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Abstract 

In S e n e g a l , a l a r ge n u m b e r o f b o r e h o l e s in t h e w e s t e r n p a r t o f t h e 
c o u n t r y , t h e m o s t p o p u l a t e d , a r e s a l t e d . U n s a l t e d w a t e r p o i n t s a r e 
o f ten po l l u ted (we l l s ) , a n d nea r l y a th i rd of t h e m have v e r y h igh f l uo r ine 
c o n c e n t r a t i o n s ( up to l O m g pe r l i t e r ) . I t is e s t i m a t e d t h a t m o r e t h a n 
5 0 0 0 0 0 ru ra l p e o p l e a r e t h u s s u b j e c t to a m a j o r h e a l t h r i sk . F l u o r i d e 
is o n e of t h e m o s t a b u n d a n t e l e m e n t s in t h e e a r t h ' s c r u s t . I t is f o u n d 
in t h e f o r m o f f l u o r i t e ( C a F 2 ) , b i o t i t e ( ( M g , Fe) 2A I2 (K , H) ( S i 0 4 ) 2 ) , 
c r yo l i t e (Na3 (AIF6)) and f l uo r apa t i t e ( C a l 0 F 2 ( P 0 4 ) 6 ). T h e p r e s e n c e 
of e x c e s s f l u o r i d e i on s in d r i n k i n g w a t e r is, t h e r e f o r e , t h e c a u s e of 
s e r i o u s p o i s o n i n g . I n S e n e g a l , a s in m a n y o t h e r c o u n t r i e s g l o b a l l y , 
s t ud i e s s h o w tha t f r o m 2 mg / L , al l ch i l d ren a re a f fec ted a n d tha t 6 0 % of 
t h e m h a v e s e v e r e f l uo ro s i s fo r l eve l s c l o s e to 4 m g / L . T h e c h a l l e n ge of 
r e m o v i n g e x c e s s f l uo r i de ions f r om w a t e r m e a n t for h u m a n c o n s u m p t i o n 
is a c omp l i c a t e d sc ien t i f i c sub j e c t r equ i r i ng a mu l t i d i s c i p l i n a r y a p p r o a c h 
d u e to t h e v a r i o u s t r e a t m e n t o p e r a t i o n s u n d e r t a k e n . T h i s r e s e a r c h 
p r ov i de s an up - t o - d a t e r e v i ew of t he ava i l ab l e de f l uo r i na t i on t e c hn i q u e s 
a n d a p r o p o s i t i o n o f a p p r o p r i a t e m e t h o d s f o r d r i n k i n g w a t e r in r u ra l 
S e n e g a l . A c t i v a t e d a l u m i n a , bone cha r , a nd a l u m i n u m sa l t w e r e s h o w n 
to be e f f e c t i v e in d e v e l o p i n g c o u t r i e s in d e f l u o r i n a t i o n o f h o u s e h o l d 
wa te r . T h e a f fo rdab i l i t y be ing a lway s t he d r i v i ng e l emen t to t he p r o ce s s 
s e l e c t i o n . 

K e y w o r d s : d e f l u o r i n a t i o n , n a n o f i l t r a t i o n , r e v e r s e o s m o s i s , s u s t a i n ­
ab le d e v e l o p m e n t , S e n e g a l , N D P ( N o t t o - D i s m o n - P a l m a r i n ) , wa t e r pur i f i ­
c a t i on t e c h n o l o g i e s , f l o u r i d a t ed w a t e r , d e n t a l @ b o n e f l uo ro s i s 
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o f 6 0 0 m 2 a n d s i t u a t e d u n d e r f a v o u r a b l e t r o p i c a l c o n d i ­
t i o n s , c a n p r o d u c e up to 1 2 5 0 l i t r es of f r e s h w a t e r a d a y . 
T h e p r o d u c t i o n r a t e is d e p e n d a n t o n s i t e s p e c i f i c f a c t o r s 
s u c h as c l i m a t e and t e m p e r a t u r e , c l o u d i n e s s a n d w i n d a c ­
t i v i t y . D e s a l i n a t i o n is d r i v e n by t h e s u n a n d t h e e n e r g y 
n e e d e d for p r e s su r i n g t he W a t e r P y r a m i d ® is ob t a i n ed us ing 
s o l a r ce l l s in c o m b i n a t i o n w i t h a b a t t e r y b a c k - u p s y s t e m . 
I n t e r m i t t e n t p e a k d e m a n d s in e l e c t r i c i t y , r e l a t e d to e . g . 
( bo r eho l e ) p u m p i n g a n d m a i n t e n a n c e , a r e c o v e r e d us i ng a 
s m a l l g e n e r a t o r s y s t e m 2 9 
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3.6 T h e S o l a r D e w C o l l e c t o r s y s t e m S o l a r D e w ( S o l a r D e w , 
2 0 0 7 ) d e v e l o p e d a n e w p o r o u s m e m b r a n e to pu r i f y w a ­
t e r u s i n g s o l a r e n e r g y . T h e t e c h n i q u e is s i m i l a r to t h e 
W a t e r P y r a m i d ® . W a t e r s w e a t s t h r o u g h t h e m e m b r a n e , 
e v a p o r a t e s on t h e m e m b r a n e ' s s u r f a c e a n d i n c r e a s e s t h e 
a i r h u m i d i t y in t h e e v a p o r a t i o n c h a m b e r 3 0 

3 .7 Mems t i l l® t e c h n o l o g y T h e Ne t h e r l a nd s O r g an i s a t i o n of A p ­
p l i ed S c i e n t i f i c R e s e a r c h ( J a n s e n e t a l . 2 0 0 7 , T N O ) h a s 
d e v e l o p e d a m e m b r a n e - b a s e d d i s t i l l a t i on c o n c e p t w h i c h 
rad i ca l l y i m p r o v e s t he e c o n o m y a n d e co l ogy of ex i s t i ng de ­
sa l i na t i on t e c h n o l o g y for s e a w a t e r and b ra ck i sh wa te r . Th i s 
s o - c a l l e d " M e m s t i l l ® t e c h n o l o g y " c o m b i n e s m u l t i - s t a g e 
f l ash and mu l t i - e f f ec t d i s t i l l a t ion m o d e s into one m e m b r a n e 
m o d u l e ( H a n e m a a i j e r e t a l . 2 0 0 6 ) 3 0 

3 .8 R e v e r s e o s m o s i s 3 2 
3 .9 F i rst mob i l e r e v e r s e o s m o s i s un i t e s t a b l i s h ed in S e n e g a l in 

1 9 9 4 , v i l l a g e c a m p of P a l m a r i n , r e g i o n of M b o u r ( p r e l i m i ­
n a r y s t ud i e s ca r r i ed ou t a s pa r t of a S e n e g a l e s e - J a p a n e s e 
p ro j e c t , U n i v e r s i t y o f D a k a r , EPT, 1 9 9 3 ) 3 2 

3 . 10S t r a t i f i e d c o l u m n of b r i ck ch ips , p ebb l e s and co conu t she l l s 
a s u s ed in S r i L a n k a 35 

3 . 1 1 A c t i v a t e d a l u m i n a 35 
3 . 1 2 I o n e x c h a n g e 35 

4 . 1 F luo r i de c on t en t of t h e Maa s t r i c h i a n w a t e r t ab l e m e a s u r e d 
a t r e c ep t i o n in m g / L 3 8 

4 . 2 S t u d e n t , I n g . D o u d o u BA , v i s i t i n g t h e o f f i ce of O F O R a n d 
p r e s en t i n g h is r e s e a r c h s t u d y a b o u t M e s h o p t i m i z a t i o n u s ­
ing s i n g l e r ing i n f i l t r a t i on to t h e ch i e f o f f i c e r o f O F O R , Mr . 
S e y n i Ndao 41 

4 . 3 Mode l of w a t e r s u p p l y of O F O R to t h e ru ra l a r e a 4 1 
4 . 4 D a k a r - T a s s e t t e - D a k a r t r ip 4 2 
4 . 5 G e o g r a p h i c c o o r d i n a t e s a n d t e c h n i c a l c h a r a c t e r i s t i c s of 

b o r e ho l e s 4 3 
4 . 6 Ta s s e t t e , a v i l l age in Th i e s w h e r e wa t e r s a m p l e s a re co l l e c ted 4 3 
4 . 7 S c h e m a of t h e c h r o m a t o g r a p h 50 
4 . 8 10 c h r o m a t o g r a m 51 
4 . 9 G r a p h i c a l I n t e r f a c e 51 
4 . 1 0 L a b o r a t o r y of t h e Fa cu l t y of E n v i r o n m e n t a l S c i e n c e s , C Z U , 

w i t h t h e t e s t s e t and t h e w a t e r s a m p l e s 52 
4 . 1 1 I n t h e l a b o r a t o r y of P r o f e s s o r V y m a z a l ( lef t) a n d P h D S t u ­

d en t I n g . A d a m ( r igh t ) 52 
4 . 1 2 S t u d e n t I n g . D o u d o u BA , p e r f o r m i n g ion i c c h r o m a t o g r a p h 

ana l y s i s at t h e l a bo r a t o r y of P r o f . V yma za l of t he Facu l t y of 
E n v i r o n m e n t a l S c i e n c e s , C Z U , P r a g u e 2 0 2 1 53 

6 .1 De c i s i o n t r e e fo r f l uo r i de r e m o v a l t e c h n i q u e s app l i c ab l e in 
d e v e l o p i n g c oun t r i e s ( F e en s t r a e t a l . 2 0 0 7 ) 7 0 
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Chapter 1 

Introduction 

1.1 Introduction 

In S e n e g a l , a l a r g e n u m b e r o f b o r e h o l e s in t h e w e s t e r n pa r t o f t h e 
c o u n t r y , t h e m o s t p o p u l a t e d , a r e s a l t e d . U n s a l t e d w a t e r p o i n t s a r e 
o f ten po l l u ted (we l l s ) and nea r l y a th i rd of t h e m have v e r y h igh f l uo r ine 
c o n c e n t r a t i o n s (up to l O m g pe r l i t e r ) . 

T h e f l u o r i d a t ed w a t e r s e e m s ' g o o d ' ( w h e n no t s a l t e d ) to t h o s e w h o 
c o n s u m e it b e c a u s e it h a s no t a s t e , it is a f te r a d e c a d e of c o n s u m p t i o n 
t h a t t h e e f f e c t s o f f l u o r i d e on t h e o r g a n i s m a r e fe l t , a n d t h e i m p a c t o f 
t h e c o n s u m p t i o n of t h e s e w a t e r s is v a r i a b l e f r o m a v i l l a g e to a n o t h e r . 

It c a n be e s t i m a t e d t h a t m o r e t h a n 5 0 0 0 0 0 ru ra l p e o p l e a r e t h u s 
sub j e c t to a m a j o r hea l th r isk. Qua l i t y s t a nda r d s h a ve been e s t ab l i s hed 
( t h e y s t i p u l a t e in p a r t i c u l a r t h a t a n y d r i l l i ng w h e r e f l u o r i n e c o n c e n t r a ­
t i o n s a r e h i g h e r t h a n 3 m g / L s h o u l d be c l o s e d , w i t h o u t a n y p o s s i b l e 
d e r o g a t i o n ) , bu t t h e y a r e no t a p p l i e d . 

F l u o r i d e is o n e o f t h e m o s t a b u n d a n t e l e m e n t s in t h e e a r t h ' s c r u s t . 
I t is f o u n d in t h e f o r m o f f l u o r i t e ( C a F 2 ) , b i o t i t e ( ( M g , Fe) 2A I2 (K , H) 
( S i 0 4 ) 2 ) , c r yo l i t e (Na3 (AIF6)) and f l u o r o apa t i t e ( C a l O F 2 ( P 0 4 ) 6 ) . 

S i n c e t h e s e m i n e r a l s a r e p o o r l y s o l u b l e in w a t e r , t h e c o n c e n t r a ­
t i o n o f f l u o r i d e i on s in s u r f a c e w a t e r is g e n e r a l l y l ow . H o w e v e r , t h e 
p h y s i c o c h e m i c a l c h a r a c t e r i s t i c s of c e r t a i n sa l t s a n d w a t e r t a b l e s ( h i gh 
t e m p e r a t u r e s f o r e x a m p l e ) in c o n t a c t w i t h t h e s e r o c k s p r o m o t e t h e 
d i s s o l u t i o n of m i n e r a l s c on t a i n i n g f l uo r i ne . ( Pon t i e e t a l . 2 0 0 6 ) 

T h e p r e s e n c e of e x c e s s f l u o r i d e i on s in d r i n k i n g w a t e r is t h e r e f o r e 
t h e c a u s e of s e r i o u s p o i s o n i n g . L i ke a n y t r a c e e l e m e n t , f l uo r i de is ne c ­
e s s a r y a n d bene f i c i a l to t h e h u m a n b o d y a t l ow c o n c e n t r a t i o n s , bu t 
t o x i c a t h i g h e r d o s e s . I n d e e d , f r o m 0 .5 m g / L in f l u o r i d e i ons , w a t e r 
p l ay s a p r ophy l a c t i c ro le , but f r om 0.8 mg / L , t he r i sk of f l uo ros i s beg i n s 
and b e c o m e s s t r ong a b o v e 1.5 m g / L . T h e a c c e p t e d s t a n d a r d v a r i e s in 
a c on cen t r a t i on r ange of 0 .7 to 1.5 m g / L for t e m p e r a t u r e s of 12 to 25 0 C. 
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In S e n e g a l , a s in m a n y o t h e r c o u n t r i e s in t h e w o r l d , s t u d i e s s h o w 
t ha t f r o m 2 m g / L , a l l c h i l d r en a r e a f f e c t ed and t h a t 6 0 % of t h e m h a v e 
s e v e r e f l uo ro s i s fo r l e ve l s c l o s e to 4 m g / L . 

E v e n m o r e s e r i o u s d a m a g e to t h e b o n e s and j o i n t s ( b o n e f l uo ro s i s ) 
is o b s e r v e d w h e n t h e w a t e r c o n t a i n s m o r e t h a n 7 m g / L . 

T h e m a p p i n g of t he f l uo r ine con t en t in t he w a t e r s of t h e S e n e g a l bas in 
i nd i ca tes t ha t t he h igh v a l u e s a re l o ca ted in a r e a s w h e r e t h e p r e s en ce of 
p ho s pha t e depos i t s is o b s e r v e d and in a r e a s of r e cogn i z ed depos i t s . T h e 
ph y s i c o c hem i c a l c ha r a c t e r i s t i c s c l o se to p h o s p h a t e so i l s a nd f l uo r i da t ed 
so i l s e xp l a i n t he e x i s t en ce of f l uo r ine w h e r e t h e r e a re p ho spha t e s . S i n c e 
c a l c i u m f l u o r i d e ha s p r o p e r t i e s s i m i l a r to c a l c i u m p h o s p h a t e , t h e y a r e 
g e n e r a l l y f ound a s s o c i a t e d in n a t u r e in t h e f o r m of f l u o r o apa t i t e . 

Th i s is w h y in p h o s p h a t e - p r o d u c i n g c o u n t r i e s ( Tun i s i a , M o r o c c o , A l ­
g e r i a , a n d S e n e g a l ) P o n t i e e t a l . 2 0 0 6 , f l u o r o s i s p r o b l e m s a r e o f t en 
o b s e r v e d , m a i n l y d u e to d r i n k i n g w a t e r . T h e w a t e r s r i c he s t in f l u o r i d e 
a r e o f t en s l i gh t l y s a l t y ; it is no t n e c e s s a r y to d e f l u o r i n a t e a l l d o m e s t i c 
w a t e r , bu t on l y d r i n k i n g wa t e r . 

T h e Mbou r - Th i e s -D i ou r be l - F a t i c k z one in S e n e g a l is a g ood i l l us t ra t ion 
of th i s c o n n e c t i o n . 

W a t e r l o a d e d w i t h f l u o r i d e i on s c i r c u l a t e s in a p a l e o k a r s t l o c a t ed 
u n d e r an a l m o s t c o n t i n u o u s l a ye r of p h o s p h a t e s e d i m e n t s ; t h e f l uo r i de 
ion c o n c e n t r a t i o n d r o p s a s s o o n a s t h i s c o v e r a g e is i n t e r r u p t e d to fa l l 
be l ow 0.1 m g / L b e y o n d tha t . In p h o s p h a t e r eg i ons , w a t e r f r o m con f i ned 
aqu i f e r s can c o m m o n l y h a ve c on cen t r a t i o n s t ha t v a r y f r om 5 to 15 m g / L 
d e p e n d i n g o n t h e s e a s o n . E x c e p t i o n a l l y , it m a y e n c o u n t e r m a x i m u m 
p e a k s of up to 20 m g / L . 
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F igure 1.1: O v e r 8 0 0 bo r eho l e s e x c e ed i n g t he f l uo r ine s t a n d a r d , S e n e g a l 
Source: SGPRE 2001 

1.2 Arguments against fluorine 

F luor ide is a c u m u l a t i v e po i s on . On a v e r a g e , on l y 50 pe r cen t of t he f l uo ­
r ide i nge s t ed ea ch day is e x c r e t ed by t he k i dney s . T h e res t a c c u m u l a t e s 
in ou r bone s , in t he p inea l g l a n d , in t he o the r t i s sues . If t he k i dney s a re 
d a m a g e d , t he a c c u m u l a t i o n of f l uo r i ne i n c r e a se s , a s we l l a s t he d a n g e r 
( C o n n e t t 2 0 0 0 ) . 

A t t h e b i o l og i c a l l e v e l , f l u o r i d e is v e r y a c t i v e , e v e n a t l ow c o n c e n ­
t r a t i o n s . It i n t e r f e r e s w i t h h y d r o g e n b o n d s ( E m s l e y 1 9 8 1 ) and inh ib i t s 
m a n y e n z y m e s (Wa l dbo t t , B u r g s t a h l e r , e t a l . 1 9 7 8 ) . 

In s eve r a l s t ud i e s , f l uo r i de has been s h o w n to be a m u t a g e n c h r o m o ­
s o m e s a n d it i n te r f e res w i th t he e n z y m e s n eeded for D N A repa i r (Tsu t su i 
e t a l . 1 9 8 4 , C a s p a r y e t a l . 1 9 8 7 , K i sh i e t a l . 1 9 8 4 a n d M i h a s h i e t a l . 
1 9 9 6 ) . R e c e n t s t u d i e s h a v e a l s o f o u n d c o r r e l a t i o n b e t w e e n f l u o r i d e 
e x p o s u r e a n d c h r o m o s o m a l d a m a g e in h u m a n ( S h e t h e t a l . 1 9 9 4 , W u 
1 9 9 5 , M e n g e t a l . 1 9 9 7 a n d J o s e p h et a l . 2 0 0 0 ) . 

Ra ts , fed for one y e a r w i th f l uo r i da t ed w a t e r at 1 p p m s o d i u m f luo r ide 
or a l u m i n i u m f l uo r i de , h a ve su f fe red f r o m mo rpho l og i c a l c h a n g e s in t he 
k i d n e y s a n d b r a i n , i n c r e a s e d a c c u m u l a t i o n o f a l u m i n i u m in t h e b r a i n 
and f o r m a t i o n of b e t a - a m y l o i d d epo s i t s , w h i c h a r e f e a t u r e s a s s o c i a t e d 
w i t h A l z h e i m e r ' s d i s e a s e V a r n e r e t a l . 1 9 9 8 . 

F ive Ch i n e s e s tud i e s l ink t he l owe r i ng of i n te l l i gence quo t i en t s a m o n g 
e x p o s u r e to f l u o r i d e . O n e o f t h e s e s t u d i e s F a - F u 1 9 9 1 i n d i c a t e s t h a t 
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e v en m o d e r a t e l eve l s e x p o s u r e to f l uo r i de (eg 0 .9 p p m in wa t e r ) m a y a g ­
g r a va t e neu ro l og i ca l d i s o r de r s c a u s ed by a de f i c i ency of i od ine . S o d i u m 
f luo r ide is an e x t r e m e l y t o x i c s u b s t a n c e j u s t 2 00 m g of f l uo r ide ions a re 
e n o u g h to kil l a y o u n g ch i l d , 3 -5 g r a m s (a t e a s p o o n ) a re e n o u g h to ki l l 
an adu l t . 

S t ud i e s by J enn i f e r Luke 2 0 0 1 ha ve s h o w n t ha t f l uo r i de a c c u m u l a t e s 
in t h e p i nea l g l a n d o f h u m a n s , to p o t e n t i a l l y v e r y h i g h l e ve l s . I n h is 
d o c t o r a l t h e s i s , L u k e a l s o d e m o n s t r a t e d , u s i n g a n i m a l s t u d i e s , t h a t 
f l u o r i d e i nh i b i t s m e l a t o n i n p r o d u c t i o n a n d t r i g g e r s p r e c o c i o u s p u b e r t y 
L u ke 1 9 9 7 . 

Du r i n g t h e f i r s t ha l f of t h e 2 0 t h c e n t u r y , f l u o r i d e w a s p r e s c r i b ed by 
E u r o p e a n d o c t o r s to r e d u c e t h e a c t i v i t y o f t h e t h y r o i d g l a n d in p e o p l e 
w i th h y p e r t h y r o i d i s m ( o ve r a c t i v e t h y r o i d ) ( S t e c h e r 1 9 6 0 ; Wa l dbo t t a n d 
Lee 1 978 ) . ( F l uo r i da t ed w a t e r ac t s as) a t h y r o i d - d e p r e s s a n t d r u g , wh i ch 
m a y p r o m o t e a h i ghe r i n c i dence of h y p o t h y r o i d i s m ( unde r ac t i ve t h y r o i d ) 
in t h e p o p u l a t i o n , w i t h a l l t h e p r o b l e m s a s s o c i a t e d w i t h t h i s d i s o r d e r . 
S u c h p r o b l e m s i n c l u d e d e p r e s s i o n , f a t i g u e , w e i g h t g a i n , m u s c l e a n d 
j o i n t p a i n , i n c r e a s ed c ho l e s t e r o l l e ve l s , a n d hea r t d i s e a s e . 

In Ru s s i a , Bach in sk i i et a l . 1 9 8 5 , f ound d e c r e a s e d t h y r o i d func t i on in 
" h e a l t h y " p eop l e d r i n k i n g f l u o r i d a t ed w a t e r a t 2.3 p p m . 

S o m e o f t h e e a r l y s y m p t o m s of s k e l e t a l f l u o r o s i s (a d i s e a s e o f t h e 
b o n e s a n d j o i n t s , c a u s e d b y f l u o r i d e , w h i c h a f f e c t s m i l l i o n s o f p e o p l e 
in I n d i a , C h i n a , and A f r i c a ) a r e a n a l o g o u s to t h e s y m p t o m s of a r th r i t i s . 
A c c o r d i n g to a r e v i e w o f t h e f l u o r i d a t i o n p e r f o r m e d by C h e m i c a l a n d 
E n g i n e e r i n g N e w s : " S i n c e s o m e c l i n i c a l s y m p t o m s a r e a n a l o g o u s to 
a r th r i t i s , t he f i rs t t w o c l in i ca l s t a ge s of s ke l e t a l f l uo ros i s cou l d eas i l y be 
m i s d i a g n o s e d " Ba ch i n s k i i et a l . 1 9 8 5 . 

A c c o r d i n g to t h e A g e n c y fo r T o x i c S u b s t a n c e s a n d D i s e a s e Reg i s t r y 
( A T S D R 1993 ) and a c co rd i ng to s eve r a l r e s ea r che r s ( Juncos et a l . 1 9 72 ; 
M a r i e r e t a l . 1 9 7 7 a n d J o h n s o n 1 9 7 9 ) , t h e e l d e r l y , d i a b e t i c s a n d t h e 
e l de r l y a re pa r t i cu l a r l y v u l n e r ab l e to t he t o x i c e f fec ts of f luor ide , peop l e 
w i t h k i d n e y f a i l u re . 

A l s o v u l n e r a b l e a r e t h o s e w h o su f f e r f r o m m a l n u t r i t i o n (eg c a l c i u m , 
m a g n e s i u m , v i t a m i n C, v i t a m i n D, iod ide and low p ro te in d ie t s ) (Mas s l e r 
e t a l . 1 9 5 2 ; M a r i e r e t a l . 1 9 7 7 ; F a - F u 1 9 9 1 ; C h e n 1 9 9 1 ; T e o t i a e t a l . 
1 9 9 8 ) . 

S o d i u m f l uo r i de is e x t r e m e l y t o x i c - j u s t 2 0 0 m g of f l uo r i de i ons a re 
e n o u g h to kil l a y o u n g ch i l d , 3-5 g r a m s (one t e a s p o o n ) is e n o u g h to kil l 
an adu l t . 
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F i gu re 1.2: Den t a l F l uo r i s i s 

source: BBC 

F i g u r e 1.3: D e n t a l F l uo r i s i s : " K a o l a c k T e e t h " , r e f e r r i n g to K a o l a c k , 
a r e g i o n in S e n e g a l w h e r e t h e r e s i d e n t s h a v e d e n t a l f l uo r i s i s d u e to 
c o n s u m p t i o n of f l u o r i n a t ed w a t e r s 

source: webself.net 

F i gu re 1.4: Den t a l F l uo r i s i s 

source: google images 
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F igure 1.5: Ch i l d r en in rura l v i l l age who su f fe r f r o m den ta l f l uo ros i s due 
to a l c oho l f r o m t h e h i gh l eve l s of f l u o r i d e in t he i r g r o u n d w a t e r s y s t e m . 
I n d i a , B i h a r 

Q alarny stock ptioto 

alamy bank of images : https://www.alamyimages.fr 

F i gu re 1.6: Ch i l d - b o y su f f e r i ng f r o m s ke l e t a l f l uo ro s i s , I n d i a , B i h a r 

H alamy stock photo 

alamy bank of images : https://www.alamyimages.fr 
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F i gu re 1.7: Ch i l d - g i r l s u f f e r i ng f r o m s ke l e t a l f l uo ro s i s , I n d i a , B i h a r 

EJ alamy stock photo 

alamy bank of images : https://www.alamyimages.fr 

1.3 Description of the study area 

L o c a t e d 7 0 k m f r o m D a k a r , t h e T h i e s r e g i o n is o n e of t h e 14 a d m i n i s ­
t r a t i v e r eg i on s of S e n e g a l . It is l o ca t ed in t he W e s t of t he c oun t r y , in a 
r ing a r o u n d t h e C a p e V e r d e p en i n s u l a . It c o v e r s an a r e a of 6 , 6 0 1 k m 2 
or 3 . 4% of t he na t i ona l t e r r i t o r y . It is l im i t ed to t he no r th by t he r eg i on 
of L ouga , to t he sou th by t he reg ion of Fat i ck , to t he eas t by t he r eg i ons 
o f D i o u r b e l a n d Fa t i c k , a n d to t h e W e s t b y t h e a r e a o f D a k a r a n d t h e 
A t l a n t i c O c e a n . 

1.3.1 Physical data 

T h e reg ion p r e sen t s a r e l a t i ve l y f lat re l ie f e x c ep t for t he p l a t eau of Th i e s , 
w h i c h c u l m i n a t e s a t 1 05 m of a l t i t ude , t h e m a s s i f o f D i a s s , w h i c h r i ses 
to 9 0 m of a l t i t ude and t h e ba s i n of T h i e s , w h i c h e x t e n d s o v e r an a r e a 
of 6 5 k m 2 a n d m e a s u r e s 128 m a b o v e sea l eve l . T h e s e geo log i ca l f o r m s 
c on t a i n a lot of w e a l t h ( l i m e s t o n e , basa l t , p h o s p h a t e a t t a pu l g i t e , e t c . ) . 

T h e m a i n t y p e s of so i l t h e r e a r e : 

• L ea ched t rop i ca l f e r r ug i nou s so i l s w i t h a s a n d y t e x t u r e ca l l ed "D io r 
s o i l s . " w h i c h c on s t i t u t e 7 0 % of c u l t i v ab l e a r e a s ; 

• t rop i ca l f e r r ug i nou s so i l s w i t h a s a n d y - c l a y t e x t u r e ca l l ed " d e c kd i o r " 
w h i c h r e p r e s e n t 1 5 % of c u l t i v ab l e a r e a s ; 

• l e a ched t rop i ca l f e r r ug i nou s so i l s w i th a c l a y - h u m u s t e x t u r e k n o w n 
as " d e c k . " r e p r e s e n t i n g 1 0 % of c u l t i v ab l e a r e a s ; 
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• and h y d r o - m o r p h i c so i l s w i th a h u m m u s t e x t u r e ca l l ed l ow l and so i l s 
w h i c h r e p r e s e n t 5 % of c u l t i v ab l e a r e a s . 

T h e v e g e t a t i o n is c o m p o s e d of: 

• t h e d e g r a d e d s h r ub s a v a n n a h do t t ed w i th mono - s p e c i f i c s t a n d s of 
A c a c i a s e y a l , B a o b a b s , a p a r k in K ad a n d p a l m t r e e s , 

• t he f i lao s t r ip in t he N i a ye s and t he P A R F O B p l an ta t i ons in t he fo res t 
c l a s s i f i ed f r o m B a n d i a ( E u c a l y p t u s and P r o sop i s j u l i f l o r a ) , 

• t h i r t e e n ( 13 ) c l a s s i f i e d f o r e s t s w i t h a n a r e a o f 9 4 , 4 7 3 . 6 h a , ie a 
c l a s s i f i c a t i on ra te of 14 . 3 

F a u n a , on t h e o t h e r h a n d , c a n be s u b d i v i d e d into two c l a s s e s : 

• f u r r y f a u n a m a d e up of s m a l l r u m i n a n t s and r oden t s , 

• Pa l aea r c t i c m i g r a t o r y b i rds r ep r e sen t a v i an f auna nea r w a t e r po in t s . 

T h e r eg i on ha s s i gn i f i c an t g r o u n d w a t e r ( t e r m i n a l c o n t i n e n t a l w a t e r 
t ab l e , Pa l eo cene wa t e r t ab l e , Eo cene w a t e r t ab l e , t he Maas t r i c h t i an , t he 
coas ta l s a nd t ab l e ) and su r f a ce w a t e r ( Lake T a n m a , t he S o m o n e l a goon , 
and two re ten t i on ba s i n s ) . T h e wa t e r f r o m t h e we l l s is of r e l a t i ve l y g ood 
qua l i t y ( sa l i n i t y less t h a n 0.3 g / I) but in s o m e p l aces c on t a i n s an e x c e s s 
of i ron and f l uo r i ne (F i s se l a r e a , N d i a g a n i a o ) . 

E c o - g e o g r a p h i c z o n e s : 

In t he Th i e s r eg i on , fou r e c o g e o g r a p h i c z o n e s h a ve been i den t i f i ed ; it is 

• t he l a rge coas t is k n o w n as t he no r t he r n coas ta l z o ne o r t he N i a ye s 
coa s t a l z o n e : It c on t a i n s a s i gn i f i c an t h yd r o - a g r i c u l t u r a l po t en t i a l , 
wh i ch m a k e s it an a rea of i n t ense m a r k e t g a r d en i n g ac t i v i t i e s . T h e 
l a rge coas t is a l so h o m e to m i n i n g and c hem i c a l i ndus t r i e s , f i sh ing 
( C a y a r , F a s s B o y e ) , l i v e s tock , 

• t he sma l l coas t : I t 's o pen i ng to t he s e a , its m i ld t e m p e r a t u r e s h a ve 
g i v en it a t ou r i s t v o c a t i o n . It is a l so an impo r t an t f i sh ing a r ea w i th 
i m p o r t a n t l and i ng po in t s s u c h as Mbou r , J o a l , N d a y a n e , 

• t he g r oundnu t ba s i n : it ma i n l y o c cup i e s t h e ea s t e r n par t of a rou te 
w h i c h p a s s e s t h r o u g h t h e l o ca l i t i e s o f M e c k h e , T i v a o u a n e , T h i e s , 
N g u e k o k h , a n d Mbou r . T h e so i l s a re d e g r a d e d by t he p rac t i ce of a 
long g r o u n d n u t m o n o c u l t u r e , 

• t he so - ca l l ed mas s i f s z o ne : is e n c l o s ed w i th i n a s pa ce b e t w e e n t he 
l o ca l i t i e s of T h i e s , M o n t R o l l a n d , Pou t , S e b i k o t a n e , D i a s s , S i n d i a , 
a n d D i o b a s s . It is c h a r a c t e r i z e d by r u g g e d re l ie f ; t h i s a r e a is 
h o m e to t h e h i g h e s t p o i n t s in t h e r e g i o n ( D i a s s m a s s i f a n d t h e 
T h i e s p l a t e a u e t c . ) a n d s e v e r a l c l a s s i f i e d f o r e s t s ( Th i e s , Pou t , 
B a n d i a , D i a s s ) . T h e r i c h n e s s o f t h e s u b s o i l h a s e n c o u r a g e d t h e 
e s t a b l i s h m e n t of m i n i n g c o m p a n i e s . 
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1.3.2 Climate 

S e a cu r r en t s i n f l uence t he reg ion ' s c l ima te . I n d e e d , t he a rea is l o ca ted in 
a t r an s i t i on z one sub j e c t to t he m a r i t i m e t r ade w i nd s and t he H a r m a t t a n 
i n f l u en ce . It ha s a S u d a n o - S a h e l i a n e n v i r o n m e n t ( S o u t h , S o u t h - E a s t ) 
and m o r e S a h e l i a n in t h e No r t h and No r t h - E a s t . T h e W e s t z o n e , fo r its 
pa r t , ha s a S u b - C a n a r y c l i m a t e . A v e r a g e a n n u a l p r e c i p i t a t i o n is in t h e 
o r d e r of 4 0 0 to 6 0 0 m m of w a t e r pe r y e a r . 

A f t e r D a k a r , t h e T h i e s r eg i on is p o s i t i o ned as t h e r eg i on of S e n e g a l 
w i t h t h e m o s t s i g n i f i c a n t e c o n o m i c p o t e n t i a l . I t h o l d s t h i s f a v o r a b l e 
f i nanc ia l pos i t i on f r o m the d y n a m i s m of t he ag r i cu l t u r e , l i ves tock , f i s h i ng , 
t o u r i s m , c ra f t s , t r a d e , and m i n i n g s e c t o r s . 

1.3.3 Agriculture 

T h e r eg i on , a c c o r d i n g to t h e ag r i c u l t u r a l s e c t o r , c an be s u b d i v i d e d into 
t h r e e spec i f i c ru ra l z o n e s , w h i c h a r e : 

• t h e c oa s t a l z o n e of N i a y e s fo r m a r k e t g a r d e n i n g a n d f ru i t p r o d u c ­
t i o n ; 

• t he cen t ra l l oca t ion for g r o undnu t s , a r bo r i cu l t u r e , a n d a l so c a s s a v a ; 

• t h e s o u t h e r n a r e a fo r m a r k e t g a r d e n i n g and f ood c r op s . 

The reg i on has s ign i f i can t a s s e t s in t he f ru i t f ie ld re l a ted to e x i s t e n ce : 

• f a v o r a b l e so i l a n d c l ima t i c c ond i t i o n s fo r a r bo r i c u l t u r e ; 

• f o r e s t r y p r o j e c t s and p l an t nu r s e r i e s ; 

• a f o r e s t r y t r a i n i ng and r e t r a i n i ng c en t e r . 

Mo s t o f t h e v e g e t a b l e s so p r i z ed b y t h e S e n e g a l e s e c o m e f r o m t h e 
N i a y e s a r e a ( C a y a r , No t t o , M ' b o r o ) ; w i t h o u t f o r g e t t i n g t h e t u b e r s of 
Ta'i'ba N 'D i a y e , N ' D o m a u r e , K e r r N ' D i o m b a ; m a n g o e s , m e l o n s , a n d 
o r a n g e s f r o m Pout , T i v a o u a n e , e t c . 
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Tab l e 1.1: Ma t r i x of s e c t o r s to be p r o m o t e d in t h e Th i e s r eg i on ( A N S D ) 

Global sector potential 
Strategic product / zone potential 

(Activities to be initiated) 

Fruit arboriculture and 
traditional market gardening 

Arboriculture, cassava (potential cash crop but 
no significant comparative advantage), 

millet and sorghum 
Local products (fruits and cereals for processing) 

Export and tropical 
vegetable crops 

Intensification of high value-added crops due to 
land and water limitations; 

Production potential under management 
and contractualization with 

small producers (eg green beans) 

Livestock, groundnuts, millet, sorghum: 
Traditional food crops 

Maintenance of traditional cultures but the potential for 
growth for crops with very high added value 

limited 
Local products (milk and cereals for processing) 

Potential for the development of crops such as bissap, 
sesame and jatropha 

Availability of milk for processing 

Fishery products 

Important raw materials (even if sometimes there is 
competition between sales 

to fishmongers and processors), 
product quality 

Mining activities 

Mining production sites already identified; 
Highly developed industrialization 
potential for mineral extraction ; 

Potential for infrastructure development 

1.3.4 Artisanal fishing 

T h e reg i on of T h i e s o c cup i e s t he f i rs t p l a ce in t e r m s of a r t i s ana l f i s h i ng . 

T h e s e p e r f o r m a n c e s a re t he resu l t of an a lmo s t p e r m a n e n t f i sh ing ac t i v i t y 

d u e to t h e a s s e t s it ha s : 

• 2 00 k m of coas t l i ne , c omp r i s i n g two (2) m a r i t i m e f a c ade s : a no r th 

f a c a d e , a p p r o x i m a t e l y 1 2 0 k m l ong , 

• f r o m C a y a r to D iogo and a sou th f ron t , c o m m o n l y ca l l ed Pet i te Co t e 

75 k m long ( f r o m N d a y a n e to J o a l ) , 

• t h e w i d t h o f i ts c o n t i n e n t a l s he l f g i v e s it a n o v e r a b u n d a n c e a n d 

d i v e r s i t y of c o a s t a l pe l ag i c s pe c i e s , 

• f a vo r ab l e hyd ro l og i c a l c ond i t i on s w i th upwe l l i n g , a p h e n o m e n o n of 

d e e p upwe l l i n g w a t e r s r i ch in nu t r i e n t s for f i s h . 

1.3.5 Art and culture 

H a n d i c r a f t s a r e c h a r a c t e r i z e d b y t h e d y n a m i s m a n d c r e a t i v i t y o f l oca l 

a r t i s ans , e spec i a l l y in t he M e k h e a r e a , wh i ch bene f i t s f r o m the p r o x im i t y 
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o f a s i g n i f i c a n t t o u r i s t m a r k e t a n d t h e i n c r e a s i n g p r o m o t i o n o f t h e 
u s e o f l oca l p r o d u c t s . T h e a c q u i s i t i o n o f a s pe c i f i c t e c h n i c a l sk i l l a n d , 
a b o v e a l l , t he d e v e l o p m e n t of loca l c r ea t i v i t y a re rea l a s s e t s of r eg iona l 
c r a f t s m a n s h i p . T h e c r a f t s m e n o f t h e r e g i o n a r e a m o n g t h e b e s t in 
A f r i c a : t he s hoe , t he be l t , t h e M e k h e ba s ke t ; po t t e r y f r o m Pire or Ce l k o ; 
s c u l p t u r e o r p l a s t i c a r t f r o m t h e T h i e s c ra f t c e n t e r o r t h e M a n u f a c t u r e 
d e s A r t s ; g o l d n e c k l a c e s o r s e t s o f j e w e l r y a r e e x a m p l e s o f i n t e r e s t 
to t h e w o r l d o f c o l l e c t o r s . W h o k n o w s , t h e r e g i o n c a n n o t i g n o r e its 
c u l t u r e a n d t h e t a l e n t o f i ts a r t i s t s . T h i e s is k n o w n a s t h e c i t y o f 
t hea t r i c a l a n d a r t i s t i c w o r k s of S e n e g a l . T h e cra f t c en t e r of T h i e s is ful l 
o f a r t i s a n s w h o t r y to o r g a n i z e t h e m s e l v e s a c c o r d i n g to t h e i r m e a n s 
a n d l im i t s . A b o u t f i f teen t r a d e s can be i den t i f i ed in t h e r e g i o n : L e a t h e r 
g ood s ; Pa in te r ; S c u l p t u r e ; B a s k e t r y ; J ewe l r y s t o r e ; S h o e repa i r ; S e w i n g ; 
M e t a l w o r k ; W e a v i n g ; C a r p e n t r y c a b i n e t m a k i n g ; C a l a b a s h s c u l p t u r e ; 
S h e e t m e t a l ; Au t o m e c h a n i c s ; Ha i r d r e s s i n g ; E lec t r i c i t y bu i l d i ng . A l r e ad y 
w i th an exce l l en t r e c o ve r y in t he s e c t o r a r o u n d a c h a m b e r of c o m m e r c e , 
i n du s t r i a l , c ra f t , a n d t r a d e p r o m o t i o n , rea l e c o n o m i c a d v a n t a g e s a n d 
j o b p r o m i s e s c an e m e r g e . 

1.3.6 Tourism 

T h e r e g i o n h a s a s i g n i f i c a n t t o u r i s t p o t e n t i a l w i t h m a n y ho t e l s a n d 
b e a c h e s t h a t c a n a c c o m m o d a t e a l a r ge n u m b e r of t ou r i s t s . It ha s t w o 
m a r i t i m e f a c a d e s , o n e to t h e n o r t h w i t h t h e G r a n d e C o t e h o u s i n g t h e 
m a r k e t g a r d e n and f ru i t a r ea of N i a ye s . In t he s o u t h , t h e Pet i te Co t e is 
t h e m o s t f r e q u e n t e d t o u r i s t a r e a in S e n e g a l . M ' Bou r , T o u b a b D i a l a w , 
a n d S a l y a r e v i s i t e d by m i l l i o n s of t o u r i s t s w o r l d w i d e ; l a rge ho te l s l ine 
t h e b e a c h e s . Re l i g i o u s t o u r i s m o c c u p i e s a v e r y i m p o r t a n t p l a c e in t h e 
r eg i on w i t h M a o u l o u d a n d G a m o u s t h a n k s to t h e e s t a b l i s h m e n t of t h e 
T i d i a n e b r o t h e r h o o d a r o u n d T i v a o u a n e , T h i e n a b a , N d i a s s a n e , a n d P i re 
but a l so w i t h t h e p i l g r i m a g e of P o p o n g u i n e . 

1.3.7 Hydraulic 

T h e r eg i on ha s s i gn i f i c an t g r o u n d w a t e r t a b l e s , bo th s h a l l ow a n d d e e p . 

• T h e s a n d t a b l e o f t h e n o r t h c o a s t : l o c a t e d b e t w e e n t h e s e a a n d 
t he Na t i ona l II f r o m Ca ya r . T h e wa t e r leve l v a r i e s b e t w e e n 1 to 10 
m e t e r s in t he N i a ye s a n d 10 to 35 m e t e r s e l s ewhe r e . F a r m e r s and 
I C S b o r eho l e s h ea v i l y u s e th i s t ab l e c l o t h ; 

• T h e P a l e o c e n e : f o u n d e v e r y w h e r e in t h e r e g i o n a t a n a v e r a g e 
d e p t h of 1 5 0 m e t e r s . It is h e a v i l y e xp l o i t e d in M b o u r and a t Pout , 
w h e r e t h e s t a t i c l e ve l is r e l a t i v e l y l ow ( 3 0 to 8 0 m / so i l ) . T h i s 
t a b l e c l o t h s h o w s a d e c r e a s e of 0 . 5 to 1 m pe r y e a r d u e to h e a v y 
e x p l o i t a t i o n . T h e w a t e r q ua l i t y is v e r y v a r i a b l e d e p e n d i n g on t h e 
a r e a . T h i s is h o w in p l a c e s l i ke N d i a g a n i a o t h e w a t e r is un f i t f o r 
c o n s u m p t i o n b e c a u s e of i ts h i gh f l uo r i ne c on t en t ( abou t 12 m g / L ) . 
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T a b l e 1.2: D i s t r i bu t i on of b o r e h o l e s in t h e Th i e s r eg i on 

INDICATORS THIES MBOUR TIVAOOUANE REGION 
Number of functional boreholes 27 22 44 93 
Number of functional boreholes 00 00 02 02 

Number of stand pi pes 138 210 422 770 
Number of management committees drilling 22 21 32 75 

Number of villages connected 128 1340 288 1756 
Total water production (m3) 24 740 26 040 42 080 92 860 
Number of standstill drilling 01 03 00 04 

F i gu r e 1.8: P r o d u c t i v i t y o f t h e M a a s t r i c h t i a n a qu i f e r e x p r e s s e d by t h e 
spec i f i c f l ow ra te m e a s u r e d a t t h e r e c ep t i o n in m 3 / h / m 

*0HH H M » M U H M U l U H H MHM 1QKMMI 

Source: DGPRE 

F igure 1.8 s h o w s t he p roduc t i v i t y of t he Maas t r i c h t i an aqu i f e r ( S e n e ­
ga l ) e x p r e s s e d b y t h e spe c i f i c f l ow r a t e m e a s u r e d a t t h e r e c e p t i o n in 
m 3 / h / m. T h e ye l l ow do t s i nd i ca te t h e c oun t y ' s (d i s t r i c t ' s or reg ion ' s ) 
h e a d , w i t h a n u m b e r o n t op of e a c h do t i nd i c a t i ng t h e c o u n t y n a m e . 

I t is d e t e r m i n e d b y a b l u e c o l o r d e s c e n t g r a d i e n t , f r o m t h e m e a n 
p r oduc t i v i t y ( l i gh t b lue ) 5 m 3 / h / m , h igh p r oduc t i v i t y 5 a n d 10 m 3 / h / m 
to v e r y h igh p r odu c t i v i t y ( d a r k b l ue ) , b e t w e e n 10 a n d 5 2 . 5 m 3 / h / m . 

I n ru ra l a r e a s , m o s t o f t h e w a t e r c o n s u m e d c o m e s f r o m b o r e h o l e s 
a n d we l l s . T h e r e g i o n h a s 9 3 f u n c t i o n a l b o r e h o l e s c a r r i e d o u t by t h e 
S t a t e w i th a 9 2 , 8 6 0 m 3 . Desp i t e th i s cr i t i ca l dev i c e in t e r m s of hyd r au l i c 
e q u i p m e n t , t h e r e is a p r o b l em cove r i ng need s and j ud i c i o u s spa t i a l d i s t r i ­
bu t i on ( 2 9 % of bo r eho l e s a re l o ca ted in Th i e s , aga i n s t 2 8 % in Mbou r and 
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4 3 % in T i v a o u a n e ) . Th i s c apac i t y c o ve r s on l y 3 9 % of t he d r i n k i ng w a t e r 
s upp l y n e ed s popu l a t i on s , l i ves tock , a n d v a r i o u s ag r i cu l t u ra l p r oduc t i on 
ac t i v i t i e s . 

T h e d i f f i cu l t i es a r e , a b o v e al l t e chn i c a l a n d n a t u r a l , c l o se l y l i n ked to 
t h e pe r s i s t en t d r o u g h t . T h e y re l a te t o : 

• t h e g e n e r a l i z e d d r op in t h e l eve l of w a t e r t ab l e s ; 

• t h e i n t r u s i on of t h e sa l t y w e d g e f r o m the sea into t h e s a nd s h ee t s 
of t h e c oa s t l i n e a n d t e r m i n a l c on t i n en t ; 

• o v e r - e x p l o i t a t i o n of a qu i f e r s ; 

• t he lack of consu l t a t i on b e t w e e n t he ac to r s ( N G O s , p r i va te p r o m o t ­
e r s , S t a t e s t r u c t u r e s ) s t a k e h o l d e r s in t h e s e c t o r ; 

• insu f f i c i en t u p k e e p and m a i n t e n a n c e of w o r k s and hyd r au l i c e qu i p ­
m e n t ; 

• t h e i n e f f e c t i v e n e s s o f c e r t a i n h y d r a u l i c w o r k s m a n a g e m e n t c o m ­
m i t t e e s . 

T h e d e v e l o p m e n t of i n l and v a l l e y s w i t h i n t h e na t i ona l h y d r o g r a p h i c 
n e two r k a n d re ten t i on bas i n s f r a m e w o r k is l i ke ly to s t r e ng t hen t he p o t e n ­
t ia l of ag r i cu l t u ra l h yd r au l i c s in t he r eg i on . T h e r e f o rm of t he bo r eho l e s 
m a n a g e m e n t po l i c y ( i n s t a l l a t i on a n d f unc t i ona l i t y of m a n a g e m e n t c o m ­
m i t t e e s ) s hou l d a l so c on t r i b u t e to t h e p r ope r m a i n t e n a n c e of h yd r au l i c 
s t r u c t u r e s . 

1.3.8 Industries and Mines 

T h e T h i e s r eg i on has i n d i s p u t a b l e m i n i n g p o t en t i a l , a s o u r c e of w e a l t h 
t ha t c ou l d d e v e l o p al l of S e n e g a l ; t h e subso i l o f fe rs a g r ea t d i v e r s i t y of 
m ine ra l s u b s t a n c e s , i n c lud ing indus t r i a l m i ne r a l s ( p ho spha t e s , i ndus t r i a l 
l ime s t one s , ba r i t e , e t c . ) , h e a v y m i ne r a l s ( z i r c on , t i t a n i u m ) , o r n a m e n t a l 
s t one s and cons t r u c t i on ma te r i a l s ( c e m e n t w o r k s , e tc . ) wh i ch a re ma i n l y 
f ound in t he r e s e r v e s of A l l o u K a g n e , D iogo and TaTba. W e a l so no te t he 
e x i s t e n c e of s i gn i f i c an t r e s e r v e s of a l u m i n o - c a l c i u m p h o s p h a t e s at L a m 
L a m ( a r o u n d 80 m i l l i on t o n n e s ) , wh i c h c an be r e c o v e r e d by ca l c i na t i on 
in t he fe r t i l i ze r and an ima l f eed sec to r s . In Pa l lo , A s in T a i b a , p ho s pha t e 
w a s f o r m e d d u r i n g t h e T e r t i a r y , t h e s o u r c e r o c k s b e i n g p h o s p h a t e of 
l ime and c l a y r i ch in a l u m i n a . 

T h e p r e s e n c e of d e p o s i t s , t h e r a i l wa y , a n d t h e f a c i l i t i e s g r a n t e d b y 
t h e C o d e of i n v e s t m e n t s g i ve t h e Th i e s r eg i on an a d v a n t a g e o u s s t a t u s , 
a l t h ough sti l l i nsu f f i c i en t l y e xp l o i t ed . In 2 0 0 6 , t he a r ea had 18 indus t r i a l 
un i t s s p r e a d o v e r t h e t h r e e d e p a r t m e n t s . 

A s c a n be n o t e d , d e s p i t e a d i v e r s i f i e d a g r i c u l t u r a l p r o d u c t i o n , t h e 
r e g i o n o f T h i e s h a s v e r y f e w a g r o - f o o d i n d u s t r i e s . Fo r m i n e s , t h e 
p r oduc t i on of p h o s p h a t e s a n d a t t apu l g i t e is ma i n l y i n t ended fo r a b r o a d . 
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F i g u r e 1.9: I r o n c o n t e n t o f t h e M a a s t r i c h i a n w a t e r t a b l e m e a s u r e d a t 
r e c ep t i o n in m g / L 

Etat des connaissances de I'aquifere 

iOMM + Li Li Li u ij E-LiL'Liuu UCMO 704MD ntMMO 

Source:DGPRE 

F igu re 1.9 s h o w s t he d i s t r i bu t i on of i ron c o n c e n t r a t i o n s in t h e M a a s ­
t r i c h i a n w a t e r t a b l e ( S e n e g a l ) , a s m e a s u r e d a t t h e s i t e o f r e c e i p t in 
m i l l i g r a m s p e r l i te r o f w a t e r . T h e y e l l o w d o t s i n d i c a t e t h e c o u n t y ' s 
(d i s t r i c t ' s o r r eg ion ' s ) h e a d , w i th a n u m b e r on t op of ea ch dot i nd i ca t i ng 
t he c oun t y n a m e . It is d e t e r m i n e d by a co lo r g r ad i en t , w i th y e l l ow a r e a s 
r e p r e s e n t i n g i r on c o n c e n t r a t i o n s l o w e r t h a n 0 . 3 m g / L a n d t h u s b e l o w 
t he Wo r l d Hea l th O rgan i z a t i o n ( W H O ) l im i t s , l ight red a r e a s r ep r e s en t i ng 
i ron con t en t e x c e ed i n g t he W H O l im i t s but in a r ange b e tween 0.3 and 1 
mg / L , a nd da r k red a r e a s r ep r e s en t i ng i ron con t en t e x c e ed i n g t he W H O 
l im i t s bu t in a r a n g e b e t w e e n 1 a n d 12 . 5 m g / L . A n e x a m i n a t i o n of t h e 
m a p r e v e a l s t h a t t h e w e s t e r n ha l f o f t h e c o u n t r y is m o r e e x p o s e d to 
h igh f l uo r i ne c o n c e n t r a t i o n s . In c on t r a s t , t h e c en t e r and w e s t e r n pa r t s 
of t h e c o u n t r y h a v e f l uo r i ne c o n c e n t r a t i o n s sa f e fo r d r i n k i n g w a t e r u se . 
O u r r e s e a r c h r e g i o n is in t h e w e s t e r n po r t i o n of t h e n a t i o n , w h e r e t h e 
soi l is b e t w e e n b lue and l ight b r o w n , l ead ing us to be l i eve t ha t t he wa t e r 
co l l e c ted a n d d i s t r i bu t ed in th i s a rea m a y h a v e i ron c on c en t r a t i o n s t ha t 
e x c e e d t h e p e r m i t t e d l im i t . 

I t is w o r t h h i g h l i g h t i n g t h e c o n c e n t r a t i o n o f i n d u s t r i e s in t h e d e ­
p a r t m e n t s o f Th i e s and T i v a o u a n e , a s we l l a s t h e p r e d o m i n a n c e of t h e 
c h e m i c a l a nd e x t r a c t i n g . 

M a n y q u a r r y i n g s i t e s c o n t a i n l a t e r i t e , s a n d s t o n e , l i m e s t o n e , c l a y , 
a t t a p u l g i t e , p h o s p h a t e , a n d ba sa l t . I n a d d i t i o n , t h e r e g i o n b ene f i t s 
f r o m a pea t d epo s i t po t en t i a l of o v e r 4 0 m i l l i on m 3 in t h e N i a y e s a r e a , 
t i t a n i f e r ou s s a n d s , a nd na t u r a l g a s . 
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Es sen t i a l l y , t h e d i f f i cu l t i es a r e r e l a t ed t o : 

• t h e c r i s i s in t h e wo r l d m a r k e t for p h o s p h a t e s and f e r t i l i z e r s ; 

• t h e h igh co s t of e n e r g y a n d o t h e r p r odu c t i o n f a c t o r s ; 

• i n su f f i c i en t ru ra l e l e c t r i f i c a t i on ; 

• t h e w e a k d i v e r s i f i c a t i on of t h e r eg i ona l i ndus t r i a l f ab r i c ; 

• d i f f i cu l t i e s in a c c e s s i n g c red i t ; 

• t h e m a n y d i f f i cu l t i e s e n c o u n t e r e d by t h e t e x t i l e i n d u s t r i e s in t h e 
r e g i o n . 

1.4 Geology and Hydrogeology 

G e o l o g i c a l c h a r a c t e r i s t i c s , c h e m i c a l qua l i t i e s of r o c k s , a n d t h e c l i m a t e 
o f a n a r e a d e t e r m i n e t h e f l u o r i d e c o n t e n t in g r o u n d w a t e r (A t i a e t a l . 
2 0 1 5 ) . 

T r a v i 1 9 9 3 e s t a b l i s h e d t h e f i r s t s c h e m a t i c h y d r o - g e o l o g i c a l m a p of 
S e n e g a l in 1 9 8 8 . T h e d i f f e r en t h y d r o - g e o l o g i c a l un i t s i den t i f i ed a r e : 

• aqu i f e r s of f i s su re s and a l t e ra t i on of P r e c amb r i a n c rys ta l f o rma t i o n s 
of e a s t e r n S e n e g a l w h i c h l im i t t h e s e d i m e n t a r y bas i n to t h e ea s t ; 

• and t he aqu i f e r s of t he s e d i m e n t a r y bas in g r o u p e d into two g r oup s 
( l owe r a n d uppe r ) w h i c h c o r r e s p o n d to t h e ma i n geo l og i c a l f o r m a ­
t i on s . 

S enega l ' s h yd r o - geo l og i c a l un i t s a re g r o u p e d into fou r cen t ra l aqu i f e r 
s y s t e m s : 

T h e h e t e r o g e n e o u s supe r f i c i a l aqu i f e r s y s t e m b r i ngs t o g e t h e r r e cen t 
p r e d o m i n a n t l y s a n d y , s a n d y c l a y , a n d s a n d s t o n e f o r m a t i o n s b e t w e e n 
D a k a r a n d S a i n t - L o u i s a n d t h e a l l uv i a l f o r m a t i o n s of t h e S e n e g a l R i v e r 
v a l l e y . I t i n c l u d e s t h e : s u b - b a s a l t i c a q u i f e r s o f D a k a r , T h i a r o y e ( b e ­
t w e e n Pa t t e d ' o i e a n d K a y a r ) , t h e N o r t h C o a s t ( f r o m K a y a r to S a i n t 
Lou i s ) , t he O l i g o -M i o c ene ( T a m b a Ka f f r ine , C a s a m a n c e ) , t he Con t i nen t a l 
T e r m i n a l Fe r l o ( r e g i o n s o f S a i n t Lou i s , M a t a m , L o u g a ) , S i n e G a m b i a 
(Fa t i ck , K ao l a c k , Ka f f r i ne ) and C a s a m a n c e . 

The s e m i - d e e p aqu i f e r s y s t e m g r oup s t o g e t h e r t he l ime s t one to m a r l -
l i m e s t o n e f o r m a t i o n s of t h e E o c e n e ( b e t w e e n K h o m b o l e a n d L o u g a 
go i ng t o w a r d s D i o u r b e l a n d t h e v a l l e y of t h e S e n e g a l r i ve r ) a n d of t h e 
P a l e o c e n e ( a r e a s of S e b i k o a n e , Pou t , M b o u r ) . 

The deep Maas t r i c h t i an aqu i f e r s y s t e m co ve r s 2/3 of t he t e r r i t o r y e x ­
cep t for t he b a s e m e n t . T h e aqu i f e r s y s t e m of t he b a s e m e n t c o r r e s pond s 
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to t h e g r a n i t e a n d m e t a m o r p h i c f o r m a t i o n s l o c a t ed in t h e c o u n t r y ' s 
S o u t h - E a s t ( r eg i on s of T a m b a c o u n d a and K e d o u g o u ) . 

F i g u r e 1 .10 : L o c a t i o n of t h e g e o l o g i c a l s e c t i o n s m a d e in t h e M a a s -
t r i c h t i an aqu i f e r . ( D G P R E ) 

| L o c a l i s a t i o n d e s c o u p e s g e o L o g i q u e s 
r e a 1 i s e t s d a n s l A q u i f e r e d u H a a s t r i c k t l e n ' 

DfiPHE 

Legende 
A c h t r i i h f l i ' t o O A 

t y u at toofn 

5-andage pelnalief 

I n'-ilr d t i lm'i 

Q u i t f i jn a-iianliiiaiilfll-l a \™t\ ,J 

Lkuls a eaiiK salves 

B Dant-iHinnayo.u*i-aaflrteJiiE*i unitE* cErtraie 

Oinl Innrml.TJ kl.'M iui*ric:lit i:ri iriiCi: <l<: Iwrrlijr 

Eac«n*M»jtrichli«n 

H Til :l""-«r 

Soda araiiuqu-B 

4-

T h e t a b l e c l o t h p r e s e n t s t h e n e t w o r k c u r r e n t l y m o n i t o r e d by t h e 
D G P R E . I t h a s 4 9 8 s t r u c t u r e s , 4 5 4 o f w h i c h a r e f u n c t i o n a l . T h e r e a r e 
2 9 0 p i e z o m e t e r s , 1 27 bo r eho l e s , 16 bo r eho l e s , a nd 6 5 we l l s . 

Fo r a g o o d g r i d o f t h e n e t w o r k , S e n e g a l is d i v i d e d into e i gh t z o n e s . 
Du r i ng t he y ea r , m e a s u r e m e n t s a re t a k e n du r i ng low wa t e r ( d r y s e a son ) 
and a f te r t he ra i ny s e a s o n . In t he D a k a r r eg i on , w h e r e t he wa t e r t ab l e s 
a r e c o a s t a l a n d in h i gh d e m a n d f o r t h e c i t y ' s d r i n k i n g w a t e r s u p p l y , 
m e a s u r e m e n t s a r e ca r r i ed ou t m o n t h l y . 

T h e d a t a c o l l e c t e d r e l a t e to t h e d e p t h s a n d q u a l i t y of t h e w a t e r , in 
pa r t i c u l a r t he p h y s i c o c h e m i c a l ( t e m p e r a t u r e , p H , c ondu c t i v i t y , a n d d r y 
r e s i d u e , w h i c h a r e m e a s u r e d in t h e f i e l d ) a n d c h e m i c a l p a r a m e t e r s . 
T h e s e a re ob t a i n ed a f te r l a bo r a t o r y ana l y s i s of a wa t e r s a m p l e and c o n ­
c e r n t h e f o l l ow i ng i ons : S o d i u m (Na + ) , C a l c i u m ( C a 2 + ) , M a g n e s i u m 
(Mg2 + ) , P o t a s s i um (K + ) , I ron ( Fe ) , C a r b o n a t e s ( C 0 3 2- ) , B i c a r bona t e s 
( H C 0 3 - ) , C h l o r i d e (CI - ) , S u l p h a t e s ( S 0 4 2 - ) , N i t r a t e s ( N 0 3 - ) , F l uo r i ne 
( F - ) , P ho spho r u s ( P 0 4 ) and ce r ta in h e a v y me t a l s in t he K e d o u g o u a r e a . 
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1.5 Guidelines for drinking-water quality 

A ce r t a i n n u m b e r of g ene r a l p a r a m e t e r s a re u s ed to c ha r a c t e r i z e w a t e r 
i n t e n d e d f o r h u m a n c o n s u m p t i o n o r i n du s t r i a l u s e s , p a r t i c u l a r l y h a r d ­
n e s s , a l k a l i n i t y , s a l i n i t y , f l u o r i d e , t u r b i d i t y , e t c . D r i n k i n g w a t e r m u s t 
a l so c o m p l y w i t h t h e r e gu l a t i o n s in f o r ce in t h e c oun t r y . 

R ega r d i n g w a t e r qua l i t y , s e ve r a l p a r a m e t e r s can be d i s t i n gu i s hed at 
t h e s a m e t i m e , g r o u p e d into f i ve (5) c a t e go r i e s : 

• O r g a n o l e p t i c p a r a m e t e r s 

• P h y s i c o - c h e m i c a l p a r a m e t e r s 

• P a r a m e t e r s c o n c e r n i n g u n w a n t e d s u b s t a n c e s 

• P a r a m e t e r s c o n c e r n i n g t o x i c s u b s t a n c e s 

• M i c r ob i o l og i c a l p a r a m e t e r s ( feca l c o l i f o rms ) 

Al l of t he e l e m e n t s t ha t c ha r a c t e r i z e wa t e r ne ce s sa r i l y be l ong to one 
of t h e c a t e go r i e s be l ow . 
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T a b l e 1.3: W H O s t a n d a r d s fo r d r i n k i n g w a t e r 

Sr. No: Parameter WHO standards Remarks 

1 Colour (TCU) 15 
It may be extended up to 50 

if toxic substances are suspected 

2 Turbidity (NTU) 5 
It may be relaxed up to 25 
in the absence of alternate 

3 pH 6.5 to 8.5 
It may be relaxed up to 9.2 

in the absence 

4 
Total Hardness 

(as CaC03), mg/L, max.) 
300 

It may be extended 
up to 600 

5 Calcium as Ca (mg/L) 75 
It may be extended 

up to 200 

6 Magnesium as (mg/L) 30 
It may be extended 

up to 100 

7 Copper as Cu (mg/L) 0.05 
It may be relaxed 

up to 1.5 

8 Iron (mg/L) 0.3 
It may be extended 

up to 1 

9 Manganese (mg/L) 0.1 
It may be extended 

up to 0.5 

10 Chlorides (mg/L) 250 
It may be extended 

up to 1000 

11 Sulphates (mg/L) 150 
It may be extended 

up to 400 
12 Nitrates (mg/L) 45 No relaxation 

If the limit is below 0.6 water 
13 Fluoride (mg/L) < 1.5 should be rejected, Max. 

The limit is extended to 1.5 
14 Phenols (mg/L) 0.001 It may be relaxed up to 0.002 

15 Mercury (mg/L) 0.001 No relaxation 

16 Cadmium (mg/L) 0.01 No relaxation 

17 Selenium (mg/L) 0.01 No relaxation 

18 Arsenic (mg/L) 0.7 No relaxation 

19 Cyanide (mg/L) 0.05 No relaxation 

20 Lead (mg/L) 0.1 No relaxation 

21 Zinc (mg/L) 5 It may be extended up to 10.0 

22 
Chromium as 
Cr+6 (mg/L) 

0.05 No relaxation 

23 Mineral Oil (mg/L) 0.01 It may be relaxed up to 0.03 

24 Residual free Chlorine (mg/L) 0.2 
Applicable only when 

the water is chlorinated 
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Chapter 2 

Aim 

2.1 Aim of the thesis 

T h e t h e s i s a i m s to p r o v i d e an u p - t o - d a t e r e v i e w of t h e a v a i l a b l e t r e a t ­
m e n t s at t he h o m e leve l a n d t h e i ndus t r i a l g r a de a n d p r o p o s e a p r ope r 
t e c h n o l o g y to r e m o v e t h e e x c e s s f l uo r i ne in t h e we l l s and b o r eho l e s in 
ru ra l S e n e g a l : N D P c a s e . 

It i n vo l v e s t h e f o l l ow ing s t e p s : 

• F i nd i ng t h e s o u r c e of N D P w a t e r po l l u t i on , 

• E v a l u a t e t h e e x c e s s f l uo r i de c o n t a i n e d in N D P w a t e r s 

• E v a l u a t e t h e i m p a c t o f f l uo r i de to t h e p opu l a t i o n , 

• R e v i e w a n d p r o p o s e a p r o p e r pu r i f i c a t i o n t e c h n o l o g y to m i t i g a t e 
t h e a m o u n t of e x c e s s f l uo r i ne 

2.2 Structure of the thesis 

T h e t he s i s ha s t h e f o l l ow ing s t r u c t u r e : 

• Ma t e r i a l s a n d m e t h o d s 

• Re su l t s 

• D i s c u s s i o n 

• C o n c l u s i o n 
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Chapter 3 

Fluoride Treatment Methods 

T h e r e a re spec i f i c f l uo r i da t i on t e c h n i q u e s b a s ed on t he p r i nc i p l e s of p r e ­
c ip i ta t i on and ad so r p t i o n / i on e x c h a n g e . Un f o r t una t e l y , t h e s e t e c hn i q u e s 
h a v e l i t t le o r no e f fec t o n sa l t p r o c e s s i n g ( A m a t h 2 0 1 7 ) . 

T h e r e a r e a l so s o - c a l l e d m e m b r a n e t r e a t m e n t t e c h n o l o g i e s ( nano f i l -
t r a t i o n , r e v e r s e o s m o s i s , e l e c t r o d i a l y s i s ) t h a t s i g n i f i c a n t l y r e d u c e t h e 
sa l t a n d f l uo r i ne con ten t . A t t h e s a m e t i m e , t h e r e a re a l t e rna t i v e s ou r c e s 
( W a t e r t r a n s m i s s i o n , I m p l u v i u m , M in i h a n d d r i l l i ng in s h a l l o w e r w a t e r 
t a b l e s ) t h a t a r e e a s y to bu i l d p e r m a n e n t l y a n d g i v e t h e s i m u l t a n e o u s 
so l u t i on fo r t h e w a g e p r o b l e m . 

3.1 Chemical Precipitation 

• P r i n c i p l e : 

T h e r e a r e s e v e r a l t e c h n i q u e s f o r t h e pa r t i a l r e m o v a l o f f l u o r i d e s 
f r o m d r i n k i ng wa t e r , wh i c h n e ve r t h e l e s s g u a r a n t e e a f l uo r i de i n t ake 
t h a t m e e t s s t a n d a r d s . 

P r e c i p i t a t i o n c a n be d e f i n e d a s t h e d e p o s i t i o n in a l i qu id o f a n 
i n so l ub l e s u b s t a n c e wh i c h t h e n se t t l e s by d e c an t i n g at t he b o t t o m 
o f t h e v e s s e l in w h i c h t h e r e a c t i o n h a s t a k e n p l a c e . F l u o r i d e ion 
p r e c i p i t a t i o n p r o c e s s e s a r e b a s e d o n t h e f o r m a t i o n o f i n s o l u b l e 
c o m p o u n d s f r o m t h e s e i on s a n d r e q u i r e d e c a n t i n g a n d f i l t r a t i on 
a f t e r c o a g u l a t i o n . 

Howeve r , it is n e c e s s a r y to c on s i d e r t h e e x c e s s p rec i p i t a t i on r e agen t s 
in t h e t r e a t ed w a t e r , w h i c h c an a l t e r its qua l i t y ; w h i c h r equ i r e a d ­
d i t iona l p r o ce s s i ng s t eps . F luor ide ions can be p rec i p i t a t ed in C a F 2 
(F l uo r i t e ) by a dd i n g c a l c i u m sa l t s , C a ( O H ) 2 , C a S 0 4 o r CaC I2 . 

Howeve r , due to t he low so lub i l i t y of mo s t f l uo r i des , it is c ha l l eng i ng 
to p e r f o rm t r e a t m e n t s by p rec i p i t a t i on of i n so lub l e f l uo r i des to t r ea t 
d r i n k i n g wa t e r . 
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C H A P T E R 3. F L U O R I D E T R E A T M E N T M E T H O D S 

• R e m o v a l of f l uo r i de i ons : 

W h e n an a l u m i n u m sa l t is a d d e d to a so l u t i on c on t a i n i ng f l uo r i des , 
h yd ro l y s i s of t he a l u m i n u m f i rs t o c cu r s . Th i s c a u s ed ac id i f i ca t i on of 
t h e so l u t i on a n d i n c r e a s ed su l f a te c on t en t . C o - p r e c i p i t a t i o n of t h e 
h y d r o x i d e f o r m e d w i t h t h e a l u m i n u m f l u o r i d e , w i t h t h e f o r m a t i o n 
of an a l u m i n u m o x y f l u o r i d e of t h e A IOF t y p e . Th i s t e c h n i q u e u s e s 
h igh c on cen t r a t i o n s of r e agen t s to m a k e t he w a t e r d r i n kab l e , wh i c h 
i n c r e a s e s t h e co s t of t r e a t m e n t . 

• A l u m i n u m s u l p h a t e and l ime ( N a l g o n d a t e c h n i q u e ) : 
N a l g o n d a ( F i gu r e 3 .1) is a c o m b i n a t i o n of s e v e r a l un i t o p e r a t i o n s , 
a n d t h e p r o c e s s i n vo l v e s r ap id m i x i n g c h e m i c a l i n t e r a c t i o n , f l o c cu -
l a t i o n , s e d i m e n t a t i o n , f i l t r a t i on , d i s i n f e c t i o n , a n d s l u d g e c o n c e n ­
t r a t i o n to r e c o v e r w a t e r and a l u m i n u m sa l t s . H y d r a t e d a l u m i n u m 
sa l t s , a c o agu l a n t c o m m o n l y u s ed in w a t e r t r e a t m e n t , a re u s ed to 
f l o c cu l a t e w a t e r f l uo r i de ions . 

T h e a l u m i n u m sa l t c an be a d d e d as a l u m i n u m su l fa te o r a l u m i n u m 
c h l o r i d e , o r a c o m b i n a t i o n of t h e s e t w o . S i n c e t h e p r o c e s s is 
p r e f e r a b l y c a r r i e d ou t u n d e r a l k a l i n e c ond i t i o n s , l ime is a d d e d . If 
t h e r aw w a t e r has a d e q u a t e a l k a l i n i t y , l ime m a y not be u s e d . For 
d i s i n f e c t i o n , b l e a c h p o w d e r is a d d e d . A f t e r c a r e f u l s t i r r i n g , t h e 
c h e m i c a l e l e m e n t s c o a g u l a t e into f loes a n d se t t l e to t h e b o t t o m . 

F igure 3 . 1 : Na l gonda de f l uo ra t i on a dop t e d for c o m m u n i t y d o m e s t i c use 
in T a n z a n i a , J a n s e n e t a l . 2 0 0 7 

The Nalgonda defluoridation as adopted for The Nalgonda technique for domestic and 
community 
domestic use in the United Republic of Tanzania, defluoridation 
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C H A P T E R 3. F L U O R I D E T R E A T M E N T M E T H O D S 

• T h e m a i n c ha r a c t e r i s t i c s o f t h e N a l g o n d a t e c h n i q u e i n vo l v e s : 

• No m e d i a r e g e n e r a t i o n 

• No hand l i n g of c au s t i c a c i d s and a l ka l i s 

• Eas i l y a v a i l a b l e c h e m i c a l s u s ed in m u n i c i p a l w a t e r t r e a t m e n t 

• C o n v e n t i o n a l a r e no t n e c e s s a r y 

• A d a p t a b l e fo r h o m e u se 

• F l ex i b l e up to s e v e r a l t h o u s a n d m 3 / d 

• App l i c ab l e in b a t c h , as we l l a s in c on t i n uou s ope r a t i on to m e e t 
t he n eed s for s imp l i c i t y of d e s i g n , c on s t r u c t i o n , ope r a t i on a n d 
m a i n t e n a n c e 

• Loca l sk i l l s c ou l d be ea s i l y u s ed 

• E x t r e m e l y e f f i c ient r e m o v a l of f l uo r i des f r om 1.5 to 20 mg/ l at 
d e s i r a b l e l eve l s 

• S i m u l t a n e o u s r e m o v a l o f c o l o r , o d o r , t u r b i d i t y , b a c t e r i a a n d 
o r g an i c c o n t a m i n a n t s 

• N o r m a l l y a s s o c i a t e d a l k a l i n i t y e n s u r e s f l u o r i d e r e m o v a l e f f i ­
c i e n c y 

• The s l udge g e n e r a t e d is c onve r t i b l e into a l u m for u se e l s ewhe r e 

• S m a l l w a s t e of w a t e r and less d i s po sa l p r o b l e m s 

• M i n i m u m r e q u i r e m e n t s for mechan i c a l a nd e lec t r i ca l e q u i p m e n t 

• No e n e r g y e x c e p t m u s c l e p o w e r fo r h o m e e q u i p m e n t 

• P r o v i d e s d e f l u o r i n a t ed w a t e r of u n i f o r m a c c e p t a b l e qua l i t y 

F i gu r e 3 . 2 : C o n t a c t p r e c i p i t a t i o n fo r h o u s e ho ld u s e ( le f t ) a n d c o n t a c t 
p r e c i p i t a t i on i n v en t ed in N g u r d o t o J a n s e n e t a l . 2 0 0 7 

Contact precipitation for household use Contact precipitation of fluoride as invented in Ngurdoto 
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C H A P T E R 3. F L U O R I D E T R E A T M E N T M E T H O D S 

• E x p e r i m e n t s c a r r i e d o u t in S e n e g a l : A n e x p e r i m e n t w a s c a r r i e d 
ou t in 1 9 8 8 in S e n e g a l on t h e b o r e ho l e w a t e r s of Fa t i ck . 

• A t t h e d o m e s t i c s c a l e : T h e d e v i c e c on s i s t s of p l a s t i c b u c k e t s w i t h 
a c apac i t y of 6 0 l i ters and s i e ves . T h e bu c ke t s h a v e a l id and a t ap 
p l a ced in t he i r l owe r pa r t 5 c m a b o v e . T h e a l u m i n u m sa l t a nd t h e 
l ime a re a d d e d s i m u l t a n e o u s l y to t he raw wa t e r , s t i r r i ng s l ow l y for 
1 m i n u t e and t h e n r ap i d l y fo r 5 m i n u t e s . T h e w a t e r d e c a n t e d a n d 
t h e n f i l t e red t h r o u g h t h e s i e v e is t h u s s u i t ab l e for u se . 

• A t t h e c o m m u n i t y l e v e l : Fo r s m a l l c o m m u n i t i e s ( p o p u l a t i o n s of 
2 00 peop l e on a v e r a g e ) , t he dev i c e i n c l udes a cy l i nd r i ca l t a n k w i th 
a dep th of 2 m equ i pped w i th a m a n u a l s t i r r i ng m e c h a n i s m . On t h e 
o t h e r h a n d , if it is a w h o l e s i z e a b l e v i l l a g e , t h e d e v i c e c o m p r i s e s 
r e a c t o r s , a r a i s ed t a n k , a n e l e c t r i c a l r o o m , a n d a c h e m i c a l s t o r ­
a g e r o o m . T h e m e t h o d h a s s e v e r a l a d v a n t a g e s . I n d e e d , it d o e s 
no t r e qu i r e r e g e n e r a t i o n a n d t h e r e f o r e no h and l i n g of d a n g e r o u s 
p r o d u c t s s u c h a s a c i d a n d s o d a . T h e c h e m i c a l s a r e a v a i l a b l e in 
t h e m a r k e t , a n d t h e d e v i c e is s i m p l e to d e s i g n . In a d d i t i o n , co lo r , 
t u r b i d i t y , a nd bac t e r i a a r e e l i m i n a t e d a t t h e s a m e t i m e . 

It a l so has ce r ta in l im i t a t i ons . I n d e e d , it can on l y be u sed for ce r t a i n 
t y p e s o f w a t e r . - T h e s e a r e w a t e r s o f w h i c h : - T h e d r y r e s i d u e 
is b e l o w 1 5 0 0 m g / l ; o t h e r w i s e , d e s a l i n a t i o n m a y be n e c e s s a r y ; -
T h e t o t a l h a r d n e s s is b e l o w 6 0 0 m g / l ; o t h e r w i s e , d e s a l i n a t i o n is 
r e q u i r e d ; - t h e a l ka l i n i t y of t h e w a t e r m u s t be su f f i c i en t to e n s u r e 
c o m p l e t e h y d r o l y s i s o f t h e a l u m i n u m a d d e d a n d r e t a i n m i n i m u m 
a l ka l i n i t y b e t w e e n 1 and 2 mg / l in t he t r e a t ed wa t e r to ob ta i n a pH 
b e t w e e n 6.5 and 8 .5 . - f l uo r i des in r aw w a t e r m u s t be b e t w e e n 1.5 
and 20 mg/ l Desp i t e e f for ts in th i s a r e a , th i s has not been p u r s u e d , 
m a i n l y d u e to d i f f i cu l t i e s in s u p p l y i n g r e a g e n t s , a n d t h e c o s t o f 
t r e a t m e n t . 

F i gu re 3 .3 dep i c t s a C r y s t a l c o r , c o n t a c t p r e c i p i t a t o r t y p e d e v e l o p e d 
in Ne t he r l a nd s . In t he r eac to r , f l uo r ide is r e m o v e d f r o m the wa t e r wh i l e 
c a l c i u m f l u o r i d e pe l l e t s w i t h a d i a m e t e r o f 1 m m a r e p r o d u c e d . T h e 
s i gn i f i c an t a d v a n t a g e s of t h e C r y t a l a c t o r ® a r e t h a t (1) t h e i n s t a l l a t i on 
is c o m p a c t , (2) c a l c i um f l uo r i de pe l l e t s w i th a h i gh - pu r i t y a re p r o d u c e d , 
(3) t h e p r o d u c e d pe l l e t s h a v e a s h a l l o w w a t e r c o n t e n t 9 5 % to 1 0 % 
m o i s t u r e ) a n d (4) t h e pe l l e t s c a n be r e u s e d . C o s t s c o m p a r i s o n s s h o w 
t h a t t h e t o t a l t r e a t m e n t c o s t s a r e t y p i c a l l y a p p r o x i m a t e l y 2 5 % of t h e 
cos t s for c onven t i o na l p r e c i p i t a t i on . Howeve r , t he C r y s t a l a c t o r® is mo r e 
s u i t ab l e fo r w a s t e w a t e r s w i t h h igh f l uo r i de c o n c e n t r a t i o n s (> 10 m g / l ) . 
For t r e a t i ng d r i n k i ng wa t e r , t h e C r y s t a l a c t o r ® is on l y a d v i s a b l e in h i gh 
f l uo r ide c on cen t r a t i o n s (> 10 or 20 mg / l ) . For r e a ch i ng a c on cen t r a t i o n 
be l ow 1 m g / l f l uo r i de , a s e c o n d t e c h n i q u e m u s t be u s ed a f t e r w a r d . 
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C H A P T E R 3. F L U O R I D E T R E A T M E N T M E T H O D S 

F igure 3 .3 : In t he Ne t he r l a nd s a new t y p e of con tac t p rec ip i t a to r , n a m e d 
t h e C r y s t a l a c t o r ® , is d e v e l o p e d by D H V ( G i e s e n 1 9 9 8 ) . T h e C r y s t a -
l a c t o r ® is a f l u i d i z e d - b e d t y p e c r y s t a l l i z e r a l s o c a l l e d a pe l l e t r e a c t o r 
( s ou r c e : H D V ) 

3.2 Adsorption method 

T h e ad so r p t i o n of a s u b s t a n c e by a so l id is t he m o r e o r less i r r eve r s i b l e 
f i x a t i on of t h e s o l u t e m o l e c u l e s in c on t a c t w i t h t h e s u r f a c e of th i s so l id 
w i t h o u t a n y c h e m i c a l r e a c t i o n b e t w e e n t h e m . T h i s is a r ap i d p h e ­
n o m e n o n tha t r e su l t s in an equ i l i b r i um b e t w e e n t he a d s o r b e d s ub s t a n c e 
and t he r ema i n i n g so l u t i on . T h e ba l an ce d e p e n d s on t he c on cen t r a t i on of 
t he so l u t e a n d t h e su r f a ce a r ea of t h e a d s o r b e n t body . R e m e m b e r t ha t 
two t y p e s of a d s o r p t i o n a r e en t i r e l y d i f f e r en t b y t h e e n e r g i e s i n v o l v ed 
and t he i r n a t u r e . 

• Phys i ca l a d s o r p t i o n , o r V a n De r W a a l s ad so rp t i on ( S v á r o v s k y 2 0 0 1 ) , 
is a r e v e r s i b l e p h e n o m e n o n t h a t r e su l t s f r o m t h e i n t e r - m o l e c u l a r 
f o r ces of a t t r a c t i on b e t w e e n t he mo l e cu l e s of t h e so l id and t h o s e of 
t h e a d s o r b e d s u b s t a n c e . It d o e s no t c h a n g e t h e c h e m i c a l i den t i t y 
of m o l e c u l e s a d s o r b e d . 

T h i s p r o c e s s is we l l s u i t e d to t h e s pe c i f i c r e m o v a l o f f l u o r i d e s bu t 
r e q u i r e s c on t r o l l i n g t h e pH o f t h e m e d i u m . T h e a d s o r p t i o n c a p a c i t y 
d e p e n d s o n t h e p a r t i c u l a r s u r f a c e o f t h e m a t e r i a l ( R e z a e i - A g h d a m et 
a l . 2 0 2 1 ) , t h e n a t u r e o f t h e a d s o r b e n t - a d s o r b a t e b o n d , t h e c o n t a c t 
t i m e , t he p H , a n d t he in i t ia l f l uo r i de c on cen t r a t i o n . W a t e r de f l uo r i na t i on 
s tud i e s u s i ng s eve r a l a d s o r b en t s , such as a l u m i n u m hyd r o x i d e , a c t i v a t ed 
c a r b on , apa t i t e , a nd a c t i v a t ed a l u m i n a , h a ve been ca r r i ed ou t and ha ve 
g i v en e n c o u r a g i n g r e su l t s . 
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C H A P T E R 3. F L U O R I D E T R E A T M E N T M E T H O D S 

A d s o r p t i o n i s o t h e r m 

For th i s s t u d y , w e a s s u m e t h a t t h e a d s o r b e n t s u r f a c e is h o m o g e n e o u s 
a n d p r o po r t i o n a l to t h e m a s s of t h e s o l u t e . S e v e r a l m o d e l s h a v e b e e n 
u s ed to d e s c r i b e t h e a d s o r p t i o n p h e n o m e n o n ; t h e m o s t u s ed a re L a n g -
m u i r a n d F r eund l i c h . 

• L a n g m u i r i s o t h e r m : T h e e s t a b l i s h m e n t o f t h i s l aw is m a d e f r o m 
c e r t a i n a s s u m p t i o n s ca l l ed L a n g m u i r a s s u m p t i o n s : - T h e n u m b e r 
o f a d s o r p t i o n s i t e s o n t h e s u r f a c e o f t h e so l i d is f i x e d , a n d t h e 
r e c o ve r y of t he t he su r f a ce of t he so l id o c cu r s in a m o n o - m o l e c u l a r 
l aye r . - T h e en t ha l p y of ad so rp t i on is t h e s a m e for e a ch ad so rp t i on 
s i t e . - T h e r e is no s t e r i c h i n d r a n c e f r o m m o l e c u l e s a d s o r b e d on 
t w o n e i g h b o r i n g s i t e s . - A t e q u i l i b r i u m , t h e r a t e o f a d s o r p t i o n is 
e qua l to t h e s p e e d of d e s o r p t i o n . 

T h e L a n g m u i r a d s o r p t i o n i s o t h e r m c an be w r i t t e n a s : 

Q * b * c 
q = (1 + b * c) 

C (mg/ l ) is t he equ i l i b r i um c on c en t r a t i o n ; q is t he a m o u n t a d s o r b e d 
at e qu i l i b r i um , Q a n d b a re t h e L a n g m u i r c o n s t a n t s r e l a t i ng to t he 
a d s o r p t i o n c a p a c i t y and e n e r g y r e s p e c t i v e l y 

T h e L a n g m u i r e q u a t i o n c an be pu t in t h e f o r m : 

C _ 1 C 
~q ~ (Q*b) + Q 

F r e u n d l i c h i s o t h e r m 

Un l i ke L angmu i r , w h o a s s u m e s t ha t t he e n t h a l p y of a b so r p t i o n of f l u ids 
on so l i d s is a c on s t a n t c o n c e r n i n g t he ra te of r e c o v e r y of t h e su r f a ce of 
t h e s o l i d , F r eund l i c h t a k e s a l o g a r i t hm i c v a r i a t i o n of th i s e n t h a l p y a s a 
f unc t i on of t h e ra te of r e c o ve r y . S i n c e t h e r e c o v e r y ra te is p r opo r t i ona l 
to t h e q u a n t i t y o f s u b s t a n c e a d s o r b e d p e r un i t m a s s o f t h e p r o d u c t 
a d s o r b e d , w e h a v e t h e F r eund l i c h r e l a t i o n sh i p : 

q = K *Cn 

K a n d n a re c on s t an t s d e p e n d i n g on t he s y s t e m a n d t he t e m p e r a t u r e . 
W e c an w r i t e t h e f o l l ow i ng r e l a t i o n : 

log(q) = log(K)+nlog(C) 

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

• A c t i v a t e d a l u m i n a ( A I 2 0 3 o r a l u m i n u m ox i d e ) 

I t is o b t a i n e d b y c a l c i n a t i o n a t a t e m p e r a t u r e b e l o w 5 0 0 ° C of 
h y d r a t e d a l u m i n a A I 2 0 3 , 3 H 2 0 , b r o u g h t by t h e a l k a l i n e a t t a c k on 
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bau x i t e . T h e t e c h n i q u e u s ed i m p l e m e n t s t h e p e r c o l a t i o n of w a t e r 
l o a d e d w i t h f l u o r i d e i on s o n a b ed o f a c t i v a t e d a l u m i n a , a l l o w i n g 
t h e s e i on s ' r e t e n t i o n . 

A c t i v a t ed a l um i n a is one of t he ma te r i a l s w i t h t he mos t r e m a r k a b l e 
d e f l u o r i n a t i o n c a p a c i t y . It r e l i a b l y e n s u r e s s pe c i f i c e l i m i n a t i o n of 
t he f l uo r i de ion (> 8 0 % ) w i t h , in add i t i o n , a l m o s t to ta l e l im i na t i on 
o f t h e i r on p r e s e n t in t h e s o l u t i o n . It is p r a c t i c a l l y i n s o l u b l e in 
wa t e r . I ts a f f i n i t y fo r f l u o r i n e is e x ce l l e n t . 

B o t h pH a n d a l k a l i n i t y a r e f a c t o r s t h a t a f f e c t a d s o r p t i o n c a p a c ­
i ty. S a t u r a t e d in f l u o r i d e s , a c t i v a t e d a l u m i n a c an be s u b j e c t e d to 
r e g e n e r a t i o n by a l u m i n a su l f a t e , s o d a , and su l f u r i c a c i d . 

• A c t i v a t e d c a r b o n 

A c t i v a t e d c a r b o n is v e r y a b s o r b e n t ; it h a s t h e p r o p e r t y of h a v i n g 
t h o u s a n d s o f e x t r e m e l y f i n e c a v i t i e s in w h i c h t h e s e pa r t i c l e s w i l l 
b e f i x e d . T o sp l i t t h e m o l e c u l e s in to f i n e r p a r t i c l e s , o n e c a n a l s o 
p r o c e e d by O z o n a t i o n ; Th i s c on s i s t s of s e n d i n g g a s e o u s o z o n e ( in 
t h e o p p o s i t e d i r e c t i o n ) , w h i c h w i l l b r e a k t h e s i z e o f t h e pa r t i c l e s 
e v en into m o r e m i no r e l e m e n t s , t h en t h e g r a i n s of a c t i v a t ed c a r bon 
wi l l r e ta in t he e x c e s s o z one a n d t he sma l l mo l e cu l e s . A t t he ou t l e t 
o f t h i s w a t e r , a s m a l l a m o u n t o f d i s i n f e c t a n t c a n be a d d e d to 
g u a r a n t e e its q ua l i t y to t h e c o n s u m e r . Th i s s a m e p r o c e s s is u s ed 
a t t h e G e n e v a p r o c e s s i n g p lan t . 

T h i s m a t e r i a l g e n e r a l l y l e ad s to g o o d r e su l t s ; r e g e n e r a t i o n t a k e s 
p lace w i th s oda and c a r bon d i ox i de . Howeve r , it h a s l im i t s b e c au se 
it c a nno t be app l i e d in a ba s i c e n v i r o n m e n t a n d t h e r e f o r e r equ i r e s 
v e r y h i gh a c i d i t y , w h i c h m e a n s t h a t it is u s e d v e r y l i t t le . W i t h a 
pH o f 3 , f l u o r i n e c a n be r e d u c e d f r o m 8 to 1 m g / l . H o w e v e r , t h e 
m e t h o d c a n be e x p e n s i v e s i n c e t h e r e is a n e e d f i r s t to l o w e r t h e 
pH and t h e n i n c r e a se it to a v a l u e of 7 fo r c o n s u m p t i o n p u r p o s e s . 

B a u x i t e s h o w e d g o o d d e f l u o r i n a t i o n c apa c i t y . A s t u d y ha s s h o w n 
tha t m o r e t h a n 9 0 % of t he f l uo r ine w a s r e t a i ned for a con ta c t t i m e 
of 4 h ou r s , a pH of 7, a n d an a d s o r b e n t d o s e of 2 5 g / L. 

Howeve r , it s hou l d be no t ed tha t s eve ra l o t he r ma te r i a l s h a ve been 
u s e d a s a n a b s o r b e n t f o r t h e r e m o v a l o f f l u o r i n e . B y a n a l y z i n g 
t h e r e t en t i on r a te s p r e s e n t e d , it c an be c o n c l u d e d t ha t a d s o r p t i o n 
r e p r e s e n t s an e f f e c t i ve m e t h o d fo r t h e d e f l u o r i n a t i o n of wa t e r . 

• C h a r r e d b one s 

For de f l uo r i na t i on , e i t he r p r oduc t ob t a i ned f r o m the bone s of ca t t le 
is u s e d in p r a c t i c e . T h e u s e o f b o n e p o w d e r is m o r e w i d e s p r e a d 
a n d is one of t h e ea r l i e s t m e t h o d s of d e f l u o r i n a t i o n . R e g e n e r a t i o n 
c an be d o n e i nde f i n i t e l y w i t h s o d a . W e c an t h u s u s e : 

N a t u r a l b o n e s : D r i e d a n d c r u s h e d b o n e s h a v e a s i g n i f i c a n t d e ­
f l u o r i n a t i o n c a p a c i t y . H o w e v e r , b a c t e r i o l o g i c a l a n d o r g a n o l e p t i c 
p r o b l e m s m a k e t h i s t e c h n i q u e l e s s a t t r a c t i v e t h a n b o n e c h a r c o a l 
o r s y n t h e t i c c h a r c o a l . 
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A n i m a l b l a c k : I t is a b l a c k g r a n u l a r so l i d o b t a i n e d b y c a l c i n i n g 
ca t t l e bone s . It is bene f i c i a l fo r t h e r e m o v a l of h e a v y m e t a l s s u c h 
a s a l u m i n u m , a r s e n i c , c a d m i u m , c h r o m i u m , i r o n , l e a d , a n d z i n c 
f r o m w a s t e w a t e r . It is a l so e f f e c t i v e fo r t h e e x t r a c t i o n of f l u o r i n e . 
T h e u s e of a n i m a l b l a c k is o n e o f t h e f i r s t m e t h o d s p r o p o s e d fo r 
de f l uo r i na t i on . I n d e e d , it w a s r e cogn i z ed tha t a n ima l b l ack c ha r r ed 
a t 1 1 0 0 - 1 6 0 0 ° C had s u p e r i o r qua l i t i e s to o t h e r u n t r e a t e d b one s . 

S y n t h e t i c bone : S y n t h e t i c bone is a m i x t u r e of t r i c a l c i um pho spha t e 
and h yd r o x y apa t i t e p r odu ced by r eac t i ng pho spho r i c ac id and l ime . 

T h e use of ca l c i ned bone po se s a rea l p r o b l e m be cau se it is d i f f icu l t 
to do on a l a r g e s c a l e . N o t a d d r e s s i n g t h e i s s u e o f s a l i n i t y , t h e 
r e gu l a r s u p p l y of b o n e a l so p o s e s d i f f i cu l t i e s . F o l l ow i ng t h e s a m e 
log i c , t h i s m e t h o d wi l l not sa t i s f y us in s o l v i ng t h e doub l e p r o b l e m 
(sa l t a n d f l uo r i ne ) of t h e s t u d y a r e a . 

F i g u r e 3 .4 : B o n e C h a r c o a l : T h r e e m o s t c o m m o n d o m e s t c un i t s f o r 
s o r p t i o n d e f l u o r a t i o n [ W H O ] 

I i i i i I 

• = 3 
I f r 

1 1 1 1 1 — r 

4. D r u m D. D m i M * B u e k « C. C o l u m n 
F i l t e r 

T h r e e m o s t c o m m o n d o m e s t i c u n i t s f o r s o r p t i o n d e l l u o i i d u t i o n [ W I I O | . 

3.3 Membrane processes 

• R e v e r s e o s m o s i s 

If on o n e s i de of a n o s m o s i s m e m b r a n e , w e h a v e a c o n c e n t r a t e d 
so lu t i on and on t he o the r , pu re wa t e r (o r a d i lu te so lu t i on ) to equa l 
t he c hem i c a l po ten t i a l s due to t he d i f f e rence in c on cen t r a t i o n , w a t e r 
wh i ch a l one can c ro s s t he m e m b r a n e , wi l l p a s s to t he c on c en t r a t e d 
s i d e to d i l u t e th i s s o l u t i o n . T h e r e f o r e , t h e w a t e r l eve l w i l l r i se o n 
t h e f o c u s e d s i d e un t i l t h e c h e m i c a l p o t en t i a l d u e to t h e p r e s s u r e 
d i f f e rence e xa c t l y equa l s t h e c hem i c a l po ten t i a l . On t he o t he r h a n d , 
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if a h y d r o s t a t i c p r e s s u r e e q u a l to t h e o s m o t i c p r e s s u r e is a pp l i e d 
on t he s ide of t h e ful l c o m p a r t m e n t , t he p h e n o m e n o n of o s m o s i s is 
t h u s p r e v e n t e d f r o m o c c u r r i n g . B y de f i n i t i o n , th i s p r e s s u r e is t h e 
o s m o t i c p r e s s u r e of t h e s y s t e m c an be w r i t t e n : 

7r = A C * R*T 

W h e r e 7ris t h e o s m o t i c p r e s s u r e in Pa 
A C : d i f f e r en ce in c o n c e n t r a t i o n s in m o l e s / m 3 
R: idea l g a s c o n s t a n t ( 8 . 3 1 4 ) 
T : t e m p e r a t u r e in Ke l v i n (K) 

If t h i s p r e s s u r e is m o r e s i gn i f i c an t , t h e p h e n o m e n o n of o s m o s i s is 
r e v e r s e d , a n d pu re w a t e r is p a s s ed f r om the c on c en t r a t e d m e d i u m 
to t h e d i l u t ed m e d i u m ; it is r e v e r s e o s m o s i s . T h e r e f o r e , to ob t a i n 
p u r e w a t e r f r o m a s a l i n e s o l u t i o n , it is n e c e s s a r y to e x e r t a b a c k 
p r e s su r e g r ea t e r t h an t he o smo t i c p r e s su r e . E xpe r i e n ce s h o w s tha t 
y o u h a v e to w o r k a t l e a s t 2 b a r s if y o u w a n t to o b t a i n f l ow r a t e s 
e c o n o m i c a l l y . 

A p h e n o m e n o n ca l l ed c on c en t r a t i o n po l a r i z a t i on of t h e m e m b r a n e 
d i s r up t s t h e s m o o t h r u nn i n g of o pe r a t i o n s ; it is l i n ked to t he a c c u ­
mu l a t i on of ions a l ong t he m e m b r a n e , wh i c h in fact l eads to a h i ghe r 
loca l c o n c e n t r a t i o n and t h e r e f o r e r equ i r e s m o r e b a c k p r e s s u r e . 

Th i s p r o c e s s is v e r y e f fec t i ve in r e m o v i n g a l m o s t al l of t he m ine r a l 
sa l t s p r e s en t in t h e s o l u t i on , (no s e l e c t i v i t y b e t w e e n s a l t s ) . 

Th i s t e c h n i q u e is u s ed for : 

• De s a l i n a t i o n of s e a w a t e r ; 

• De s a l i n a t i o n of b r a c k i s h w a t e r ; 

• T h e p r odu c t i o n of u l t r a - p u r e w a t e r ; 
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T h e p r o d u c t i o n of p r o c e s s w a t e r ( w a t e r u s ed in i ndus t r i a l i n s t a l l a ­
t i o n s fo r o p e r a t i o n of a p r o c e s s o r t h e m a n u f a c t u r e of a p r o d u c t ) 
R e v e r s e O s m o s i s m e m b r a n e s a r e a l s o a p p l i c a b l e to c o n t a m i n a n t 
r e m o v a l f o l l ow i ng : 

• Pe s t i c i de s ; 

• R ad i o nu c l i d e s 

• A r s e n i c ; 

• B o r o n ; 

• N i t r a t e s a l o ne ; 

• N i t r i t e s - n i t r a t e s . 

The o smo t i c p r e s su r e P is m o r e impo r t an t as t he c on cen t r a t i on is h igh 
a n d t h e m o l a r m a s s is l ow . No t e : S i n c e R e v e r s e O s m o s i s m e m b r a n e s 
r e t a i n m o s t s a l t s , p o s t - t r e a t m e n t m u s t be p r o v i d e d to a c h i e v e c a l c o -
c a r b on i c b a l a n c e wh i l e r e spe c t i ng t h e pH l im i t s . T h e t r e a t ed w a t e r ha s 
g ood m i c r ob i a l qua l i t y . 

F i gu re 3 . 5 : W a t e r P y r a m i d ® ( W a t e r S y s t e m s 2 0 0 7 ) w i t h a to ta l a r e a of 
6 0 0 m 2 a n d s i t u a t ed u n d e r f a v o u r a b l e t r op i c a l c ond i t i o n s , can p r o d u c e 
up to 1250 l i t res of f r e sh wa t e r a day . T h e p roduc t i on ra te is d e p e n d a n t 
o n s i t e s p e c i f i c f a c t o r s s u c h a s c l i m a t e a n d t e m p e r a t u r e , c l o u d i n e s s 
a n d w i n d a c t i v i t y . D e s a l i n a t i o n is d r i v e n by t h e s u n a n d t h e e n e r g y 
n e eded for p r e s su r i n g t he W a t e r P y r a m i d ® is ob t a i n ed us ing so l a r ce l l s in 
c omb i n a t i o n w i th a ba t t e r y b a c k - u p s y s t e m . I n t e rm i t t en t p e a k d e m a n d s 
in e l e c t r i c i t y , r e l a t ed to e . g . ( b o r eho l e ) p u m p i n g a n d m a i n t e n a n c e , a r e 
c o v e r e d us i ng a s m a l l g e n e r a t o r s y s t e m . 
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F igure 3 .6 : T h e So l a r Dew Co l l e c t o r s y s t e m S o l a r Dew ( So l a r Dew , 2 0 0 7 ) 
d e v e l o p e d a n ew p o r o u s m e m b r a n e to pur i f y w a t e r u s i ng so l a r e n e r g y . 
T h e t e c h n i q u e is s im i l a r to t h e W a t e r P y r a m i d ® . W a t e r s w e a t s t h r o u g h 
t h e m e m b r a n e , e v a p o r a t e s o n t h e m e m b r a n e ' s s u r f a c e a n d i n c r e a s e s 
t h e a i r h u m i d i t y in t h e e v a p o r a t i o n c h a m b e r . 

F i g u r e 3 . 7 : M e m s t i l l ® t e c h n o l o g y T h e N e t h e r l a n d s O r g a n i s a t i o n of 
A p p l i e d S c i e n t i f i c R e s e a r c h ( J a n s e n e t a l . 2 0 0 7 , T N O ) h a s d e v e l o p e d 
a m e m b r a n e - b a s e d d i s t i l l a t i on c o n c e p t w h i c h r a d i c a l l y i m p r o v e s t h e 
e c o n o m y a n d e c o l o g y of e x i s t i n g d e s a l i n a t i o n t e c h n o l o g y fo r s e a w a t e r 
a n d b r a c k i s h w a t e r . T h i s s o - c a l l e d " M e m s t i l l ® t e c h n o l o g y " c o m b i n e s 
mu l t i - s t age f l ash a n d mu l t i - e f f ec t d i s t i l l a t ion m o d e s into one m e m b r a n e 
m o d u l e ( H a n e m a a i j e r e t a l . 2 0 0 6 ) . 

Principle of Memstill-process 

fuel or wss le /s r j l» heal 
T between 5D-100°C 

con* mcffl" 
denser brane 

Source: TNO 
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3.3.1 Electrodialysis 

It is a s e p a r a t i o n t e c h n i q u e t h a t a l l o w s t h e s e l e c t i v e t r a n s f e r o f i ons 
t h r o u g h m e m b r a n e s w i t h s e l e c t i v e p e r m e a b i l i t y u n d e r t h e a c t i o n of a n 
e l e c t r i c f i e l d . T h e o p e r a t i o n a i m s to e x t r a c t t h e s a l t s f r o m a s o l v e n t . 
T h e sa l t s c o n t a i n e d in t h e w a t e r to be t r e a t e d t r a n s f e r r e d , U N D E R t h e 
a c t i o n of t h e e l e c t r i c f i e l d , f r o m t h e d e c o n c e n t r a t i o n c o m p a r t m e n t s to 
t h e c o n c e n t r a t i o n c o m p a r t m e n t s . O n e t h e n o b t a i n s on o n e s i d e a n d 
o v e r - c o n c e n t r a t e d b r i ne a n d t h e o t h e r pu r i f i ed w a t e r . T h i s m e m b r a n e 
t e c h n i q u e w a s t h e f i r s t u s ed ( in t h e 1 9 6 0 s ) ; it is e s p e c i a l l y i n t e r e s t i ng 
for b r a c k i s h w a t e r t r e a t m e n t : in fac t , t he e n e r g y cos t of e l e c t r od i a l y s i s 
is a d i r e c t f u n c t i o n o f t h e q u a n t i t y o f s a l t to be e l i m i n a t e d . T h e a p p l i ­
c a t i o n of e l e c t r o d i a l y s i s to r e m o v e f l u o r i d e s in w a t e r a l l o w s t h e l e ve l s 
to be l o w e r e d to t h e s t a n d a r d s se t . S t i l l , t h e d i s a d v a n t a g e is t h a t t h e 
t r e a t e d w a t e r m u s t be u t t e r l y d e m i n e r a l i z e d b e f o r e t h e f l u o r i d e s c a n 
be r e m o v e d . I n p a r t i c u l a r , n e w g e n e r a t i o n s o f m e m b r a n e s , p a r t i c u ­
la r l y a n i o n i c a n d b i po l a r , h a v e a p p e a r e d on t h e m a r k e t w i t h i m p r o v e d 
c hem i c a l r e s i s t ance . T h e r e a re now t h r ee e l e c t r o - m e m b r a n e t e c hn i que s : 

• s o - c a l l e d c o n v e n t i o n a l e l e c t r od i a l y s i s ( E D ) ; 

• b i po l a r m e m b r a n e e l e c t r od i a l y s i s ( E D M B ) ; 

• m e m b r a n e e l e c t r od i a l y s i s ( E M ) . 
T h e c o m m o n po in t of t h e s e t e c hn i q u e s is i o n - e x c h a n g e m e m b r a n e s , 
m a k i n g it p o s s i b l e to t r a n s f e r i on s s e l e c t i v e l y u n d e r t h e e f f e c t o f 
a n e l e c t r i c f i e l d . 

• B i po l a r m e m b r a n e e l e c t r od i a l y s i s : 

B i p o l a r m e m b r a n e s c o n s i s t o f a s i d e p e r m e a b l e to a n i o n s a n d a 
s i de p e r m e a b l e to ca t i ons . U n d e r t he ef fect of an e lec t r i c f i e l d , t he 
wa t e r p r e sen t at t he hea r t of t he m e m b r a n e is d i s so c i a t ed into H + , 
a n d O H - i on s g e n e r a t e d r e s p e c t i v e l y by t h e c a t i o n i c a n d a n i o n i c 
f a ce s . 

• M e m b r a n e e l e c t r o l y s i s 

M e m b r a n e e l e c t ro l y s i s is t he e l e c t r o - m e m b r a n e t e c hn i q ue in wh i c h 
t h e e f f ec t s of a n e l e c t r od i a l y s i s (m i g r a t i o n of ions t h r o u g h a s e m i ­
p e r m e a b l e m e m b r a n e ) a r e c o u p l e d to t h o s e of e l e c t r o l y s i s ( r e a c ­
t i on s a t t h e e l e c t r o de s ) 

N a n o f i l t ra t ion ( R e v e r s e O s m o s e at l o w p r e s s u r e 

Nano f i l t r a t i on (NF) is a m e m b r a n e t e c h n o l o g y (at low p r e s s u r e ) t h a t is 
v e r y s im i l a r to r e ve r s e o s m o s i s by its m o d e of ope ra t i on and con s t r u c t i on . 
It is m a t u r e t e c h n o l o g y t o d a y . 
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A n a n o f i l t r a t i o n m e m b r a n e m a i n l y r e t a i n s d i v a l e n t i on s a n d l a r ge 
m o l e c u l e s . U n l i k e r e v e r s e o s m o s i s , n a n o f i l t r a t i o n a p p l i e s l o w e r p r e s ­
s u r e , g e n e r a l l y l e s s t h a n 7 b a r s , w h i c h r e d u c e s e n e r g y c o n s u m p t i o n 
c o m p a r e d to a r e v e r s e o s m o s i s p l an t w i t h t h e s a m e p r odu c t i v i t y . It is 
a l s o n e c e s s a r y to c h o o s e n ano f i l t r a t i o n r a t h e r t h a n r e v e r s e o s m o s i s if 
a c e r t a i n h a r d n e s s is m a i n t a i n e d , a s d e m i n e r a l i z a t i o n w o u l d m a k e t h e 
w a t e r a g g r e s s i v e a n d l ead to c o r r o s i on p r o b l e m s in t h e s upp l y n e two r k . 
Nano f i l t r a t i on is r e c o m m e n d e d for b r a c k i s h wa te r . It has been p r o ven to 
be u n d o u b t e d l y c apab l e of e f f ec t i ve l y so l v i ng t h e w a t e r qua l i t y p r o b l e m 
w e f ace . T h e c ha l l e nge t o d a y is to a d ap t it to t h e d r i n k i ng w a t e r s upp l y 
in ru ra l a r e a s . 

F i gu re 3 .8 : R e v e r s e o s m o s i s 

RO walcr 11 Iter lor household Reverse Osmosis Water Filler Diagram 

F i gu re 3 .9 : F i rs t m o b i l e r e v e r s e o s m o s i s un i t e s t a b l i s h ed in S e n e g a l in 
1 9 9 4 , v i l l a g e c a m p o f P a l m a r i n , r e g i o n of M b o u r ( p r e l i m i n a r y s t u d i e s 
c a r r i e d o u t a s p a r t o f a S e n e g a l e s e - J a p a n e s e p r o j e c t , U n i v e r s i t y o f 
D a k a r , EPT, 1 9 9 3 ) . 

Pon t i e e t a l . 2 0 0 6 
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3.4 The distillation methods 

3.4.1 Solar distillation 

A s o l a r s t i l l is a p a s s i v e t e c h n i q u e , r e qu i r i n g l im i t e d m e a n s to d i s t i l l 
sa l t y , b r a c k i s h , or c o n t a m i n a t e d wa t e r ( e . g . , c on t a i ned in t h e g r ound o r 
c o m i n g f r o m a s t r e a m ) u s i n g t h e h e a t o f t h e S u n . I t r e q u i r e s e n e r g y , 
s u ch as hea t ; so l a r r ad i a t i on c an be t h e s ou r c e of e n e r g y . Th i s p r o c e s s 
r e m o v e s i m p u r i t i e s s u c h a s sa l t , h e a v y m e t a l s , a n d m i c r o o r g a n i s m s . 
S o l a r d i s t i l l a t i on is ma i n l y u s ed to ob ta i n sma l l quan t i t i e s of f r e s hwa t e r . 
T h i s m e t h o d m a k e s it p o s s i b l e to s u p p l y f am i l i e s , v i l l a g e s , a n d , e x c e p ­
t i o na l l y , s m a l l t o w n s . A s o l a r e v a p o r a t o r c o n s i s t s of: a t a n k d e s i g n e d 
to c o n t a i n t h e s a l t w a t e r to be e v a p o r a t e d a n d to a b s o r b s o l a r e n e r g y ; 
a g l a s s o r p l a s t i c roof ; c h a n n e l s i n t e n d e d to r e c e i v e t h e f r e s h w a t e r 
p r o d u c e d . 

The ma i n ope r a t i ng cha rac t e r i s t i c s a re t he s a m e for al l so l a r s t i l l s . S o ­
lar r ad i a t i on is t r a n s m i t t e d t h r ough t he p ro te c t i ve g l a s s a n d is a b s o r b e d 
in hea t by a b l a c k s u r f a c e in c on t a c t w i t h t h e w a t e r to be d i s t i l l ed . T h e 
wa t e r is t h u s hea t ed a n d r e l ea se s wa t e r v apo r . T h e v a p o r c o n d e n s e s on 
t h e g l a s s c o v e r ( G a i k w a d e t a l . 2 0 1 2 ) , w h i c h ha s a l owe r t e m p e r a t u r e 
b e c a u s e it is in c o n t a c t w i t h a m b i e n t a i r a n d f l o w s in to a g u t t e r f r o m 
w h e r e it is s en t to a s t o r a g e t ank . 

T h e r ad i an t e n e r g y of low w a v e l e n g t h p a s s e s t h r o u g h t h e g l a s s roo f 
and is ma i n l y a b s o r b e d by t he w a t e r and by t he b o t t o m of t he t ank , to be 
c on ve r t e d into t h e r m a l ene r g y . On t he o t he r h a n d , t he l o n g - w a v e l e n g t h 
r a d i a t i o n e m i t t e d b y t h e w a t e r a n d b y t h e b o t t o m o f t h e t a n k c a n n o t 
p a s s t h r o u g h t h e g l a s s roof . T h e w a t e r t h u s h e a t e d p r o d u c e s w a t e r 
v a p o r ; t h e g l a s s roof , c o o l e d by a i r a n d w i n d , a c t s a s a c o n d e n s e r . In 
s u c h a s t i l l , t h e w a t e r t e m p e r a t u r e r a r e l y e x c e e d s 7 0 ° C. 

3.5 Alternative sources: Water transfer 

W a t e r s u p p l y b r i ng s t o g e t h e r t h e t e c h n i q u e s fo r ge t t i ng w a t e r f r o m its 
s o u r c e t h r o u g h a n e t w o r k o f p i p e s o r a r c h i t e c t u r a l w o r k s to p l a c e s of 
c o n s u m p t i o n . Th i s s y s t e m is ca l l ed w a t e r t r an s f e r . 

3.6 Impluvium 

A n i m p l u v i u m is a s y s t e m for c ap t u r i n g and t r a n s po r t i n g r a i nwa t e r to a 
s t o r a g e l o ca t i on . T h e poss ib i l i t i e s and po ten t i a l fo r r a i n w a t e r co l l e c t i on 
a n d t r e a t m e n t to m e e t d r i n k i n g w a t e r n e e d s c a n be a s s e s s e d f r o m 
a n n u a l ra in fa l l a m o u n t s . E f f ec t o f t h e v o l u m e s o f w a t e r t h a t c a n be 
co l l e c ted (V in m 3 / y e a r ) a re a func t i on of th i s y e a r l y ra infa l l ( Pan in m m ) 
and t h e d e v e l o p e d co l l e c t i on a r e a (S in m 2 ) a c c o r d i n g to t h e f o l l ow i ng 
e x p r e s s i o n : 
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V = Pan * S * 0, 8 

T h e r educ t i on coe f f i c i en t of 0 .8 is u sua l l y a dop t e d to t a k e into a c coun t 
p o s s i b l e w a t e r l o s s e s . T h i s v o l u m e o f w a t e r t h u s c o l l e c t e d m u s t be 
u s e d to m e e t t h e n e e d s f o r d r i n k i n g w a t e r a n d p o s s i b l y to c o o k w a t e r 
t h r o u g h o u t t h e d r y s e a s o n , w h i c h c a n l a s t 8 to m o n t h s . T h e p r i m a r y 
c o n s t r a i n t s t h a t c a n be e x p e r i e n c e d in t h e c o n s t r u c t i o n of r a i n w a t e r 
c o l l e c t i o n a n d t r e a t m e n t s y s t e m s a r e t h e c o l l e c t i o n a r e a , t h e s i z e of 
t he i m p l u v i u m s , and t he s i ze of t he popu l a t i o n t ha t c an be s e r v e d . T h e 
fo l l ow ing t ab l e g i v e s s imu l a t i o n resu l t s of t he v o l u m e of w a t e r co l l e c t ed 
and t h e s i ze of t he peop l e t ha t can be s e r v e d d e p e n d i n g on ra in fa l l a n d 
co l l e c t i on a r e a . 

3.7 Mini hand drilling in shallower water ta­
bles 

M a n u a l d r i l l i ng is no t v e r y we l l d e v e l o p e d o r p o p u l a r i z e d in S e n e g a l . 
T h e s e dr i l l ing t e c hn i q u e s on l y b egan to be d e v e l o p e d in F r e n c h - s p e a k i n g 
A f r i ca at t he end of t he 1980 s , and t h e y h a ve n e v e r been p r o m o t e d on a 
la rge s ca l e . In S e n e g a l , t he m a n u a l dr i l l i ng t e c hn i q ue is r u d i m e n t a r y and 
is on l y p rac t i c ed in s a n d y a r ea s ( l i t ho logy d e vo i d of c l ay and ha rd r o c k s ) . 
It is done w i th an a u g e r by s i n k i ng w i th a s ing le d i ame t e r , a nd t he dep th 
of i n v e s t i g a t i o n d o e s no t e x c e e d 2 0 m e t e r s . T h e t u b i n g u s e d is m a d e 
of PVC , a n d t h e s l i t s of t he f i l t e rs a re m a d e m a n u a l l y a n d w r a p p e d in a 
f ab r i c ( ho l e s w i t h a d i a m e t e r of a b o u t 2 c m on t h e P V C ) . F u r t h e r m o r e , 
t h e s t r a i n e r a r e a is no t g r a v e l e d , a n d t h e s t r u c t u r e s a r e no t g e n e r a l l y 
d e v e l o p e d . It s h o u l d a l s o be no t ed t h a t t h e s e w o r k s a r e no t o f t en t h e 
sub j e c t of c h e m i c a l a n a l y z e s be fo re t he i r s u r r e nde r . R e g a r d i n g m a n u a l 
d r i l l i ng , w h i c h cou l d be ca l l ed m i n i d r i l l i ng h e r e , t h e y a r e on l y f o und in 
N i a y e s , C a s a m a n c e , a n d e x c e p t i o n a l l y in T a m b a c o u n d a ( s e d i m e n t a r y 
z o n e a t t h e l e ve l o f t h e a l l u v i a l s i t e , in t h e l o w l a n d s ) . A l t h o u g h t h e 
w a t e r t a b l e is no t d e e p in s o m e a r e a s , t h e w a t e r t a b l e is o n l y r e a c h e d 
a f t e r h a v i n g p a s s e d t h r o u g h l a y e r s of c l a y s , l a t e r i t e s , l i m e s t o n e s , o r 
m a r l s . T h e s e s h a l l o w b o r e h o l e s a n d no t e x c e e d i n g 2 0 m e t e r s c a p t u r e 
t h e w a t e r t a b l e . It s h o u l d be n o t e d t h a t no l i t h o s t r a t i g r a p h i c d a t a is 
a va i l a b l e fo r t h e s e w o r k s , m o s t o f ten c a r r i ed ou t w i t h ou t a u t h o r i z a t i o n , 
a n d c o n s e q u e n t l y , no d a t a s h e e t is a v a i l a b l e a t t h e l eve l o f t h e W a t e r 
R e s o u r c e s M a n a g e m e n t a n d P l ann i ng D e p a r t m e n t ( D G P R E ) . 
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F igure 3 . 10 : S t r a t i f i ed c o l u m n of b r i ck ch i p s , pebb l e s and co conu t she l l s 
a s u s ed in S r i L a n k a . 

F i gu re 3 . 1 1 : A c t i v a t e d a l u m i n a 

column filter household filler 

F i gu re 3 . 1 2 : I on e x c h a n g e 

(jolL ir i in f i l l e r 
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3.8 The simpler and more recent methods 
or devices for small installations 

I n t ended a b o v e al l to t r y to so l ve t he p r o b l e m s of s i tes o r r eg i ons w h e r e 
it is impos s i b l e , no r f i nanc ia l l y f eas ib l e , to bu i ld l a rge i n s ta l l a t i ons , sma l l 
i n n o v a t i v e c o m p a n i e s a r e c u r r e n t l y d e v e l o p i n g t h e s e t e c h n i q u e s . T h e y 
a r e e x p e c t e d to c r e a t e a n d o p e n up e x c i t i n g p r o s p e c t s , e s p e c i a l l y in 
pa r t s of d e v e l o p i n g c oun t r i e s . 

T h u s , t h e r e c e n t a n d i n g e n i o u s c o m p a n y T M W ( W a t e r a n d H e a t 
T e c h n o l o g i e s , Pa r i s ) h a s j u s t d e v e l o p e d a s i m p l e r a n d l e s s e x p e n s i v e 
p ro ce s s for t he desa l i na t i on of s e a w a t e r o r b r a ck i sh wa t e r , " the Aquas t i l l , 
mob i l e un i t of one p iece and a l l - t e r ra in for i so l a ted s i tes w h o s e p r inc ip le 
is b a s e d n e i t h e r o n r e v e r s e o s m o s i s n o r o n d i s t i l l a t i o n , bu t o n t h e 
c o n d e n s a t i o n o f w a t e r v a p o r , w h i c h r e q u i r e s m u c h l e s s e n e r g y t h a n 
d i s t i l l a t i on . 
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Chapter 4 

Materials and Methods 

In t h e p r e v i o u s c h a p t e r , a r e v i e w of u p - t o - d a t e e x i s t i n g d e f l u o r i n a t i o n 
t e c h n o l o g i e s w e r e d i s c u s s e d . Th i s c h a p t e r is s u b d i v i d e d into t w o pa r t s : 
T h e da t a a cqu i s i t i o n and t h e da t a p r o c e s s i n g . 

4.1 Data collection 

T h e da t a acqu i s i t i on i n c l ude t he cho i ce of t he s t ud y a r e a , t h e f ie ld w o r k 
and t h e w a t e r s a m p l e s c o l l e c t i on . 

4.1.1 Choice of the study area 

S e n e g a l r e s i d e n t s w e r e a s k e d in a r e c e n t s t u d y a b o u t t h e q u a l i t y o f 
t h e i r d r i n k i n g w a t e r . S e v e n (7) v a r i o u s P h y s i c o - c h e m i c a l t e s t s w e r e 
c a r r i e d ou t o n w a t e r d r a w n f r o m 1 7 8 h o u s e h o l d s in T h i e s (a r e g i o n in 
S e n e g a l i n c l ud i ng ou r s t u d y a r e a ) . M e a s u r e d e l e m e n t s i n c l uded t he p H , 
conduc t i v i t y , t e m p e r a t u r e , t u rb i d i t y , f ree res idua l ch l o r i ne , n i t r a te s , and 
f l uo r i ne . O f t he 178 s u r v e y e d , t h e r e a re a p p r o x i m a t e l y 101 h ou s eho l d s 
in rura l a r e a s : 31 in t he d e p a r t m e n t of T i v a o u a n e , 78 in t he d e p a r t m e n t 
of Th i e s , a n d 6 9 in t h e d e p a r t m e n t of Mbou r . 

D a t a o b t a i n e d in t h i s r e g i o n a t 1 0 1 h o u s e h o l d s s u r v e y e d in r u ra l 
a r e a s w a s as f o l l ows : 

• p H : T h e r e w a s f ound to be a l m o s t c o m p l e t e c o n f o r m i t y w i t h W H O 
g u i d e l i n e s w i t h 9 5 % of t h e w a t e r c h e c k e d , w i t h t h e a v e r a g e pH 
v a l u e be i ng 7 .0 and t h e W H O goa l be ing (6 .5 - 8 . 5 ) . 

• C o n d u c t i v i t y : A r o u n d 9 9 % of t h e w a t e r is m i n e r a l i z e d , a n d o n e 
h o m e uses h igh l y w a t e r - c h a r g e d wa t e r , w i t h a c onduc t i v i t y of 2 , 194 
u S / c m 

• T e m p e r a t u r e : 9 0 % of d r i n k i n g w a t e r f r o m h o u s e h o l d s e x a m i n e d 
ha s a t e m p e r a t u r e a b o v e 25 ° C. 
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• T u r b i d i t y : T h e t u r b i d i t y of t h e w a t e r c o n s u m e d is l ess t h a n 5 N T U 
e q u i v a l e n t to c l e a r w a t e r fo r 9 1 % ; t h e s o u r c e is o f t en t h e s u p p l y 
n e t w o r k f r o m ru ra l b o r eho l e s . 

• R e s i d u a l c h l o r i n e : 7 7 . 2 3 % of h o u s e h o l d s e i t h e r d o n ' t g e t t h e i r 
w a t e r f i l t e r ed o r u s e w a t e r w i t h a r e s i d ua l c h l o r i n e a m o u n t o v e r 
t h e W H O l im i t of 2 m g / L . 

• N i t r a t e s : D r i n k i n g w a t e r c o n t a i n s n i t r a t e s v a r y i n g f r o m 0 .5 to 10 
m g / L for 5 3 . 4 6 % of h ou s eho l d s a n d n i t r a tes a re m i s s i ng for 4 6 . 5 3 % 
of h o u s e h o l d s . 

• F luo r i ne : F luo r ide is f ound in t he h ou s eho l d wa t e r d r u n k by 6 4 . 3 5 % , 
but w i t h a m o u n t s h i ghe r t h a n o r c o m p a r a b l e to W H O 1.5 m g / L a t 
1 2 . 8 7 % . 

T h e d r i n k i ng w a t e r a n a l y z e d in t he Th i e s reg ion r e vea l ed t he p r e s en ce 
of f l u o r i n e a t c o n c e n t r a t i o n s e x c e e d i n g ( f i gu re 4 . 1 ) t h e W H O s t a n d a r d 
in pa r t of t h e M b o u r d e p a r t m e n t in t h e h o u s e h o l d s s u r v e y e d ; h o w e v e r , 
t h e d i s i n f e c t i o n d e v i c e m u s t be r e i n f o r c e d ; n i t r a t e s a r e p r e s e n t in t h e 
wa t e r of t he h ou s eho l d s s u r v e y e d , but at l eve l s not e x c e ed i n g t he W H O 
s t a n d a r d . 

F i gu re 4 . 1 : F l uo r i de c o n t e n t of t h e M a a s t r i c h i a n w a t e r t a b l e m e a s u r e d 
at r e c ep t i o n in m g / L . 

Etat des connaissances de I'aquifere 

T e n e u r s e n f l u o r d e l a n a p p e d u M a a s t r i c h t i e n 
m e s u r é e s ä l a r e c e p t i o n e n m g / l + 

27 24 

14 

1 7 41 22 

32 
31 

35™ 
29 

Chef lieu de departement 
Limite de departement 

Teneurs en fluor en mg/l 
<0.1 - 1.5 - inférieur ä la norme de potabilité £ 

• J 1.5 - 2.5 = Supérieur á la norme de potabilité 
2.5-7.5 = Supérieur á la norme de potabilité 

18 

33 

9 

1-700 000 
o » m 

! 

Source: DGPRE 

F i g u r e 4 . 1 s h o w s t h e d i s t r i b u t i o n o f f l u o r i d e c o n c e n t r a t i o n s in t h e 
M a a s t r i c h i a n w a t e r t a b l e ( S e n e g a l ) , a s m e a s u r e d a t t h e s i t e of r e ce i p t 
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in m i l l i g r a m s p e r l i te r o f w a t e r . T h e y e l l o w d o t s i n d i c a t e t h e c o u n t y ' s 
(d i s t r i c t ' s o r reg ion ' s ) h e a d , w i th a n u m b e r on t op of e a ch dot i nd i ca t i ng 
t h e c o u n t y n a m e . It is d e t e r m i n e d b y a c o l o r g r a d i e n t , w i t h l i gh t b l ue 
a r e a s r e p r e s e n t i n g f l uo r c o n c e n t r a t i o n s b e t w e e n 0.1 a n d 1.5 m g / L a n d 
t h u s b e l o w t h e W o r l d H e a l t h O r g a n i z a t i o n ( W H O ) l im i t s , l i gh t b r o w n 
a r ea s r ep r e s en t i ng f luo r c on t en t e x c e ed i n g t he W H O l im i t s but in a r ange 
b e t w e e n 1.5 a n d 2 .5 m g / L , a n d d a r k b r o w n a r e a s r e p r e s e n t i n g f l u o r 
c o n t e n t e x c e e d i n g t h e W H O l im i t s bu t in a r a n g e b e t w e e n 2.5 a n d 7 .5 
m g / L . A n e x a m i n a t i o n of t h e m a p r e v e a l s t h a t t h e w e s t e r n ha l f of t h e 
c o u n t r y is m o r e e x p o s e d to h i g h f l u o r i n e c o n c e n t r a t i o n s . In c o n t r a s t , 
t he c en t e r and we s t e r n pa r t s of t he c oun t r y h a ve f l uo r ine c on cen t r a t i o n s 
sa fe for d r i n k i ng w a t e r use . Ou r r e s ea r ch reg ion is in t he w e s t e r n po r t i on 
of t h e n a t i o n , w h e r e t h e so i l is b e t w e e n b l u e a n d l i gh t b r o w n , l e ad i ng 
us to b e l i e v e t h a t t h e w a t e r c o l l e c t ed a n d d i s t r i b u t e d in th i s a r e a m a y 
h a v e f l uo r i ne c o n c e n t r a t i o n s t h a t e x c e e d t h e p e rm i t t e d l im i t . 

4.2 Identification of the source of pollution 

T h e m a p p i n g of t h e f l uo r i ne c on t en t of t h e w a t e r s of t h e S e n e g a l ba s i n 
i n d i c a t e s t h a t t h e h i gh v a l u e s a r e l o ca t ed in t h e a r e a s w h e r e t h e p r e s ­
e n c e of p h o s p h a t e d e p o s i t s is o b s e r v e d and in t h e a r e a s of r e c o g n i z e d 
d e p o s i t s . T h e p h y s i c o c h e m i c a l c h a r a c t e r i s t i c s c l o s e to p h o s p h a t e so i l s 
a n d f l u o r i n a t e d so i l s e x p l a i n t h e e x i s t e n c e o f f l u o r i n e w h e r e t h e r e is 
p h o s p h a t e . S i n c e c a l c i u m f l u o r i d e h a s p r o p e r t i e s s i m i l a r to c a l c i u m 
p h o s p h a t e , t h e y a re gene r a l l y f ound a s s o c i a t ed in na t u r e in t h e f o r m of 
f l u o r o apa t i t e . 

F l uo ros i s p r o b l e m s a re o f ten o b s e r v e d in p h o s p h a t e - p r o d u c i n g c o u n ­
t r i e s (Tun i s i a , Mo ro c co , A l g e r i a , S e n e g a l ) , ma i n l y due to d r i n k i ng wa te r . 
T h e w a t e r s r i ches t in f l uo r i de a re o f ten s l i gh t l y sa l t y ; it is not n e c e s s a r y 
to d e f l u o r i n a t e al l d o m e s t i c w a t e r , bu t on l y d r i n k i n g wa t e r . 

4.2.1 Field work 

T h e F i e l dwo r k i n c l udes t h e p rac t i ca l t r a i n i ng t h a t c on s i s t e d of s p e n d i n g 
a m o n t h a t O F O R , t h e d e d i c a t e d N a t i o n a l o f f i ce in D a k a r , to m a n a g e 
w a t e r r e s o u r c e s in t h e ru ra l a r e a and co l l e c t t h e w a t e r s a m p l e . 

P r a c t i c a l t r a i n i n g 

T h i s c h o i c e o f t h e t h e s i s t o p i c w a s m o t i v a t e d b y a p r e v i o u s p e r s o n a l 
e x pe r i e n c e w h e n wo r k i n g at t he of f ice a s an agen t con t ro l l i ng t h e w a t e r 
o p e r a t i o n s p e r f o r m e d by t h e d e l e g a t e d c o m p a n i e s . I w a s c h a r g e d w i th 
r e v i ew i ng t he m o n t h l y s eme s t r i a l . A n n u a l r epo r t s p r e s en t ed to t he off ice 
by t h e D S P ( D e l e g a t e d Pub l i c S e r v i c e , c h e c k i n g t h e w a t e r p r o d u c t i o n 
( a m o u n t o f w a t e r d r i l l e d ) , t h e a m o u n t d i s t r i b u t e d ( t h a t a r r i v e d a t t h e 
f ina l c u s t o m e r ' s h o m e ) , t he w a t e r loss ( a m o u n t of wa t e r lost du r i ng t he 
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w a t e r t r a n s f e r f r o m t h e s o u r c e to t h e h o u s e h o l d ) a n d a b o v e al l bu t al l 
t h e qua l i t y of t h e w a t e r t h e a r r i v e a t h o m e . 

T h e que s t i on of wa t e r qua l i t y w a s in t h e d eba t e s du r i ng al l t he pe r i ods 
I w o r k e d fo r t h e c o m p a n y . T h u s , it w a s a na t u r a l r e f l ex a f t e r c h o o s i n g 
t he t op i c to r e tu rn to m y h o m e c o m p a n y to co l lec t da ta su ch as ( r epo r t s , 
mon t h l y , y ea r l y , l abs a na l y s e s , and s eve r a l p r o g r a m s r epo r t s a n d wa t e r 
s a m p l e s t h a t w o u l d a l l ow m e to do m y r e s e a r c h . 

F i r s t , c o m p a r e l a b o r a t o r y a n a l y s i s f r o m r e p o r t s a n d t h o s e t h a t I 
i n t ended to p e r f o r m in P r a g u e f r o m w a t e r s a m p l e s t h u s c o l l e c t ed . 

T h e r e su l t f r o m t ha t c o m p a r a t i v e s t u d y w o u l d c o n f i r m o r i n f i rm t h e 
po ten t i a l c h e m i c a l c o n t a m i n a t i o n of t h e w a t e r , p a r t i c u l a r l y t h e F luor . 

• T h e G e n e r a l o b j e c t i v e of t h e P rac t i c a l T r a i n i n g w a s : 

• Co l l e c t d a t a f r o m r epo r t s and co l l e c t w a t e r s a m p l e s 

• T h e Spe c i f i c o b j e c t i v e s w a s : 

• To r ev i ew all r epo r t s (mon t h l y , y e a r l y , a nd l abo r a t o r y ana l y s i s ) 
f r o m N D P n e t w o r k m a n a g e r s , 

• To d i s cu s s , l ea rn f r om the Of f ice des Fo r ages R u r a u x m a n a g e r s , 

• Co l l e c t as m u c h as pos s i b l e da t a r e l a t ed to t h e r e s e a r c h q u e s ­
t i on 

• Pe r f o rm a m i s s i on o rde r to t he s ou r ce a n d co l l ec t w a t e r s a m p l e s 

T h e r e su l t f r o m t ha t c o m p a r a t i v e s t u d y w o u l d c o n f i r m o r i n f i rm t h e 
po ten t i a l c h e m i c a l c o n t a m i n a t i o n of t h e w a t e r pa r t i c u l a r l y t h e F luor . 

• Re su l t s : A t t h e end of t h e i n t e r n sh i p : 

• A l l r e po r t s ( m o n t h l y , a n n u a l l y , l a b o r a t o r y a n a l y s i s , ) w e r e r e ­
v i e w e d , 

• T h e d i s c u s s i o n w i t h O F O R m a n a g e r s w e r e pos s i b l e , 

• D a t a f r o m r e p o r t s a n d o t h e r s o u r c e s l i n ked to t h e r e s e a r c h 
q u e s t i o n w e r e c o l l e c t ed , 

• T h e m i s s i o n and w a t e r s a m p l e s co l l e c t i on w e r e r e a l i z ed . 
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F i gu r e 4 . 2 : S t u d e n t , I n g . D o u d o u BA , v i s i t i n g t h e o f f i ce of O F O R a n d 
p r e sen t i ng h is r e s ea r ch s t udy abou t Mesh op t im i z a t i o n u s i ng s ing le r ing 
in f i l t r a t i on to t h e ch ie f o f f i ce r of O F O R , Mr. S e y n i Ndao 

F i gu re 4 . 3 : Mode l of w a t e r s u p p l y of O F O R to t h e ru ra l a r e a . 
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4.3 Mission order: Collection of Water Sam­
ples 

A c ruc ia l par t of ou r i n t e rnsh i p w a s co l l e c t i ng wa t e r s a m p l e s for c oun t e r 
e x p e r t i s e a n a l y s i s a f t e r r e v i e w i n g al l a v a i l a b l e r e s o u r c e s of t h e O f f i ce s 
d e s F o r a g e s R u r a u x ( O F O R ) , s u c h as d o c u m e n t a t i o n , m o n t h l y r epo r t s , 
a nd l a b o r a t o r y a n a l y s e s . . . T h e w a t e r s a m p l e co l l e c t i on w a s a u t h o r i z e d 
by t h e C h i e f O f f i c e r o f O F O R , m i s t e r S e y n i N d a o t h r o u g h a m i s s i o n 
o r d e r to t a s s e t t e w h e r e t h e b o r eho l e s a re be i ng o p e r a t e d . T h e m i s s i o n 
c o n f i r m e d , a c o m p a n y ca r , a c o m p a n y d r i v e r , t h e t e c h n i c i a n o p e r a t i n g 
in t h e s i t e s w e r e put at m y d i s po sa l a c c o m p a n i e d by an of f ic ia l m i s s i o n 
o rde r le t te r t ha t w e p r e s en t ed to t he au tho r i t y of t he loca l i ty . T h e D a k a r 
- T a s s e t t e t r ip t o o k a r o u n d 2 h ou r s a n d a hal f , i n c l ud i ng t h e s top by w e 
d id a t t h e m a n a g i n g o f f i ce o f t h e T a s s e t t e w a t e r s , a c o m p a n y n a m e d 
S E O H , to m e e t t he M a n a g i n g D i rec t i ng and s o m e t e chn i c i a n s and f o r m e r 
co l l e agues . W h e n w e f ina l l y a r r i v ed at T a s s e t t e , t he ope r a t i ng t e chn i c i an 
w a s a l r e a d y wa i t i n g fo r u s ; w e t h e n w e n t to e a c h b o r e ho l e ( f o r age ) to 
co l lec t t he w a t e r d i r ec t l y f r o m the s ou r c e . T h e dr i l l i ng ( bo r eho l e s ) w e r e 
l o ca ted in d i s t an t p l a ces . W e w e r e ab l e to co l l ec t w a t e r f r o m F2 , F3 , F4 
? ? d r i l l i ng a n d f r o m a r e se r vo i r . T h e bo r eho l e F l is e l im i n a t e d and ou t 
of o r de r . 

F i gu re 4 . 4 : D a k a r - T a s s e t t e - D a k a r t r ip 
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F i g u r e 4 . 5 : G e o g r a p h i c c o o r d i n a t e s a n d t e c h n i c a l c h a r a c t e r i s t i c s o f 
bo r eho l e s 

FORAGE F1 
• Situation administrative Coordonnees geographiques 1 

Region: THIES X = 16"5V58" | 
Arrondissement I NOTTO u-1A"U'?<l" 
Com.Rurale: TASSETTE J - , , , • , , " 
Caracteristiques techniques Caracteristiques chimiques de i'eau 
Profondeur d'investigation: = 117,5m Residu sec. = 536 mjl 

' Niveau statique: = 25,32 m pH: = 7.5 
Debit de longue duree = 120 mjh Aquifere capte = Pa\eocene 
" ' • . Ii -I Rabattement 
Debit specifique 
Transmissivite: 

21m 
5,71 nflhlm 
10m!ls, 

administrative Cotvdadbvttt fMfraphiques 
THIES X = 16' 51» 36" 

ale; TASSETTE ' 

questecnniques Caracteristtques cinmques de I'eau 
investigation: • 101,5m Residu sec: = 614 mgll 

1 . 
R A G E F 2 * 1 

1 CwrdoftMes 9 M t n P H a M 1 

1 UltKin 
THIES X : 16'51'51" 1 

1 Com. Rurak: 
f ü r i c t t a B B M l e e H e M 

1 rriliaiwcinvfji.gation | = 110 m Residu sec;: 536 mjl 
1 Wurat i;a'.u«f 1 - 25,90 m pH: =7.5 
iDeatoVlenjeeduret 260 A Aqurfere capte • raleocei* 
1 ftiDattesitat 

» 

F igure 4 . 6 : T a s s e t t e , a v i l l age in Th i e s w h e r e wa t e r s a m p l e s a re co l l e c ted 
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4.4 Laboratory Analysis performed at Bam-
bey University 

A ce r t a i n n u m b e r of g ene r a l p a r a m e t e r s a re u s ed to c ha r a c t e r i z e w a t e r 
i n t ended for h u m a n c o n s u m p t i o n o r i ndus t r i a l u se s , pa r t i cu l a r l y h a r dne s s , 
a l ka l i n i t y , sa l i n i t y , f l uo r i de , t u rb i d i t y , e tc . T h e d r i n k i ng w a t e r m u s t a l so 
c o m p l y w i t h t h e r e gu l a t i o n s in f o r ce in t h e c o u n t r y . 
In t h e qua l i t y of t h e w a t e r , s e v e r a l p a r a m e t e r s c an be d i s t i n gu i s h ed a t 
t h e s a m e t i m e , g r o u p e d into f i ve (5) c a t e go r i e s : 

• O r g a n o l e p t i c p a r a m e t e r s 

• P h y s i c o c h e m i c a l p a r a m e t e r s 

• P a r a m e t e r s fo r u n w a n t e d s u b s t a n c e s 

• P a r a m e t e r s fo r t o x i c s u b s t a n c e s 

• M i c r ob i o l og i c a l p a r a m e t e r s ( feca l c o l i f o rms ) 

Al l of t he e l e m e n t s t ha t c ha r a c t e r i z e w a t e r ne ce s sa r i l y be l ong to one 
of t h e c a t e go r i e s be l ow . 

T h e w a t e r s a m p l e s a r e c o l l e c t e d o n J u n e 0 6 2 0 1 8 , b e t w e e n 0 7 h 0 5 
a m a n d l l h 2 5 m n , a n d t h e l a b o r a t o r y a n a l y s e s w e r e p e r f o r m e d t h e 
nex t day . W a t e r s a m p l e s w e r e co l l e c ted f r o m d i f fe rent s i tes of t he NDP , 
i n c l ud i ng f r o m d i r e c t l y t h e s o u r c e , t h e b o r e h o l e s ( F o r a g e s F2 , F 3 , F 4 ) , 
a nd t h e t w o r e s e r v o i r s a n d s o m e pa r t i c u l a r po i n t s of t h e N D P n e t w o r k 
T a s s e t t e , S a n d a r a S e r e r e , N d i o s m o n e cen te r , Nd i ad i ene , and Ta t agu i n e . 

PH d e t e r m i n a t i o n 

T h e pH m e a s u r e s t h e c o n c e n t r a t i o n of H + ions . Pu r e n a t u r a l w a t e r is 
n e u t r a l , t h a t is to s a y , a t a pH e q u a l to 7. T h e pH of w a t e r r e p r e s e n t s 
its a c i d i t y o r i ts a l k a l i n i t y ; it v a r i e s b e t w e e n 0 - 1 4 a n d is a n e s s e n ­
t ia l i n d i c a t o r o f t h e q u a l i t y o f w a t e r . T h i s p a r a m e t e r c o n d i t i o n s m a n y 
ph y s i c o c hem i c a l b a l an ce s b e t w e e n wa t e r , d i s s o l v ed c a r bon d i ox i de , ca r ­
b o n a t e s , a n d b i c a r b o n a t e s , w h i c h c o n s t i t u t e bu f f e r ed s o l u t i o n s t h a t 
c o n f e r f a v o r a b l e d e v e l o p m e n t o n a q u a t i c l i fe. I t d e p e n d s o n m u l t i p l e 
f a c t o r s , i n c l u d i n g t h e o r i g i n o f t h e w a t e r , t h e so i l ' s g e o l o g i c a l n a t u r e , 
a n d t h e w a t e r s h e d . L i v i ng o r g a n i s m s a r e s u s c e p t i b l e to e v e n l im i t e d 
a b r u p t v a r i a t i o n s . It is a p h y s i c o c h e m i c a l p a r a m e t e r t h a t i n f l u e n c e s 
t h e i on i c b a l a n c e o f o t h e r e l e m e n t s b y i n c r e a s i n g o r d e c r e a s i n g t h e i r 
t o x i c i t y . PH b e l o w s e v e n c a n c a u s e s e v e r e c o r r o s i o n o f m e t a l p i p i n g . 
H igh c o n c e n t r a t i o n s of c e r t a i n c h e m i c a l s , s u c h as l e ad , c a n resu l t f r o m 
t h e c o r r o s i o n of c e r t a i n t y p e s o f p i p e s , a n d c o r r o s i o n i n c r e a s e s w i t h 
d e c r e a s i n g p H . W h e n t he pH is a b o v e 8 . 0 , t h e e f f i c i ency of t h e ch l o r i de 
d i s i n f e c t i on p r o c e s s d e c r e a s e s . 
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D e t e r m i n a t i o n o f C o n d u c t i v i t y 

E lec t r i ca l c ondu c t i v i t y re f l ec t s t he ab i l i t y of an a q u e o u s so l u t i on to c o n ­
d u c t e l e c t r i c c u r r e n t . T h e e l e c t r i c a l c o n d u c t i v i t y i n d i c a t e s t h e o v e r a l l 
m i n e r a l i z a t i o n o f t h i s w a t e r . S a l t m o l e c u l e s d i s s o c i a t e in to i on pa i r s 
w h e n t h e y c o m e in to s o l u t i o n in w a t e r . T h e s e pa i r s o f i on s c a r r y e l e c ­
t r i ca l c h a r g e s a n d t h e r e f o r e a l l o w c u r r e n t to f l ow t h r o u g h w a t e r . T h e 
m o r e m ine r a l i z ed t he wa t e r , t he m o r e ions t h e r e a re , and c on sequen t l y , 
t h e h i g h e r t h e c o n d u c t i v i t y w i l l be . T h i s m e a s u r e m e n t d o e s no t d e t e r ­
m i n e t h e i on s r e s p o n s i b l e f o r t h e c o n d u c t i v i t y bu t r a t h e r t h e o v e r a l l 
c on s t i t u en t s d i s s o l v ed in t he wa t e r . Gene r a l l y , c a l c i um and m a g n e s i u m 
c o n t r i b u t e t h e m o s t to c o n d u c t i v i t y . T h i s is a p r o p e r t y t h a t i n c r e a s e s 
w i th t e m p e r a t u r e hence t he i m p o r t a n c e of do i ng t e s t s at f i xed t i m e s and 
in t h e f i e l d . T h e c o m m o n l y u s ed un i t o f m e a s u r e m e n t is S i e m e n s (S / 
c m ) o f t e n e x p r e s s e d in m i c r o S i e m e n s / c m ( u s / c m ) o r m i l l i s i e m e n s 
( m S / c m ) . 

T h e c o l o u r 

T h e c o l o r i n g of d r i n k i n g w a t e r c a n be d u e to c o l o r e d o r g a n i c m a t t e r 
( e s p e c i a l l y h u m i c s u b s t a n c e s ) , m e t a l s s u c h a s i r on o r m a n g a n e s e , o r 
v e r y c o l o r e d i ndu s t r i a l w a s t e . U s e r s m a y be t e m p t e d to t u r n to o t h e r , 
p e r h a p s u n s a n i t a r y , s o u r c e s w h e n p r o v i d e d w i t h w a t e r so c o l o r e d a s 
ae s the t i c a l l y unp l e a san t . It is t he r e f o r e des i r ab l e t ha t t he d r i n k i ng w a t e r 
be c o l o r l e s s . T h e i r c o l o r s v a r y f r o m b a r e l y n o t i c e a b l e s t r a w y e l l o w to 
r e d d i s h - b r o w n , d e p e n d i n g on t h e n a t u r e a n d c o n c e n t r a t i o n of c o l o r i ng 
m a t t e r . T h e s e m a t e r i a l s a r e m o s t o f t en of n a t u r a l o r i g i n o r c o m e f r o m 
t h e d e g r a d a t i o n o f p l a n t m a t e r i a l s : w o o d , l i g n i n , b a r k , t a n n i n . T h e 
d e g r e e o f t h e c o l o r o f w a t e r d e p e n d s no t o n l y o n t h e c o n c e n t r a t i o n 
o f c o l o r i n g m a t t e r s bu t a l s o o n t h e pH a n d t h e c o n d u c t i v i t y . C o l o r i n g 
s u b s t a n c e s o f t en h a v e a w e a k ac i d i c c h a r a c t e r , a nd a t h i ghe r p H , t he i r 
d i s soc i a t i on is a c c o m p a n i e d by co l o r v a r i a t i o n s ( the co l o r un i t l m g / L of 
p l a t i n u m or e v e n p l a t i n o - c oba l t o r a c t ua l u C V co l o r un i t . 

T u r b i d i t y 

T h e two m o s t i m p o r t a n t p r ope r t i e s of n a t u r a l w a t e r s a r e co l o r a n d t u r ­
b i d i t y . T u r b i d i t y is a n e v e n m o r e s u b j e c t i v e n o t i o n t h a n co l o r ; it is 
de f i ned as t he r e ve r s e of c la r i t y o r t r a n s p a r e n c y . Tu rb i d w a t e r is, t h e r e ­
f o r e , m o r e o r l e s s c l o u d y . H i g h t u r b i d i t y c a n p r o t e c t m i c r o o r g a n i s m s 
f r o m t h e e f fec ts of d i s i n fec t i on a n d s t imu l a t e t h e g r ow t h of b a c t e r i a . In 
d e e p w a t e r , t u r b i d i t y p r e v e n t s t h e p r o p a g a t i o n o f l i gh t , t h e d e c r e a s e 
in i n t ens i t y l im i t i ng a n d e v e n e l im i n a t i n g p l an t s . In al l c a s e s w h e r e t h e 
wa t e r is s ub j e c t ed to d i s i n f e c t i on , t he t u rb i d i t y m u s t t he r e f o r e be be low 
(p r e f e r ab l y 1 NTU) for th i s d i s i n f e c t i on to be e f fec t i ve . D e t e r m i n i n g t he 
t u r b i d i t y is to m e a s u r e a n op t i c a l p r o p e r t y of t h e w a t e r r e su l t i ng f r o m 
t h e d i s p e r s i o n a n d t h e a b s o r p t i o n of l ight by t h e pa r t i c l e s p r e s en t . 
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A m m o n i u m 

A m m o n i u m in w a t e r u sua l l y re f l ec t s an i n c omp l e t e d eg r ada t i o n p r o c e s s 
of o r gan i c ma t t e r . A m m o n i u m c o m e s f r om the reac t i on of i r on - con t a i n i ng 
m i n e r a l s w i t h n i t r a t e s . It is, t h e r e f o r e , a n e x c e l l e n t i n d i c a t o r o f w a t e r 
po l l u t i o n b y o r g a n i c d i s c h a r g e s of a g r i c u l t u r a l , d o m e s t i c , o r i n du s t r i a l 
o r i g i n . A m m o n i u m is m o s t c o m m o n l y f o u n d in t h e f o r m of a m m o n i u m 
ch l o r i d e . T h i s s u b s t a n c e is no t d a n g e r o u s f o r h e a l t h . N e v e r t h e l e s s , 
i ts i n h a l a t i o n m a y c a u s e c o u g h i n g , c o n t a c t w i t h t h e s k i n o r t h e e y e s , 
r e d n e s s , i n g e s t i o n , n a u s e a , s o r e t h r o a t , v o m i t i n g . R e g a r d i n g t h e e n v i ­
r o n m e n t , a m m o n i u m i t se l f is no t v e r y t o x i c . S t i l l , it c a n c a u s e s e v e r a l 
p r o b l e m s s u ch as co r r o s i on of p i pes , bac te r i a l r e v i v i s c en ce ins ide t h e m , 
a d e c r e a s e in t h e e f f i c i e n c y of t h e t r e a t m e n t w i t h c h l o r i n e , a n d t h e 
d e v e l o p m e n t of m i c r o o r g a n i s m s r e s pon s i b l e for u n p l e a s a n t f l a vo r s a n d 
odo r s . In t h e na tu ra l e n v i r o n m e n t , on p l an t s , th i s l eads to an imba l a n c e 
in t he i r d ie t and i n c r ea se s the i r f rag i l i t y v i s - a - v i s o t he r s e c o n d a r y s t r e s s 
f a c t o r s . D e p e n d i n g o n t h e p h y s i c 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 t h e so i l 
a nd wa t e r , th i s can l ead e i t he r to n i t r ogen e n r i c h m e n t o r to ac id i f i ca t ion 
w i t h t h e d i s a p p e a r a n c e of f a u n a and f lo ra in e x t r e m e c a s e s . 

N i t r a t e s 

T h e y a re f o und in na tu ra l w a t e r s s i nce t h e y a re t he t yp i ca l resu l t of t h e 
o x i d a t i o n o f o r g a n i c n i t r o g e n . A l l f o r m s o f n i t r o g e n ( o r g a n i c n i t r o g e n , 
a m m o n i a , n i t r i t es , e tc . ) can c au se n i t r a tes t h r o ugh a b io log i ca l o x i da t i on 
p r o c e s s . S o m e h e a l t h y w a t e r c o n t a i n s s i g n i f i c an t a m o u n t s of n i t r a t e s . 
T h e i r r e du c t i o n in n i t r i t e s N 0 2 m e t h e m o g l o b i n e m i a m a y l ead to s e v e r e 
po i s on i ng of n e w b o r n s by a s p h y x i a t i o n . 

T o t a l S u s p e n d e d S o l i d s ( T S S ) 

To t a l S u s p e n d e d So l i d s ( T S S ) is d e f i n ed as a d r y - w e i g h t of s u s p e n d e d 
pa r t i c l e s t ha t do not d i s so l ve in a s a m p l e of w a t e r t ha t can be a n a l y z e d 
by a f i l te r t r a p p e d by a f i l ter . 

T h e d e t e r m i n a t i o n o f r e s i d u e s m a k e s it p o s s i b l e to e s t i m a t e t h e 
c o n t e n t of d i s s o l v e d a n d s u s p e n d e d m a t t e r in w a t e r . D e t e r m i n i n g t h e 
r e s i due on un f i l t e red w a t e r m a k e s it poss i b l e to a s s e s s t he d i s so l v ed and 
s u s p e n d e d ma t t e r c on t en t of wa t e r ; th i s is t he to ta l r e s i due . If t he wa t e r 
is f i l t e r ed b e f o r e t h e m e a s u r e m e n t , t h e r e s i d u e t h e n c o r r e s p o n d s to 
d i s s o l v ed ma t t e r . T h e resu l t o b t a i n ed is i n f l u enced by t h e t e m p e r a t u r e 
(Ha l l 1 9 5 6 ) and t h e d u r a t i o n of t h e d r y i n g p r o c e s s . 

T o t a l D i s s o l v e d s o l i d s ( T D S ) 

To t a l D i s s o l v e d so l i d s ( T D S ) a r e a m e a s u r e of t h e d i s s o l v e d c o m b i n e d 
c o n t e n t o f a l l i n o r g a n i c a n d o r g a n i c m a t e r i a l s p r e s e n t in a l i qu id in 
m o l e c u l a r , i o n i z e d , o r m i c r o - g r a n u l a r ( co l l o i da l so l ) s u s p e n d e d f o r m . 
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T D S c o n c e n t r a t i o n s a r e o f t en r epo r t ed in pa r t s pe r m i l l i on ( p p m ) . T D S 
c o n c e n t r a t i o n s of w a t e r c a n be d e t e r m i n e d us i ng a d ig i t a l m e t e r . 

H a r d n e s s 

W i t h pa r t i c u l a r e x c e p t i o n s , t h e h a r d n e s s has a na tu r a l c h a r a c t e r l i nked 
to t h e l e a c h i n g o f t h e so i l s c r o s s e d a n d c o r r e s p o n d s to t h e c a l c i u m 
a n d m a g n e s i u m c o n t e n t . N a t u r a l w a t e r s a l w a y s c o n t a i n m i n e r a l s a l t s , 
a n d a l a rge pa r t of c h e m i c a l a n a l y s i s c on s i s t s of d e t e r m i n i n g t h e m o s t 
a b u n d a n t c a t i o n s a n d a n i o n s . I n n a t u r a l w a t e r s , t h e s e c a t i o n s a r e 
c a l c i u m a n d m a g n e s i u m , t h e n s o d i u m Na +, a n d f i na l l y p o t a s s i u m K 
+ . It is e s s e n t i a l l y t h e C a 2 + a n d M g 2 + i on s t h a t a r e r e s p o n s i b l e f o r 
t h e h a r d n e s s a n d a c t w i t h t h e s o a p . T h e d i s s o l u t i o n o f l i m e s t o n e a n d 
m a g n e s i u m ma i n l y resu l t s f r o m the in f i l t ra t ion of su r f a ce wa t e r t h r o u g h 
l ime s t one and do l om i t i c r ock f o rma t i o n s . C a l c i u m c a r bona t e d i s s o l v ed in 
wa t e r has a na tu ra l t e n d e n c y to p rec i p i t a t e ; t ha t is to s ay , it r e t u rn s to its 
so l id f o r m u n d e r ce r ta in cond i t i ons . Of t h e s e , t he t e m p e r a t u r e wi l l h a ve 
t he mo s t cr i t i ca l i n f l uence . I n d e e d , w h e n ha rd wa t e r is h ea t ed a b o v e 60 
°C , an i n so lub le p rec i p i t a te is f o r m e d ca l l ed s ca l e or l imes t one . Th i s l ime 
wil l t h u s be depo s i t e d on t he r e s i s t an ce s of d ev i c e s su ch as ke t t l e s , w a t e r 
hea t e r s , w a s h i n g m a c h i n e s , d i s hwa she r s . W h e n t he hea t i ng r e s i s t an ce s 
of t h e s e d e v i c e s a r e s c a l e d , t h e e n e r g y c o n s u m p t i o n s o m e t i m e s r i s e s 
v e r y s t r o n g l y , d a m a g i n g t h e q u a l i t y o f o p e r a t i o n a n d t h e l i f e s pan of 
t h e d e v i c e s . T h e e f f e c t i v e n e s s o f d e t e r g e n t s a l s o d e c r e a s e s w i t h t h e 
h a r d n e s s of t h e w a t e r . W e m u s t t h e r e f o r e u s e m o r e , w h i c h i n c r e a s e s 
w a t e r po l l u t i on and co s t s . 

C a l c i u m h a r d n e s s is d u e to C a 2 + ions a n d m a g n e s i a n h a r d n e s s to 
M g 2 + i ons . C a r b o n a t e h a r d n e s s is a s s o c i a t e d w i t h H C 0 3 - a n d C 0 3 
2 - a n d n o n - c a r b o n a t e h a r d n e s s is a s s o c i a t e d w i t h o t h e r a n i o n s , f o r 
e x a m p l e , C I - a n d S 0 4 2-. T h e c a r b o n a t e h a r d n e s s is " t e m p o r a r y , " a n d 
t h e n o n - c a r b o n a t e h a r d n e s s is " p e r m a n e n t . " 

W a t e r w i th h igh h a r d n e s s (TH) (> 20 °f) is ca l l ed ' h a r d . ' For T H < 5 
°f (1 m e q / l ) , w a t e r is c o n s i d e r e d ' Swee t ' . 

C a l c i u m 

C a l c i u m is an a l k a l i n e e a r t h m e t a l p r e v a l e n t in n a t u r e and in pa r t i c u l a r 
in l ime s t one r o ck s in t he f o r m of c a r bona t e s . A s ign i f i can t c o m p o n e n t of 
w a t e r h a r d n e s s , c a l c i u m is g e n e r a l l y t h e d o m i n a n t e l e m e n t in d r i n k i n g 
w a t e r (D i b e t a l . 2 0 2 1 ) . It e x i s t s m a i n l y in t h e f o r m o f h y d r o g e n c a r ­
b o n a t e s a n d s m a l l e r q u an t i t i e s , in t h e f o r m of s u l f a t e s , c h l o r i d e s , e t c . , 
t h e r a i n w a t e r c on t a i n s on l y t r a c e s of it. 

M a g n e s i u m 

M a g n e s i u m is one of t he mo s t c o m m o n e l e m e n t s in na t u r e ; it c ons t i t u t e s 
a b o u t 2 . 1 % of t h e e a r t h ' s c r u s t . M o s t o f i ts s a l t s a r e v e r y s o l u b l e in 
w a t e r ; t h e c a r b o n a t e c a n be d i s s o l v e d up to 3 0 0 m g / L , a t 2 0 ° C . I ts 
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geo l og i c a l a b u n d a n c e , its h i gh so lub i l i t y , its w i d e i ndus t r i a l u s e (a l l oy s , 
p y r o t e c h n i c s , d r y b a t t e r i e s , c h e m i c a l r e d u c i n g a g e n t , e t c . ) m e a n t h a t 
t h e l e v e l s in w a t e r c a n be s i g n i f i c an t , r a n g i n g f r o m a f e w m i l l i g r a m s 
to s e v e r a l h u n d r e d m i l l i g r a m s p e r l i ter . M a g n e s i u m is a s u b s t a n t i a l 
e l e m e n t in t h e h a r d n e s s o f w a t e r ; i ts c o n t e n t , w h i c h d e p e n d s on t h e 
t e r r a i n c r o s s e d . 

P o t a s s i u m 

A l t h o u g h in i g n e o u s r o c k s , p o t a s s i u m c o n t e n t is a l m o s t a s i m p o r t a n t 
as t h a t of s o d i u m , its a l m o s t c o n s t a n t p r e s e n c e in na t u r a l w a t e r s d o e s 
no t u s u a l l y e x c e e d 10 to 15 m g / L . t h e t h r e s h o l d o f t a s t e p e r c e p t i o n 
of p o t a s s i u m c h l o r i d e is a p p r o x i m a t e l y 2 0 t i m e s t h i s v a l u e . C e r t a i n 
i n du s t r i a l d i s c h a r g e s , in p a r t i c u l a r f r o m p o t a s h m i n e s a n d f e r t i l i z e r 
f a c to r i e s , can c a r r y r e l a t i ve l y h igh a m o u n t s of p o t a s s i u m into t he wa te r . 
T h e body ' s n eed s a re 3 to 4 g / d ; t h e y a re eas i l y p r o v i ded by f ood i n t ake , 
w h i c h is e s s en t i a l ( g r e e n v e g e t a b l e s and f ru i t s c on t a i n 3 - 4 g / k g ) . 

B i c a r b o n a t e s a n d C a r b o n a t e s 

B i c a r bona t e a n d c a r b o n a t e a re d e t e r m i n e d f r o m a l ka l i n i t y . W e a k b a s e s 
a re m u c h m o r e n u m e r o u s ; in t he s a m e w a y , w e a k ac ids a re m u c h m o r e 
n u m e r o u s t h a n t h e f ew r a r e " s t r o n g " a c i d s , w h o l l y d i s s o c i a t e d . In t h e 
f ie ld of wa t e r , t h e s e a l ka l i ne s u b s t a n c e s a re ma i n l y c a r b ona t e s ( C 0 3 2 - ) , 
b i c a r b o n a t e s ( H C 0 3 - ) , a m m o n i a , ... C a r b o n a t e a n d b i c a r b o n a t e i on s 
c o m b i n e d w i th c a l c i um or m a g n e s i u m wi l l p rec ip i t a te c a l c i um c a r bona t e 
( C a C 0 3 ) o r m a g n e s i u m c a r b o n a t e ( M g C 0 3 ) u n d e r d r o u g h t c ond i t i o n s . 

F l u o r i n e 

F luo r ine , t he mo s t e l e c t r onega t i v e a n d t he r e f o r e t he mo s t po ten t ox i d i z ­
ing e l e m e n t in c h em i s t r y , is not f ound in t he f ree s t a t e in na t u r e due to 
its h i gh reac t i v i t y . It is a b u n d a n t in t h e ea r t h ' s c rus t ( 7 5 0 to 8 0 0 g / t ) , 
m a i n l y in f l uo r i t e , a pa t i t e s , m i c a s , e t c . 

F l u o r i t e o r f l u o r s p a r ( C a F 2 ) , w h i c h c o n t a i n s up to 4 9 % f l u o r i n e , is 
t h e m o s t c o m m o n ; c r y o l i t e o r s o d i u m a l u m i n o f l u o r i d e ( N a 3 (A IF6) ) is 
t he mo s t u sed o re . Due to ion ic e x c h a n g e , wa t e r f r om con f i ned aqu i f e r s 
c a n h a v e s i g n i f i c a n t f l u o r i n e c o n t e n t s a n d m u s t t h e r e f o r e be c a r e f u l l y 
c o n t r o l l e d . F l u o r i d e a n d i ts d e r i v a t i v e s a r e p a r t o f t h e t y p i c a l h u m a n 
e n v i r o n m e n t b e c a u s e t h e y a re w i de l y d i s t r i bu t ed in n a t u r e a n d p r e s en t 
in v a r y i n g c o n c e n t r a t i o n s in a l m o s t al l f oods . A c c o r d i n g to t h e a u t ho r s , 
f ood i n t ake r a nge s f r o m 0.5 to 2 m g / d a y . T h e use of f l uo r i des in c a r i op ro -
phy l a x i s s h o w s t ha t 9 0 % of t h e f l uo r i des a d m i n i s t e r e d a re m e t a b o l i z e d 
in t h e b o d y . E x c r e t i o n o c c u r s m a i n l y t h r o u g h u r i n e , s w e a t , a n d t r i m 
t h r o u g h f e c e s . T h e a c c u m u l a t i o n in t h e b o d y t a k e s p l a c e p r i m a r i l y in 
t he t i s s ue s sub j e c t to ca l c i f i ca t ion a n d in t h e k i dney s . Sub s t an t i a l l y ha l f 
o f t h e f l u o r i d e i n g e s t e d is d e p o s i t e d in t h e s k e l e t o n ; t h e o t h e r ha l f is 
e x c r e t e d in t h e u r i ne . 

4 8 



C H A P T E R 4. M A T E R I A L S A N D M E T H O D S 

C h l o r i d e s 

W a t e r a lmo s t a l w a y s con t a i n s ch l o r i de s but in v e r y v a r i a b l e p ropo r t i on s . 
T h e ch lo r i de con t en t gene r a l l y i n c r ea se s w i th t he d eg r e e of m ine r a l i z a t i on 
o f w a t e r . T h e s e c o n t e n t s a r e h i gh l y v a r i e d a n d m a i n l y l i n ked to t h e 
n a t u r e o f t h e t e r r a i n c r o s s e d . T h e w a t e r in t h e g r o u n d w a t e r a d j a c e n t 
to s a l i n e s u r f a c e w a t e r , e s p e c i a l l y if t h e r e is e x c e s s i v e p u m p i n g f r o m 
th i s g r o u n d w a t e r , is b r a c k i s h . Po l l u t i on b r i ngs app r e c i a b l e quan t i t i e s of 
ch l o r i des to su r f a ce wa t e r . Th i s is w h y an i n c r ea se in t he C I - c on t en t in 
a d r i n k i n g w a t e r n e t w o r k c a n s o m e t i m e s s i gn i f y s e w a g e i n f i l t r a t i on . 
C e r t a i n i n du s t r i a l d i s c h a r g e s a l s o h a v e v e r y h i gh c o n c e n t r a t i o n s of 
c h l o r i d e s . 

A l k a l i n i t y 

W a t e r c an n eu t r a l i z e a c i d s . A l k a l i n i t y c a n be de f i n ed as t h e n u m b e r of 
p r o t ons (H +) r equ i r ed to c onve r t c a r b ona t e s into c a r bon i c ac id ( H 2 C 0 3 ) . 

In a l m o s t a l l n a t u r a l w a t e r s , a l k a l i n i t y is d u e to t h e p r e s e n c e of 
c a r b o n a t e ( C 0 3 2 - ) , b i c a r b o n a t e ( H C 0 3 -) and t h e ion ( O H - ) . 

Unt i l t h e ac id c on t r o l s t h e ions r e s pon s i b l e fo r t h e a l k a l i n i t y , t h e pH 
ha rd l y c h a n g e s . O n c e t he ac id i f i ca t i on p r o ce s s has s t a r t e d , t he reac t i on 
t h e n p r o d u c e s w a t e r ( H 2 0 ) , c a r b o n d i o x i d e ( C 0 2 ) , w h i c h is r e l e a s e d 
into t he a i r , as we l l as t h e a c c o m p a n y i n g ca t i on (e i t he r c a l c i um or m a g ­
n e s i u m ) . T h e a l k a l i n i t y of w a t e r is g e n e r a l l y e x p r e s s e d in p p m ( m g / L ) 
o f c a l c i u m c a r b o n a t e ( C a C 0 3 ) . W h e n w e a d d a c i d to n e u t r a l i z e t h e 
a l ka l i n i t y , t h e c a l c i u m and m a g n e s i u m a r e t h e r e b y f r e e d , w h i c h , if not , 
r ema i n t r a p p e d by t he c a r bona t e , hence t he a d v a n t a g e of " b r e a k i n g " th i s 
a l k a l i n i t y w h i c h p r e v e n t s c a l c i u m and m a g n e s i u m f r o m be ing a v a i l a b l e 
to t h e p l an t ( Y e a r - R o u n d H e a l t h 2 0 1 9 ) . 

If t h i s is no t d o n e , a s it d r i e s , a l l c a r b o n a t e s a u t o m a t i c a l l y t u r n into 
c a l c i u m a n d d o l o m i t i c l ime . T h i s l e a v e s l ime d e p o s i t s t h a t c a n c l og 
s p r i n k l e r o r d r i p s y s t e m s o r e v e n w h i t i s h m a r k s o n t h e l e a v e s if y o u 
s p r i n k l e w a t e r . 
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4.5 Laboratory Analysis performed at the Czech 
Univeristy of Life Sciences 

T h e ana l y s i s of an i on s w a s p e r f o rmed us i ng an ion ic c h r o m a t o g r a p h 8 8 3 
B a s i c I C P l u s M e t r o h m w i t h a c o l u m n M e t r o s e p A S u p p 5, 15 c m x 4 
m m I .D. , 5 urn pa r t i c l e s ( M e t r o h m 6 . 1 0 0 6 . 5 2 0 ) . T h e mob i l e p h a s e w a s 
c o m p o s e d of 3.2 m M s o d i u m c a r bona t e and 1.0 m M s o d i u m b i c a r bona t e . 
T h e f l ow ra te w a s 0 .7 m L / m i n , and t h e i n j e c t i on v o l u m e w a s 2 0 uL. 

T h e 8 8 3 Ba s i c I C p lus a l l ow s a n i o n s , c a t i o n s , a n d po l a r s u b s t a n c e s 
to be d e t e r m i n e d in d i f f e r en t m a t r i c e s . T h e c o n c e n t r a t i o n s m a y be up 
to f ou r o r d e r s of m a g n i t u d e a pa r t . T h e a n a l y s i s is a l w a y s r e l i ab l e a n d 
p r e c i s e . T h e 8 8 3 B a s i c I C p l u s is d e s i g n e d f o r t r a i n i n g in u n i v e r s i t i e s 
a n d s c h o o l s . Fo r t h i s r e a s o n , it is s u p p l i e d w i t h a p r a c t i c a l t e x t b o o k , 
w h i c h p r o v i d e s an i n t r o du c t i o n to t h e t h eo r e t i c a l a n d p r a c t i c a l a s p e c t s 
of ion c h r o m a t o g r a p h y . 

H o w e v e r , t h e 8 8 3 B a s i c I C p l u s is a l s o e x c e l l e n t f o r r o u t i n e a p p l i ­
c a t i o n s in w a t e r a n a l y s i s , t h e f o od s e c t o r , o r t h e c h e m i c a l i n d u s t r y . 
W h e r e v e r h i g h p e r f o r m a n c e a t l ow c o s t is c a l l e d fo r , t h e 8 8 3 B a s i c I C 
p lus p r o v e s to be t h e idea l s o l u t i o n . 

T h e h igh de t e c t i on sens i t i v i t y of t he 8 8 3 Bas i c IC p lus a l l ows a na l y s e s 
to be p e r f o rmed in t h e ug/L , mg / L , and g/L r ange s . Th i s e x ce l l en t s e n s i ­
t i v i t y is b a s ed bo th on t h e m i n i m a l ba se l i ne no i se of t h e c h r o m a t o g r a m 
a n d o n t h e p e r f o r m a n c e o f t h e i n t e l l i g en t c o n d u c t i v i t y d e t e c t o r . B o t h 
w i t h a n d w i t h o u t s u p p r e s s i o n , t h e 8 8 3 B a s i c I C p l u s w i l l s a t i s f y y o u r 
r e q u i r e m e n t s . 

F i gu r e 4 . 7 : S c h e m a of t h e c h r o m a t o g r a p h 
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F i gu re 4 . 8 : 10 c h r o m a t o g r a m 
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n : 
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T h e l o c h r o m a i o j r arns o l a n a na lysis of 100 u^n. o f v e n o u s a n i o n s { o n t h e M e t r o s e p a 

i u p p 5 - 1 5 C M . 0 ) d e m o n s t r a t e i h e h r j h p r e c i s i o n a n d o u t s t a n d i n g r e p r o d u c i b i l i t y th^t is 

a c h i e v e d w i t h t h e 3B3 B a s i c IC p lus . 

F i gu r e 4 . 9 : G r a p h i c a l I n t e r f a c e 

T h e w a t e r co l l e c t ed f r o m T a s s e t t e ( S e n e g a l ) in n o r m a l t e m p e r a t u r e 
c o n d i t i o n s w a s s t o r e d in s m a l l b o t t l e s o f p u r e d r i n k i n g w a t e r s o l d in 
t h e s u p e r m a r k e t a f t e r e m p t y i n g t h e m . T h e n t h e w a t e r s a m p l e s w e r e 
t r a n s p o r t e d to D a k a r fo r t h r e e d a y s be f o r e t h e f l i gh t to P r a g u e , w h e r e 
t h e y w e r e s t o r ed a n d f r o z en be f o r e be ing a n a l y z e d in t h e l a b o r a t o r y in 
C Z U at s t a n d a r d c ond i t i o n s . 
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F igu re 4 . 1 0 : L abo r a t o r y of t h e Facu l t y of E n v i r o n m e n t a l S c i e n c e s , C Z U , 
w i t h t h e t e s t s e t and t h e w a t e r s a m p l e s 

F i g u r e 4 . 1 1 : In t h e l a b o r a t o r y of P r o f e s s o r V y m a z a l ( le f t ) a n d P h D 
S t u d e n t I n g . A d a m ( r igh t ) 
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Chapter 5 

Results 

5.1 Results 

In t he p r e v i ou s chap t e r , a d i s cu s s i on on t he ma te r i a l a nd m e t h o d s w e r e 
p r o v i d e d . W a t e r s a m p l e s w e r e co l l e c t ed a n d a n a l y z e d at t h e Un i v e r s i t y 
of B a m b e y ( S enega l ) and t he C z e c h Un i ve r s i t y of Life S c i e n c e s at P r ague . 
Th i s c h a p t e r d e s c r i b e s t h e r e su l t s of t h e l a b o r a t o r y a n a l y s e s . 

5.1.1 Laboratory analysis performed at Bambey Uni­
versity 

T h e t ab l e s 4 , 3 , 1 , 2 in t h e a ppend i c e s d i s p l a y t he resu l t s of t he l abo ra t o r y 
a n a l y s i s p e r f o r m e d a t B a m b e y Un i v e r s i t y . A s u m m a r y of t h e r e su l t s is 
p r o v i d ed in t h e f o l l ow ing p a r a g r a p h s . 

M i c r o b i o l o g i c a l a n a l y s i s 

T a b l e 5.1 d e p i c t s t h e m i c r o b i o l o g i c a l a n a l y s i s . W e no t i c e t h e a b s e n c e 
37 °C in 1 0 0 m l of Co l i f o rm ba c t e r i a , En te ro cocc i a n d E s che r i ch i a Co l i in 
all t h e w a t e r s a m p l e s . T ha t is a g rea t n e w s but not su rp r i s i ng for w a t e r 
d e s t i n ed fo r h u m a n c o n s u m p t i o n . 

T a b l e 5 . 1 : M i c r ob i o l og i c a l a n a l y s i s 

P a r a m e t e r s M e t h o d s F2 F3 F4 
W H O 

S t a n d a r d s 
C o l i f o r m bac t e r i a 

a t 3 7 ° C in 1 0 0 m l 
NPP K i t Co l i l e r t 0 0 0 0 

En t e r o co c c i a t 
3 7 ° C in 1 0 0 m l 

NP EN I S O 7 8 9 9 - 2 0 0 0 0 

E s che r i c h i a Co l i a t 
3 7 ° C in 1 0 0 m l 

NPP K i t Co l i l e r t 0 0 0 0 
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PH 

T a b l e 5.2 s h o w s w e h a v e neu t r a l p H . T h e pH v a l u e s d e t e r m i n e d in t h e 
d i f fe rent z o n e s a re b e t w e e n 7 and 8 . 05 . T h e pH is an essen t i a l e l e m e n t 
in de f i n i ng t h e a g g r e s s i v e o r e n c r u s t i n g n a t u r e of w a t e r . It is i n v o l v ed 
in t h e s e c o m p l e x e s w i t h o t h e r p a r a m e t e r s s u c h a s h a r d n e s s , c a r b o n 
d i o x i d e , a l k a l i n i t y , a n d t e m p e r a t u r e . T h i s d r i l l i ng w a t e r r e q u i r e s pH 
w i th in t he r ange of t he s t a nda r d b e c au se pH less t h a n 7 can l ead to t he 
c o r r o s i o n o f c e m e n t o r m e t a l s in p i p e s w i t h l ead e n t r a i n m e n t . If t h e 
pH is h i g h , it c an l ead to e n c r u s t i n g d epo s i t s in t h e d i s t r i bu t i on c i r cu i t s . 
T h e h i g h e r t h e pH l eve l ( t he w a t e r is m o r e a l k a l i n e ) , t h e l ess e f f e c t i v e 
t h e c h l o r i n a t i o n is. It is c o n s i d e r e d t h a t it is no t p o s s i b l e to d e t e r m i n e 
w h e t h e r t h e r e is a d i r e c t r e l a t i o n s h i p b e t w e e n pH a n d h u m a n h e a l t h . 
T h e W H O r e c o m m e n d s for w a t e r i n t ended for h u m a n c o n s u m p t i o n a pH 
of b e t w e e n 6 .5 a n d 8 .5 w i t h a m a x i m u m p e r m i s s i b l e v a l u e of 9 . 5 . 

T a b l e 5 .2 : pH 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 

PH 7,6 7 ,3 7 ,3 - 6 - 9 

T e m p e r a t u r e 

T h e t e m p e r a t u r e 5.3 t u r n s a r ound 33 °C . T h e r e is no res t r i c t i on in t e r m s 
of t e m p e r a t u r e in d r i n k i n g w a t e r bu t on l y idea l v a l u e s . 

T a b l e 5 .3 : T e m p e r a t u r e 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
T e m p e r a t u r e 3 3 , 3 3 3 , 4 3 2 , 1 °C -

C o n d u c t i v i t y 

T h e s t ud y ca r r i ed out at t he v a r i o u s loca l i t i es , n a m e l y F2 , F3 , F4 , s h o w s 
u s t h a t t h e t a r g e t e d a r e a s h a v e c o n d u c t i v i t i e s t h a t a r e no t e x c e e d i n g 
t he W H O s t anda r d s . C o n c e r n i n g w a t e r i n t ended for h u m a n c o n s u m p t i o n , 
c ondu c t i v i t y h a s no d i r ec t c o n s e q u e n c e s on h ea l t h . For w a t e r i n t e nded 
for i r r i ga t i on , it is impo r t an t to con t ro l th i s p a r a m e t e r b e c au se its e x c e s s 
i n c r e a s e s t h e o s m o t i c p r e s s u r e of t h e so i l w a t e r and c a u s e s c ond i t i o n s 
t h a t p r e v e n t t h e r oo t s f r o m a b s o r b i n g w a t e r . T h e s e c o n d i t i o n s c a u s e 
phy s i o l o g i c a l d r o u g h t b e c a u s e a l t h o u g h t h e so i l s e e m s to h a v e a lot of 
m o i s t u r e , t h e p l a n t s w i t h e r . A f t e r a l l , t h e r oo t s do no t a b s o r b e n o u g h 
wa t e r to r ep l ace t ha t lost t h r o ugh e v apo t r a n sp i r a t i o n . T h e W H O gu ide l i ne 
f o r t h e q u a l i t y o f w a t e r i n t e n d e d f o r h u m a n c o n s u m p t i o n i n d i c a t e s a 
gu i de leve l fo r t he c onduc t i v i t y of 4 0 0 p s / c m at 20 °C . T h e bo r eho l e F2 
has t h e h i ghe s t c o n d u c t i v i t y t h a t is b e l ow t h e l im i t v a l u e t ab l e 5.4. 
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T a b l e 5 .4: C o n d u c t i v i t y 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
C o n d u c t i v i t y 8 7 1 7 1 2 6 6 0 u s / c m < 1 3 0 0 

T u r b i d i t y 

In a l m o s t a l l o f t h e a r e a s w h e r e s a m p l e s w e r e t a k e n , t h e v a l u e s o b ­
t a i n ed a re less t h a n 5 N T U ; on l y t he bo r eho l e F4 s h o w s a v a l u e of 4 5 , 6 
N T U , i m e n s e l y e x c e e d i n g t h e W H O s t a n d a r d 5 .5 . T h i s v a l u e s h o u l d 
no t s u r p r i s e us b e c a u s e m o s t s u r f a c e w a t e r ha s h i gh t u r b i d i t y , a n d its 
d i r e c t c o n s u m p t i o n is i m p o s s i b l e . R e s i d u a l t u r b i d i t y is a h i n d r a n c e to 
t h e e f f e c t i v ene s s of m i c r o b i a l d e c o n t a m i n a t i o n t r e a t m e n t s . If w e h a v e 
v a l u e s a b o v e 5 N T U , t h i s w i l l l im i t t h e d e s t r u c t i o n of c o l i f o r m s e v e n if 
f r e e r e s i d u a l c h l o r i n e is k e p t f o r o n e hou r . E v e n if t h e c h e m i c a l a n d 
ba c t e r i o l o g i c a l qua l i t i e s a r e s a t i s f a c t o r y a n d t h e w a t e r is t r o u b l e d , t h e 
u se r wi l l p re fe r m u c h c l ea re r w a t e r e v en if he has no i n f o rma t i on on t he 
p h y s i c o c h e m i c a l a n d ba c t e r i o l og i c a l qua l i t i e s . 

T a b l e 5 .5 : Tu r b i d i t y 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
T u r b i d i t y 3 , 46 0 , 5 8 4 5 , 6 NTU <5 

T o t a l h a r d n e s s 

M a i n l y d u e to t h e m a g n e s i u m a n d c a l c i u m i on s p r e s e n t in t h e w a t e r . 
H a r d n e s s has no i m p a c t on h u m a n hea l t h , no r is it c o n s i d e r e d h a r m f u l . 
H o w e v e r , w h e n t h e h a r d n e s s is h i g h , it i sn ' t e a s y to u s e . A c c o r d i n g to 
t h e r e su l t s , a l l b o r e h o l e s h a v e h a r d n e s s on a v e r a g e 3 2 ° F. R e m e m b e r 
t h a t t h e i ons t h a t m a k e u p h a r d n e s s p r o v i d e s o m e of t h e m i n e r a l s a l t s 
n e c e s s a r y f o r t h e b o d y . O n t h e o t h e r h a n d , t h e y p r e s e n t d o m e s t i c 
i n c o n v e n i e n c e s t h r o u g h t h e f o r m a t i o n o f t a r t a r , e s p e c i a l l y w h e n t h e y 
a r e t o o h i g h : s c a l i n g o f m a c h i n e s , w a s h i n g l i nes o f D W S , t r a c e s on 
t h e d i s h e s , e t c . C o n v e r s e l y , w a t e r t h a t is t o o so f t r e d u c e s t h e s u p p l y 
of m i n e r a l s to t h e b o d y . A l s o , w h e n it c o m e s to s o f t e n e d w a t e r , t h e 
t r e a t m e n t i n c r e a s e s s o d i u m in t h e w a t e r a n d c a n m a k e it a g g r e s s i v e . 
Too m u c h s o d i u m is t he c au se of d i s e a s e s of t he c a r d i o v a s c u l a r s y s t e m . 

T a b l e 5 .6: To t a l H a r d n e s s 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
To t a l h a r d n e s s 36 32 2 8 °f -

56 



C H A P T E R 5. R E S U L T S 

T o t a l A l k a l i n i t y 

A l k a l i n i t y is a m e a s u r e of t h e w a t e r ' s ab i l i t y to r e s i s t c h a n g e s in p H , 
wh i c h w o u l d t e n d to m a k e t h e w a t e r m o r e ac id i c . T h e a l ka l i n i t y leve l is 
v e r y o f t e n e x a m i n e d t o g e t h e r w i t h t h e pH l eve l to g e t a g o o d i d ea of 
t h e w a t e r qua l i t y . 

T a b l e 5 .7: To t a l A l k a l i n i t y 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
To t a l A l k a l i n i t y 

(TA) 
0 0 0 °f -

T a b l e 5 .8: C o m p l e t e A l k a l i m e t r i c T i t r e 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
C o m p l e t e A l k a l i m e t r i c 

T i t r e ( TAC ) 
16 32 28 °f -

C h l o r i d e s 

T h e W H O h a s s e t a v a l u e o f < 2 5 0 m g / L f o r c h l o r i d e c o n c e n t r a t i o n in 
d r i n k i n g w a t e r . C h l o r i d e i m p a i r s w a t e r a n d b e v e r a g e s p r e p a r e d f r o m 
w a t e r w i t h a b ad t a s t e a n d m a y a l s o e r o d e t h e d i s t r i b u t i o n s y s t e m a t 
h i g h e r c o n c e n t r a t i o n s . T h i s v a l u e c o m p a r e d w i t h t h o s e o b t a i n e d us 
b e i n g a b l e to s a y o u r v a l u e s e x c e e d e d t h e W H O s t a n d a r d s . T h i s is 
e x p l a i n e d by t h e s t r o ng s a l i n i z a t i o n of t h e s e w a t e r s a s we l l a s t h e so i l . 
Ch l o r i d e s a re w i de l y d i s t r i bu t ed in na t u r e , u sua l l y in s o d i u m (NaCI) and 
p o t a s s i u m ( K C L ) s a l t s ; t h e y r e p r e s e n t a b o u t 0 . 0 5 % of t h e l i t h o sphe r e . 
T h e o c e a n s c o n t a i n b y f a r t h e m o s t s i g n i f i c a n t a m o u n t o f c h l o r i d e s in 
t h e e n v i r o n m e n t . T h e p r e s e n c e of c h l o r i d e s in d r i n k i n g w a t e r s o u r c e s 
c a n be a t t r i b u t e d to t h e d i s s o l u t i o n of s a l t d e p o s i t s , t h e s p r e a d i n g of 
s a l t o n r o a d s to m e l t i ce a n d s n o w , e f f l u en t s f r o m c h e m i c a l p l a n t s , 
e x p l o i t a t i o n of o i l we l l s , s e w a g e , i r r i g a t i on w a t e r f l ow , w a s t e l e a c h i n g 
w a t e r , v o l c a n i c f u m e s , s e a s p r a y a n d s e a w a t e r i n t r u s i o n in to c o a s t a l 
a r e a s . Ea ch of t h e s e s o u r c e s can l ead to loca l c o n t a m i n a t i o n of su r f a ce 
w a t e r a n d g r o u n d w a t e r . T h e c h l o r i d e i on is v e r y m o b i l e a n d e n d s up 
b e i n g t r a n s p o r t e d in c l o s e d b a s i n s o r to t h e o c e a n s . E s t i m a t i n g t h e 
d a i l y i n t a k e o f C h l o r i d e f r o m f ood is c o m p l i c a t e d by t h e w i d e s p r e a d 
u s e o f s a l t a s a c o n d i m e n t . A s a l t - f r e e d i e t p r o v i d e s a b o u t 6 0 0 m g of 
Ch l o r i d e pe r day . Howeve r , d ue to t he add i t i on of sa l t to f ood , t he da i l y 
i n take of Ch l o r i d e a v e r a g e s 6 g , but it c an go up to 12 g . A s s u m i n g tha t 
t h e d a i l y w a t e r i n t a k e is 1.5 L a n d t h e a v e r a g e c h l o r i d e c o n c e n t r a t i o n 
in S e n e g a l e s e d r i n k i n g w a t e r is 1 0 m g / L , t h e a v e r a g e da i l y i n t a k e of 
Ch l o r i de f r om d r i n k i ng w a t e r s hou l d be abou t 15 m g per p e r s on . I n t ake 
f r o m w a t e r is t h e r e f o r e o n l y a b o u t 0 . 2 5 % o f d a i l y i n t a k e f r o m f o o d . 
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Howeve r , Ch l o r i d e is an e s sen t i a l e l e m e n t and t h e p r i m a r y e x t r a ce l l u l a r 
a n i o n o f t h e b o d y . It is a h i g h l y m o b i l e i o n , w h i c h e a s i l y c r o s s e s ce l l 
m e m b r a n e s a n d p r o v i d e s a pp r op r i a t e o s m o t i c p r e s s u r e , w a t e r b a l an ce , 
and a c i d - b a s e ba l an ce . 

T a b l e 5 .9: C h l o r i d e s 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
C h l o r i d e s 9 5 , 8 6 3 , 9 5 9 , 5 m g / L < 2 5 0 

F l u o r 

Be ing t he cen t r a l i s sue of ou r c o n c e r n , f l uo r i ne is an a b u n d a n t e l e m e n t 
in t h e e a r t h ' s c r u s t . W h e n c o m b i n e d w i t h s o d i u m ( s o d i u m f l u o r i d e ) , 
it b e c o m e s d a n g e r o u s to h e a l t h to t h e po i n t o f k i l l i ng t h e i n d i v i d u a l 
w h e n c o n s u m i n g a d o s e of 5 g . B e c a u s e of t h e s e d a n g e r s , t h e f l uo r i de 
l e ve l s m u s t be c a r e f u l l y c o n t r o l l e d in w a t e r i n t e n d e d f o r h u m a n c o n ­
s u m p t i o n . T h e t o x i c i t y of s o d i u m f l uo r i de is r e l a ted to t h e p r e c i p i t a t i on 
of c a l c i u m ( e s s e n t i a l f o r c o a g u l a t i o n ) a n d to t h e c o m p l e x a t i o n o f i ron 
and m a g n e s i u m , e l e m e n t s n e c e s s a r y for t he a c t i on of c e r t a i n e n z y m e s . 
H o w e v e r , o n e s h o u l d no t d e v e l o p a f l u o r i d e p s y c h o s i s bu t m o n i t o r t h e 
d o s e s i n ge s t ed in t he h u m a n body . T h e t ab l e 5 .10 be l ow i nd i c a t e s t ha t 
fo r a l l w a t e r s a m p l e s t h e f l u o r i d e v a l u e is c l o s e bu t no t e x c e e d i n g t h e 
l im i t f i xed by t h e W H O . 

T a b l e 5 . 10 : F l uo r 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
F luo r 1,48 1,36 1,38 m g / L <1 , 5 

T h e t o t a l i r on 5 . 11 a n d t h e n i t r a t e s 5 . 12 t u r n r e s p e c t i v e l y a r o u n d 
0 . 01 m g / L a n d 3 m g / L t h u s r e spe c t i n g t h e W H O s t a n d a r d s . 

T o t a l I r o n 

T a b l e 5 . 1 1 : To t a l I r on 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
To t a l I r on 0 ,0 0 , 01 0 , 02 m g / L < 0 , 2 

58 



C H A P T E R 5. R E S U L T S 

N i t r a t e s 

T a b l e 5 . 12 : N i t r a t e s 

P a r a m e t e r F2 F3 F4 Un i t 
W H O 

S t a n d a r d s 
N i t r a t e s 3,9 3 ,7 2 ,9 m g / L < 5 0 

T a b l e 4 c o n t a i n s t h e i n f o r m a t i o n o f d i f f e r en t w a t e r s a m p l e s c o l l e c t e d 
f r o m d i f f e ren t s i t e s and t h e t i m e and da t e t h e y w e r e c o l l e c t e d . 

T a b l e 3 s h o w s t h e r e su l t s o f m i c r o b i o l o g i c a l a n a l y s i s p e r f o r m e d a t 
t he Un i v e r s i t y of B a m b e y . T h e p a r a m e t e r s a n a l y z e d i nc l ude t he co l i f o rm 
ba c t e r i a , s t r e p t o c o c cu s a n d e s che r i c h i a col i at 37 d e g r e e s ce l s i u s wh i c h 
al l p r e s en t a nu l l v a l u e in 1 0 0 m l . 

T ab l e s 1 and 2 con t a i n s t he i n f o rma t i on of p a r a m e t e r s a n a l y z e d su ch 
as t he To ta l h a r dne s s , t he TA , t he T A C , t h e to ta l i r on , F l uo r i ne , N i t ra tes . 

5.1.2 Laboratory analysis performed at Czech Uni­
versity of Life Sciences 

T a b l e 5 .13 b e l ow s h o w t h e r e su l t s of t h e a n a l y s i s of a n i o n s p e r f o r m e d 
a t t h e l a b o r a t o r y of Dr . V y m a z a l , a t t h e F a c u l t y of E n v i r o n m e n t a l S c i ­
en ce s of c z e ch Un i ve r s i t y of Life S c i e n c e s us ing an ion ic c h r o m a t o g r a p h 
8 8 3 B a s i c IC P lus M e t r o h m w i t h a c o l u m n M e t r o s e p A S u p p 5, 15 c m x 
4 m m I .D . , 5 u m pa r t i c l e s ( M e t r o h m 6 . 1 0 0 6 . 5 2 0 ) a n d t h e i r c a l i b r a t i o n 
po i n t s 5 .14 . 

T a b l e 5 . 13 : Re su l t s o f l a b o r a t o r y a n a l y s i s by C Z U 

F- C l - N 0 2 - Br- N 0 3 - P 0 4 3 - S 0 4 2 - Un i t 
F2 0 . 8 2 8 6 1 . 9 6 4 0 0 1 3 . 5 0 3 0 7 . 42 m g / L 
F3 0 . 7 8 2 2 3 . 2 7 6 0 0 4 . 5 0 3 0 4 . 1 5 3 m g / L 
F4 0 . 81 1 5 . 9 9 5 0 0 3 . 1 3 9 0 3 . 6 5 2 m g / L 

T h e F2 b o r e h o l e h a s t h e h i g h e s t v a l u e s o f F l u o r i d e ( F - ) , C h l o r i d e 
( C I - ) , N i t r a t e s ( N 0 2 - ) , N i t r i t e s ( N 0 3 - ) , a n d S u l f a t e s ( S 0 4 2 - ) , r e s p e c ­
t i ve l y : 0 . 8 2 8 , 6 1 . 9 6 4 , 1 3 . 5 0 3 , and 7 .42 mg /L . T h e F3 bo r eho l e has t he 
l owes t v a l u e s of F l uo r i de ( 0 . 7 8 2 ) . S t i l l , it h a s h i g he r v a l u e s of Ch l o r i d e 
( 2 3 . 2 7 6 ) , N i t r a t e s ( 4 . 5 0 3 ) , a n d S u l f a t e s ( 4 . 1 5 3 ) t h a n F4 , w h i c h h a s 
h i g h e r F l u o r i d e a m o u n t ( 0 . 8 1 ) bu t l o w e r v a l u e s o f C h l o r i d e ( 1 5 . 9 9 5 ) , 
N i t r a t e s ( 3 . 1 3 9 ) , and Su l f a t e s ( 3 . 6 5 2 ) . 

Un i t s a r e d i s p l a y e d in m g / L . 
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T a b l e 5 . 14 : Ca l i b r a t i o n po i n t s 

c a l i b r a t i o n p o i n t s 
m i n 0 . 04 0 .2 0 . 0 2 0 . 0 4 0 . 23 0 .1 0 .2 
m a x 10 50 5 10 50 25 50 

f o r F-
r 2 = 0 , 9 9 9 8 6 4 

T h e r e s t o f t h e a n i o n s ( N 0 2 - , B r - , P 0 4 3 - ) a r e nu l l in a l l t h e w a t e r 
s a m p l e s . O t h e r e l e m e n t s pH and t e m p e r a t u r e a re not m e a s u r e d in th i s 
a na l y s i s . 

V a l u e s a r e no t a n o r d e r o f m a g n i t u d e l o w e r t h a n y o u e x p e c t e d . It 
is e s s e n t i a l to be p r e c i s e t h a t t h e r e su l t s t h a t a r e p r e s e n t e d c o n c e r n 
t he f l uo r i de an i on (F- ) a n d not t o ta l f l uo r i ne . F l uo r i ne in w a t e r s a m p l e s 
cou l d be p r e s en t in s o m e o t h e r f o r m . 
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Chapter 6 

Discussion 

In t h e p r e v i ou s chap t e r , r e su l t s ob t a i n ed f r om l abo r a t o r y a na l y s e s we r e 
p r e s e n t e d . Re su l t s o f l a bo r a t o r y a n a l y s e s s h o w f l uo r i de c o n c e n t r a t i o n s 
n e a r t h e l im i t s e s t a b l i s h e d by t h e W H O fo r d r i n k i n g w a t e r c o n f i r m i n g 
t h u s c o n f i r m e d o u r h y p o t h e s i s . In t h i s c h a p t e r a c r i t i c a l v i e w o n t h e 
resu l t s is p r o v i d ed and a d i s cu s s i on on t he p ro ce s s se l e c t i on of a p r ope r 
d e f l u o r i n a t i o n t e c h n o l o g y . 

6.1 Critical view on the results 

T h e a n a l y s i s o f a n i o n s w a s p e r f o r m e d u s i n g a n i on i c c h r o m a t o g r a p h 
8 8 3 B a s i c I C P l u s M e t r o h m w i t h a c o l u m n M e t r o s e p A S u p p 5, 15 c m 
x 4 m m I .D . , 5 p m pa r t i c l e s ( M e t r o h m 6 . 1 0 0 6 . 5 2 0 ) . T h e 8 8 3 B a s i c 
IC p lus a l l ow s a n i o n s , c a t i o n s , a n d po l a r s u b s t a n c e s to be d e t e r m i n e d 
in d i f f e r en t m a t r i c e s . T h e c o n c e n t r a t i o n s m a y be up to f o u r o r d e r s of 
m a g n i t u d e apa r t . 

E v e n t h o u g h t h e a n i o n s a n a l y s i s b y t h e c h r o m a t o g r a p h 8 8 3 B a s i c 
I C p l u s is v e r y r e l i a b l e a n d p r e c i s e , it is i m p o r t a n t to p r e c i s e t h a t t h e 
r e su l t o b t a i n e d is r e l a t i v e l y m o d e s t s i n c e w a t e r c o l l e c t i o n , t r a n s p o r t , 
a nd s t o r a g e c ond i t i o n s p r io r t h e a n a l y s i s w e r e no t s t a n d a r d c ond i t i o n s . 

T h e w a t e r c o l l e c t ed f r o m T a s s e t t e ( S e n e g a l ) in n o r m a l t e m p e r a t u r e 
c o n d i t i o n s w a s s t o r e d in s m a l l b o t t l e s o f p u r e d r i n k i n g w a t e r s o l d in 
t h e s u p e r m a r k e t a f t e r e m p t y i n g t h e m . T h e n t h e w a t e r s a m p l e s w e r e 
t r a n s p o r t e d to D a k a r fo r t h r e e d a y s be f o r e t h e f l i gh t to P r a g u e , w h e r e 
t h e y w e r e s t o r ed a n d f r o z en be f o r e be ing a n a l y z e d in t h e l a b o r a t o r y in 
C Z U at s t a n d a r d c ond i t i o n s . 

T h e p r ed i c t i o n s t h u s b a s ed on p r e v i o u s d a t a s t a t i s t i c a l l y e l a b o r a t e d 
o v e r s o m e pe r i od do no t n e c e s s a r i l y m a t c h w i t h a t h e a v e r a g e v a l u e s 
of t h e s a m p l e s , d u e to f l u c t u a t i o n s of w a t e r qua l i t y . I m p r o p e r s t o r a g e 
m i g h t a f fec t t h e p r ope r t i e s of a s a m p l e . 

A n o t h e r e l e m e n t to t a k e in to a c c o u n t is w i t h t h e c h r o m a t o g r a p h 
ana l y s i s , w e ob ta i n t he f l uo r ide an i on s and not to ta l f l uo r ine t ha t can be 
p r e s en t in a n o t h e r f o r m in t h e wa t e r . 

T h e l a bo r a t o r y ana l y s i s p e r f o r m e d at B a m b e y Un i v e r s i t y g i v e s in fo r ­
m a t i o n a b o u t f l u o r i n e a n d o t h e r p h y s i c o c h e m i c a l c h a r a c t e r i s t i c s t h a t 
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m i g h t n e g a t i v e l y i m p a c t h u m a n h e a l t h w h e n no t r e s p e c t i n g t h e W H O 
gu i d e l i n e s . 

A n i n t e r r o g a t i o n c a n a l s o be d o n e a b o u t s o m e h a z a r d o u s p h y s i c o -
chem i c a l e l e m e n t s such as A r s en i c t ha t a re not p r e sen t in t he l abo ra t o r y 
a na l y s i s r e su l t s bu t c a n c a u s e m o r e d a m a g e to h u m a n hea l t h t h a n t h e 
e x c e s s f l uo r i ne d oe s . 

6.2 Proposal of proper technology 

To m a k e a ca t ego r i c a l cho i ce on a m e t h o d is qu i t e c ha l l e ng i ng . W i t h ou t 
f inanc ia l c on s i de r a t i on it is o b v i o u s to f a vo r t he m e t h o d s g i v i ng t he bes t 
r e su l t s . B u t o f t e n a q u a l i t y / p r i c e c o m p r o m i s e is n e c e s s a r y a s l ong 
a s t h e t r e a t e d w a t e r m e e t s t h e s t a n d a r d s in f o r c e . A n o t h e r c h a l l e n g e 
l ies in d e f i n i n g t h e a c t u a l f i n an c i a l m a r g i n s t h a t c a n be a l l o c a t e d f o r 
s o l v i n g t h i s p r o b l e m . T h i s d e p e n d s o n s e v e r a l f a c t o r s i n c l u d i n g t h e 
d i s t r i b u t i o n of b u d g e t s b e t w e e n t h e d i f f e r en t s e c t o r s of a c t i v i t y a n d 
t h e i m p o r t a n c e g i v e n to e a c h s e c t o r . E v e n if w e k n o w t h a t h e a l t h is 
p r i ce l e s s , t he fact r e m a i n s t ha t it has a cos t . T h e bes t m e t h o d wi l l be t he 
one tha t can be s uppo r t e d by t he s ta te o r by h u m a n i t a r i a n o rgan i z a t i on s . 

T h e r e v i ew of d e f l u o r i n a t i o n m e t h o d s app l i e d t h r o u g h o u t t h e w o r l d , 
w e no t i c e t h a t c h e m i c a l p r o c e s s e s h a v e b e e n m u c h p r e f e r r ed to m e m ­
b rane t e c hn i q ue s . I n d e e d , in c oun t r i e s w h e r e t h e ma j o r i t y of t he a f f ec ted 
popu l a t i on l ive in rura l a r e a s , l a r ge - s ca l e i ns ta l l a t i on po se s t h e p r o b l e m 
of d e v e l o p i n g a w a t e r s u p p l y n e t w o r k , in a s e t t i ng w h e r e c o m m u n i t i e s 
a r e a l so d i s p e r s e d a pa r t f r o m e a c h o t he r . 

M e m b r a n e p r o c e s s e s a p p e a r to a c e r t a i n e x t e n t m o r e e f f i c i en t t h a n 
c o n v e n t i o n a l c h e m i c a l p r o c e s s e s , e s p e c i a l l y w h e n t h e l a t t e r a l l ow t h e 
p r o b l e m of e x c e s s i v e m i n e r a l i z a t i o n of w a t e r to be s o l v e d . 

H o w e v e r , o n l y m e d i u m and l a r g e - s c a l e a pp l i c a t i o n s a r e c o n c e r n e d . 

A n d e v en in th i s c a se , t he i n s ta l l a t i ons r equ i r e v e r y h igh i n v e s t m e n t s , 
a qua l i f i e d w o r k f o r c e bu t a l s o a f r e q u e n t r e n e w a l o f t h e m e m b r a n e s , 
t h e c o s t o f w h i c h is a l r e a d y qu i t e e x p e n s i v e ( 2 0 % o f t h e p r i c e o f t h e 
i n s t a l l a t i o n s ) . A l l t h e s e f a c t o r s t h u s c o n s t i t u t e an i m p o r t a n t l im i t a t i o n 
to t h e d e v e l o p m e n t of m e m b r a n e t e c h n i q u e s . T h e i r u s e wi l l t h e r e f o r e 
resu l t f r om a r educ t i on e i t he r in t he cos t of t he m e m b r a n e s o r in e ne r g y 
c o n s u m p t i o n . In a d d i t i o n , t h e s t u d i e s in p r o g r e s s c ou l d l ead to a n i m ­
p r o v e m e n t in t h e p e r f o r m a n c e o f t h e m e m b r a n e s ; w h i c h w o u l d a l l ow 
the i r po s s i b l e u s e fo r t h e p u r p o s e s of d e f l u o r i d a t i o n . 

W i t h r ega rd to c h e m i c a l m e t h o d s , t h e m a i n d i f f i cu l t y l ies in t h e f ac t 
t h a t w e c a n n o t p r ed i c t t h e b e h a v i o r o f a l l c h e m i c a l s p e c i e s in s o l u t i o n . 
It is on l y t h r o u g h l abo r a t o r y t e s t s t ha t w e can ge t a fa i r l y p rec i se idea of 
t he p r o c e d u r e a n d t he quan t i t y of ma t e r i a l n e c e s s a r y to ob ta i n o p t ima l 
d e f l u o r i n a t i o n wh i l e r e spe c t i n g t h e l im i t s of po tab i l i t y . 
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Fo r t h e m o m e n t , t h e s e a r e t h e m e t h o d s t h a t s e e m to be t h e m o s t 
w i t h i n o u r r e a c h . A s a r e su l t , t h e t e c h n i q u e s p r o p o s e d in t h e c o n t e x t 
o f t h i s r e p o r t w i l l be e s s e n t i a l l y c h e m i c a l . In t h e l ong t e r m , t h e l a t t e r 
c ou l d be t h e s u b j e c t o f s t u d y f o r l a r g e - s c a l e u s e , in t h e s a m e w a y as 
m e m b r a n e p r o c e s s e s . H o w e v e r , f o r s h o r t - t e r m s o l u t i o n s , g i v e n t h e 
u r g en c y of t he p r o b l e m and t he d i s pe r s ed d i s t r i bu t i on of t he popu l a t i on , 
it s e e m s m o r e r e a s o n a b l e to us to opt fo r t h e so l u t i on of de f l uo r i da t i on 
a t t h e d o m e s t i c l e ve l . 

Tab l e 6.1 is a Gene r a l s u m m a r y of d i f fe rent f l uo r i de and sa l t t r e a t m e n t 
m e t h o d s , t he i r a d v a n t a g e s , d i s a d v a n t a g e s and co s t s . 
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Tab l e 6 . 1 : Gene r a l s u m m a r y of t he d i f fe rent f l uo r ide and sa l t t r e a t m e n t 
m e t h o d s 

Method Benefits Disadvantages Costs 

Precipitation 

Sulfate aluminum and 
lime (Technique of 

Nalgonda) 

Fairly known procedure 
Mainly applied in India 

Possibility of treating water 
on a large and small scale 

Does not address the problem 
of salinity Residual presence 

of a luminum 
Mud production 

High consumption of reagents 

High investment cost 
Moderately high 

running cost 

Adsorption 

Activated alumina 

Efficient and well-known procedure 
Reference technique in the USA 

Possibility of treating water 
on a large and small scale 

Only partially addresses the 
salinity problem 

Consumption of reagents that 
are not available in Senegal 

Requires specialized personnel 

High investment cost 
High running cost 

Does not address the problem 

Charred bones Reagent cheaper 
of water salinity 

Bacteriological quality problem 
linked to the use of bones 

Regular bone supply is a problem 

Low-medium investment cost 
Low investment cost 

Membrane Techniques 

Requires maintenance monitored 

Reverse osmosis 

Jointly addresses the problem 
of water salinity 

Good bacteriological quality 
of the treated water 

by qualified personnel 
High running cost 

High energy consumption 
Wastewater production 

Total demineral ization of water 

High investment cost 
Very high running cost 

Nano-filtration 
(reverse osmosis 
at low pressure) 

Jointly addresses the problem 
of water salinity 

Consumes less energy 
than reverse osmosis 

Requires maintenance monitored 
by qualified personnel 

Fairly high running cost 
Wastewater production 

High investment cost 
High running cost 

Dis tillation 

Solar distillation 

Fairly low running cost 
Jointly addresses the 

problem of water salinity 
Good bacteriological quality 

of the treated water 

Fairly high investment cost 
Little known technique 
Requires a lot of space 

Total demineral ization of water 

High investment cost 
Low running cost 

Alterna tive sources 

Water transfer 
Simple and durable 

Simultaneous solution 
Very high investment cost 

Lack of information on 

High investment 
cost - very high 

High average cost 
of operation 

for the water salinity problem groundwater 

High investment 
cost - very high 

High average cost 
of operation 

Impluvium 
Simple and durable 

Simultaneous solution 
to the problem of water salinity 

Limited capacity or requires 
greater investment 

High investment cost 
Low running cost 

Lack of information on 

Mini hand drilling in 
shallower water tables. 

Simple 
Simultaneous solution 

to the problem of water salinity 

the tablecloths 
Limited areas 

Often requires additional 
bacteriological treatment 

Low investment cost 
Low running cost 
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T h e U S E P A f o u n d t h e f o l l ow i ng p r o c e s s e s to be e f f e c t i v e fo r t h e r e ­
m o v a l of f l u o r i d e : 

• A d s o r p t i v e m e d i a (up to 100 pe r c en t r e m o v a l ) i n c l ud i ng a c t i v a t e d 
a l u m i n a (up to 1 0 0 pe r c en t r e m o v a l ) ; 

• c h e m i c a l t r e a t m e n t by t h e N a l g o n d a t e c h n i q u e (> 8 6 p e r c e n t r e ­
m o v a l ) , 

• c a l c i u m p h o s p h a t e s ( > 9 0 p e r c en t r e m o v a l ) , 

• m a g n e s i u m o x i d e ( > 8 6 pe r c en t r e m o v a l ) , o r a l u m ( > 9 0 p e r c e n t ) ; 

• i on e x c h a n g e w i t h a n i o n e x c h a n g e r e s i n s ( up to 8 5 p e r c e n t r e ­
m o v a l ) ; 

• m e m b r a n e s e p a r a t i o n w i t h r e v e r s e o s m o s i s , n a n o f i l t r a t i o n , a n d 
e l e c t r od i a l y s i s (> 9 5 pe r c en t r e m o v a l ) ; a n d 

• a n e l e c t r o c o a g u l a t i o n p r o c e s s (> 9 5 pe r c en t r e m o v a l ) . 

T a b l e 6 . 2 is a m a t r i x s u m m a r i z i n g t h e f l u o r i d e r e m o v a l m e t h o d s 
a d a p t e d f r om Feens t r a et a l . 2 0 0 7 . T h e co lo r s in t he ma t r i x i nd i ca te t h e 
m e t h o d ' s su i t ab i l i t y fo r t h e pa r t i c u l a r s i t u a t i o n : 

T a b l e 6 . 2 : F l uo r i de r e m o v a l m e t h o d s ( F e en s t r a e t a l . 2 0 0 7 ) 

domestic community domestic community domestic community 
Methods + + + + + + 

low costs low costs high F removal high F removal braklsh water bra kish water 
Activated Alumina • 

Ion exchange 
Reverse osmosis 
Elect rodla lysis 

Nalgonda process 
Contact precipitation 

Bone Charcoal 

Calcined Clay J 
Water Pyramid/Solar Dew 1 

Green indicates the technique is very appropriate, Yellow color means 
average suitability,Red color means that the method is unattractive or 

not applicable for the given situation. 

Domes t i c a l l y , t he Na l gonda p r o ce s s , bone c ha r c oa l , a n d ca l c i ned c lay 
a r e a l l l o w - c o s t t e c h n i q u e s . T h e N a l g o n d a m e t h o d is a l s o a l o w - c o s t 
a l t e r n a t i v e o n a c o m m u n i t y l e v e l . If a s i g n i f i c a n t a m o u n t o f f l u o r i d e 
m u s t be r e m o v e d , a c t i v a t ed a l u m i n a , r e ve r s e o s m o s i s , o r e l e c t r od i a l y s i s 
a re r e c o m m e n d e d t e c hn i q ue s . For b r a ck i sh wa t e r , on l y r e ve r s e o smos i s , 
e l e c t r od i a l y s i s , a nd t he W a t e r P y r a m i d / S o l a r Dew t e c hn i q ue a re su i t ab l e . 
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Tab l e 6.3 s h o w t he d i f f e rences in cha r a c t e r i z a t i on of w a t e r t r e a t m e n t 
m e t h o d s b e t w e e n Indus t r i a l i z ed and de ve l o p i n g coun t r i e s a d a p t e d f r o m 
Fawe l l 2 0 0 6 . W e can deduc t f r o m it t ha t m o r e s oph i s t i c a t ed t e chno l og i e s 
a re u s ed in i ndus t r i a l i z ed coun t r i e s wh i l e c l a ss i c t r e a t m e n t m e t h o d s a re 
u sed in d e ve l o p i n g coun t r i e s . Th i s i n t r oduce s t he no t i on of a f fo rdab i l i t y . 

Tab l e 6 . 3 : D i f f e rences in cha r a c t e r i z a t i on of w a t e r t r e a t m e n t m e t h o d s in 
c onven t i o na l s y s t e m s in i ndus t r i a l i z ed and d e v e l o p i n g c oun t r i e s ( Fawe l l 
2 0 0 6 ) 

Criteria Industrialized Countries Developing countries 

Set-up and water 
flow 

A lways cont inuous, 
often in co lumns 

Often discont inuous 
in co lumns 

Fill and draw in batch 

Scale and t reatment 
site 

A lways at water works, 
usual ly close to 
water source 

At water works 
At vi l lage commun i ty level 

At household level 

Treatment 
media/process 

Contact precipitat ion 
Act ivated a lumina 
Synthet ic resins 
Reverse osmos is 

Electrodialysis 

Bone charcoal 
Contact precipitat ion 

Nalgonda 
Act ivated a lumina 

Clay 
Other natural ly occurr ing media 

Tab l e 6 .4 is a gene ra l c o m p a r i s o n of t he mo s t p r om i s i n g de f l uo ra t i on 
m e t h o d s u s ed in d e v e l o p i n g c oun t r i e s a c c o r d i n g to Fawe l l 2 0 0 6 . It c an 
be s e e n t h a t t h e C o n t a c t P r e c i p i t a t i o n (CP ) t e c h n o l o g y s e e m s to h a v e 
m o r e a d v a n t a g e s f o l l owed b y t h e N a l g o n d a (Na l ) t e c h n i q u e a n d B o n e 
Cha r c oa l ( B C ) . A f t e r c o m e t he A c t i v a t e d A l u m i n a (AA ) a n d t he Ca l c i n ed 
C l a y (CI) t e c h n i q u e s . 

T a b l e 6 . 4 : G e n e r a l c o m p a r i s o n o f t h e m o s t p r o m i s i n g d e f l u o r i d a t i o n 
m e t h o d s u s ed in d e v e l o p i n g c oun t r i e s ( Fawe l l 2 0 0 6 ) . 

Methods 
Advantages BC CP Nal AA CI 

No daily dosage of chemicals, i.e. no daily working load + - - + + 
Dosage designed for actual F cone. Independent of unit or plant - + + - -
No risk of false treatment due to break point - + + - -
Removal capacity of medium is independent of F concentration - + - - -
No regeneration or renewal of medium is required - + + - -
High removal efficiency can be ensured + + - + -
Easy to construct, even by the users + + ++ + + 
Construction materials are cheap and widely available + + ++ + + 
Can be sized for one or several families or a group, e.g. a school + ++ + + -
No risk of medium/chemicals unacceptability - -/+ + + = 
No risk of deterioration of the original water quality -/+ + -/+ -/+ -

BC = bone charcoal; CP = contact precipitation; Nal = Nalgonda 
technique of aluminium + = advantage sulfate and lime; AA = 
activated alumina; CI = calcined clay; "risk" means in some cases - = 
disadvantage 
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6.3 Experiments carried out in Senegal 

For s eve ra l y e a r s , r e s ea r ch has been ca r r i ed out in S e n e g a l to f ind s o l u ­
t i ons to an e x c e s s of f l uo r i des in t he w a t e r s of s o m e a r ea s of t he coun t r y . 
H o w e v e r , t h e s e s t e p s w e r e t a k e n b y t h e S . O . N . E . E . S . in c o l l a b o r a t i o n 
w i t h s t r u c t u r e s s u c h a s t h e D e p a r t m e n t o f G e o l o g y o f t h e F a c u l t y of 
S c i e n c e s of t h e C h e i k h A n t a D iop U n i v e r s i t y of D a k a r ( U C A D ) . 

T h e P o l y t e c h n i c a l u n i v e r s i t y o f D a k a r ( E S P ) , t h e P o l y t e c h n i c a l U n i ­
v e r s i t y of T h i e s (EPT) w e r e l im i t ed c a r r y ou t s o m e l a bo r a t o r y t e s t s a n d 
s o m e t i m e s s a t i s f a c t o r y r e su l t s w e r e d e e m e d too cos t l y . 

Un t i l 2 0 0 4 ( S a m b 2 0 0 4 ) , t h e o n l y t r e a t m e n t u s e d b y t h e S D E c o n ­
s i s t s of m i x i n g t he f l uo r i na ted wa t e r w i th non - f l uo r i n a t ed wa t e r s ou r c e s , 
wh i ch on l y p r e ven t s t he f l uo r ide leve l in t h e s e wa t e r , a l t h ough t o l e r a t ed , 
r e m a i n s we l l a b o v e t h e s t a n d a r d s (2 to 3 m g / L ) . 

In 1 982 , a p i lot s ta t i on w a s ins ta l l ed at B a m b e y to t r ea t t he w a t e r f r o m 
b o r e h o l e w i t h a l u m i n a p h o s p h a t e t a k e n f r o m L a m L a m a s t h e p r i m a r y 
r e agen t . 

Howeve r , t he t e c hn i q ue has not m a d e it poss i b l e to r educe t he f l uo r ide 
c o n t e n t a p p r e c i a b l y . 

It h a s e v e n b e e n o b s e r v e d a f e w t i m e s a n i n c r e a s e in t h e f l u o r i d e 
c o n t e n t . In a d d i t i o n , t h e t r e a t e d w a t e r w a s e n r i c h e d in p a r t i c u l a r e l e ­
m e n t s such as a r sen i c , c a d m i u m , ch l o r i des , a n d su l f a te s , a l t hough t h e s e 
e l e m e n t s r e m a i n e d w i t h i n t h e p e r m i s s i b l e l im i t s . 

T h e r e a g e n t c o s t s e s t i m a t e d p e r MJ o f d e f l u o r i n a t e d w a t e r v a r i e d 
b e t w e e n 157 a n d 2 1 5 FCFA f r o m B a m b e y to Kao l a ck . H o w e v e r , a c c o r d ­
ing to I . G . I . P . ( S a m b 2 0 0 4 ) , t h e a d s o r p t i o n c apa c i t y c ou l d be i m p r o v e d 
by 10 to 2 0 % by u s i n g a l u m i n a p h o s p h a t e f r e e d f r o m pa r t i c l e s w i t h a 
pa r t i c l e s i z e of 0 .8 to 1.2 m m . 

F r o m 1 9 8 3 to 1 9 8 4 , o r i e n t a t i o n s t u d i e s h a d b e e n u n d e r t a k e n b y 
t h e S O N E E S , in c o l l a b o r a t i o n w i t h t h e E N S U T a n d t h e F a c u l t y o f S c i ­
e n c e s . A c o m p l e t e a n a l y s i s o f t h e w a t e r f r o m 2 b o r e h o l e s a t K a o l a c k 
and Fat i ck s h o w e d tha t t h e s e w a t e r s w e r e s a t u r a t e d w i th f l uo ro - apa t i t e ; 
w h i c h m e a n s t h a t t h e m e t h o d s o f p r e c i p i t a t i o n by c a l c i u m w e r e no t 
p o s s i b l e ; t e s t s o n Fa t i c k ' s w a t e r w h o s e in i t ia l f l u o r i d e c o n t e n t w a s 6 .8 
m g / L , a re t r i ed w i th v a r i o u s p r odu c t s s u ch as a t t apu l g i t e ( f ound loca l l y 
f r om T rav i 1 9 9 3 ) , ta l c , i r on , p o t a s s i u m and a m m o n i u m a l u m s , m a g n e s i a . 

M a g n e s i a t u r n e d o u t to be t h e m o s t i n t e r e s t i n g b y l o w e r i n g t h e F 
c on c en t r a t i o n f r o m 6 .8 g/l to 0 .6 g / l ; p o t a s s i u m a n d a m m o n i u m a l u m s 
m a k e it p o s s i b l e to r e a c h 1.2 m g / L . B u t f o r t h e d i s a d v a n t a g e s o f a n 
o r g ano l e p t i c n a t u r e a n d i n c r ea se in t he pH of t he wa t e r , m a g n e s i a w a s 
no t r e t a i ned fo r t h e c o n t i n u a t i o n of t h e e x p e r i m e n t s . 
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In J a n u a r y 1 9 8 5 , a r e s ea r ch a g r e e m e n t b e tween E N S U T and S O N E E S 
on t h e d e f l u o r i n a t i o n o f d r i n k i n g w a t e r a l l o w e d E N S U T to t e s t s e v e r a l 
p r oduc t s on 2 00 ml of Fa t i ck w a t e r ( a c t i v a t ed c a r b o n : c a l c i um c a r bona t e , 
Ca n i t r a te , l ime , m a g n e s i a , a t t apu l g i t e , t a l c , a l u m i n u m ox i de , p o t a s s i u m 
a l u m ) . O n l y a l u m i n u m s u l f a t e a n d a m m o n i u m , a n d p o t a s s i u m a l u m s 
g a v e i n t e r e s t i ng r e su l t s : 

• 1 g / I o f a l u m i n a s u l f a t e g i v e s a r e s i d u a l o f 0 . 9 m g / L bu t w i t h a 
f ina l pH of 5 .9 ; 

• 1 g / I of a m m o n i u m a l u m and p o t a s s i u m a l u m g i v e s r e s p e c t i v e l y 
2 .6 a n d 2 .9 m g / L f o r a n in i t ia l c o n t e n t o f 6 . 8 m g / L , t h e f i na l pH 
be ing 6 .6 . 

In N o v e m b e r 1 9 8 5 , an a m e n d m e n t to th i s c onven t i o n w a s e s t ab l i s hed 
fo r a p e r i o d o f e i g h t m o n t h s in o r d e r to d e f i n e t h e o p t i m a l c o n d i t i o n s 
for t he use of p o t a s s i u m a l u m or a l u m i n a su l f a te . It c a m e ou t t ha t w i th 
0 . 7 5 g/ l o f a l u m i n a s u l f a t e , t h e f l u o r i d e s o f t h e w a t e r c ou l d go f r o m 
a b o u t 6 .8 to 1 m g / L , and t h e pH g o e s f r o m 8 .2 to 6 . 2 5 . 

H o w e v e r , t h i s c o n c e n t r a t i o n w a s c o n s i d e r e d q u i t e s i gn i f i c an t . T h e 
p r o c e s s c o m e s d o w n to p r e c i p i t a t i o n w i t h a l u m i n a su l f a t e , f o l l owed by 
s e t t l i n g a n d f i l t r a t i on o n s a n d (o f a l l t h e f i l t e r m a t e r i a l s u s e d ) . I t is 
t h e s a n d t h a t h a s g i v e n t h e b e s t r e su l t s . F r o m t h e po i n t o f v i e w of 
f i na l qua l i t y , o f w a t e r , t h e s u l p h a t e a n d a l u m i n u m c o n t e n t s i n c r e a s e 
c on s i d e r ab l y ( f r om 4 2 to 3 20 m g / L for s u l pha t e s 0 . 05 to 0 . 015 m g / L for 
a l u m i n u m ) . 

I n 1 9 8 6 , a s t u d y p r o j e c t w a s c a r r i e d o u t o n w a t e r d e f l u o r i n a t i o n 
a t t h e E co l e P o l y t e c h n i q u e d e T h i e s . R a w w a t e r c a m e f r o m a we l l a t 
Mont Ro l l and w i th a f l uo r i ne con t en t of 6 mg / L . T h e p r oduc t s u s ed w e r e : 
p o t a s h a l u m , a l u m i n a su l f a t e , a c t i v a t e d a l u m i n a , a n d b o n e p o w d e r . 

A c c o r d i n g to t h e r e su l t s , 3 . 2 g/ l o f p o t a s s i u m a l u m a l l o w e d d e f l u ­
o r i n a t i o n o f w a t e r c o n t a i n i n g 6 . 2 p p m of f l u o r i n e . 0 . 9 g o f a l u m i n u m 
su l f a t e c o m b i n e d w i t h 5 0 0 m g / L o f l ime m a k e s it p o s s i b l e to r e d u c e 
t h e f l u o r i d e c o n t e n t to t h e a d m i s s i b l e l e v e l . W i t h a c t i v a t e d a l u m i n a , 
t h e r e su l t s o b t a i n e d w e r e q u i t e s a t i s f a c t o r y . T h e b o n e p o w d e r g a v e 
a c c e p t a b l e r e su l t s , a l t h o u g h its c a p a c i t y w a s l owe r . To s o l v e t h e o d o r 
a n d c o l o r p r o b l e m , a p r e - c h l o r i n a t i o n of t h e r a w w a t e r , a d s o r p t i o n on 
c ha r c oa l , a nd r ins ing of t h e ma te r i a l w i th 1% s o d i u m hyd r o x i d e had been 
c a r r i e d ou t . It w a s t h e n p r o p o s e d to u s e a c t i v a t e d a l u m i n a f o r w a t e r 
d e f l u o r i n a t i o n in u r b a n c e n t e r s a n d b o n e p o w d e r a s a f i l te r m a t e r i a l in 
i nd i v i dua l d e f l u o r i n a t i o n un i t s in ru ra l a r e a s . 

A s e c o n d S O N E S - E N S U T ( S a m b 2 0 0 4 ) w a s e s t a b l i s h e d in D e c e m ­
be r 1 9 8 7 f o r s i x m o n t h s . T h e w o r k w a s e n t r u s t e d to a s t u d e n t a s t h e 
s u b j e c t o f a f i na l t h e s i s . T h e p h y s i c o c h e m i c a l a n a l y z e s o f t h e v a r i o u s 
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wa t e r s d id not r evea l a n y no tab l e d i f f e rences in t he i r c ompo s i t i o n . T h e n , 
c o m p a r a t i v e de f l uo r i na t i on t e s t s b e t w e e n a l um i n a su l f a te and a l u m i n u m 
p o l y c h l o r o s u l p h a t e w e r e c a r r i e d o u t a n d c o n c l u d e d t h a t f o r t h e s a m e 
quan t i t y of p r oduc t u s e d , t he de f l uo r i n a t i on p o w e r of t e chn i c a l a l u m i n a 
s u l f a t e is g r e a t e r t h a n 5 0 to 6 0 % to t h a t o f p o l y c h l o r o s u l p h a t e of a l u ­
m i n a . T h e a l u m i n a su l f a te c on s i d e r ab l y i n c r e a se s t he su l f a te c on t en t of 
t h e t r e a t e d w a t e r , fo r e x a m p l e , fo r t h e b o r eho l e of Fa t i ck , t h i s c o n t e n t 
g o e s f r o m 9 4 . 6 m g / L f o r r a w w a t e r to 3 8 9 . 8 m g / L f o r t r e a t e d w a t e r . 
T h e p o l y c h l o r o s u l p h a t e of a l u m i n a i n c r e a s e s t h e v a l u e of t h e ch l o r i d e s : 
5 3 1 . 4 m g / L to 6 5 2 m g / L f o r t h e b o r e h o l e n l o f Fa t i c k . T h e c h o i c e f o r 
th i s s t u d y , h o w e v e r , fe l l on t h e p o l y c h l o r o s u l p h a t e of a l u m i n u m w h i c h 
g i v e s c l ea r w a t e r a f t e r s e t t l i n g , w h e r e a s w i t h t h e su l f a t e of a l u m i n a , it 
w a s n e c e s s a r y to c a r r y ou t a f i l t r a t i on . 

A v e r y r e cen t s t u d y w a s c a r r i ed ou t on t h e use of nano f i l t r a t i on a n d 
u l t r a f i l t r a t i on fo r t h e r e t e n t i o n of f l u o r i d e s c o n t a i n e d in d r i n k i n g w a t e r 
c o n s u m e d in F rance a n d S e n e g a l . A c c o r d i n g to th i s s t udy , nano f i l t r a t i on 
a p p e a r s a s " t h e o n l y p r o c e s s w h i c h a l l o w s b o t h su f f i c i en t r e d u c t i o n in 
f l uo r i de ions a n d a l so par t ia l d em i ne r a l i z a t i o n of b r a c k i s h w a t e r . " It has 
a l s o b e e n p r o p o s e d a m o n g t h e m e m b r a n e s o f " D o w " ( n ano f i l t r a t i o n 
m e m b r a n e s m a r k e t e d b y t h e c o m p a n y D o w C h e m i c a l ) , N F 2 7 0 fo r t h e 
t r e a t m e n t o f w a t e r f r o m F r a n c e c o n t a i n i n g 3 . 7 6 p p m , a n d N F 9 0 fo r 
w a t e r f r o m S e n e g a l h y p e r f l u o r i n a t e d a n d sa l t y . 
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6.3.1 Process selection: Decision tree 

F i g u r e 6 .1 F e e n s t r a e t a l . 2 0 0 7 r e p r e s e n t s a d e c i s i o n t r e e f o r f l u o r i d e 
r e m o v a l t e c h n i q u e s app l i c ab l e in d e v e l o p i n g c oun t r i e s a c c o r d i n g to t h e 
c i r c u m s t a n c e s a n d t h e a va i l a b i l i t y o f t h e r e s ou r c e s . 

A c t i v a t e d a l u m i n a is a n e x c e l l e n t m e t h o d f o r d e v e l o p i n g c o u n t r i e s 
t ha t need h igh r e m o v a l e f f i c i ency and capac i t y . T h e Na l gonda m e t h o d is 
s u i t a b l e in c i r c u m s t a n c e s w h e n m o d e s t r e m o v a l e f f i c i ency is a d e q u a t e . 
In o t h e r i n s t a n c e s ( h i g h r e m o v a l e f f i c i e n c y , s m a l l s c a l e ) , c o n t a c t p r e ­
c i p i t a t i o n o r i on e x c h a n g e ( on l y w i t h h i g h F - i ons ) a r e r e c o m m e n d e d . 
A d d i t i o n a l l y , if r e g u l a r m o n i t o r i n g is f e a s i b l e , b o n e c h a r c o a l m a y be 
u t i l i z ed . 

F i gu r e 6 . 1 : De c i s i o n t r e e fo r f l u o r i d e r e m o v a l t e c h n i q u e s a pp l i c a b l e in 
d e v e l o p i n g c oun t r i e s ( F e en s t r a e t a l . 2 0 0 7 ) 

P r o c e s s S e l e c t i o n 

CP 
IE 
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Chapter 7 

Conclusions 

Th i s s t ud y i n ve s t i g a t ed an up - t o - d a t e r ev i ew of f l uo r ine t r e a t m e n t m e t h ­
o d s t h a t e x i s t g i v e n t h e r e d u c t i o n of t h e f l u o r i d e c o n t e n t in w a t e r a n d 
p r opo se so l u t i on s a d a p t e d to t he e c o n o m i c c on t e x t of S e n e g a l . For th i s 
p u r p o s e , s e v e r a l m e t h o d s , n o t a b l y t h o s e u s e d in I n d i a a n d T a n z a n i a , 
had b een t a r g e t e d fo r d e v e l o p i n g c oun t r i e s s u c h as S e n e g a l . 

The e l im ina t i on of e x c e s s f l uo r i de ions in d r i n k i ng wa t e r is a c o m p l e x 
sc ient i f i c t op i c t ha t r equ i r i ng mu l t i d i s c i p l i na r y a p p r o a c h . T h e r e a re m a n y 
d e f l u o r i n a t i o n t e c h n i q u e s t h a t h a v e b e e n u n d e r t a k e n ( i on e x c h a n g e , 
c h e m i c a l p r e c i p i t a t i o n , a d s o r p t i o n , e l e c t r o d i a l y s i s , e l e c t r o c o a g u l a t i o n , 
ion ic d i a l y s i s , r e v e r s e o s m o s i s , a n d , m o r e r e cen t l y , n ano f i l t r a t i on ) . 

S e n e g a l is a p a r t i c u l a r A f r i c a n c o u n t r y c h a r a c t e r i s e d b y i m m e n s e 
po ten t i a l in su r f a ce wa t e r s (A t l an t i c O c e a n , S e n e g a l r i ve r , G a m b i a r iver , 
C a s a m a n c e r i ve r , S i n e S a l o u m , and so on ) a n d g r o u n d w a t e r s . 

I n d e e d , t h e s e r e s o u r c e s a r e i n e qu i t a b l y a l l o c a t ed b e c a u s e t h e y a r e 
l o ca t ed too d i s t a n t f r o m m a j o r c o n s u m p t i o n c e n t e r s a n d d e v e l o p m e n t 
po l e s o r a r e d i f f i cu l t to m o b i l i z e . In a d d i t i o n to t h i s i s s ue , S e n e g a l ' s 
aqu i f e r s a re a f f l i c ted by m a n y i l l nesses , i n c l ud ing o ve r e xp l o i t a t i on in t he 
wes t , s a l i n i z a t i on ( d eep Maa s t r i c h t i a n , de l t a i c z o n e s , m a r i n e i n t r u s i on ) , 
and e x c e s s f l uo r i de in t h e g r o u n d n u t b a s i n , spec i f i c a l l y in o u r r e s e a r c h 
r eg i on . 

T h e P E P A M - A Q U A p r o g r a m s t e n d to l a u n c h s o l u t i o n s to e n h a n c e 
p h y s i c o c h e m i c a l w a t e r qua l i t y in S e n e g a l to r e s pond to e x c e s s f l uo r i de 
and sa l t in w a t e r a t t h e s a m e t i m e . 

A n e x a m p l e is t h e i m p l u v i u m p r e s en t l y in o p e r a t i o n in W a l a l a n e , a s 
wel l as low p r e s su r e r e ve r s e o s m o s i s fac i l i t i es in a n u m b e r of S e n e g a l e s e 
c o m m u n i t i e s . To c on t i nue w i th t he d i l u t i on , t he po ten t i a l of wa t e r t r a n s ­
fe r is be i ng e x p l o r e d in t h e N io ro a r e a to e a s e t h e i s sue in S e n e g a l . 

Fo r d e v e l o p i n g c o u n t r i e s s u c h as S e n e g a l , t h e A c t i v a t e d a l u m i n a is 
a n a p p o r p r i a t e m e t h o d t h a t need h i gh r e m o v a l e f f i c i ency a n d c apa c i t y . 
T h e Na l g onda m e t h o d is su i t ab l e in c i r c u m s t a n c e s w h e n m o d e s t r e m o v a l 
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e f f i c i ency is a d e q u a t e . In o t he r i n s t an ce s (h igh r e m o v a l e f f i c i ency , sma l l 
s c a l e ) , c o n t a c t p r e c i p i t a t i o n o r ion e x c h a n g e ( on l y w i t h h i gh F - i ons ) 
a r e r e c o m m e n d e d . Add i t i o n a l l y , if r e gu l a r m o n i t o r i n g is f e a s i b l e , b o n e 
c h a r c o a l m a y be u t i l i z ed . 

T h i s s t u d y h a s t h u s c o n t r i b u t e d to g i v e a w i d e r a n g e o f t r e a t m e n t 
poss i b i l i t i e s t h a t e x i s t , t h e i r a d v a n t a g e s as we l l a s t he i r l im i t a t i on s . In 
r ea l i t y , no p a n a c e a o b e y s al l t h e c o m b i n e d co s t , q u a l i t y , a n d e a s e of 
i m p l e m e n t a t i o n c r i t e r i a . A c o m p r o m i s e is a l w a y s n e c e s s a r y to m a k e a 
p rac t i ca l cho i ce . In t h e c a se of S e n e g a l , ou r se l e c t i on f o cu s e s on m e t h ­
ods b a s ed on a l u m i n u m su l f a t e , a c t i v a t ed a l u m i n a , and bone p o w d e r in 
t h e c o n t e x t o f d o m e s t i c - t y p e d e f l u o r i n a t i o n . 

H o w e v e r , a d d i t i o n a l s t u d i e s a r e n e c e s s a r y to o p t i m i z e t h e d e v e l ­
o p m e n t o f t h e s e m e t h o d s r e g a r d i n g t h e i r i m p l e m e n t a t i o n in t h e f i e l d . 
In a d d i t i o n , a g o o d s t r u c t u r i n g of t h e r e s e a r c h is n e e d e d so t h a t t h e 
p r o b l e m can be s o l v ed . Th i s ne ce s sa r i l y i n vo l v e s d e ve l op i ng po l i c i es for 
t he p l ann i ng a n d s u s t a i n ab l e m a n a g e m e n t of na tu ra l r e s ou r c e s a n d t he 
a d o p t i o n o f bo ld m e a s u r e s in f o r e c a s t i n g , e v a l u a t i n g , a n d m o n i t o r i n g 
t h e e n v i r o n m e n t a l i m p a c t s of t h e v a r i o u s s e c t o r a l po l i c i e s . H e n c e t h e 
need for c on t i n uou s mon i t o r i n g and e va l ua t i on t h r o u g h t h e i n v o l v e m e n t 
of al l s t a k e h o l d e r s du r i n g i m p l e m e n t a t i o n . 
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Appendices 

T a b l e 1: Re su l t s of m i c r ob i o l o g i c a l a n a l y s i s 

i"ä~7T k e e e K- T i r 
TABLEAU N*Z: RESULTATS MICRO BIOLOGIE 

PARAMETRES METHODFS Ei Ki Ft Ft £> Et Et Ei Norm« 

í lÍBŕlŕriKťolirnrmt.si 
j ÍTVduti 100mi 

NPP KitColilert 0 0 D o 0 0 0 0 0 

1 l.ranuccxjuej i 3 r c 
dus IPöml 

NF EN ISO 7199-2 fl D íl 0 0 fl 0 0 0 0 

£sdnTi(hiíColii.l^C 
ÍVIÍ JJömJ 

NPPKilColilert íl íl B U Q a D 0 0 D 

NPP: Nombre It Plus Probable 

TABLEAU N°3: RESULTATS ľKYSIťO-t H1M.OUE 

Plfimŕlrr> \ ulcurt Plmicu'Chimiqur 1 nilc dt 
m*iurc 

Norm« 

Ei Fj Fi Fi Ej & i FJ Ei 

pH |l 7.3 7.6 7,3 7.5 7.3 7.4 -•1 13 • 

Tcmperaturť ÄÍ 33,j 32,1 Ľ 33.6 34.0 '•-.> 33,6 
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T a b l e 2: Re su l t s of p h y s i c o - c h e m i c a l p a r a m e t e r s a n a l y s i s 

iirr, ituitiDre if fjus irotMOie 

TABLEAU N'3: RESULTATS PHVSim-fHlMtOlE 

LAJ.f Tel:77 10*3285/ 774060715 e-mail ;!:.asiam.Ntumwall 

PirimilJTJ Vuleuri Phjitfo-fhimiqut Unit« de 1 
m«ur« 

Normt! 

Ei [••. Fl f< E) El Ei Et Et 

pH 7,4 7,3 7,6 7,3 7,5 7,3 7.4 7.4 7,3 • 

Tcmperamrc 32,5 33,4 JW 32,1 32 33.6 34.0 33,5 33,6 f. 

Cortductivile 674 712 871 660 660 672 67: 674 <1?00 

Turttidiie 0,W 0.58 1.46 0.31 LI. -1 0.35 0.4O J 0,13 
hinj <5 

T a b l e 3: Re su l t s of p h y s i c o - c h e m i c a l p a r a m e t e r s a n a l y s i s 

lii1iT|iul.ilmn riMill:ilN 

9 8 0 0 •m - 9 
/'loin.-i.-fiur ,'rn/ufji «1 

Finmilr« Vllturj Ph>SiCO'Chimli]uc InllMt : l 
mtnirt 

5=1 
F) Fi ft Ei Et K- Et Ei A 

Dum« lotalc 2S 32 36 38 28 27 r: .'X 2i : • 

llWalcjIiroclnquci'TA 0 C 0 0 0 0 •:i 0 0 'f • > 

Tidtlicilfoflrjque 32 32 16 21 28 32 a It 32 i 
:«Jipld <TAC] 

Chlonmej 63,9 95.« 60,3 6 i ; 6i,: 60.3 60,3 '250 rJ US 1,36 1,4$ 1,3.1 Ü3 Ufl 1.35 K <l3 

0,02 U.UI ogeiO 0.02 o.oo 0,00 ME 0.00 ii.ii l mg/1 • OJ 

NiinifS U 3,7 3.9 J.J w 3.5 S.J • !<J 

Chlnu1 liiw •!,K 0.68 Vi 0.29 1.72 0.15 mu'l iOJ 
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T a b l e 4 : Re su l t s of l a b o r a t o r y a n a l y s i s 

09 bactério et 09 physico-chimique 

Echantillorw Date et heure de prélévement Date de debut des analyses 
fiobmet reservoirs Ri§Rj couplés[EJ 06/06/2018 á 07H 05 

07/06/2018 

Forage h 06/06/2018 3 07H 27 

07/06/2018 

Forage F2 06/06/2018 á 07H 38 

07/06/2018 

Forage F4 06/06/2018 á 07H 48 

07/06/2018 

Particulier Tassette(E5) 06/06/2018 á 08H 02 

07/06/2018 

Particulier SandiaraSérérefo) 06/06/2018 é 09H 24 

07/06/2018 

Particulier Ndiosmone Centre(E>) 06/06/2018 á 10H 05 

07/06/2018 

Particulier Ndiadiene(F,j 06/06/2018 á 10H 43 

07/06/2018 
Particulier Tataguine Escale(E9) 06/06/2018 á 11H 25 07/06/2018 

•O pour tcchrrfhri 

78 



R E F E R E N C E S 
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Phone number. +420777190234 Email: xdoub002@studentt.ezu.cz 

Study field: Sustainable Rural Development in the Tropics and Subtropics Year of study: 2 

APPLICATION FOR PRACTICAL TRAINING 

Brief structure of the application: 

Research for diploma Thesis in Proposal of technology treatment of fluoridated waters, Senegal 

Place of the Practical Training: Office des Forage Ruraux (OFOR), Senegal 

Term of practical training: August 2019 

Activities: 

> Office Work performed at OFOR head office (Liberte 6 extension, Dakar Senegal): 
Data collection, 
Review of monthly, semi-annual, annual reports of laboratory analysis from the NDP Water 
network managers (OFOR - SEHO) 
Programs and policies of Senegal, WHO and NGO's regarding the situation of water 
contamination. 

Field Work (Tassette, Thies, Senegal West, Source of the NDP network) 
Carry out a mission in the NDP area in order to collect water samples intended to 
perform Laboratory analyzes in the Czech University of Life Sciences in Prague. 

Use of OFOR assistance, people, means and resources that can help facilitate the data 
collection. 

Date: Student's signature: 

Statement of the master's thesis supervisor: Date and signature: 

I fully agree with the practical training plan 

Statement of the guarantee: Date and signature: 

OF0R= OFFICE DES FORAGES RURAUX (OFFICE OF RURAL DRILLINGS), it is a National Office charge with the management of water in rural 
areas in Senegal. 
NDP = Notto Diosmon Palma rin, it's network of 3 villages in Senegal set up as a network of potable water 
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