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HIGH N I T R A T E  CONCENTRATIONS I N  SHALLOW AQUIFERS I N  A RURAL AREA OF CENTRAL N I G E R I A  

CAUSED BY RANDOM DEPOSITS OF DOMESTIC REFUSE AND EXCREfllENT 

0. LANGENEGGER 

Accra, Ghana / U t t w i l ,  Sw i t ze r land  

ABSTRACT 

Q u a l i t a t i v e  i n v e s t i g a t i o n s  of sha l l ow  groundwaters i n  a r u r a l  a rea  o f  Cen t ra l  N i -  

g e r i a  have shown n i t r a t e  concen t ra t i ons  up t o  400 mg/l NO3. 

The v a r i o u s  r o c k  fo rma t ions  a c t i n g  as a q u i f e r s  i n  t h e  area  under i n v e s t i g a t i o n  

revea led  s l i g h t  d i f f e r e n c e s  w i t h  r espec t  t o  n i t r a t e  conten ts  under s i m i l a r  condi-  

t i o n s .  Apar t  f rom t h i s  no  a d d i t i o n a l  n a t u r a l  f a c t o r s  a r e  known t o  a f f e c t  s i g n i f i -  

c a n t l y  t h e  con ten ts  o f  n i t r a t e .  

However, t h e r e  is a s i g n i f i c a n t  c o r r e l a t i o n  between t h e  p r o x i m i t y  o f  w e l l s  t o  

se t t l emen ts  and n i t r a t e  conten t  g i v i n g  evidence t h a t  t h e  h i g h  concen t ra t i ons  o f  n i -  

t r a t e  a r e  caused by domest ic re fuse  and excrement spread i n  a random manner over 

t h e  se t t l emen ts  and t h e i r  sur round ings .  

INTRODUCTION 

I n v e s t i g a t e d  area  

The i n v e s t i g a t i o n s  have been c a r r i e d  

O u t  i n  t h e  Shemankar R i v e r  Basin,  which 

i s  ma in l y  l o c a t e d  i n  P la teau  S t a t e  

(Fig.  1). The topography i s  mountainous 

i n  t h e  n o r t h  and u n d u l a t i n g  t o  a p l a i n  

i n  t h e  sou th  w i t h  a l t i t u d e s  above sea 

l e v e l  rang ing  from approx. 100 m (con- 

f l u e n c e  w i t h  Benue R i v e r )  t o  1700 m 

(30s Pla teau) .  

The upper p a r t  o f  t h e  Shemankar 

catchment a rea  i s  b u i l t  up o f  c r y s t a l -  

l i n e  rocks  of t h e  c r y s t a l l i n e  basement 

complex o f  Cambrian and Precambrian age, 

w h i l e  t h e  lower p a r t  c o n s i s t s  o f  meso- 

z o i c  sedimentary rocks  i n  t h e  form o f  
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sandstones and shales.  P a r t s  o f  t h e  basement complex a r e  o v e r l a i d  hy b a s a l t  o f  t e r -  

t i a r y  and quaternary  age. 

Shemankar R i v e r  Bas in  belongs t o  t h e  c l i m a t i c  zone o f  t r o p i c a l  summer r a i n s  w i t h  

a mean annual  r a i n f a l l  o f  approx. 1000 t o  1250 mm. The average y e a r l y  tempera ture  i s  

spprox.’ 2 7 O C  and t h e  dominant v e g e t a t i o n  i s  desc r ibed  as mo is t  woodland-savanna mix- 

t u re .  

The main c rops  grown i n  t h e  area  a r e  maize, m i l l e t ,  sorghum, r i c e ,  yam, groundnut,  

beans, bambara nut and cassava. S h i f t i n g  c u l t i v a t i o n  i n c l u d i n g  t r a n s i t i o n s  t o  bush- 

f a l l o w  systems a r e  t h e  most widespread c u l t i v a t i o n  methods. S t a r t s  o f  more s o p h i s t i -  

ca ted  and mechanized fa rming  a r e  concent ra ted  on a f e w  cen t res  which a r e  connected 

w i t h  p lanned i r r i g a t i o n  schemes. Nomadic herdsmen p u t t i n g  t h e i r  c a t t l e  t o  p a s t u r e  O n  

t h e  u n t i l l e d  savanna and ha rves ted  f i e l d s  a l s o  form p a r t  o f  t h e  fa rming  system. 

I n  t h e  v i l l a g e s  t h e  peop le  keep goats,  sheep, p i g s  and fowls. 

The t y p i c a l  se t t l emen ts  a r e  v i l l a g e s ,  l i t t l e  towns and hamlbts.  Shal low dug w e l l s ,  

s u r f a c e  waters such as r i v e r s  and ponds, and a few s p r i n g s  a r e  t h e  water sources f o r  

t h e  m a j o r i t y  o f  t h e  popu la t i on .  

Purpose and methods o f  i n v e s t i g a t i o n  

The  approach of t h e  hyd rogeo log ica l  survey was t o  c o l l e c t  q u a n t i t a t i v e  and q u a l i -  

t a t i v e  data about t h e  a q u i f e r s  i n  view o f  a p o s s i b l e  i n t e g r a t i o n  i n t o  an  i r r i g a t i o n  

scheme w i t h  p r i o r i t y  g i v e n  t o  improv ing  t h e  poor  d r i n k i n g  water s i t u a t i o n  o f  t h e  

area. 

A f t e r  a genera l  hyd rogeo log ica l  survey t h e  major  focus  o f  t h e  i n v e s t i g a t i o n  was 

an  obse rva t i on  network o f  approx. 60 sha l low dug w e l l s  which  were d i s t r i b u t e d  through- 

ou t  t h e  area. The average depth  o f  t h e  w e l l s  was 13,6 m, w i t h  a minimum o f  3,1 m and 

a maximum o f  34.4 m (see  appendix) .  

The q u a l i t a t i v e  i n v e s t i g a t i o n s  a r e  based on water ana lyses  performed a t  t h e  end 

o f  t h e  dry  season (March) and a t  t h e  end o f  t h e  r a i n y  season (October/November) i n  

1979. The analyses i n c l u d e d  temperature,  co lou r ,  pH, e l e c t r i c a l  c o n d u c t i v i t y ,  ammonia, 

n i t r a t e ,  ch lo r i de ,  i r o n ,  su lphate ,  t o t a l  hardness, a l k a l i n i t y  and non-carbonate hard- 

ness. 

I n  t h e  f o l l o w i n g  p r e s e n t a t i o n  on ly  t h e  component n i t r a t e as determined 

by means o f  t h e  p h e n o l d i s u l f o n i c  a c i d  method i s  considered. The t e s t s  were c a r r i e d  

ou t  i n  a f i e l d  l a b o r a t o r y .  A r e l i a b i l i t y  check o f  a f e w  samples was per fo rmed by a 

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

RESULTS 

The determined concen t ra t i ons  o f  n i t r a t e  vary  from as l i t t l e  as 1 mg/l t o  400 m g / l  

NO3 . 
The statement o f  t h e  r e s u l t s  w i t h  respec t  t o  t h e  g e o l o g i c a l  f o rma t ions  o f  t h e  aqu i -  

f e r s ,  depth  o f  t h e  wells ,  groundwater l e v e l  f l u c t u a t i o n s ,  etc., does n o t  r e v e a l  much 

o f  importance. However, t h e  i n t r o d u c t i o n  o f  a c l a s s i f i c a t i o n  system o f  t h e  wells on 
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t h e  b a s i s  o f  t h e i r  p r o x i m i t y  t o  t h e  se t t l emen ts  g i v e s  an  i n t e r e s t i n g  and meaningful  

p i c t u r e  (Fig.  2). 

TABLE 1 

meam n i t r a t e  concen t ra t i ons  i n  mg/l NO3 o f  t h e  march and October/November 1979 in-  

Geo log ica l  
f o r m a t i o n  

Basement 

Sandstone 

Shale 

Basa l t  

T o t a l  

N i t r a t e  Concen t ra t i on  i n  mg/l NO3 Number o f  
m e l l s  Class I Class I 1  Class 111 

Range mean Range mean Range mean 

23 1.5-4,5 3.7 1 -30 14.7 44-360 154 

21 3.4-6.1 5,O 2.6-30 11.4 19-133 53 

4 7.7 19-107 57 

7 1,B-3,2 2.5 25 36-125 56 

19-360 88 55  1,5-6,1 4.2 1 -30 14  

Geo log ica l  
f o r m a t i o n  

N i t r a t e  Concen t ra t i on  i n  mg/l NO3 Number o f  
m e l l s  Class I I Class 11 I Class 111 

C l a s s i f i c a t i o n :  I No houses near t h e  w e l l s  ( f i e l d s .  b a r r e n  l a n d )  
I 1  The w e l l s  a r e  s i t u a t e d  i n  t h e  v i c i n i t y  o f  detached houses 
I 1 1  The w e l l s  a r e  p laced  i n  v i l l a g e s  and towns. 

Basement 

Sandstone 

Shale 

Basa l t  

T o t a l  

The da ta  i n  t a b l e  1 a r e  presented  g r a p h i c a l l y  i n  f i g .  2 w i t h  t h e  a d d i t i o n  o f  a 

s u b d i v i s i o n  o f  t h e  c lasses  1-111 acco rd ing  t o  t h e  s a n i t a r y  c o n d i t i o n  o f  t h e  we l ls ,  

drainage, d e n s i t y  and s i z e  o f  se t t l emen ts  as w e l l  as t h e  expected f l o w  d i r e c t i o n  o f  

t h e  groundwater. 

The reason t h a t  a few r e s u l t s  do n o t  f i t  w e l l  i n t o  t h e  c l a s s i f i c a t i o n  system i s  

due t o  s p e c i a l  s i t u a t i o n s ,  8.9. use o f  f e r t i l i z e r  o r  r e d u c t i v e  m i l i e u  o f  t h e  ground- 

water. 

I n  view o f  t h e  World Hea l th  Organ iza t i on  s tandards  which recommend 45 mg/l NO3 

as t h e  h i g h e s t  t o l e r a b l e  n i t r a t e  conten t  i n  d r i n k i n g  water i t  can be recogn ized 

t h a t  none o f  t h e  i n v e s t i g a t e d  w e l l s  o f  c lass  I and I 1  has reached t h a t  l i m i t .  How- 

ever. more than 50 % o f  t h e  t e s t e d  wells  w i t h i n  c l a s s  111 have a h ighe r  concentra- 

t i o n  than 45 m g / l  NO3 (Table 2). 

Range mean Range mean Range mean 

23 1.5-4,5 3.7 1 -30 14.7 44-360 154 

21 3.4-6.1 5,O 2.6-30 11.4 19-133 53 

4 7.7 19-107 57 

7 1,B-3,2 2.5 25 36-125 56 

19-360 88 55  1,5-6,1 4.2 1 -30 14  

TABLE 2 

Range o f  n i t r a t e  conten t  (minimum/maximum) i n  mg/l NO3 compared t o  t h e  45 mg/l NO3 

l i m i t  acco rd ing  t o  WHO standards.  

Geo log ica l  
f o rma t ion  

Basement 

Sandst one 

Shale 

Basa l t  

T o t a l  

Range of N03 Number o f  samp- Percentage 
1 es exceeding exceeding 
45  mg/l  NO^ 

Number o f  
samples i n  mg/l 

45 mg/l  NO^ 
15  88 % 17 42 - 400 

19 6 - 249 5 26 

6 3 1  - 125 2 33 

6 8 - 125 3 50 

48 6 - 400 25 52 
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400 

200 

C 1  a 

2 l o  
I 

s i f i c e  

1 Easement 
Sandstone - - - - - - 

I 1  111 

Wel l  l o c a t i o n s  by c l a s s  

on: I No houses near  t h e  w e l l s  ( f i e l d s ,  ba r ren  l a n d )  

I 1 1  The w e l l s  a r e  p laced  i n  v i l l a g e s  and towns 
I 1  The w e l l s  a r e  s i t u a t e d  i n  t h e  v i c i n i t y  o f  detached houses 

Fig.  2. Concent ra t ion  o f  n i t r a t e  NO3 i n  groundwater from sha l l ow  dug w e l l s  compared 
t o  p r o x i m i t y  o f  w e l l  l o c a t i o n s  t o  s e t t l e m e n t s  (means o f  t h e  march and October/November 
1979 r e s u l t s ) .  
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R l t h o u g h  t h e  h y d r o g e o l o g i c a l  s i t u a t i o n  mas q u i t e  d i f f e r e n t  b e t w e e n  t h e  two f i e l d  

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

n i t r a t e  c o n t e n t  i n  t h e  i n v e s t i g a t e d  a q u i f e r s .  

The t o t a l  a v e r a g e s  were: 

4 9 , 5  mg/ 1 NO3 i n  March 1 9 7 9 ,  4 6  wel l s  t e s t e d  - 
- 50,2 mg/l N O 3  i n  Oc tobe r /November  1 9 7 9 ,  4 6  wells  t e s t e d .  

CONCLUSIONS 

R c c o r d i n g  t o  t h e  g i v e n  r e s u l t s  i t  i s  o b v i o u s  t h a t  t h e  h i g h  n i t r a t e  c o n t e n t s  of 

g r o u n d w a t e r s  o r i g i n a t e  f r a  o r g a n i c  wastes o f  p l a n t  r e f u s e  a s  well a s  human a n d  

a n i m a l  e x c r e m e n t  b e i n g  d e p o s i t e d  i n  t h e  areas  o f  s e t t l e m e n t s  a n d  t h e i r  s u r r o u n -  

d i n g s .  T h e r e f o r e ,  n i t r a t e  c a n  b e  c o n s i d e r e d  a s  a c lass ica l  p o l l u t i o n  i n d i c a t o r  i n  

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

n o t  s i g n i f i c a n t l y  b e e n  i n f l u e n c e d  by t e c h n o l o g y .  

Two f a c t o r s  may c e r t a i n l y  b e  o f  i m p o r t a n c e  i n  v i e w  o f  t h e  r e l a t i v e l y  h i g h  n i t r a -  

t e  c o n c e n t r a t i o n s ,  t h e  t r o p i c a l  c l imate  a c c e l e r a t i n g  b i o l o g i c a l  d e c o m p o s i t i o n  o f  

o r g a n i c  matters a n d  t h e  p o o r  c h a r a c t e r i s t i c s  of t h e  a q u i f e r s  a s  t o  y i e l d  a n d  p e r -  

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

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

c o n c l u s i o n s  r e f e r r i n g  t o  p o s s i b l e  e f f e c t s  on t h e  n i t r a t e  c o n t e n t .  However,  c o m p a r i n g  

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

lvells i n  t h e  s a n d s t o n e s  c o n t a i n  l e s s  n i t r a t e  t h a n  t h e  o n e s  i n  t h e  basemen t .  

Based  on e x p e r i e n c e  i n  Ghana s h a l l o w  b o r e h o l e s  f i t t e d  o u t  w i t h  hand  pumps c a n  b e  

h i g h l y  a f f e c t e d  by t h i s  p r o b l e m  o f  h i g h  n i t r a t e  c o n c e n t r a t i o n s .  On t h e  o t h e r  hand  

t h e r e  seems t o  b e  a n  i n d i c a t i o n  t h a t  i n  g e n e r a l ,  u n d e r  more  or l e s s  c a p a r a b l e  con- 

d i t i o n s ,  t h e  n i t r a t e  c o n t e n t  i n  Ghana i s  l e s s  t h a n  i n  N i g e r i a .  R p o s s i b l e  r e a s o n  f o r  

t h i s  c o n t r a s t  may b e  t h e  s a n i t a t i o n  p r a c t i c e s .  I n  Ghana i t  is common f o r  t h e  s e t t -  
l e m e n t s  t o  h a v e  p u b l i c  t o i l e t s  o r  l a t r i n e s  a n d  t o  dump wastes a t  p a r t i c u l a r  s i t e s ,  
w h e r e a s  i n  t h e  Shemankar  a r e a  s u c h  s a n i t a r y  m e a s u r e s  a r e  t h e  e x c e p t i o n .  

As i t  is wel l  known n i t r a t e  i n  d r i n k i n g  r a t e r  c a n  c a u s e  m e t h e m o g l o b i n e m i a ,  e s p e -  

c i a l l y  i n  i n f a n t s ,  a n d  c a r c i n o g e n i c  n i t r o s a m i n e s .  T h e r e  is  l i t t l e  or n o t h i n g  k n w n  

a b o u t  t h e  o c c u r r e n c e  of cases of m e t h e m o g l o b i n a m i a  i n  s u c h  areas  a s  t h e  o n e  i n v e s t i -  

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

u n d e r  t h r e e  m o n t h s  o f  a g e  w h i c h  a r e  m o s t l y  a f f e c t e d  by me themoglob inamia .  

I f  n a t u r a l  n u t r i t i o n  of i n f a n t s  s h o u l d  c h a n g e  i n  t h e  f u t u r e ,  8.9. by u s i n g  pow- 

d e r e d  m i l k ,  d r i n k i n g  water s o u r c e s  w i t h  s u c h  h i g h  n i t r a t e  c o n c e n t r a t i o n s  as  f o u n d  

c o u l d  c a u s e  s e r i o u s  h e a l t h  h a z a r d s .  

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

s c h e m e s ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  s i t i n g  o f  s h a l l o w  dug  a n d  d r i l l e d  wel l s .  

The a b o v e  f i n d i n g s  a l s o  d e m o n s t r a t e  t h a t  i n  a n y  water d e v e l o p m e n t  scheme  i n  de-  

v e l o p i n g  c o u n t r i e s  a n y  m e a n i n g f u l  c h a n g e  or improvemen t  m u s t  b e  made i n  v i e u  O f  
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t h e  whole s i t u a t i o n  i n  o rde r  t o  a v o i d  undes i rab le  s i d e  e f f e c t s .  
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APPEND I X 

Wel l  and a q u i f e r  c h a r a c t e r i s t i c s  

General I 

Diameter I 

L i n i n g :  

Water t a k i n g  I 

General l o g 1  

dug s e l l s  w i t h  open, round s h a f t s  

1,2 m 

p r e f a b r i c a t e d  cement tubes, t o p  tube  0.7 m above ground 

by means o f  buckets  

t o p  s o i l ,  decomposed rock,  ueathered rock ,  t r a n s i t i o n  t o  
sound rock  

(accord ing  t o  t h e  d i g g i n g  techn ique t h e  depth  o f  t h e  w e l l s  
co inc ides  approx .w i th  t h e  depth  o f  t h e  sound r o c k )  

m i n i m u m  ma x i m u m  average 

Depth: 3,l m 34,4 m 13,6 m 

Groundwater l e v e l  2,6 m 25.7 m 9,9 m 
P luc tua  t i o n s  I 

S p e c i f i c  capac i t y :  1 l / m i n  m 59 , l  l / m i n  m 11,7 l / m i n  p e r  meter 

Pe rmeab i l i t y :  0,8.10- m/sec 1-10-~ m/sm 3*lO-’m/sec 

drawdosn 
6 

Typ ica l  w e l l  i n  a v i l l a g e  d u r i n g  a b a i l i n g  t e s t .  




