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ABSTRACT 

The chemical composition of precipitation may have a great influence on the 

quality of ground water. In the Netherlands precipitation is collected on several 

sampling sites which are homogeneously distributed over the country. As an example 

maps with isolines of the ammonium, chloride, sulphate and nitrate content of 

precipitation collected in the summer season 1979 and the winter season 1979/1980 

are given. 

INTRDDUCT ION 

Precipitation takes part in the hydrological cycle and may influence the com- 

position of underground water. Nearly all precipitation deposits in the form of 

rainwater in the Netherlands. Quality as well as quantity of rainwater are of 

importance. The quality of rainwater is determined by the amount of dissolved 

and non-dissolved substances. In relation with ground water quality, only the 

effective precipitation resulting after evaporation is of interest. However, this 

evaporation does not influence the deposition. On percolating, rainwater and 

dissolved substances may interact with soil and may liberate deleterious substances. 

AS rainwater and dissolved substances are suspect of negative influences on soil 

and groundwater, rainwater analysis is highly needed. 

NETWORKS 

In 1971 the first report on the acidity of water in small mountain lakes was 

published in Sweden. This report generally has aroused interest in the chemical 

composition of precipitation. 

industrial area in Europe, rainwater has been analysed since about 1950. In 1972 

the possible impact of rainwater quality on groundwater quality became a field 

of interest. 

In the Netherlands, which is located in a highly 
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Since 1978 two na t iona l  networks are i n  operat ion.  The KNMI-RIV network 1) 

samples a r e  taken monthly on 12 s i t e s .  The main purpose of t h i s  network i s  t o  

i d e n t i f y  a t rend  as w e l l  as the  mutual r e l a t i o n  between the components. The o ther  

nat ional  network, t h e  RID-network 2 ) ,  covers 26 locat ions.  The main purpose of 

the  RI3-network is t o  determine the deposi t ion.  Both networks are complementary 

and despi te  s m a l l  d i f fe rences  i n  sampling methods, the  r e s u l t s  of both networks 

can be used i n  combination f o r  severa l  purposes. 

SAMPLING AND ANALYTICAL PROBLEMS 

Sampling may be contaminated by b i r d  droppings. Also i n s e c t s  may a f f e c t  samples 

during sampling periods. Alga and b a c t e r i a l  growth may a l s o  occur. Since t h e  

concentrat ions i n  the  rainwater are r e l a t i v e l y  low, the r i s k  of contamination 

i n  the  f i e l d  as w e l l  as i n  the laboratory i s  high. F ina l ly ,  d i f f e r e n t  methods 

of ana lys i s  used i n  the  labora tor ies  may decrease the  comparability of t h e  r e s u l t s .  

DEPOSITION 

When studying the inf luence of p r e c i p i t a t i o n  on groundwater one i s  espec ia l ly  

i n t e r e s t e d  i n  t o t a l  deposi t ion.  However, deposi t ion e x i s t s  of a dry and a w e t  

por t ion.  The behaviour of these f r a c t i o n s  with respec t  t o  capture  by sur faces  

i s  q u i t e  d i f f e r e n t .  I t  i s  genera l ly  assumed that the  amount of w e t  deposi t ion 

w i l l  gradual ly  change from one p lace  t o  the  other .  The dry deposi t ion however, 

s t rongly  depends on the  c h a r a c t e r i s t i c s  of the  s o i l  sur face  and may abrupt ly  

change over s h o r t  dis tances .  I f  the  dry deposi t ion i s  only a s m a l l  p a r t  of the  

t o t a l  deposi t ion,  t h e  d i f fe rence  between w e t  and t o t a l  deposi t ion w i l l  be small. 

Then, ca lcu la t ion  of the  t o t a l  deposi t ion f o r  la rger  areas from q u a l i t y  d a t a  of 

rainwater samples co l lec ted  on one s i t e  may be permitted. However, when dry 

deposi t ion i s  l a r g e  with respec t  t o  t o t a l  deposi t ion such an approach is  not 

allowed. In the  Netherlands, t h i s  problem i s  s tudied a t  present .  

TRANSPORT THROUGH THE SOIL 

On the  s o i l  sur face  p r e c i p i t a t i o n  w i l l  evaporate p a r t l y .  In the  Netherlands 

i n  winter per iod t h i s  evaporation i s  negl igable  and i n  summer period the  evapo- 

r a t i o n  i s  about 50 t o  100%. Only e f f e c t i v e  p r e c i p i t a t i o n  is important i n  r e l a t i o n  

t o  groundwater qua l i ty .  The composition of the  e f f e c t i v e  p r e c i p i t a t i o n  w i l l  be 

d i f f e r e n t  from the  o r i g i n a l  composition and the  concentrat ion of non-volat i les  

w i l l  be increased. Dissolved substances i n  rainwater may be adsorbed a s  well a s  

1 )  Royal Netheilands Meteorological I n s t i t u t e  ( K N M I ) ,  National I n s t i t u t e  f o r  
Public Health ( R I V )  

2 )  National I n s t i t u t e  f o r  Water Supply ( R I D )  
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converted during passage through the s o i l .  On t h e  o ther  hand rainwater  may d i s -  

solve substances from the s o i l .  In  case of l i m e  containing so i l  calcium may be 

dissolved;  i n  o ther  cases the i r o n  content  w i l l  be increased;  ammonium, an i m -  

p o r t a n t  component i n  ra inwater  (up t o  about 2 mg/l, see  maps), w i l l  no t  contr ibute  

t o  t h e  ammonium amount of groundwater because of its conversion by oxidat ion i n  

the  unsatured zone. Suspended s o l i d s  from rainwater  are f i l t e r e d  by t h e  s o i l .  The 

increasing a c i d i t y  of ra inwater  is possibly caused by a i r  po l lu t ion  and r e l a t e d  

t o  an increas ing  use of mineral f u e l s .  Much a t t e n t i o n  is paid t o  the  a b i l i t y  of 

a c i d  p r e c i p i t a t i o n  t o  l i b e r a t e  weakly adsorbed m e t a l  ions .  A t  p resent  only re- 

s t r i c t e d  knowledge on the processes  causing change of the q u a l i t y  of percola t ing  

p r e c i p i t a t i o n  i s  ava i lab le .  This  i s  also t r u e  f o r  information on the  q u a l i t y  of 

t h e  p r e c i p i t a t i o n .  Studies  on t r a n s p o r t  models i n  s o i l  and underground a r e  of 

g r e a t  i n t e r e s t .  

CONCENTRATION OF AMMONIUM, CHLORIDE, SULPHATE AND NITRATE I N  PRECIPITATION I N  

THE NETHERLANDS 

Using t h e  r e s u l t s  of the  networks present ly  ava i lab le  from analys is  of ra in-  

water c o l l e c t e d  w i t h  open samplers, s o m e  maps w i t h  i s o l i n e s  have been constructed 

f o r  t h e  seasons summer 1979 and winter  1979/1980. These maps show t h e  concentra- 

t i o n s  a t  t h e  sites of t h e  KNMI-RIV-network. I t  has  been poss ib le  t o  r e f i n e  the  

p a t t e r n  of t h e  i s o l i n e s  using the r e s u l t s  of some of t h e  regional  networks. For 

each season the range of the amount of p r e c i p i t a t i o n  i s  presented a l so .  Figures 

1.1 and 2.1 show an increase  i n  ammonium concentrat ion from c o a s t a l  areas  t o  t h e  

inland.  The h ighes t  values  have been found i n  the  south-eastern p a r t  of the  

country. The i s o l i n e s  f o r  ch lor ide  i n  f igures  1.2 and 2.2 demonstrate t h e  in-  

fluence of the sea. The r a t i o  between t h e  concentrat ion along t h e  coas t  and the  

inland amounts t o  a f a c t o r  10. A s  t o  sulphate  - f i g u r e s  1.3 and 2 . 3  - it may be 

concluded that  t h e  higher  concentrat ions are measured i n  the  southern p a r t  of 

t h e  country. The p a t t e r n  of the  n i t r a t e  concentrat ion shown i n  f igures  1.4 and 

2.4 i s  l e s s  c l e a r .  In t h e  southern p a r t  i n  t h e  summer higher values  a r e  measured 

than i n  t h e  winter .  
N o  maps of t h e ' d i s t r i b u t i o n  of t o t a l  deposi t ion over t h e  Netherlands can be 

presented due t o  t h e  problem of dry  and t o t a l  deposi t ion mentioned above. 

TRACE ELEMENTS 

The R I D  measures t r a c e  elements i n  rainwater a t  26  sampling s i t e s .  For each 

s t a t i o n  weighted means and median values  are ca lcu la ted  f o r  the  elements a rsen ic ,  

cadmium, chromium, copper, mercury, selenium, n icke l ,  l ead ,  vanadium and zinc 

during t h e  per iod from Ju ly  1978 u n t i l  January 1980. In t a b l e  1 the  ranges of 

these  weighted means and median values  are presented. 
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TABLE I 

Trace element content  of ra inwater  i n  pg/ l .  Ranges of weighted means and 

median values i n  the per iod 1/7/78 - 1/1/80 ( R I D  ra inwater  q u a l i t y  network). 

Component 

Arsenic 

Cadmium 

Chromium 

copper 
Mercury 

Selenium 

Nickel 

Lead 

Vanadium 

Zinc 

weighted mean 

0.4 - 2.0 

0.3 - 4.3 

0.0 - 0.5 

6.0 -42.0 

<0.1*- 1.3 

<2 t -<2 

1 - 4  

9.4 -38 

< 5 t  -12 

31 -559 

median 

0.5 - 2.0 

0.2 - 2.3 

0.0 - 0.5 

4 -32 

<O.lt- 0.1 

< 2 f  -<2 

1 - 3  

8.8 -26 

5t -15 

25 -405 

t: l i m i t  of de tec t ion  

The da ta  i n d i c a t e  t h a t  the depos i t  of some trace elements i s  of t h e  same 

order  as trace element concentrat ions i n  sur face  waters. In  heavi ly  i n d u s t r i a l i z e d  

areas the vanadium content  i s  sometimes very high. In  dens i ly  populated a reas  

the  lead content  can rise t o  high l e v e l s .  A t  some loca t ions  r e l a t i v e l y  high copper 

concentrations have been observed. In  general  it may be s t a t e d  t h a t  t h e  deposi t ion 

v i a  p r e c i p i t a t i o n  can be s u b s t a n t i a l  p a r t  of the  t o t a l  t r a c e  element burden of 

the  environment. 

ORGANIC MICROPOLLUTANTS 

The measurement of organic  micropol lutants  i n  ra inwater  i s  s t i l l  i n  an i n i -  

t i a l  phase. Some measurements on polycycl ic  aromatic hydrocarbons and p e s t i c i d e s  

a r e  ava i lab le .  I t  has observed t h a t  i n  t h e  main p a r t  of the  samples of t h e  Dutch 

groundwater sampling network v o l a t i l e  organic  halogens occur. This i n d i c a t e s  

t h a t  rainwater may be an important source of these substances. Measurements of 

v o l a t i l e  halogenated organics  w i l l  be an important o b j e c t  of fu ture  invest iga-  

t ions .  

CONCLUSIONS 

Obviously, rainwater i s  a p o t e n t i a l  source of var ious contaminants. In re- 

l a t i o n  t o  groundwater q u a l i t y  only scarce  knowledge on some components e x i s t s .  

Rainwater may have an impact on groundwater by i t s  own composition a s  w e l l  as 
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by liberation of componen.ts f r o m  soil. 

For better understanding of the effects of contaminated rainwater on groundwater 

quality beside accurate measurements in groundwater, groundwater transport models 

should be developed urgently. 

p K w M I  lRIV Fig. 1. Concentration in mg/l in precipitation of ammonium (1.. 1) , chloride 
(1.21, sulphate (1.3) and nitrate (1.4) in summer 1979 (precipitation 0 W M O I K N Y I  . TNO 

' OCMR 323-410 IUIU). . P W  LIMBURG 

A P W  NOORD U O U A N D  

1.1 ammonium 
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K NHI  l R l V  c 

Fig.  2. C o n c e n t r a t i o n  i n  mg/l i n  p r e c i p i t a t i o n  of ammonium ( 2 . 1 ) ,  c h l o r i d e  ( 2 . 2 ) ,  
s u l p h a t e  ( 2 . 3 )  and  n i t r a t e  ( 2 . 4 )  i n  w i n t e r  1979/80 ( p r e c i p i t a t i o n  315-497 m m ) .  




