PART B

RADIOISOTOPE ACTIVITIES
IN UTS-1 to UTS-4
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INTERLABORATORY PROGRAM
FOR RADIOISOTOPES

£ fifth material, designated UTS-5, was
incorporated in the interlaboratory program. This
material was produced by diluting CCEBMP composi-
ticnal reference ore (DH-12) thal cantains certified
amounts of uranium, thorium, and radium-228 (3, B1)
with precipitated silica powder. Secular equilibrium in
both the uranium and tharium dacay series is probable.
Consequently, UTS-5 was incorporated as a “yard-
stick’ of the probable guality of the interlaboratory
program, and also ta test the feasibility of silica dilu-
tion or poasible future control applications. Participants
wera not informed of the nature of UTS-5,

Eight Canadian laboratoriss contributad
isotope activity measurements, seven of thase under
contract arrangsments with Supply and Services
Canada (Table B-1). All participants were expe-
rienced with radiochemical determinations in uranium
tailings.

It was requested that isotope activities {bec-
guerels per gram) be measured in four independantty-
treated subsamples of each material Recognized
reference standards having published totzl uncertain-
ties (including a precision estimate at the 88% con-
fidence level) of less than 5% were to be employed
in determining instrumental calibration factors for the
measurements. Sufficient count data were to be
accumulated that the uncertainty component in each
result cue to counting statistics was less than 2% (al
1rconfidence}. The expertise of the participants was
otherwise ralizd upon to provide unbiased and precise
resulis within their capabiities.

The radicactive isotopes measured in this
project were thorum-230, radiom-226, lead-210, and
palonium-210  {uranium-238 decay series); and
thorium-232, radgium-228, and thorium-228
{thorium-232 decay series, measured in UTS-1,
UTS-2 and UTS-5 only). In addition, one laboratory
provided measurements of thorium-232  and
thorium-228 in UTS-3 and UT3-4, &nd pro-
tactinium-231 in all matarials,

The analytical rasults are presented in
Tables B-2 to B-11. The calibration standards are
identified in Table B-14. Radiochemical methodalogies
are summarized in Table B-12: contractor reports and
references cited should be consulted for mere detall-
ed descriptions.

CONSENSUS ACTIVITY VALUES:
STATISTICAL TREATMENT OF
RESULTS

The grand mean of &l individual determina-
tions exclusive of statistical outlier s2ts is defined as
tha consensus value far the activity of an isotope for
purpases of this program. Dixon's 't statistic for the
exireme laboratory mean values was used to identify
labaratory sets having a low probability of belonging
to the assumed consensus universe (B2). A level of
significance « = 0.05 ir ps) was used for this pur-
pose. The suspected sets were excluded from the
calculation of the consensus value and its uncertain-
ty. Four instances of such apparent outliers at this
corfidence level ware detzcted in the 29 consensus
detarminations herain [Table B-17). However, the
positive result in one case (Ra-228 in UTS-1] was
deemed o arize from a fortuitously small variance in
the small set of peer means, and was consagueantly
nat declared as an outlier sat.

Results of analysis of variance (Tables B-15
and B-18) indicate that the between-laboratory com-
panent is gensrally significant relative to the within-
laboratory component s has been observed fo ba thea
nerm in chamical analysis consensus programs.

The consensus activity values for UTS-1 to
IUTS-4, their uncertainty estimates, and associated
statistical parameters are compiled in Table B-15. The
confidencea limits {CL) estimate the rangs of
reproducibility of the mean in 95% of cazes were the
identical program to be repeatad many times. The
avarage within-laboratory relative standard deviation
GV, %) and the relative standard deviation of the
individual determinations from the grand mean [R50,
%) provide an indication of how closely an indivicual
determination approachas rezpactively, the laboratory
estimate and censensus value on the average for
general comparative purposes,

The corresponding results for UTS-5 are
compiled separately in Table B-19; a 'bias estimate’
comparing the consensus and predicted activity
values is included for this material,
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DISCUSSION

Results for UTS-5

UTS-5 was incorporated in the corsensus program
a5 a 'blind control’ material to indicare potertal hiases
in labaratory methods and conseguantly in the con-
Sensus values, Gamma-ray and uranium concentration
measurements indicated that a hamaogensous dilution
of DH-1a (49.4 % 6%, 24} in the silica was ac-
complished in the blending of this material IB3). From
the certified uranium and tharium concentralions in
DH-1a and published half-ives, the activities of
dranium-238, uranium-235 and thorum-232 in UTS-5
are 15.86 £ .32, 0.744 + 018 and 1.82 + 1C
Bg g1 respsctivaly, with dncertainty estimates pro-
pagated at the 92% confidence lzvel (B B4 ,B5 B&),
The censensus value for radium-226 in CiH-1a in a
lhirtean-lzboratory consensus orogram wes 31,5 +
1.1 Bg 0~ essentially confirming wranium-radium
secular equilionium (3], Itis inferred that there iz a high
probatidicy that thorum-230 = ako in secular
equilibrium. Baden smanation rate measuraments of
DiH-1a suggest that leag-210 and palenium-210 may
be 3 to 5% or more below secular equilibrium valuss
i these rates existed in the natural ore state
{B7.B8,B9). Polonium-210 in DH-1a was measured
g5 31.3 = 1.1 Bg g7 (85% OL), hawever, sug-
gasting agquiibrium (B9), In view of the relatively short
halt-lves of radium-228 and thorum-228 ang the
nature of DH-1a. it is highly probable that these
izotoges are in secular equilibriom with tharum-2 2z,

The consensus program resulss for UTS-5
are compared with the predictad (secuiar equilibrium,
conditions in Tabie 8-18. In all cases, the consensus
means are in agreement with the predictad valuas,
within the 35% confidence fimits. The 'bias ezlimate’,
i.e., the relative departure of the conzensus mean fram
the oredicted value, is well within the 955, confidenca
interval estimate for each isoctopa. The bias estimate
appreaches the 895% confidence limit aniy for
pelonium-210. The single labaratory result for
protactinium-231  sugaests either a slightly low
methodolegical bias or a lowsr than aquilibrium activi-
ty for this isotope in UTS-5.

It is inferred that the consensus meszns.
witnin the statistically determined confidenca intervals,
are likely to provide reliablz estimatas of the activities
prasentin the failing materials, orovided that very dif-
ferant matrix or spectral interference effacts are not
encountered,

The recommanded values for isofope ac-
tivities for the tailings reference materials UTS-1 ta
UT5-4 are campiled in Table 8-18,

The recommended activities of uranium-238
decay series izotopas in UTS-1 are not significantly
dfferent, i.e., their 95% confidence intervals overlap
atabout 3.5 Bgg—1. Thus arium-230, radium-226.

lzad-210, and polonium-21C are cloze ta, it not in,
secuar aquilibrium in UTS-1. Tharium may be slightly
depletad relatve to radium in UTS-2 (230Th/2280, =
08 +£0.2), a= may be lead-210 ang polonium-2 10,

Thorium-230 is found to be depletad relative
taradium-226 in UTS-3 and UTS-4 with activity ratios
of 85 = 07 and 52 + (g (2o} respectively.
Thorum-230 is simifarly deplated relative to lead-21 0
inUTS-4 {ThiPo . 71 + 14}, Within the measuremen?
uncertainties, polonium-210 iz comgletely supported
by lead-210 in both materals (activity ratios of 84 +
N8 and 85 + 15 respactivelyl. Similarly lead-210
may be completely supparted by radium-225in UTS-3
lactivity ratic of .95 + 06}, Lead-210 may he slight-
ly depleted in UTS-4 (210P5/226Rs = () 54 + 0058

There is no significant evidenca for dis-
equiibrivm batwaen thorium-232 | radium-228, and
thorium-228 in UTS-1 or UTS-2 | wias dacided o
incorporata anly the weEpectromatry measurements
of therium-232 in the radiccnemistry consansus ora-
gram, as neLiron activation measurements of thorium
are baing incorporatad in the chemical endlysis cer-
tification program for thess materials. Tharium-232
activities, calculated from chemical tharium values
(Part &, Table 2] and tha specific activity value 2,04

Bgmg-—* (B5), are 0.58 and 0.70 respectively for
UTS-1 and UTS-2. These are about 25% [ower *han

the recommended activities  derived  from
radiochemical maazuremants; however the uncertain-
ties aliow for substantis) agreemernt of both sets of

rasiits.

Comments an Precision and Accuracy

fhe conficence intervals gansrally indicate
the current axtent of agreement between particisating
laboratories as lo the activities thzt are present r
these Canadian tailings maleriala. On the averags
{over the five materials) the relative 25% confidence
intervals are radium-208 {ZE.5%), tharum-230
iead-210, and polonium-210 (8l about =13%),
thorium-232 oy alpha speciromatry [(X19%),
thorium-228 itZ24%; and radium-225 (£34%)".

The relative standard deviationz of indiviciual
values from the consansus Means provide a com-
parative indication of how closely 1 single detarmng-
tion can be expected o approach an interlaboratory
tonsensus value at prasent (Tables B-18 and B-1 g},
Averaged over the five materialzs, these are 17, 10
10 and 12% respectively for thorium-230
radium-22€, lead-210 and polenium-210. Averaged
over the three materials the valuas are 18, 20 and
22% for thorium-232 f,alpha-apec:rc-ni:;rry_:.
radium-228 and thorium-228.

“The cony cE (M sty

i are of course wetghited &

of determi S i il -k by Aifeven |
Tar the wvanitim-238 sapizs and ) PN -232 sprias isctapes 1 {ins
programy (110, 82)
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Similarly, the wvalues of average within-
iaboratory relative standard deviation |CV, %) indicate
haw clossly an individual determination may be
expacted to approgch the mean valus of a number of
measurements  within an 'average' participating
laboratory. Averaged over the materialz, the values are
10, &, 7 and 5% respectively and 12, 11 and 10%
respectively for the uranium-238 saries and
tharium-232 series as shave.

With the exception aof lead-210 determina-
fions, no consistent evidence for refative metho-
delogical bas between laboratories could be
deduced from an examination of labaoratory mean
values for all materials, In the case of lead-210 the
maan results from laboratory 2 were conzistently the
fnighest in all materials. |f relative bias exists in ather
determinations, it is sufficiently small to ba masked
by the within-laboratory mean uncertsinties. Some
cartial trends are observed: however, these are
incenclusive in view of the small amount of data, That
the laboratary mean values are otherwize apparently
randomly distributad lobbies In favour of the
hypothesis that the consensus mean, within ils
statistical uncertainty, is the best available estimator
of the true value from the pregram data. The vaiidiby
of this approach is supparted by the results for UTS-5.

Notz must be taken, however, of the results
found to e outside of the consensus, particularly in
view of the strong between-laboratory components of
variance and the statistically small number of
laboratories involved in the program. Inclusion of sets
declared as cutliers would result in recommendad
values remaining within the current 95% confidence
intervals, but woula approximately double these uncar-
taintizs. The apparont disagreements do not appear
to stem from consistently observed methodological or
calibration differences,

The relatively high degree of between-
laboratory accord in the determinations of radium-226
is noteworthy. This probably arizes from a combina-
tion of the uze of estzhlishad Separation and tracer
methodologies and a generally nighar degrae of
experience with the isatope than with others, the usa
of common-source high-precision calibration stan-
dards, and passioly a less idosyncratic nature of
radium-226 towards matrix and speciral interference
oroblams,

The accuracy of the results nsrein, of
course, can be no better than the accuracy of the
instrumental caliorations by which thay were abtain-
ed. Galibrations, for the most part, were obtsined
using commercially available isotope reference
matarials bearing certified total uncertainties {Tabls
B-19). The uncartainlies in the calibraton standards
are not explicitly incorporated in the statistical uncer-
tainties reportad herein. Any significant differences in
calbration parameters, laboratory-to-laboratory, would
of course be reflected in the between-laboratories

a7

variance and hence be incorporated in the recom-
mendet value urcertainty. Such consistent biases are
apparently masked by larger within-laboratory
variances with the one sxception noted above

The NES radium standards usad in the pre-
sent wark are certified as to radium mass; however,
the uncertainty estimated for the specific activity and
haif-life of radium-226 of £0.44% i(2a] ncroazes the
relative uncertainty in the calculated aclivity anly slight-
Iy (B10y},

Galibration sclutions containing thorium-
232, radium-228 and thaordum-2 28 prepared from the
1806-refinad thorum nitrate hydrated salt bear activily
uncertainties propagated from uncertainties in the
mass of therium prasent® and the specific activity of
thorium-232 (811 B12). Tha activity uncertaintias of
all three isotepes are probably less than 5% in view
af the age of Ihe =alt This material (AM TYS1) is
employed as 2 calbration source for the alpha-
spectrometry detarminations of tharium isotopes and
the beta-counting determination of radium-228 by
several participants.

Laboratory 4 determined the activity of a
tnorium-228 solution relative to that of thorum-232
in a thorium: nitrate solution from alpha activity ratics
measured in a standard additions procadure, The
thorium-230:/thorium-228 actvity ratios in spiked
samples ware then used to deduce thorium-2:30
activities. Tha ratios in unspiked samplss were used
ta correct for the natural tharium-228 orasen:
however, this intarfarence was neglicible excentin the
case of UTS-5, The activities of thordum-232 and
tharium-228 jn UTS-1, UTS-2 and UTS-5 were detar-
mined relative to thorium-230 fram the alpha activity
ratios from the unspiked samples.

Secular equiliorium assumptions ara implicit
in the use of chemical calibration standards by
laboratary 1 {monazite sand for thorium-228 and
radium-228]), lzberatory 4 (aged thorium oxice for
radium-228), and laboratary 7 (BL-S for tharium-230;.
The assumplions in the former two cases are prabably
reazzonable from age considerations, and in the latter
case by infersnce from indicated radium-
226 uranium-238 secular equilibrium {3).

Laboratory 8 empioyed commercial
emericium-241 and lead-210 thin sources to detar-
mine the geometry/efficiency calibration for jts alpha
spectrometer and beta proportional counter respec-
tively. Calibrations were confirmed with a standard
radium-226 solution and other sources. This
laboratory reportad a problem with apparent changes
in the activity concentration of radium-226 standard
solution stored in a polyathylens batte.

Calibrations for the detarminations of
lead-210 and polonium-210 were atherwise ax-
clusivaly performed with commercial certified solufions

*One ot of this maberial was found to contain about 4% of
sulphate and 40,73 £ .05% tharium vs, 37.45% for the Farmki-
fion .jrhl"_'w\'lﬂ_i_:'.! &H‘?Li IXHT I)

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)


http://www.novapdf.com

af lead-210/bismuth-210/poionium-210 (AM BBEZ),
polonium-210, or polonium-208. Palenium iz
notorious Tor plating cut on containars and the REZ
referance sclution certificata bears a caveat that thare
is no guarzniees that tha palonium ramans in sclution.
IT this cocurrad in calibrating solutions but not car-
respondngly in samples, a high oias in repored values
would result. This iz not indicated in the rosults for
UTS-5.

Mo oovious gensral correlation was nolad
batwaan the magnitude of aztivity [or nature of the
materizi} and the magnitude of uncertainty of & given

isotope. Lanoratory 5 indicatad that within-labararory
reproducibiities experienced for thorum-230 and
radium-226 in UTS-4 wera paorer than expected, 2nd
that gamma-ray measurements of radium-226 in
UTS5-3 and UTS-4 differed significen:ly from alpha
spectrometry results, both for unencwn reasons.
Similarly, laboratary & reported 'pocrer-than-expectad’
precizions or exlended replicate determinations of
radium-228 and lead-210 in UTS-Z, Laboratory 8
found that natural barium in some materials degradad
their aipha spectral rasclution, sufficiantly that tailing
corrects were requirec, thereby rasing the
Lncertzinty.
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Tahie B-1 - Cantributing laboratories for radiochemical determinations®
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Chemex Laboratories Ltd.
Morth Vancouver, Brilisk Columbia
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Mononoo Analytical Laboratorias
Calgary, Alberta

(J. Gean, M. Chiu)

Contract 1550 23440-2.9945-4

Physics Department, University of Calgary
Czlgary, Alberta

(S Bland, P, Jarvis)

Contract 1650.23440-2-9145-5

Saskatchewan Research Counci

Sazkatoon, Saskatchawan

(G, Smithson, V. Penner, M. Knelson, R. Ortlepp, L. MacDonald)
Contrazt 1530.23440-2-3145-1

Eldorade Rescurcas Ltd, Research and Development Division
Ottawa, Ontaria

(M.C, Miedema, G.A. Dunlop, R. Jones, G.B. Mocdis)
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Ottawa, Ontarg
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Waterloo Research Institute, University of Waterloo
VWaterloo, Cntario

(H. Sharma, B, Hauk)
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Table B-2 - Analytical results, laboratory means and standard deviations
for 23BU-serjes isotopes in UTS-1

Bgg! Mazn 5.0
23T Lak-2 {n 2.37 2.74 2,50 248 154
Lab-3 [z 3,52 4,81 3.52 5.47 @35
Lab-4 o) 4.91 258 3.70 4,37 503
Lah-5 {n 583 a.4% 4,04 3.64 240
Lab-B () .01 3.15 G2 2.0z Rl
Lzb-T fa 2.59 3.77 4.11 325 BE5
Lab-& 1n .60 .63 a4.77 3.75 138
228Ra Lab-1 {a) 2.8 3.3 4.8 a 3.65 a2
Las-3 daf 4 .03 .81 3,42 3.549 3.713 Z2ES
Lab-4 () 3.88 .80 3.80 413 5.BE3 219
Lab-5 (o) 4.53 3,53 347 3.45 3.43 a.500 D2E
Lab-5 [+ 3.49 3.62 3.505 e
Lab-& (5n) 2.5 a.6a a.44 3.33 3450 141
Lab-T (o) 3.81 3.40 3.8z 3.ER 3.745 2dE
Lab-5 [} 3,79 2.04 3.59 415 3805 253
21000 Leb-2 (4] 3.5 3.44 3.48 N3 3.430 038
Lab-3 {3 3.00 203 318 .00 5.062 Ruft:
Lab-4 {z,210pg) 5.3 3.33
Lab-5 4 2.3y 2.84 a.07 315 312 2.80 3paz 129
Lab-& [3) 3.27 .24 324 315 a.zes AGET
Lag-¥ (- 252 2.40 2,52 181 2.313 340
Lab-8 i a.70 2,72 4.08 3.34 3260 574
210P5 Lab-2 {q) 3.44 e = 3.26 3.0a 5258 1 6E
Lab-3 i) 25 2.5 2.8 a8 267 05
Lab-4 jc) 3.60 377 348 3.84 3.542 185
Las-5 o 2.8z 2.8z 2,89 281 2,89 PRl
281 7.58E 057
Lab-& f 3.00 2.81 .05 2,85 d4.8322 109
Leb-8 o 3.48 .44 .87 368 3.EG2 120

FOnetier sar
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Table B-3 - Analytical results, laboratory means and standard deviations
for 238U-series isotopes in UTS-2

Bog—1 bear 50
20T a2 j) 526 az3 3,44 a.aa CRCR B 036
Lab-3 o 5.8 .87 5.0 1,70 E o
Leb-a 4 496 4 08 18D 487 4610 ekt
Lab-5 i 387 4.08 3.786 4,80 572 3650
Lab-6 fo) 2,06 5,43 3,78 G4 2173
Lab-7 g 4.74 485 4,37 4,63 4 800
Lab-d () 5,232 g .6 877 G670 6,588
22583 Lab-1 ja) 5.9 5.6 ) Fa B4 z
Lab-3 fa 2,36 4,97 4.74 458 5 140 B27
Lag-4 fo L] &.84 s 6.07 5055 1
Lab-5 ol 4 B0 5.80 5.84 565 5,785
Lab-5 () 564 £.00 G320
Lab-6 (A 5 .01 6,06 5,08 7.01 4.7 f.18
4.aa S.48 5.76 513 5,43 5416 BERTS
Leb-7 ‘o .70 B E5 207 & 05 5.065
Lam-8 i) £ a5 4 1% 508 4.28 £.003
#10pp Lah.g 7 4.85 4.7 ES 33 4870 Az
Lzb-3 8! 4,40 4,84 423 ! 4,338 1
Late-d i 21020 481 4.57
Lab-& 1 462 467 4.49 465 4,93 4.71
4,69 4.62 4 85 4.78 4.721
Lat-8 (8 5.d 4.19 3.89 508 517 4,00
5,53 4.4 4,66 215 3.a7 480 7
Lab-7 115 3.77 3.25 2 81 a3 5.450
Las-8 43; S.E TR 4.75 5.24 £330
1390 {ah-2 |y 4492 4 81 51E 47 4 TEE 1]
Lah3 4.2 4,3 363 4.5 £18E t
Las-4 {x) g dd 5.43 §.64 5,52 5820
Lab & fu) 3.88 4.25 3.84 368 437 407
4,42 4,37 4.00 4,127
Lab-8 {2 LRl 4.33 1,66 4,58 4,403 ;
Lao-& fa) 411 3.85 348 360 3,734 a0z

P :
Chutliar set
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Table B-4 - Analytical results, laboratory means and standard deviations
for 238U-series isotopes in UTS-3

By =1 Mean 5.0
230Th Lab-2 (o) 10.2 0.0 0.5 1.0 10.42 COE
Lat-3 {x 11.4 12.1 1.3 12.2 .80 AEE
Las-4 (s 1.6 13.0 14,7 13.2 12,83 800
Lab-5 {o) 11.5 11.7 12.8 11.3 s 11,84 B8
Lab-& {m) 108 ‘0.6 10,4 10.4 10,58 236
Lab-7 () 12.5 10.7 B 9.7 11.00 1480
Lab-& e 11.0 1.3 10.2 T4 10.73 51z
2288z Lab-1 o) 145 14,6 14.6 7.3 10,8 ar
Lab-d () 13.0 14.0 1534 4.3 13848 SBE
Lab-4 [c) 14.4 14.9 145 37 14,38 434
Leb& g 12.2 12.5 12.8 12,8 12.78 .1@a
Lag-3 {4 T4.8 14.4 14.5 14
Lab-G (Fin| 131 12.0 1728 12.9 12,70 483
Lab-¥ e 13.9 13.2 13.5 15,6 13.83 A1c
Lab-& o) 12,7 12,0 12.8 13.4 12,60 GRS
A10pG Lab-2 (&) 13.1 13.8 141 13.4 13,80 ATE
Lab-3 i3 11.5 121 12.3 15,7 12,28 704
Lab-4 fa, @108 11.4 11.4
Las-5 {3 2.8 12.4 11.5 12,3 13.3 122
13.4 157 14.0 12.64 A1z
Lab-5 [3)] 12.0 12.7 11.9 127 12,32 435
Leb-T {4 108 12,8 14.8 g.25 11.92 2,387
Las-a i) 13.4 15.2 154 11.8 13.02 BAD
210Pg Lah-2 {a 13,2 138 13,7 127 13,30 AGS
Lab-3 () 11.7 0.1 T.a 105 11.12 k]
Lao-4 [ 1.4 1.0 11.2 11,2 11.50 4G
Lab-5 [r) 11.84 11.64 11.54 11.68 12,02 1.84
1221 12,21 11,47 11,85 241
Las-G () 11,91 9.499 .03 1029 1076 G2a
Lab-& () 12,8 131 12.3 12.3 1262 ci-1
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Table B-5 - Analylical results, laboratory means and standard deviations
for 238U-series isotopes in UTS-4

Ba g Mean =0
230TH Lag-2 la) 22.5 23,4 226 a3z 2293 404
Laab3 () * £0.8 427 ag. e 41.5 £0.40 2RH2
Lab-4 [ol 24,7 Zq.z 245 33,7 2400 818
Lab-5 | 4.8 16.5 186 20.8 18 08 1441
a5 () 244 2.8 228 23.0 sa.8s aca
Las7 fee) ar. V7. a7 24,5 24.20 4,389
Lak-& () 234 26,2 241 24.7 2465 1.127
22602 Lab-1 (o 388 478 47 6 40,2 23.0 5,81
Las-3 {m) 374 40,0 ag.y g4 3863 1146
LA fcd) 304 as.q 400 4 a5.1 3470 577
Lak-5 () 24,2 a.e aa.n 3.4 arai ar.ao
az.1 a5.14 3,433
Lzb-5 (4! 35.8 as.e a5.745 29z
Lag-8 (Rn) 39.c a6.5 a5.0 a5 A7 .60 2.223
Lak-7 fr aE.C ao.7 44.3 KN a9 fas
Lab-5 {e] 40.5 a5.4 42.7 40,7 40.82 1.374
210ph Lan-2 (3] 587 a5.5 W B a7 36,40 T8
Lab-3 (3 83.0 an.7 42.0 3.7 az.as 1.403
Lag-4 jo 2 10P0; 208 0.6
Lab-5 [&) a4 ooz 23,8 a4 .8 54 26.9
1.4 an.a7 2.5305%
Lab-& 1) 350 as.z 45D 358 35.85 Fetele)
Lak-7 (5! 30.0 a4 ac s az.G 32.45 2473
Lao-8 (] 2d.4 252 28.5 2a.7 28.40 1175
2102 Lab-Z (ol 4.8 4.6 4.5 6.0 35,45 1.GEE
Lab-3 () 256 252 B30 24.5 L0 1.088
Lab-d (e 353 ar.a 321 ar4 3585 o RCHE
Lab-G [ 298 an.a 78,0 28,1 ar.i 27.8
29.4 2506 29,38 1.090
Lab-B (e 334 4.0 3.z ak.4 SRR T 1.295
8.0 27.4 57 AE A

wabed (el 2748 27,2

FOuEler sor
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Table B-6 - Analytical results, laboratory means and standard deviations
for 238U-series isotopes in UTS-5

. B g ! bl zan 5.D.
E20TH Lab-2 for) 15,2 6.4 g4 146.4 16.30 271
Labe3 fa) 14.8 125 14 5 14,1 14,52 61
Labed Ja! 15.6 15:3 16.0 £.3 15.80 240
Las-& ia) 1H.T Rl i 15.4 158 15.3 15.8 15.60 .?9-1
151 .
Lab-& fo) *5.a 15,7 14.3 15.8 o ;
S : ; 1528 5
Lab-7 {a) 16,1 18.8 6.8 18.2 17.3¢ 1'??9
Lab-8 f=) 12 12.4 13.4 12.2 12.75 551
22ERA Lab-1 fat 21.4 22.0 18.3 18.3 J
1 ) : 23, i : 20,08 g7
Lab-3 fe) ‘a0 122 14.7 15,3 14 52 : gfa
Lab-d fa) 157 16.5 16,5 6.6 1688 7
Las-5 (g 15.3 16.3 18.7 12,5 161 15.0 15,63 784
Lab-5 i) 17.8 17.5 17.85 217
Lab-6 (P ‘g2 126 16,1 15,0 15 62 rev
Lab-T {a) 15.6 18.3 15, (65 16.08 420
Laz-8 ju) 18.1 15.4 15. 15.7 15.56 acd
Z10PE Labe2 1) 164 17.0 17.3 16,9
16, : 17.3 . 590 574
Lebd i 3.4 13.8 13.8 148 13.98 551
Lat-4 (e, 210Pg) 1558 133 '
Lab-5 i3] 14.0 14.1 14,4 145 4.8 14 5 '
13.7 427 7
Lab6 (@) 14.3 14.6 T4 ¥ 14.7 ?Igz sz
LebeT 1@ 17.7 13.7 13.0 168 1540 2 200
Laz-8 (4] 114 0.5 8.2 R 10,75 1 185
A10Pg Lahe2 |l 158.7 17.7 16,6 17.7 3
| 2| : 16,6 Lo 1840 57
Lab-3 In'.j 11.3 10,4 11.5 14.2 | 1.3‘; E| 258
Lb-d {a) 14.2 4.8 15.2 14.5 14,65 427
Laz-5 jai 1.5 2.8 13.0 | 2.6 1.8 1.8
13.0 33 :
12.33
Lab-B (o 14.5 15 1 18.2 15.5 533 t?]fz
Leb-5 [a] 1.8 12,4 128 10.1 11.75 10
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Table B-7 - Analytical results, laboratory means and standard deviations
for 232Th-series isotopes in UTS-1

Bgp-! tdean 5.0
23277 Labd {u) B4 579 551 £S5 BED Rilery
Lam-2 fed Bio BHE E£48 R
Lab-2 1+
daught; 570 AT 570
Laz-3 ) e a2 G 23 7as B
Lati-2 e Al T74 Bl T 7O 0ER
Lab-5 1! itz 55 £5 a3 B2E oga
Lab-5 IMas) 61 B
Lab-B (o) 75 7o A ) TiA 051
220Fa Lab-1 1 <1, <1. <1, <1
Lat-3 13) 74 oz 74 A3 758 120
Eab-d ol Bkl TG
g5-5 (@) B4 A3 55 L2 57 Adz o1a
Lan-2 i A8 71 A 7 758 0BG
@28Th Lab-2 |xf B g & G ]
Labe3 fu) G4 7 BT 52 Fes A3
Laa-4 {o) il 7o B2 75 752 087
Lab-5 jur S &5 i1 A5 Eiic OE
Lab-& [z 1.22 7E 77 6 & 248
Table B-8 - Analytical results, laboratory means and standard deviations
for 232Th-series isotopes in UTS-2
Be g~ fAean sC
ZI2TH Lag-1 (MAA] Nitsle GEE Nat=h BED L 015
Lax-2 ja) s N=ge] el 50
Lab-Z 1+,
daught RitT: Nsil Nita]y itak!
Lab-3 (=) A7 Nl 1.20 .83 Az 267
Lab-4 fa) 1.10 .85 a5 5 875 107
Laoea fo) 55 05 a5 54 FT 740 121
Lab-& (MAA) T4 T
Lab-8 o) AN 1 1.27 el 1088 205
229Rz Lab-1 (o <1 =1, <t = :
Lag-3 i3 1.a7 1.1 1.26 118 1,748 o8z
Lab-4 [+ 1.28 123
Lab-5 i g B0 54 .80 ED as a4z 060
Lab-& 1] 1a 1.16 1,23 1,09 1165 058
2387Th Lab-1 (o} Ny G 2 B B
Lao-3 |wl 85 87 1.27 1148 1.078 2332
Lab-4 fa 1.07 B 1.03 100 Rkl Nui-h]
Lab-5 o E6 G A7 g 74 T2a 17
Lab-& {u) 23 1,29 1 1.44 pedate Ao
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Table B-9 - Analytical results, laboratory means and standard deviations
for 232Th-series Isotopes in UTS-5

Bogg ! Mear S0
Z32Th Lab-1 [MAA] 1.89 1.6G | .65 |8 1,880 a14d
Las-2 {m) 1.87 1.80 |.838 050
Lag-2 (7
daught) 1.5 1.88 1810 042
Lab-3 {u) 207 a0 .8z 1.85 2.060 Bed
Lab-4 fix) 2z 2.51 2.34 243 2,475 053
Lab-5 {o 1.60 1.72 .83 .71 1.78 1z
Lab-5 (MAL 1.78 1.78
Lab-5 [ 1.aa RS 2.01 1.35 1,860 fetal:
2230a Lab-1 (3] 1.0 a0 1.0 1.0 1.25 1vln]
Lab-a (i PRl 2.2 2.1 2.8 2.2 2oz
Lab-4 [~ 2.5 2.85
Lzb-5 [9] 1.70 1.60 1.66 1.58 | B .88
1.459 1,667 104
Lag-& () 1.95 1.73 1,80 1,68 1533 .09z
220TH Lab-1 [ 1.4 1.5 1.8 1.8 1.80
Leb-3 o) 1.97 .40 204 1.85 2ORS eicky
Lab-4 !e 2.86 2.40 2.47 2AER Z4nz .ore
Lab-5 (=) 163 1.72 2.0 1.58 1552 Fi
1,61 1.83 1.54 1.87 1.712 16

Lab-8 (i)

Table B-10 - Analytical results and laboratory
mean values for 232Th and 228Th
in UTS-3 and UTS-4 (Lab-3 only,
alpha spectroscopy)

By g~ 1 Mear 50,

UTa-3 2221h = A6 22 () A8 .05
22ETH Ad 16 23 .14 18 .04
UTS.4 #3ETH 40 .58 T3 .48 A48 07

2287, 22 27 14 26 23 .04

Table B-11 - Analytical results and labarataory
mean values for £21Pa (Lab-3 only,
alpha spectroscopy)

Bgg—? Mean 5.0,
UTS-7 23 243 20 18 21 03
uTs-2 e a7 B 37 a7 A1
UTS-3 54 TB £1 A5 TG B

LTS-4 2.2 2.3 21 2.8 2.4 2
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Table B-12 - Summary of radiochemical procedures (a, b)

Leb-1 Decomposiions of repeated mutiole acid digestisn; =G1, HMDo. HE, He50,. Residacs lused with LIBC,. Dizsolvad in 10%
HHO3/ 1 0% HE

Separatons: valumatic alguots)

2285, = (&), w-EPECTOSCORY.
EELTe - 1¢), tna 133Ba), &-cauntng,
2327E, 2287h - two-stage [XSX (TTA) ssiracl consertrsted and ovaporated an a steal plaroest

wspacioscopy, £3E5Th alsa oy WAA

0 oE

Lab-2 Docompasition by repeated multins acic digestion, HMC4, HF, HSIO, (0028 t0 0.5 o

Saparations:
21Cpy — ) 1),
2100y A5 deposition with ascrane acid recuctant (1), w-spectremeliy
2207 — Successive copracinitations wth larthanum as hydroxida end fuoride with Ba o o-
mack’ carier for Ha, fina! oot collocted on 045 am fiter far s-anscrometry. 23470 fracer
by f-counting. 230Ta agzitans imolied negiolble saf-absarptan
Lak-3 Decompositions: for Ba, Tn: 2 5 by KF and gyeosulphate fusben 125,
for Pa, Pbe 1 g by repeatzc mullizs digestions: HNO,, HE, HO 4.
Sepurationz
22ER5 = il aspectrometry,
2280, = dali1 3, 4, 3), #2840 goounting,
230Th, E3EThH, #28TH — supernate fram (o] volumatrizally giluted, ang sootinto two aqual partans ona spked
with Z28Th, Fallowlng S0 [HDEAR (5), haniur oasrecipiated with carous hycrasda,
cobectee on 01 wm filter far cespectromenry (6]
21CpE = (dl 1)
2itpg — cooecipitation with FES, cissolved in BC 1 M ceposition for a-spociramery (7], 208Pg

Iracer ussc,

Lan-4 Dasompositions by HE treatmant followed &y WF and pyrosulphale fusions of | g surples (8, 4)

CERAratons

EEEML ~ Aal, a-spectrometry.

#3dTy 228TH 2347 - ocooreciplatoe with cerous hwdroxios in presance of EDTA from supcrrate oo (00 filnceesd
onta 2.7 am fSder for e-spectromatry.

2107, = coprecipilatad with telladum in presence 305, 10, colleciad or 2.7 am fiter. (2085F
fracer usas, m-spectirometry )

=2 0Rg — No sBpErafions, y-speciromatry of 22540 or 40.78 g samaoles.

2itpg — ndirectly, &5 supparied 2199,
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Table B-12 (Cont'd)

Lab-5 Decampesitions of 1 g samples by rrspeated' digastion with HF, HaHS0, ‘allowed by fyrosulphata tusions, Radium samples dis-
solved in HMNGQy, others in HET,

Separations:

22bgy = Icl (1) {gross-alpbs countng, with decayingrowtn corections), talaz, gamma-
Fpeciramatry, 10 gl

2Ry = {2} (1, 8) {f-counting of 22840,

21dpy — id} Q1) [@-zounting of 2198,

2108, — Mg depostion In prazence of asoorbic asie and thioasetamida, 1238Pg fracer used.)

2327, 2287h, 2207 = asaries ofiron hydrowide and barium suiphate coprecipitation steps ‘ollowss b S (TTAL
bacs axractan (2 p HMCa) aosrecigitaton with carops fydraxide with collacticn on

& QLT wm filer of cospactomatry. (73970 racer). [222Th 2lag By MAR).

Lab-g Cecompositions: for Ra by fusion with Razhing flux, MagCoatC0:/Nas8,0y {10 For Th, Po oy ®F and pyrosuiphate
fuzions (11} For Po by multipla 2cid gigestion; HF, HMG,, HaS0,, HET (1-2 g zamples.)

Separatiang;

2265, ~ P22Rn emanalad sfter & d Storage of de-emanated selution in a sealed buzolar, 222Rn
and daughters messured by o-scintillation

21cpp - i

210p, — Ni gzposition frem HE1 madiom (293P0 racer, a-spactometry),

230TH = tharium in suzareate from () coprecipitatad with fitanium fycroside at pH 14 anad fillesed

for alpha spectramstry,

-k Decomposiions: for Ra, Tn - repeatad mixed acid digestion with HMO5, HF, HoS0y, folawad by pyrosulpbate fusion and cesou-
tion it HGT ., Far Po — acid cigestion with HNO5, HC1 0y residus leated with HF, Ha30,; distolved in HCA .
1&ll 1 g samples)

Saparetions:

22%pg — b 1} a-spectrametry,

210ph = Ad) it Socounting af 21880 no rscovery tracer

230TH - coprecipitaton with lantharum as nydroxida and then fluarize fallowed by S TTA!, beok
extraction (HRNO3) (1), coprocipilation with titaqum Mydraxice and filtration for alipha
Zpactromstny. '
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Table B-12 (Cant'o)

Lab-& Decompositions of 2 g sarples by repastad acid digzatian (HE HaSGy ) followed by pyroaulphate fusion and disss uten in 100
HET.
Sazartions:
28R - el
2307, 2321H, 2287} = 1% (zation, loaded pH 2-3, sations elutad with 12 W HG1, Th then siuted with 0.5 M
cwalic ac'd) {15), Gualatz destroved witt HNO. . 5% (TTAL back-extractes nje 2 b
HMDg and Tnisstepes electro-depositad (14} for cepeatomatry. (755Th tacer uesd.|

210pp = [¥ eluent [atove) passed through anion 1% (ts ramove L) and Bi exbactag by 5% DOTC,
avapirated o0 panchet ‘o @counting 20 min and © o after extraction

225 - el

210p, — &g decesition, pH 0.3, 9570, sespactrometry, no tracs:

PR " e s ATy et BEES o . g b .
) J{u.*:;r:s o m'.:rl_.'rn-__rnr: e_r:l:.n!;!-:? Bawche U dvierminarions for taflings reference materis and raferenrer citad shegld be coHifed
For deralls (Teble @, Table 135
i ¥ by e i P | - - s . i 3 § y LRy < t
sl ﬂh&:flr‘rékhﬂf_-ﬁ- 1-"(-1-"?"1 Ic'ILﬁlﬂh.‘_E'?_--}-'-"?m?ﬁ-';,"'u.t"-'!y-' X, soivenr antraction; TTA, theonyimifluoroscetone: MAA newtran actiaiion ansiy
HD-.-. SR diwldesthiy-Reryls whosehoric qeld; DOTC, dizthyldithiceerbanare: E5TA ethivenediomine-totaacetic acid: BTRA
, digthidenetriaminepeniaacetic arid, AAS, arapmd abzerption spectraphatormety.
el Rﬂﬁ'lluf Aned cingr redioisctopel are coprecipitatad witk lead suinbaier the prezdaty is diszaivad allaiing EDTA for DTEAL and radinm
s R s g i gt y e
AglpiiTel; sepracipiiafed with barium sulphats wiich is collscted an 2 mambeme fiver for cespECIraa ity or gross alphs counting,
Barmm-133, gelded at the decomposition alage, Iz wsnal) Y

I W5 A reCOTUry fracsy, employing gamma-riy spectromatey [eg (1.
coq ¥ . ) ] - ' 1 4 4 - b ol
(e Lead arel bismuth corrlers are added priar ta decemipesifton, the dissolved sample s in 207 HoT Bismak EX (013 PNATCATHT )
Brtracls evepereted, decompored with HNDg and bismyth :

HILICT Tpvecipitated by dilution) &5 filterad for f-counting of 2108 aftar agciy of ather S-ernitiers. Correction i anplied for dacay of

varozides precivitated (vl 21, The precpitals & dissolved i HOI and

SU0EL and recanery {s traced By A4S measuremiants af i sareier (Tho
e = Ry G e e Mg e ,
fed The Baifin) 50y from (o) is redissalved in alicaling DTPA fallowsing o 3 d ingroieth of 284 BaiRaIS0, b removed by prechnitation
i L T - e N 3 5 i . " i i
seEarated oy X (HDEHP alkgnes), back-gxtricton into A Hf'w.r{'JJ 2 copracinitation werh lavtherunm oralaie waick

and 8.

& fierad for S-counting (1, 5).
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Table B-13 - References cited for radiochemical procedures

1ib)

Smithson, G.L., Dalton, J.L. and Mascn, G.L,
"Radiochemical procedures for determination
of selected membears of the uranium and
thorium series™; CANMET Report 78-22;
CAMMET, Energy, Mines and Resources
Canada; 1975,

Smithson, G., Fahri, M. and Pafrow, M,
“Radiochemical determination of lead-210 in
snvironmeantal samples and samples rasulting
from uranium mining-milling operations': ibid,
Appandix B,

Sill, ©.W. "Determination of thorium and
uranium isotopes in ores and mill tailings by
alpha spectrometry'; Anal Chem 49:6185-
621 1977,

Sill, C.W. "Separation and radiochemical datsr-
mination of uranium and the fransuranium
elements using barium sulphate’: Health Phys
17:89-97: 1989,

Sill, C.W. and Williams, R.L. “Radiochemical
datermination of uranium and the transuranium
elements in process selutions and environmen-
tal samples™; Anal Chem 41:1624-1832:
19649,

Fercival, D.R. and Martin, D.B. “Secuantial
determination of radium-228, radium-228
actinium-227, and thorium isotopes in en-
vironmental and process waste samples™; Anal
Chem 46;1742-1748: 1974,

Sill, C.W._and Williams, B.L. “Preparation of ac-
tinides for alpha spectrametry without elec.
trodeposition”; Anal Chem 53:412-415;
1981.

7.

10

11,

12,

13.

14,

Health and Safety Laboratory, U.S.AEC.
"HASL procedures manual, E-Po-02" New
York, NTLS., U.S, Dept. Commerce: 1972

Sill, G.W., Puphal, K.\W. and Hindman, F.D,
“Simultaneous determination of alpha-emitting
nuclides of radium through californium in soil”-
Anal Chem 46:1725-1737; 1974,

Biand, C.J. and Jarvis, P. "Determination of
radium-226 activities in uranium bearing
raference materials for certification purposes,
final report by Physics Dspartment. Univer-
sity of Calgary”: DSS Contract 1750
23440-2-3064-1, CANMET Minerals and
Earth Sciences Program, Frojact 380101,
Feference Materials; 1983,

Rushing, D.R., Garcia, W.J. and Clark, D. &,
"The analysis of effluents and environmen:al
samples from uranium mills and of biclagical
samples for radium, polonium, and Uranium®™;
Proc Symp Radiol Health Safety Nucl Mater
Mining Milling; 1.A.E.A.; August 26-31, 1883-
Vienna; 2:187-230: 1964,

Sill, C.W. "Decomposition of refractory sili-
cates in uliramicro analysis': Anal Cham
33:16584-1886; 1961,

Danaldson, E.M. “Methods for the analysis of
ores, rocks and related materials™; Manegraph
581, second edition; Ottawa, Supply and Ser-
vices Canada; 1982,

Veska, E. "Origin and sub-surface migraticn of
redionuclides from wasts rock at an abanden-
ad uranium mine near Bancroft, Cntaric™: Ph.D.
thesis, Univarsity of Waterloo (Canada); 1983,

Puphal, K.W. and Qlsen, D.R. “Electrodeposi-
tion of alpha-emitting nuclides from a mixed
oxalate-chloride elactrolyte': Anal Chem
44:284-288; 1972, o

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)


http://www.novapdf.com

o
o

et R L P P e e T

35 VSIS e THMINAT ._T.E.J.M_.E AR AT S SEUBRIG m._u. TEEAIFTEY TR,

PRI 0

U CAruEiy wen
Ilegn ST TIAOGET JIHEO, | acde S T e Y ...u.hc.ﬂ_ R e S AR SRR,

[Pdgqz 4ol

(5] 4002-55M NIN

["udes ou)

EOHL e - — ——— .

[FHgz= 19|

[Ulpez]

—_.:....r..mu_
— == Agx] ALY —— =~

[Yipgs 12 Ulges 12

Ulgeg i

== (5% GlLE-EAN NIN

['ru]
ld 518 dWHDD

i vﬁm_
[£'3) B aegL vaIsn

- — — FJRHIU LN} — —— — — — = g

['rul [ru]
|||||||||| o) 400E-23W NN

[ruj
. (E'E) ZaH Wy

[Tdgpel ligl
1P ek 2dd WY (B 1) 20y Wy
[0dang! 3l

(2 7AW Wy (£7E) ZaU Wy

FRE W 2dgnzl
{50 Sd Wy -

L=
(5] LE- AWH Y

[edes ]
(2 L) 6561F AN

[Fu]
(ch Le-AVH Wy

BHge, ]
{91 o E56k SaN

[F8ue, ]
15 1 L9567 S9N

g ]
(8L LS6EF SHN

Edpp ]
(500 9-r36L 58N

ey

8 [Uiggz 49 ['PIE U Ulgeel I'pis - Ddgn=] =]
LS L-SAL Wy el 57 Wy (G2) b-2Al Wy 5 el 19 Wy =} sind Wy 152l ZOW Wy
[Ylppel [ody g ope b il
- = - Lol g IeZ) Z9d W [Z'2) Zay iy
=By B ———— - - —— [wnuog] — — — — — - -
—_ e — ——— - 1271 ] BaEEu 15 — — — — — - - —_———— -
Bigaz Higzz T Ulzeg Ulose B odpig ) Adaiz
[1aamr) ]

% T AuEpEoUn) WA

g g

@ am

£ qe
Z 0

L ge

SIUBLWAINSEaW [EDIWAYIOIPERI 10} Pasn Sia0el} K19n0031 puUe S|eLjEWw

aaualajal uoneIqQled - F1-g 21gel

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)


http://www.novapdf.com

B3

Table B-15 — Results of analysis of variance, 238U-series

isotopes”®

230ThH 2260s 2100 21 n,.._,

LTS5 Fiatio 7.02 0.ag 8.31 |08 a4.0
7 s 257 244 2.602.81 288

b 821 =t 8,20 5,17 5,21

UTE-F Fiatic 26,3 .77 G1B |08 207
Fos 255 .35 2 56 284

IO g2z Peg 5,28 5,23
UTs-3 Fatio 708 1.00 1.28 18.55
Fos 2,568 2,46 2 54 384

fy. for B.22 7.2z #,23 5,23

LITS-4 Ratiz 41.6 [5.58] .80 19,7 £5,3
Fas 287 277 2.40 2.5 2.58

- 5,21 518 7.25 821 5.22

UT3-5 Ratic 24.7 14.0 12.8 21.8
F.ag 2,51 2.42 257 268

fise Fin 6,24 7.24 6,21 5,21

TRatic of “between-set’ to within-sst’ mega-sguare variance with degraes o)

[1. vakwe afrar resooal of peakable cutlier set.

Table B-16 - Results of analysis of variance,
232Th-series isotopes*

232Th 2285, 22ETH
TS Ratic 2,82 11.94] 7.3z 2,34
F.as 281 318 a7 3.05
i P Tir 413 310 4,158

UTS-2 Ratio 314 [2.88] 338 17.8
an 258 3.11 3.04 3.21

o, fo 7,18 4,74 3477 4,18

UTS-5 Aatia 6,12 [7.87) 13.62 16.4
F o= 281 318 306 3.05
fio, o TAY 443 41E 415

freadom Fuoand Fu, oresp, (40,

“Aipha spectrametry marhadalogy only.
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