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1. Summary

The section on Radiological Examipation in the WHO drinking water standards (1.2) was
reviewed by the Workipg Group (3) to determine what chapges, if any, were warranted as a
result of the increasing use and genaration of radiocactive materials for a variety of benefieial
purposes and their release to surface waters, and to review the presence of maturally-occurring

radionuclides in ground water used as sources of drinking water.

The Working Group, having

regard to the recommendations of the Xnternational Commission on Radielogical Protection (ICRF)
{4) suggested that the znnual dose equivalent attributeble to drinking water be limited when

practicable to no more than 0.05 mSv (5 mrem).

On this basis,

"non-action levelas" were suggested

for gross alpha and gross bets sctivity, which was met to exceed 0.1 Bgq/l and 1 Bg/l respectively.

Thege levels were bhased upon an adult drinking water intake of 2 1/d,

Levels of activity

exceeding these values were to be reportad to the appropriate competent author;txea, whe

would determine what action was reguired.
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2. Intyoduction
Man has always been exposed teo radiation from hiz natural epvironment.

Radioactive materials are introduced into the enviromment from a numbaer of sources -
naturally-cccurring and man-made. The naturally-occurring sources incliuds thoga substapces
produced by cosmic rays, which may find their way te water courses with rainfall and runoff,
and those present in the rocks and soil, such as uranium-238 and ite dsughters radium—226
and radon-222. The man-made radionuclides are those resulting from fallout from nuclear
tests, nuclear power production, and medical and other beneficiel uses of radicactive meterieals.

The dose of natural radiation that a person receives depends upon a number of factors
such as the height above sea level at which he lives,the smount and type of radicactive
nucleides in the soil in the neighbourhood and the amount he takes into his beody in air,
water and food.

Increases in envirommental releases resulting from benaefieial practices could add te
the amount of radicactive substances in surface and ground water end coild have e direct
effect on radiocactivity levels in water sources used for publie water supply. These increased
discharges thus suggested the need to review the current radiocactivity levels included in the
WHO drinking water standards. Accordingly, the WHO Regional Office for Europe, in cooperation
with the Government of Belgium, convened a Working Group on Examination of Drinking Water
for Radiocactive Substances at the Institute of Hygiene and Epidemiclogy in Brussels from
7 to 10 Wovember 1978. The Working Group reviewed the current WHO drlnklng water standards
pertaining to radieactivity in drinking water and recommended appropriate revisions (3).
The Group also discuased procedures for sampling and analysis of raden-222 which are incorporated
in the manual on Analysis for Water Peollutien Control, now in preparation (5).

3. Basic considerations

3.1 Some ICRP principles

In aspessing radlation exposure, the recommendations of ICRP wera followed by tha Group.
Earlier ICRP recommendationa (6) developed criteria for occupational axposure and, by applying
suitable factors, recommended perm;gsible levels of exposure to tbg‘iqdividual and the population
group based on somatic snd genetic consideratiema. Maximum permiseible bedy burden values”
were given and, frem these, maximum permissible concentratiens were celeulated for inhalation
and ingestion. The ICRP not only recommended that the levels given should not be exceeded,
but specifically recommended that radiation expesure should be kept as far below these levels
as practicable and possible.

In radiation protection the Commission's recommended dose-equivalent limits have not
been regarded as applying to, or including, the "normal" levels of netural radiation, but
only a= being concerned with those cemponents of natural radiation that result from man-made
activities or in speecial enviromments.

Clearly however, the ICRP accept and recognize there is no sharp dividing line betwaen
levels of naturz) radiation that can be regarded as '"'normal' and those that are more elevated
owing te human activities or choice of caviroament.

Subsequently, the ICRP peointed out that in case of upcontrolled exposure, e.g. in the
cnv1r0nment, there is a need to halance the risk from radiatiom against the risk that wmay
arise from particular countermeasures (7). This concept has been developed gnd now requires
that in an endegvour to abide by the cystem of dese limitationi—

(a) no practice shall be adopted unless its introduction produces a
positive net benefit;

(b} all exposures shall be kept as low as reasopably achievable, economic
and seeial factors being takenm into account (4).
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3.2 Dose-tesponse relationships

fhe relationship between the dose received by an individual and any pa{ticular biological
effect induced by radiation is o complex matter in need of further exploration.

The daleterious effects of exposure to radistion may be of many kinds. Among the effects
o health there may be both stochastic and non-stochastic effects.

Some stochestic effeets are somatie and of these carcinogenesis is considered to be the
chief risk at low doses and consequently a cause for proctection. The aim of radiarionm protection
ahould therefore be to prevent detrimental non-stochastic effects and to limit the probability
of stochastic effects to a level deemed acceptable.

By setting dose-equivalent limits at sufficiently low values, so that no threshold dosa
.would be reached even for the whole of 2 life span, ome could schieve the prevention of non-
stochastic effects. An attempt to limit stochastic effect may be achieved by keeping all
exposure to radiation as low as is reasconably achievable.

3.3 Dose~equivalent

To further the aim of protection the ICRP has adopted the concept of 'dose~eguivalent'
which is & value ipcorporating the absorbed dose weighted by medifying factors (4). The
validity of the relationship between collective dose-equivalent and detriment depends upon
the assumed lineerity, with no threshold, between risk and dose~aquivalent, the reliability
of which has not yet been established,

3.4 Doage-equivalent limits

The Commission's recommended dose limits apply to two categories of exposure — occupational
and general. The limitation of the dose-equivalent refers to the sum of the apmual dese-
equivalents contributed by external sources and committed dose~equivalents from radieactivity
taken into the body during any year. Dose-equivalent limits have been established for occupation—
al exposure and are regarded as upper limits. Limitation of dose-equivalent for metber g
of the publie is 2 more theoreticel concept mainly to ensure that it is umlikely am individual
in the public will receive more than the spacified dose-equivalent, Usually the effectiveness
is checked by assessments through sampling procedures and statistical csleulations and by contrel
of sources from which exposure is expected to arise. :

3.5 Individual members of the publie

For the purposes of radiation protection involving individuals the ICRP (4) concludes
that the mortality risk factor for rediastien-induced cancers is sbout 10-2 Ev=1, as an average,
for both sexes and all ages. The Commission state that a total risk of this order would imply
the vestriction of the lifetime dose to the individual member of the public eo a value thar
would correspond te 1 mSv per year of life~long whole body exposure. Thus the ICHP's recommended
vhole body dose-equivalent limit of 5m$v (0.5 rem) in a year - as applied to critical groupsl
has been found to provide this degree of safety. However the application of &n annual dose-
equivalent limit of 5mSv to individual members of the public is likely to result in average
doge—equivalents of less than 0.5 mSv providing that the practices exposing the public
are few and cauge lttle exposure cutside the critieal groups. An increase in the average dose
to members of the public could result from any large ineresse in the number of sources of
expasure — nonme individually exceeding the recommended exposure limit.

! The ICRP define 'Critical Groups' as groups of the population with characteristics causing
them to be exposed at a higher level than the rest of the exposed population from a given
practice. These groups may be used as a measure of the upper limit of the individusl dosas
from & proposed practice.
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4.  Praetical application

In eomplying with these prineiples, competent authorities have set authorized lavals for
radionuclides released into the envirorment. These lavels apply to digcharges from nuclear
power plants, hospitals, iadustries, and other wsers of radiscsctive materials. To facilitate
estimation of radiation exposure lavels in vespect of populations downwind or downstresm, the
emissions are evaluated on the basis of specific radiomuelides released inte the enviromment.

In general, the releases from particular faeilities have heen small. Howevar, the levels
of radiocaetive materials may be measurably higher where a water iatake is located below the
discharge of several facilities releasing small amounts of specific radionuclides’ or where
radicaetivity is contributed directly from naturally,occcurring sources, man-enhanced paturasl
sources or man-made sources of radionuclides. Where waterworks use waters racaiving these
radioactive materials, it may be necessary to initiate a prograume of monitoring to confirm,
if they are mot otherwise confirmed, the estimated levels of radicnuclides reportedly releaged
inte the watercourse, Once confirmation shows that the reported and other sources are balow
levels of concern, the need for continuous monitering of normal intake and fimal water levels
at the waterworks may be reduced following review and consultation with the appropriate competent
authorities.

Where ground waters consritute the primary source of supply, the radionuclides of imterest
are generally those present in the geclogical formations from which the water ie drawn,

ln the case of new water treatment facilities, measurements of radiocaectivity levels in
the water supply sources would be required, and the levels encounterad in the final water as
a result of treatment should be calculated in advance. These calculated values should later
be confirmed by laberatory analyses. The lavels found in water have to be related to the
total cxposure from other sources to which the population served by the water treatment plant
is mubjected.

5. Sources of radiation exposure

The bagic criterien for estimating the lavel of exposure to individuals, to which drinking
water iz generally a relatively miner cemtributor, is established om the annual dose-aquivalent
limits recommended by the ICRP (4), Exposure may result from naturally-oceurring radionuelides
at patural levels or at levels enhanced by man's activities, and from artificial radionuelides
introduced into the enviromment, such as fallout from nuclear tests, releases from nuclaar
power cycle facilities, and discharges from the use of radienuclides in medicine, industry
and research (8).

Exposure [rem these sources can result from diffarent pathways:
(a) External radiation

Primarily from naturally-occurring gamms radiomuclides and from
diagnestic and therspeutie radiation.

(b} Internal radiation

Primarily from inhalation and ingestion of natural ly-oceurring
radienuclides, fallout from nuclear weapen tests and man-made redionuclides
uged for beneficial purposes.

The Working Group, unlike the ICRF, has included exposure from natural sources as well as
from man-made sources in its suggested dose-equivalent 1imit of 0,05 mSv/y for drinking water,
thug providing a double gusrantee that this pathway will not contribute more than a small
percentage of the ICRP average dose-equivalent of (.5 mSv/y likely to result from applying
an appual dese-equivalent limit recommended for jindividual members of the public.

Exposure levels from patural and man-made radiosctivity are, in face, regularly evaluated
on a global basis, in so far as is possible, by the United Natiems Scientifie Committee on
the Effects of Atemic Radiation, whose most tecent report wae published in 1977 (8), An
exsmination of the data contained therein shows that drinking water iz a relatively minor
constituent of tetal radiation exposure,
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f. Radjionuclides of interest

The radionuclides of interest were identified on the basis of those present in the natural
epvironment as well as those resulting from tan's activities. They are identified basically
as the 2lpha emitters, radionuclides with alpha-emitting daughters, and the beta emitters.

6.] Naturally-cccuring radionuclides

The natutally-oceurring, alpha-emitting radionuclides of interest include radium—226,
polonium-210, radon-220 and 222, and isotopes of uranium and thorium. The beta-emitting
radionuclides include radium=228, lead-210 and carbon—l4.

6.2 Man—made radionuclides

The man-made radionuclides of interest include tritium, cobalt-58 and 60, strontium—§9
gnd 90, iodine~129 and 131, cesium-134 and 137, plutenium=-239 and americium—247.

6.3 Gross radicactivity

In addition to the specific radionuclides identified above, gross alpha and gross heta
activity measurements are of interest for routine monitoring purposes. Radiomuclides, such
as eritium, carbon-14, and other soft-beta emitters, require special instrumentation for their
measurement, because they are not usuzlly detected by gross radicactivity measerements.

6.4 Radionuelides, assumption

The copcentration levels selected for gross alpha and gross beta activity allow for the
sole presence of radium-226 and strontium90 as the respective indicator radionuclides, each
being representative of the most radiotoxic alpha and bets emitter, respectively. Although
not & major concexn at present, the long-lived beta emitter iodine-129 could eventually contrel
the groes beta and gamma activity levels, and is further considered belew since it is of greater
toxicity than strontium-90.

6.5 Radon

Pata from several countries show radon concentrations up to 800 8q/1 in ground water
sources (deap wells) used as drinking water supplies by some large communities (9-11). Radon
ig a noble gac that is easily removed from the water by aeration or heating. It is not yet
possible to make accurate calculations of the dose aectually raceived by a person drinking
water containing raden, although rough caleulations have been published (12-15).

Subgroup IV concluded that the radeon content of water supplies was a problem that merited
considerable attention., Further investigations concerning the actual radom concentration in
drimking water and the relatioaship between the concentration in tap water and the resulting
doges due te inhalation of the released radep have to be carried out hefore a "pon-action”
level ean be get.

Procedures for sampling and analysing for radon=222 were prepared by Subgroup. II and
are incorperated im the chapter Radiclogical exeminaticon in the book Examination of water
for pollution control (1)(Annex I).

6.6 Tritium

Where tritium iz suspected in the water sampled apnd found to have been introduced as
a regult of man's aetivity, a special exemination for the radionuclide should be carried
out. [f the level found exceeds 40 Bg/l the appropriate authorities zhould be notifiad,
gince such concentrations are umisual and the source of excess tritium in the water 3hou1d
be identified.
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7. Caleulation of derived levels of alpha and beta activity in drinking watar -

The Working Group recognized that the presence of current lavels of radiepuclides in
dripnking water would, in general, contribute by only & very small percentage to the total
exposure of individuals and population groups, It being assumed that the presence of 0.1 Bg/l
of radium~226 in the drinking water represented the alpha radicactivity and that 2 1/d of
water was consumed by adults, the corresponding ammual effective dose-equivalent was caleulated
ag 0.04 mSv (4 mrem).

Un the same basis, and assuming an overall annual effeetive doge equivalent from water
of approximately 0.05 m&v (5 mrem), the gross beta activity as tepresented by the concentration
of strontium-90 was calculated to be 1 Bq/l which, for an intake of 2 1/d of water by adults
corresponded to an exposure of 0.01 mSv (1 mrem). Thus, the total exposure due to 0.] By/l
of alpha activity {(represented by radivm—226) and 1 Bq/]l of beta activity (represented by
strontium-90) would be 0.05 mSv (5 mrem), which was believed to be a justifiable annual
effective dose~equivalent from drinking water.

The deose corresponding to an intake of tritium at 40 Bg/l is negligible when compared
to the above caleulated deses for radium and stromtium, This calculated total dose of 0.05 mSv
(5 mrem) is high compared to doses caleulated frem normally observed comcentrationms of radium
and streontium in drinking water.

The levels quoted, 0.1 Bg/l gross alpha and Bq/l gross beta activity, would copform
a5 a ‘genersl criterion, and because of the innate presence of natural radicactivity, to tha
hasic precept of keeping exposure levels as low as reasonasbly posaible. The Working Group
congidered that a level of 1 Bq/l of beta activity would not present any problems in control;
indeed. where the contribution from natural radicactivity gives only a frection of the 2ross
beta activity, a total value appreciably below 1 Bq/l may well be reasonably achievable, even
in the presence of major muclear power installations, by treating man-made digcharges at the
sourie.

The levels of 0.1 Bq/l as gxess alpha activity and 1 Bq/l gross beta activity were identified
as '"non-action'" levels, i.e. at or below these concentratiens no action would be required by
the water supplier.

7.1 Calculated concentratiens in water based on apnual intake levels

The oral annual limits of intake (ALI) recommended by ICRP are based on the Commission's
recommended dose equivalent limits (4}. These recommended values, set out in the table below,
wete used in calculating the eoncentrations of specifie radignuclides which may be found in
drinking water and which would not exceed an annual equivalent dose of 0,05 mSv (5 mrem).
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Table. Intake values not to exceed 0.05 mSv/y based on
10% average annual dose—equivalent limit of 0.5 mS8v/y

Intake of 2 litres of water per day

Nuclide ALLZ (Ba/1)
{Bq)

3 3.10° . 4000
58, 6.107 80
600, 2.10’ 30
895, 2,107 30
90 1.10° 1

129, 2.10” 0.3
Bl 1.10° 1
1340, 3.10° 4
13740 - 4.10° 6
222, 2.108 300
226, 7.10% 0.1
228, 9,10% 0.1
241, 5.10% 0.1

% fased on non-stochastic effect to thyrold

® Hased on dara in reference 17

The walues tabulated gbove show that the proposed levels of 0.1 Bq/l for gress alpha
emitters and 1 Bg/l for gross beta emitters will not exceed the ampual effective dose-equivalent
of 0.05 wSv identified as being a reasonable dose contribution from drxnkzng water.  Evan
though the current levels of iodine-129 are very low but will probably incresse with time
as the beneficial application of nuclear power increasaes, the calculatioms show that concen-
trations of this radiocmuclide fall balew the level of 1 Bg/li The actual annual equivalent
dose resulting from present levels of radionuclides encountered in drinking water, except
for a few atypical water supply sourees, which may be higher in radium-226 and 228, will be
far below the 0.05 mSv (5 mrem) recommended.

If the competent authorities indicate the desirability of reducing the gross alpha
concentrations where these exceed 0.1 Bg/l because of the presence of radium-226 and/or
radium-228, a number of alternatxve measuras may be aveileble for reducing intake of these
radionuclides.

However, iodine~129 being a low-energy beta emitter, measurements of gress activity would

not be satisfacrory; further consideration will have to be given te this aspect should future
research werk shew that this radiopuelide haa bacome generally significant in drinking water
supplies,
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Thesze calculations also show that the levels of tritium and radon—223 which will result
in an exposure of (1,05 mSv (5 mrem) are far in excess of the other radionuclides shown. With
regard to tritium, it has been suggested that the competent authorities be notified as to
action te be taken when the tritium level reached 40 Ba/l, which is far belew the 4000 Bg/l
indicated in the table. Furchermore, using available but not generally accepted dose models
2 radon-222 concentration corresponding to an angual equivalent dose of 0.05 m5v can bea
calculated. This calculated value is shown to he considerably less than the levels encountared
in some deep wells which show concentrations of radon=227 in watar as high as 800 Bq/1.
However, as indicated in Section 6.5, there is 5 meed to determine how much of the radon
present in water is actually ingested with the water consumed as compared to the amount of
radon released and inhaled from the water as it is drawn from the tap. It should alse be
noted that only 2 small fraction of the 2 1/d intake assumed is likely to be coneumed in
the condition as drawn from the tap.

4. Potential problems

 The Working Group recognized the need to examine the levels of radon raleased during
treatment of ground waters with a high radon content cince these might present an exposure
potential through inhalation.

Where treatment is provided for the removal of specifie radiomuelides, consideration
has to be given to protecting treatment plant personnel and determining whether they are
occupationally exposed to radicactivity accumulated in trestment units or in the various
sludges or other wastes generated during treatment. Safe digposal of these materials must
be cnsured to minimize the levels of exposure of populations.

The change in the valence state of plutenium follewing the addition of ehlerine or other
oxidizing agents in water treatment should be carefully considered (16).

The Working Group conmsidered that informatien on treatment efficiency in the removal of
radionuclides from ground and surface waters should be accumulated to provide more meaningful
data than those based on laboratory studies with artificially produced, simulated, or distillad
wALEers.

9. Conclusions
SeeusLons

The Working Group concluded rhat the level for gross alpha activity in dripking water,
based on exposure to tadium-226, should not be permitted te exceed at 0.1 Bg/1 and that the
current level for gross beta activity be slightly reduced to 1 Bg/l, the latter level heing
based on the assumption that all of the beta activity was contributed by strontium-90 in
drinking water. These levels are a small fraction of these calculated from the annual effective
dose—equivalent recommended by the ICEP for the contribution from man-made practices and are
consistent with the basic precept that rhe level of exposure sheuld be a8 lew a8 can be reasonably
achisved in practice, The 1 Bg/l concentration has as its basis that the sum of the alpha
and beta gross activity levels, as ecaleulated from rhe presence of radium-226 and strontium-90,
will not cause & dose that exceeds the fraction of the ammual dose-equivalent, considered
by the Working Group as tessonable for the drinking water pathway.

10. Working Group recommendationg

(1) Data obtained from several counrries show that there are large communities supplied with
drinking water (from ground water) containing high raden concentraticns of up to 7 500 Bg/1

at the source. Radon i3 a noble gag that is easily removed from the water by asration or

heating. However, it is not yet possible to make aceurate caleulations of the dose actually
received by a person drinking water eontaining radon. Further investigations on scrual radon
concentrations in drinking water and om the relationship between the concentration in the tap
water and the resulting ingestion and inhalation deses should be carried out to aid the evaluation
of this hazard.

(2} In some regions, populations have been exposed for many years to exceptionally high levels
of natural radiecactivity in water. Consideration should therefore be given to undertaking
epidemjological enquiries on health effects that are impertant for the identification end
evaluation of potential visks, provided that concurrenr factors are properly taken into account.

(3) A thorough knowledge of radicactivity levels in drinking water is a prerequisite for
responsible public health decisions. Periodie radiological imvestigations of water supplies
by competent natienal authorities should thersfore be encouraged,
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