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ABSTRACT 

A t o p o g r a p h i c a l l y  e l e v a t e d  area  o f  ice-pushed r i d g e s  was se lec ted  f o r  a s tudy  

A groundwater sampl ing techn ique  u s i n g  smal l  ceramic cups was adapted f 3 r  t h i s  

on groundwater chemical  compos i t i on  i n  r e l a t i o n  t o  t h e  p o t e n t i a l  p o l l u t i o n  sources. 

s tudy .  T h i s  techn ique a l l o w s  d e t a i l e d  sampl ing  i n  dep th  f o r  each borehole,  even 

i n  areas w i t h  deep groundwater l e v e l s .  

Resu l t s  o f  t h e  chemical  ana lyses  show g r e a t  v a r i a t i o n s  i n  v e r t i c a l  d i s t r i b u t i o n  

of  t h e  i on -concen t ra t i ons  i n  groundwater.  These v a r i a t i o n s  r e f l e c t  t h e  d i f f e r e n c e s  

i n  l a n d  use and a r e  a l s o  shown t o  be a f u n c t i o n  o f  t h e  groundwater f low pa t te rns .  

INTRODUCTION 

I n  May 1979 a hydrochemical  s tudy  was s t a r t e d  i n  t h e  NW p a r t  o f  t h e  Veluwe i n  

t h e  p r o v i n c e  o f  Ge lder land.  The purpose o f  t h i s  s tudy  was t o  eva lua te  t h e  q u a l i t y  

o f  groundwater as a f fec ted  by f a c t o r s  such as p r e c i p i t a t i o n  compos i t ion ,  s o i l  

type, l and  use and i n  p a r t i c u l a r  t h e  d i s p o s a l  o f  manure and use o f  f e r t i l i s e r s .  

The NW p a r t  o f  t h e  Veluwe i s  a r e g i o n  where i n t e n s i v e  c a t t l e - f a r m i n g  has been 

p r a c t i s e d  d u r i n g  t h e  p a s t  20 yea rs .  An eve r  i n c r e a s i n g  p r o d u c t i o n  of  manure on t h e  

one hand and a l a c k  of  space on t h e  o t h e r  have r e s u l t e d  i n  t h e  d i sposa l  o f  excess ive  

amountsof manure on smal l  areas. 

Under c e r t a i n  hyd rogeo log ica l  and b iochemica l  c o n d i t i o n s ,  some manure and 

f e r t i l i s e r  compounds may reach t h e  s a t u r a t e d  zone and hence p o l l u t e  t h e  ground- 

water .  Good q u a l i t y  o f  groundwater i s  e s s e n t i a l  i n  t h e  Veluwe, s i n c e  i t  i s  an 

impor tan t  recharge area  f o r  d r i n k i n g  wa te r  supp l i es .  

STUDY AREA 

The Veluwe i s  a t o p o g r a p h i c a l l y  e l e v a t e d  area  o f  ice-pushed r i d g e s  bordered i n  

t h e  west and e a s t  by two v a l l e y s ,  t h e  Ge lderse  V a l l e y  and t h e  I J s s e l  V a l l e y  res -  

p e c t i v e l y  (see f i g .  1). 

Reprinted from The Science of the Total Enuironrnent, 21 (1981) 105-112 
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Fig. 1. Locat ion o f  t he  study area. 

Geological s t r u c t u r e  o f  t he  Veluwe i s  r a t h e r  complex. The subsurface p r e g l a c i a l  

Pleistocene sediments c o n s i s t  o f  marine and f l u v i a l  sands and c lays.  During the  

Saalian ( =  Riss- Ice Age), the o lde r  Pleistocene sediments were pushed and new, 

g l a c i a l  (boulder c l a y )  and g l a c i o f l u v i a l  (sand, gravel  and c l a y )  sediments were 

l a i d  down. Aeol ian sands formed dur ing the  l a s t  I c e  Age i n  Weichselian t imes 

( =  Wi rm)  cover these ice-pushed r idges.  

calcareous sand-soi ls. I n  the  areas surrounding o l d  r u r a l  centres minera l  r i c h  

s o i l s  were developed as a r e s u l t  o f  human a c t i v i t i e s  ( l ong  term manuring). 

est imated evapotranspi ra t ion o f  470 n ( r e f .  1). The i n f i l t r a t i n g  p r e c i p i t a t i o n  

excess i s  d i s t r i b u t e d  by groundwater f l o w  t o  the lower l y i n g  areas surrounding 

the  Veluwe ( r e f .  2) .  The most impor tant  a q u i f e r  cons i s t s  o f  P le is tocene sands 

and gravels  w i t h  vary ing k-values (mean va lue 2 60 m/day), l a i d  down before and 

dur ing the R iss -g lac ia t i on .  This a q u i f e r  i s  up t o  200 m t h i c k  and i t s  base i s  

formed by impervious Ear ly  P le is tocene marine clays. A t  l oca t i ons  where f l u v i a l  

and g l a c i o f l u v i a l  c lays occur, two o r  more aqu i fe rs  can be d is t inguished.  I n  the  

h igher  pa r t s  o f  t he  Veluwe, depths t o  groundwater exceed 25 m. Groundwater l e v e l s  

can be l o c a l l y  e f fec ted  by pumping s ta t i ons .  

A l a r g e  p a r t  o f  the Veluwe region i s  covered by f o r e s t  and heath which a re  

Two main s o i l  types can be d i s t i ngu ished  i n  the Veluwe : podzol ic  and non- 

The Veluwe i s  a recharge area w i t h  a mean annual p r e c i p i t a t i o n  o f  840 nnn and an 

source areas o f  good q u a l i t y  groundwater. The remaining c u l t i v a t e d  areas cons is t  

main ly  o f  grassland and a rab le  land w i t h  corn, beet and potato f i e l d s .  The p o l l u t i o n  

sources i n  these areas may cause contamination o f  deep groundwater, due t o  the 

h igh  permeabi l i ty  o f  t he  sediments, t he  aerobic condi t ions,  and absence o f  organic  

mat ter  w i t h i n  the aqui fer .  
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METHODS AND MATERIALS 

P r e l i m i n a r y  e v a l u a t i o n  o f  t h e  hyd rogeo log ica l  and chemical  da ta  ob ta ined  f rom 

e x i s t i n g  w e l l s  i n  t h e  NW Veluwe l e d  t o  t h e  s e l e c t i o n  o f  two sma l l  areas f o r  more 

d e t a i l e d  study. The l o c a t i o n s  o f  these areas  a r e  shown i n  f i g .  2. 

F i g .  2. Sampling s i t e s  and groundwater f l o w  i n  t h e  Koudhoorn and Garderen areas. 

Both  areas  can be c h a r a c t e r i z e d  as r u r a l  cen t res  w i t h  i n t e n s i v e  c a t t l e  fa rming .  

A b r i e f  d e s c r i p t i o n  o f  t h e  two areas  i s  g i v e n  i n  t a b l e  1. 

TABLE 1 

C h a r a c t e r i s t i c s  o f  t h e  s t u d i e d  areas 

L o c a t i o n  E l e v a t i o n  Mean depth  Farm l a n d  Grass /arab le  Manure prod. 

Garderen 35 - 45 20 380 4 : l  83.23 
Koudhoorn 20 - 30 11 100 9 : l  17.23 

(m+m.s.l.) t o  g.w.(m) a rea  (ha )  l a n d  r a t i o  ( t o n  N l y r . )  

The groundwater f l o w  p a t t e r n  i n  bo th  a reas  i s  complex due t o  non-homogeneity 

o f  t h e  a q u i f e r .  To t h e  west  (downstream) o f  Koudhoorn t h e  f l o w  i s  a l s o  a f f e c t e d  

by a pumping s t a t i o n  (see f i g .  2). 

I n  these two areas  11 b o r i n g s  were c a r r i e d  o u t  t o  dep th  which v a r i e d  from 13 

t o  75 m. Loca t ions  o f  t h e  seven b o r i n g  s i t e s  d iscussed i n  t h i s  paper a r e  shown 

i n  f i g .  2. One b o r i n g  i s  s i t u a t e d  i n  t h e  f o r e s t  and t h e  remainder  a r e  l o c a t e d  i n  

o r  immedia te ly  a d j a c e n t  t o  fa rm land.  

Porous ceramic cups, commonly used i n  s o i l  m o i s t u r e  s t u d i e s  ( r e f .  3), were 

adapted f o r  t h e  groundwater sampl ing programne. T h i s  techn ique  a l l ows  d e t a i l e d  

sampl ing  i n  depth  f o r  each bo reho le  even i n  a s i t u a t i o n  w i t h  deep groundwater 

l e v e l s  ( >  8 m ) .  C o n s t r u c t i o n  d e t a i l s  o f  t h e  ceramic  cup dev i ce  a r e  schematized 

i n  f i g .  3. 

l a b o r a t o r y  i n  Amsterdam. N i t r o g e n  compound concen t ra t i ons  (NO;, NO; and NH;) 

were de termined on a Technicon Autoana lyzer .  HCO; and C1- concen t ra t i ons  were 

The groundwater samples were ana lyzed a t  t h e  I n s t i t u t e  o f  E a r t h  Sciences 
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Fig .  3. C o n s t r u c t i o n  d e t a i l s  o f  t h e  ceramic cup dev i ce  f o r  sampl ing o f  deep 
groundwater. 

2- 
ob ta ined  by t i t r a t i o n ,  SO4 

t u r b i d i o m e t r i c a l  procedure,  and 

PO;- i o n s  were de termined c o l o r i -  

m e t r i c a l l y .  A f l ame  spec t rometer  

was used f o r  t h e  K analyses. 

A l l  o t h e r  c a t i o n s  were de termined 

by ICP-emission spec t romet ry .  Re- 

s u l t s  o f  t h e  ana lyses  a r e  s t o r e d  on 

magnet ic  tape  f o r  f u r t h e r  p rocess ing  

( r e f .  4 ) .  

Cumula t ive  diagrams a r e  used here  

f o r  p r e s e n t a t i o n  o f  t h e  ana lyses  r e -  

s u l t s .  I n  these diagrams, t h e  con- 

c e n t r a t i o n s  o f  ma jo r  i o n s  ( i n  meq/ l )  

a r e  added and p l o t t e d  a g a i n s t  dep th  

o f  sample (see f i g .  4 ) .  

by a 

i 

Fig .  4 Cumulat ive d iagram showing i o n - c o n c e n t r a t i o n  v a r i a t i o n s  w i t h  depth.  
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Fig. 5. Cumulative diagrams showing the ion-concentration var ia t ions  with d e p t h  i n  Koudhoorn ( a ,  b y  c )  and Garderen 
( d ,  e ,  f ) .  Arrows indica te  the reference water qua l i ty .  
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RESULTS AND DISCUSSION 

Meinardi ( r e f .  1) found t h a t  chemical composit ion o f  re ference (unpol lu ted)  

groundwater from the Veluwe reg ion  i s  s i m i l a r  t o  t h a t  f o r  r a i n  water, m u l t i p l i e d  

by an evapotranspi ra t ion f a c t o r .  This evapotranspi ra t ion f a c t o r ,  which depends 

on the vegetat ion cover, was estimated t o  be 2.2 and i t s  use r e s u l t s  i n  est imated 

concentrat ions i n  the annual p r e c i p i t a t i o n  excess g iven below : 

*may have changed i n  recent  years 

S i m i l a r  concentrat ions, w i t h  the except ion o f  Ca2' and HCO; ions, a re  commonly 

found i n  t h e  deep groundwater beneath the whole Veluwe reg ion  ( r e f .  1) and i n  upper 

pa r t s  o f  the a q u i f e r  i n  the  heath and f o r e s t  areas ( r e f .  5 ) .  The concentrat ions 

of Ca2' and HCO; ions are greater  (up t o  50 and 150 mg/l r e s p e c t i v e l y )  due t o  

s o l u t i o n  o f  CaC03 from the  a q u i f e r  sediments. Concentrat ions o f  the o the r  ions 

a re  more o r  l ess  uni form over the  whole Veluwe, s ince the a q u i f e r  cons i s t s  p r i n -  

c i p a l l y  o f  sands con ta in ing  up t o  98 % unreact ive quar tz .  

Due t h i s  unique s i t u a t i o n  a p o l l u t i o n  index o f  groundwater i s  r e a d i l y  def ined : 

any subs tan t i a l  increase o f  the above i o n  concentrat ions can be considered as 

p o l l u t i o n .  

Va r ia t i ons  i n  i o n  concentrat ions w i t h  depth a t  the seven sampling s i t e s  a re  

shown i n  f i g s .  4 and 5. The water q u a l i t y  which i s  s i m i l a r  t o  t h a t  f o r  t he  re -  

ference water i s  i nd i ca ted  by arrows. I t can be seen t h a t  t h i s  re ference water 

q u a l i t y  i s  e i t h e r  absent o r  i s  present i n  o n l y  a minor p a r t  o f  t he  s tud ied p r o f i l e .  

A l l  chemical p r o f i l e s  show g rea t  v a r i a t i o n s  o f  TDS concentrat ions w i t h  depth 

and the concentrat ions o f  i n d i v i d u a l  ions can increase o r  decrease r a p i d l y  (w i th -  

i n  1 m). 

a t  the seven sampling s i t e s  i n  Koudhoorn and Garderen. 

TABLE 2 

Table 2 shows the minimum and maximum concentrat ions o f  major ions ( i n  mg/l) 
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2- The concentrations of K', Na', Mg2', C 1 - ,  SO4 and NO; can be many times 
greater than those calculated for  the reference water. The maximum NO; concentration 
exceeds 50 mg/l a t  a l l  sampling s i t e s ,  t h i s  value being the upper l imi t  recommended 
for  drinking water purposes. The peak concentration of 248 mg/l was found a t  
sampling s i t e  K6, immediately below the groundwater table. However, n i t r a t e  
concentrations of more than 100 mg/l have also been recorded a t  depths which are 
considerably below the groundwater table. For example : 

s i t e  K3 : 143 mg/l a t  34 m below groundwater table (43 m below the surface) 
, I  K6 : 104 mg/l " 17 m " I' (30 m 'I 

It 1 
62 : 125 mg/l " 14 m " " (38m " " 

'I 1 ,I 

There a re  three potential pollution-sources in the studied areas : 
- manure production from the intensive c a t t l e  farming 
- use of f e r t i l i s e r s  
- domestic sewage (including the camping grounds). 

can be quantified approximately on  the basis of inhabitant equ 

manure production : 7.858 51.143 
domestic sewage : 952 2.350 

Data on the use of f e r t i l i s e r s  have n o t  ye t  been obtained. 

Koudhoorn Garderen 

he two other sources 
valent numbers (i .e.) :  

These figures indicate t h a t  manure production can be considered as the main source 
of pollution in Koudhoorn and Garderen when compared with the output of domestic 
sewage. 

by the manure type (from cows, calves, pigs and poultry), the quantity of manure 
transported to the land, the period of manuring and by the crop cover and soil  type. 

characterist ics of the studied area. Despite the f a c t  t h a t  the hydrogeological 
si tuation i s  in a general sense known,  the local flow patterns are poorly defined. 
Consequently, the detailed relationships between the horizontal variations in land 
use and the vertical  variations in the composition of groundwater have not yet been 
determined in the present study phase. The complex s i tua t ion  may be briefly 
i l lus t ra ted  by consideration of the chamical profiles derived for  the area of 
Koudhoorn. 

The reference water which i n f i l t r a t e s  in the forested area upstream of Koudhoorn 

The composition of i n f i l t r a t ing  water in the manured farming areas i s  determined 

The transport of polluted water in the saturated zone depends on hydrogeological 

i s ,  with the exception of K2 ( f ig .  5c) ,  not found a t  the sampling s i t e s .  This im- 
plies t h a t  the polluted groundwater originates from the rural area of Koudhoorn. 
The great depths a t  which iolluted groundwater i s  found ( f igs .  4 and 5b,c) and the 
relatively small s ize  of source area indicate a deep recharge system for th i s  area. 

downstream of Koudhoorn, indicates a shallow in f i l t r a t ion  system. The unpolluted 
The chemical prof i le  a t  K4 ( f ig .  5a )  on the other hand, in the forested area 
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reference water i s  here found t o  only 5 m below the groundwater table. The relatively 
high concentrations of C1-,S04 , NO;, Na+, K+ and La2+ a t  greater depth suggest t h a t  
the source area of t h i s  water i s  located in the upstream riiral area. 

I t  i s  concluded tha t  the chemical composition of groundwater in the studied 

2- 

areas i s  very heterogeneous. The vertical  variations i n  the groundwater composition 
re f lec t ,  on the regional scale,  a t rans i t ion  between the reference water from 
fores t  and heath areas and polluted water from the rural centres. Concentration- 
increases in the polluted water with respect t o  the reference water depend on the 
local differences in composition of i n f i l t r a t ing  water. The d is t r ibu t ion  of polluted 
water from the source areas t o  a given depth in the studied prof i le  i s  governed 
by the local groundwater flow pattern, which in t u r n  depends on the aquifer 
characterist ics.  
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