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NONDESTRUCTIVE DETERMINATION OF LEAD-210 AND RADIUM-226 IN SEDIMENTS BY DIRECT PHOTON ANALYSIS
4 

DETERMINATION NON DESTRUCTIVE DU PLDMB-210 ET DU RADIUM-226 DANS DES SEDIMENTS 
PAR ANALYSE DIRECTE DE PHOTUNS 

S»R. JOSHI 

MANAGEMENT PERSPECTIYE

I 

A simple method is described for the determination of title radioisotopes in sediment for dating purposes.The technique involves direct counting of low-energy gammas emitted by the two radionuclides.A simple procedure is used to account for the self-absorption of gamma—rays in the sediments.The method gives very reliable methods when compared with prevailing techniques and using certified reference materials. 

The technique does not require any chemical separations,and therefore eliminates the hazards associated with manipulations requiring use of concentrated mineral acids and flammable organic solvents.Also,the levels of other low-energy gamma-emitters can be simultaneously measured.This has substantially enhanced our analytical capabilities and output since we are heavily involved with the lead-210 dating work. 

PERSPECTIVE-GESTION 

Qn decrit ici une méthode simp1e pour determiner, 5 des fins de datation, la teneur de sédiments en radioéléments énumérés dans 1e titre. Cette technique est basée sur le comptage direct des rayons gamma 5 faible énergie émis par les deux radioéléments. On fait appel 5 un procédé simple pour tenir compte de 1 auto-absorption des rayons gama par les sédiments. Cette méthode est trés fiable 1orsqu'on 1a compare 5 d'autres techniques en cours qui uti1isent des matériaux de référence certifiés. 
Selon cette technique, i1 n'est pas nécessaire d'avoir recours 5 1a séparation chimique, ce'qui permet d'é1iminer des risques associés 5 1a manipu1ation d acides mineraux concentrés et de so1vants organiques inf1ammab1es. De plus, on pgut mesurer de fagon simu1tanée Ies concentrat ons d'autres radioé1éments qui emettent des rayons gamma de faible énergie. Cette méthode a permis

_ d'ame1iorer considéraglemegt nos capacités d‘ana1yse et les résultats obtenus, puisque nous faisons enormement de travaux en datation au Pb-210.
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A method is described for the non-destructive determination of 

21°Pb and 226Ra in sediments. ‘The procedure is based on the direct 

counting of the 46.5-keV 1~ray of 21°Pb and the 351.9-keV 1—emission 

of 21“Pb. The self-absorption of ,the 46.S—KeV 7-ray is corrected 

using a technique involving direct gamma transmission measurements on 

sample and efficiency calibration standard. Several reference 

materials when assayed by the described method yielded results in 

general agreement with the certified values. The application of the 

method is illustrated through the analysis of the excess 21°Pb profile 

of a Lake Ontario sediment core. 

On décrit ici une méthode pour determiner de fagon non destructive la 

teneur des sédiments en Pb-210 et Ra-226. La méthode est basée sur 1e comptage 

direct des rayons gamma de 46,5-keV du Pb-210 et des rayons gamma de 351,9-keV 
du Pb-214. L'auto-absorption des rayons gamma de 46,5-keV est corrigée par 

1'app1ication d'une technique de mesure directe des rayons gamma transmis dans 

les échantillons et 1'uti1isation d'une norme servant 5 mesure 1'efficacité du 

détecteur. L'ana1yse de plusieurs matériaux de référence par la méthode décrite 
a procure des résultats compatibles avec les valeurs certifiées. Un exemple de 

1'uti1ité de cette méthode est 1'ana1yse de la courbe du surplus de Pb-210 dans 

une carotte de sediments du lac Ontario.
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Measurement of 1ow—1eve1 21°Pb (t1/2=22.26 years) is required 

in many fields including environmental sciences, health physics and 

geochronology of recently deposited sediments. By far the most useful 

of these applications involves establishing the sedimentation rates or 

age—depth relationships in freshwater and umrine sediments (1-5) by 

measuring the depth profile of atmospherically—delivered 21°Pb. The 

contribution of this atmospherically—delivered 21°Pb is normally 

derived by subtracting the zzskarsupported 21°Pb from total 21°Pb 

present in the sediment core segment. Thus, for geochronological 

purposes, it is important that the concentrations of total 21°Pb and 

detrital 226Ra (t1/2=l620 years) be simultaneously measured. 

Because of the low energy of its beta particles (Emax 18 keV), 

21°Pb in sediments is often determined via its 138-d half-life 

granddaughter, 21°Po. The routine version of the procedure for 

measuring 21°Po in sediments employs digesting sediment with aqua 

regia for several days followed by autodeposition of 21°Po on silver 

discs (6) from a. hydrochloric acid solution prior to simple 

alpha—particle counting (7) or alpha spectroscopy (8). Since no 

tracer is used for nmnitoring yield, the analytical accuracy of the 

data is unknown. Furthermore, in the 21°Po procedure, the 

226 210 contribution of 'Ra-supported - Pb is estimated by relying on the 

concentrations of 21°Po obtained in deeper sections of the sediment 

core where atmospherically~delivered 21°Pb is presumed to have decayed 

completely. The inadequacy of this assumption can be assessed from
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the fact that the levels of 226Ra in various sections of sediment 

cores from ireshwater lakes can vary by a factor of two or more (3,9). 

More refined versions of the 21°Po procedure employ 2°aPo 

(t1/2=2.9 years) as an internal yield monitor whether polonium is 

leached or distilled (10) from the sediment. The 5.l1— and 5.30—MeV 

alpha-particle emissions from- 2°8Po and 21°Po, respectively, are 

readily distinguished using a conventional surface-barrier_detector. 

Even if 2°8Po is used as an internal yield monitor, the aforementioned 

inconsistancy in 226Ra concentrations still poses a problem. 

Moreover, one is not sure of the equilibrium status between 21°Pb and 

21°Po present in a sediment unless the sample is stored for long 

periods of time prior to analysis. Also, the 21°Po procedure for 

21°Pb-dating disregards the differences between the behaviour of lead, 

bismuth and polonium. Most reported sedimentary 21°Pb profiles are 

based on the 21°Po procedure due to the simplicity of the analytical 

protocol, and thus suffer from one or more of the limitations of the 

approach as outlined above. 

A less commonlyrused, but potentially much more logical approach 

determines 21°Pb via its 5.01-d half—1ife daughter, 21°Bi, which emits 

a stronger beta particle (Emax 1.16 MeV). A sample of sediment is 

either leached with a strong acid (1) or, prefereably, fused in an 

alkaline flux (ll) and 21°Pb and 225Ra plus added carriers, stable 

lead and barium, respectively, are separated on an anion exchange 

column. Following further purification, the lead and barium/radium 

fractions are separately assayed for 21°Pb and 226Ra. The 21°Pb assay 

i-

r 
' 

i= 
i F 
‘c - °_

' 

I i s :-



is usually carried out 

precipitation to allow 

Although this procedure 

much more complex and 
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after about a month following isolation and 

2108i to establish equilibrium with 21°Pb. 

is far superior to the polonium route, it is 

time consuming. Also, like the polonium 

procedure, the method is destructive. Less conventional approaches 

for the measurement of 21oPb in environmental samples employing liquid 

(12) or plastic scintillators (13) or Cerenkov radiation (14) suffer 

from this limitation and also in their incapability to provide 

measurements for 226Ra. 

10 Direct analysis of 2 Pb is also possible (15-20) by measurement 

of the 46.S—keV y—ray emitted in bl of the decays of the nuclide 

(21). The nondestructive approach has a nmjor advantage in that it 

permits simultaneous determination of 225Ra either via its l86.2—keV 
211+ y—emission or via one of several y-emissions of its daughters Pb or 

21'-t Bi. This advantage has been largely ignored by earlier 

investigators.. The principal difficulty in applying low-energy Y-ray 

spectrometry to 21°Pb measurements in sediment samples is that self- 

absorption of the Y-ray by the sample is relatively difficult to 

'correct since the attenuation coefficient for loweenergy 7-rays is 

highly dependent on sample composition (22). We have 

Y-ray spectrometric technique for nmasuring sedimentary 

1980 and have assessed its accuracy periodically through 

reference materials. In our earlier measurements, the 

used direct 

21°Pb since 

analysis of 

y—ray self- 

absorption effects were compensated by determining the detector 

efficiency by spiking part of the
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we adapted the procedure described by Cutshall ££_§l. (20) to account 

for the self-absorption effects, The present article details our 

evaluation of this technique using several certified reference 

materials from the International Atomic Energy Agency (IAEA), the 

U.S. National Bureau of Standards (NBS), and the Canadian Certified 

Reference Materials Project (CCRMP). The utility of the technique is 

illustrated through an analysis of the profile of atmospherically- 

delivered 21oPb in a Lake Ontario sediment core. 

EXPERIMENTAL SECTIOH 

Nuclear Spectrometry 

Y-Ray intensities were measured with an Aptec hyperpure germanium 

detector in planar configuration. The active area and depth of the 

detector were 1500 mmz and 10 mm, respectively, while the resolution 

for 122 keV was 720 eV. The detector was shielded by 10 cm of pree 

world war II lead on all sides. Amplified and shaped pulses from the 

detector were analyzed by a Nuclear Data 6620 nuclear spectrometer. 

The efficiency of the_ detector was determined at four different 

thicknesses using Lake Ontario sediment samples individually spiked 

with 2‘°Pb (46.5 keV), 2“‘Am (59.6 keV), 5700 (122 keV), 228Th (239.6 

keV), and Z26Ra (186.2 

has been described earl 

U308/NaHC03 mixture of 

efficiency measurements 
i~.
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and 351.9 keV). The sediment spiking procedure 

ier (23). A homemade standard consisting of a

2 known 38U content was also used to validate 

for the 63.3—keV 23“Th (238U) photopeak.
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Reagents 

Standardized radioactive solutions were obtained from Amersham 

Canada Limited. 

____PI@¢¢<1"" 

The dried, powdered and weighed (5-40 g) sample was stored sealed 

in a 55—mm diameter polystyrene counting vial for at least 20 days to 

ensure equilibrium between 222Rn and 226Ra and then the y—ray spectrum 

was accumulated for up to 2.Sx105 s by placing the vial directly on 

the detector. The events in the 46.5-keV (21°Pb) and 351.9-kev 

(21“Pb) photopeaks were sumed and Compton background subtracted. The 

net sample count rate was obtained by subtracting background count 

rate, measured with an empty vial, from the sample count rate. The 

21°Pb and 226Ra concentrations were then computed from the detector 

efficiency data rand the net sample count rate corrected for 

self-absorption effects. This correction is required for 21°Pb y—ray 

only as the self—absorption effects are dominant in the energy range 

0-300 keV. A normalization technique, based on the findings of 

Cutshall et al. (20), was used to estimate the self-absorption 

correction. The technique relates the net count rate for the sample 

(S) to that expected for material identical to that used for 

efficiency calibration (C) in similar geometry by the expression 
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I-_n(C'/5') 
c = s - __________ , 

1 -. s'/c' 

where C‘ and S’ are photon emission rates of a 21°Pb disc source 

through the unspiked calibrating material and sample, respectively. 

nnsuirs sip nlscussron 

The low-energy Y-ray spectrum (Figure 1) of a Lake Ontario 

sediment core section, obtained at about 0.2 keV/channel, clearly 

shows that the 46.5-keV 1-emission from 21°Pb is relatively free of 

interferences. The nearest comonly observed Yremissions due to 

naturally—occuring radionuclides (39.9 keV, 2123i; 53.2 keV 21“Pb) are 

easily resolved with the planar detector. Of the five Y-rays emitted 

during the decay of 226Ra, only the one at 186.2 keV has measureable 

emission (3.28%). All others provide percent emissions of S.4xlO‘3 or 

lower. The emission at 186.2 keV is not resolvable from the 185.7-keV 

Yrray from 235U which is always present in natural samples. For 

samples such as NBS ‘Rocky Flats Soil’ or ‘River Sediment‘, where the 

235U/238U activity ratio is about 0.05, it can be shown that 235U will 

contribute nearly 42% of the total counts under this photopeak. 

Therefore, caution must be exercised ifi oaé‘ chooses to use the 

l86.2—keV photopeak for 226Ra measurements. This contribution due to 

235U may be accounted for by using the relatively clean 143.7-keV 235U 

photoemission.
i

Q 0



-3- 

A relatively simpler procedure for measuring 22511:: involves 

determination of the Y-emission rates of one of the many suitable 

. . 21'-i 2110 - -~ -
' 

1-emissions (21) due to Pb or B1. Two of the most suitable 

21“P'b 7*-emissions easily detected by a low-—.energy planar germanium 

detector are at 295.2 (19.2%) and 351.9-keV (37.1%). Because of 

relatively lower background in. the region and higher branching ratio 

for the 3Sl.9—keV emission, this photopeak provides better 

sensitivity. Also, the expected interference from the 351.1-keV 2nBi 

Y-emission, if unresolved, is only about 1.6%. On the other hand, the 

unresolved 29~3.7—keV 23“Pa v—ray can contribute about 7.9% of total 

counts in the 295.2 keV photopeak. Therefore, in our measurements we 

employ only the 35l.9—keV photopeak for deriving concentrations’ of 

226Ra. A potential problem in this y—ray spectrometric measurement 

technique is the likely change in geometry due to the release of 2'22R'n 

from the sample and its subsequent dispersal in the counting vial. 

Experiments using 225Ra—spiked samples layered with epoxy glue did not 

reveal any discernible differences in concentrations of 226Ra derived 

from nonlayered samples. We have obtained similar results for 

short—live'd 22oRn in sediment samples (23), while other researchers 

have found no evidencegof escape of 222Rn in similar measurements of 

226Ra in water (24) and .mari'ne_ phosphorite (19). All the current 

measurement in 'our laboratories are, therefore, performed on 

nonlayered" samples. All the results presented in this article were 

also obtained using nonlayered samples.
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The results of our measurements on four CCRMP reference uranium 

ores (2S,26) are given in Table I. The reported values are averages 

of several measurements made between about 1981 and 1986. These 

results show that direct y—ray spectrometric measurements can yield 

21°Pb and 226Ra values comparable to those obtained by other methods. 

A noteworthy exception is reference material BL—5 where all our 

measurements were consistently below the recomended value. This may 

be due to our inability to effectively use the 21°Pb disc source to 

derive the self—absorption correction for this relatively richer 

uraniuul ore. Extrapolation of the correction factor derived from 

2“1Am disc source improved the value somewhat, but the results were 

still below the CANMET values. This inadequacy of the extrapolation 

method is not surprising considering attenuation coefficient is also 

highly dependent on the energy (20). In sedimentation rate 

measurements, one, however, rarely encounters the levels of 21°Pb or 

226Ra presented in Table I.' Therefore, in order to evaluate the 

applicability of the technique to the measurement of sedimentary 210Pb 

and 226Ra, several other reference materials were also analyzed. 

An important point in low-level radioactivity measurements 

involves establishing the sensitivity of the nmasurement technique. 

In high+resolution y—ray spectrometry, where the superior energy 

resolution provides improved sensitivity, two other factors also 

influence sensitivity. Firstly, in most low—level Y-ray spectrometric 

measurements where contributions due to external background have 

already been brought to a practical minimum, the sample associated
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background is difficult to minimize. Secondly, if one attempts to 

improve the full energy peak efficiency by, for example, selecting a 

associated background counting rate also. Both factors are sort of 

interrelated and their interplay may be inferred from the results, for 

the 21°Pb region, shown in Figure 2. The emergent idea from these 

observations is that sensitivity could be expressed in relation to 

background.‘ In this context, Currie's formulations (27) are reckoned 

to be the most rigorous, self—consistent, and practical. Following 

Currie's nomenclature (27) and from an operational point of view, an 

observed signal (net counts) must exceed (i) an g_priori critical 

level, Lg, to yield the_ decision 'detected', (ii) the detection 

limit, LD,‘at which the given procedure may be relied upon to lead 

to detection, and (iii) the determination limit, LQ, at which the 

analytical procedure will give sufficiently precise quantitative 

estimates. The important thing in applying Currie's criteria to 

actual measurements is to determine the true mean background, UH, 

and in deciding whether observations fall under ‘paired observations‘ 

(i.e. only one single background measurement is available) or 

'well—known blank’ (i.e. background may be quite precisely determined 

smaller sample size, there may be a corresponding increase in sample? 

A from several previous measurements). In low—level y—ray spectrometry 
___ _ -__

Q 

it is usually necessary to count the sample for relatively long 

periods of time and, therefore, lone seldom makes more than one 

measurement on the same sample. Hence, most such observations fall 

under the more rigorous category ‘paired observations‘. ' Following
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working expressions for this category, also given by Currie (27), were 

used in our evaluation of the NBS and IAEA sediments and soils and a 

Lake Ontario sediment core section:
A 

LC = 2.33.413 

LD = z.11+ 4.65 /EB 

= so {1+ (1 +__uB )1/2}L Q 
- 12.5 

All three parameters are expressed in terms of net counts and are 

determined entirely by the error—structure of the measurement process, 

the defined risks, and the maximum acceptable relative standard 

deviation for quantitative analysis (101 in the case of above 

expression for LQ). 

The results of our recent measurements for 21°Pb and 226Ra on 

these reference materials are given in Tables II and III, 

respectively. The IAEA ‘Marine Sediment‘ SD*B—3 was available to us 

by virtue of our earlier participation in an intercomparison program 

(28). Each of the sample aliquotes was counted for 2.5xlO5 s. The 

results given in Tables II and III also demonstrate the effectiveness 

of the technique. The NBS does not report any values for 21°Pb for 

the three standards used. Our measurements, with the reference date 

of March 1, 1986, are probably the first ones reported, and show that 

atmospherically—derived 21°Pb is present in SRMs 4353 and 43508. The 
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data in Tables II and III also shows that of all the materials 

analysed, the IAEA ‘Marine Sediment‘ SD—N—l/2 affords the most consis- 

tent measurements. This most likely reflects the superior homogeneity 

achieved by the IAEA in the preparation of this reference material. 

The measurements for some samples, notably the IAEA ‘Marine 

Sediment‘ SD—B—3, do not meet the rigorous criteria developed by 

Currie (27). On the other hand the dominance of the photopeaks over 

adjoining areas is difficult to ignore. In such cases meaningful 

information may be derived by restricting the evaluation to Ln 

only. Up to this evaluation, one has already eliminated the 

possibilities of errors of first (i.e. reporting as detected a 

substance that in fact is not present) and second (i.e. failing to 

detect a substance that really is present) kind. LQ is simply an 

extendsion of LD under given minimum acceptable relative standard 

deviation. Thus, in fimasurements confined to LD only, though the 

relative standard deviation will be higher than the 10% assumed by 

Currie (27), the more critical possibilities of committing errors of 

first and second kinds would have been eliminated. Restricting our 

evaluation to LD only, we find that the average of four measurements 

for 21°Pb in the IAE-A ‘Marine Sediment’ so-.1;-3,(49.‘2¢17.0')x10*3 dps/g, 

is higher than the average value of (12.9:6.3)x1O'3 dps/g afforded by 

the three measurements for 226Ra; This excess of 21°Pb over 225Ra is 

understandable, and indeed is expected, in a coastal marine sediment 

sample of recent origin. The minimum detectable activity (MDA), 

defined as 
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LD X 105 

MDA = ’ " _. , 

" * "1 
(dps/g) count time sample branching fractional efficiency 

in seconds x weight x ratio for x of the detector 
in g y—emission 

for the measurements reported in Tables II and III is_about 8xl0'3 and 

3xlO’3 dps/g, respectively, for 21°Pb and 226Ra in the IAEA ‘Marine
¢ 

Sediment‘ SD-N-l/2 (2.0 cm). This value is“ comparable to that 

afforded by the low-level proportional counting (ll) of 3- or 

a—particles for 21°Pb and 226Ra, respectively, but is higher than that 

obtainable by the 21°Po method. However, the described technique has 

several other advantages as discussed earlier. Furthermore, the 

larger aliquot used in the 7—ray spectrometry is a better representar 

tive of the sample. Also, the Y-ray spectral measurements obtained 

can also be used to derive information about certain other radio- 

nuclides, such as 59.6*keV 2“1Am (29) and 63.3 238U/23“Th (30). It is 

also to be noted that since MDA is critically dependent on the back- 

ground counts, it is quite likely that lower MDA values will be 

obtained for samples with lower internal background._ 

The measured profile of atmosphericslly—derived or excess 210Pb 

(i.e. total ~21°Pb less that supported by 226R»a) in a Lake Ontario 

sediment core is shown in Figure 3. The dashed line is the best fit 

to the data points obtained using a mathematical model (3, 5) designed 

to eliminate the effect of compaction of sediment with burial. The 

model yields the values of linear sedimentation rate, mass sedimenta- 
210 tion rate, and the flux of excess Pb at the sediment/water
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“ interface for this sediment cor-e location to be 0.1910.0l cm.y'1, 

75.9t4.0 mg cm'2 y'1 and 20.531O'3 dps/g cm'2Vy'1, respectively. The 

sedimentation rate measurements appear to be in line with the values 

of 0.l1t0.01 cm y'1 and 55.5t6.4 mg cm’2 y'1, obtained earlier by 

Farmer (31) using the 21°Po method,1at a Lake Ontario site about 2 km 

northwest of the present location. Similarly, the flux of excess 

21°Pb at the sediment/water interface appears to correspond favorably 

to the estimated value of 25.2xl0’3 dps cm'2 y"1 for the flux of 

atmospheric 21°Pb at the air/water interface in the Great Lakes region 

(5). 

In conclusion, the results presented in this article clearly show 

that direct Y-ray spectrometry can provide sufficiently precise 

Q measurements for both 21°Pb and 225Ra in sediments. The most 

attractive feature of the technique is that simultaneous, non-destruc- 

tive measurements on the- same sample can also be made for other 

-radionuclides such as 2“1Am and 238U (23“Th) as is often required in 

environmental studies. 

The author thanks S.P. Thompson for technical assistance and 

I.L. Larsen (Oak Ridge National Laboratory, Oak Ridge, TN1~for useful 

discussions.
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Table I. Results of Measurements 0 CCRHP 
6).2 

reference radionuclide CCRMP 
ore value, dps/g 

nu-1 

BL-3 

BL—5 

58-counting 
by-countéfig 
¢q—count1ng 

226Ra 

210Pb 
226Ra 

210? 

210Pb 

226Ra 

0.5038 
o.488b 
o.so8¢ 

21.28 
21.4b 
z2.3¢ 

101.08 
12o.1¢ 
123.2b 

854.18 
865.88 

841.a¢ 
813.2¢ 
95o.9b 

Reference Uranium Ores (25, 

measured value and 
range, dps/g 

0.518i0.039 (0.481—O.S32) 
0.49910.033 (0.573—O.514) 

23.8tO.7 (20.8—24.3) 
21.7i0.7 (20.9—22.8) 

98.6:0.9 (96.2-99.8) 
128.110.8 (122.3—131.4) 

748.6:4.6 (723.1—788.4) 

844.7:4.1 (827.6*863.l)
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FIGURE CAPTIOIS 

Figure 1 'Partia1 1-ray spectrum of a Lake Ontario sediment core 

section obtained with a planar detector. Energies are in 

kiloelectronvolts. 

Figure 2 Variation in background counts in the 21°Pb peak region with 

different amounts of sediment and soil samples. Each sample 

was counted for 2.Sx105 s. Numbers in brackets refer to 

sample heights in cm. 

Figure 3 Excess 21°Pb profile in a Lake Ontario sediment core.
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