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1. PURPOSE
To describe the method used in the Radiological Environment
s

Operations Unit for determination of plutonium in soil samples.

2. SCOPE

Method is applicable to both surface and deep s0il samples.
3. COMPOSITION

3.1 Princinle of the Method

Levels of Pu 239 and Pu 240 in soil samples are deter-—
min@d'mmmmﬂyaenmmmmmjmmt@f'ﬂmm|¢MnmnMMmmcmmtain@d in the samples

with acid mixtures, separation of the specified radionuclides by

ion exchange, purification and separation by electrodeposit and

final measurement by alpha spectrometry.

rials

3.2 Instrumentation and
3.2.1 Instrumentation
+ Ion exchange columns of 8 ml volume.
. Stainless steel planchets of 14 mm diameter.
+  Electrodeposit cells.
. Electrodeposit device with platinum anode.
. Alpha spectrometer with silicon barrier

semniconductor detectors.
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o Aluminum blocks
o Centrifuge
o Crucible

centrifuge tubes and precipitate receptacles

oy 1

3.2.2 Speclal

+  Pu 236 marker solution

. DOWEX AG 1 % 2 (50-100 mesh) anionic resin
in chloride form

+  Nitric acid

+ Hydrochloric acid

+  Hydrofluoric acid

+ Hydroxylamine hydrochlorate

» Ammonium oxalate

o Ammonium hydroxide

3.3 Treatment of the Sample

3.3.1 Pretreatment
a) Homogenize the sample
b) Dry 8 to 12 grams of sample in a crucible

at 120°C, to eliminate moisture.
[ ) - 2 o o P n - q
c) Calcine at 600 C for 6 hours, to destroy

o €

organic material.
3.3.2 Wet Incineration

a) Place 10 grams of each calcined sample in

—

100 ml centrifuge tu

b) Aadd 50 ml of 1M HF-12M HNO, solution to

each sample.

<) Cover the < rifuge tubes with watch
crystals and place them on an aluminum block. Maintain at a
temperature of 160~180°C for 15 minutes to extract the plutonium
contained in the sanple.

d) Remove the cent
and, while hot, collect the particle :
during the boiling process; allow to return to room temper

@ tubes from the block
1 the tube walls

AT .
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@) Centrifuge the tubes for 5 minutes at 2000

TP .
f) Remove the tubes from the centrifuge and
decant intm‘ajpmmmMQMMMMalmmmmewﬂﬁu
¢g) Repeat steps b) to £f) a minimum og three
tinmes.
tm Wash out th@'mJﬂmﬂmetlmw1r&mulnnmy1wmthv
tubes after decantation, w1i' -20 ml of HNO, 7, 8N.
i) ‘lWHIHm! this washed portion for §
minutes at 2000 rpm and decant as before.
i) Pe the decantation liguid into a gauged
sel, washing it several times with HNO, 7, 8N.
k) Place a portion corresponding to 0.5 g of
soil into a untrifuqm tube and dry it on an aluminum block at a
tenperature <ﬂnnmn- 90°C, to eliminate projections.
1) In those cases where the radicactivity is
very low, and the entire sample must be taken, the procedure
indicated in Enclosure 6.1 will be followed.

glass ves

3.3.3 Addition of Marker

a) Add 100 ml of HNO, 7, 8N and 1 ml of
solution containing about 74 mBg (2pCi) of this radionu
order to calculate the analytic recovery to use in the corr
ing calculations. ‘

b) Cover the tubes with watch crystals and
heat at 90°C for 90 minutes.

¢) Leave overnight at room temperature.
3.4 Radiechemical Separation
3.4.1 Preparation of the ionic resin column

a) Place spun glass in the column tube and

moisten it with distilled water.
b) Fill the column with resin suspended in

distilled water.

=
5
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2, 50-100

c) Permit the resin (DOWERX AG-1 X

mesh) to settle.

d) Wash the resin with HNO, 7, 8N solution
until it does not give a chloride re ion with silver nitrate.
e) Allow the nitric acid to pass completely

before going on to the next step.

3.4.2 1_elution

the nitric solution containing the
ﬁampkm1mumnmﬂntMm:animnba:..Jumﬂﬁilixla(T,MWUmwmeﬁh):h1cﬂﬂmmide
form with a flow rate not to e» d 2 ml/min.

b) Wash three times with 50 ml portions of

a) Pass

>

HNO, 7, 8N.
¢) Discard the washing liguids.
d)} Add 15 ml of HCl concentrate. Discard the
effluent.
e) Add about 0.2% g of hydroxylamine hydro-
chlorate to the colunn.

£f) Elute the plutonium held in the column with
three % ml portions of HC1L 0, 5N.

3.5

a) Evaporate the eluted matter under an
infrared lamp until dry.
b) Dissolve the residue in ml of HClL 12N.
¢) Evaporate under an infrar lamp until dry.
d) Add 3 ml of 4% ammonium oxalate and 1 ml of

1

3

hydrochloric acid 1N.
@) Lightly heat under infrared lamp; approxi-
mately one minute.
f) Transfer the solution to the electrolytic
2]l se 1 times with distilled water which
1l it totals 10 ml.

Electrodeposit at a current intensity of

cell, washing the ves
is added to the cell unt

g)
200 maA for three hour:

Form P/0O2 6



JEN DOCUMENT NO. PROCEDURE FOR DETERMINATION OF Pu 239,
240 IN SOIL SAMPLES

Rev ___ Date 9~-2-86 Page 6 of 14

h) After three hours, without disconnecting
the current, add 2 ml of ammonium hydroxide (50% by wvolume) to
bring the electrolyte’s pH to 7.5, and verify the same with litmus
paper.

i) Separate the electrolytic cell from the
stand, previously disconnecting the current.

) Wash the cell with distilled water.

k) eparate the planchet from the cell and
wash it with distilled water.

1) Allow the planchet to dry and flame it.

3.6 Measurement

3.6.1 Equipment
The radicactivity of the electrodeposited Pu 239 +

Pu 240 is measured by alpha spectrometry with silicon barrier
307-100 (ORTEC), with a nominal

semiconductor detectors Model TR-21-:
active area of 300 mm?, a resolution of 21 Kev and a dead time of
0.5 wsec. The operating power supply is 100 volts.

These detectors are connected to an ORTEC multichannel
analyzer and to a DIGITAL PDP-11.23 microcomputer with the RT-
11 operating system.

3.6.2 Preparation of the Standard Solution
The plutonium 236 solution is obtained from OAK
RIDGE NATIONAL LABORATORY, with the applicable certificates.

. The solution to mark the samnples is prepared in nitric acid
7, 8N, heated for twoe hours at 8°C, to stabilize the plutonium in

valence state IV.

+  The solution thus prepared is diluted in nitric acid 7, 8N
1l a radic ivity concentration of approximately 74 mBg/ml
ined.
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+  The standard solution is evaluated by means of an alpha
count in a proportional continuous gas flow counter; this measure-
ment is verified by another taken with alpha spectrometry.

ibrated and the baselines determined
@ No. of the Radiological and

+ The spectrometer is o
in accordance with Procedur
Environmental Protection office.

3.6.3 Measurement of the sanple

+ The planchet prepared in accordance with 3.5 is introduced
into the counter equipment for measurement in accordance with
Procedure No. of the Radiological and Environmental Protection

Office.

be less than 1440 minutes,
the sample.

« The counting time will n
depending upon the radicactivity of

3.7 Calculations

3.7.1 Calculation of the Lower Limit of Detection (LLD)

according to the Currie Criterion.

The Anerican standards ASTH (Volume 12, 01, 1983, C-100.

95%

~ ”

For determination of plutonium 239 and plutonium 238 with a

confidence level, for which 2 x the square root of 2K takes a value

of 4.66, and considering a maximum of 10 counts of total baseline,

the detection limit of the device is given by the formula:

L4.66 [ e N\ Y
(=
\ &

p
> e

C, = Counts per minute from baseline for radionuclide i.

/
where:

T, = Counting time from baseline expressed in minutes.

CE = Count efficiency
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with:
An efficiency of 30%
Counting time of 1440 minutes
A baseline of 10 total counts
0.008 pCi

LLD = 0.29 mBqg

calculation of Minimum Detectable Radiocactivity

3.7.2

(MDR)
This calculation requires a sufficient recount (at least

50 total counts) which will permit a close enough approximation of

distribution to that of Gauss, for us to use Gaussian

the Poisson

statistics.
The Currie criterion for a small number of events is:

- - . s
MDY [ - R -
MDR =  oo.- = 2.%2 W

- AR by

- § o= = P

where:
C. = Total counts = 50
T = Counting time = 4320 min.
R = Chemical yield = 70%

CE = 30%

MDR == N J T TS mBag/planchet
& 20 r z 2= N U, e X oLy e VA

(0.017 pCi/planchet)

3.7.3 Calculation of Errors

3.7.3.1 ﬂwmaalphaﬁﬂwﬂﬂnmmmmmmrcal£MmWKMMmﬁmmmm'mﬁ

given by the errors of the secondary standards utilized
&y

certified by the National Bureau of Standards (N.B.S.)
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3.7.3.2 The error of the minimum

random errors:

a)
)
<)
d)

e ‘]l
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Radiochemical analysis error.

Micropipette error.

Sample quartering error.

Counting error.

. Calibration error is 0.92%

uremnents
in 98.6%

239,
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N \‘:l
18

detectable

be formed by the accumulation of the following

calibration error which i igs considered random.

10%

« The analysis error with carlier ion exchange is
o The micropipette error is 3%.
+ The sample quartering error is 11%
+  The counting @vrnr ww?h 95% confidence is:
s A Vﬁ ﬂ‘yhy"m ¢ ocaz
which represents 28.8%
Considering that:
I e e

The total error = 32.56%

10
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Minimum detectable radicactivity in a counting time of 4320
minutes with 95% confidence:
MDR = 0.63 % 0.20 mBg/sample (0.017 + 0.0054 pCi/sample)
3.7.4 Calculation of Recovery
The chemical recovery of the method is calculated
through the use of the internal standard of Pu 236, and is

expressed as a percentage of the added standard and that counted.

nBg _counted x 100
¥ recovery = mBqg added

Sample analysis of marked targets should be employed with a

given frequency in a series of analyses.

3.8 Expression of Results
The final results of the sample’s Pu 239 + Pu 240 alpha

s iend tand

radioactivity is expressed as radioactivity per gram of soil. The

essed in the following manners:

T

results by sample will be exp:
« Case a) A > LLD
The sanple thus has a true radioactivity wvalue, the
result being expressed as A2 followed by the corresponding units.
+  Case b) < A LLD

The result will be expressed as LLD followed by its

units.

Form P/02 11
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4. RESPONSIBILITIES
It is the responsibility of the director of the Radiological
and Environmental Protection office to:
« Approve the application of these procedures and direct such
application when considered appropriate.
-

+  Monitor the proper application of these procedures.

It is the responsibility of the chief of the Radiological
Environment Operations Unit to:

» Keep these procedures updated.

« Designate the chief of the laboratory where these proce-
dures are carried out.

+  Monitor the proper application of these procedures.

It is the responsibility of the laboratory chief to:

+  Supervise the correct application of the procedures by the
analysts in his/her charge.

+  Prepare updating of these procedures.

+  Approve the results by signature.

It is the responsibility of the analysts to:

Ro ond

+  Perform the procedures correctly.

FMmmmﬁt.tmejMMkmmmmjmmln@@d@dammidMﬂimmm’thatmﬂﬂmﬁﬂliin

timely fashion and the proper form.
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- T €
Y €
A% Hpw]

6.

........... 3L Ix -
In cases where the radiocactivity of the sample is very

TR

low, and the entire sample must be used starting with step i) of

the process described in 3.3.2, the following procedure will be
[} t N

adopted:

a) Dry out the decantation liquids.

b) Dilute in 300 ml of distilled water.

c) MM&WWWMWmmWZm;ymﬁmmhM&mMﬂmM&meMwmmﬂ
dissolution is complete.

d) In the case of calcareous so0il, acidify to pH 1.5, in
order to produce coprecipitation of the transuranides as calcium
oxalate.

If the soil is not calcareous, add 2 ml of calcium solution
and acidify to pH 1.5 to produce coprecipitation.

@) Filter through filter paper and discard the filtrate.

£) Calcine the filter containing the precipitate in the
crucible at 400°for 24 hours.

g) Dissolve the ashes with HCl concentrate.

h) Dry.
i) Continue step a. as described in 3.3.3 of the procedure.

6.3 Recontamination
gents
. Saturated solution of potassium permanganate (64 g/l)

»  Sulphuric acid 0, 2N
o  Sodium sulphite acid (5%)

« DABEER detergent

Form P/0O2 14
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minatic

There are two procedures:

Procedure 2

+  Saturated mixture of potassium permanganate and sulphuric
acid 0, 2N (V/V) (Solution A).

»  Wash the material with Solution A.

+ Wash with sodium sulphite acid.

»  Wash with distilled water.

» Wash the material while hot, with 50% nitric acid.
+  Wash with DABEER detergent.

o«  Wash with distilled water.

Form P/0O2 15
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1. PURPOSE

To describe the method used in the Radiological Environment

Operations Unit of the Radiological and Environmental Protection
office for determination of plutonium and americium levels in air

samples.

rn SCOPE

Wdll‘b&zmmﬁﬁﬂﬁliﬂpﬂmaEMMMmmxm;ﬁiltmrﬁ!mwmﬂlkmrairﬁﬁwwﬂjm@h
3. COMPOSITION

3.1 Principle of the Methoc
Pu239 + Pu240 and Am241 levels in air samples are

determined by dissolving the filter in acid solvents, separation by
ion exchange to obtain the plutonium portion and the americium
pmmtbmn”ﬁﬂMMﬂmmmm%mmdtmetmmeplutmniwmmxmﬂﬁmw“ precipitation and
purification of the americiun portion by ion exchange, electro-

deposit of the americium portion, measurement of radiocactivity by

alpha spectrometry of the electrodeposited Pu and Am portions.

l_Materials

3.2

3.2.1 Instrumentation and material
«  Crucible

+ Heating plates

« Ton exchange columns

acles

+ Precipitate recep

« Teflon rods and receptacles

Form P/02 18
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Lot

« Porcelain
+  Stainless steel planchets, diameter 14 mm

capsules

+ Electrodeposit cells
+  Platinum anode electrodeposit system
»r with silicon barrier semiconductor

« Alpha spectromet

detectors.

3.2.2 S8Special reagents

o Pu-236 marker solution

+»  Cm-244 marker solution

. DOWEX AG 1X2 (50-100 mesh) resin in chloride form
«  BIORAD 1X8 resin in chloride form
« Nitric acid

+  Hydrochloric acid

« Hydrofluoric acid

»  Oxalic acid

«  Hydroxylamine hydrochlorate

»  Ammonium hydroxide

«  Methanol

+  Ampmonium thiocyanate

«  Ammonium nitrate

«  Calecium solution (20 mg/ml)

+ Methyl red

nple

3.3 Treatment of the Sa

3.3.1 Pretreatment
a) Place the entire filter in a 600 ml precipitate
receptacle, cover with perforated aluminum foil and calcine in the
crucible at 450°C for eight hours.

b) Add the plutonium-236, 78 mBg (2pCi) and curium-

244, 78 mBg(2pCi) tracers.

Form P/02 19
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3.3.2 Wet incineration
a) Dissolve the hot filter in a solution of HF-HNO,

)
(V/V) (200 ml of acid solution).
b) Stir with a teflon rod until the filter is completely

dissolved.

c) Drvy.

3.3.3 Dissolution and stabilization

a) Dissolve the residue with a few drops of HCL
concentrate and H,0,.

by Dry.

¢) Dissolve in 500 ml of HNO, 7, 8 N.

d) Stabilize the plutonium at valence IV by heating on
the hot plates at 80°C for two hours, covering the sample with a
watch crystal.

¢) Cool and let sit until the following day.

3.4 Radiochemical separation

The resin utilized is DOWEX AG 1X2 (50-100 mesh) anionic

resin which retains the Pu and Th and the Am, U, Cm and Fe elute in
it when it is in nitric acid 7, 8 N medium.
3.4.1 Preparation of the resin
Utilize exchange columns with a switch, with a

length of 17 cm and an inside diameter of 11 mm.
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a) Place spun glass at the bottom of the column, moistening

it with distilled water.
b) Fill the entire volume of the column with resin suspended

in distilled water (16 ml of volume).

¢) Let the resin settle.

d) Wash the resin with HNO, 7, 8N until it gives no chloride

reraction.

3.4.2 Ion exchange and elution
a) Pass the nitric acid solution containing the sample

excess of 2

through the AG 1X2 anionic resin at a rate not in
ml/min.
b) Wash three times with 50 ml portions of HNO, 7, 8N.

¢) Recover the 650 ml of nitric acd liguid containing the

americium portion.
d) Wash with five volumes of HC1l 10 N column to eliminate the

thorium.

@) Discard the washing liquid.
in the column with a 1 g
of HCL

£) Elute the plutonium Ffixed
gsolution of hydroxylamine hydrochlorate dissolved in 80 ml

-]

0.5N
3.5 Treatment of the Americium Portion

3.5.1 Precipitation

a) Dry the americium portion.
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b) Dissolve in 200 ml of distilled water
c) Heat on the hot plates do facilitate dissolution. Allow
to cool.

d) add 30 ml of saturated owxalic acid.

e) Add 2 ml of 20 mg/ml calcium solution.

£f) Precipitate as calcium oxalate at pH 1.2 with concentrated
ammonium hydroxide.

g) Let sit until the next day.

h) Filter through a paper filter and centrifuge three times
for 15 minutes at 3000 rpm in ORTO centrifuge, using 250 cc
centrifuge tubes.

i) Discard the filtrate liguid and the floating matter from
each centrifuging.

i) If the centrifuging optioin has been selected, go to

subparagraph c) of section 3.5.3.

3.5.2 Incineration

a) Incinerate the filter containing the calcium oxalate

precipitate in the crucible at 400°C for four hours.
3.5.3 Dissolution and Preparation

a) Dissolve the ashes with a few drops of HC1l concentrate and

88 s
oxygenated water.

b) Dry

c) Dissolve in 14 ml of boiling HNO, concentrate, assisting

the process with a glass rod. Add 186 ml of CH,0H, to make the

solution 1M HNO,/93% CH,0H.
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d) Add 3 g of NHNO, until it is 0.2 N and stir until it
dissolves.,

e) Wash the glass rod used for stirring with 2 ml of 1M
HNO,/93% CH,OH.

£f) Add to the solution 2 ml of Biorad 1X8 resin suspended in
a medium of 1M HNO,/93% CH,OH.

g) Cover with Nescofilm and let sit until the following day.

3.6 Purification of the Anericium Portion

3.6.1 Preparation of the ionic resin column.

Use columns with a switch, 9 om long and 13 mm in
diameter.

Since the resin medium is methanol, always cover the mouth of
the column with Nescofilm to prevent alcohol evaporation to the
extent possible.

a) Place spun glass in the bottom of the column, moistening
it with distilled water.

b) Fill the column with BIORAD 1X8 resin suspended in
distilled water.

c¢) Allow the resin to settle.

d) Wash the resin with 1M HNO,/93% CH,OH.

3.6.2 Ton Exchange and Elution
a) Pass solution f (section 3.5.3) containing the sample,

through the BIORAD 1X8 anionic resin.
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o} Wash three times with 20 ml portions of 1M HNO,/93% CH,OH.
¢) Discard the washing liquid.

d) Wash with five C.V. of 0.1 N HC1/0.5 M NH,SCN/80% CH,OH.
e) Discard the washing liquid.
f) Elute the americium fixed in the column with 50 ml of 1.5

N HCl/ CH,OH.

3.7
a) Dry the Pu and Am elutions.

b) Add, at least twice, 2 cc of HClL concentrate.

¢) Evaporate to dryness each time without allowing burning.

d) Add 2 cc of HC1 2 N and one drop of methyl red.

e) Neutralize the solution with 50% ammonia solution, just to
the point where the red color disappears.

£) Add at least 2 drops of HCl concentrate to reestablish
acidity (pH = 3.5) (appearance of a light pink tone).

g) Place this solution in the electrodeposit cell, washing
the receptacle with distilled water and adding it to the cell.

h) connect 400 mA current, and electrodeposit for an hour and
a half.

i) Add 2 cc of 50% ammonia a few minutes before turning off
the current.

4) Wash the cell with distilled water and allow to dry
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3.8 Measurement
3.8.1 Equipment
‘!\I

The plutonium~239, 240 and americium-24)1 radicactiv-

ity is measured with alpha spectrometry, with Model TA-21-307-100
nominal

(ORTEC) silicon barrier semiconductor detectors, with a
active area of 300 mm?, a resolution of 21 Kev and a dead time of
0.5 microseconds. The power supply is 100 volts.

These detectors are connected to a multichannel ORTEC analyzer

agnd to a DIGITAL PDP-11/23 microcomputer with the RT-11 operating

system.

3.8.2 Preparation of the Standard Solutions

a) The plutonium-236 solution is obtained from OAK-RIDGE

NATIONAL LABORATORY, with its applicable certificates.
The sample tracer solution is prepared with nitric acid 8N

L]
heated for 2 hours at 80°C in order to ensure that the plutonium is

stabilized in valance status IV.
+ The solution thus prepared is diluted with nitric acid ?.8N

until a radiocactivity of 78 mBg/ml (2pCi/ml) is obtained.

. The standard solution is evaluated immediately with an

alpha count in a proportional continuous gas f£flow counter,

verifying the other measurement taken with alpha spectrometry.
b ; E

b) The curium=-244 solution is obtained in the LABORATORIE DE
METROLOGIE DES RAYONNEMENTS IONISANTS (CEA), with its applicable

certificates.
solution was prepared with curium nitrate

1.6 x

. The initial
diluted in nitric acid 1N, with an initial radiocactvity of

10 Bg/g.
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« This initial solution is diluted in nitric acid 1N until a
radicactivity of ?? mBg.ml is obtained.
c) Spectrometer calibration and determination of baselines is
done in accordance with office procedure No.
3.8.3 Sample Measurement
+  The planchet prepared in accordance with 3.7 is introduced
into the counter for measurement according to procedure No. of
the Radiological and Environmental Protection office.
+ The counting time will never be less than 2880 minutes.
3.9 Calculations
3.9.1 Calculation of Lower Limit of Detection (LLD)
according to the Currie Criterion
American ASTH standards (Volume 12, 01, 1983, C-100)
For determination of Plutonium-239, plutonium~-238 and
americium-241 with a 95% confidence level, for which 2 x the square
root of 2K takes the value of 4.66, and considering a maximum of 10

counts of the total baseline, the lower limit of detection of the

device is given by the formula:

Baseline counts per minute for the i isotope.
1 in minutes

Ce
T, = Counting time of the baseline expresse

CE = Counting efficiency
withs

An efficiency of 30%

A counting time of 1440 minutes
A baseline of 10 total counts
LLD = 0.30 mBg (0.008 pCi)
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3.9.2 Calculation of Minimum Detectable Radioactivity
(MDR.} .

This calculation requires a sufficient recount (at least
50 total counts) which will permit a close enough approximation of

" ey

the Poisson distribution to that of Gauss, for us to use Gaussian
statistics.

The Currie criterion for a small number of events is:
2 - ¢ 68 Vo

MDR = T, Z.Zf LUE

¢, = Total counts
R = Chemical yield = 70%
CE = 30%

T = Counting tinme

MDR = P N N 0.63 mBg/planchet

(0.017 pCi/planchet)

31.9.3 Calculation of Errors
3.9.3.1 ﬂwmaalphasﬂwﬂﬂnmmmmmm'ealihratimnmﬂnmmriﬁ

~ondary standards utilized and

given by the errors of the se

certified by the N.B

The variance of the different calibration peasuremnents is
ﬁﬂﬁﬁb&%@WﬂM{]mmrtm]pmmmmzxmwmmdMﬂtinn«mﬁ#mmam@aﬁuramantjuugﬂ.ﬁm
of the cases.

LLD = Qﬁ@ﬁ:iLDﬁywﬂM‘MLHNE:CAMXHQEQQQ
which involves an error of 1.15% with 95% confidence.

3.9.3.2 The error of the minimum detectable

radiocactivity will be formed by the accumulation of the following
random errors:s

27
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a) Spectrometer calibration error which is considered random.

tud)

b) Radiochemical analysis error.
¢) Micropipette error.
d) Counting error
+ Calibration error is 0.92%
The analysis error with Carlier ion exchange is 10%

.  The micropipette error is 3%.

+  The counting error with 95% confidence is 28.8%

: \ /e : :
Total error = \/ ¢ =z ~. Zel == oo

Total error = 30.65%

Minimum detectable radicactivity in a counting time of 4320
minutes with 95% confidence:

MDR == 0.63 + 0.19 mBg/sample (0.017 * 0.0053 pCi/sample)

3.9.4 Calculation of Recovery
The chemical recovery of the method is calculated

through the use of the internal standard of Pu 236, and is

expressed as a percentage of the added standard and that counted.

Ba.counted x 100
% recovery = Bq added
Sample analysis of marked targets should be employed with a

o "

given frequency in a series of analyses.
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3.10 Expression of

The final resu

of the sample’s Pu 239 + Pu 240 and
americium 241 alpha radioactivity is expressed as radiocactivity per
sed in the

cubic meter of air. The results by sample will be expres

following manners:
»  Case a) A > LLD
The sample thus has a true radioactivity wvalue, the

result being expressed as A2 followed by the corresponding units.

« Case b) < A LLD

The result will be expressed as LLD followed by its

o2 asd

units.

4. RESPONSIBILITIES

It is the responsibility of the director of the Radiological
and Environmental Protection office to:

. Approve the application of these procedures and direct such
application when considered appropriate.

»  Monitor the proper application of these procedures.

It is the responsibility of the chief of the Radiological
Environment Operations Unit to:

»  KReep these procedures updated.

+ Monitor the proper application of these procedures

» Designate the chief of the laboratory where these proce-

dures are carried out.
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It is the responsibility of the laboratory chief to:
Supervise the correct application of the procedures by the

analysts in his/her charge.

¥y

+ Prepare updating of these procedures.

« Approve the results by signature.

It is the responsibility of the analysts to:
+ Perform the procedures correctly.
Request the information needed and deliver that obtained in

3

timely fashion and the proper form.
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6. ENCLOSURES
6.1 Decontamination of Glass and Teflon

aterial
eagents

+  Saturated potassium permanganate solution (64 g/l).
o  Sulphuric acid 0.2N,.
+ Acid sodium sulphite (5%)

« DABBER detergent

+ Wash the material with DABBER detergent
+ Mix the saturated potassium permanganate solution with the
sulphuric acid 0.2N (V/V) (Solution A)
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Procedure A

»  Wash the material with solution A

+»  Wash with acid sodium sulphite

»  Wash with distilled water

« Wash with hot %0% nitric acid
«» Wash with DABBER detergent

o  Wash with distilled water
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1. PURPOSE
To describe the method used in the Transuranide Impact and
Geochemistry Operations Unit for determination of plutonium in

vegetation samples.

& SCOPE

Method is applicable to cultivated and wild vegetation.

3. COMPOSITION

3.1 Principle of the Method
Levels of Pu 239 and Pu 240 in vegetation samples are
determined through dissolution of the ashes of the samples with
acid mixtures, separation of the specified radionuclides by ion
exchange, purification and separation by electrodeposit and final
measurement by alpha spectrometry.
The method uses Pu-236 as a marker.
3.2 Instrumentation and Materials
3.2.1 Material and equipment

+ Ion exchange columns of 8 ml volume.

. Stainless steel planchets of 14 mm diameter.
+  BElectrodeposit cells.
»  Electrodeposit device with platinum anode.
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. Admmm;:ﬂuﬂﬂmmmmmmmf‘mmmm silicon barrier

seniconductor detectors.

Drying stove

+  Crucible
+« Hot plate
3.2.2 Special Reagents
+ Pu 236 marker solution
« DOWEX AG 1 x 2 (50-~100 mesh) anionic resin
in chloride form
o Nitric acid
« Hydrochloric acid
o Hydrofluoric acid
»  Hydroxylamine hydrochlorate
. Oxygenated water (30%)
o Ammonium oxalate

« Ammonium hydroxide

3.3 Treatment of the Sample

3.3.1 Pretreatment

o Carbonization. Place the sample (3-5 kg)_ in the
drying stove, gradually increas ing the temperature to 250°C.

o Incineration. Place the carbonized sample in the
crucible at 500°C for 12 hours.

3.3.2 Wet Incineration

a) Weigh 0.5-1 g of ash on precision scales.

p)  Add 50 ml of an acid mixture of 50% v/v of nitric
acid (65%) and hydrofluoric acid (48%)

¢) Dry in a teflon receptacle at a constant temperature

of 90°C.
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d) Repeat the process

e) Add 25 ml of nitric acid concentrate (65%).

£) Dry.

¢) Repeat the process.

h) Add 25 ml of nitric acid 7.8N and 3 ml of oxygenated water
to the residue.

i) Place the receptacle on a hot plate and digest with
addition of oxygenated water (30%) in 1 ml portions until the
solution is clear.

j) Complete the wvolume with nitric acid 7.8N up to 100-200
ml, depending upon the weight of the sample being analyzed.
solution (Pu-236).

k) Add 74 mBg (2.0 pCi) of the marke
1) Heat for 90 minutes at 80°C, covering the receptacles with
a watch crystal.
m) Leave overnight at room temperature.
3.4 Radiochemical Separation
3.4.1 Preparation of the ionic resin column
a) Place spun glass in the column tube and
moisten it with distilled water.
b) Fill the column with resin suspended in

distilled water.
¢) Permit the resin to settle, adding whatever amount may be

necessary to completely £ill the column.
d) Wash the resin with nitric acid 7.8N solution until it
does not give a chloride reaction.
3.4.2 Ion_exchange and elution
a) Pass the nitric solution containing the sanmple
through the ionic exchange resin at a flow rate not to exceed 1-2

ml/min.
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b) Wash with 5 volumes of the nitric acid 7.8N column.

c¢) Discard the washing liquids.

d) Add 10 ml of HC1l concentrate. Discard the effluent.

e) Add about 0.25 ¢ of hydroxylamine hydrochlorate to the
column.

f) Elute the plutonium held in the column with three 5 ml
portimnﬁ'mﬁlmwmmmﬂuumﬁm:amdﬂu

3.5 Purification and el

a) Evaporate the eluted matter under an infrared lamp until

rodeposit

dry.
b) Dissolve the residue in 1 ml of hydrochloric acid 12N.
¢) Evaporate under an infrared lamp until dry.
d) Add 3 ml of 4% ammonium oxalate and 1 ml of hydrochloric

0

acid 1N.
e) Lightly heat under infrared lamp; approximately one
minute.
f) Transfer the solution to the electrolytic cell, washing

the vessel several times with dis -1lled water which is added to the

cell until it totals 10 ml.

g) Electrodeposit at a current intensity of 200 mi for three
hours.

h) After three hours, without disconnecting the current, add
2 ml of ammonium hydroxide (50% by volume) to bring the electro-
lyte’s pH to 7.5, and verify the same with litmus paper.

i) Separate the electrolytic cell from the stand, previously
disconnecting the current.

j) Wash the cell with distilled water.

k) Separate the planchet from the cell and wash it with
distilled water.

1) Allow the planchet to dry and flame it.
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3.6 M

3.6.1 Equipment
The radiocactivity of the electrodeposited Pu 239 +
Pu 240 is measured by alpha spectrometry with silicon barrier

senmiconductor detectors Model TR=21=307-100 (ORTEC), with a nominal

nsd

active area of 300 mm?, a resolution of 21 Kev and a dead time of
0.5 usec. The operating power supply is 100 wvolts.

These detectors are connected to an ORTEC multichannel
analyzer and to a DIGITAL PDP-11/23 microcomputer with the RT-11
operating system.

3.6.2 Preparation of the Standard Solution
The plutonium 236 solution is obtained from OAK
RIDGE NATIONAL LABORATORY, with the applicable certificates.

. The solution to mark the samples is prepared in nitric acid

7.8N, heated for two hours at g80°c, to stabilize the plutonium in

valence state IV.

+ The solution thus prepared is diluted in nitric acid 7.8N
until a radioactivity concentration of approximately 74 nBg/ml

(2pCi/ml) is obtained.

. The standard solution is evaluated by means of an alpha
[l

count in a proportional continuous gas flow counter; this measure-

ment is verified by another taken with alpha spectrometry.
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The spectrometer is calibrated and the baselines determined

in accordance with Procedure No. of the Radiological and

Environmental Protection office.

3.6.3 Measurement of the sanmple
The planchet prepared in accordance with 3.5 is introduced
accordance with

into the counter equipment for measurement in

Procedure No. of the Radiological and Environmental Protection

Office.
« The counting time will never be less than 1440 minutes,

depending upon the radicactivity of the sample.

3.7 ‘;;:.'iil.ll ~='..=... .:
3.7.1 Calculation of the Lower Limit of Detection (LLD)

according to the Currie Criterion.

American standards ASTH (Volume 12, 01, 1983, C-100. For

determination of plutonium 239 and plutonium 238 with a 95%

confidence level, for which 2 x the square root of 2K takes a value
of 4.66, and considering a maximum of 10 counts of total baseline,
the detection limit of the device is given by the formula:

o~ o [
4,66 fop Vs

|

LLD 5

where:
. Counts per minute from baseline for radionuclide i.

al
‘n-; P

T, = Counting time from baseline expressed in minutes.

CE = Count efficiency
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With:
An efficiency of 30%
counting time of 1440 minutes
A baseline of 10 total counts

LLD = 0.29 mBg = 0.008 pCi

3.7.2 Calculation of Minimum Detectable Radiocactivity
(MDR)

This calculation requires a sufficient recount (at least
50 total counts) which will permit a close enough approximation of
the Poisson distribution to that of Gauss, for us to use Gaussian
statistics.

The Currie criterion for a small number of events is:

2,71 + 4,66\ Ct
MDR = T . 2.22 |

. R
where:

¢, = Total counts = 50

T = Counting time = 4320 min.

R = Chemical yield = 70%

CE = 30%

2.7 « 466 \EC .
MDR = 4320 x 2,22 x 0,3 x 0,7 0.63 mBg/planchet

)
oy

(0.017 pCi/planchet)

3.7.3 Calculation of Errors
3.7.3.1 IhﬁmeMMaﬁmmmmmmmmmﬁwwmmLMmmmﬁMMuerrmr:hs
given by the errors of the secondary standards utilized and

certified by the National Bureau of Standards (N.B.S5.).
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The variance of the different calibration measurements is

sufficiently low to permit reproduction of the measurement in 98.6%
of the cases.

LLD = 0, + O,003% nlq( 2,008 + 0,000098 pCi)

which involves an error of 1.15% with 95% confidence.

3.7.3.2 The error of the mninimum detectable
radioactivity will be formed by the accumulation of the following

random errors:

a) mﬂww%xnm@lwxMALLﬂumMJLm1nrranMW<l|“=:Gund1dar@dxmumMmu

b) Radiochemical analysis error.
¢) Micropipette error.
d) Sample quartering error.
e) Counting error.
« Calibration error is 0.92%
. The analysis error with Carlier ion exchange is 10%
. The micropipette error is 3%.
+ The sample quartering error is 11%
lence is:

« The counting error with 95% conf

2V et \/so

: 2 0 el SF¢ 0,0032
which represents 28.8% ' mer
Considering that: ) -
E NiE 2 (F 2 T
EﬂxnxﬂfAW‘Uﬁuh} '“E ‘x?ﬁ%) '&"%) +(‘%“=J

The total error = 32.56%
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Minimum detectable radioactivity in a counting time of 4320
minutes with 95% confidence:
MDR = 0.63 * 0.20 mBg/sample (0.017 * 0.0054 pCi/sample)
3.7.4 cCalculation of Recovery
The chemical recovery of the method is calculated

through the use of the internal standard of Pu 236, and is

expressed as a percentage of the added standard and that counted.

% recovery =
Sample analysis of marked targets should be employed with a

given frequency in a series of analyses.

3.8 Expression of Results
The final results of the sample’s Pu 239 + Pu 240 alpha
ed as radiocactivity per gram of soil. The

sec

radicoactivity is expres
results by sample will be expressed in the following manners:
» Case a) A > LLD
The sample thus has a true radiocactivity wvalue, the
result being expressed as A2 followed by the corresponding units.
« Case b) < A LLD
The result will be expressed as LLD followed by its

units.
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4., RESPONSIBILITIES

It is the responsibility of the director of the Radiclogical
and Environmental Protection office to:
Approve the application of these procedures and direct such

application when considered appropriate.
»  Monitor the proper application of these procedures.

It is the responsibility of the chief of the Radiological
Environment Operations Unit to:

+ Keep these procedures updated.
1se proce-

Designate the chief of the laboratory where the

dures are carried out.
»  Monitor the proper application of these procedures.
It is the responsibility of the laboratory chief to:

» iwah

+ Supervise the correct application of the procedures by the

S
analysts in his/her charge.
+  Prepare updating of these procedures.
« Approve the results by signature.
It is the responsibility of the analysts to:
«  Perform the procedures correctly.
+ Request the information needed and deliver that obtained in

timely fashion and the proper form.
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Recontanination
There are two procedures:
»  Saturated mixture of potassium permanganate and sulphuric
acid 0, 2N (V/V) (Solution A).
» Wash the material with Solution A,
+» Wash with sodium sulphite acid.

+ Wash with distilled water.

» Wash the material while hot, with $0% nitric acid.
+ Wash with DABEER detergent.

o Wash with distilled water.
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1. PURPOSE
To describe the method used in the Transuranide Impact and
Geochenistry Operations Unit for determination of plutonium in
biclogical samples.

2. SCOPE

Method is applicable to animal tissue and milk sanmples.

3. COMPOSITION

3.1 i

Princi

Levels of Pu 239 and Pu 240 in biological sanples are
determined through extraction of the plutonium contained in the
samples with acid mixtures, separation by means of ion exchange
resins, preparation of the source by electrodeposit and final
measurement by alpha spectrometry.

3.2 Instrumentation and Mate:
3.2.1 Instrumentation

Lals

+ Ion exchange columns of 35 and 5 ml capacity.
o Stainless steel planchets of 2.5 c¢m diameter.
Electrodeposit cells.

« Autotransformer.

o  Platinum electrode with Hg-Cu contact.

+ Alpha spectrometer with silicon barrier

semiconductor detectors.
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Reagents
Pu 236 marker solution

Pu 242 marker solution
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and

anionic resin

acid

»  Hydrogen peroxide

+  Sodium nitrite

o Ammonium Iodide

« Ammonium hydroxide

o Sodium sulphate

o "Thymol blue" indicator

Ireatment

Pretreatment

3.3.1
a)

b) Calcine at 550°C

Wet Attack

3.3.2

a) Weigh from 1 to 2

Dry in the stove at 1

overnight

50

0°¢C, increasing the temperature

ively, to avoid projections.

to eliminate organic

g of ash in 250 ml Pyrex recepta-
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b) Add 100 ml of HNO, concentrate and dry, occasionally
adding drops of H,0,. Repeat this step until white ash is obtained.

d) Dissolve the final residue in HNO, 8N and cool to room
temperature.

3.4 Radi

COLUMN T

a) Fill a glass column of 1.1 cm diameter x 30 cm, with
approximately 30 ml of AGlL x 8 moist resin (20-50 mesh). Wash the
resin successively with HC1l 1N, HNO, 8N and deionized water with a
volume equivalent to 5-10 [times] the volume of the resin.
COLUMN IX
b) Prepare an ion exchange column of 0.5 cm diameter x

10 cm, with 3 ml of AGL x 8, 50-100 mesh resin. Wash the resin

with 20 ml of HCl1 concentrate.

Form P/02 51



C.I.E.M.A.T. DOCUMENT No. 16 TITLE: PROCEDURE FOR DETERMINATION
RANSURANIDE IMPACT OF Pu-239+Pu-240 IN BIOLOGICAL
AND CHEMISTRY 0.U. Rev 0 SAMPLES AND TISSUES

Page 6 of 14

3.4.2 Ion Exchange and Elution

a) Pass the nitric solution containing the sanmple
through the Column I resin at a drip rate not to exceed 2 ml/min.
b) Wash the column walls with 3-5 ml of HNO, 8M. Repeat

the washing 3 times.
¢) Pass 200 ml of HNO, 8N through the column and discard
the washing liguid.
d) Wash the walls of the column with HC1l concentrate.
@) Pass 200 ml of HCL concentrate through the column and

discard the washing liguid.

f) Elute the plutonium with 100 ml of an acid solution
of ammonium iodide in HC1 (1.5 g of INH, dissolved in 5 ml of H,0
and dilute to 100 ml with HC1l concentrate). Catch the elution in
a 250 ml receptacle.

gy Add 5 ml of HNO, concentrate to the elution, stir and

evaporate on a hot plate until dry, without bringing it to boiling.

-

h' Dissolve the residue in 1-2 ml of HC1 concentrate
¥ [

onee.,

and evaporate until dry. Repeat this step

i) Wash the walls of the container with 3-5 ml of HCL~
concentrate, heat almost to boiling, transfer it to a clean
ceptacle three times with 2 ml of

centrifuge tube, washing the re
HC1l concentrate and unite all the washing liquids.
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j) Add approximately 150 mg of sodium nitrite, mix, let
sit for 1% minutes, centrifuge and transfer the floating matter to
Column IT.

k) Stop draining the sample through the column, wash the
walls twice with 2-3 ml portions of HCl concentrate. Wash the
column with 20 ml of HCl concentrate. Discard the washing liquid.

1) Elute the plutonium of the column with 20 ml of the
ammonium iodide-HCl solution (prepared as in subparagraph £)).

m) Collect the elute in a $0 ml receptacle, add 2 ml of

HNO, concentrate, mix, evaporate until dry, without bringing to a

boil.
3.5

a) Add 1 ml of Na,80, 0.3M to the residue

b) Evaporate until dry.
¢)  Add 0.3 ml of H,80, concentrate.

(& )

acle, keeping it in motion, until the

a) Heat the recept
residue is completely dissolved. Heat only to the extent neces-
sary:; a large amount of the H,80, should not be permitted to
evaporate.

e) Add 4 ml of distilled water and two drops of 0.2% thymol
blue.

£) Add drops of NHOH concentrate until the color turns
yellow-orange.

g) Transfer the solution to the electrodeposit cell and wash

the remainder with a total of % ml 1% H,50,.

h) Adjust the pH to 2.1-2.4 with drops of NH, concentrate, or

if the final point is exceeded, with 20% H,50,.
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i) Connect a current of 1.2A for one hour. Add 1 ml of NH,
one minute before turning off the current.
§) Wash the planchet with a diluted ammonia solution (10 ml
of NH, in one liter of H,0).
k) Dry the planchet by heating it gently for a few minutes on

a hot plate.

3.6 Measuremendl

3.6.1 Equipment
The radicactivity of the electrodeposited Pu 239 +
Pu 240 is measured by alpha spectrometry with silicon barrier
semiconductor detectors Model 576 and 576A (ORTEC), with a nominal
active area of 300 mm®, a resolution of 21 Kev and a dead time of
0.5 psec. The operating power supply is 100 volts.
These detectors are connected to an CORTEC multichannel
analyzer and to a DIGITAL professional 380 microcomputer.
3.6.2 Preparation of the Standard Solution
The plutonium 236 has been furnished by the AERE-
Harwell laboratories (Great Britain). The solution has been
diluted and calibrated in the CIEMAT (Ionizing Radiation Metrology
Division).
3.6.3 Calibration in Efficiencies

A master specimen of known radicactivity is electro-

deposited in the same geometry as the sample to be measured.
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This master is measured in each detector. The ratio between

between the disintegrations per minute of the master and the

existing counts per minute is the efficiency.

3.6.4 Determination of Baseline

The baseline in the spectral zone corresponding to the
j the counts of a "target"

239 + Pu 240 is determined by measuring

Pu-
prepared with the same nnnlv#1mdl process used for the samples.

3.6.5 Calibration in Energies
Calibration in energies is accomplished using naster
specimens calibrated and prepared by the National Laboratory of Los
Alamos (USa). The available sources are Am—241, Pu-238, Pu-239 and
Pu-242.
3.6.3 Measurement of the sanmple
- The planchet prepared in accordance with 3.5 is introduced
into the counter equipment for measurement in accordance with
Procedure No. of the PRYMA Institute.
. The counting time will never be less than 1440 minutes,
depending upon the radicactivity of the sample.
3.7 Calculations
3.7.1 Calculation of the Lower Limit of Detection (LLD)

according to the Currie Criterion.

American standards ASTH (Volume 12, 01, 1983, C~100. For

determination of plutonium 239 and plutonium 238 with a 95%

confidence level, for which 2 % the square root of 2K takes a value

of
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10 counts of total baseline, the

and considering a maximum of
given by the formula:

4.66,
detection limit of the device is
. 4,66 ( Ct
LLD = - S
CE \ Tt

where:
< from baseline for radionuclide i.

Ce = Counts per second

T, = Counting time from baseline expressed in seconds.

CE = Count efficiency expressed in cps/Bg
Calculation of Chemical Yield

yield or recovery is the ratio between the

3.7.2
The chemical
radicactivity of the marker added and that found.

The calculation takes the following form:

Y o= e o -
mBg added

3.7.3 Calculation of Minimum Detectable Radicactivity

(MDR)
According teo the ASTH standards, the minimum detectable

calculated by dividing the value of the LLD by the
s follows:

concentration is
hemical yield and the guantity of sample as

4 66 f e\ %
AMD = 4,86 'ﬁ Cr ‘) “
Y VCE \ Ty /

(o
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where:
Y = Chemical yield
V = Quantity of sample used in making the analysis (Xilos or

liters).

3.7.4 Calculation of Radioactivity

When, in the spectral zmmacmmmemmmmulnq to Pu-239 Pu-240
consider

[

emission, a sufficient number of counts 1s obtained to
(according to established quMfWI.n;‘MMWt radicactivity exists,
calculation is performed in the following manner:

Cpu-239 + Pu-240 - Cpgy 1
marker - C - Co A MY
Arkes marker -“B2 v

A = A

where:
Marker radioactivity added (Bq)

41!‘1|u|\1:l(ul|l:

Cpu-z39+Pu-200 Total counts due to peak Pu-239
Cha = Total counts of the Pu-239 spectral zone target
Cpa = Total counts of the marker emission spectral zone target

3.7.5 Calculation of Uncertainties due to Counting

For expresion of the results, the IAEA recommends calculating

the statistical uncertainty as a function of unity:

N [c f' / \2
- \ %\M ~239 \ ( VCmarker * Cpo \\
.W M \ Cpu-239 ~ mnl;’ \ Cmarker - CBQ‘/
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3.8 Expression of Results

The final result of the sample’s Pu 239 + Pu 240 alpha

v g2y P

radicactivity is expressed as:

Liquid samples: Radicactivity/1

Tissue samples: Radiocactivity/wet kg

The result per sanmple will be expressed in the following
manners:

« Case a) A > LLD

The sample thus has a true radioactivity wvalue, the

result being expressed as:

A+ 2TA

o Case b) < A LLD

The result will be expressed as LLD followed by its

units.

4. RESPONSIBILITIES
It is the responsibility of the director of the Radiological
and Environmental Protection office to:

Approve the application of these procedures and direct such

application when considered appropriate.
+  Monitor the proper application of these procedures.
It is the responsibility of the chief of the Radiological
Environment Operations Unit to:
+ Keep these procedures updated.
.

Designate the chief of the laboratory where these proce-

dures are carried out.
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+ Monitor the proper application of these procedures.
to:

It is the responsibility of the laboratory chief

. Supervise the correct application of the procedures by the
analysts in his/her charge.

+ Prepare updating of these procedures.

+  Approve the results by signature.

It is the responsibility of the analysts to:

« Perform the procedures correctly.

. Request the information needed and deliver that obtained in

timely fashion and the proper form.

5. REFERENCES
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l. PURPOSE

To describe the methods used for calibration of the Phoswich system
for detecting actinide photon enitters in the lungs.

2. SCQRPE

The procedure applies to the Phoswich Corporal Radicactivity

' T o= 4 e ] P . - . - » « o '.
Counter (CRC), belonging to the CIEMAT Radliological Protection Unit
vive measurements of radionuclides emitting

for conducting in
photons of y

3. GQMEQSITION

3.1 CRC Retection Enclosure

The detection enclosure used (Appendix I) is a shielded chamber
having the following inside dimensions: 243 cm square and 197 cm

high and of low floor, constructed of the following materials:

+  Steel plate 130 mm thick (prenuclear gquality steel)
+ Lead plate 5 mm thick

»  Cadmium plate 0.7mm thick

« Copper plate 0.38 mm thick

to the area where it is

The chamber is in overpressure rel:
located. It has a system of for ilation through absolute
filters, which provides 30 renewals/hour under normal operating
conditions and 60 renewals/hour for cleaning operations.
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3.2 n__Systemn
A B

The detection system is comprised of the following components:

3.2.1 Phoswich Detectors

The PHOSWICH (Phosphor Sandwich) detector (Appendix II) consists of
two £1 img crystals connected optically to a single photo-
multiplier tube which catches the light f£rom both, producing a
single pulse.

'—“ - (-. "

The combination of crystals used in the C.R.C. is NaI(T1)-CsI(Tl).
The INa(Tl) crystal is a 0.2 cm flasher with a fluorescence decay
period of 0.25 usec, which acts as a detector crystal. The CsI(TL)
crystal is a 5.8 cm thick flasher with a 1.1 pwsec decay period,
which is used in anticoincidence to eliminate noise due to the
Conmpton effect.

o3

This system is used to detect low energy X rays and y rays, when we
want to suppress the continuous Compton effect which is produced in
that 3! , This suppression is achieved through the use of
coinecid chn 5, which permit discrimination of the pulses
produced in each c 1, and in paxt 1, eliminate those events
which have deposit their energy in the first crystal and have

an interaction with the second crystal.

o

ponents and Functions) of the Associat-

ed Els

The low energy emitter detection system, which is diagramed in

F o

Appendix III, consists of:

-y

. 2 Harshaw Type 20MBHS2M/5B~-CX Phoswich detectors, 12.7 cm in
diameter, connected optically to RCA-S83006E type photomultiplier
tubes; serial numbers CT-122 and DO-240.

>
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« 2 ORTEC high tension sources, Models 456 and 556, which supply

s
voltages varying between 50 and 3000 V and currents of from 0 to 10
mA.
These are high input and
*h  permit the passage of a
the detectors to a linear amplifier

« 2@ CANBERRA Model 2005 pre
low output impedance adar
voltage impulse from each

3>

QL

. 1 CANBERRA Model 1456A addition amplifier. This electronic
module, connected to the output of the preamplifiers, adds up to 4
independent unipolar or bipolar signals; it includes gain control

over one input and admits voltage impulses of between 0 and & 10V.

« 1 ORTEC Model 460 pulse amplifier. It accepts input pulses for
any polarity from the add »n amplifier and expands their
amplitude by means of an adjustment in the gain factor within the
range of 3 to 1000, Its funct

ion is to provide a delay line for
all outgoing pulses.

« 1 ORTEC Model 427A pulse retarder. The pulse amplitude retarder
module can delay a linear or logic signal from 0 to 4.7% psec, in
increments of 0.25 psec. The ouput pulse is delayed 3.25 usec,
thus causing the pulse carrying the energy information to arrive at

the linear port in timely fashion.

» 1 ORTEC Model 458 pulse form analyzer. This module measures the
drop time of the input pulse coming from the amplifier and
generates, as an output, a linear pulse with an amplitude propor-
tional to the drop time. It also serves as a single channel
analyzer which permi neration of logic pulses, based on the
drop time of the inp is produced whe
the drop time is within a preselected range. The output pulse
width is 0.4 psec, and is delayed 3 psec from the input signal.

(121

g

pulse. One of these puls
.

HO6



PHOSWICH DETECTION SYSTEM
CALIBRATION PROCEDURE 0
SPECIFIC PR-X7-08 11m29=-91

[

T oof 20

+ 1 ORTEC Model 550 single channel analyzer. This module produces
a logic output pulse for any type of unipolar or bipolar input
which exceeds a P -ed voltage in the discrimination window.
The basic function of this module is to determine whether the
amplitude of an aribitrary input signal (in c A5 6

greater than the discrimination level (enerc

200 KeV).

-]
outs, producing a 3.2 V amplitude output pulse, the
is regul d by a 30-160 usec variable potentiom-
ds the duration of the pulse, so that the signal
gle channel analyzer coincides, time-wise, with
ulse shape analyzer.

d pulse shaper. An electronic module which admits

o 1 LASL bran
logic pulse in
-ion of wl
It ext

lence module
ing modes:
input

+ 1 ORTEC Model 418A coincidence module

permits analysis of % inputs with three : ]

coincidence, Anticoincidence and Off. 't is essentially an

pulse adder and level discriminator, produc e k 2 when
rmitted inputs occur within the presel wcted resolution time.

th
The input resolution time is determined by the width of the pulses.

e which is
sordance with some pre-specified

is wvariable between 0.3 and 4
ate on arrival of a positive
the pulse at the preselected

» 1 ORTEC Model 426 linear port. An electronic modul
used to inhibit a signal in ad
conditions. The signal duration

self-ac

hSec. Its mission is to
logic signal, and permit output of

time making it optimum for subsequent use.

o 2 CANBERRA Model 8075 analog-digital converters. An electronic
T zed into

module which converts the amplitude of the impulses analy
numerals proportional to that amplitude.
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. 1 CANBERRA Series 35 Plus, deul 3503 multichannel analyzer,
with 8192 channels. It performs microprocessor analyses such as
area calculations, peak searches, normalization, integration, data
blending and energy calibration.

4‘! ® ( .JE h[lh] l ! I gaili |: :.m[ ‘::']N[ '=:’

This is the entirety of operations and calculations directed at
ensuring that the information : in each me irement can bhe
interpreted in terms which permit identification nnd<qumn1ifi«a?imn
cﬁ’“h@'mminwmﬂﬁMH1qvmr a given radionuclide deposited in different

organs or tissues.

Ccalibration is detection system-specific and, therefore, might be
¢changed replacement, or uvhdv1w1al modification of any of the
elements of the measurement equipment.

Calibration for low energies (<200 Ke v; is conditioned by the fact
. the response the detector is highly contingent on
tance from the source, as well as on the absorption characte

tics of any materials between them. This makes it neces

calibrate the equipment separately for dlﬁﬁnr$xt thoracic o) e

25 and conposition percentages Of mus and fat. It is mﬂmu
necessary to perform calibrations for material deposited in the
lung, as well as in the lymph nodes, as a function of the chrono-
logical characteristics of the contamination.

4.1 GCalibration Equipment

4.1.1. Galibration Sources

sources of reference used as a guality
nmm‘ﬁvtdd'll||”y are:

+ The 3
control to verify sys
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Radiog=-
nuclide

241,
Am

57 .
7 Co

PHOSWICH
CALIBRATION PROCEDURE

PR-X7-08

SPECTIFIC

Ref R Radio=-

No. (Mev) activity
(BglOE4)

0.018 3.99

‘[:’ . O 6' C'

7QUS8

7T453 0.122 4.43

DETECTION SYSTEM

Calibra-
tion date

01.09.85

01.09.85

. The
calibration are:

Qrgan

Lungs

"

Lymph No

Lungs

active organs (lungs)

Radionuclide

(Bq*10E&)

Radicactivity

. |
awlAm 2. 15
o b
239, ‘
Pu .
yles 7.01
"
10. 36
L]
2.85%
"

2.85

U-Nat.
1.18

U-Nat
(enr.3%)

0.05

69
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for efficiency

Reference
630(R-L)
632(R-L)
542 1

543 81

543 82

661 (R-L)

663(R-L)
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4.1.2 Rescript

The mannequin utilized was designed by the Lawrence
Livermore National Laboratory (LLN), (Appendix IV).
modular mannequin, thlnq characteristics i tical with t
the human master specimen defined by the ICRP. It comprise
erial equivalent to bone, removable organs and a
plates (layers B and C) equivalent to tissue
cle/fat hmme"(mm%'dﬂﬂmmpdmynnq1hnmny)dewh<mmm
i acic thickness

5

ﬁk@lvimn w( mat

wnih' Feren
be p1d¢ﬂd upon Inw torso to - :
es. The JZ«W!'IHPFh'ﬂI mm»umﬂl:x BSGES MW“muﬂmwﬂltubnutntkmmmm
radiocactivity can be i inserted for calibration and lungs contaminat-

ed with AM- &4lw Pu-239, Natural Uranium and slightly (3%) enriched

natural uranium.

Thicknesses Ref. Layers
(em) + Q.2
1.67 Core
2.57 B15Q- clav-1
3.27 B150-2 1372
3.57 B150C -3

4.27 B150-4
Core: Intrinsic LLN manneguin

B150 Layers: Polyurethane with 2.1% CaCO,. Material equivalent

[N

to 50% muscle and 50% fat.

C137 Layers: Polyurethane with 4.3% CaCO,. Material eguivalent
to 100% muscle.
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. Syst

setween the pulse height scale

~mf‘tnetmuleﬂmmmmM. the energy of the photons

emitted by a given
The following are used for energy calibration of the Phoswich
detectors:

a

se Am241 sources referring to an X ray of 17.8 KeV ¢
ing to a y emis

a) Preci
y emission of 59.5 KeV, and Co57 sources refe

of 122.1 keV.

=

ducible geometry isting of placing f
: amm'lmwm1'
cut into Ikmp

) A Kmmwfr 1y reg
sources at the base of a plexiglass tra
detector. [Ww'@wtvvlmrﬁcM”“ﬁwthp]utvu
trapezoid.

CeEt

sonse must be linear, acting upon the zero and the gain

¢) The re
unril a distribution of 0.5 KeV per chan and the correct
position for the y emission of 122.1 keV is obtained.

d) A minimum of 5000 counts are accumulated in the peak channel,
in order for the photopeaks to appear well defined and to be able
thus to calculate with the reatest pc ble precision, the
centroid ui the photopeak of interest.

al

” » AWK
% » l:l o “!’ Jl:ijln 2ucah.

Jhration

clhency

This is radionuclic
operations:

a-specific and comprises the following

p=1

a) Obtain the parameters of reference, as indicated in section 5.
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.  Record the resolution of each of the detectors with a precise

Am—-24) source

« Verify the energy calibration by recording the net recount for
the y emission of a precise Am-241 source, in the region of
interest defined for this radionuclide

hout: the mannequin for
radionuclide.

. Obtain the ﬁhVﬁr@MMﬁnfal
the region of interest defil

mannequin in the measurement position (*), chargec

ific radionuclide und maximam f£iltration, define the

region of interest (ROI) characteri > of the photopeak sele WWL
for defining the ROI to take an area surw

The criterion
the peak channel until the gaussian extreme becomes confus

the bacground.

b) With th
with the spe

wnih

(*) The Measurement geometry for calibration of pulmonary
detection is the supine decubitus position, with a detector in
contact over each hemithorax.

¢) With the mannequin in the measurement position, and for each
1C compos: and tl ess, obtain a count with the lungs

thoraci ; iy
inert and another count -he lungs radicactive, for the ROIs

defined.

11) Calculate the net counts in the selected ROI for each thoraci

COMPO
234

Cé

ned as the
mdnnuquln

o 35 and =ion. The net counts are obtai
difference et the total counts in the contaminated
and in the inert mannequin.

-

Calculate the efficiency for the different thoracic thicknesses
and conpos ms, as the quotient between the net counts of the
photopeak a given energy and the number of photons of that
energy emitted by the source.

e)
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For thoracic thicknesses and compositions differing from those

ibrated, efficiency is calculated by interpolation from the
imental values obtained.

f) Calculation of thickness/efficiency curves for each thoracic
- / 3
cemposition.

4.2.3 galibration Factor Records

The calibration parameters are recorded in a 2cific and
referenced document. The technical documentation of all evalua-
tions will contain a certification of the calibration applied. The
parameters of reference obtained during the calibration process
will be maintained in the the system’s quality assurance books,
always reflecting the deviations between the true and reference

Cvralues.,

4.2.4 Calibration Freguency

nrformed whenever Uthe
antial modific i

Primary recalibrations will be
gquality assurance program reflects a subst
the system’s stability.

ation in

Efficiency calibration should be wvalid for periods of at least

three yvears wrovided no essential system component is replaced.
A r b - 5
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5. QBTAINING THE REFERENCE ERS

o

Prior to performing the comprehensive efficiency calibration, a
series of the detection system’s behavioral characteristics are
evaluated These will be uti ed as a reference for monitoring
the system’s stability, and therefore of the wvalidity of the

5.1 Retector Resolution Determinakion. and. Control

Detector Resolution Determination consists of:

U sitioned at the base of a
plexiglass -

ng a precise Am24l source Pos
crapezoid equidistant from each detectc

2 Measuring for sufficient time to obtain at least 5000

o w
counts in the photopeak channel so as to obtain statistical

acceptibility.

3. Calculate the resolution, using the eguation:

FWHM
R = e w 100
where:

FWHM = Width at half the maximum height of the photopeak
saed in energy).

(e

E, = The energy of the photopeak (in this case, 59.5 KeV)

law-d

is calculated Dby

2T

4. The resolution of Detector No. 1
ypressing the signal from Detector No. 2.

stector No. 1 is calculated by

5. The resolution of D
suppressing the signal from Detector No. 1

T4
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6. The resolution of the whole is accomplished with the sum
of the two det Ors.

7 Record the values obtained (Appendix V).

8. These operations will be conducted monthly.

hon of E

5.2 Verifice

1. Take as a reference, a precise Am 241 source referred to
the X ray of 17.8 KeV and the y emission of 59.5 KeV.
e gsource will be placed at the

2. Use a constant geometry. The
cant from each detector.

base of a plexigl: pezoid equi

ast 5000 counts
al acceptabili-

3. Measure for sufficient time to obtain at le
in the photopeak channel, so as to obtain statisti

ty.

alibration and verify that

4, Take into account the energy c
1i nce in chanr ferred
ls defined in

the position of the centroids and the di
to the 17.8 KeV and 59.5 KeV are kept within the levels
Section 6.

5. Record the values obtained (Appendix VI).
6. These operations will be conducted daily.

ency Calibration

5.3 Yerification of the

@ am241 source referred to the

1. Take as a reference a precl
yemission of 59.5 KeV,

2. Use a constant geometry. The source will be placed at the
base of a plexiglass trapezoid equidistant from each detector.
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3. Measure for sufficient time to obtain at least 5000 counts
in the photopeak channel, so as to obtain statistical acceptabili-

ty,

4. Determine the net photopeak count in the region of
interest defined for this radionuclide.

5. Record the values obtained (Appendix VII)

6. This control will be conducted daily.

5.4 Environmental Backaround DRetermination.and Control

m of the environmental background inside
cible geometry.

1. Daily de
the chamber with

2. Counting time of $4,000 seconds, so as to obtain statisti-
cal acceptability.

3. Record the background daily in the ROIs defined for the
contaminants which it is sought to evaluate.

4. Compare the daily backgrounds with the mean monthly
background.

6. QUALILTY. ASSURANCE

During calibration, a series of pdxummmﬁrﬁ are obtained, which
be 1 later to wverify the validity of the calibrationn in

and therefore, to unuxmmLu;:stﬂmnﬁﬂ“kdlityammﬂiﬂmaqmmlitywmﬁ1L
results.

any time an it is to be made during a work session, the
COrre '»ndlnn verifications of @nWiHQMM@NW@l bdﬂ]uxmunﬂ energies
and efficienclies ibed in Section 5 will be made.

fied by comparing the
of reference.

The validity of the calibration will be vel

results of these determinations with the parameters

76



PHOSWICH DETECTION SYSTEM
CALIBRATION PH@GHUUML 0

SPECIFIC PR-X7-08 11-29-91
17 of 20
o A resolution wvariation of more than 30% compared to the

resolution of reference may lead to recalibration of the system, or
failing that, application of a correction factor.

bserved upon verification of

(»5%) of the energies «
ed immediately by adjusting

e Any lewmmw-_
the energy calibration, will be correc

tMammm:Mm1mmgmuu

the efficiency may lead to
'”GalﬂthLUMl\uﬁ the system, or fa: ng that, application of a

r factor. The mean results of the mwn%hly*wakuwu obtained
in th@ @iliﬂlvnw” checks will also be recorded, in order to permit

tendency analysi
+» A significant (>5%) increase of the environmental background in
the regions of interest established for any radionuclide, will
lead to system review.

riation in

. A significant (>5%) we

7. RETLECTION. THRESHOLD

iblished Criteria

7.1 Est
Lbes the
n counts
SONS . The

7 (MDR) descri
; ‘nqulwh betw
u&wmﬁmdﬂdtﬁd‘pﬂr

The mninimum detectable
detection eguipment’s
vmrtm;puwrmmy‘hm1mmWME.
MDR is established to be:

2.714.64 S,
MDR == RS AR RS e s (RS gm s amds wR A D

E, * T,

where:

S, = Standard deviation of background
E, = Efficiency

T, = Counting time
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As the first term is negligible compared to the second, this
equation is actually equivalent to 4.64 times the standard
deviation of the background, expressed in terms of dose, in

accordance with ANSI N13.30.

In any case, but very especially in the Phoswich detection system
for low energy emitters, the background counts, the efficiency
values, and henc ' MDRs, depend heavily upon the individual’s
physical constitu

The dependency of the efficiencies calculated with regard to
individual physical constitution is significant in the letection of
low energy emi rs in the lungs, due to the strong absorption this
type of radiation undergoes in passing through the thorax.

8. QUALIEILCATIS

sonsible for the Corporal Radiocactivity Counter
Service who will see to

The individual

is the person des:

the proper technical maintenance of the equipment assigned to this
proce-

detection system and for the correct application of th
dures

]

9. RESES

It is the

« Review the updates to these procedures, and direct them when

considered & -late.

) €

. Ensure the correct application of these procedures.
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DIAGRAM OF THE LLN MANNEQUIN
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MONITORING QF CRC QPERATING CONDITIONS

VR ) €Y

RESQLUTION OF PHOSWIGH DRETECTORS

NOMINAL RE- CALIBRATION
LUTION R1%

DETECTOR
IDENTIFICATION SOLUTION % RESO

No. 1 CIP-122 16.32
No. 2 DQ-240 12.9
No (1+2)
Calibration date: /S 7
AM~-241 59.9 keV Photopeak of Reference
No of counts, peak channel = 5000
DETECTOR 1 DETECTOR 2 DETECTORS RI1+R2

DATE R2% R2/R1% R2% R2/R1% R2% R2/R1%
RESOL. RESOL. RESOL.

b
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OBRTAINING PARAMETERS OF REFERENCE

VERIFICATION QF ENERGY CALIBRATION
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MQN!“&ﬁJk ........ (
IFICATION I]Lm__

;..~ - .] I.]:Lﬂ: N JIHN‘[:’ ‘E:'::'N]E ) ]E ']E' ]F :J’N x),
H SYOTEM. ENERGY CALIBRATION

PHOTQREARS QF REFERENCE CALIBRATION DATA DATE / /

1. =~17,8 Kev Am-241 PHOTOPEAK CHANNEL 1: .
2. ~59,5 Kev Am=-241 PHOTOPEAK NNEL 2: . .
Counting Time: = 300 s DISTANCE Dy=C,~C,:. . ...channels
If
Date Photopeak Photopeak Distance Deviation
Channel 1 Channel 2 D1 Rl = DO %
Do
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APPENDIX VII
OBTAINING THE PARAMETERS OF REFERENCE
VERIFICATION OF EFFICIENCY CALIBRATION
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1. PURPOSE

To describe the method used in the laboratories of the

Fm@dmdogiaal]%wﬂhmnwwﬂm:muwmmMEtheradiolmgicalimwﬂﬁmwirmnmental
Protection office, for determination of Pu-239 in urine samples.

2. SCOPE
The method is applied to 24~hour urine samples of possibly

cmmﬂﬂﬂmwwmmmlp@rsmnﬂ'mmmhunyKm1internal<mmmeMMMmmunmnmmdtmrimq

progranms.
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3. COMPOSTTION
3.1

nple
€ Y

Twenty-four hour urine collected in liter bottles

Sample A:

slightly acidulated with nitric acid. No micturition must be lost,

in the cited analysis reference nmust

e

and the standards given
scrupulously adhered to in order to eliminate contamination.

Sample B: Urine from one micturition for creatinine analysis.

3.2 Preparation of the Sample

« Measure the volume and the pH of the urine.

+» Transfer the urine into a 2 liter graduate.
Add 40°BE concentrated (63%) nitric acid until it reaches 1N.
standard solution over nitric

. Add prepared and stabilized Pu-242
acid 8N (approximately 4 dpm).
« Place the graduate with the urine in a water bath.

. Heat, with magnetic agitation for 30 minutes, keeping the water

temperature between 70 and 80°C during the agitation time.

+ Add 1 ml of phosphoric (orthophosphoric) acid ro each urine
sample.

. add 24°BE concentrated (35.05%) ammonium hydroxide until a

voluminous precipitate is formed, acidify the urine, verifying its

acidity with universal litmus paper.
. Add 0.1 ml of a saturated solution of calcium nitrate (to
correct any lack of of calcium in the urine) and again add ammonium
hydroxide until a precipitate forms.
» Agitate the sample for one hour, allow to settle for approxi-

mately 30 minutes, verifying that the precipitation is complete by
adding ammonium hydroxide; if it is not, add 25 ml of ammonium

hydroxide and agitate for another 30 minutes.

The precipitation process will not last under 1 hr, 30 minutes.

Form P/0O2 99



JEN  DOCUMENT No. TITLE: PROCEDURE FOR DETERMINATION OF
Pu-23 IN URINE SAMPLES BY ALPHA SPECTRO-

Date 6-9-86 METRY

REV_Q

4 of 14

Remove the graduate from the water bath, extract the stirring

rod and cover with a watch crystal.
+ Allow the precipitate to settle overnight at room temperature.

« Decant and discard the effluent.

+ Transfer the precipitate to a 90 cc centrifuge tube, by flushing
it with distilled water.

. Centrifuge for a minimum of 1% minutes until a precipitate
firmly adhering to the bottom of the tube is obtained.

« Discard the flushing liquid

+» Wash the graduate twice with 10«15 cc of nitric acid 2N and add
the acid to the the centriguge tube, mixing it with the precipi-
tate.

« Continue the washing of the graduate two or three times and mix
it with the precipitate.

« Add 2 or 3 drops of octyl alcohol before proceeding to evapora-
tion.

. Place the centrifuge tube conatining the solution of the
precipitate on an aluminum block and evaporate dry overnight at 95-

100°¢C.

3.3 W and. Rissolution

3.3.1 + Incinerate the residue from the evaporations in the same
0°C on an aluminum heating

tube, with concentrated nitric acid at 30
block, until white ashes are preoduced (the nitric acid will be

added un 2-3 c¢c increments, cooling before each addition).
3.3.2 Allow to cool at room temperature.

3.3.3 Add 40-50 ml of nitric acid 8N to dissolve the ashes. Leave

at room temperature overnight to enhance the dissolution.
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3.4 Purification by Ion Exchandge

3.4.1 Preparation of the anionic resin column

. Use the glass column in accordance with the enclosure.

. Place spun glass in the tube of the column, moistening it with
distilled water.

° Fill the tube of the column with Dowex A.G. 1¥X2, 50-100 mesh
anionic resin, suspended in distilled water.

ysin with at least five portions (VC) of nitric acid

D k.

+ Wash the re
8N until the washing liquid does not give a chloride reaction with

silver nitrate.

. Let the nitric acid pass completely through before going to the
next step.

3,4.2 » Pass the ash solution contained in the centrifuge tube
through the resin column at a flow rate of 1-2 ml per minute.

» Wash the centrifuge tube three times with 10 ml of nitric acid
through conpletely before each

'
£

8N each time, allewing it to pas
washing. IUMnfﬂmmmmﬁmﬂW£amdlﬂmuﬁmnﬁtMmlSdmple‘maytmnﬂmmuuwdll be

in the 1liquid coming from the passage of the sample solution
through the column, plus the two nitric acid washings. These
liguids may be saved for subsequent radiochemical analyses.)

. Slowly add 3 ml of concentrated hydrochloric acid to the column.
(Any Th the sample may contain will be in these liquids)

« Allow the acid to pass completely through.

3.5 Plutonium Elution

+  Add hydroxylamine hydrochlorate (solid product, approximately

-
£

0.25 g) to the resin.
. Elute with hydrochloric acid 0.5n (two portions of 5 ml each
time), catching the elution in a 25 ml receptacle.

« Dry the elution by evaporation under an infrared lamp.
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3.6 £
« Add 1 ml of concentrated hydrochloric acid to the evaporation
residue of the elution.

o Dry by evaporation under an infrared lamp.

. Add 1 ml of hydrochloric acid 1IN and 3 ml of 4% ammonium

oxalate.
° IMMM:gmmmly'uwmarﬁmuimmrﬁred.mep1MM:amwmmmimﬁtely1mmermwummn

o Transfer the solution to the electrolytic cell, washing the

receptacle several times with distilled water, which is added to
the cell until 10 ml has been completed.
« Electrodeposit at 200 maA for 3 hours.
+« At the end of 3 hours, without disconnecting the current, add 2

ml of 50% (v/v) ammonium hydroxide to bring the electrolyte to pH
7.5, verifying it with litmus paper.
. Remove the cell from the stand, disconnecting the current

previously.

» Wash the cell with distilled water.

.«  Remove the planchet from the cell and wash it with distilled
water.

» Allow the planchet to dry and flame it.

3.7.1 Equipment
The radioactivity of the electrodeposited Pu-239+Pu-240 is measured

by means of alpha spectrometry, with ORTEC Model TR-21-300-100
silicon barrier semiconductor detectors having a nominal active

area of 300 mm*, a resolution of 21 KeV and a dead time of 0.5 8.
The operating power supply is 100 volts.
These detectors are connected to an ORTEC multichannel

analyzer and a DIGITAL PDP-11/23 microcomputer with the RT-11

operating system.
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3.7.2 FEfficiency Calibration..  Preparation of Standard

P

The plutoniu-242 solution is obtained from Oak Ridge National

o ) €3

Laboratory, with its respective certificates.

« The solution to mark the samples is prepared in nitric acid 8N,
by heating at 80°C for 2 hours to ensure that the plutonium is
stabilized in valence state IV.

+ The solution thus prepared is diluted in nitric acid 8N until a

radicactivity of approximately 8.8 dpm (147 mBg) is obtained.

. The standard solution is evaluated by means of an alpha count in
a continuous gas f£low counter, verifying the measurement with other
alpha spectrometry.

. The spectrometer is calibrated, and baselines determined

ire no. of the Radiological and

according to proce
Environmental Protection office.

.  The counting time will never be less than 2880 minutes.

3.8 gCalceulations
3.8.1 Calculation of the Lower Limit of Detection (LLD)

« According to the Currie Criterion. The American standards ASTH
(Volume 12, 01, 1983, C-100) for determination of plutonium 239

(0,

and plutonium 238 with a 95% confidence level, for which 2 % the

square root of 2K takes a value of 4.66, and considering a maximum

of 10 counts of total baseline, the detection limit of the device

ol

is given by the formula:

S f -~ N4
LLD = . 4,66 j" e ., z
228 \ T,
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C, = Counts per minute from baseline for isotope 1i.
: 1 5 L
T, = Counting time from baseline expressed in minutes.

CE = Count efficiency

With an efficiency of 30%, a counting time of 1440 minutes
Py ’ .

and a baseline of 10 counts. The lower limit of detection will

be:
LLD = 0.29 mBg = 0.008 pCi
3.8.2 Calculation of Minimum Detectable Radioactivity (MDR)
This calculation requires a sufficient recount (at least 350 total
counts) which will permit a close enough approximation of the

o €3

pPoisson distribution to that of Gauss, for us to use Gaussian

statistics.

. The Currie criterion for a small number of events iss

 ——

2,75 - A B w~'/

MDR
X 2,22 x L x A
where:

T = Counting time

¢, = Total counts

R = Recovery
Therefore, for

R = 70%

E = 30%
We obtain

5 ™ . 4,86 \| 30

MDR = 4320 x 2,22 x 0,3 x 0,7 0.622 mBg/sample

(0.017 pCi/sample)
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3.8.3 Calculation of Errors
3.8.3.1 The alpha spectrometer calibration error is given by the
errors of the secondary standards utilized and certified by the
N.B.S.

The variance of the different calibration measurements is
sufficiently low to permit reproduction of the measurement in 98.6%
of the cases.

LLD = no2e6 - 0,0034 mBa

LLD = 0.008 - ©.000092 pCi
which involves an error of 1.15% with 95% confidence.

3.8.3.2 The error of the minimum detectable radiocactivity will be
formed by the accumulation of the following random errors:
»1r calibration error which is considered random.

a) Spectrome

b) Radiochemical analysis error.

¢) Micropipette error.
d) Sample quartering error.
e) Counting error.
o Calibration error is 0.92%
+ The analysis error with Carlier ion exchange is 1o%
+  The micropipette error is 3%.
o The sample quartering error does not exist in our
case, since we are taking the entire sample.

o«  The cmuntinglarmmr‘mHM1!Mﬂ;cwwﬁﬁﬁ%wmm:iﬁm

llllll man
\ ,
N - AE o
2 ‘-,““ = d 3,003 = 28,28 %
W +

MDR = C,317 = (Lommsmu.Immm=ﬁym”=1<m;7:ww

where N = No of counts
t = counting time
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Error wotal % = 30,.4%

Minimum detectable radioactivity in a counting time of 4320

minutes with 95% confidence:
MDR = 0.629 * 0.19 mBg/sample

or, expressed in pCi
MDR = (0.017 * 0.0051 pCi/sanmple, considering the

total error.
The calculated experimental error is 28%, which, as can be

observed, is near the calculated theoretical error.

3.8.4 Calculation of Recovery
The chemical recovery of the method is calculated through the use
of the internal standard of Pu 242, and is expressed as a percent-

agelof'mmaamhhﬂﬂENEHWMﬂﬁlamﬁlthﬂt.cmuhted»

dpm_counted ¥ 100
Recovery = dpm added = %R

on occasion, a target analysis with the standard may be made and

apply to it the total recovery of a series of analyses.

sample analysis of marked targets should be employed with a given

frequency in a series of analyses.
3.9 Expression of RBesulis

The final results of the sample’s Pu 239 + Pu 240 alpha radicactiv-
ity is expressed as radicactivity excreted per day. For that
purpose, an estimate of the urine which the person monitored must

excrete daily is made through analysis of the creatinine in the B

urine sample. The following cases may result:
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The volume of urine analyzed agrees with the estimate. In this

ted per day.

a)
case, the radioactivity counted will be that excre

b) The volume of urine excreted does not agree with that calculat-

ed through creatinine analysis. In this case, a check will he made

to determine if the person suffers from any renal disorder; if no
dysfunction exists, the calculated volume will be taken as the

daily excretion.

The results by sample will be expressed in the following manners:
» Case a) A > LLD
The sample thus has a true radicactivity wvalue, the
result being expressed as A + 20 followed by the corresponding
units.
o« Case D) < A LLD

The result will be expressed as < LLD followed by its

units.

4. RESPONSIBILITIES

It is the responsibility of the director of the Radiological
and Environmental Protection office to:

+  Approve the updating of these procedures and direct such
updating when considered appropriate.

+  Monitor the proper application of these procedures.

It is the responsibility of the chief of the Radiological
Environment Operations Unit to:

« Keep these procedures updated.

«  Monitor the proper application of these procedures.

+ Review the updates of these procedures.
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It is the responsibility of the Chief of the Subunit
to the Palomares studies to:
+  Keep these procedures updated.
. M

analysts who perform them.

+  Designate the analysts.

»  Approve the results by signature.

o Submit the results obtained.

It is the responsibility of the analysts to:

+ Perform the procedures correctly.

onitor the correct application of these procedures

SPE

12

ABs!

by

CTRO-

(@] f :l “lr

igned

the

o Request the information needed and deliver that obtained in

timely fashion and the proper form.
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5.2

Phosphoric acid

Octyl alcohol
Hydrochloric acid 0.5N
Nitric acid 2N

Nitric acid 8N

Hydroxylamine hydrochlorate

ammonium hydroxide 2&

Calcium nitrate

ammonium oxalate 4%

Dowex 1 x 2 50-100 mesh resin

2 liter glass graduates

90 cc Teflon centrifugal tubes
Teflon magnetic stirring rods
Magnetic agitators with built-in thermostat
water bath, as in drawing (Figure )
Aluminum heating blocks (Figure )
Teflon electrodeposit cells
Infrared lamp

”

Stainless steel planchets, diam. 1.2 c¢nm., electrodeposit 0.7 diam.

Current rectifier

Electrodeposit equipment (Figure )
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6. ENCLOSURES

a) Cited circular for analysis, with sample taking recommen-
dations.

b) Form for annotation of data on the sanple and other
particulars.

¢) Figures

d) Material decontamination.
Decontamination of glass_and Teflon material_ coming from plutonium

+

de
Reagents
» Saturated potassium permanganate solution (64 g/l)
o Sulphuric acid (5%)

P
[~
,

« Acid sodium sulphite
+ Dabeer detergent
Recontamination

. Wash the material with Dabeer detergent

o Mix the saturated potassium permanganate solution and the
sulphuric acid 0.2N (V/V) SOLUTION A

Procedure A

+«  Wash material with Solution A.

+  Wash material with acid sodium sulphite.
«  Wash with distilled water.

Erocedure B

» Wash, while hot, with 50% nitric acid.

«  Wash with Dabeer detergent.

h with distilled water.

o Was
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1. PURPOSE

To describe the method used in the Environmental Impact and

Geochemistry Operations Unit (Laboratory of Bioelimination of
Ground Transuranides) of the Environmental Institute , for determi-

nation of Am-241 in urine sanmples.

2. SCOPE

Radiochemical analysis is made of 24-hour urine samples of

people who may have suffered internal contamination.

3. COMPOSITION
ycation of the Sample

3.1 EBrepar
« The 24~hour urine sample collected in accordance with procedure
this same procedure ro

MA/0l is treated in accordance with
eliminate the Pu-239+240.
+ The nitric acid liquids coming from passage through the Bio Rad

AG 1x2 column and the wash ligquids from the column (paragraph 3.4.2

of procedure MA/01l) are collected to determine their Am-241

contents.
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. Add the Am-243 marker in nitric acid 1N medium, approximately 4
dpm.
.  Evaporate until almost dry.
.  Add approximately 50 ml of distilled water, and measure the pH.
. If necessary, adjust the pH with ammonium hydroxide, to 1.5%0.2.
3.1.1 Precipitation of the americium with calcium oxalate
. Add 50 ml of the saturated calcium oxalate solution to the
sanple adjusted to pH 1.5 (if the pH were higher, the phosphates
would precipitate out). The preciptate formed must be milky.
o« Allow to sit.

» Decant the precipitate.
at 3000 revolutions per

o Centrifuge the residue three times
minute for 15 minutes each time, waﬁhing'with distilled water, and
discarding the washing liguids.

prmmipxtate‘MmTVHM.cm’hmilinq'mmmeWEHMMMﬂrmmmim

acid, stirring vigorously with a Teflon rod.

« Dissolve the

. Add 93 ml of methanol and cover with flexible moldable translu-

cent paper, allowing it to sit until the following day.
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3.1.2 Purification of the americium by anion exchange

Preparation of the column

o Fill the glass column (1.2 cm inner diameter and 8 ml [sic]
long, provided with a switch) with Bio-Rad AG-1x8, 100-200 mesh
sly agitated for 15

resin suspended in distilled water and previous

minutes.
0 wash the column with 1M nitric

chloride reaction with silver nitrate (a minimum of 5

acid until it stops giving a
column

volunmes) .
. Wash the column twice with nitric acid 1M, 93% methanol.

. Pass the sample through the column at a flow rate of from 1 to

1 ml/minute.
.+ Wash the tube which contained the
and pass it through the column.

sample three times with 50 ml
nitric acid 1M 93% of methanol

3.1.3 Anericiump EBlution

. The americium is eluted in the column with 10 volumes of the

column of nitric acid 1 M.
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3.1.4 Electrodepc

« Evaporate the elution of the column until dry under an infrared

Llamp.
. If residue remains in the bottom of the receptacle, it is

dissolved in nitric acid 1M (93% methanol) and step 3.1.2 is

repeated.

. When the elution receptacle has no residue, the radionuclide is

electrodeposited.

» Add 2 ml of concentrated hydrochloric acid to the elution
receptacle and evaporate dry. Repeat this step at least three
times.

» Prepare the electrodeposit cell with a stainless steel planchet

12 mm in diameter.

» Add 2 ml of hydrochloric acid 2N to the elution receptacle.

o Add 1 drop of 5% methyl red.

. Neutralize the solution with 50% ammonium hydroxide until the
color changes.

o Add at least 2 drops of hydrochloric acid concentrate, to
reestablish acidity.

the electrolyte solution to the electrodeposit cell.

v Transfer

. Wash the recetacle with distilled water and transfer it to the

>

cell.
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. Mount the cell on the electrodeposit device with platinum anode.
. Keep the electrodeposit at 400 milliamperes for one hour, 30
minutes.
» Add 2 ml of 50% ammonium hydroxide solution.
. Disconnect the device and wash the cell with distilled water.
. Dry the planchet under infrared lamp.
» F1l
oxidizing and reductor zone.

ame the planchet with a Bunsen burner between the flame’s

=

3.2 Measul
3.2.1 Hquipment
The radioactivity of the electrodeposited Am-241 is measured by
means of alpha spectrometry, with silicon barrier semiconductor
15 X
detectors having a nominal active area of 300 mmw®, a resolution of
® .
21 KeV and a dead time of 0.5 8. The operating power supply is 100
: J ojekS
volts.
These detectors are connected to a multichannel analyzer and

a DIGITAL PDP-11/23 P.C. with an operating system.
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3.7.2 Efficiency Calibration

Calibration of the spectrometer and determination of baselines is

done in accordance with the procedure using secondary standard
Am-243 and Am-

planchets containing the Pu-238, Pu-239+240, Pu~
rtional gas counter

ters which are standardized in a propo

241 mas
using the primary NBS standards.

By means of the secondary standards a spectrum of each isotope is
obtained in all detectors using 479 channels, which cover the

energy ranges of 4 ro 6 Mev,.

3.2.3 Sample Measurement
The planchet prepared in accordance with 3.1.4 is introduced intc
the counting equipment for measurement.

The counting time will be 5760 minutes.
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3. Calculations

3.3.1 Calculation of the Lower
the Currie Criterion. The
for determination of aM-241 with a

Limit of Detection (LLD)

American standards ASTH

« According to

(Volume 12, 01, 1983, C=-100)
95% confidence level, for which 2 x the square root of 2K takes a
value of 4.65. The detection limit of the device is given by the

formulas
1/2

4,65 ([ Cg°
][JL]:.IEJ' == a, ']EI ,

¢,-

|
N

f
Ce. = Counts per minute from haseline for isotope i.
T, = Counting time expressed in minutes.

CE = Count efficiency

3.8.2 Calculation of Minimum Detectable Radiocactivity
This calculation requires a sufficient recount of at least
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we obtain:
2,71 + 4,65 VEB
| = (] 3 ey / ’
MDR = .. .. o - = (0,481 mBa/sample
i 5760 x 2,22 % 0,3 x 0,7

0,013 pCi/sample
(0.013pCi/sample)
3.3.3 Calculation of Errors
3.3.5
errors of the secondary standards utilized and certified by the
N.B.S.

The wvariance of the different calibration measurements is

3.1 The alpha spectrometer calibration error is given by the

:Wmﬂﬂhmhmﬂﬂu(loW“MQ}mMmMﬂ:repruduGﬁiwntmﬁtmm:M@asurﬁmawtjuuga_ﬁ%

of the cases.

ivity will be

3.3.3.2 The error of the minimum detectable radioac

formed by the accumulation of the following random errors:
a) ﬁmwmtrmm&t&r«mﬂﬁ&mmﬁjmmn@frmerxnﬂuiﬁ;ﬁﬁﬂﬁ$®&ﬂ@ikﬁWﬁM@u
b) Radiochemical analysis error.

Y

¢) Micropipette error.
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d) Sample quartering error.

@) Counting error.

»  Calibration error is 0.92%

The analysis error with Carlier ion exchange

+  The micropipette error is 3%.
o The sample quartering error does not exist

case, since we are taking the entire sample.

« The counting error with 95% confidence is:
VT 2 VB0
20 = 2 = = ),0025 18,2%
{ 5760

MDR

0,0914 mBqg

0,481 +

= No of counts

where:

t = counting time
Total error = #(EmmﬁwmmEﬁwmrr@mwmﬁlhmhmmm%c)2+Ummmnﬂmn‘
expressed on %
Total error 22%
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Minimum detectable radicactivity in a minimum counting time of
5760 minutes with 95% confidence.
MDR = 0.48) * 0.0914 mBg/sample
or, expressed in pCi
MDR = (0.013 % 0.0025 pCi/sample
The calculated experimental error is 28%, which, as can be
observed, 1s near the calculated theoretical error.
3.8.4 Calculation of Recovery
The chemical recovery of the method is calculated through the use

andard of Am 243, and is expressed by the ratio

of the internal st

between the dpm counted and the dpm added.

Recovery = dpm
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X

It is advisable to conduct periodic sampling of urine targets which

have had a determined amount of aAm-241 added so as to calculate the

mean recovery of the method. The mean of our sample is not under

70%.

3.4 Expression of Results

The final results of the sanple’s Am-241 alpha radicactivity is

expressed as radiocactivity excreted per day. For that purpose, an

estimate of the urine which the person monitored must excrete daily
is made through analysis of the creatinine in a urine sample. The
following cases may result:

with the estimate. In this

a) The volume of urine analyzed agr
case, the radicactivity counted will be that excreted per day.

b) The volume of urine excreted does not agree with that calculat-
In this case, a check will be made

g

ed through creatinine analysis.

to determine if the person suffers from any renal disorder; if no

dysfunction exists, the calculated volume will be taken as the

tion.

daily excr
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The results by sample will be expressed in the following manners:

o Case a) A > LLD
The sample thus has a true radicactivity wvalue, the

result being expressed as A L Eg.u followed by the corresponding

units.
+ Case b) < A LLD
The result will be expressed as < LLD followed by its

units.
4. REAGENTS AND MATERIAL

concentrated nitric acid, Probus
Nitric acid 7.8N

Nitric acid 2N

Nitric acid 1N

Nitric acid 1IN 93% methanol
concentrated Hydrochloric acid, Merck
Hydrochloric acid 2N

Calcium oxalate

Ammonium hydroxide
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Ammonium hydroxide 50%
Dowex 1X8 (100 - 200 mesh) exchange resin

Methyl red 5%

Reflon rods

Precipitate receptacles, 250 ml

Centrifuge tubes, 100 ml

Ion exchange glass columns, diam 1.3 om (w/ switch)
Disposable electrodeposit cells.

Stainless steel planchets

5. RESPONSIBILITIES
It is the responsibility of the chief of the Environmental
Impact and Geochemistry Unit to:

« Keep these procedures updated.

+« Monitor the proper application of these procedures.

procedures

o« Review the updates of these
It is the responsibility of the chief of the Ground Tran-

suranides Laboratory:
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» Keep these procedures updated.

Monitor the proper application of these procedures by the
analysts which perform them.

« Designate the analysts.

« Approve the results by signature.

«  Submit the results obtained.

s e

It is the responsibility of the analysts (defined as those persons
who execute these procedures as their job, or a portion thereof)

P
tos

o Perform the procedures correctly.

. Request the information needed and deliver that obtained in

timely fashion and the proper form.
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1. PURPOSE

hlied for measurement, operations and
sbtaining of dosimetric information of
on.

oy

To the methods ag
calcula to permit ¢

l@«utlhu
lons
mrllnmdn lung contaminati

2. SCOPE

Application of the Phoswich Corporal
system belonging to the C: Wmu?MddmnlwadeIJN: tn«mLUniL

E o
vivo" m@%»urﬂmmwbmﬁfxm@dmmumlide&'mmmmLumJkmmmmrm:of<ﬁmmmﬁg]“

fhan 200 keV,

3. COMPOSITION

3.1 s ok 2Y

™

System" applies.

ﬂputlfl«‘?kﬂﬂﬂdurm]ﬂ!JU71N! ncalibration of the Phoswich Detection

3.2 Galibration Method
ific Procedure PR-X7-08, "Calibration of the ] Phoswich Detection
Syﬁnem” applle

Spec

3.3 canduct of Pulmonaly Measurenents

3.3.1 Checking. the detechtion systen

In accordance with Specific Procedure PR-~X7-08, system stability
and validity of the calibrations in use is checked before each
measurenent, generating a daily report on Form PR~ A7=-13-012
wyerification of the Detection System" (Appendix I). The nxmurdm
du|1w checks the conditions of measurement in order to det

variations due to thermal drift or electronic maladjus
associated with the detectors, and compares the results obtal
with the values predefined in the calibrations.
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The functions of the program are:

¢ vVerification of energy calibration: The official applies
Section 5 of Specific Procedure PR-X7-08.

# Verification of efficiency and resolution calibration: the
official applies Section 5 of Specific Procedure PR-X7-08.

* Monitoring environmental background: Daily 1800 sec background
before and after each measurement session, verifying that the value
obtained is within the permitted range of error

t

If these verifications indicate a stem malfuncti
courses of action may be taken, depending on the circumstances:

A variation of 10% of the energy slippage and of increased daily
ground will be corrected by adjusting circuit
he corre nding subsequent study.

»
environmental back
parameters, with tl

+» A resolution variation of more than 30% or a small (<15%) loss
of detection efficiency necessitates application of a t
factor at the time of estimating the qu ty of the radi
neasured. However, this cause leads to the subsequent

tion of the system.

e

3.3.2 PBrior. preparation

with the

Corporal Radicactivity
sonal recc i

When persons come into contact
Counter for the first time, a } s opened, g Form
PR~X7=13~02: "Record of Registration in the CRC" (Appendix II), and
they must be included in some of the control programs defined in
specific Procedure PR-X7-10: rconduct of Internal Dosimetric
Controls"

« Monitoring external contamination

xj?th@]mmmmmumacm'ﬂﬂy1ﬁﬂmacm?@xt@ﬁmml«ﬂnﬂﬁmMJmmﬂmmtiﬁ:mMﬂMMmmMM
the procedure requires:
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* Monitoring of external contamination by a radiological protec-
tion technician. The skin of the person to be measured will be
bathed and scrubbed, so that there will be total certainty that any
contamination measured comes from internally deposited radio-
nuclides.

In the event of any incident, the radiological protection techni-
cian will make a contamination check of both ot g and personal

(e

effects.

« Information and safety instructions for the subject

examined will be given spe zlothing and
footwear for acc to the counting chamber. A :ime of each
measurement, Form PR-X7-13-03: "CRC Measurement Monitoring Report"
(Appendix C) will be used to record name, company, region examined,
monitoring program, weight, height and age.

The person to be

has had any previous body
rmative, the sub-; > will be
process safety conditions,
If it is the first time the

The subject will be asked 1f he/she
radiation count. If the answer is af
given a brief summary of the counting
while being installed on the counter.

sulk ) anrted for me irement, the installation technician
mast £y .n to him/her the purposes, method and safety
precautions of the corporal counting proces:

.
S o

Prior to any "in vivo" measurement, the technician must ensure that
the person who is to be examined has a | ect understanding of the
entire measurement process. He/she be told how to leave the
counting chamber, and shown how the | video communications
operate. This equipment includ 2 volce-activated intercom
system and closed circuit telewvis: *h permits the technician
to observe the subject in the counting position.

s of the measurement., the subject will be told
h

1t to identify and

As for the purpos
whether it is souw
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quantify the radicactivity deposited internally due to an explo-
sion, or to confirm that any internally deposited radiation is
below the detection limits.

3.3.3 rmination of thoracic thickness

a) Experimental: by ultrasound

thoracic thickness is measured with an ultrasound apparatus
@ gned especially for this purpose (HEWLETT-PACKARD 7215A
ECHOENCEPHALOSCOPE). This equipme consists of a high frequency
electric power generator and a tr mitter, which is a probe of
piezoelectric material which transforms the electric energy into

ultrasound enerqgy.

"

since the semireduction thickness for x-rays having 17 Kev of
energy in muscle and fatty tissue is 7 mm, it is essential that the
thoracic thickr s he measured accurately:; that is, it is ne 3aYY
to know the def cor-to-lung distance in order to be able to oly
the corresponding calibration factors.

The following procedure is followed:

» Materials needed
*  Aguasound transmission gel

* Kleenex type tJ

«  Prior to the ultrasound measurement

*  Connection of the equipment and the necessary adjustments must
be completed at least 5 minutes before the measurement.

»  Preparation of the subject to be examined

*+ The person sits on a chair

* The subject is warned that the transmission gel will be slightly
cold when applied to the skin.

o Measurement

* Apply the gel to the ultrasound transmitter or probe.

* Place the probe gently on the chest, in the positions indicated
in Form PR-X7-13-04: "Meternination of Thoracic Thickness"

(Appendix IV).
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*  Ohs
is varied.

*  Adjust the SCREEN CENTER until the pulse coincides with the
vertical center line.

* Repeat this operation in the twelve positions defined in Form

PR=X7-=13-04.
* Calculate and record the result on Form PR=X7-13=04.

erve the pulses which appear on the screen when NEAR COARSE

+»  After measurement
* Use a tissue to remove the gel traces from the subject’s chest.

* The person may go inside the 1h¢mbmr for mesaurement.

b) Theoretical calculation of thoracic thickness (T.T.)

Routine calculation of thoracic thickness in men employs an
a correlation between the

empirical function which establishes
subject’s weight, height and age, by means of the egquation:

T.T.(mm) = 1.24 % [Weight (Kg)/(Height)*(m)] - 0.03 Age (yrs) -0.8
. J 3 ® ). J b

¢ thickness in women is given by the above
calculated for a man of the same age,

Determination of thore
equation (thoracic thickness
weight and height) but by 20%.

This calculation is zrlfie by an indeterminate number of
measurements conducted Uﬁan AEA technology.

3.3.4 Measurement of the subiect

* Ask what music he/she wants to liste ing the measurement.
* Escort the subject into the counting chamber.

# Place him/her on the bed in the decubitus dorsal position.
.ectors just above the armmcmwmmwwmwMUJmltmwtne

i wa'm;mn the detec
s The detectors are positioned by moving the arms of the
n as close as pwmﬁnllw to the

: e until they reach a pc
pnlmnndry area, consistent with easy breathing by the subject.

-
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once both the person and the detectors are properly positioned, the
detector arms are firmly secured, ensuring that the subject is as
comfortable as possible. He/she will be cautioned nor change
position under the detectors and remain supine throughout the
counting period.

* close the door of the shielded chamber and activate the
counting, normally setting a counting time of 1800 seconds.

* At the end of the measurement, transfer the spectrum to, and
save it in, the computer sociated with the ector.

*  QOpen the door the shielded chamber. Tell the subject not to
move until told otherwise, and proceed to loosen the arms the
structures of the two detectors, and swing them back away from
the bed upon which the person just measured is lying. When this
has been done, the subject may be permitted to get up and leave the
chanmber.

tion . Qf R:

d_in._ the lLuangs

wituy Deposit

3.4 [Fval
3.4.4 Evaluation of the corporal background

In order to evaluate deposited radioactivity in the lungs, the
contribution made by the corporal background must be subtracted.

The physical constitution of the individual is very signifi 1t in
the detection of low energy emitters in the lungs, due to the heavy
absorption this type of radiation undergc in passing through the

individual’s thorax.

L fferences is the

The main factor responsible for individual d:
contribution of K-40 (natural radioactivity of the human body) and
typical levels of Cs-137< 199 Bg due to fall-out. Thus measurement

o )
of an indiwvic

lual always involves the use of his own personal
background: that is measurement of the individual before his
exposure to any type of internal contamination.
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In this case, if the subject’s background ( rsonal background) is
known, duy'ahmt'1“numumrwlqn|fl<dn# increase in the defined region
of interest will me radicactivity from the element, provided
that, at the time of measurement, the subject presents no other

contamination from more powerful emitters.

If the corporal background is not Kk 1@utlwwmmi personal
background), a method has k ‘ <@ﬁmmn.. which consists of
analyzing reference spe a wh' inﬂﬂ ﬁrmmxme¢'urmm@nt of "target"
JmMUMHuMMW that pers posed to rad ion., We thus
obtain a type ! :p@cwxum Whlmh r@pt s the contribution of the K-
40 and Cs-137 as a function of the thoracic thickne of the
individuals Therefore, the kmm%grwuuu.rﬂ:‘wmy subje can be
expressed through a regression linear function of the form:

ha? thad
Estimated personal background = A + B X (thoracic thickness)
where A and B are coefficients to be determined.

.4.2 Calculation of depesited radicactivity

Analysis of the resulting spectrum:
a) Existence of photopeak and single contaminant

If there is a photopeak, the radioactivity is calculated with the
following equation:

Radicactivity in lungs (Bg) = A,/T. % E, [1]

where A, are the net counts in the photopeak of interest, calculat-
ed from:

where

I, = Count spectrum, less the daily environme:
F, = Actual or estimated personal corporal backq
3.4.1)

T, = Counting time
E, = Counting @ﬁfhmhmmwgjunﬂﬂmacmm”ﬁW”mmm“nﬂ'r@qﬂun‘mﬁ interest,
expressed as a function of the thora thickness.

ntal background count.
jround (Section
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The calibration factors in effect are summarized below (Table 1)

Table 1
Calibration Factors as a Function of Thoracic Thickr

Thoracic Pu-239 An-241 U=-238(b)
tkness (cpm/kBg) {cpm/kKBq) (Ccpm/mg)

' 1,6 1103,04 §,4¢ . o
1.8 1012,1% 5,08
2,0 937 ,e3 3,74

- . s a4

2,2 374,24 5,45
24 S 2y
' R I S Sl 1 ~

2 rQ 773 » o t, a8
2.3 732412 2, 19
P -
3,0 697,11 1, 01
Jel 665,03 9,46
B % - 636 » 2 “ " 2]
210, 24 418

(bL')‘, G Yy 1O

3,6

3,3 % :3 6,62 3,06

< o O - \.::7 r (Jl ‘) ;3\ v ?:z!

42 545429 ffff

S op e : e D

N ]
.~ e r - ‘
RCTI (&) o) L 3 s . 36 110

(a) Region of intere in kev
(b) The U-23b was deternined from Th-234 gamma emission, asssuming
that the radiocactivity of U-238 and Th-234 are in a 1:1 ratio.

X

) Existence of photopeak and simultaneous presence of two
contaminants (the case of Plutonium and Americium)

In the event that th@r@ 1 s contamination with interference of two
contaminants, as in mmmm-'mﬁ mﬂu&mnﬂum and americium, the
: 2@ ] Iﬁdmrlmnuh : .yUMwmm1ﬂm. nsities of the two regions
- must be established, both for pure americium and for
plutonium, so as to estimate the contribution of each.
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This relationship is est d by means of a factor R (quotient
of the net areas of the two regions) which is a function of the
type R = 8 X @“; a and b being coeficients ro be determined, and

¥ the thoracic thickness.

The determinat 1 of the net counts of a contaminant An’ (roil) is
made by subtracting the contribution of the other (roi2), as
follows:

An’ (roil) = An (roil) = An(roil) * R(roil/raoil)

An' (roil) = An (roild) - An(roil) * R(roil/roil)

These calculations are repeated s sively until the ults are
stabilized. The radiocactivity deposited in the lungs is subse-
quently calculs from equation {1].

c) Nonexistence of photopeak

In the event measurement detects no type of 1, WwWe
proceed to calculate t emmm¢mmmu®mhm"humhaxmﬁdmﬂﬂt¢mey UM)‘ for
the radionuclide of interest.

ionoof  Pulme:

3.4.3  C
When the radicactivity of the contaminant is distributed uniformly
in the lungs, liver and bones LMm»K%warﬂtmmMLcmgmnm} the results
obtained from the measurement and analysis methods described
heretofore will reflect the tmmﬁdmmﬂlcwwmennv'iMn'mm@ lungs and
liver in the count, due to the proximity of the two organs. At
normal working levels it is not possible to appr ate this
proportion, hmf in this case, too, the interference of the
radicactivity in the bones is not very significant. The corr ion
would have to be made for each particular situation and circum-
stances, and therefore, cannot be documented in general procedures.
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Brrors

3.5 Tre

In most 'ﬁmmnn;imlmalculatbmnmﬂ“fhm-rndrw&mﬁtwﬂﬁngmmﬁitmd
ories:

S|
in the lung can be included in two cate

1. Thﬂ'a‘MMMmmlwptn
component is associat
untm&tulana& in mnd]v is <nt a h
elements for a normal ummtact pe of 30 ] :
variations due to chance nrﬁ fhﬂ?ﬂ relating to the pmmelmn of the
det r relative to g but their contribution is truly

insignificant (1%).

dnn Hm='wwmm";2"m
ite m«wmm

e I.I.III. W. .

2 Those which, in the case of individual neasurements, are

A
ares:

considered systematic errors. Included in this case

hich mriuinatu from the fact
pration mannequin cannot
type of error cannot be
%.ﬁm, whi

o« Systematic errors :
that the internal « Ty (mi a
duplicate that of mxrnmmmlkMMJmh This

nva]nafed” but we follow the recommendations of ANSI
suggest that the standard devi

riation between a target pe
mannegquin is approximately 25%.

o Systematic ors in calibration provoked by an incorrect
estimate of thoracic thickness. In ¢ 1l, they are not very
i in the mathemat. expression used for

significant, because both ,
the calculation and in the experimental measurement of men, we find
a margin of error of * 2.8 mm, which leads to an uncertainty of
only 5% in the calibration factor. By doubling the thoracic
thickness error for thw case OF measurement of women, where the

mn’mmﬂcmfﬂﬁ imation is les ati ﬁdclnry,:w'mﬂ:aimrnnlnwmw%””TWy
of 10% for the ﬂullh"atan lnmiur” which is 535 than the statisti-

cal counting error.

» S8ystematic errors if the pulmonary distribution of the contami-

nant in a subject differs markedly from ¢ uniform distribution in

the “HJkrnﬂan lungs. It is recommended that this error I
([ & » the un«wr%ulnty incurred in the radio ivit

of Ihu Tunc d for calibration is a systematic error source of

greater scope.
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All these considerations are taken into account in calculating the
errors which the program intended for the purpose effects.

3.6

)

indicates
1 between
ontaminated

The value of the Minimum Detec!
the capacity of the detect F ting
counts corresponding to individuals who are internally c
and those who are not.

equipment to d]

bue to variations which exist in the size and shape of the body
among the general populs 1 to the .able distribution of
radicactivity within the organism and each organ, the values of the
MDR are given for a uniform description and for a "model-man" (ICRP
23).

Thus the uncertainties in measurement will be less for thin and
small persons and greater for tall and heavy persons, due to the
differences in autoabsorption. The MDR can be calculated by using

the following formula in accordance with the Currie criterion and

the recommendations of ANST N13.30:

2.71 + 4.65 S,

MDR s (RN 4R RE. SHD EED e (RED (RS (REN quE) SRR 4RE) AR 440 SRR EE RED =

wheres

----- Standard deviation of the corporal background, using the

‘.‘:" - =1
j" é ‘[.;l ]“L'V'Eiﬂﬂl :i. n EE e Y . :l'l'l S :3; o “l' o ]L. iEI,l'l'Cl 3 » E; »

crite

E, = Calibration factor or efficiency, in the appropriate units

T, = Counting time.
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The MDRs for a mean thoracic thickness of 3 cm and for the
effective calibrations are summarized below (Table 2).

Table 2
Minimum Detectable Radicactivity
(for a mean thoracic thickness of 3 cm)

Radionuclide Energy (keV) MDR

Pu-239 17 3.9 KBqg
Am-241 59.5 12 Bg

U=-238 (Th-234) 63
92 3.5 mg

4. QUALITY ASSURANCE

e carried out in accordance with the internal
nce standards and the norms of the "American
‘WﬁﬂﬂIdm.ﬂhﬂJﬂ!ﬂtm'(mwﬂ]] ngtandard internal dosimetry
for mixed fission products mnm‘mchvat’wn ‘odu (Anwl 107H) and
wpractice for occupational and radiation exposure records systems"
(ANST 1972).

CRC operations ar
MAT quality assur

CIE
National 8

4.1 DRetection system guality assurance

types of daily verifications (energy,
vironmental sources) when that type
set forth in Procedure

There are three bas]
efficienc and control of e
Lol 31 i ary '...nfm The criteria are as
PR~X7- .08 and in Section 3.3.1 of this proc

PDetector resolution LHEVMM%TMJmlwhiGh'W=rum specifically verified

every day. Any significant nge in resolution will give rise to
a counting efficiency loss and should be reflected in the dm1]v
verification of the detection system. Periodic tests of the
resolution of the dete and their associated phmh&multipilem

tubes should bhe conducted every 6 months.
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These verifications prmv1dv very valuable information of possible
signs of deterioration in the detectors.
All these data are recorded in the CRC operation logbooks and
stored in the computer on a daily basis.

(=

4.2. Quality Assurapnce for Measulements

ad

The procedures to guarantee guality assurance are included in each
L process.

o S e

All measurements taken with the corporal radicactivity counter must

be documented and stored. The documentation must be sufficiently

detailed so that a person quullflwd in this wmrk can reconstruct

the <« and unmm that the iciency and energy
calibratiac ‘ '.mmmmhmkmmicwlthm'mmptuumﬂﬁzday“
kULlunutnly the natural K-40 ; each person’s body acts

of any change in the
pproximate indication as
satisfactory.

wF im

as an rnal standard
energy calibration and als
to whether ﬁhe|ummmtnnyﬁd

HIEW

sments are Ve ied in detail on a weekly

The results of the measure
basis by the official responsible for the CRC, in order to ensure
that the data have been filed properly and backup copi have been
made of everything recorded in the computer during the week.

5. TREATMENT QF DATA

The computer support of the CRC consists of several microcomputers

which can be interconnected with the CIEMAT computer network.

Fach measurement made in the CRC gives rise
histogram of the number of energy events for given detector and
geometry. The multichannel analyzers which collect this informa-
tion provide, in turn, information which can be presented in

different terms.

to a spectrum or
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A series of programs convert the input data into a common format,

so that all data, regardless of source, can be handled by the same
group of programs.
The basic functions are described below:

e Sp@ﬁtrum trans am
from the MCA to the PC, description and

»  Transmission of ‘
smoothing of it, rauurdinq of regions of interest and tabulation of
ults, for additional analysis of a single datum or a group of

- EL o

’pr progr

* Detection system verification program

»  Determination of centroids, resolution and area of the photo-
peaks used in calibration and comparison of the values obtainrd
daily with those described in the calibration file, rejecting the
measurement if the wvariations exceed a predefined percentage.
Generation of a report.

* Updating program of backgrounds: environmental, mannequin and
coporal

« Storage of environmental and mannecquin back
the capability < n@ﬁhmmmhﬁhuw‘wmﬁ statistica.
chanber’s own background over a given period, and for the
region of interest.

. Determination of net personal background of an individual, as a
ness Filing of the personal

ground spectra, with
1 wariation of the

desired

function of his/her thoracic thi 85,
spectrumn.

-imated from a

'](ll'!

=

o Determination of corporal backgrounds es
regression between background wvalues and thoracic thic

set of files stored, with the corporal values of "target" persons.

* Calculation and data storage rnﬂ»qm"nnm
» Rapid calculation of results, inter- ting the above descr
files with a file of m&«ulvamtwnhmzmwuntw;ﬁor‘@mmmlmMmMMMMMJﬁmz
calibrated.

» Preparation of a final report using Form PR-X7-13-05: Technical
CRC Analysis Report" (Appendix V).

. Storage of data in a data base file. Each spectrum is associat-
ed with its unique serial number; the alphanumeric designators and
the calculated results give
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to a file which is stored in the computer’s data base.

T data base can now be accessed through several different
programs to display, print out, make calculations, or carry out all
types of stat]

stical analyses.

It must be carefully verified that all the descriptive information
posting it to a safety file. All of these data
the results are to be available to authorized

m inab
.
j o

is correct he

are fundamental
personnel desiring

has been
will be
lance with

once the entire process of processing the results
conpleted, the intere »d party and the agency chief
informed of the results of monitoring conducted, in accord
Procedure PR~X7-10 (Forms PR-X7-10-04 and PR-X7-10-05).

In the event of any positive count of a routine nature, or due to

some incident, the chief of the UOPRI will be notified immediately,

and an evaluation will be made of the dose received by the
lividuals a ted. From that 1t

indi : ime forward, a monitoring
mes rement program will be required for the person occupationally

exposed to the radiation.

If any external agency contracts the services of the CRC, a report

. be submitted on Form PR~X7-13-06: "Report of internal
contamination to external clients" with the data of the measure-
ments and contamination levels detected, and dose evaluation if
necessary according to Procedure PR-X7-10 (Forms PR-X7-10-04 and
0%).

6. QUALLEICATIOQNS

The official responsible for the Corporal Radiocactivity Counter is
the person designated by the chief of the Internal Radiological
Protection Unit, who will see to the proper technical maintenance
F the equipment assigned to this detection system and the proper
application of this procedure.

7. RESPONSIBILITIES
It is the responsibility of the chief of the UOPRI:

+ To review the updates to this procedure and direct them when
ed sutable.

consider
« To ensure the correct application of this procedure.

wid

145



7

Anderson A.L. He

MEAS EMENT OF ACTINIDES IN THE LUNGS IN THE
CORPORAL RADIOCATIVITY COUNTER 0
SPECIFILC PT-X7-13 T=30-92
B. REFERENCES
MEA TECHNOLOGY . - "procedures for assessment of laboratory
(Harwell). Oxfordshire.

..... Ty ngs n

ATOMIC NUCLEAR DATA TABLES.- Reus U. and Westmeier W. Cat
¢ )

of Gamnma Rays from Radiactive Decay. vol 29, n%s ly 2

alog
983

5 Libration and
Discussion of Errors". Anderson A.L.,Campbell G.W. UCRL-
78409, 11lnl.19e76.

ANDERSON 76.- "LLL plutonium Lung Counter Cz

ANSI N13.6-1972.- "Practice fcr occupational and radiatien
exposure records gvstems" L7309 LLINL. 1976,

e

ANST N343-1978.-~ " varrnal dosimetry rfor nixed fission

and activanicn nrod

a Criter?

30-1987.~ "Standars Comnites., Perfoman

Drafv Standar 2/U

ANST 13

0
[-pRer:

Laboratory Whole Beody
“". OR

ional
Ccounter: Internaticnal Cperating-Proc

PR )
T e

BERGER 82.- "The OCak Ridge lat

Qrae Ma

for bioassay

6. load.

atecticn limits
NURE

BRODSK Hh"m "Accuracy and de

in rRadlation Protect.

neasurs

- - -

Tachnrniguss 2ged 2=

CAMPBELL 76, - "Ult:
tur jecermining chest wall

AT e Wa::mm'

ryan shapes"

. .l oy
. ohe el o 1Y

and

-y ™
walornea

Lakbor:

Livermora

Anuer

srection  and
v, 19638

CURRIE L.A..- "Limits for gualitative
ion snalytica: Cheml

gquant ivative devermina

n on radiological

ICRP 23. - "Tncernational Cormmi

Prote . Pergamcn Oxford

lon". 1973

- g

KRUCHTEN 90.- "Improved ultrasonic nasurement t@chnan@s
applied to assay of Pu and cother transuran.cs in lung".

Lawr Livermore National Laboratory. , Kruchten D.A.
lth Phvsics Vol.59. 1990

NAVARRO 90. "Calibration the Lung Actinide Detec
Navarro T., Vazguez C. CIEMAT/PRYMA/PR/DPI/3/90.

tion

e 421,

NEWTON 84.- "The Livermors Phantconm as calilbration standard

in the assesment of plutnnimm in lungs'. Newton and alg.

=3t
AERE Lnagdom ic Enerzy Authcerity.,

L1210, 1834, Uni%ed X

el v P OIN RUR - SN

146

IE;L

19 20

stemn”



MEASUREMENT OF ACTINIDES IN THE LUNGS IN THE
CORPORAL RADIOCATIVITY COUNTER 0

i )-9 2

R
SPECIFIC Pr-X7=13 7=30

[l

20 20

PALMER 90.- "Hanford Whole Bodvy Counting Manual". Palmer
H.E., Rieksts G.,Brim C.,. PNL~- 6193 DE-90. 1990.

SPECIFIC PROCEDURE PR-X7-08. "ralibration of the Phoswich
Detec

tion System. Ciemat 1991

SPECIFIC PROCEDURE PR~-X7-10. "Internal Dosimetric Monitoring"
Ciemat 1991

SUMERLING 83.~ "Measurerments of the human anterior chest wall

by ultrasound and estimates of chest wall thicnecks for use

in .;erminatimn of ctransuranic nuclides in the lung".
Surmerling T.2. Quant $.72. Radiaticn Protec=isn Dosimetrv Vel

3, N2 4.1982.

9. ARPENDICES

APPENDIX I verification of the Detection System
APPENDIX IXI CRC Record Form

APPENDIX III CRC Measurement Monitoring Report
APPENDIX IV Thoracic Thickness Determination
APPENDIX W CRC Analysis Technical Report

APPENDIX VI Report of Internal Contamination of External Clients
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VERIFICATION OF THE DETECTION SYSTEM
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CILEMAT Form PR-X7-13
CORPORAL RADIOACTIVITY COUNTER

Phoswich System

condition Verification
Date

-0l

Energy Variation

Precise Am—-241 Source Deviation

Counting Time = 300 s
First Centroid = Calibration Centroid =
gecond Centroid = Calibration Centroid = Deviation

Difference = Calibration Difference = Error

3

Efficiency Variation
Measurement Count
calibration Count Error

FWHM

Environmental Background Variation

Counting Time

Zone Calibr. CPM Daily CPM Error
Count Count

(34-74)

(74-148)

(72-220)

(170-250)
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CRC RECORD FORM
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CLEMAT Form PR=-XV-13-02

CORPQRAL RADIOACTIVITY COUNTER

FIRST

NAME EXAMINATION

NUMBERS
FOLDERS

ADDRESS

COMPANY
OCCUPATION

COMPUTER.

POSTTION
WEIGHT Kg HEIGHT om
SEX MARITAL STATUS

BIRTHDATE PLACE

NATIONALITY



APPENDIX IIX

MONITORING REPORT FOR EACH

MEASUREMENT
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CIEMAT Form PR-X7-

CORPORAL RADIOACTIVITY COUNTER

RECORD OF MEASUREMENT
DATE:

REPORT No. CIEMAT/SPR/DIC/ /

FULL NAME:

CRC No:

COMPANY / (C.O.):
POSITION:

CONTROL PROGRAM:
REGION EXAMINED:

AGE: Years
WEIGHT: Koy
HEITGHT : om

THORACIC THICKNESS: ocn

No OF FILED SPECTRUM: XN CRC No. Measurement. NoO.
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APPENDIX IV

THORACIC THICKNESS DETERMINATION
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CILEMAT

Form PR-X7-13-04

CORPORAL RADIOACTIVITY COUNTER

NAME ¢

CRC No:

ULTRASOUND DETERMINATION OF THORACIC THICENESS

DATE:

~

WEIGHT (XKg): HEIGHT (m): AGE:
THEORETICAL THICHNESS 9cm):

REMARKS 3

Positions:

ULTRASQUND POSITIONS

\.
g

RIBS

/
\  STERNUM /
DETECTOR POSITION

RIGHT LUNG LEFT LUNG

Position:

l: P 7 8
3: 4 ° 10:
o A 11 12

TOTAL of the 12 positions:

MEAN

VALUE: = THORACIC THICKNESS

CLAVICLE

(em)



APPENDIX V

CRC ANALYSIS TECHNICAL REPORT
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CILEMAT
CORPORAL RADYOACTIVITY COUNTER

Pers

Report: CIEMAT.SPR/DI

First Name:
Last Name(s):
CRC No:

= =
e

Weicght Height:

Thoracic Thickne

Position:

onal

Age s

Form PR=-X7=-13-0%

Data

Date:

Company :

Measurement

Control Program:

©
o

Detection System:

Region Examined:

s

Measurement Time:
Spectrum Number:

Determination of:

System Data

"
o

Fregquency

Analytica
ROX:

Calibration No.

Environmental Background

onal Background:

Pers

Estimated Personal Background:
Count.:

Radicactivity: - % (BqQ)
MDR

Critical Level:

: (Bq)
(Bq)

Dosimetric Evaluation:

1 Dat

@l

°
o

EBfficiency

157

Signed:



APPENDIX VI

REPORT OF INTERNAL CONTAMINATION

OF EXTERNAL CLIENTS
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CIEMAT Form PR-X7-13-06
Internal Dosimetry

Corporal Radicactivity Counter

REPORT. OF. INTERNAL CONTAMINATIQN
Detection System: Ref:
Type monitoring: Date:

MONITORING PROGRAM:

Code Surname First Name Measure~ Radio- Statis- MDR
ment Date activity tical error (mg U238)
measured (mg U238)
(mg U238)

Signed:
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