
Quality groundwater 
for tomorrow 

Water drawn from underground sources (groundwater) 
is widely used for domestic purposes. Urgent measures 
are needed to prevent the deterioration of its quality 

by Janne Forslund 

roundwater has long been consi
dered a source of safe drinking
water. In general , it is better 

protected and of higher chemical qual
ity than surface water. During recent 
decades, however, changing activities 
at the soil surface have influenced the 
quality of groundwater. Changes in 
quality are still at an early stage due to 
the length of time required for surface 
water to percolate down . However , 
widespread changes in groundwater 
quality can be expected in the future. 
Although "point sources " such as 
waste disposal sites, oil and chemical 
spills can be a serious threat to a local 
groundwater source, emphasis should 
be on pollution due to the agricultural 
use of the soil. 

Denmark has a large agricultural 
sector with statistics on land use , the 
use of fertilizers and pesticides, 
groundwater and rainwater quality 
covering many years. Analysing the 
situation in this country could point to 
the changes in groundwater quality 
affecting drinking-water supply that 
may possibly occur in the future . 

The pollution of groundwater in 
Denmark is due primarily to the in
crease in nitrate concentration. In 
some areas , increasing acidification 
has also been noticed . In addition, the 
growing use of pesticides in agriculture 
will increase the degree of pollution of 
ground water. The risk of groundwater 
deterioration is definitely escalating. 

Since 1960 the pollution of drink
ing-water by nitrate has been related 
to the occurrence of methaemoglo
binaemia in infants and present know-
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ledge about the in vivo transfor
mation of nitrate and the formation of 
N-nitrosocompounds justifies the as
sumption that nitrate is active in the 
aetiology of stomach cancer. On the 
other hand, existing epidemiological 
studies of the relationship between 
stomach cancer and nitrate intake, 
although incomplete , indicate that ni
trate is a factor of limited importance. 
The decrease in cancer incidence over 
a 30-year period would suggest that 

Groundwater has long been considered a 
source of safe drinking water. Like any other 
source, its quality has to be protected. 
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factors other than nitrate are related 
to the incidence of stomach cancer. 

The acidification of groundwaters 
will result primarily in increasing the 
metal content of drinking-water, and 
possibly also the deposits of heavy 
metals in the body. Metals, such as 
aluminium, lead, zinc and cadmium, 
are soluble depending on the minerals 
present in the underground. The metal 
content of groundwater can be re
duced to acceptable levels with ap
propriate water treatment. If ground
water remains untreated, which is usu
ally the case for private groundwater 
supplies in rural areas, the "natural", 
dissolved metals will be present in 
drinking-water together with the met
als dissolved from pipes and taps in 
contact with the acid water . At this 
level of concentration, intestinal prob
lems such as diarrhoea have been 
noted as well as hair discoloration. 

Increased application of all pesti
cides has been noted, but the highest 
increase has been in the use of herbi
cides, owing to the changes in both the 
choice of crops and the number of 
people employed in agriculture. For 
example, in 1940 about 25 per cent of 
the population was engaged in food 
production, compared to about 6 per 
cent today. But to date the observa
tion of negative effects on health due 
to pesticides in drinking-water has 
been limited. 

Important determinants of ground
water quality are the load of pollutants 
applied to the soil ; the degradation of 
the pollutants; the absorption pro
cesses ; and the amount of precipitation 
which will dissolve the pollutants and 
transport them to the groundwater. 

Since the Second World War the 
agricultural use of fertilisers has been 
on the increase and this trend con
tinues. Shortly after 1960, fertilisers 
made from ammonium salts and 
ammonia came into universal use. 
Together, ammonia and ammonium 
salts will oxidise within 2-3 weeks to ni
trate and acid. Thus , nitrate contami
nation of groundwater is likely unless 
the fertiliser is washed out during the 
first 2-3 weeks. Of the amount of nitro
gen fertilisers and manure applied to 
soil, half will be used by crops; of the 
rest , one quarter is transformed into 
nitrogen gas in the soil and the remain
der transported to the groundwater. 
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By and large , the threat to ground
water quality has not yet materialised. 
However , increases in nitrate and 
aluminium content as well as de
creases in pH have already been noted 
in sandy areas which are more vulner
able. Some changes in groundwater 
quality are already being observed in 
Denmark. 

A comprehensive study of nitrate 
concentrations in groundwater was 
carried out in 1983 by the Danish 
Agency for Environmental Protection 
with assistance from the regional 
authorities. The study is based on the 
analysis of samples of groundwater 
from some 10,000 wells and of sam
ples of drinking-water from 2,800 
groundwater supply systems through
out the country. A time-series analysis 
showing trends of nitrate concen
trations in drinking-water from 184 
waterworks has been completed. 

Groundwater samples are taken 
when water supply borings are made. 
Information from these analyses has 
been collected over the last 50 years 
and stored in a data base at the 
Geological Survey of Denmark which 
contains 17,000 such analyses, in
cluding 15,000 with data on nitrate 
concentration. 

The study of long-term trends in 
nitrate concentrations in groundwater 
has been carried out in about 11,000 
analyses from borings deeper than 
10 metres. 

During 1982, data on the nitrate 
content in drinking-water were col
lected from 2,800 waterworks which 
provide 99 per cent of the total quan
tity of water distributed by water
supply systems and some 88 per cent 
of the water intenped for human 
consumption. 

For the country as a whole , some 
8 per cent of the waterworks investi
gated exceed the maximum admissible 
limit for nitrate in drinking-water 
either temporarily or permanently. In 
the eastern part of the country , i.e. the 
islands, lower nitrate concentrations 
are observed and only some 2-3 per 
cent of the waterworks exceed the 
maximum admissible value . 

Data were also collected on the 
nitrate content of private wells. Today 
results are available on 2,292 private 
wells in four counties: 45 per cent 
exceed the maximum acceptable con-
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centration (MAC). However , these 
represent a very small proportion of the 
total number of private wells through
out the country , namely 160,000 . 

The quality of water in private wells 
is inferior to that of water-supply 
plants because the wells are not as 
deep and are usually closer to the 
sources of pollution. 

As a rule , groundwater sources are 
not monitored regularly for pesticide 
content. When a " chemical " taste is 
detected in drinking-water , samples 
are analysed in a laboratory equipped 
to detect very low pesticide concen
trations. During the last two years 
some waterworks situated far from 
pollution sources have started scan
ning for chlorophenols in drinking
water and found very low contents of 
different types. 

Changes in the farm use of the land may 
affect the quality of drinking-water. 
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Generally , groundwaters m;ed for 
drinking-water supply at the above
mentioned waterworks are well pro
tected under clay cover and are as
sumed to be more than 30-50 years 
old. The groundwater currently being 
analysed should therefore originate 
from the period when pesticides were 
beginning to be used in significant 
quantities and when pentachloro
phenol was in general use. The quan
tity of pesticides detected to date 
could be viewed as the tip of the 
iceberg, as different types of pesticides 
and higher concentrations are likely to 
be in evidence in the future . 

The study has clearly shown that 
Danish groundwaters are polluted by 
nitrate and that the overall mean level 
of nitrate concentration has trebled 
within the last 20-30 years. The worst 
situation documented , however , is that 

of private wells with 45 per cent of 
those tested exceeding the maximum 
admissible level. 

There are great interregional differ
ences in nitrate concentrations and 
their trends, that can partly be ex
plained by differences in geological 
conditions. The aquifers in West Jut
land are susceptible to nitrate pollu
tion because very little clay is available 
for reduction of nitrate . On the other 
hand , in Zealand nearly all the aquif
ers are covered by boulder clay , result
ing in considerable reduction capacity. 

The general and overall rising trend 
evidenced by this investigation cannot 
be explained by the effect of "point 
sources" of pollution . A continuing 
study relating the use of fertilisers and 
manure to the increase in nitrate con
tent of the groundwater in the catch
ment area has shown a strong corre
lation between the application of 
nitrogen compounds and nitrate con
tent increase in groundwater. 

Although the quality of ground
water in Denmark today is acceptable, 
trends towards unacceptable concen
tration levels of pollutants are evident. 
In many places shallow groundwaters 
cannot be used for drinking, while 
deeper groundwaters are generally of 
very good quality . However , increased 
reliance on deeper groundwater may 
cause increased salinity in the water 
supply, giving rise to other problems. 

Measures to avert the threat of 
pollution through the ever-increasing 
use of fertilisers and pesticides must be 
implemented now , before it is too late. 
An action plan against the further 
pollution of groundwaters by nitrate 
and organic compounds was initiated 
by the Danish Government in 1985. It 
provides for restricting the application 
of manure and setting limits for dung
hills and silage stores in order to stop 
percolation. In addition , intensive re
search programmes , aimed at the re
duction of nitrate release , will be car
ried out for a period of three years. It 
is hoped that this research will soon 
lead to the introduction of measures to 
prevent further leaching of nitrate and 
organic compounds. Although this is 
an irreversible process , perhaps the 
reduction and absorption capacity of 
the soil will be sufficient to main
tain concentration levels below the 
MACvalue. • 
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