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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 10704 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:~Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 147, Water quality.
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INTERNATIONAL STANDARD

ISO 10704:2009(E)

Water quality — Measurement of gross alpha and gross beta
activity in non-saline water — Thin source deposit method

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This International Standard does not purport to address all of the safety problems, if any,
assogiated with its use. It is the responsibility of the user to establish appropriate safety and health

prac

ices and to ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted according to this‘International Standard

1 3

This
non-s

rried out by suitably trained staff.

Bcope

nternational Standard specifies a method for the determination\6f gross alpha and gross b
aline waters for alpha- and beta-emitting radionuclides.

bta activity in

The method is applicable to raw and potable waters containing a small quantity of dissolved npatter. It can,

after

The fange of application depends upon the amount ofidissolved material in the water and on the

chard

2 Normative references

The

refergnces, only the edition citedvapplies. For undated references, the latest edition of th

docu

ISO

ISO §
samf

ISO §
samf

3696, Water for analytical laboratory use — Specification and test methods

Adaptation, apply to other kind of waters.

cteristics of the measurement equipment (background count rate and counting efficiency).

following referenced documents ‘are indispensable for the application of this documen

ment (including any amendments) applies.

667-1, Water.‘quality — Sampling — Part 1: Guidance on the design of sampling prog
ling techniquées

667-3~Water quality — Sampling — Part 3: Guidance on the preservation and hand
les

performance

t. For dated
b referenced

rammes and

fng of water

SO/

EC17025—C . ot . catibration-at .

ISO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)
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3 Symbols, definitions and units

For the purposes of this document, the symbols, definitions, and abbreviations given in ISO 80000-10, and the
following, apply.

A activity of the calibration source Bq
Ag activity spiked in sample a, prepared for self-absorption estimation purposes Bq
cy activity concentration Bq I
cy decision threshold Bq I
ct detection limit Bq I
e ower and upper limits of the confidence interval Bq I
Jaoe faB Self-absorption factor of sample a for o and B, respectively —
my mass of the deposit mg
mp mass of the planchet mg
Mpg mass of the planchet and the deposit mg
Mg ass of the planchet and the filter mg
Mg ass of the planchet, the filter and the deposit mg
T00: TP background count rate from the o and B windows, respectively s
Taoe Tap self-absorption sample a count rate from the oo and B windows, respectively s1
Toor Tgp sample gross count rate from the ee and § windows, respectively s1
s T'sp calibration count rate from the oo and B windows, respectively s
fo background counting:time s
Iy sample counting time s

Iy Calibration gounting time s
U expanded uncertainty calculated by U = k - u(c,) with k=1, 2,... Bq I-1

y y A

u(cy) tandarduncertainty associated withthe measurement resuit Bt
14 volume of test sample I
£ 6B counting efficiency for o and B, respectively —
Eace €ap counting efficiency of sample a for o and B, respectively —
)4 alpha-beta crosstalk —

2 © 1SO 2009 - All rights reserved
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4 Principle

IMPORTANT — Gross alpha and gross beta determinations are not absolute determinations of the
sample alpha and beta radioactive contents, but relative determinations referred to specific alpha and
beta emitters that constitute the standard calibration sources.

In order to obtain a thin deposit directly on a planchet, the sample can be progressively evaporated to dryness
at a temperature below about 85 °C. Alternatively, for alpha determination, it can be concentrated via a
coprecipitation, the filtered coprecipitate being measured on to the planchet (Reference [3]). The gross alpha
and gross beta activity of the deposit is measured by counting in an alpha- and beta-particle detector or

counting system previously calibrated against alpha- and beta-emitting standards.

Wherl\ suspended matter is present in a significant quantity, a filtration step is required and-thg
and gross beta activity can also be determined for the material retained on the filter.

IMP(
time
reco
sam

)JRTANT — Due to the ingrowth of radon daughters over time, the resultsCare depen

mended that the measurement be performed at the same time after the prepar
le.

5

Chemical reagents and equipment
5.1 | Reagents

All re
activi

agents shall be of recognised analytical grade andgshall not contain any detectable alp
by, except for radioactive standards solutions.

5.1.1] Standard solutions

51111 Alpha standard
The
prese

man-

choice of alpha standard depends on'the knowledge of the type of radioactive contaminar
nt in the waters being tested.- In general, this leads to a choice between naturally o
made alpha emitters.

Commonly used standards_of._artificial alpha-emitting radionuclides employed for this purpos
solutions and 239Pu solutions. When 23%9Pu is used, the presence of 24'Pu as an impurity shall
accolint as it leads to growth of 24TAm in prepared standard solutions of sources. When 241Am
into gccount the potential interferences of its gamma emission.

NOT An uranium compound of certified natural or known isotopic composition has one arguable advj
its sgecific activity’ can be calculated from established physical constants and isotopic abundance d
indepgndent of the calibration procedures of a particular organisation. However, an uranium compound of
comppsition'js difficult to obtain. Furthermore, since the energies of the alpha emissions from uranium iso

gross alpha

dent on the

elapsed between sample preparation and measurement. For comparison purposes, it is

ation of the

ha and beta

t likely to be
ccurring and

b are 241Am
be taken into
is used, take

antage, in that
bte which are
nown isotopic
topes are less

for transuranic

than thése from the artificial transuranic nuclides, the use of a uranium standard tends to give a high result
elements:
5.1.1.2 Beta standard

The choice of beta standard depends on knowledge of the type of radioactive contaminant likely to be present

in the waters being tested.

As a natural material, 40K as potassium chloride, dried to constant mass at 105 °C, can be used. Standard

solutions of artificial beta-emitting radionuclides 90Sr%0Y are commonly used.
5.1.2 Wetting or surfactant agents
51.21 Vinyl acetate

© 1SO 2009 - All rights reserved
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5.1.3 Vola

tile organic solvents

5.1.3.1 Ethyl alcohol

5.1.4 Water, complying with the requirements of ISO 3696, grade 3.

5.1.5 Specific reagents for alpha-emitting radionuclides co-precipitation

5.1.51 Ammonium hydroxide solution, ¢c(NH,OH) = 6 mol/l.

5.1.5.2 Nitric acid, concentrated, ¢(HNO3) = 15,8 moll/l.

5.1.5.3 Bulfuric acid solution, ¢(H,SO,4) = 1 mol/l.

5.1.5.4 Iron carrier, solution of 5 mg of iron per millilitre.
5.1.5.5 Barium carrier, solution of 5 mg of barium per millilitre.
5.2 Equipment

5.21 Labogratory equipment for direct evaporation

Usual labora
A hot plate, 3
5.2.2 Spe(

5221

ory apparatus to store and prepare the sample as specified in' SO 5667-3.
n automatic evaporator or any other appropriate apparatus.
tial equipment for alpha-emitting radionuclide co-precipitation

Hot plate with stirring equipment

5.22.2 Infrared lamp

5.2.2.3 )

5224

Vacuum filtration system

Filters, of pore size 0,45 ym:-

5.2.3 Planchet (counting trays)

The planche
of the deteq
co-precipitati

NOTE As
produce an e\
alternatively, 4

shall be lipped and of stainless steel. The diameter of the planchet is determined taking ac
tor diameter_and source holder dimensions of the counter used. In the specific ca
pn, an annular Support is used to fix the filter on to a filter holder or on to the planchet.

the source; test portion and standard, is spread directly on to the planchet for evaporation, it is ea
en deposit on a roughened metal surface; sand blasting or chemical etching can be applied for this pu
rippled planchet can be employed.

count
e of

Sier to
pose,

5.2.4 Measurement equipment: alpha-beta counter

Gross alpha and gross beta activity can be measured using either a silicon surface barrier (SSB) detector or a
proportional counter (windowless). lon-implanted Si detectors and thin (< 100 ug cm=2) window-proportional
counters may also be used. Gross alpha and gross beta activity can also be counted using a silver-activated

zinc sulfide s

cintillation screen and plastic scintillation detector, respectively.

6 Sampling

Sample, handle, and store water samples in accordance with ISO 5667-1 and ISO 5667-3.

© 1SO 2009 - All rights reserved
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The laboratory sample is not usually acidified as the test portion is directly evaporated on the planchet.
Acidification minimises the loss of radioactive material from solution by adsorption on the wall of the vial, but is
done after filtration, as otherwise it desorbs radioactive material already adsorbed on the particulate material,
increases the salt content of the test sample, and thus the thickness of the deposit. If necessary, concentrated
nitric acid can be used (it is recommended to avoid hydrochloric acid).

7 Procedure

7.1 Preliminary

Calcylate the volume of laboratory sample for gross alpha measurement, i.e. the volume of the test portion, in
order| to produce a deposit with a surface density lower than 5 mgcm=2 on the planchet (References [6]
and [[7]). For deposits of surface density below 5 mg cm=2, self-absorption phenomena ¢an-be heglected for
grosq beta measurement.

When using the same deposit for the simultaneous gross alpha and gross beta measurement,|the planchet
surfafe density limit for alpha activity determinations applies.

7.2 | Source preparation

7.2.1| Preparation of planchet

Degrease planchets (5.2.3) using a solvent or a surfactant {o“ensure that the test portion is well distributed
over [the entire surface and consequently that there is a deposit of uniform surface density bpnded to the
planghets. Some suppliers degrease planchets at the end of a cycle of fabrication and deliver, gn demand, a
certiflcate of attestation.

Keep planchets that are not to be used immediately in a drier to prevent any modification by ambient
atmopphere in the laboratory.

Weigh the planchets before use, and reeord the mass, my. If a co-precipitation method is used, weigh the filter
(5.2.2.4) with the planchet before use, and record the mass, My

Avoid reuse of planchets to minimise cross-contamination. If the planchets are reused, their freedom from
contgmination shall be demonstrated.

7.2.2| Evaporation

Trangfer the test¢portion on to the planchet using automatic or non-automatic equipment with a known
unceftainty (pipette; water distribution system) and carefully evaporate to dryness.

The fesidue.deposited should form a thin layer of uniform surface density to limit self-absorptior] phenomena
and tp ensure similarity with the calibration source geometry.

After cooling the planchets to ambient temperature, weigh them and record the mass, M- The mass
deposited, my, is given by Equation (1):

mq =mpg —mp (1)

To minimise any loss by spitting, maintain the temperature below about 85 °C over the entire planchet surface
to avoid any overheated areas.

Before evaporating the test portion to dryness on the planchet, pre-evaporation can be performed with
appropriate equipment (5.2.1).

© 1SO 2009 - All rights reserved 5
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A homogeneous deposit is best achieved on etched or sandblasted planchets. If the deposit is not
homogeneously spread, add a wetting agent or surfactant (5.1.2).

7.2.3 Co-precipitation

The recommended working volume is 500 ml.

If a test portion of lower volume is to be analysed, make up to 500 ml with water.

If a test portion of higher volume is to be analysed, concentrate it by evaporation (5.2.1) to 500 ml.

Adjust the pH

Add 20 ml of

| of the working volume to 7,0 £ 0,5.

sulfuric acid (5.1.5.3) and boil for 5 min on a hot plate while stirring (5.2.2.1).

At a temperature of approximately 50 °C, add 1 ml of the barium carrier solution (5.1.5.5) and ‘stir for 30 npin.

The barium s
Then add 11
Adjust the pH
Continue stir

Filter (5.2.2.4

ulfate precipitates.

hl of the iron carrier solution (5.1.5.4).

i with ammonium hydroxide, (5.1.5.1) drop by drop until iron(ll1).hydroxide precipitates.
ring for 30 min.

) the co-precipitates.

Place the filtgr on to the identified planchet and fix it by an annular support to avoid deformation while dry|

Dry at moder

After cooling
Determine th

md=m‘

NOTE

7.3 Coun

Following evj
measuremer]

The measurdg

ate temperature.

the planchet and the filter to ambienf temperature, weigh them and record their mass,
e mass deposited, my, using Equation’(2):

fd — Mpf

Radium, polonium and aectinides co-precipitate quantitatively with barium sulfate or iron(lll) hyd
(Reference [2]).

ing stage

pporation  (7:2.2) or co-precipitation (7.2.3), keep the planchet with the deposit in a drier b
t.

ng.

()

roxide

efore

ment of the residue activity on the planchet is performed by counting for an appropriate du

ation

to reach the

equired characteristic [Imits and depending on the test portion and background count rates.

Due to the ingrowth of radon daughters over time, perform the measurement as soon as possible. For
comparison purposes, it is recommended to perform the measurement at the same time after the preparation
of the sample. In order to check for ingrowth of daughters of radium, the counting procedures should be
repeated periodically over a period of one month.

NOTE

Recounting over a period of one month can reveal ingrowth of daughter radionuclides from radium isotopes.

The interpretation of such data can be complicated by the presence of uranium and/or thorium series radionuclides. At
normal environmental levels, it is rare for these phenomena to be apparent, particularly when the counting times are long.
However, over a period of one month, sources from raw waters which are naturally high in 226Ra can show an ingrowth of

four times the

initial count.

© 1SO 2009 - All rights reserved
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7.4 Background and blank determination

Measure the background activity using a clean planchet (5.2.3) under conditions representative of the
measurement method. Repeated counts confirm the stability of the background level.

If reagents are used, measure the blank activity using a clean planchet and reagents under conditions
representative of the measurement method. Repeated counts confirm the stability of the blank level.

7.5 Preparation of counting standard for calibration

Prepare a geometry- and matrix-matched calibration source [planchet (5.2.3) or filter (5.2.2.4) with precipitates
and annular attachment to the planchet] to closely mimic the procedure applied to test portionfs in order to
obtaip the same retro-diffusion effect.

Add an accurately known amount (about 5 Bq to 10 Bq) of a standard solution (5.1.1.1){o- the stiirting volume
of wdter and use the same source preparation procedure or directly add the standard solution to the planchet.

Thesp standard sources are measured in the detector with a counting duration that leads tp a counting
unceftainty of 1 % (more than 10 000 counts should be recorded).

The ¢ounting efficiency is calculated by dividing the net count rate (test*portion minus backgrpund) by the
activity of the calibration source.

A rSO( — rO(X (3)

E o y

A commercially available certified calibration source may-be used.
7.6 | Preparation of calibration source for self-absorption determination

7.6.1| General

As dlpha-particle counting efficiency is” directly dependent on the source thickness, estimate the self-
absofption factor, defined by Equation (4):

E
foq =2 )
a g(x

Two possibilities are{given:
— g¢piking a single sample (7.6.2);

— gpiking/a set of samples of increasing mass to plot a self-absorption curve.

For beta particie counting eftriciency, self-absorption pnenomena are negligiolie €B = SaB Vaﬁ =1T).

7.6.2 Spiking one of two test portions

Two test portions from the same laboratory sample are prepared under the same conditions with one test
portion spiked with a known activity of the standard solution.

The specific efficiency is calculated by dividing the net count rate (unspiked test portion minus spiked test
portion) by the activity of sample a [Equation (5)]:

Taq 7
€0 :"‘A—g“ (5)
a

© 1SO 2009 - All rights reserved 7
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7.6.3 Self-absorption curve

A set of calibration sources with the same standard activity and increasing mass is prepared with the same
sample preparation procedure to allow the determination of a series of absorption factors, f,,. A function
relating the absorption factor to the mass can be derived from the measurement data.

Several mathematical models are proposed to describe self-absorption phenomena such as linear, hyperbolic,
exponential, polynomial, power laws (see References [3] to [9]). Commonly used curve-fitting techniques can
be employed to derive the function and associated uncertainty.

WARNING — This procedure requires the preparation of a dry deposit spiked with alpha-emitting
radionuclides. Avoid accidental ingestion of radioactive particulates by use of a sample closed
cabinet gIO\F box for the preparation of the spiked sources. Alternatively, a laboratory fume cuphoard

may be used, provided that the extract draught is not excessive and liable to create disturbange or
carry fine powder particles into the air.

8 Expression of results

8.1 Alpha activity concentration

The alpha adtivity concentration, ¢, can be obtained using Equation (6):

dy — 7
do O
cy =—] =(rge. — "o )W 6
A Vgocfaoc (goc Ooc) (6)
with
1
W= —-
Vel fao

NOTE It {s advisable to choose the alpha and beta windows to reduce the alpha-beta crosstalk to a minimum.

8.2 Beta activity concentration

The beta act{vity concentration, ¢, can-be’obtained using Equation (7):

_Tgg ~T0B _z(rgoc - o) )
cy = Ve fan = [rgB —rop = Mrge — Foa):|w (7)

«Q

with

<
™

and
faB =1

Take any alpha-beta crosstalk into account, in order to derive the correct beta count rate. If needed, the alpha-
beta crosstalk correction factor, y, can be calculated using Equation (8):

z= Tso—p (8)

Tso,

where rg,_,g is the count rate in the beta window when the alpha calibration source is measured.

8 © 1SO 2009 — All rights reserved
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8.3 Standard uncertainty of the alpha activity concentration

As specified in ISO/IEC Guide 98-3 (see also ISO 1192911), the standard uncertainty of ¢, is calculated using
Equation (9):

u(cA)=\/w2 [uz(rg(x)+u2(r0a)]+cA2 ur28|(w) =\/W2 (’/g—a+r0—a]+cl42 ur2e|(w) (9)

tg 1o

As the uncertainty of the counting time and the coprecipitation stage are negligible in comparison with other
sources of uncertainty (Reference [2]), it can be neglected and the relative standard uncertainty of w can be
calculated using Equation (10):

21w =uli(e ) +uldi (V) +uli(fac) (10)

and the relative standard uncertainty of £, is calculated using Equation (11):

21(e0) = uBi(rsg — o)+ uZi(4g) = sl is) H Lo lf0) 2 iy (1)

(rso. = T00r

All tHe uncertainties related to the calibration source are includedyin urzel(Aa), i.e. those of the standard
solution and the preparation of the calibration source.

For {he calculation of the detection limits, the term (¢ )is required (see ISO 11929]); the standard
unceftainty of ¢, as a function of its true value, calculated using Equation (12):

i(2.0) = sz [—(EA P o +rf—“]+5§ uly () (12)
g 0

8.4 | Standard uncertainty of the beta activity concentration

As specified in the ISO/IEC Guide:98-3 (see also 1SO 11929!1l), the standard uncertainty of c[is calculated
usind Equations (13) to (15):

(c.4)=|w” [uzvng(rowTm]mfu?e.(w)=Jw2 [Lﬁﬂ—mm vefub)  019)
tg 1o

with
\ 3 2 2(%_& ”Oocw 14
(GO = (g0 =700 ) u(0)+ 2% | % + -0 (14)

N v/

and

u(y)= |22 (15)

t

Tso tso

As the uncertainty of the counting time is small in comparison to other sources of uncertainty, it can be
neglected and the relative standard uncertainty of w is calculated using Equation (16):

ur29|(w)=urze| (EB)+urze|(V) (16)

© 1SO 2009 - All rights reserved 9
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and the relative standard uncertainty of & is calculated using Equation (17):

(FSB/IS)-F(I’OB/I())
2

+ufei(4p) (17)
(I’SB - I’OB)

2 2 2
urel(€p) = re)(rsp —rop ) + trel(4p) =
All the uncertainties related to the calibration source are included in urze|(AB), i.e. those of the standard
solution and the preparation of the calibration source.

For the calculation of the detection limits, the term (¢ ) is required (see 1SO 119291); the standard
uncertainty of ¢, as a function of its true value, calculated by Equation (18):

, (EA/W)+;((rga—r0a)+ros+”o_ﬁ+T(Z) +E2 U2, (w) (18)

tg to

8.5 Decisjon threshold
8.5.1 Decigion threshold of the alpha activity concentration

The decision|threshold, ¢, is obtained from Equation (12) for ¢ , =0 (seedS© 11929l1l):

¢y =kql, @0)=kyp w r;’—“ﬂf—o‘x (19)
g

o= 0,05 with k,_,, = 1,65 are often chosen by default.

8.5.2 Decigion threshold of the beta activity concentration

The decision|threshold, ¢, is obtained from Equation (18) for ¢ , = 0 (see ISO 11929[')). This yields:

* . Z(l" —rg )+I"O o
cA:k1_au(0):k1_aw\/ 9 t °‘ B+t—03+T(;5) (20)
9

o= 0,05 with k_,, = 1,65 are aften"chosen by default.

NOTE In|the case of a_Simultaneous alpha and beta activity measurement, the possibility of alpha-beta crosstalk is
taken into accpunt, in order to correct the alpha decision threshold.

8.6 Detection limit

8.6.1 Detection limit of the alpha activity concentration

The detection limit, ¢#, is calculated using Equation (21) (see 1ISO 11929[1]):

#
(¢ Iw)+rgg . 0o,
tg to

+ch2 uZi(w) (21)

cj =cy +kip ﬁ(cj)=c; +ki_p \/wz [

B=0,05 with k4_5 = 1,65 are often chosen by default.
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