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1. INTRODUCTION

The recommended values contained in the WHO Guidelines for Drinking-Water
Quality issued in 1984 (referred to henceforth as the Guidelines) are based on
toxicologiecal and other support data available up te 1981. Since that time new
toxicological and other relevant data have become avallable for some: of the
substances for which guidelines or tentative guidelines were established: in the
1984 Guidelines as well as for other compounds for which there had been insuffi-
cient data avallable to establish guideline values, 1In addition, concern has
been expressed regarding a number of substances which had not previously been
considered.

A Consultation to initiate the work on the revision of WHO Guidelines for
Drinking Water Quality was convened by WHO in Rome from 17-19 October 1988,
The principal objective of this Consultation was to discuss and agree upon the
principles wunder which the revision of the Guidelines would be carried out.
The consultation reaffirmed the concept of WHO Guidelines inecluding approaches
to risk assessment, and produced specific recommendations regarding assumptions
and techniques which should be used during the process of development, of the
revised CGuidelines. Furthermore, the consultation determined a common format
for the evaluation of drinking-water contaminants and finalized the.liszt of
substances for which evaluation sheould be undertaken.

With the scientific principles of the revision agreed upon at ﬁhe Rome
comsultation, it appeared useful to have a =zmall co-ordination group meet at
periodic intervals to elaborate detailed practical arrangements for the: draft-
ing of evaluation documents and for the organization of the review meetings.
Participation was limited to the scientific co-oxdinators for organics and
inorganics and prinecipal investigators of institutes which would hosrt the re-
view meetings. Two consultations of this co-ordinating group have been orga-
nized so far, the first one in Copenhagen, 4-5 September 1989, and the second
in Geneva 13-14 March 1980, |

Based on the established principles for the preparation and review of the
draft evaluations of individual substances, and baszed on the assessment of
actual and/or expected availability of draft evaluation documents, detailed
arrangements for review meetings in 1990 and tentative plans for 1991 were made
during the Geneva meeting in March 1990,

The First Review Group Meeting on Inorganics was convened hy WHO Headquar-
ters in Bilthoven, the Netherlands, 18-22 March 1991 with the financial:support
of the Nethetrlands Natlomal Institute of Publie Health and Envirenmental!Protec-
tien who also hested the meeting, The 1list of participants is given as
Annex I, '

On behalf of the board of directors of the National Institute of Publice
Health and Envirommental Protection (RIVM), Mr van Egmond welcomed the partici-
pants of the First Review Group Meeting on Inorganics te Bilthoven. He: empha-
sized the importance of reviewing the present WHO Guidelines for Drlnklng Water
Quality, since these guidelines can give major guidance to individual countries
in setting national standards. He fully endorsed the involvement of the RIVM
in this intermational cellaboration, which had already resulted in the presence
of a RIVM representative at the Rome Consultation in 1988 and the participation
of individual scientists in earlier review meetings dedicated to pesticides and
organic compounds, Mr van Egmond, recognizing the heavy workload of the meet-
ing, exprezsed his confidence in the participating scientists and w1shed them a
successful outcome to the difficult deliberations ahead of them.
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Dr H. Galal-Gorchev of IPCS welcomed the participants on behalf of the
Director-Genexal of the WHO, Dr Nakajima. She expresszed WHO's gratitude to the
National Institute of Public Health and Emvironmental Frotection for providing
the scientifie, financial and administrative support in organizing the
meeting. Moreover, the preparation of draft evaluation documents, on
substances wunder counsideration at this meeting, by Canada, Finland, Japan, the
Netherlands, the United Kingdom and the United States of America was gratefully
acknowledged, %he also thanked the Inorganics Co-ordinator, Mr J Fawell, of
the UK Water Research Centre (WRc) who had issued the documents and prepared
overviews incorporating the comments received.

Dr van Leeuwen served as the Chairman and Mr Fawell as the Rapporteur.

2. SUMMARY STATEMENTS
2.1 Aluminium

Aluminium is a widespread and abundant element comprising some 8% of the
earths  orust, Aluminium compounds are widely used as coagulants in
drinking-water treatment. Human exposure may occur by a variety of routes with
drinking-water probably contributing less than 5% of the total intake.

The metabolism of aluminium in humans is not well understood but it seems
to be poorly absorbed and most of the absorbed aluminium appears to be rapidly
excreted in the urine.

Aluminium is of low toxicity in laboratory animals and JECFA established a
PTWI of 7 mg/kg b.w. in 1988. This was based on studies of aluminium phoszphate
(acidic) but the chemical form of aluminium in drinking-water is different.

Aluminium appears to be associated with the brain lesions characteristic
of Alzheimers disease and the incidence of Alzheimers disease has been associ-
ated with aluminium in drinking-water in several ecolopgical epidemioclogical
studies. These ecological analyses must be interpreted with caution and should
be confirmed in analytical epidemiological studies of individuals.

There iz a need for further studies but at present the balance of evidence
does mnot eclearly support a causal role for aluminium in Alzheimers disease.
The guideline value is therefore based on possible aesthetic effects in
drinking-water. The recommended guideline walue is 200 up/l.

2.2 Antimony

Salts and, possibly, organic complexes of antimony are typically found in
food and water at low levels. However, since antimony-tin seolder is beginning
to replace lead solder, exposure to antimony may increase in the future.

Reported concentrations of antimony in drinking-water are usually less
than 5 pg/litre. Estimated dietary intake for adults iz about 20 ug/day.

In a limited lifetime study in which rats were exposed to antimony in
drinking-water at a single dose level of 0.43 mg/kg b.w./day, effects observed
were decreased longevity and altered blood levels of gluceose and cholesterol.
No effects were observed on the incidence of benign or malignant tumours,
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An uncertainty £factor of 500 was used to reflect inter and intraspecies
variation and the wuse of a LOAEL, giving a tolerable daily intake (TDI) of
0.86 pug/kg b.w. An allecation of 10% of the TDI to drinking-water gave a4 pro-
posed guideline value of 3 ug/litre.

T

The working group recognised that this may be below the limit of practical

gquantitative analysis. :

2.3 Axsenic

Arsenic 1s widely distributed throughout the earth’s erust and is used
commercially primarily in alloying agents. It is introduced into water: through
the dissolution of minerals and ores, from industrial effluents and atmospheric
deposition; concentrations particularly in ground water in some areas are ele-
vated dus to erosion from natural sources. The average daily intake of inorx-
ganic arsenic in water 1s estimated to be similar to that from food; intake
from air is negligible,

Inorganic arsenic is a documented human carcinogen which has been'classi-
fied by TIARC in Group 1., A relatively high incidence of skin and possibly
other cancers which increase with dose and age has been observed in populations
ingesting water containing high concentrations of arsenic. i

Arsenic has not been carcinogenic in the limited bicassays in animal spe-
cles which are avallable, but has been positive in studies designed to assess
the potential for tumour promotion. Arsenic has not been mutagenic in bacteri-
al and mammalian assays, although in a variety of cultured cell types,.includ-
ing human cells, it has induced chromosome aberrations; such effects have not
been observed in wvivo, :

Owing to the decumented carcinogeniecity of arsenic in drinking-water in
human populations, the lifetime risk of skin cancer has been estimated using a
multistage model which is both linear and quadratic in dose. On the basis of
chservarions in a  Taiwanese population ingesting arsenic-contaminated
drinking-water, the concentrations associated with lifetime skin cancer risks
of 10-4, 10-5 and 10-6 are 1.4 ug/l, 0.14 ug/l and 0.014 pg/l. These values
may, however, overestimate the actual risk of skin cancer owing to the possible
contribution of other factors to diseaze incidence in the Taiwanesze population
and to possible dose-dependent variations in metabolism which could not be
taken inte consideration. Moreover, l1-14% of arsenic-induced skin cancers are
fatal. Data on the association between internal cancers and ingestion of
arsenlc In drinking-water are insufficient for quantitative assessment of risk,

With a view to reducing the concentration of this carcinogenic contaminant
in drinking-water, a  temporary guildeline of 10 g/l for arsenic in
drinking-water is recommended, The estimated liferime sEln canceyr rlzkeassoc1—
ated with exposure to this concentration is 7 x 10 (or 7 x 10 to 9.8 x
107 lifetrime risk of fatal skin cancers).

In 1983, the Joint FAQO/WHO Expert Committee on Food Additives: (JECFA)
established a provisional maximum tolerable daily intake (PMTDI) for inorganic
arsenic of 0,002 mg/kg b.w. which was confirmed in 1988 by establishing a FIWI
of 0.015 mg/kg b.w. for inorganic arsenic. The Committee noted, however, that
the margin between the PIWI and intakes reported to have toxic effects in epide-
miological studies was narrow, A value derived on the basis of this PMTDI
(12 pg/l based on 20% allocation to drinking-water) is similar to the recom-
mended guideline value.




- 4 -
2.4 Barium

Barium occurs as a number of compounds in the earth’s crust and Is uszed in
a wide wvariety of industrial applications but it is present in water primarily
from natural sources. In general, food 1s the principal source of exposure to
barium; however, in areas where barium concentratiens are high, drinking-water
may contribute significantly to total intake. Intake from air is negligible.

Although an association between mortality from cardiovascular disease and
the barium content of drinking-water has been reported in an ecological epidemi-
ological study, these results were not confirmed in an analytical epidemiologi-
cal study of individuals in the same population. Moreover, in a short-term
study in a small number of volunteers, there was no consistent indication of
adverse cardiovascular effects following exposure to up to 10 mg/l barium in
water. There was, however, an increase in the systolic blood pressure of rats
exposed to relatively low concentrations of barium in drinking-water.

A guideline walue of 0.7 mg/l has, therefore, been derived using the ne
observed adverse effect level in the most sensitive epidemiological study con-
ducted to date (7.3 mg/l) and incorporating an uncertainty factor of 10 to

account for intraspecies variation. This value is within the range of that
derived on the basis of the results of toxicological studies in animal spe-
cies. A tolerable daily intake of 0.051 mg/kg b.w. was calculated based on a

NOAEL of 0.51 mg/kg b,w./day in a chrenic study in rats and Incerporating an
uncertainty factor of 10 for intraspecies variation and 1 for interspecies
variation since the results of a well conducted epidemiological study indicate
that humans are not more sensitive than rats to barium in drinking-water. (A
level derived from this TDI based on 20% allocation to drinking-water would
have been about 0.3 mg/l).

2.5 Beryllium
Beryllium has a number of important minor uses based mostly on its heat
resistance. It is found infrequently in drinking-water and only at very low

concentratlons, usually less than 1.0C ug/l.

It appears to be poorly absorbed from the gastro-intestinal tract., Beryl-
lium is classified in class 2A by IARC on the basis of occupational epidemi-
ology and irnhalation studies in laboratory animals. There are no adequate
studies to judge whether it is carcinegenic by oral exposure.

Beryllium interacts with DNA and causes gene mutations, chromosemal aberra-
tionz, and sister chromatid exchange in cultured mammalian somatic cells,
though it is not mutagenic in bacterial test systems.

There are no suitable oral data on which to base a toxicologically support-
able guldeline value. However, the very low concentrations of beryllium nor-
mally found in drinking-water seem unlikely to pose a hazard teo consumers.

2.6 Boron

Elemental boron 1is used principally in composite structural materials and
boron compounds are used in some detergents and industrial processes. They are
released into water by industrial and domestic effluents. Boron is usually
ontly present in drinking-water at concentrations of wup to 1 mg/l but some
higher levels have been found due to naturally occurring boron. The total
daily intake is estimated at 2-5 mg Boron.

Boron, when administered as borates or boric acid, is rapidly and almost
completely absorbed from the intestinal tract. Boron excretion occurs mainly
through the kidney.
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Chroniec  exposure of  Thumans te  horon  compounds leads to wild
gastro-intestinal irritation. In short- and long-term animal studies and in
reproductive studies with rats, testicular atrophy was observed. Boric acid
artd borates were not mutagenic in various in vitro test systems. No increased
tumour incidences were observed in long-term carcinogenicity studies:in mice
and rats, .

Therefore, a tolerable daily intake of 0.088 mg/kg b.w. has been derived
by applying an uncertainty faector of 100 (to reflect inter and intraspecies
variation) to a NOAEL, <for testicular atrophy, of 8.8 mg B/kg b.w./day in a
2-year diet study in dogs. This gives a proposed guideline value of 0. 3 ng B/
allowing 10% of the tolerable daily intake from drinking-water.

2.7 Cadmium

Cadmium metal is wused in the steel industry and in plastics. Cadmium
compounds are widely used in batteries. Cadmium is released to the environment
in waste water and diffuse pollution Is caused by contamination in fertilizers
and local air polluticen. Contamination in drinking-water is also caused by
impurities in the =zinc of galvanized pipes and solders, although levels in
drinking-water are usually less than 1 wg/l. Food intake is the main source of
daily exposure to cadmium. The daily oral intake is 10-35 ug. Smoking is a
significant additional source of cadmium exposure. g8

Absorption of cadmium compounds is dependent on the speciation. ,Cadmium
accumulates primarily in the kidneys and has a long biological half- lle in
man, wiz, 10-30 years.

There is evidence for the carcinogenicity of cadmium by the inhalation
route and IARC has classified cadmium in group 2A., However, there iz no evi-
dence of carcinogenicity by the oral route and there is no clear ev1dence
for the genotoxicity of cadmium.

The kidney is the main target organ for cadmium toxicity. The eritical
Cd-concentration in the renal cortex at which a 10% prevalence of low-moélecular
weight proteinuria in the general population would ocecur is about 200 mg/kg.

Assuming an absorption rate for dietary cadmium of 5% and a dally excre-
tion rate of 0.005% of body burden, JECFA concluded that, if levels of cadmium
in renal <cortex are mnot to exceed 30 mg/kg, a total intake of cadmlum should
not exceed 1 pug/kg b.w,./day. The Provisional Tolerable Weekly Intake: (PTWI)
was therefore set at 7 pg/kg b.w, The Review Group recognized that the margin
between the PTWI and the actual weekly dietary intake of cadmium by the general
population is small, less than ten fold, and that this margin can be decreased
in smokers, A guldeline value of 3.0 up/l was proposed based on an allocatlon
of 10% of the PIWI to drinking-water.

2.8 Chromiup :

Chromium is widely distributed in the earth’s erust. It can ékist in
valencies from -(II} to +(VI). Total Cr concentrations in drinking-water are
usually less than 5 pg/l, although concentrations between 60-120 ug/l have been
reported., In general, food appears to be the major source of intake,

The absorptien of chromium after oral exposure is relatively low and de-

pends on the speciatien. Cr(Vl) is more readily absorbed from the
gastro-intestinal tract than Cr(III) and 1is able to penetrate cellular mem-
branes. There are no adequate toxicity studies available te provide a basis to

determine a NOAEL. In a leng-term carcinogenicity study in rats by the oral




route with Cr(III}) ne increase in tumour incidence was observed. In rats
Cr(VI) is a carcinogen via the inhalatien route. The limited data available do
not show evidence for carcinogenieity via the oral route., In epidemiclogical
studies an association has been found between exposure to Cr(VI) and lung can-
cer. TARC has classified Cr(VI) as a human carcinogen (group 1) and Cr(IIl) in
group 3.

Cr{VI) compounds are positive in a wide range of ip vitre and in vive
genotoxicity tests, whereas Cr(III) compounds are mot. The mutagenic activity
of Cr(VI) can be decreased or abolished by reducing agents, such as human
gastric juice.

The Review Group considered that in prineiple different guideline values
for Cr(III1) and Cr(Vvl) should be derived, however, current analytical methods
favour a guideline wvalue for total chromium. Due to the carcinogenicity of
Cr(VI) by the inhalation route and its genotexieity, the working party gques-
tioned the present guideline value of 50 ug Cr/l, but the available toxicologi-
¢al data did not support the derivation of & new value. However, as a practi-
cal measure 50 pg/l, which was considered to be unlikely to give rise to signif-
icant risks to health, has been retained as the guideline value,

The Review Group recommends a re-evaluation of chromium, when additional
information is available.

2.9 Cyanide *)

Cyanides are highly acutely toxic and can be found in some foods, particu-
larly in some third world countries. They are ocecasionally found in
drinking-water primarily as a consequence of industrial contamination.

Chronic effects on the thyroid and particularly the nervous system were
observed in some populations as a consequence of the consumption of inadequate-
ly processed cassava containing high cyanide. This problem seems to have de-
creased significantly in the West African populations, in which it was widely
reported, following a change in processing and a general improvement in nutri-
tional status.

There are a very limited number of toxicological studies suitable for
deriving a guideline value. There is, however, some indication in the litera-
ture that pigs may be more sensitive than rats. There is only one study avail-
able in which a clear effect-level was observed, at 1.2 mg/kg b.w./day, in pigs
exposed for 24 weeks. The effects observed were in behavioural patterns and In
serum biochemistry.

Using the LOAEL from this study and applying an uncertainty factoxr of 100
to reflect inter and intraspecies variation, (no additional factor for a LOAEL
was considered necessary because of the doubts over the biological significance
of the observed changes and the use of a very sensitive specles), a TIDI of
12 pp/kg b.w. can be calculated.

An allocation of 20% of the TDI to drinking-water was made because expo-
sure to cyanide from other sources is normally small and exposure from water is
only intermittent. This results in a proposed guideline value of 70 ug/l which
is considered to be protective for acute and chronic exposure.

*) Draft evaluation possibly to be reconsidered at the second meeting on
inorganics pending receipt of results of an additional sub-chronic bio-
assay in rats.




2.10 Fluoride

Fluorine comprises about 0.3 g/kg of the earth's crust. Inorganic fluo-
rine compounds are used in the production of aluminium and flueride is released
from the manufacture of fertilizers from phosphate ores, which contain up to
3.8%7 F. .

Daily exposure depends on the geographic area. The exposure via food may
be high especially due to consumption of fish and tea. In specific areas food
and indoor air pollution may contribute considerably to total exposure. Addi-
tional intake may result from the use of fluoride toothpastes.

Exposure to fluoride from drinking-water depends greatly on naturalleircum—

stances, Levels in drinking-water are normally below 1.5 mg/l, but in areas
which are rich in fluoride-containing minerals, underground waters may; contain
about 10 mg F/1. Fluoride 1is sometimes added to drinking-water to,prevent

dental caries,

Soluble fluorides are rapidly absorbed in the pgastrointestinal tract after
uptake via drinking-water.

In 1987 TARC classified inorganiec flueorides in group 3. Fluoridefhas not
been carcinogenic in more recent studies including the US National Toxicology
Program bio-assay in draft in 1990.

There is an overlap between concentrations in drinking-water for caries
prevention and those producing objectionable fluoresis. There is reason to
consider that exposure to fluoride has increased in recent decades, due in part
toe the use of fluoride in dental preparations. Based on dental fluoresis ob-
served in humans a guideline value of 1.0 mg/l is proposed to accommodate this
increase in fluoride intake, The Review Group recopgnized that daily water
intake may vary with the climate and that in areas with a high water intake,
dental fluorosis may already develop at this concentration. Some variation
from this guideline could be considered where expesure from other sources is
low.

The Review Group noted that extensive reviews are in progress, and recom-
mends that the guideline be re-examined when these have been made available.

.

2.11 Hydrogen sulphide

Hydregen sulphide is a gas with an offensive "rotten-eggs odour", which is
detectable at very low concentrations, below 0.13 ppm in air. It iz formed
when sulphides are hydrolysed, however, the lewvel of hydrogen aulphide found in
drinking-water is wusually low because sulphides are readily oxidised: in well
aerated water. v

Hydrogen sulphide 1is highly acutely toxic to man fellowing inhalation of
the % irritation can be observed at concentrations as low as 5 ppm
(7 mg/m”) i

i

The taste and odour threshoeld for hydrogen sulphide in water has been
estimated to be as low as 0,05 mg/l., Although oral toxicity data are: lacking
the Review Group concluded that it is unlikely that a pearson could consume a
harmful dose of hydrogen sulphide. Consequently no guideline value Has been
recommended but hydrogen sulphide should not be detectable by taste or odour.




2.12 Merecury

Mercury is present in the inorganic form in surface and groundwaters at
concentrations wusually less than 0.5 ug/l. Levels in air are in the range of
2-10 ng/m3, Mean dietary intake of mercury in various countries ranges from 2
to 20 pg/person/day.

The kidney is the main target organ for the toxicity of ineorganic meXcury
while methylmercury affects mainly the central nervous system,

JECFA has established a provisional tolerable weekly intake (PTWI) of
300 ug of total mercury per person, of which no more than 200 ug should be
present as methylmetcury. In 1988, the Committee re-assessed methylmercury as
new data were only then available on this compound, and confirmed the previous-
ly recommended provisional tolerable weekly intake of 200 ug of methylmercury
(3.3 pg/kg b.w.) for the general population, but noted that pregnant women and
nursing mothers are likely to be at greater risk from the adverse effects of
methylmercury. The available data were considered insufficient to recommend a
specific methylmercury intake for this pepulation group.

To be on the conservative side, the PIWI for methylmercury is used to
derive a pguideline wvalue for inorganic mercury in drinking-water., Since the
main exposure 1is Ffrom food a 10% allocatlon of the PTWI to drinking-water was
made . The <calculated guideline value for total mercury is 1.4 pg/l which can
be rounded to 1.0 ug/l.

2.13 Molybdenum

Concentrations of molybdenum in drinking-water are wusually Iless than

10 ug/1. However, iIin areas near mining sites, molybdenum concentrationz as
high as 200 ug/l have been reported. Dietary intake of molybdepum is between
0.1-0.5 mg/person/day. Molybdenum is considered te be an essential element

with an estimated daily requirement of about 0.5 mg/day for adults.

No data are available on the carcinogenicity of molybdenum by the oral
route. In a 2-year study of humans exposed through their drinking-water, a
NOAEL of 200 ug/l was identified,

The Review Group had some concerns about the quality of the study. An
uncertainty factor of 10 would normally be applied to reflect intraspecies
variation, However, the working group recognised that molybdenum is an essen-
tial element and therefore considered that a factor of 3 would be adequate.
This gives a guideline value of 70 pug/l.

This wvalue is within the range of that derived on the basis of results of
toxicological studies in animal species and is consistent with the essential
daily requirement.

2.14 Nitrate and nitrite

Nitrate and nitrite are naturally occurring ions which make up part of the
nitrogen cycle. Naturally occurring nitrate levels in surface and ground water
are generally a few mg/l.

In many groundwaters, an increase of nitrate levels is observed due to the
intensification of farming practiece. Concentrations can reach several hundreds
of mg/l. In some countries, the percentage of the pepulation exposed to ni-
trate levels in drinking-water above 50 mg/l reaches 10%.




In general, wvegetables will be the main source of nitrate intake, when
values in drinking-water do not exceed 10 mg/l. When nitrate levels in
drinking-water exceed 50 mg/l, nitrate from drinking-water will be the major
source of total nitrate intake. -

Experiments suggest that neither nitrate nor nitrite act directly as car-
cinogens in animals, but there is some concern about increased risk of cancer
in humans from the endogenous and exogenous formation of N-nitroso compounds,
many of which are carcinogenic in animals. Suggestive evidence relating di-
etary nitrate exposure to cancer, especlally gastric cancer, is available from
geographic-correlation or ecological epidemiology studies, but these results
have mnot been confirmed in more definitive analytical studies. It must be
recognized that many factors in addition to envirommental nitrate exposure may
be involved. =

In summary, insufficient epidemiologic evidence is available for an assoei-
ation between dietary nitrate and cancer, and the guideline value for nitrate
in drinking-water is established solely to prevent methaemoglobinaemia, which
depends upon the conversion of nitrate to nitrite. Although bottle-fed infants
of less than 3 months of age are most susceptible, occasional cases have been
reported in some adult populations. i

Extensive epidemiological data support the current guideline vilue for
nitrate of 10 mg nitrate-N per litre. The Review Group was of the opinion that
this wvalue should not be expressed on the basis of nitrate-nitregen but on the
bazis of nitrate itself, and therefore proposed a guideline wvalue of 30 mg/1
nitrate. s

As a result of recent evidence of the presence of nitrite in some water
supplies, the Review Group concluded that a guideline value for nitrite should
ke proposed, However, it felt that the available animal studies were inappro-
priate to establish a firm NOAEL for methaemoglobinaemia in rats. Therefore, a
pragmatic approach was followed, accepting a relative potency for nifrite and
nitrate with respect to methaemoglobin formation of 10:1 (on a molar basis) and
a temporary guldeline value of 3 mg/l nitrite was proposed. Due to the possi-
bility of simultaneous occcurrence of nitrite and nitrate in drinking-water the
sum of the ratio of the concentration of each to their guideline values as
shown in the following formula should not exceed 1.

CNo2 Cxo
p— + [ <] -
2 3
C - concentration '

GV = guideline value P

2.15 Sodium
y

Sodium salts (e.g., zodium chloride) are found in wirtually all food (the
main source of daily exposure) and drinking-water. While concentrations of
sodium in potable water are typically less than 20 mg/l, they can greatly ex-
ceed this in some countries. The levels of sodium salts in air are normally
quite small in relation to food or water. It should be noted that some water
softeners can add significantly to the sodium content of drinking-water.

No firm conclusions can currently be drawn concerning the possibleassocia-
tion of sodium in drinking-water with the occurrence of hypertension. Thus, it
is recommended that the current guideline value of 200 mg/l based on taste, be
maintained. '
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2.16 Sulphate

Sulphates occur mnaturally in numerous minerals and are used commercially,
prinecipally in the chemical industry, They are discharged into water in indus-
trial wastes and through atmospheric deposition, however, the highest levels
usually occur in groundwater and are from natural sources. In general, food is
the principal source of exposure to sulphate though in areas with high concen-
trations, intake from drinking-water can exceed that from food; the contribu-
tion of air to total intake is negligible. '

Sulphate 1= one of the least teoxic anions; however, catharsis, dehydration
and gastrointestinal irritation have been observed at high concentrations.
Magnesium sulphate, epsom salts, has been used as a cathartiec for many years.
The presence of sulphate in drinking-water can also cause noticeable taste.
Taste impairment varies with the nature of the associated cation, however, it
is considered that taste impairment would be minimal at levels below 250 mg/l.

Based on considerations of taste, the recommended guideline value is
250 mg/l. Due to the gastrointestinal effects resulting from ingestien of high
sulphate levels in drinking-water, it is also recommended that health authori-
ties be notified of sources of drinking-water that contain sulphate concentra-
tions in excesz of 500 mg/l.

2.17 Inorganic tin

Tin is used prinecipally in the production of coatings used in the food
industry, Foad, and particularly canned food, therefore represents the major
route of human exposure to tin, For the general population, drinking-water is
not a significant source of tin, and values greater than 1-2 ug Sn/l water are
exceptional. However, there is an increasing use of tin in solder which may be
used in domestic plumbing.

Tin and inorganie tin compounds are poorly absorbed from the
gastro-intestinal tract, do not accumulate in tissues and are rapidly excreted,
primarily in the faeces.

No increased tumour incidences were observed in long-term carcinogenicity
studies conducted in mice and rats fed with stamnnous chloride. It has not been
shown to be teratogenic or foetotoxic in mice, rats and hamsters. In rats the
NOAEL in a long-term feeding study was 20 mg/kg b.w./day.

The main adverse effect with excessive levels (above 150 mg/kg) of tin in
foods, such as cammed fruit has been acute gastric irritation. There is no
evidence of adverse effects in man associated with chronie exposure to tin,

The Review Group concluded that due to the low toxicity of inerganic tin a
tentative guideline value could be derived three orders of magnitude higher
than the normal tin concentrations in drinking-water. Therefore, the presence
of tin in drinking-water does not represent a hazard to human health. For that
reason, the establishment of a numerical guideline value for inorganic tin was
not deemed necessary.

2.18 Zinec

7zine 1is an essential trace element that is found in virtually all food and
potable water in the form of salts and/or organic complexes. The dlet is nor-
mally the principal source of zinc. While levels of zinc in surface and ground-
water normally do not exceed 0.01 and 0.04 mg/l, respectively, concentrations
in tap water can reach much higher levels due to dissolution of zipne from

pipes.
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JECFA proposed a provisional maximum tolerable daily intake for zine of
0.3 to 1.0 mg/kg b.w. in 1982. The daily requirement for adult men is 15-22
mg/person/day. levels of zine in drinking-water above about 3 mg/l have an
undesirable astringent taste and may result in discolouration, For this rea-
son, a guideline value of 3 mg/l is recommended, The working group considered
that taking inte account recent studies on humans, this concentration would not
be likely to present a hazard to health.

3. RECOMMENDATIONS
1. The BReview Group recommended that a body-weight of 60 kg he adopted for
the revision of the Guidelines, in line with the current practice of WHO

expetrt committees.

2. An overall position with regard to consistency in the allocation of a

proportion of a tolerable daily intake (TDI) to drinking-water is required
for the guidance of the review groups. It 1is recommended that for

inorganics this should be 10% unless a different figure can be justified,

4. COMMENTS

1, When considering epidemiological studies for a number of inorganic&, prob-
lems were encountered with ecological epidemiological studies. These make
use of available health statistics to describe associations in populations
with environmental measurements over various geographiec areas. While the
analysis of these data is relatively simple and straighforward, the inter-
pretation of the analysis presents many problems, primarily because infer-
ences do not necessarily relate to the individuals within the populations
studied., Information from ecological (alse called descriptive or gecgraphi-
cal correlational studies) epidemiological studies cannot establish:icausal-
ity and is therefore of limited value in establishing drinking-water guide-
lines.
Analytical epidemiological studies are recommended because they cdonsider
exposures, disease and confounding characteristics in individuals and are
able to provide an estimate of the rizk of disease from environmental
eXposures. i

2. In evaluating the inorganics, the Review Group encountered major déficien—
cies in the toxicological information for a number of compoundsi, These
deficienciesz cause serious difficulties in setting guideline values.
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