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Procedure for determining the activity
concentrations of lead-210 and polonium-210
in drinking water and ground water

1 Scope

The procedure described here serves to determine the activity concentrations of
lead-210 (Pb-210) and polonium-210 (Po-210) in drinking water, mineral water
and ground water. It is fit for detecting activity concentrations higher than about
0,005 Bqg:-I.

While simultaneously determining the two radionuclides helps to reduce the analyt-
ical effort, the applicability of the procedure is limited by the measuring uncertainty
of the Po-210 activity concentration, because it will increase as the activity ratio of
Pb-210 and Po-210 increases (see section 5). At activity ratios above 10, analyses
separated in time have to be conducted analogous to this measuring instruction.
Scenarios like this are rarely encountered in natural waters and require that the
activity concentration of Po-210 be determined right after sampling (see procedure
H-P0o-210-TWASS-01), whereas determining the Pb-210 activity concentration can
only be effected following a waiting period of 30 days.

2 Sampling

For the sampling of drinking water, reference is made to procedure H-y-SPEKT-
TWASS-01 and the guidelines contained in (1).

For the sampling of ground water affected by mining activities, reference is made
to procedures K-y-SPEKT-TWASS-01 and K-VORBEMERK-GWASS-01.

The required sample volume is determined by the requirements imposed by the
analyses to be conducted, e. g., the detection limits of the activity concentration,
but also by factors such as multiple analyses or the necessity of keeping samples in
reserve.

3 Analysis
3.1 Principle of the procedure

The activity concentration of Pb-210 is deduced from determining the activity of its
short-lived daughter nuclide bismuth-210 (Bi-210). The principles of the procedure
are illustrated in Figure 1. It includes the digestion of the sample by treating it with
nitric acid (14 mol-I't) and perchloric acid (12 mol-I't). Subsequent to a waiting pe-
riod of 30 days to generate the radioactive equilibrium of Pb-210 and its decay
product Bi-210 with a half-life of about 5 days, Bi-210 and Po-210 are simultane-
ously electrochemically deposited in elementary form on nickel from a hydrochloric
acid solution. For measuring the high energy beta-radiation emitted from the decay
of Bi-210 (Epmax = 1162 keV), the counting sources are covered with aluminium foil
(7 mg-cm™) in order to completely absorb the alpha radiation emitted by the
Po-210.
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3.2 Sample preparation

Ground water samples are typically filtered in order to separate possibly present
pollutants that could potentially interfere with the analysis. This supposes that
particulate radioactive substances have been dissolved when acid was added after
sampling.

The sample is to be de-gassed according to procedure H-Pb-210-AWASS-01, be-
cause the radioactive decay of dissolved Rn-222 will produce Pb-210 as a decay
product.

Sample preparation
Acidifying the water sample with concentrated nitric acid (14 mol - I'%);
Waiting for 30 days to facilitate the radioactive equilibrium between Pb-210 and Bi-210
[
Digestion
Adding Po-209 tracer;
evaporating the water sample to dryness;

fuming off with perchloric acid (11 mol - I'});

|
Dissolving the residue
Dissolving the residue in diluted hydrochloric acid (1 mol - I'});
adjusting the acid concentration to 0,5 mol - I by diluting with distilled water
|
Deposition of Bi-210 and Po-210
Electrochemical depaosition of Bi-210 and Po-210 on nickel discs
from hydrochloric acid solution (0,5 mol - I'%);
Measuring the beta activity
Measuring the beta emission of the Bi-210 in a low-level anti-coincidence measuring

station following a waiting period of 6 hours

[
Measuring the alpha activity
Alpha spectrometric measuring of the deposited Po-209 and Po-210 activity

Fig. 1: Principle of determining the activity concentration of Pb-210 and Po-210
in water samples
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3.3 Radiochemical separation

3.3.1 One to four litres of the acidified water sample are spiked with Po-209 trac-
er in a beaker and evaporated to a volume of ca. 100 ml under continuous stirring
on a hotplate with magnetic stirrer. The water is then further evaporated almost to
dryness on a sand bath at a temperature of about 160 °C.

3.3.2 20 ml of concentrated perchloric acid (12 mol:I'') are added to the residue
from the evaporation and the solution cautiously fumed off on a sand bath to re-
move nitrate. This requires that the beaker holding the solution be covered with a
watch glass and first stirred in the warm environment on a hotplate with magnetic
stirrer for about 10 minutes in order to completely detach the residue from the
bottom of the beaker. Thereafter, the solution is heated for 6 to 8 hours on a sand
bath at a temperature of ca. 150 °C and swivelled occasionally. The watch glass is
then removed and the solution evaporated almost to dryness.

Note

Owing to its relatively low boiling and melting points of its compounds, the element polo-
nium is volatile at high temperatures. Polonium in the form of a chloride sublimates at
about 200 °C, and at about 500 °C as an oxide; organically bound polonium must be ex-
pected to experience losses through sublimation already at temperatures above 100 °C.

3.3.3 After adding 100 ml of hydrochloric acid (1 mol-I'!), the residue is dissolved
in @ warm environment (about 50 °C) and the solution quantitatively transferred to
a 250 ml-beaker, including repeated flushing with distilled water. The sample solu-
tion is then filled with distilled water to a total of 200 ml, which will produce a hy-
drochloric acid solution of 0,5 mol-I-.

3.3.4 In order to mask interfering Fe3*-ions, ascorbic acid (max. 100 mg) is
stirred in at portions in a warm environment until a clear solution of light colour is
obtained.

3.3.5 This solution is then used to electrochemically deposit Bi-210, Po-209 and
Po-210 on a nickel disc at 90 °C over a period of 20 hours. The disc is placed in a
special bracket made of polytetrafluoroethylene (PTFE) in such a manner that the
deposition is limited to one side. The bracket is positioned in the beaker as to en-
sure an even stirring of the solution. Covering the beaker takes care of minimising
the loss of water through evaporation.

Note

Before its use, the nickel disc is purified by briefly dipping it in hot, concentrated nitric acid
and rinsing it immediately thereafter with distilled water. The background count rate of the
purified and dried disc is then determined by measuring its beta- and alpha-activities. Pre-
viously used nickel discs can be used again after purification if the count rates measured as
background effect lie below predetermined values.

3.3.6 Following the deposition, the bracket with the nickel disc is removed from
the solution and the point of time, t;, recorded. The nickel disc is unclipped from its
bracket, flushed with distilled water, and dried in air.
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4 Measuring the activity
4.1 General

The spontaneous deposition of Bi-210 and Po-210 on nickel is based upon the elec-
tromotive series of the elements involved. As a matter of principle, all those ele-
ments and their isotopes that are nobler than bismuth will be deposited.

Po-210 as well as other deposited radionuclides and their daughter nuclides will
interfere with the measuring of the beta-activity of the Bi-210.

Interfering radionuclides in natural water samples are Bi-214, Bi-212 and their
daughter nuclides Po-212, Po-214 and TI-208 of the Th-232 decay chain. They are
so short-lived that it will take only a few hours for them to have decayed to such
an extent that they will no longer interfere with the measuring process.

4.2 Measurement

After the deposition process has been completed and a waiting period of at least
5 hours observed, the beta activity of the aluminium foil-covered nickel disc is
measured in a low-level anti-coincidence measuring station. The measuring period
is about 60000 s. The reference point of time for the activity of the counting
source, ts,si-210, is reached after half the measuring period has elapsed.

The alpha radiation of the Po-210 is suppressed by keeping the nickel discs cov-
ered with aluminium foil. The mass per unit area of the aluminium foil of
7 mg - cm™2 is selected thus as to have it absorb low-energy beta radiation as well
as alpha radiation to a threshold of about 5,5 MeV while weakening the beta radia-
tion of the Bi-210 merely by 9 %.

Once measuring the beta activity has been completed, the aluminium foil is re-
moved and the activities of the Po-210 and Po-209 tracer are determined alpha
spectrometrically. Ion-implanted semiconductor detectors are employed for meas-
uring the alpha activity. The measuring process is conducted in the same geomet-
ric arrangement as the one previously used for calibrating. A typical measuring
period would be 60000 s. The reference point of time for the activity of the count-
ing source, t3po-210, is reached after half the measuring period has elapsed. Figure 2
illustrates as an example the alpha spectrum of the polonium isotopes deposited on
a nickel disc.

Basic information on alpha spectrometry is contained in chapter IV of this proce-
dures manual.

Note

An alternative to alpha spectrometrically determining the activity is employing procedures
for determining the total alpha activity by way of, e. g., scintillation probes and ZnS(Ag)-
scintillators. Determining the chemical yield by using Po-209 as a tracer will not be possible
in these cases, though.
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Fig. 2: Alpha spectrum of Po-210 deposited from a water sample and the added
tracer, Po-209

4.3 Calibration

The detection efficiency of the measuring configuration for the beta radiation of
Bi-210 and the alpha radiation of Po-210, respectively, are determined on the basis
of calibration sources manufactured from certified activity standards. The geometry
of the calibration sources has to correspond to that used for analysing the sample.
When calibrating with Bi-210, paying attention to covering the nickel disc with alu-
minium foil is of major importance. The detection efficiency is then calculated ac-
cording to equation (1):

(R gK, r— R O,r)
gr AK,r (1)
Note
The absorption of the beta radiation to be measured by aluminium foil with an area-related
mass of 7 mg-cm™ amounts to 9 %. This absorption does not need to be taken into consid-
eration for calculating the activity concentration of the Pb-210 if the same aluminium foil is
used for measuring both the counting source and the calibration source.

Equation (2) is applied to calculate the relative standard measurement uncertainty
of the detection efficiency:

RgK,r i RO,r 2
sCe) _ | tme ty [ S(Ak) (2)
2 (RgK,r_ RO,r)2 A

The symbols in equations (1) and (2) have the following meaning:

& detection efficiency for the radionuclide r, in Bg!:s!;

Rg,r  gross count rate of the calibration source used, in s';

Ro,r background count rate within the corresponding measuring range, in s';
Ak,r activity of the calibration source used, in Bq;

1
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tmk duration of the calibration source measurement, in s;
to duration of the background measurement, in s;

s(Ak,r) standard measurement uncertainty of the activity of the particular calibra-
tion source, in Bq.

The measuring period for determining the detection efficiency depends on the ac-
tivity of the calibration source used. It needs to be selected as to not exceed a
value of 5 % for the statistical counting uncertainty.

5 Calculation of the results
5.1 Equations

The activity concentration, ¢+, of the radionuclide r that needs to be determined
at the point of time of sampling, ti, is calculated with the aid of the activity meas-
ured at the point of time of deposition on nickel and by taking into account the
period of time between sampling and deposition.

If samples are not stored for longer than three months, determining the activity
concentration of the long-lived Pb-210 (half-life 22,3 a) does not require a correc-
tion to be applied for the decay during the period of time between sampling, ti,
and deposition, t;. Amounting only to some 0,8 %, the decrease in activity over
three months is negligible (Cpb-210,t2 = Cpb-210,t1).

Relating the activity concentration of the Po-210 (half-life 138,4 d) to the point of
time of collecting the sample (t1) requires that the Pb-210 activity concentration of
the sample be known. If Pb-210 and Po-210 are in radioactive equilibrium, which
cannot be supposed to be the case in naturally occurring waters, no correction is
applied. At higher (or lower) Pb-210 activity concentrations in the water, the
Po-210 activity ingrowing (respectively diminishing) during the waiting period is to
be corrected mathematically.

5.1.1 Equations for calculating the activities of Bi-210 and Po-210 in the
counting source

The activity Ar 2, of the radionuclide to be determined, r, at the point of time of its
deposition, t3, is calculated according to equation (3):

(R, - Ro.)
rt, = & : f3,r (3)

o1,

The calculation of the correction factor, f5 for the decay of Bi-210 or Po-210, re-
spectively, during the period from the end of the deposition process and the half-
way point of time of the measuring process is conducted according to equation (4):

f3, = e tf (4)
The symbols in equations (3) and (4) have the following meaning:

Ar 2 activity of the Bi-210 or Po-210 at the point of time of deposition, in Bq;
Rg,r gross count rate of the counting source, in s;

Ro,r background count rate, in s1;

& detection efficiency of the measuring process, in Bqt:s?;
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nr chemical yield of determining the radionuclide;

f3r correction factor;

tr half-life of Bi-210 or Po-210, respectively, in s;

tar period of time between the end of the deposition process (t.) of Bi-210 or

Po-210, respectively, and the halfway point of time of the measuring pro-
cess (t3,r) of the beta- and alpha-activity, respectively, of Bi-210 or Po-210,
respectively, in s (ta,r = t3,r - t2).

The chemical yield of the Po-210 analysis is calculated according to (5):

(Rg,Tr B RO,Tr)
Mpo-210 =~ (5)

At Epo_210

in which the following factors are introduced in addition to the variables already
defined:

Rg,Tr gross count rate of the tracer, in s};
Ro,Tr background count rate within the energy range of the tracer peak, in s;
Atr Po-209 tracer activity added, in Bq.

Because the chemical yield cannot be determined while the Pb-210 activity concen-
tration is measured with the tracer added, it needs to be determined separately on
the basis of repeated measuring of Pb-210 in samples with a comparative matrix
structure. Own investigations to determine yields showed a mean chemical yield of
(90 £ 5) % for this procedure under the described conditions for deposition from
samples of drinking and mineral water.

Note

Larger amounts of bismuth (several tens of milligrams) and the elements that are co-
deposited with bismuth will interfere with the electrochemical deposition and produce lower
yields. This becomes particularly important when the yield is to be determined with the aid
of Pb-210/Bi-210 solutions with known activities, because some of the commercially availa-
ble activity standards will contain substantial amounts of the relevant elements as carriers.

The relative standard measurment uncertainty of the activity of the radionuclide r
is calculated according to equation (6):

RO r Rg r
' + ’ 2 2
S(Ae) | bty [S(er)J . [S(m)] (6)
Al’,t‘z (Rg,l’ — RO,r)2 Sr 77r

5.1.2 Equations for calculating the activity concentrations of Pb-210 and
Po-210

5.1.2.1 Equation for calculating the activity concentration of Pb-210

The activity concentration of Pb-210 in a water sample at the point of time of sam-
pling is calculated by using equation (3) according to equation (7):

c _ ABi—ZlO,tZ (7)

Pb-210, t, —
4
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wherein:

Crb-210, 1 the activity concentration of Pb-210 at the point of time of sampling,
in Bg-s;

4 the volume of the sample used, in I.

The relative standard measurement uncertainty of the activity concentration of Pb-
210 determined at the point of time of sampling, ti, is calculated according to
chapter IV.5 of this procedures manual after equation (8):

S(Cpy_210,¢,) B S(App_210,t,)

A

(8)

c

Pb-210,t, Pb-210 ,t,

The relative standard measurement uncertainty of the chemical Vvyield,
sei210(n7) + 71, of the spontaneous deposition of Bi-210 has been experimentally
determined by means of repeat analyses of known Pb-activity concentrations.
When analysing salt-deficient waters of drinking water quality, it will typically
range around 5 %. The relative standard measuring uncertainty of the volume is
negligibly small compared to the other contributions.

5.1.2.2 Equation for calculating the activity concentration of Po-210

The exact calculation of the activity concentration of Po-210 at the point of time of
sampling, ti, is conducted according to the equations described in the literature
(Bateman equations) (3). Applying these complex differential equations will not
necessarily be required if combined standard measurement uncertainties of 20 %
to 30 % can be tolerated. If this is the case, calculating the activity concentration
of Po-210 may be based upon an empirically deduced approximation in the form of
the simplified equation (12) by incorporating the equations (3) through (5) and (9)
through (11):

f

(A - A 5)'f4

Po-210 ,t, Pb-210 ¢,
Cpo_210,t, = v (9)
with:
In2-tg
_ tro 210 10
f, =e (10)
-In2.tg
tpb —210 tpp —210 t
fs = . ce o210
tpp_210 — fei—210 tpb-210 ~ tpo-210
-In2-tg
. tpp _210 ‘ tgi_210 e o
tgi_210 —tpp-210 tei-210 — fpo-210 (11)
“In2-tg
. tpo 210 ) tpb _210 e ftroato
tpo 210 — fBi-210 tpo-210 ~ tpb-_210
[ ( -In2.tg -In2.tg T\
Asi 2106, | ta; ‘
. I Bi-210 . i e fBi-210 _ o fro-210 I \
| \
Apb -210 ¢, LtBi—ZIO = tpo -210 L M
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Supposing and approximating the following:

Agi 210 t
APb—ZlO,tl = Abezm,t2 and =1
Pb-210 ,t,
as well as:
¢ —-In2-tg
e =1,017 ~1 and e ~1
th7210 - tPo—ZlO
ultimately the simplified equation (12) is derived:
Apy 2101, 1 - f4)+ Apo 2101, £
Cpo_210,t, = (12)

4

wherein (equations (9) through (12)):

Cro-210,61  activity concentration of the Po-210 at the point of time of sampling,
in Bg-st;

ts period of time between sampling and the end of the deposition process,
ins;

tro-210 half-life of Po-210, in s;

tsi-210 half-life of Bi-210, in s;

trb-210 half-life of Pb-210, in's ;

Agi210,61  supposed Bi-210 activity at the point of time of sampling, in Bqg;

Apb-21061  determined Pb-210 activity at the point of time of sampling, in Bg.

The relative standard measurement uncertainty of the activity concentration of
Po-210 at the point of time of sampling, ti, is calculated according to equations (6)
and (13). This will take into account both the standard measurement uncertainties
of the activities of Pb-210 and Po-210 at the point of time of their deposition, t;,

and the ratio Chb-210,¢; ° CI-Z’Z-ZlO,tl at the point of time t;. It will furthermore make

provision for decay and ingrowth corrections for the period of time ts between
sampling and deposition in the factor fs and a 5 % standard uncertainty arising
from the unknown activity ratio between Pb-210 and Bi-210 at the point of time t;.

2 2

S(CP07210,t1) _ \/(1 3 f4)z { Aop 210 J .[S(Apbzw )] N 0,052 . f4z .{APOZIO,Q} .[S(A P0210,t2)} (13)

Cpo-210,t, Po-210 ,t, Apb_210 AP07210,t1 A Po-210 ,t,

The relative standard measurement uncertainty of the calculated Po-210 activity
concentration at the point of time of sampling, ti, increases as the ratio
-1
Cpb-210,t; * Spo-210,t;
and Figure 2).

and the waiting period after sampling, ts, increase (cf. Table 1

5.2 Worked examples

In the following, one calculation example each is provided for the calibration of the
low-level anti-coincidence measuring station and for determining the activity con-
centration of Pb-210 and the activity concentration of Po-210 at the point of time
of sampling, ti.
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5.2.1 Calibration

The following data are available after a calibration carried out according to section
4.2:

Rg = 1,600 si; Ro = 0,004 s!;
Ax = 5,083 Bq; tmk = 60000 s.

The detection efficiency is calculated according to equation (1):

_ 1,600 - 0,004 a1 4
€Bi_210 = TBQ s =0,314 Bq ‘s

1

The relative standard measurement uncertainty, s(Ax) - A«’!, of the calibration
source manufactured from the certified activity standards has been estimated to be
0,05. This supposed, the relative standard measurement uncertainty of the detec-
tion efficiency is calculated according to equation (2):

1,600 . 0,004
S(€gi-210) _ /60000 60000
€gi-210 (1,600 - 0,004 )?

+(0,05) =0,05

5.2.2 Determining the activity concentration of Pb-210

This calculation example is based upon the following numerical values:

tagi-210 = 5,04:10* s (14 h); 4 =1,01;

tsizio = 4,33:10° s (5,01 d); nei-2z10 = 0,92;

f3gi-210 = 1,084; gei-210 = 0,314 Bqt-st
RgpBi-210 = 0,011 s71; tm = 60000 s;
Ro,si-210 = 0,004 s%; to = 60000 s.

Applying equation (3), the following activity concentration for Pb-210 is calculated:

(0,011 - 0,004 )-1,084 i i
Cop o1g = Bq -1I"" = 0,026 Bq |
Po-210 1,0-0,314 -0,92

Inserting the above values, equation (8) will show the relative standard measure-
ment uncertainty of the activity concentration of Pb-210 to be:

0,004 0,011
S(Cop 210) _ [60000 60000 ., (905} 4 (0,07 = 0,11
Crp_210 (0,011 - 0,004 )
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5.2.3 Determining the Po-210 activity concentration relative to the date
of sampling

The Po-210 activity of the sample at the point of time of deposition, t, is calculat-
ed according equations (3) and (4), using the following values:

Aro-200 = 0,08 Bq; tm = 100000 s;
v =1,01; to = 300000 s;
tro210 = 1,196:107 s (138,4 d); Ropo210 = 6,67-106 s71;
tapo-210 = 1,296-10° s (36 h); Rgpo-210 = 3,03:103 s°1;
f3,p0-210 = 1,008; Ropo-200 = 4,67-1075 s71;
&po-210 = 0,26 Bql-si; Rg,po200 = 2,06-102 s°1;

nro-210 = 0,92.

3,03 .10 % -6,67 -10 °).1,008
Apo_210,t, = ( 092 .06 ) Bg = 0,013 Bq

Supposing a waiting period, ts, of 60 days, a ratio of Ay 5,5, - A;-zm ., @nd a

Pb-210 activity, Aeb-210,.2, Of 0,026 Bq, the Po-210 activity concentration in the
sample is calculated according to equations (10) and (12):
In 2.60-24 -60 -60
f - gl38,42460:60 _ 4 35
4 — = 7
0,026 -(1-1,35)+ (0,013 -1,35)
1,0

Bq -1I"" = 0,00845 Bq -I!

Cpo_210 T

The relative combined standard measurement uncertainty of the Po-210 activity
concentration relative to the point of time of sampling is calculated according equa-
tion (13), using the values given in sections 5.2.2 and 5.2.3:

S(Cpo-zm Jt )

Cpo 210t

- \/(1 ~1,35)" .3,1 .0,11% + 0,052 + 1,352 -1,552 . 0,09 % = 0,23

5.3 Consideration of uncertainties

Procedure-related contributions to the combined standard measuring uncertainty,
which need to be paid attention to in particular for the Po-210 determination, are
explained in the following.

The combined standard measuring uncertainty of the activity concentration of
Pb-210 is determined by the counting statistical measurement uncertainty, the
measuring uncertainty of the calibration process, and the measurement uncertainty
of the yield; it will typically lie in a range of 10 % to 20 %.

The combined standard measurement uncertainty of the activity concentration of
Po-210 at the point of time of sampling is additionally influenced to a major extent
by the Pb-210 activity present and furthermore, if Pb-210 activity is present, by a
contribution stemming from the unknown Bi-210 activity concentration at the point
of time of sampling. If the framework conditions of the procedure are adhered to
-1

P0-210,t;
< 90 d), the latter contribution may be estimated to be about 5 % (cf. Figure 3).

(ratio Cpp-210,¢; * € < 10, waiting period, ts, between sampling and deposition
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While the relative standard measurement uncertainties of the measurands cpb-210
and cro-210, t2 @are decisive for the resultant measurement uncertainty of the Po-210

activity concentration at ratios of ¢, 5, b C;-zw t1< 1, the impact of the waiting

period, ts, will increase as the value of the activity ratio increases.

Fig. 3 illustrates as an example the dependency of the combined standard meas-
urement uncertainty of the Po-210 activity concentration at the point of time of

sampling, ti, on the ratio Cpb-210,t, Cl_ai-zm "

Po-210 activity after various waiting periods, ts. The relative standard measure-
ment uncertainties of the determined Pb-210 and Po-210 activities at the point of
time of deposition, t;, are supposed to be 0,10 throughout.

and on the variance of the measured

J‘r-l"ll:tI."nl'l.t"y‘r ratios Cop-210.11 ° ‘5'-:|3.;,.21|;]|_in-|‘lI

3:1 4:1 5:1 6:1 71 81 81 10

100

${Cpo-210,a) IN %

T T T T T T

1,0 15 2.0 2.5 3,0 3,5 4,0 45 5,0

L] 1

Relative Po-210 activity, g

Fig. 3: Scheme of the combined standard measurement uncertainty of the Po 210
activity concentration relative to the point of time of sampling; the rela-
tive Po-210 activity, g, is the ratio between the measured Po-210 activity
at the point of time of deposition, t;, and the activity of Po-210 in the
sample relative to the point of time of sampling, ti.

-1
P0-210,t;
measurement uncertainty of the Po-210 activity concentration at the point of time
of sampling, ti, of about 30 %, if the relative Po-210 activity (ratio of the meas-
ured Po-210 activity at the point of time of deposition, t;, to the activity of Po-210
in the sample at the point of time of sampling, ti1) reaches a value of 1,9, for ex-
ample. This value corresponds to a waiting period, ts, of about 50 days.

As Figure 3 illustrates, a ratio of ¢, 5,4 by € = 5 will come with a standard
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For selected activity ratios and supposed relative standard measurement uncertain-

ties of the determined Pb-210 and Po-210 activity concentrations, s(c;,) c;lltz, at

the point of time of deposition, t;, the following resultant combined measuring
uncertainties of the Po-210 activity concentration relative to the date of sampling,
t;, dependent on the waiting period, tg, are tabulated.

In order to obtain a standard measurement uncertainty of the Po-210 activity con-

. . . . -1 .
centration that will still be acceptable at ratios of cpp, 510, - Coo-210,6,> 2 and wait-

ing periods, ts, of more than 30 days, the relative standard measurement uncer-
tainties in column 2 must not exceed about 10 %. The values provided in Table 1
furthermore indicate that the applicability of the procedure is limited by extensive
waiting periods, ts.

Tab. 1: Combined standard measurement uncertainty of the Po-210 activity con-

centration depending on the ratio ¢, 5, fl-c'1 and the waiting

P0-210,t;
period, ts
Cpp-
cpzif;,otl —s(cir:) in % % in % after n days of waiting
n =30 n =45 n =60 n =90
05 10 11 11 14 17
! 30 33 34 36 39
10 15 17 19 25
2 20 28 32 37 49
30 41 48 =50
5 10 20 26 33 48
20 40 =50
10 10 31 44 =50
20 =50

The impact of the unknown activity ratio between Pb-210 and Bi-210 at the point
of time of sampling, ti, is illustrated as an example in Figure 4. It shows the at-
tainment of the radioactive equilibrium between Pb-210, Bi-210 and Po-210 in the

) . . -1 _
shape of two borderline cases by supposing a ratio of Cpb-210,; CPo-ZlO,tl_ 10. In

case A, the Bi-210 activity concentration corresponds to that of Pb-210, while in
case B, it equals the Po-210 activity concentration. This outlines the maximum and
minimum Bi-210 activity concentrations that may occur at the point of time of
sampling.

-1
P0-210,t; 8 that

may be expected in natural waters (2), deviations in the calculated Po-210 activity
concentrations of about 5 % will be noted in both scenario A (cg;_5, t; = Cpb-210,t; )

At waiting periods, ts, of at least 30 days and ratios of cpy 510, * C

and scenario B (Cgi_»10,, = Cpo-210,t,)
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Pb-210

0 S —

Bi-210 (A) .°

A: Coinip = Copzion

B: Csioion = Cep2ron

Relative activity concentration

Lalain e s |

10¢ 10° 102 10° 10* 103 108

Time, tz, in d

Fig. 4: Attainment of the equilibria between the activity concentrations of Pb-210,
Bi-210 and Po-210; here, the relative activity concentration is the ratio
between the time-dependent activity concentration of the radionuclides
mentioned above and the activity concentration of Po-210 at the point of
time of sampling

6 Characteristic limits of the procedure

6.1 Equations

6.1.1 Equation for calculating the detection limit of the Pb-210 activity
concentration

Characteristic limits are calculated according to chapter IV.5 of this procedures
manual.

The detection limit of the activity concentration, g, of Pb-210 is calculated accord-
ing to equation (14), provided that the measuring period of the sample, tn, equals
that of the background effect, to:

k + k 2 - R, .
1-7 N A Z "to,Bi-210 (14)

to

l-a

Gpp-210 = v
“€gi-210 " Bi-210

In addition to the variables already defined:

grb-210 detection limit of the Pb-210 activity concentration, in Bq-I';

ki-o, k1.5 quantiles of the normal distribution for taking into consideration errors of
first and second kind.
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6.1.2 Equations for calculating the detection limit of the Po-210 activity
concentration

The detection limit of the activity concentration of Po-210 in waters with different
activity concentrations of Pb-210 and Po-210 is calculated with a preset time, small
background counts number, and different measuring periods for the counting
source produced from the sample and the background in approximation according
to equation (15) while incorporating equation (16):

f of [
2w 1 '(k1a+k1/1)'\/(R0+fs)'[t1+1]+52(f6)+0r25'(k1,1+k1/x)z'[l+1]

Mpo-210 YV * €po_210 L 0 to to tn

|
J

By including correction factor fs, Po-210 is taken into account that will have in-
grown during the waiting period, tg, if Pb-210 activity is present; in this way, a
sample-specific background count rate is calculated for each measurement. The
correction factor fs increases with the waiting period and is calculated according to
equation (16). The uncertainty of correction factor fs is taken into consideration
with the term s2(fs) and is calculated according to equation (17).

(15)

Ipo-210 =

£ APb—ZlO,tZ 'fs Mo -210 V- epg o10 (16)
s =
v f3,Po—210
2 2 2
Sz(fs) _ f62 .([5(5%-210 )] N [s(ﬂpo-zm )] N S(Apb_ZIOth) W (17)
€po-210 Mpo 210 APb7210,t1

6.2 Worked examples

6.2.1 Example for calculating the detection limit of the Pb-210 activity
concentration

Applying a measuring period of the sample of 60000 seconds, ki« = 3,0,
kip = 1,645, and the values given in section 5.2 for the detection efficiency, the
background count rate, the volume of the sample, the chemical yield, and the cor-
rection factor for the decay of Bi-210, equation (16) will give the following detec-
tion limit of the activity concentration of Pb-210:

3,0 + 1,645 [2.-0,004 o . o
Gow 1o = 1,084 - /=" Bq.I''=6,4-10 ° Bq I
0219 " 4 0.0,314 -0,92 60000

6.2.2 Example for calculating the detection limit of the Po-210 activity
concentration

Applying the analytic data:

74 =101 nro-210 = 0,9;

tapo210 = 1,296-10°s (36 h); to = 300000 s;

ts = 60 d; tm = 100000 s;
gpro-210 = 0,2 Bgl-st; Ro,po-210 = 6,67:10° s71;

Apb-210r2 = 0,02 Bg:-I.
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and an estimated value of 3 % for the relative standard measurement uncertainty
-1

poa1or a@nd a chemical yield of

of the detection efficiency s(gp,510)" €
S(Npo-210) '7;-210' equations (15), (16) and (17) will show the detection limit of

the Po-210 activity concentration relative to the date of sampling as follows:

0,026 -0,259 0,92 -1,0-0,26
1,0 1,008

f, s'=160-10"°s"

2
s2(fe) = (1,6 -10 3) (0,032 + 0,032 + 0,112) s 2 =3,56 10 % 52

1,008 -1,35
©0,9-1,0.0,26
~;—4,645 ~\/(6,67 .10 7% +1,6 ~10’3)f ! —+ 1J+ 3,56 -10 ° + 0,25 - (4,645 ) f —+ lsﬂ Bg -I™*
(3-10° 10°) (3.10° 10°)]
=6,9.10 2 Bq I
7 Catalogue of chemicals and equipment

7.1 Chemicals
All chemicals used should be of the purity grade “pro analysi”:
— Ascorbic acid;

— Perchloric acid, HCIOs: 12 mol-I?;
— Nitric acid, HNOs: 14 mol-I'%;
— Hydrochloric acid, HCI: 1 mol-I-.

7.2 Equipment

— Low-level anti-coincidence measuring station;

— Alpha spectrometry measuring station;

— Hotplate with magnetic stirrer;

— Sand bath;

— Nickel discs for electrochemical deposition;

— Holding bracket for the nickel disc made of PTFE (www.tracerlab.com);
— Water bath with thermostat;

— Aluminium foil (area-related mass about 7 mg-cm=).
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