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Note

This report has been prepared by the Regional Office for Europe of the
World Health Organization for governments of Member States in the Region
and for those who participated in the Working Group on Health Hazards from
Drinking-water. A limited number of copies are available to persons officiatly
or professionally concerned in this field of study from the WHO Regional
Office for Europe, Scherfigsvej 8, 2100 Copenhagen @, Denmark.

The views expressed are those of the participants in the Working Group
and do not necessarily represent the decisions or the stated policy of the
World Health Organization.

The designations employed and the presentation of the material in this
report do not imply the expression of any opinion whatsoever on the part of
the BSecretariat of the World Health Qrganization concerning the legal status
of any country, territory, ¢ity or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. Where the designation “country
or area” appears in the headings of tables, it covers countries, territories,
cities or areas.

This report is also issued in French and Russian.
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1. INTRODUCTION

A Working Group on Health Hazards from Drinking-Water was convened
in London from 26 to 30 September 1977 by the WHO Regional Office for
Europe, in collaboration with the Govermment of the United Kingdom. Three
particular aspects were considered: the concept of “health hazard”, health ef-
fects atising from increased lead levels in water, and nitrate concentrations in
water in relation to health risks.

The meeting was attended by 21 participants from 11 countries, 1 staff
member from WHO headquarters, 2 staff members from the WHO Reglonal
Office for Europe, and 2 from the Commission of the European Communi-
ties. {See Annex for list of participants.)

Sir Hepty Yellowlees, Chief Medical Officer, Department of Health and
Social Security, welcomed the participants. He said that there was widespread
tecognition of the many environmental pollution problems and, in particular,
of the effects to health which could result from exposure to some pollutants.
Lead was one of the commonest of these, and there was an urgent need for
advice on safety in relation to exposure. The meeting was important because
it provided an opportunity for recommendations integrating expert medicat
and technical views to be formulated, and these would subsequently be of
considerable value to medical and health administrators.

Mr 1.1 Waddington, Chief, Promotion of Environmental Health, WHO
Regional Office for Europe, opened the meeting on behalf of the Regional
Director, Dr Leo A. Kaprio. He described the development of WHO policy
on health aspects of environmental pollution, in accordance with which water
contamination was one of the subjects covered by the study and evaluation
programme. As the meeting brought together both medical experts in the
field of environmental health and persons with technical expertise in the pro-
duction of drinking-water, it would be possible for the Warking Group to es-
tablish recommended upper limits of contaminants in water, and to consider
the feasibility of obtaining or estimating accurately such proposed levels,
Where the Working Group came to the conclusion that the present recom-
mended levels needed to be changed, each recommendation would have to be
considered in terms of the degree of prority which should be aliocated to its
implementation. That was a matter which would have to be considered by
cach countty, and he hoped that the proceedings of the meeting would assist
Member States in making the proper decisions concerning implementation.

Dr F.A. Fairweather was elected Chairman of the meeting with Dr V.
Benes as Chairman of the Medical Group and Dr D. Kerin as Chairman of the
Technical Group. Mrs J. Forslund and Dr J.R. Reid were appointed rappor-
teurs for the Technical Group and fur the Medical Group respectively. Dr R.
5t.J. Buxton coordinated the group reports and prepared the final report,
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In 1963 WHO headquarters published the second edition of International
Standards for Drinking-Water, in which an upper limit of 0.05 mg/] for lead in
drinking-water was recommended. The second edition of European Standards
for Drinking-Water, published by WHO in 1970, proposed 0.} mg/l lead as
the upper limit in the supply, but regarded 0.3 mg/l of lead as permissible
in the standing overnight sample where lead pipes were used. In 1971 the
third edition of International Standards for Drinking-Water came into line
with the proposed European standard of 0.1 mg/l. The WHO Working Group
on the Hazards to Health of Persistent Substances in Water #1972, concluded
that no new information had become available which would justify an in-
crease in the permissible level of lead from 0.05 mgfl to 0.1 mg/l.

The US Environmental Protection Agency (EPA) proposed a value of
0.05 mg/l for lead in drinking-water at the tap in 1972 and confirmed this
in Interim Primary Drinking-Water Standards, published in 1975,

The EEC Draft Directive on the Quality of Water for Human Consump-
tion, which appeared as part of the EEC Environment Action Prograrnme in
1975, proposed an upper Limit of 0.05 mg/l for lead, but this is still being
discussed and has not yet become official EEC policy.

In 1976 the WHO Regional Committee for Europe expressed the view
that there should be further discussion of the recommended limits for lead
in water and that the concept of “health hazard” should be considered on
a broad basis.? This Working Group was therefore convened in response Lo
the Committee’s recommendation.

2. OBIECTIVES

The Working Group was asked first to consider what it meant by the
congept of “health hazard” and how the assessment of health hazard should
be made. In doing this a number of questions might be posed which would be
relevant to these considerations:

() Has a risk to man or animals been demonstrated?
(b) What is the nature of this risk?

7 WHO Regional Office for Enrope, The hazards to health of persistent substances
fr water. Report on a Waorking Group. Copenhagen, 1973 (document EURO 3109W(1)
(two parts))

b WHO Regional Office for Evrope. Report of the Twenty-sixth session of the
Regional Committee for Eurppe (unpublished WHO document EUR/RC26/13 Rev.1)
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(¢) Can a dose-effect relationship be demonstrated?

{(d) Is thers a “no-effect” kevel?

The recognition of a health hazard should be followed by the setting of
standards. These would take into account whether the exposure source under
investigation was the sole source, and whether any section of the population
was particularly at risk or especially sensitive. Although it was basically a
medical problem, the setting of standards also involved technical, political,
economic and social factors. However, the Working Group was composed
only of medical and technical experts, so that the proposals would relate
otly to expertise in their particular areas,

The first of the specific objectives for discussion concerned lead in
drinking-water. The booklet Environmental Health Criteria 3: lead” was
provided as background information. The members of this Group were asked
to review the existing data and, on the basis of their findings, to decide
whether scientific evidence supported the existing WHO-recommended
limits or whether there were indications on health grounds that they should
be modified or changed.

Next, the levels of nitrates in drinking-water were to be considered.
The summary report of 2 Working Task Group meeting held in Lyons in
February 1976 on environmental health critera for nitrates, nitrites and
N-nitrosocompounds was provided as background information. The Work-
ing Group was requested to review existing data, and to determine whether
there was sufficient information available on the basis of which limits for
nitrates in water could be proposed. If so, they were to consider whether
the data were in aceordance with existing WHQ recornmendations or whether
new proposals should be made on health grounds,

3. THE CONCEPT OF “HEALTH HAZARD™

The role of epidemiology was discussed in terms of techniques for deter-
mining associative or causal relationships. It was appreciated than an appro-
priately designed experiment was necessary, to elucidate these relationships.
The nine factors proposed by Bradford Hill® were accepted for this purpose
and it was noted that the first five quoted were particularly relevant in this
connexion, namely:

% World Health Organization, Environmental health eriterin 3: lead. Geneva, 1977

b Bradford Hill, A- Principles of medical statistics. Lancer, pp. 313-318 (1971)
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(a) the strength of association,
(b) consistency,

(c) specificity,

(d) the relationship in time,
(¢) the biological gradient.

The Working Group considered the question of health risk, and recog-
nized that an effect due to exposure either in man or animals should be dem-
onstrated. If no effect was seen in the occupational setting, where the pollu-
tant concentration was likely to be higher than in the domestic environment,
studies of the general population were felt to be unproductive. Negative
studies could be helpful in setting no-cffect levels in man.

In assessing data, it was essential to ascertain whether there was a true
dose-response relationship, and whether this was causal in nature. The most
vulnerable sections of the population should be identified. In many cases, no
field studies on map were available, so that criteria could only be based on
animal studies. In the drawing up of standards, extrapolation to man was
fraught with difficulties, but the adoption of the “weight-for-weight™ prin-
ciple and incorporating an assumed safety factor were often the only courses
open on which to base advice on the health risk.

When preparing standards, it was desirable first to ascertain whether a
no-¢ffect level had been shown. A total intake could then be recognized, but
it was necessary to elncidate what proportion of this came from the source
under discussion. This would provide an opportunity to consider what effect
setting standards for this source would have on the overall intake. At this
stage, the medical and technical aspects having been considered, the politi-
cal, economic and social implications of a particular choice of standard
could be assessed.

Two further points required attention, namely, how urgent it was to
achicve the standard set, and how far its introduction would be of overal
benefit to the individual and the community. The degree of prionty ac-
corded to securing compliance with proposed standards would to a large
extent vary on a regional basis and was thus not a matter of direct concern
to the Group. :

The participants expressed some concern over the presentation of stan-
dards as a maximal limit for the element, since this simple form was liable
to be a misrepresentation of the real state of affairs. As metals were present
in water in different chemical forms, identification might in some cases prove
difficult and biological behaviour might not be what was anticipated in the
light of the total estimated concentration. For example, certain foods with
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high lead concentrations were found to contain only 5—10% in the ionized
form. The cooking of vegetables in water was reported to affect the nature
and concentration of trace metals in vegetables and cooking-water.

4, LEAD IN DRINKING-WATER

Estimation of lead levels in drinking-water requires an agreed standard
procedure so that the figures obtained are comparable. The technique used
must refer to the site of sampling and the time of day at which it should be
carried out in relation to the domestic routine. However, it is difficult to take
samples in proportion to individuals® water intake, although this would be of
scientific interest. In practice, it is pecessary to define a specific volume of
water to be taken, to draw an initial sarople, and to draw the second sample
of the day after a specified period of flushing.

The members of the Working Group were of the opinion that no particu-
lar analytical technique was superior to the others; thus no single procedure
was put forward as a requisite for precision or comparability . Accuracy limits
in determining concentrations were proposed and the need for quality control
was stressed. This should iake place both within and between laboratories in
each Member State, and also on an international basis.

As the distribution of levels of lead in water is not known with any
degree of certainty in the Member States, it is desirable that national surveys
should be carded out and areas with high lead levels defined. In this way, it
will be possible to keep a careful watch on situations where aggressive waters
are in contact with lead, where the incidence of lead plumbing is high, or
where the housing is old, by modifying the routine of water monitoring so
that more frequent sampling it undertaken. This would allow early recog-
nition of an increased health risk in these potentially hazardous areas so that
appropriate action may be taken to protect the individuals exposed.

Reparding assessment of the degree of severity of exposure to lead, the
Working Group did not uphold the view that the measurement of intake from
the various sources gave the most usefu] indication, as many errors might
occut in such measurements and these might well be curnulative. The absorp-
tion rates would vary depending on the anatomical sites, age, sex and ethnic
origin of the individual. The Group therefore preferred to use a measure of
fead absorption as an estimate of the non-skeletal (soft-tissue) body burden of
lead. The blood lead concentration should be used for this purpose. This is in
accord with existing WHO recommendations (Envirommental health criteria
3: lead, p. 134, 9.5.7.1). Since lead can at present be regarded as a non-essential
element in health terms, there is no reason why a zero value should not be
put forward as a health objective. In practical terms, a maximum value of
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20 pg/100 ml for the blood lead concentration of 50% of the population was
accepted as a working hypothesis.?

After reviewing existing published work on the subject, the Working
Group considered that the contribution of water to the blood lead could be
assessed from the increments of the blood lead as observed in certain epi-
demiological studies. Such studies have shown that the soft-tissue body bur-
den for lead absorption is of the order of 2—4 /100 ml blood for each in-
crement of 100 ug/l lead in waier. Although it was recognized that the disper-
sion of blood lead values was large, the association between water lead con-
tent and blood lead concentration was statisticatly significant, but the rela-
tionship between the two parameters was not rectilinear.

There is a different pattern of water usage within each household, and
the incremental effect on the blood lead may in consequence be greater in
certain sections of the population. In fact, three groups were identified as
being especially vulnerable, and more strngent standards may be required for
these than for the population as a whole:

(a) the foetus,
(b) the young infant,

(c) individuals with certain medical conditions such as increased water
intake or those on renal dialysis,

Watet obtained from domestic watersofteners and from hot-water
systems was considered unsuitable for drinking.

Research

There are many aspects of lead in drinking -water on which insufficient
data are available. The Working Group selected a number of areas where data
were required and to which they attached a high degree of priority:

(a) the nature of the physical and chemical forms of lead in drinking-
water;

(b) the variation of the lead content of water (at the tap) over a pericd
of time;

(¢} the consumer’s habit of drinking water and their relation to lead

comntent;

 This formula is a2ccepted by the EEC as a working hypothesis for countrics
within its area of jurisdiction.
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(d) studies at a national or regional level to identify areas where plumbo-
solvency exists (the Working Group considered this problem to be of
high priority, particularly in tural areas);

() the uptake of lead from water by food and drink in the process of
preparation;

(f) further epidemiological studies relating blood lead values to the con-
tent of lead in water in areas with critical population groups;

() epidemiological and biochemical studies of the role of bone as a res-
ervoir for lead in relation to soft tissue and the total body burden of lead.

5. NITRATES, NITRITES AND NITROSAMINES
IN DRINKING-WATER,

Nitrates are a normal constituent of drinking-water, being derived for the
most part from drainage from cultivated and fertiliser-treated land and from
sewage effluent. Meteorological conditions affect the levels to a great extent,
and while increases oceur seasonally (in autumn and winter), the findings
have shown a tendency towards an overall increase during the last few years
in most European countries.

The sampling of drnking-water for nitrate analysis may be carded out
satisfactorily at waterworks or in the distribution system. The sampling fre-
quency should be determined by the proximity of the observed level to the
limit set.

In the Group's discussion on the estimation of nitrate concentration, no
proposals were made regarding the analytical technique, but a detection level
of 10% and an accuracy of 20% were considered to be prerequisites. The need
for good analysis control was stressed,

Tt was agreed that nitrites were not usually present in drinking-water, but
where bacterial contamination was present reduction of nitrate could occcur.
In the presence of free chlorine this was unlikely, but some participanis
reported values of up to 1 mgfl in their countries. In the case of nitrites,
sampling should be carried out at the consumer’s tap. In respeet of sampling
frequency and analytical procedure, the Working Group made proposals
similar to those it made for nitrates (see above).

The participants agreed that preformed nitrosamines were rarely found in
drinking-water in significant amounts. The sources and formation of the dif-
ferent types of nitrosamines were discussed, but the health aspects were not
considered as water was not congidered a significant source.




The healih effects of nitrates were discussed. Particular concern was ex-
pressed over water supplies in rural areas as nitrate levels tended to show a
greater variability there than in urban areas.

Acute effects of inereased nitrate concentrations may be seen in infants;
hence, babies and pregnant women form the vulnerable groups. There is still a
need for work on the significance of subclinical 2ffects. At present the nature
of the biochemical chanpes and, in consequence, their extent, are unknown
and it is impossible to relate the nitrate levels in water to body responses. The
greatest clinical hazard was considered to be methaemoglobinaemia, espe-
clally in bottle-fed babies under six months of age. For this to occur it was
necessary to have sufficient nitrate in the water and an appropriate bacterial
presendce.

The Working Group considered that adults could tolerate higher levels of
nitrate in water than children in the long term. The available information on
the relativnship between nitrates and cancer incidence was examined, but the
data were found to be inconclusive and it was not possible to assess the risk
with any degree of certainty.

Research

(a) A study on the design of sampling programmes is required. This
would include identification of the significant parameters to be measured and
of the factors affecting the day-to-day vadability of the nitrate levels in a
single supply and in the different supply areas.

(t) Further epidemiological and experimental studies are required into
the possible association between nitrate levels in drinking-water and carcino-
genic effects on certain organs. A study of the incidence of cancer in workers
occupatiopally exposed to nitrates was suggested as being a useful line of

enquiry,

(c¢) Experimental work is needed to examine the transplacental passage
of nitrates at various exposure levels.

(d) Research is required to establish the effects of subclinical levels of
exposure in man. Biochemical changes need to be identified, and where a
dose-effect relationship can be found, it is necessary to know the nature of
the dose-effect relationship and its significance. '

() Environmental impact assessment of changes in land vse (including
agricultural and forestry practice) which may result in increased levels of ni-
trate reaching drinking-water supplies should be undertaken. Methods of pre-
venting or limiting such increases should be investigated.
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{f) Data on nitrite levels in water are acknowledged to be spamse, and
national studies should be established to provide information on nitrite con-
centrations at the consumer’s tap.

6. GENERAL OQESERVATIONS

The Working Group considered the following two subjects on a general
basis and recognized that there were wide variations in geographic features
and national activities, so that the relevant factors could also be expected to
vary widely:

(1) identification of factors or constraints which, together with scientific
criteriz, must be considered in drafting objectives, norms, standards and
regulations;

(b) mode of developing regulations in order to safeguard drinking-water
guality from the adverse effects of toxic substances,

The summary report” of 3 WHO Consultation held in May 1977 in Bilt-
hoven, Netherlands, was used as background information. This document
covered a number of fields such as economics, social amenities, financial,
political, ecological and industrial aspects, which, although relevant to the
area under discussion, were not within the areas of expertise of the Working
Group's members. It was therefore felt inappropriate for views to be ex-
pressed on them.

The meeting was concerned with one aspect of the general environment,
namely, drinking-water, yet it was important to view exposure from this
source in relation to the total exposure from all sources of the agent in ques-
tion. 1t was possible to obtain factual information on the nature of the source
and to quantify the intake. If the agent was toxic, the health effects could be
demonstrated in the laboratory and elsewhere. The Working Group accepted
that the evidence on health ¢ffects up to this stage could be verified by
scientific techniques. Appraisal of this evidence then enabled a value judge-
ment to be made leading to a decision on safety limits and the setting of
standards. The process of standard-setting required to be developed, but it
was certain that the national constraints resulting from differences in con-
ditions in various ¢ountries would mean that the figures used in the oper-
ational techniques would need to be different.

Te World Health Organization. The application of envirormental health eriterio:
summaty report of a WHO consultation (unpublished WHO document CEE/77.7)




There was general agreement that the logical thought process leading
to the setting of standards must take into account both analytical limits
and technical feasibility. Furthermore, if a substance was present, the need
for 2 standard should be the first consideration. This would depend on
an appreciation of the toxic effects which could be found to be due to the
presence of the substance in the concentrations likely to be met in the
environment.

7. RECOMMENDATIONS

General
Criteria documents should consist of four parts:

{a) summary of the situation, highlighting the major issues and making
recommendations for research;

(b) the main body of the report, including the findings on which the
evaluation of the health risk is based ;

(c) an evaluation of the health risk to man from exposure to the agent
in question;

(d) an appraisal of the significance of the health effect, with an indi-
cation of the basis for required safety factors. Shortterm or long-term
exposure limits should only be proposed if the data are adequate, otherwise
tentative guidelines should be suggested.

Lead

{a} After appropriate attention has been given to the details of sampling
and analysis, the upper limit for lead in running water should be 0.05 mg/l.

(b) When lead pipes are present, the lead content should not exceed
0.05 mg/! in a sample taken at the tap after flushing, If the sample is taken
either directly or after flushing and the lead content, either frequently or to
an appreciable extent, exceeds 0.1 mg, suitable measures must be taken to
reduce the exposure to lead on the part of the consumer,

{c) When lead is present, the drawing of drinking-water from domestic
water-softeners and hot-water systems should be discouraged.
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Nitrate

(a) For the general population, a nitrate level in water (as nitrate NO3)
of helow 50 mg/l should be considered acceptable, a level of 50100 mg/l
should be considered borderline, and levels in excess of 100 mg/l unaccept-
able.

(b) For infants below six months of age nitrate levels (as nitrate NOj)
in excess of 50 my/l should be considered unacceptible.
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