  depth o c c u r s  

in u n s i e v e d  coars e  r i v e r  sands  wi t h  ES 0 . 3 2 ,  and UC 

4 ) .  ( Paramasivam & S u n d a r e s a n ,  1079 )

It is  to  b e  e x p e c t e d  t h a t  f i l t e r  runs wi l l  be short  

wi th  h igh  t u r b i d i t y  water ,  the  as  the  f i l t e r  traps  the  

s us pended  matter ,  l or  thi s  reason  pr et re a tme nt  is o f t e n  

used t o  rcrmvi t h e  bulk of  the  t u r b i d i t y  from the  raw 

w a t e r .  T h i s  may t a k e  t h e  form o f  s e d i m e n t a t i o n  or 

In n z  intal roughing  f i l t e r s  ( W e g e l i n  1 9 8 4 ) .

Th< rate  of f 1 iik a f f e c t s  the  f i l t e r  run length  b e c a u s e ,  

foi < water of  a g i v e n  t u r b i d i t y ,  the  g r e a t e r  the f low  

rat i t h e  g r e a t e r  the  suspended  load e x t r a c t e d  by the  

f i l t e r  over a g i v e n  peri od  of  t i me .

IB
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F i I t e r  head 1 oss

T h e  e n e r g y  r e q u i r e d  to p a s s  fcater through  the  f i l t e r  

t e d  may  I «■ m e a s u r e d  by t he  h e a d  l o s s  t h r o u g h  t h e  

f i l t e r .  As  t tie f i l t e r  t r a p s  s u s p e n d e d  m a t e r i a ] ,  t h e  

p o r o s i t y  of  t h e  t o p  f ew  m i l l i m e t e r s  i s  r e d u c e d  and 

r e s i s t a n c e  t o  f l o u  i s  i n c r e a s e d ,  r e q u i r i n g  a n  

i n c r e a s i n g  h e a d  l o s s  to m a i n t a i n  the  same f l o w .  The  

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

K o / e n y - C a r m e n  e q u a t i o n  ( 4 . 1 )  w h i c h  i s  d e r i v e d  f rom 

D a r c y ' f c  e q u a t i o n  of  f J ov. in  p o r o u s  m e d i a .  ( C l a r k ,  

V i esman  Hammer,  1 9 6 5 ;  Corbet i s ,  19 84 )

H

L

F. ( i f I

- v

(^ i )

 
o f  

 

( t -f )
•  1 50 1 . 70

ft : R e y n o l d’s n u m b e r  

n 3

Th* p a r t i c l e  shap< fa tor in the above e q u a t i o n  is the  

rat io  of  t tii s u r f a c e  a r e a  of  t h e  e q u i v a l e n t  volume 

s p h e r e  to the a t u a l  a tea o f  the  p a r t i c l e  :-

: Ao 

A
(4. 2)

w h e r e Ao -- surf ace  a r e a  of a sphere of  volume V

d :
6V

AV'
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Thus e q u a t i o n  4 . 1  may be writtfri  as

H

L~

E(i-f)

-
AV­

IA. 3)

Not »• that tin p o r o s i t y  of  t h e  top l ayer  i s  reduced  w i t h  

time and  t hat gra d ed  f i l t e r  l a y e r s  must be c o n s i d e r e d  

1 n d 1 v 1 d u a 1 1 y .

Pri mary  s e d i me n t a t i o n

Pi imar^  s e d i me n t a t i o n  is a pr oc es s  o f t e n  used  in water  

treatment as a form of p r e t r e a t m e n t .  Tht* s o ph i s t  i c at  ion 

o f  t hi s e d l m e n t a t i o n  p r o c e s s  r a n g e s  f r o m  a s i m p l e  

settlement  ta n k ,  which  is o c c a s i n n a 1 1 i hand  c l e a n e d ,  to 

me h a n i i  a l l y  l a u n d e r e d  ta n k s  u s i n g  complex  machinery  

r e q u i r i n g  h i g h l y  t r a i n e d  o p e r a t i n g  s t a f f .

Prir . try s e d i me n t a t i o n  is used  fur  tw > re a s o n s  -

• t r e d u c e  th< s u s p e n d e d  l o a d  o f  t h e  raw w a t e r  

be f u r < it g e t s  t o  the  f i l t e r s ,  t h u s  e n s u r i n g  l e s s  

f i l t e i  M o c k i n g  arid long'  r runs ,

• t o  r e d u c e  t h e  " l i v e "  l o a d i n g  on the  f i l t e r s  of  

b a c t e r i a ,  a n d  o t h e r  a q u a t i c  l i f e .  K a k s m a n n  a n d  

Vart  i r : \aira ) der >i,st rated  that ma r i n e  organisms  

may h i s t r o n g l y  a d s o r b e d  by m a r i n e  m u d s ,  a n d  W e i ss  

c a r r i e d  cut  e x t e n s i v e  i n v e s t i g a t i o n s  on 

b a c t e r i a l  a d s o r p t i o n  h> r i v e r  and e s t u a r i n e  s i l t s .  Both 

r e p o r t e d  F.  Co 1 i ren v a 1s of  > 5 0 . .  Work done by M i l n e ,  

C u r r a n ,  and W i l s o n  in  e s t u a r i n e  w a t e r s  has shown 

that  t h e  r a t e  o f  d e p o s i t i o n  of  f a e c a l  col  l f orm i s  

p r o p o r  t. lona to the  Suspended  S o l i d  c o n c e n t r a t i o n  and 

that up to 50  removal of  b a c t e r i a  can  be a c h i e v e d  by 

sed l merit at ion .



B l i> 1 ug l ca 1 pi o c e s s c s

T h e i r  is ni l  a y n a t  di. i I of d e t a i l e d  i n f o r m a t i o n  in the  

1 11 cr.it iii i i<ii t In' 1 io 1 oy i( 11 |• r " c e s s e s  v»hlc.*h occu r in sluh  

K m )  f i l t r a t i o n .  The l i o loyic . i l  pr oc es s  ls h wever  the  most 

inpi■ r t an« art i. «> f tin f i l t er  and <« dcB( i l p t i o n  is needed  .

On the s u r f a c e  f t h- f i l t e r  t h e n  e x i s t s  a l a ye r ,  commonly

• a i l e d  t h e " s h m u t /  d e < k e " , i n  w h i c h  a v a n  e t y o f

i i  i 1 . 1  ii 1 1 lif .  ,*t> unds .  Th i s  layer has t he a p p ea r a n ce  

t, f .■ t r 11 w n s l i m y  mat v h l c h i s  e a s i l y  d i s t u r b e d  by 

t u r b u l e n c e .  The  l ayer u s u a l l y  c  n t a i r i s  a l g a e  and is  the  

1 i v i i i e n\ i r ii rn n t f . i v a r i o u s  f i r ms  o f  a q u a t i c  l i f e  

i n 1 ud  i ii y p 1 a n V. t i , d i a t I', s , } i t i i , r o t i f e r s  and  

t i t •• i i i . 1 h> t ' tei ) . ,  a n I 111 iii i 11 11 t e i s us pended  i n thi 

in r ! ri j w a t e j is e n t r a p p e d  j r> the  u p p e r  l a y e r s  of  t h e  

f i l l e r  w h • i i it | i t i l e s  the  f mid  and  n u t r i e n t s  for  the 

i r y a nlam s w h i c h  r e s i l e  t h e r e .  T h e  e n t r a p p e d  mat er i a l  is 

d i <j»- *■ t eii i rid b I k e 11 I w.  iiil s i r i| 1 e in- u i ' i an ir  s a l t s  which  

ii,  | isset ftn ii'it t h< f i l t e r  (Huisrian,  1 9 7 8 ) .

1  tie i i is s t ro ny e v i d e n t ,  t li.tt i i  | t c ri 0 o f  b a c t e r i a  in 

ri ■ t u i • 1 f r > s h w.itei r ■ i \ be ads .  i be d a ri t <> the s u r f a c e  of 

a u s p e n d <  I ► >lid>. (Mi In* , C u r r a n  IV 1 1 s n ,  1 9 R G ) . T h i s  

m at e i i a 1 i v t r a p| * I n t h> sur f a ■ < - f tin f i l t e r .

In < n v e n t i < i n.i I SSI it has  1,« , • n f < >urid that  m - >s t o f  t he 

re) , ,  | iuii in it, ),  it i nryaniKm'- occurs  in the  f irst 200mri 

f t I . f i 1 1 ei ( Vs i I I i ams , 1 9 ( 4 ) .  The reduct ion in o r g a n i c  

nott  ii  t h r u y h I i -chemi cal  oxnl.it inn in the body of  t he 

f i 1 t i r f u r t h e r  s t a r v e s  t h e  b a c t e r i a  w h i c h  e s c a p e  t h e  

" shnut zdeclce" (Huisrian,  1 9 7 0 ) .

A' i unt s f the  bact i r i o l o y i c a l  e f f i c i e n c y  of  SSF seem to 

vary in the  l i t e r a t u r e .  Huisrian ( 1 9 7 8 )  q u o t e s  r e d uc t i on s  of



1 0 4 ci 10 m  total  b a r t e n a ,  and F-coli  r e d u c t i o n s  10^ 

ti 1 0 * .  K i l l i a n s  qu o te s  the numbrt of  sani| leB in whi ch  the  

1 - c o 1 i e x c e e d s  t h e  l i m i t  o f  n i l / l O O m l  a s  5 0 % ,  w h i l e  

P . u  .ir . isivari and Sutiddi i h.m ( 1 0 7 9 )  quote  B0 of  samples  as 

tiring f r e e  of  F - C o l i .  It is t h e r e f o r e  c o n s i d e r e d  n e c e s s a r y  

foi SSI e f f l u e n t  to lie c h l m n a t e d ,  but in s i t u a t i o n s  where  

c h l o r i n a t i o n  is u n l i k e l y  to In s u s t a i n a b l e ,  SSF remains  the  

r st s u i t a b l e  forn of water t r e a t m e n t .

. s r 1 e r
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V. 1 <  

F i g .  4 . 2  Typ ical  slow sand f i l t e r  ( H u i s n a n , 1 9 7 8 )
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4 . 4 . 1  F 1 ow rat e

It has been found that t hr f low  rate  in the  f i l t e r  does  

not s i g n i f i c a n t  ly a f f ect t h e  t r e a t e d  w a t e i  q u a l i t y  

( Huisman ,  197fM.  In fact the  q u a l i t y  has been seen to 

improve wi th  a f a s t e r  r a t e ,  but as  i n d i c a t e d  above the  

f i l t e r  run ut i l  In s h o r t e n ed  if  the  rate  is i n c r e a s e d .  

A s t a n d a r d  which  is o f t e n  a p p l i e d  is a rate  of  0 . 1  - 

0.  Jr < per h ..t . Th i s  may be i n c re a se d  to 0 .  3m at times  

of hi ivy demand or when a l t e r n a t e  f i l t e r  beds  are out 

of  e o n m i s s i  n f> t r e p a i r s  ■ r c l e a n i n g .  T h e  rate  of  

f i l t r a t i o n ,  t ige t he i w 11 h the  demand , wi l l  det er mine  

t f i l t e r  area  ri |ti i r e d . I f  t he demand is D m V d a y  and 

the f i 11 * ■ i late  i s  k n h,  then the f i l t e r  a r e a ,  A (m^)  

is q i ven by I |ilat I I III 4 . 4

A D 124 x R> ............................................. ( 4 . 4 )

H< In • f t  .i Jemalid if 7 r) r, ' day for a VI 1 lacje of  1500  

I'  pi '  , witt,  .< ili i,|n rati of O . I ' i  h,  the area  of  the  

f l i t  el I* Julie 1 k i l l  be 2 0 . Bm-’ .

1 ri many rut .1 s i t u a t i o n s  the SSI is o nl y  o per a te d  for  

s rn R ti JO hours a day because  of the a v a i l a b i l i t y  of  

s t a f f .  T h i - me a n s  that t he  f i l t e r  i s  run on a an 

intermi ttent  I . i > which  has been s I, w it to produce  an 

e f f l u e n t  f Let i u s l y  reduced q u a l i t y  ( P a ranas ivam & 

S u n d a r e s a n ,  1 9 7 ’i ) . To  a v o i d  t h i s  t h e  d e p t h  o f  

supernal  ant k)i uld be pe rmi tt ed  to reduce  under  f a l l i n g  

h e a d  c ■ r. • t i t i mis d u r i n g  the  dai l y  i n o p e r a t i v e  p e r i o d ,  

i n s t e a d  i f  c l o s i n g  down the f i l t e r  a 1 1 oget  he r .

The  s i m| lest f I iik c o n t r o l  me c h a n i s m  ; s  the  constant  

f l o w ,  r e d u c i n g  rate  method.  The a u th or  has v i s i t e d  a 

rural  slow sand f i l t r a t i o n  plant in Malawi  where t h er e

2 3
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w p m  ihi s k i l l e d  ciprral 1 ny s t a f f .  The  f l o w  c o n t r o l  

compi i s. i s imple  i n s t r u c t i o n s  to an u n s k i l l e d  o p e r a t o r  

th.it t h e  s u p e r n a t a n t  l e v e l  in t h e  f i l t e r s  must be 

ma i n t a i ne d  at ,1 g i v e n  l e v e l .  When the  flow level  at a 

v-m teh outflow wei i  drops  below a c e r t a i n  p o i n t ,  the  

f i l t e r  surf. ice requires s c r a p i n g .

F i l t e r  m e d i a

l i ne  u n i f  'iii sands  are  the  most s u i t a b l e  f i l t e r  medium 

w i t h  an e f f e c t i v e  p a r t i c l r  s i / e ( F S ) o f  . 2mm and a 

un 1 f . • t < it.  i i f f 11 i i rit ( UC ) c f 2 . The rn »re uni form the  

g r a i n  s i / '  , t he  great  er  the  p o r o s i t y  of  the f i l t e r  

bed .  Thesi ehar.i 11  r u t  i s a re  d et er mi n e d  from a s i e v e  

a n a l y s i s  f t he f i l t e i  s m d .

T h e  e f f e t 1 Ve  size- I K  d e f i n e d  as the s l eve S i z e  (or  

fait  i I e d i ar" • t e i > t hi ugh whi ch  1 0  of  t lie samp le wi l l  

pass  i I j fi ' . The uni f  irruty c o e f f i c i e n t  is the  r a t i o  

f t l i e s , e\.  s i z e  thi ugh which  60 .  t • f t l i e sample v< l 1 1 

| i' a n )  e f f * t i vi• s i .■ e ( d (j() d j q > • S e e  F ig 4 . 3

Shadi ng

When f i l t e r  supernatant  is open to s u n l i g h t ,  the growth 

of .i 1 i.i' wi l l  I e s t i mu l a t e d .  T h i s  may be e x p e c t e d  to  

I l k  t h< f i l t e r  bed and r e d n o  t he length  i f  f i l t e r  

runs  but p i ]  t plant r e s e . u c h  has not i n d i c a t e d  t h i s  

( P a r a m a s l v  a m , 1 9 7 9 ) .  No  i n d i c a t i o n  wa s  f o u n d  o f  

d i f ferer .  es it e f f l u e n t  q u a l i t y  between shaded  or open  

f i l t e i s ,  I ut s rap ing  of  tin s u r f a c e  of f i l t  ‘is may be 

h i tide i l l  by tin presence  of  p r o l i f i c  a l g a e  growth .
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l j , t. 4 , 3  Typi< il Filt . fr sand G ra d i n g  ( Huisman ,  19 78 )

f : d| o 0. 2mm l.’C : df , o ' djo  0 . 4 7  0 . 2
2 . 2 4

O n e  o f  the  m a j o r  c a u s e s  of  f a i l u r e  o f  SSF  p l a n t s ,  

h vs *• \ »• i vn i' 1 I d i h i g n » d , i k  j a d e q u a t e  t r a i n i n g  o f  

o p r i a t  i s and l n a d e q u a l i  maintenance  and s u p e r v i s i o n  

(Haijkeri  #> T u r r e l l ,  l ‘) 7 8 ) .  O pe r a t or s  must lie t r a i n e d  

in  m o r e  t h a n  j u s t  the* m i n i m u m  r e q u i r e m e n t s  f o r

Y
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o p e r a t i n g  t h e  p l a n t .  T h e y  n e e d  t o  be p r o v i d e d  wi t h  

b a c k g r o u n d  i n f o r m a t i o n ,  g i v i n g  t h e m  a b a s i c  

u n d e r s t a n d i n g  of  the p r o c e s s .  The c a r e t a k e r  must, a l s o  

be p r o v i d e d  w i t h  t h e  n e c e s s a r y  toolrt,  equipment  .and 

s p a r e s ,  a n d  r e c e i v e  t e c h n i c a l ,  f i n a n c i a l  a n d  

a d m i n i s t r a t i v e  s u p p o r t , b o t h  f rom the  community and 

f i ur tin' w.itei supply  agency  ( Kerkh i v e n , 1 9 7 9 ) .

Communit> p a r t l c i p a t i o n

Th e  s u c c e s s  o f  a w a t e r  s u p p l y  arid treatment  p r o j e c t  

d e p e n d s  i n  t h e  s u p p o r t  o f  t h e  c o m m u n i t y  a n d  i s  

enhaii *■ d if the  c o m m u n i t y  ult imatel y  owns and ta k es  

r e s p u n s i b i 1 ity for runni ng  the  system.

Th> e s t M  l i s h m e n t  of  .1 l< il < rgani  zat  i o n , whi ch  has 

t h e s u | | r t o f  t h e  c o m m u n i t y ,  i s  e s s e n t i a l  t o  

a d m i n i s t e r  s u p p l y ,  < M e e t  r e v e n u e s  and  p a y  t h e

• j ' ■: it < 1 . Th i s  imj l i es  th.it the  community must accepit 

th> s u p i 1\, u nde rs ta nd  i t s  a d va n t a g e s  and  he pr e p a r e d  

t support the scheme ln the long term.

The supp >rt i f the community is g e n e r a l l y  s t r o n g e r  i f  

t h e y  a r e  i n v o l v e d  from the  b e g i n n i n g  o f  the p r o j e c t ,  

not  o n l y  < n a c o n s u l t a t i v e  b a s i s ,  b ut  as  d e c i s i o n  

m a k e r s . I f  the  project  is c l e a r l y  unders tood  at each  

p h a s e  ri 1 i f  the  c o m m u n i t y  h e a r s  some of  the cost  , 

sunt ,i i nab i 1 1 1 y is e nha nce d .  ( Ker kho v en ,  1 97 9 ;  Ha i jken  & 

T u r r e 11,  1978 )
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f.. 1 I tit roduct ion

The pr imary  o b j e c t i v e  of  the pro jett was to f i n d  a method of  

t r e a t i n g  w a t e r  on a h o u s e h o l d  b a s i s  in c o n d i t i o n s  where  

h e r e  a t e  re o t h e r  a l l ' l l  it 1 v e s  . The  c o n c e p t  o f  b a t c h  

l oa d i n g ,  whi ch  is eas  i 1 , a s s i m i l a t e d  into the d a i l y  r o u t i n e ,  

was  c o n s i d e r e d  ii st l i k e l y  to  succeed  but the  l i t e r a t u r e  

i n d i c a t e d  that  m t i i n i t t  nit  l o a d i n g  of  c o n v e n t i o n a l  SSF 

s e r i o u s l y  a f f e  ed tie 1 . t e r i o l i  ijical e f f i c i e n c y  of  the  

pro.  e s s .  A p r e l i mi n a r y  | 1 lit wa*- d e s i g n e d  w i t h  a 210  l i t e r  

d r ur. cut  in  h a l f .  T I. r e s u l t s  f r o m  t h i s  p l a n t  w e r e  

e n r o u  rag l t. | and  just if i> : furthei  , i i  d ti re d e t a i l e d  study  

and t est i ny . Tin [ 1 ant w • i > I i f i *■ 1 and t h< f i ria 1 d e s i g n  is 

slu wn in f l gure 5 . 1 .
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F i g .  5 . 1  Small sc a l e  d om est ic  f i l t e r  plant
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5 . 2 D ea l g n  ci 1 1 e r i a

The d e s i g n  c r i t e r i a  f m  t he plant  weri'  the f o l l o w i n g  :

* l j i vidi  I r i n k i n g  and co o k i n g  v,.i t <■ r f i, r u ni1 fami 1 y . 

D a i l y  p e r  c a p i t j  d r i n k i n g  w a t e r  demand is 2 . 3  l i t r e  

( A l c o c k ,  198<>) . The plant has a c a p a c i t y  of  50 ] per  

d a y  w h i c h i  * i t h  a n  a v e r a g e  f a m i l y  o f  8 p e r s o n s ,  

p r o v i d e s  G . 1?c. l i t r e  per c a p i t a  per  day.

* S i mp l e  i pet , 11 inn .  The i lant must, be c a p a b l e  of  b e i n g  

o p e r a t e d  h ) p< • ■ p 1 e w i t h  low l i t e r a r y  l e v e l s .  It is 

p< pl> wth h a v e  least resources  win • are  most in need of  

t h i s  l e v e l  o f  t e c h n o l o g y  .ind i f  they a r e  unable  to 

o per a te  til- p l a n t ,  the o b j e c t i v e s  f the p r oj e ct  w i l l  

n r h a v e  b ee n  a c h i e v e d .  T h i s  is why a d a i l y  b a t c h  

1' .el in i me thod  f t r u n n i n g  t lie pl ant  was  r h o s e n .  A 

simj l> i ns t i u  t inn t< 1 .<<) th« plant onre  a day ,  at the  

sir- ti me  of  day ,  u s i n g  two 25 1 p l a s t i c  c o n t a i n e r s  is 

l i kel y  t ‘ he HUst . j in . i Me .

* i n i r i 1 r i l jn t e ri a n < i r e q u  l r e  me  ri t s . A p l a n t  w h i c h  

ri-i|i i i  r e s  a l o t  o f  m a i n t e n a n c e  ma y  f a i l  e i t h e r  b e c a u s e  

t h< m. i  l n t e n a n c e  i s  n o t  d o n e ,  o r  b e c a u s e  i t  i s  d o n e  

i n  i i e t  1 y . I n d n . i t  r s  o f  w h e n  ria l n t  e n a n c e  i s  r e q u i r e d  

s h o u l d  l e  s i m p l '  a n . l  o b v i o u s .

* t r u c t e d  f t • >i l_o a l l y  a v a i l a b l e  m a t e  r i a l s .  T h i s  

c r i t e r i o n  t a k e s  inti account  not only  t h e  a v a i l a b i l i t y  

of  m a t e r i a l s ,  w h i c h  is important if  c o s t s  are to be 

kept  t i ,i m i n i m u m ,  b u t  t h e  n e e d  f o r  t h e  u s e r  to  

pe i r e i v i  tin plant to be a f a mi l i a r  and u n d e r s t a n d a b l e  

o b j e c t .
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M i n i m u m  l o c a l  s k i l l s  r e q u i r e d  to  c o n s t  r u c t . I t  i s  

u n l i k e l y  that  nny plant c o u l d  be c o n s t r u c t e d  wi t h  no 

s k i l l s  at . ill .  Tlii need t h e r e f o r e  is f or  a d e s i g n  t h a t  

empl o ys  Minimum s k i l l s  and tool s  for  c o n s t r u c t i o n .  An 

i n d i v i d u a l  01  s ma l l  c o n c e r n  c o u l d  d e r i v e  an income  

frum co n s t  rut t 1 ng the  p l a n t s  on a s c a l e  a p p r o p r i a t e  to 

t hi I oca  1 ma rket  .

Tl.i p l a n j  must I..- a. • -opt ab  I < to u s e r s . No matter  how 

e f f e c t i v e  i i w< i I t e s t e d  a d e s i g n  may b e , i f  it is 

{> und  to  be u n a c c e p * a b l e  to the user  thi d e s i g n  is  a 

f a 1 J u r e .  Re a s  ns f i una <• p t a b i l i t y  may range f rc ;n 

t h. >1 i ,  I him it .it* ci : ross e s t a b l i s h e d  p r a c t i c e s  

an I cn*-t. n , t a iJ■ iii 1 \ | n  spect ivp owners  f o r  a 

new drur i itln r than i re ridit inned ,  second-hand o n e .  

In^ ussinris wi th | i j t i v i u -•i s iust be hel d  so that  

■ i f ul l  ut. ierst i I i i  f t h e i r  nee Is arid p e r s p e c t i v e s  is  

It a i n e d .

■ I • • • £ • ., 1 1. t usi r s . W a t e r

i I b)  i 1 i p i e ,  witt,

nucti a s p e c t s  a s  t e m p e r a t u r e ,  t a s t e ,  s m e l l  a n d  

appearanri  l e i n g  the  ma in c r i t e r i a .  No matter  how good 

t hi b.< tei i i  I ii il q u a l i t y  of  the writ pi , i f  it is not 

a t e| al Jf t t he user t hi des 1 fJn Wi l l  f a i l .

I i ' ■ ■ j ; i 1 q u a  1 1 1 y r ous t  b e  s u b s t a n t i a l  1y

i m p i  ve i l  w i t h o u t  t i n  u s e  e f  c h e m i c a l s .  T h i s  i s  t h e  m a i n  

" I  )' t i v e  o f  t h e  p r o j e  t . Th i  s i n g l e  b i g g e s t ,  h e a l t h  

h a z a r d  i n  r u r a l  a r e a s  i s  w a t e r  r e l a t e d  d i s e a s e  a n d  i t  

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

w. i s c u r i e i  i v e d .  C h e m i c a l  d i s i n f e c t i o n  o f  w a t e r  i s  n o t  a 

s u s t a i n a b l e  f- 1 ut  i o n  b< a u s e  o f  t h e  e x p e n s e  a n d  l a c k  o f  

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

r e d u c e  b a c t e r i a  w i t h o u t  u s i n g  c h e m i c a l s .
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* The  cost must I . is low a: p o s s i b l e .  The peop le  for

whom t h e  p l a n t  is di s i g n e d  are  among the poorest  1 ri 

e. .mi uin 1 1 y . It, i> i s sent ia 1 th e r e f o r e  t hat the  cost s be 

kept as low as p o s s i b l e .  The largest s i n g l e  component 

cost is the drum.  I’sers  have  ex pre ss ed  a p r e f e r e n c e  for 

new d r u m s  i .it h e r  t h a n  r e c o n d  1 1 i o n e d  o n e s .  T h i s  

i n c r e a s e s  rnst s I > about 50 ' . .

D e s i g n  and construe t ion

Tht* d e s i g n  o f  t h e  j lant is s i mpl e  in a p p ea r a n ce  but each 

aspect h.is been c a r ef ul  1\ c o n s i d e r e d .  Changes should  not be 

m.ele t the  desigi  u n l e s s  t hey ha vt been e q u a l l y  c a r e f u l l y  

c i m n d e r e i l ,

Thi drum

*

Th> p r i m a r y  r.| nent of  the  d e s i g n  is the  2 1 0  1 

g. ilv. inixed 11  n drum.  Th> drum must I. complete  wi th  a 

s> i lel  l id w i! t, hi st a nd.i r d large and 19mm bungs .  The 

l d '■ .i 1 is  t o  i s e  ,i new d r u m but a s e c o n d - h a n d ,

ii rid it ion« J d r u m may be  u s e d  d e p e n d i n g  < n t h e  

o r i g i n a l  c o n t e n t s .  A second-hand drum whi ch  has held  

.Hi) t o x i c  ehemic.il must not be used for o b v i o u s  reasons  

,î  water  from the f i l t e i  wi l l  be dirt t l y  consumed .  In

• ill i n s t a n c es  t h< 3 m u  must be t horoug hly  c l e a n e d  and 

r iiisi-d.

Cutt ing and prep.it.it ion of the  drum

A 21 i> 1 drum is Rr>r• ru dee p  and 560mm in d iameter  wi th  

i in l moldings  i mnd  the c i rcumf erence  .it 1 / 3  p o s i t i o n s .  

E a c h  1 / 3  s e c t  ion h.is a d e p t h  of  2 0 5 m m.  50 l i t r e s  

o c c u p i es  203mm depth  in the  drum.  T h e r e f o r e  i f  the  drum 

is ut at the top 1 / 3  .ind t hi s  is i n v e r t e d  to form a



i i v i i i , I (n re wi l l  In' .1 f re e bo a rd  in the  r e s e r v o i r  

nf 82mm. Tin- remai ning  2 / 3  has .i depth of  570mm.  I f  the 

fi lt i i Med lum has <i p o r o s i t y  of  4 0 : ,  a f i l t e r  depth  of  

50  7 . 5 mm is re q u i r e d  to c o n t a i n  a nominal  50 1 w i t h i n  

the f i l t e r .  I f  t hi s  is rounded to  510mm wi t h  a minimum 

of  2 0 mm of s t arid l ruj water  at the  f i l t e r  s u r f a c e ,  the  

f r e e b o a r d  in tin f i l t e r  s e c t i o n  is 40 mm.

T instru t the  f i l t e r ,  the  drum is cut at the  top 1 / 3  

r i r> i and t he t | i v i n\ • rte 1 t ' f 1 ri:i t he l e s e r v o i  r wi t h  

t h' hot t .m 2 he ini) the  f i l t e r  s e c t i o n .  The drum is 

lest . ut wi th  an aii‘t 1 1 'ii i ridt t but a hack saw could  be 

u s '  1.  The newly -ut l ip  is then f i l e d  smooth and al l  

shat} Kiuiih rem \ed.  A In le is nad< in the  s i d e  of  

t hi f i 1 1 e i ti ii r ' .it t hf h t t <11 o f the  tank,  through  

kin I the  i • i I 1 e t i 11 | i ( p.i<- s i f t . A 4 mr' d r i l l  b i t  is 

u •• 1 f i t h i s  p m  i s e  and a nunbei of h o l e s  are  d r i l l e d  

l n .i ( i i i 1 1 t i ci eat e one h ol e  large  enough for  the  

l i e  t i n i i | t • be passed  through .  The  hole  is then  

fil  l li it,. Ii should  he ju t largi enough  to accept 

i i bi [ 1 t 1 ' targ leal may o c c u r •

I 1 1 1  i n g s

Tl- f i t t i n g s  r e q u  i r e i j  f o r  e. i  h f i l t e r  a r e  a s  f o 1 l o w s : - 

( Al l  | i pi s and f i t t i n g s  a r e  12 m g a l v a n i z e d  iron u n l e s s  

I t h e  r w 1 K ' i rid 1 c a t  e l . '

>

1

2

11



/4

1 x th re a d ed  hose  c o n n e c t i o n .

2 x 5 0 Omni long 75x50mm t imber s u p p o r t s .

 The  r e s e r v o i r

T h e  r e h P i v o i r  is d e s i g n e d  both  as a st or a g e  f a c i l i t y  

and as a sedimontat  ion b a s i n .  Raw water  is p o u re d  into  

the  r e s e r v o i r  and f l ows  through  four  2mm h o l « s  d r i l l e d  

in t he  b o t t o m  of  t h e  i n l e t  p i p e  a n d  h ence  into the  

f i l t e r  s e c t i o n  b e l o w .  T h e  i n l e t  p i p e  is d e s i g n e d  so 

that t h< top p r o t r u d e s  above the  tr. >f the  r e s e r v o i r .  

When the  2nm inlet h ol e s  get b l o c k e d  they ca ri be e a s i l y  

lea red by b l owi n g  down the inlet p i p e .  The i nl e t  p i p e  

is p a s s e d ,  v i a  a 19 - 12mn a d a p t e i , through  the  bottom 

of  the  r e s e r v o i r .  On ti the p r o t r u d i n g  end o f  the p i p e  

i s  t h r e a d e d  a t a p  w h i c h  r e g u l a t e s  tht flow from the  

r e s e r v o i r  to the  f i l t e r .  The r e s e r v o i r  is supported  on 

the  f i l t e r  s e c t i o n  in such a way as to en su re  that the  

t a p  is f re e l y  a c c e s s i f  le and  t hat it does  not touch the  

w a t e r  s u r f a c e  m  the  f i l t e r  d u r i n g  o p e r a t i o n .

 The  f i l t e r  s e c t i o n

Tin f i i s t  s t ep : The c o l l e c t  ion p i p e .

Th< unthre a de  end of  the | i pe is c l o s e d  In f l a t t e n i n g  

it wi t h  .i heavj  hammer.  2mm h o l e s  a re  then d r i l l e d  on 

b o t h  s i d e s  o f  t h e  p i p e  at 3 00mm s p a c i n g .  A nut  i s  

t h r e a d e d  onto t Ik- p i p e ,  t o g e t h e r  wi t h  a w a s h e r ,  arid the  

t h r e a d e d  erul is  p u s h e d  t h r o u g h  t h e  a l r e a d y  pr epa re d  

h o l e  i ri the  f i l t er  wall  from the  i n s i d e .  The p i pe  is 

se c u r e d  wi th a second washer  and nut in such a way as 

to  e n s u r e  that the  h ol e s  on 1 th B i d e s  of  the  p i pe  are  

on t fie h o r i z on t a l  pi .  ne.
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