




























SUMMARY 

This research contract was commissioned by the Department of the 

Environment in early 1987, and substantially completed in the 

period June-December of that year. The principal objective of the 

study was to provide an overview of the present state of 

groundwater quality in England and Wales, with the emphasis on 

groundwater for use as drinking water. Additional requirements 

were to highlight existing and potential problems for managing and 

protecting groundwater, and to identify issues for further 

examination, including research. 

The findings of the study are based on a review of relevant 

literature together with information and views obtained from 

interviews with representatives of organisations with a 

professional interest in groundwater quality. Those interviewed 

included representatives of each of the 10 regional water 

authorities, two-water companies, government departments and 

research institutions. Because of the very large amount of 

published information available it was necessary to be selective 

with respect to documents used for detailed study. 

An assessment was made of the importance of groundwater as a 

source of drinking water, At present, as shown in Figure Sl, about 

31% of drinking water in England and Wales comes from groundwater, 

an amount which has shown little change for the last lo-15 years. 

However, there is considerable variation between the regional 

water authorities in utilisation of groundwater as shown in Figure 

S.2, from 74% (Southern) to 10% or less (Northumbrian and Welsh), 

while the Anglian, Severn-Trent, Thames and Wessex Water 

Authorities are each 40%-50% reliant on groundwater for public 

supply. Also, even within the authorities which are the lowest 
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groundwater users, there are towns which are totally reliant on 

groundwater. 

Available information clearly demonstrates the national, regional 

and strategic local importance of groundwater as a source of 

drinking water. The cost of.replacement of these sources should 

they become unusable due to pollution would be substantial. 

Monitoring of groundwater quality in England and Wales is mainly 

carried out by the water authorities as part of routine 

operational activities. Under these circumstances the special 

needs of groundwater sampling and analysis are not always met. 

. ,Additional data have been provided by groundwater resource 

investigations and management, pollution investigations and 

research projects. During the last 15 years a better understanding 

of the hydrogeochemical conditions in the major British aquifers 

has been established. This understanding includes controls and 

processes affecting the distribution of naturally present 

substances as well as contaminants. 

There is no requirement under British legislation to monitor the 

quality of groundwater at source,but routine monitoring is usually 

carried out to the requirements of the EC Directive 80/778/EC on 

the Quality of Water Intended for Human Consumption. Monitoring 

for some organic compounds has created problems for the water 

undertakers because of the costs of sampling and analysing for 

complex substances whose maximum admissable concentrations (MAC) 

are significantly less than one part per billion. For groundwater 

monitoring to be of value, the sampling, analysis and 

interpretation should take account of the capacity of the 

groundwater to change chemically when withdrawn from the aquifer, 

when it may no longer represent in-situ aquifer conditions. 
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A series of activities can be identified which are a threat to 

groundwater quality. These are principally agricultural and 

industrial activities, waste disposal and accidents. The 

time-related aspect of these activities and their consequences in 

terms of groundwater quality is not always easy to determine. Some 

current groundwater contamination problems relate to events which 

occurred many years ago. 

Agricultural activities are a source of contamination over wide 

areas of England and Wales. Contamination from diffuse sources is 

the most common problem, the main substances being nitrate and, 

possibly, pesticides of various kinds. Nitrate in groundwater 

originates mainly from fertiliser application and has been the 

subject of much research in recent years. The present situation is 

that the levels of nitrate in groundwater are continuing to rise 

in many areas, to approaching or beyond MAC levels. Some potable 

supply sources have already been lost and others are usable only 

by blending with lower nitrate waters. Because of the wide areas 

affected and the high cost of denitrification treatment, the 

nitrate problem is of serious concern. 

The pesticide problem is more complicated. The MAC level of 

pesticides is O.lug/l (one part in ten billion) of any single 

pesticide, and no more than 0.5ug/l of pesticides in total. These 

levels are close to current levels of detection which raises 

particular sampling and analysis difficulties. In addition, the 

cause and effect relationship between agricultural use of 

pesticides and their occurrence in groundwater is not 

straightforward. For technical and economic reasons farmers tend 

to adhere closely to recommended application rates for pesticides 

while use for non-agricultural purposes is less well controlled 

and documented. Also, the national situation on the extent of 

pesticides in groundwater is not yet fully understood. However, 



although the relative importance of agricultural and 

non-agricultural sources of pesticide contamination has not yet 

been firmly established, their increasingly common occurrence in 

groundwater, in conjunction with the low MAC levels, is also cause 

for serious concern. 

Landfill waste disposal sites are a commonly occurring potential 

source of groundwater pollution through the production of 

leachate. A wide variety of contaminants may be introduced 

depending upon the type of waste tipped. In most water 

authorities, landfill is regarded as the traditional threat to 

groundwater quality, though there are few examples of sources 

being lost as a result of proximity to landfill sites. 

The siting of landfills is controlled through legislation under 

which the water authorities are consulted. In addition, codes of 

practice have been introduced by the Department of the Environment 

concerning the design and methods of working of landfills. 

Nevertheless, the validity of important concepts in landfill 

technology such as ‘dilute and disperse’ are being seriously 

questioned by groundwater resources specialists, both for 

technical reasons and in view of recent EC Directives. 

Many industrial activities involve the transport, handling, 

storage and disposal of a wide variety of substances which have 

the potential to cause groundwater pollution. Transport of 

materials creates the risk of pollution through accidents and 

spillages on roads, many miles of which cross the major aquifers 

and are drained by soakaways. There are also several examples of 

pollution caused by pipeline fractures and leaks at the base of 

chemical storage tanks, Careless or inadvertant disposal of 

materials may also result in groundwater pollution. An example is 

the widespread occurrence in the Permo-Triassic sandstone aquifers 



of the West Midlands of organic contaminants thought to originate 

from solvents and degreasing agents used in car manufacturing in 

that area. 

Many of the contaminants resulting from the industrial activities 

described above are organic compounds. Contaminants of this type 

frequently have MAC levels less than O.lug/l such that a large 

slug of the substance in concentrated form may, depending upon its 

solubility, be capable of polluting groundwater over a wide area. 

Also, hydrogeological systems exist where the transmission of the 

pollutants to a source of abstraction would be extremely rapid, 

with little prospect of attenuation of the pollution plume. In 

general, the increasing discovery of organic compounds of 

anthropogenic origin in groundwater is cause for concern, 

particularly in view of the current MAC levels. 

Other sources of groundwater contamination have also been 

identified. Coal mine drainage can cause groundwater pollution and 

cases have been reported. The main threat arises through surface 

water - groundwater interaction. Point source pollution as a 

result of agricultural activities may cause local pollution 

problems, mainly through careless disposal of effluents and 

chemicals. Acid rain may cause problems in aquifers with low 

buffering capacity while surface water - groundwater interaction 

is a potential threat where the river is polluted and there is a 

.hydraulic gradient towards the aquifer. Saline intrusion is 

considered to be under control in terms of coastal ingress of salt 

water and old saline groundwaters in inland aquifers. Pollution of 

small local aquifers from septic tanks may also be an issue, 

Nevertheless, since large quantities of groundwater continue to be 

abstracted, and supplied to the consumer at an acceptable standard 

of qua1 ity following minimal treatment, it is concluded on present 



evidence that the current state of groundwater quality in England 

and Wales is good. However, serious problems have been identified 

which threaten this situation, particularly nitrate and organic 

compounds. Additional investigations may show the extent of 

contamination by organic compounds to be more widespread than is 

known at present. It is likely therefore that use of groundwater 

sources for potable supply will increase substantially in cost, 

ceasing to be the “cheap option” which it has been for many 

years. 

Existing legislation concerning groundwater quality includes Acts 

of Parliament and EC Directives together with less formal 

guidelines and codes of practice. Under the 1973 Water Act the 

regional water authorities are charged with the duty of providing 

a wholesome supply. Where appropriate this responsibility is 

discharged to a statutory water company. The present reference 

standard for drinking water quality is the EC Drinking Water 

Quality Directive 80/778/EEC relating to the Quality of Water 

Intended for Human Consumption. 

Legislation concerning groundwater pollution is more complex. 

Under the Control of Pollution Act 1974, Part II, (COPA II) a 

water authority can specify underground waters for protection 

against discharges which may give rise to pollution. More recently 

the EC Directive 80/68/EC on Protection of Groundwater Against 

Certain Dangerous Substances has been issued, which sets out to 

control the discharge of specified (listed) substances. The UK is 

implementing this EC Directive through COPA II, though there is an 

inconsistency between the two. Whereas the Directive protects all 

groundwater, COPA II refers only to groundwaters specifed by the 

water authority. As a result the authorities are specifying larger 

areas for protection of groundwater against pollution than may 

have been envisaged under the Act. 



COPA 1974 Part I deals with the disposal of waste to land, in 

recognition of its potential for pollution. Consultation 

procedures for the issue of waste disposal licences are 

established which involve the regional water authorities. 

Reinstatement and aftercare of the site is controlled under the 

1971 Town and County Planning Act, although under this Act the 

water authorities are not statutory consultees. The requirement 

for strengthening of the legislation in this area has been 

recognised. 

The use of sewage sludge in agriculture is a possible source of 

groundwater pollution which has attracted interest, although there 

appears to be little case-history evidence of pollution actually 

occurring. Nevertheless the potential threat has been recognised 

and the Department of the Environment together with the water 

authorities are currently preparing a code of practice to cover 

this activity. 

Aquifer protection in England and Wales is affected by the 

statutory requirements reviewed above, together with less formal 

policies. The statutory requirements lead to the designation of 

aquifer protection zones, which usually relate only to areas close 

to wells. However, in some water authorities an Aquifer Protection 

Policy (APP) has been formulated which covers a whole catchment or 

aquifer. APP’s currently in operation take into account factors 

such as vulnerability of groundwater in a particular area to 

pollution and likely travel times of pollutants to wells. Through 

the operation of a comprehensive APP, highest risk activities can 

be located in the lowest vulnerability areas. Also, planning and 

waste disposal authorities are made aware of the water authorities 

view at an early stage, which renders the decision making process 

more efficient. 
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Privatisation of the water authorities, which is anticipated 

within the term of the present parliament, will involve the 

creation of a National Rivers Authority (NRA). The 

responsibilities of the NRA will include conservation and 

prevention of pollution in groundwater, through specification of 

protection zones. Some functions, such as sampling and monitoring 

of groundwater, may be carried out privately under contract. 

Research into groundwater quality is principally funded by the 

Department of the Environment, the Natural Environment Research 

Council and the water authorities. The main organisations 

undertaking the work are the Water Research Centre, British 

Geological Survey and the authorities themselves. Wide ranging 

consultative groups are of value in coordinating 

multi-disciplinary research in groundwater quality. 

Recent research into inorganic substances in groundwater has 

provided a better understanding of natural hydrochemical 

conditions and numerical modelling has contributed. The research 

has included studies of salinity distributions and acid rain. 

Trace element and isotope studies have also been useful. 

Nitrate in particular has been the major groundwater quality 

research topic in the last 10 years and much has been achieved, to 

the extent that modelling of nitrate transport allows site 

specific forecasting. Research is continuing into possible 

microbiological effects on nitrate movement, relationships between 

nitrate concentrations and land use, and post-abstraction and 

within-aquifer denitrification. 

Organic quality research has only recently commenced in any 

serious form. Investigations are underway into sampling and 

analysis for the main organic contaminants identified. Landfill 



research has been extensive but mainly directed towards domestic 

landfills operating under natural ground attenuation principles. 

A series of research requirements can be clearly identified, and 

past UK achievements have been such that a foundation exists on 

which future programmes can be built. 

The principal conclusions of this report are as follows: 

0 groundwater provides approximately 30% of drinking water in 

England and Wales and is a major source of water both 

nationally and strategically; 

0 groundwater quality is generally good but problems 

associated with contamination are increasing and the value 

of the resource as a considerably less expensive alternative 

to surface water is seriously threatened; 

0 the occurrence, distribution and behaviour of many important 

contaminants is not well understood and improvements in 

monitoring practice are required; 

0 the most important contamination problems are associated 

with nitrate, pesticides and various organic solvents; 

0 legislation for the protection of groundwater appears to 

have been effective but shortcomings can be identified; a 

national Aquifer Protection Policy would be beneficial; 

0 recent and current research into groundwater quality has 

made a signficant contribution in many areas, and provides 

an excellent foundation of knowledge and experience which 

can be built upon; 

ix 



The priority recommendations are as follows: . 

0 management of the nation’s groundwater resources should be 

coordinated more effectively; 

0 a national.aquifer protection policy and the monitoring of 

groundwater quality on a national network should be 

established, based on hydrogeological principles; 

0 the water authorities should become statutory consultees 

under the planning aspects of COPA I with respect to 

aftercare of sites, and other planning matters which have a 

bearing on water quality; 

0 due recognition should be given to the views within the 

water supply industry that the levels of some constituents 

specified in the EC Drinking Water Quality Directive are 

unrealistic in terms of their perceived effect on human 

health. 

0 research on the following topics should be instigated: 

(a) development of effective groundwater sampling systems 

(b) scientific methodology for landfill leachate and 

borehole investigations 

(c) pollution problems in shallow aquifers 

(d) hydrochemical processes controlling migration of 

organic pollutants 



(e> baseline data relevant to contaminants in groundwater 

(f) the effect of land use change and agricultural practice 

on nitrate and pesticides in groundwater 




























































































































































































































































































































































