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RETERMINATION OF RADIUM BY A DOUBLE CARRIER METHOD

INTRODUCTION

This method is applicable to the determination of radium isotopes in uranium mill
effluents. The procedure is based on a method developed by Ames (1) and modified
at Argonne National Laboratory (2) The Atomic Energy Research Estab!ishment in
Herwell, England (3) and Union Carbide Nuclear Research Laboratory (4).

Radium is carried on lead sulfate and barium chloride. The barium chloride is
converted to barium sulfate and counted on a planchet.

APPARATUS

A proportional gas flow counter, Nuclear Measurements Corporation Model PC-3A,
a small clinical centrifuge large enough to accomodate a 50 ml centrifuge tube
énd a millipore filter assembly are required.

REAGENTS +

P 7 L (No)e
1. Lead carrier, 20 mg & per nl. Dissolve 3.2 BN Slomekdrta” {0 water and
dilute to 100 ml.

2. Hydrochloric Acid - Ether Reagent. Mix 600 ml of concentrated HCL with 100 ml

of pure ether and store in a closed container.
(3&@@_):.-

3. Barium carrier, 10 mg Ba *2 per ml. Dissolve 1.9 gm BowiMer—3¥7 in water and
dilute to 200 ml.

4. HzS80, 1:1
5. Aerosol 0.8 solution. Dissolve 5 grams of solid in 100 ml »f H20.

PROCEDURE

Filter from 100 ml to 1 liter of sample through a Millipore HA filter membrane and
transfer into a 1500 ml beaker; immerse a mechanical stirrer in the sample.

Add 3 drops Aerosol solution. Slowly add 80 ml 1:1 H-80, and if sample volume less
than 1 liter dilute to this volume. Add 5 ml of lead carrier solution., (a) Mix
for 5 minutes and place in an ice bath for 10 minutes.

Filter through an HA Millipore filter and wash residue with four 5 ml washes of

ice water. Transfer residue and filter membrane to a 50 ml centrifuge tube, add

10 ml HCl, stopper the tube and shake. Remove the membrane and wash with a minimum
amount of HCl. The final volume of HCl should be 24 ml. Add 4 ml of ether and
immerse the centrifuge tube in an ice bath for 10 minutes, Add 1 ml of bar ium
carrier solution while stirring and let stand for 15 minutes.

Centrifuge for 3 minutes and discard the supernatant liquid. Add 5 ml of acid -

ether reagent, shake to wash residue and again centrifuge and discard supernatant
liquid,
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DETERMINATION OF RADIUM BY A DOUBLE CARRTER METEOD (CONTINVED)

Add 10 ml H.0 to dissolve residue., Add 2 drops 1l:1 K.S0,,allow 5 minutes for
precipitation to form. (Record time when this precipitation is made)

Filter through a Millipore HA 1 inch filter membrane, dry for 30 minutes at 60° C

and place filter on a stainless steel planchet and count in a proportional gas
flow counter.

CALCULATIONS

Three standard samples containing 2, 4 and Sq/g/u grams of radium respectively and

one blank sample are carried through with each group of radium samples and cal-
culated as follows:

-~uA Curie in standard = u Curie
C PM Standard - C P M Blank CPM

e Mij&%i? Curii//é/; M \ 1000 =apu Curie

P—

Sample Vol M1 liter

(a) If this method is applied to solutions containing more than 100 ppm phosphate
or sulfate a permanent precipitate will form on adding the lead. In such cases the

order of addition of carrier and reagent should be reversed, and very efficient
stirring employed.

(1) Ames, D, P. "Rapid Radiometric Assay for Radium..." A.E.C.D. - 2696 (Declassified

September, 1949) and paper 22.70 In "The Transuranium Elements', National Nuclear
Energy Service, Div, IV, Vol. 14B Part £3: ¥.- L1700,

(2) Russell, E. R., et al, "Determining Radium in Exposed Humans'", Nucleonics 7,
(No. 1) 60 (1950).

(3) Jenkins, E. N., and Sneddon, G. W., "The Monitoring of Effluent for Alpha
Emitters," AERE C/R 2385 (1958)

(4) Union Carbide Nuclear Research Laboratory - (To date, the modifications to this

procedure, by Union Carbide, have not been published and further development work is
presently being carried :



®11l samples submitted were filtered thre

RADIUM ANALYSIS DATA @

ugh & Whatman §42 (ilter paper.

sau.ple No. Date

Tin.e Sawple

Date Subumiitted Saniple

River level ¢a

Letinzated Conbuaticn UC/u:l

Takea Taken for Assay Locaticn San:pling date dpu.fi Eogloeering Ra-2206
Lab Assay
in dps. /1
i 2-21-59 T1:10 B £-36-59 cae mile above 19.5 ft. 15 1.2 TT4.6x10°7
w.ill
2 2-27-59  2:00 pus.  6-30-59 five n.iles below 19.5 15 23,9 7 10.8x10°9
mill
3 2-21-59 2750 ps 6-30-59 Ten wiles below 19.5 15 18.0 8.1x10°7
will
i 3-26-59 12:50 po: 6-30-59 Oune w.ile above 19.5 15 28.0 12.6x 10°7
w.ill
5 3-26-59 1:i5 pm £-30-59 Five wiles below 19. 5 15 35.5 16.0x10°7
mill
s 3-26-59 2:00 pm £-30-59 Ten w.iles below 19.5 15 39.0 17.6x10-7
will
7 3-26-59 3:00 pn | 6-306-59 aiill taling
efflueat . 15,060 1,77 797.7x107?
8 5-1-59 1:00 pm 6-30-59 One mile above
o L, R will 18.5 15 4.5 2.0x10°7
P 5-1-59 1:35 paa 6-30-59 Five miles below
will 18.5 15 36.3 16.4x10"?
10 5-1-59 2:20 prc 6-30-59 Ten u.iles below
will 18.5 15 19.7 8.9x10"7
. 5-1-59 3:00 pms £-30-59 Tailiog pond
efilaent . 15,600 1,288 580.2x10"7
12 5-27-59 1245 pn £-30-59 Cue wile above
i 7 will 16.5 15 9.8 4.4x10"7
13 5-27-59 1:30 pu £-30-59 Five miles Relow
., will 16.5 15 35.0 15. 821077
14 5-27-59 2:30 pu: 6-30-59 Ten wiles below
w.ill 16.5 15 25.0 11.3210°°
15 5-27-59 3:30 pu. ©-30-59 Tallings pend
= efflueat - 15,000 3,238 1458. 6x20°9




Hiver level va Estinieted Combustion UC/ul

sat.ple Date Tio.e Sawple Dale caluilticd Saugle
No. Takea Tekea fur Assay Lucaiiva Sampling dete dpm/l  Eogioesring Ra-226
Lab Assay
hggm/l
16 6-23-59 1:05 pn 6-30-59 Cue u.ile above
will 14.5 15 14.9 6. 7x10"7
17 6-23-59 1:15 jia £-30-59 Five wiles
below mill 14.5 15 8.4 3.8x10°7
18 6-23-59 2:00 pm 6-30-59 Ten u.iles
below m:ill 14.5 15 5.0 2.3x10"7
19 6-23-59 2:30 pus 6-30-59 Tailinga Yoad
efiluent - 15,000 4,382 2064x10°?
20 7-28-59 1:45 pma 8-19-359 Oue w:ile above
maill 19.5 15 -7 e
21 7-28-59 2:10 pu. 8-19-59 Five n:iles
belew miill 19.5 15 )
22 7-28-59 2:30 pma 8-19-59 Ten nriles
below u ill 9.5 15
23 7-28-5% 3:20 pu. 8-19-59 Taillogs poad
7 efiluent 15,000 7~
24 (1) 8-12-59 8-19-59 Colo. River above
! jumctica with
Dolores River 15 ~
25 (3) 8-12-5% 8-19-59 . Colo. River at
" _Dewey Bridge 15 i
26 (11) 8-12-5% 8-19-59 ~ Colo. River 1/2
7 mile below wu ill 15
27 (14) 8-12-5%9 8-19-59 Cclou. River cae
7 wile below wiill | 15
28 (17) 8-12-59 8-19-59 ~ Celo, River at Ralpd
i > diller farm 15
29 (18) 8-12-59%9 8-19-5% ; Cclu, River five
~  miles below mill i5 %
30 {21) 8-12-59 8-19-59 Celo. River ten
- T miles below will 15
31 (24) 8-12-59 8-19-89 ~ Celo. River 20
: Lk 7 miles below mill 15 F
32 (26)  8-11-59 8-19-59 Celo. River 20 mi
/| above confluence
with Greea ' 15 3 ,
(23) 8-11-59 8-19-59 Colo.River 10 15 -

K

Sllnpyefonfivence



Fage 3
Radium analysis coat'd

'UC/ml

Sample  Date Time Sample Date Submitted Sample River level on Estimated Combustion
No. Taken Taken for Assay Lcation Sampling date dpm/1 'Eagineering Ra-226
Lab Assay
in dpm /1
34 (30) 8-11-59 8-19-59 Colo. River one
y mile above con-
fluence with Green 15 K
35 {32) 8-11-59 8-19-59 Green River one
, wile above con- - ) .
/" fluence with Colo. 15 Al i,
36 (34) 8-11-59 8-19-59 Cclo R. one mile
;, below confluence )
of Green 15 AR “
37 (7) 8-12-59 8-19-59 Tailings poad ,
I 7 effluent 15, 000 S LF < :
38 (8) 8-12-59 8-19-59 ~Colo. R 1/4 mi |
I’ below mill ? 15 G »
39 (5) 8-12-59 8-19-59 ~ Celo. R, at Bridge
/t above mill 15 & &
’ ’ l, p ? /. J ‘ / - / £ ;4 9 ;
” 7 ’ ..,_ P 4 L ol e 37 Y 10
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