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3. RADIOLOGICAL ASPECTS

B.i Introduction

‘ The guideline levels of radioactivity in drinking-water recommended by WHO
in 1984 (1) were based on the data available on the risks of exposure to.
radiation sources estimated at that time. Since then, additional information has
become‘available on the health consequences of exposure to radiation, risk
estimates have been revieﬁed, and the recommendations of the International
Commission on Radiological Protection'(ICRP) have'been revised. This hew
information (2) Has oeen taken into account in the preparation of the

- recommendations in this chapter.

The purpose of these recommendatlons for radloactlve substances in
drinking-water is to guide the competent authorlty in determlnlng whether the

water is of an approprlate quality for human consumption.
3.1.1 Environmental radiatidn‘exposureA

Envirg;mental-radiation exposure originates from a number of natﬁrally o
'ooourringﬂand man-made sources. The Unired Nations Scientific Committee on the:
Effects of Atomic Radiation (UNSCEAR) (3) has estimated that exposure to natural
sources contributee more than 98% of'the radiation. dose to the population ‘
(excludlng medlcal exposure) There is only a very small contribution from
nuclear power productlon and nuclear weapons testing. The global average human
exposure from natural sources is 2.4 mSv/year. There are large local variations
in this exposure depending on a number'of factors, such as height above sea
level, the amount and type of radionuclides in the soil, and the amount taken
into the body in- air, food, and water. The contribution of drinking-water to the
total exposure is .very small and'ie due largely to naturally occurring

" radionuclides in the uranium and thorium decay series (3).

‘Levels of natural radionuclides may be enhanced in drinking-water from a
number of human activities. Radionuclides from the nuclear fuel cycle and from
medical and other uses of radioactive materials may enter drinking-water
supplies; - the contributionsbfrom these sources are normally limited'through
regulatory control of the source or practice, end it -is through this regulatory
mechanlsm that remedlal action should be taken in the event that such sources’

cause concern by contamlnatlng ‘drinking-water. . -
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.3.1.2 Potential health consequences of radiation exposure

Exposure to ionizing radiation,'whether naturaler man—made, can cause two
kinds of health effects. Effects for which the severity of the damage caused is
proport;onal to the dose and for which a threshold»ex;sts below whlch the effect

- does not occur are called "deterministic"™ effectg. Under normal conditions, the

dose received from natural radioactivity and routine exposures from regﬁlated

'practlces is well below these thresholds, and’ therefore determlnlstlc effects

are not relevant to these recommendatlons.

" Effects -for whlch the probablllty of the occurrence is proportlonal to

dose are known as "stochastic” effects, and it is- -agsumed that there is no

. threshold below which they do nét occor. The main stochastic effect of concern

is cancer.

' Because different types of radlatlon have dlfferent blologlcal

effectlveness and dlfferent organs- and tissues in the body have different
. sensitivities to radiation,. the ICRP (2) has 1ntroduced radlatlon and tissue

. weighting factors to provide a measure of equal effect The sum of the- doubly

welghted dose. recelved by all the tissues and organs of the body gives a measure’
of the- total harm and 'is referred to as the effective dose. Moreover, )
radlonuclldes taken lnto the body may persxst, and, in some cases, the resulting
exposure may extend over . ‘many months or years. The committed effectlve dose is a
measure of the total effectlve dose incurred. over a llfetlme followrng the

1ntake -of a radionuclide. It is this measure of exposure that is relevant to the .

- present discussion; in what follows, the term "dose" refers to the commltted

effectlve dose, which is expressed in unlts of "sievert" (Sv)t Therrlsk of
adverse health consequences from radiation exposure is a.function of. the total -

dose received from all sources. A revised estimate of the risk. (i.e., the

‘mathematical expectation) of_a‘iifetime'fatal cancer for the general population
‘has been estimated by the- ICRP to be 5 x 1072 per sievert (2).'(This does not .

. inclugde a small addltlonal health rlsk from non—fatal _cancers or heredltary

ffects ) .

3.1.3 Recommendatxons

° These recommendations apply to routlne operatlonal condltlons of exlstlng
or new water supplies. They do not apply to a water supply contamlnated
during an emergerncy involving the release of radlonuclldes 1nto the

envlronment. Guidelines covering emergenc;es are publlshed elsewheref(4);

e . - They do not differentiate-between natural and man-made radionuclides.
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e ' The recommended reference level of committed effective dose is 0.1 mSv ,
from 1 year’s consumption of drinking-water. This reference level of dose’
represents less than $% of the average effective dose attrlbutable

. annually to natural background radlatlon. : , , -

° 7 Below this reference levei of dose, ﬁhe'drinking—water is acceptable for
human consumption, and any action to reduce the;rédioactivity is not
necessary. '

3.2 ',Application»ofvthe reference level of dose

For‘practical purposes, the reference 1eve1 of dose needs to be expressed

as an activity concentration of radionuclides in drinking-water.

The dose to a human from radxoactxvxty in drlnklng—water is dependent not

'only on 1ntake but also on metabollc and dos;metrlc conslderatlons. The

reference level assumes an intake of total radidactive material from the
consumption of 2 litres of water per day for 1 year and is calculated on the
basis of the metabolism of an adult. The xnfluence of age on metabolism and
variations in consumptlon of drlnklng—water do not require modlflcatlon of the
reference 1eve1 of dose, as it provides an appropriate margin of safety and is
based on a lifetime exposure; Metabolic and dosimetric considerations have been

included in the development of dose conversion factors, expressed as sieverts

per becquerel, which relate a dose ‘expressed in sxeverts to the quantlty of '
radloactxve material ingested (in becquerels). ’

Examples of radionuclide- concentratlons (reference concentratlons)

'correspondlng to the reference level’ of dose, 0.1 mSv/year, are given in

Table 1. These concentrations have been calculated using the_dose conversion -

factors of the National Radiologicel‘Protection Board,(S) from the formula: ' -

reference concentrarion (Bg/litre)

= : : 1 x 10* (Sv/year)

730 (litre/year) x dose -conversion factor (Sv/Bq)

= ' 1.4 x 107 (Sv/litre)
. : dose conversion factor (Sv/Bq)

The preV1ous guldellnes recommended the use of an average gross alpha and beta
activity concentratlon for routine screening. These were set at O. 1 Bg/litre ‘and
1 Bq/lltre, respectively. The doses associated w1th-these,levels of gross alpha

and gross beta activity are.shownvin Table 2 for selected radionuclides. For

radionuclides such as ®Ra and ®Sr, a dose much less than 0.1 mSv is incurred
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'per year on consumption. It‘can_aiso be seen from this table that.if some of the
‘radionuclides, such as ®’Th, ﬁ?a, or ?pp, are singly responsible for activity
concentrations of 0.1 Bq/litreifor gross alpha or l'Bq/litre fdr gross\beta,
then the reference level of dose of 0.1 mSv would be exceeded for 1 year’'s
vlntake. However,.these radionuclides will normally represent only a small’
fraction ‘'of the gross actxvxty. In addltlon, an elevated act;v;ty concentretionf
of these radionuclides would normally be associated with high activities from
~other radionuclides. This would elevate the gross alpha or beta activity
concentration above the respective investigation level and provoke specific
radionuclide analysis. Therefore, the values of 0.1 Bq/litre for gross'alphaT
“activity and 1 Bg/litre for gross beta activity continue to be recommended as
-screening levels fer drinking-water, below which no further sction~is required.A

Radlonuclldes emlttlng low— energy beta partlcles such as *H and “C and
some gaseous or volatile radionuclides such as ann and.’”I will not be detected
if the standard methods of measurement are used The values for average gross
elpha and beta do not include such’ radionuclides, so that ;f.thelr presence is .
suspected, special samplihg techniques and measurements should be undertakeh to

determine their activity concentration and the resulting dose.

- Where the gross beEe'actiﬁity concentration epproaehes or exceeds the
level of -1 Bq/litre, it should not.necessarily be essumed.that the reference
level of aose has been exceeded. This'situatidn may well result from the '
presence of the naturally occurrlng radlonucllde “K, which makes up about -0.01%
of natural potassmum. The absorptlon of the essentlal -element potaSSLum is under
homeostatic control and takes place malnly from ingested food. Thus, the
contrlbutlon to. dose from the lngestlon of “K in drlnklng—water with its
relatively low dose conversion factor (5 x 10° Sv/Bq) will be much less than
that of many other beta—emlttlng radlonuclldes. This gituation Wlll be clarxfled

by the identification of the spec1f1c radlonuclldes in the sample.

3.2.1 Analytical methods

The International 6rganization for Standardization (Isof'has published
standard methods for determining gross alpha (6) and gross bete (7) acfivity_
concentrations-in'water. Although the detection limit54depend‘on the -
radidnuc;ides.preseht, £he_dissolved solids in the sample, and the cpuntigg
conditiohs, the recommended levels for gress alpha'and gréss befa activity
concentrations should be above the llmlts of detectlon. The - ISO detectlon limit .
.for gross ‘alpha. based on Ppu is 0.04 Bq/lltre and between 0.04 and 0.1 Bq/lltre

for gross beta based on‘”Cs
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For analyses of drinking-water for specific radionuclides, there are
general compendium sources in addition to specific methods in the technical
literature, such as HASL-300 (8), the Eastern Environmental Radiation Facility

.Radiochemistry Procedures‘Manual (9), Association-of official Analytical-

Chemists, Official’ Methods of Analysxs (10), Examination of Water for Pollution
Control (11), and Standard Methods for the Examlnatlon of Water and Wastewater
(12). ) )

.3.2.2:Strategy for assessing drinking-water

If the gross alpha activity concentration of‘0f1~éq/litre or the gross
beta activity concentration of 1 Bq/litre is exceeded, then the specific
radionuclides should be identified and theiryindividual‘activity concentrations
measured. From this data,'a dose estimate for each radionuclide should be made
and the sum of these doses determined. Where the following addltlve formula is

satisfied, no further action is required.

G g

where C, is the measured activity concentratlon of radlonucllde i and RC; is the
reference activity concentratlon of radlonucllde i that, at an intake of

2 litres per day for 1 year, ‘'will result in a committed effectlve dose of

0.1 mSv (seeé. Table 1).

If alpha~emitting radionuclides with high dose convereion factors are

,suspected this addltlve formula may also be invoked when the gross alpha and

beta screening values of 0.1 Bg/litre and 1 Bg/litre are approached. Where the -
sum: exceeds unity for a single sample, the reference level of dose of O. 1 mSv
would be exceeded only if the exposure to the same measured concentrations were
to continue for a full year. Hence, such a sample does not in itself lmply that
the water is unsuitable for consumption and should be regarded only as a level

at whlch ‘further investigation, lncludlng addztxonal sampllng, is needed.‘

The options available to the competent authority to reduce the dose should
then be examined. Where remedial measures are: contemplated, any strategy
considered should first be justlfled (in the sense that it achieves a posrtlve
net benefit) and then optlmlzed in accordance with ‘the recommendatlons of ICRP
(2,13) in order to produce the max imum net'benefit. The application of these ‘
recommendatione is suﬁmarized in Figure 1. ' '



"3.2.3 Radon

There are dlfflcultles in applylng the reference level of. dose to derive
iactxv;ty concentrations of 2Rn in drlnklng—water (3) These dlfflCultleB arise
from the ease with which radon is released from water during handllng and the
importance of the inhalation pathway. Stlrrlng and transferrlng water from one
container to another will liberate dissolved radon. Water that has been left to
stand .will have reduced radon. activity, -and b0111ng will remove radon
completely. As a result, lt ‘is lmportant that the form of water consumed is
taken into account in assessxng the dose from: lngestlon. Moreover, the use ‘of
water supplles for other domestic uses.will increase the levels of radon in the
air, thus increasing the dose from inhalation. Thls dose depends markedly on the
form of domestic usage and housxng construction (14). The form of water lntake,

"the domestic use of water,-and the constructlon of houses vary wxdely throughout

the world ‘It is therefore ‘not posslble to derlve an activity- concentratlon for

radon ln drlnklng—water that is unlversally appllcable.

The global average dose from inhalation of radon from all sources . is about‘ :

l mSv/year, ‘which is roughly half of the ‘total natural radlatlon ‘exposure (3).
In comparlson, the global dose from ingestion-of radon in drlnklng-water is
relatlvely low. ln 'a. local sxtuatlon, however, the risk from lnhalatlon and -
lngestlon may be about equal Because of this and because there may be other
-sources of radon gas entry to a house,.lngestlon cannot be conSLdered in

isolation from inhalation exposures.

All these factors should be assessed on a reglonal or natlonal level by .
the appropriate authorxtles, in order to. determlne whether a reference level of
dose of 0.1 mSv .is approprlate for that region, and to determlne an act1v1ty
concentratlon that may be used to assess the sultablllty of the water supply.
These judgements should be based not only on the ingestion- and lnhalatlon
exposures resultlng from the ‘supply of water, but also on the- lnhalatlon doses
from other radon sources in the home. In these circumstances, it would appear
necessary*to adopt an integrated approach and assess doses from all radon
sources, especially to determine what optlmal actxon should be undertaken where.

some sort of- lnterventlon is deemed necessary.

B
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Figure'lf"Application of recommendationsAon radionuclides in drinking-water

Reference level
of dose* : -
0.1 mSv .

I

|

|

1
.Gross a 0.1 Bg/l
Gross P 1.0 Bg/l

? _ ' Gross a = 0.1 Bg/l ' o ’ . Gross a > 0.1 Bg/l
C AND o : ’ ~OR '
Gross § > 1.0 Bg/1

i Gréés.ﬁ < 1.0 Bg/1

Y

Determine individual
radionuclide ) '
"concentrations and
calculate total dose

e : Dose < 0.1 mSv
M ' v ' f Dose > 0.1 mSv
: v Consider and, when
Water suitable S ‘ . justified, take
: No further action| ° A v o optimal remedial
0 . necessary ‘ S action to reduce.
: ' dose -

* Dose refers to 1 year's intake
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Table 1: 'Actzvxty concentratxon of ‘various radionuclides in drznklng-water :

correspondlng to a dose of 0.1: nSv from 1 year’'s lntake

Radionuclide* . Dose ‘conversion g - Calculated rounded
: N factor (Sv/Bq)+ _value (Bg/litre)
H-3 1.8 x 1o0™ ' : L FEOD e

c-14 5.6 x 107 - 250 2406
Co=60 7.2 x 107 - , - : 20
Sr-89 3.8 x 107 . 4 ' 2F 38
Sr-90. 2.8 x 10°% : B 5
I-129 1.1 x 107 . , ‘ S - 2
- I-131 2.2 x10% o 6.2
Ccs-134 1.9 x 10°% ' : : ‘ 7
Cs-137" 1.3 x 10°% 10
Pb-210 - 1.3 x 10° 0.1
Po-210 6.2 x 107. 0.2
Ra-224 8.0 x 10°% 2 A
Ra-226 2.2 x 107 Y -5

. Ra-228 2.7 x 107 o - o=5
Th-232 © 1.8 x 10° : 0.1
U-234 3.9 x 10°% . 4 35
U-238. 3.6 x 10% P
Pu-239 5.6 x 107 0.3 L2

* For K—4d, see paragraph precedlng Sectlon 4 2 1 ' For Rn—222, see Section:
4.2.3.

+ Valiues taken from the Wational nadlologlpal Prﬂtectlon Boa*d of. the Unlted
Klngdom (NRPB—R245) (5). :
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Table 2: Examples of the désés‘arisihg'fron 1 year’s consumption of drinking-

water containing any of the given alpha-emitting radionuclides at an
‘activity concentration of 0.1 Bg/litre or of the given beta-emitting
radlonuclldes at an activity concentratlon of 1 Bg/litre. . -

Radionuclide . "Dose (mSv)

Alpha emitters (0.1 Bg/litre)
Po-=210 0.045
Ra-224 . 0.006
Ra-226 © . 0.016

Th-232 ' 0.130
U-234 - ’ - 0.003
U-238 - R 0.003
Pu-239 ) i 0.04

Beta emitters ' (1 Bg/litre)

' Co-60 © ' 0.005
Sr-89 : ' : 0.003
Sr-90 R 0.020
1-129 E '~ 0.080
I1-131 - . o0.o0le
cs-134 . © 0.014
Cs-137 . - 05009
Pb-210 .. 0.95
Ra-228 ' 0.20

_Noteiv

Approprlate dose’ converSLOn ‘factors taken from the National Radlologlcal
Protection Board of the Unlted Klngdom (R245) (5).
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