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I N T R O D U C T I O N 

This paper r e p o r t s the pr incipal techniques u sed , for the 

survey of radioact ivi ty on the si te of the Euratom I sp ra Establ ishment , 

at the chemical l abora to ry of the Pro tec t ion Serv ice„ 

As the text i s conceived to fulfil different r equ i r emen t s , l i ­

ke r eques t s from outside the l a b o r a t o r y , t ra ining of the pe r sonne l , of 

s t age r s and s tuden ts , e t c„ , to the exper t it may appear unneces sa r i l y 

prol ix and r ich in obvious de t a i l s , pa r t i cu l a r ly in the sect ions dealing 

with the collection and p repara t ion of the samples,, 

These pe r sons a r e kindly asked to p a s s over the p a r t s they 

will judge superfluous and to cons ider only those which look i n t e r e ­

sting 0 

The c h a r a c t e r i s t i c s of the r eagen t s have been given whe­

never n e c e s s a r y 0 The concentra ted (cone . ) acids and alkal is used 

a r e commercially available and have the following concentra t ions 

Hydrochlor ic acid 

Hydrofluoric acid 

Ni t r i c acid 

P e r c h l o r i c acid 

Phosphor ic acid 

Acetic acid 

Ammonium hydroxide 

HCl 

HF 

™°3 
HCl O , 

4 H . P O . o 4 
CH COOH 

ΝΗ,ΟΗ 
4 

32 -

38 

65 

70 

85 

99 

25 

36% 

% 

% 

% 

% 

% 

% 

The diluted acids and alkal is have been obtained by those 

mentioned above through addition of water in the given propor t ion 0 



1 - SAMPLING 

1 .1 0 Introduction This i s not the place to d i scuss fully the r e q u i r e ­

ments that samples taken for environmental monitoring must satisfy«, 

This has a l ready been a matter of debate on numerous occa­

sions even at in ternat ional level ( 1 , 2 ) . Suffice it to say that the way 

samples a r e collected is at l ea s t as important as the ensuing analyt ical 

p rocedure : it is c l ea r that to p r o c e s s nea r ly or totally u n r e p r e s e n t a t i ­

ve samples amounts to a waste of time and money because the r e s u l t s 

obtained cannot be used when they a r e to be in te rp re ted„ 

Apart from the r ep resen ta t iv i ty of the sample it should be 

kept in mind that unneces sa r i l y big samples may cause g rea t analy t i ­

cal difficulties due to matr ix effects 0 It is the re fore advisable to 

consider the amount of sample needed to achieve the goals of envi ron­

mental monitoring p r o g r a m s . In ce r ta in c a s e s it will suffice to s ta te 

that the radioact ivi ty of the sample i s below a p re se l ec t ed value ; the 

sample need then only be sufficient in quantity to provide a reading 

that shows re l iab ly whether the activi ty i s below the p r e - e s t a b l i s h e d 

l eve l . If n e c e s s a r y , simplified chemical p r o c e d u r e s with rough s e p a r a ­

tions can then be adopted. The methods desc r ibed below cons ider the 

cases in which the data have to satisfy more s t r ingent c r i t e r i a of a c ­

curacy and p rec i s ion because the object i s to acquire a be t t e r u n d e r ­

standing of the radiological si tuation around a nuc lea r s i t e , through 

the study of the co r re l a t ions exist ing between the data obtained from 

different m a t e r i a l s . 

(1) "Manual on environmental monitoring in normal o p e r a t i o n s " , 
IAEA Safety s e r i e s , N o . 16, 1966 

(2) "Guide pra t ique pour Uorganisat ion de la surve i l l ance de la 
contamination radioac t ive des den rés a l imenta i res et des 
bo i s sons" 
Commission des Communautés européennes - EURATOM, 
décembre 1967. 



As to the actual sampling, we limit ou r se lves to a brief r e -

wiew of the c r i t e r i a to be observed when collecting samples , as r e g a r d s 

both method and sampling d e v i c e s . 

1 .2 . Water Except in the case of ve ry small pools or water c o u r s e s , 

it i s advisable to take the sample at a sufficient d is tance from bank and 

bottom to prec lude as far as poss ib le the p r e s e n c e in the sample of s u s ­

pended mater ia l s such as mud, clay or fine sand . 

If the collected water has to be s tored for some time before 

t rea tment , it is advisable to add a p r e se rv ing agent , such as n i t r i c acid 

or pe rhyd ro l , to prevent the growth of algae and moulds . 

1 . 3 . Atmospheric dust This type of sample can be collected by d r a ­

wing a i r into an e l ec t ros t a t i c p rec ip i t a to r or cascade impactor or by 

drawing it through a f i l tering medium ; the l a t t e r i s by far the most 

common method. The efficiency of collection depends on a g rea t num­

ber of f a c t o r s . Good fi l tering devices should have high efficiency over 

the complete range of the pa r t i c l e spec t rum, cause small p r e s s u r e drop 

and maintain a fair ly constant airflow over the complete per iod of sam­

pl ing, r e g a r d l e s s of dus t load . This requi rement i s of specia l importan­

ce when the volume of a i r pa s sed through the f i l ter i s estimated by flow 

meter read ings r a t h e r than with in tegra t ion counters «, 

To l e s sen to a ce r ta in extent the influence of hot pa r t i c l e s it 
3 

i s advisable to f i l ter at l ea s t 300 m p e r 24 h r p e r i o d . 

With a number of f i l te rs the efficiency changes with the dust 

loading and this effect should be taken into account where r e l e v a n t . A 

number of f i l ter p a p e r s or membranes a r e available which ensu re n e a r ­

ly 100% efficiency for the a tmospher ic radioact ive dust p a r t i c l e s . 
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1.4ο Fa l l -ou t Fa l l -ou t may be wet ( r a in , snow, dew) or dry (dust). 

In the wet precipi ta t ion we may fur ther dist inguish between soluble 

and insoluble ac t iv i ty . Genera l ly fall-out co l lec tors a r e of the type 

which yields " total" (dry and wet) samples but the re a r e o the rs which 

collect dry and wet fall-out s e p a r a t e l y . 

Bas ica l ly , total fall-out i s col lected in two ways : 

f i r s t , exposing a v e s s e l to accumulate prec ip i ta t ion ; at the 

end of the sampling per iod the r a inwate r i s r e c o v e r e d from 

i t , usual ly to be evaporated ; 

second, by using an ion exchange col lec tor (see F i g . 1) . 

The ra inwater ,co l lec ted in an appropr ia te v e s s e l , f i r s t 

p a s s e s through a f i l ter which r e t a in s the insoluble mate­

r i a l s and then runs through cation and anion exchange c o ­

lumns. At the end of the collection per iod the sample is im­

mediately ready for fur ther t r ea tmen t . To minimize l o s s e s 

during per iods of drought the bottom of the collecting v e s ­

se ls should be covered with demineral ized w a t e r . At the 

end of each sampling per iod the v e s s e l s must be carefully 

washed to ensure complete r e c o v e r y and to avoid contami­

nation of the next s amp le s . 

F o r fur ther deta i ls on this topic see (1) . 

1 .5 . Total human diet The most p rac t i ca l way of collecting these 

samples is to use the same v e s s e l in which they will l a t e r be d r i e d . 

This obviates any difficulty of t rans fe r ing the fatty s u b s t a n c e s . This 

method is applicable only when the sample is taken in p laces c lose 

to the l abora to ry where they a r e to be t r ea t ed . "Where this i s not the 

case, the t r ans fe r of the wet mater ia l i s unavoidable . 

(1) "L'impiego delle r e s i n e a scambio ionico p e r i l p re l ievo delle 
r icadute radioat t ive e la determinazione della frazione disciol ta 
dei radionucl idi" M . C . de Bor to l i , P . Gaglione 
Pape r to be p resen ted to the XIV Annual Meeting of the A I F S P R , 
Formia 29 - 31 May 1968. 



1.6. Herbage It is important to cut the g r a s s stems at the i r base ra­

ther than to pull them up , in o rde r to avoid an admixture of soil which 

might substant ia l ly change the concentrat ion of both radioact ivi ty and 

s table elements in the sample . 

1 .7 . S o i l The place chosen for sampling should, if poss ib le , be 

fair ly l eve l , remote from buildings or high t r e e s , well covered with 

g r a s s , uncul t ivated, and not l iable to be flooded, e . g . through floo­

ding of a s t ream or l a k e . 

When one is i n t e re s t ed in the total activity or in the ac t i ­

vity profile the most p rac t i ca l way of sampling is to take soil co res 

by means of (see F i g . 2) a s tee l cyl inder of sui table diameter ( e . g . 

10 cm), sharpened at the lower edge to pene t ra te eas i ly into the 

ground when hammered. Samples a r e taken at the des i r ed depth by 

inser t ing a metal rod at r ight angles to the cyl inder ax i s , through one 

of the couple of holes bored along the s ides of the cy l inder . 

To ensure that samples a r e r e p r e s e n t a t i v e , each should 

cons is t of about ten co re s taken roughly chequerwise over an a r ea 

of 20 - 50 s q . m . 

When the soil samples a r e taken with the aim of studying 

the movement of radioact ivi ty between soil and g r a s s , additional 

p recaut ions should be taken to ensure a p r o p e r separa t ion of the 

var ious p a r t s of the samples . 
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2 - SAMPLE PREPARATION 

2 . 1 . Introduction Normally not all the samples collected a r e submit­

ted to chemical s epa ra t i ons , but a lso those which undergo d i r ec t r a d i o ­

activity measurements only need some p r e - t r e a t m e n t , in o r d e r to con­

cen t ra te the radionucl ides and to homogenize the sample . These aims 

a r e achieved mainly through the opera t ions of dehydrat ion, grinding 

and ash ing . 

2 . 2 . Dehydration This p r o c e s s , which cons i s t s in removing wate r 

from the samples , i s used for d i rec t gamma spec t romet ry measurements 

on samples of insufficiently high specific ac t iv i ty . Drying i s ' a l s o a n e ­

c e s s a r y p re - t r ea tmen t step before ashing, whenever a chemical s e p a r a ­

tion has to be effected. 

If no measurements a r e to be performed on the dr ied sam­

p l e s , it is advisable to dry them in the same v e s s e l s in which the sam­

ples a r e subsequently to be ashed , so as to avoid u n n e c e s s a r y t r a n ­

sfer o p e r a t i o n s . Bes ides the normal l abora to ry m a t e r i a l s , l a r g e py­

rex g lass t r ays of the o rd ina ry household type have proved to be ve ry 

su i t ab le . 

Drying should be c a r r i e d out at re la t ive ly low tempera ture 

if volat i le radionucl ides such as iodine i so topes , a r e p r e s e n t . 

2 . 3 . Grinding This operat ion is sui table whenever radioact iv i ty mea­

surements (gamma spect rometry) a r e to be effected on the dr ied subs tan­

c e . 

Soil samples a r e not to be ground, but simply homogenized 

after drying (s ince they a r e composed of s eve ra l sub-samples) and s i e ­

ved (normally through a s ieve with 0 .7 mm openings) . 

2 . 4 . Ashing The object of this operat ion i s to obtain, by removing the 

organic mat te r , a r e s idue of ash or sa l t s which can be dissolved and 
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thus chemically t r e a t e d . 

The regulat ion of the ashing tempera ture i s extremely im­

por tant whenever re la t ive ly volat i le r ad ionuc l ides , such as ces ium-

137, a r e to be de termined. With this element, the t empera ture should 

not exceed 450°C, although probably t he re a r e no apprec iable l o s ­

ses through volat i l izat ion up to 550° and pe rhaps even 600°C . N e ­

v e r t h e l e s s , as ce r ta in mate r ia l s he rbage in p a r t i c u l a r , tend during 

ashing to develop hea t , thus approaching the conditions of violent 

combustion (the mere opening of the furnace door may cause in such 

ca se s the firing of the sample) , i t i s bes t to r a i s e the tempera ture 

s t epwise , with an intermediate s tage of a few hours at 250°C . As 

to the durat ion of ashing genera l ly speaking 15 to 24 hours should 

be sufficient, at the recommended tempera ture of 4 5 0 ° C . With sam­

ples that a r e r i c h e r in organic subs tances (milk, fish) it may prove 

effective s ta r t ing the ashing in a domestic gas or e l ec t r i c oven, ma­

king su re f i r s t that i t will not le t the samples heat above 300°C. 

Another advantage of this preheat ing i s that i t obviates the forma­

tion of c r u s t s and t a r on the calcinating furnace i tsel f . 

If i t i s des i r ed to speed up the calc inat ion, o r if the oxi­

dation i s exceptionally difficult, the ashes may be moistened, once 

or more often, with concentra ted n i t r i c ac id , after the sample and 

i t s v e s s e l have been taken out of the furnace and allowed to coo l . 

After ashing the carbon r e s idue should be insignif icant , 

which means that the ashes should be white and the r e s idue on the 

f i l ter after acid dissolut ion should be of a pale co lou r . The scope 

h e r e i s to avoid l o s s e s , in the carbon r e s i d u e , of the elements 

a n d / o r radionucl ides ana lysed , l o s s e s which cannot be taken into 

account when co r rec t ing for the chemical r e c o v e r y . 
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3 - SEPARATION OF STRONTIUM 

The quantity to be submitted to the chemical p rocess ing va­

r i e s with the different mater ia l s depending on the i r level of contamina­

tion and the degree of sensi t ivi ty aimed a t . The chemical p rocedu re s 

descr ibed below r e f e r , un le s s o therwise s ta ted , to the following quan­

t i t ies of mater ia l : 

3 
A) Atmospheric dust : 5 to 20 thousand m of a i r f i l tered on 

2 

a f i l ter a r e a of a few hundred to a few thousand cm . 

Dry res idue of a tmospheric prec ip i ta t ions : up to 5 g ram­

mes ; 

B) F r e s h water : 50 - 200 l i t r e s ; 

C) Milk : 2 l i t r e s ; F i s h : 500 grammes (fresh weight) ; 

D) G r a s s and plants : 50 grammes (dry weight) ; 

E) Bones : 10 grammes (ash weight) ; 

F) Soil : 100 grammes (dry weight) . 

These quanti t ies determined the amounts of the va r ious rea­

gen t s , the t imes , ce r ta in ope ra t ions , e t c . used in the chemical p r o c e ­

d u r e . They a r e , however , valid as o r d e r s of magnitude in that s ign i ­

ficant difficulties should not be found in p rocess ing twice or half the 

quanti t ies ind ica ted . 
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3.1ο Atmospheric dust on f i l ters ; d ry res idue of atmospheric p r e c i p i ­

tat ions (fall-out) 

1. T rans fe r the ashes into a P T F E (polytetrafluoroethylene) 

capsu le , add 90 mg of s t r o n t i u m - c a r r i e r , 20 - 30 ml of 

cone . HF and 2 ml of cone . H C 1 0 / 0 Evaporate to d ryness 

on a sand ba th . 

2 . Add to the r e s i d u e , which should be very small (if not r e ­

peat the evaporat ion with H F ) , about 4 - 5 times i t s weight 

of a flux, consist ing of NaOH and Κ OH 1:1 finely ground, 

and melt in the same v e s s e l on a sand bath (the mixture 

melts at approximately 170°C). 

3 . After complete fusion, allow to cool , then dissolve the c a ­

ke with water and HCl : normally the re will be no r e s i d u e . 

4o T rans fe r the solution into a centrifuge tube and add NH ,OH 

until a pH of 9 .5 is r e ad at the p H - m e t e r . Centrifuge and 

put the solution a s i d e . 

5 . Dissolve the r e s idue with the minimum amount of HCl, dilute 

and r ep rec ip i t a t e the hydroxides as in the preceding s tep 0 

6 . Centrifuge and d i sca rd the r e s i d u e , which can be used for 

the separa t ion of P u . Add the solution to that obtained in 

step 4o, add 10 ml of a sa tura ted solution of Na„CO„ and 

heat almost to boi l ing. 

7 . Allow to cool , make s u r e the precipi ta t ion is complete and 

centrifuge : d i sca rd the solution which can be used for the 

separa t ion of ces ium. 

8 . See pa rag raph 3 . 7 . "S tandard separa t ion p rocedu re" . 
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3 . 1 . Atmospheric dust on f i l te rs ; d ry r e s idue of a tmospher ic prec ip i -

tations (fall-out) 

Ashes + 90 mg S r 

+ HF 

EVAPORATION 

Residue 

+ NaOH 

KOH 

FUSION 

+ HCl 

DISSOLUTION 

SiO_ vola t i l izes 

+ NH OH (pH 9.5) 

Residue 

C EN Τ RIFU GATION 

/ \ 
Solution 

d i sca rd 

(contains the Pu) 
+ N a 2 C 0 3 

C EN Τ RIFU GATION 

Residue 

See : "Standard 
separation procedure" 
(paragraph 3.7.) 

Solution 

d i s ca rd 

(contains the Cs) 
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3 . 2 . F r e s h water ( large volumes - ion-exchange r e s in s method) 

1. P lace the water in a suitable v e s s e l and add the s t rong 

cationic r e s i n (Dowex 50-x 8, form H ) in fair ly small 

beads ( 2 0 0 - 4 0 0 mesh (1)) using about 1 - 3 g (wet 

res in ) p e r l i t r e of water (the amount of r e s in can be 

determined exactly if the cation concentrat ion in the 

water i s known). 

2 . S t i r the water for 15 hours with an electromagnet ic or 

rod s t i r r e r . Let set t le for one hour and siphon off the 

w a t e r . 

3 . T rans fe r the r e s in into a column of appropr ia te s ize 

and elute with about 500 ml of 3 N HCl p e r 100 g of 

r e s i n . 

4 . Add 90 mg of s t r o n t i u m - c a r r i e r to the eluate and con­

cent ra te it to about 30 ml by evaporat ion on a sand ba th . 

5 . Dilute to at l ea s t 500 ml, add 6 N NaOH until the Phenol­

phthalein changes colour and then a sa tura ted solution of 

Na_CO„ until precipi ta t ion is complete . 
c* o 

Centrifuge and d i sca rd the solut ion. 

6 . See pa rag raph 3 . 7 . "S tandard separa t ion p r o c e d u r e " . 

(1) Units of the Tyler S tandard Sc reen Scale , 
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3 . 2 . F r e s h water ( large volumes - ion-exchange r e s i n s method) 

Water + Dowex 50-x8 r e s in 

STIRRING 

(15 hours) 

Water 

d i scard 

SETTLING 
/ \ 

Resin 

t r ans f e r to column 

HCl 3N 

ELUTION 
/ \ 

Solution Resin 

r ecove r 
+ 90 mg S r 

+ NaOH 6N 

+ N a 2 C 0 3 

C EN Τ RIFU GATION 

/ \ 
Residue Solution 

See : "S tandard 

separa t ion p r o c e d u r e " 

(paragraph 3 . 7 . ) 

d i s ca rd 

(contains p a r t of the Cs) 
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3 . 3 . M i l k , f i s h , who le d i e t 

1 . Add 90 mg s t r o n t i u m to the a s h e s and d i s s o l v e them with 

6 5 % H N O . and w a t e r ( a p p r o x . 1 : 1 ) . 

2 . F i l t e r any c a r b o n a c e o u s and / o r s i l i c e o u s r e s i d u e -

which shou ld in any c a s e be v e r y sma l l - and d i s c a r d 

i t . D i lu te the so lu t ion to about 500 m l . 

3o T r a n s f e r to a 1 0 0 0 ml c e n t r i f u g e flask, add 2 ml of 

c o n e . H . P O , , t h e n 6 N NaOH u n t i l t he P h e n o l p h t h a l e i n 

c h a n g e s c o l o u r , and c e n t r i f u g e . D i s c a r d the s o l u t i o n , 

wh ich c a n be u s e d fo r the d e t e r m i n a t i o n of c e s i u m . 

4o S e e p a r a g r a p h 3 .7o " S t a n d a r d s e p a r a t i o n p r o c e d u r e " . 

3 . 4 . H e r b a g e , v e g e t a b l e s 

1 . Add 90 mg s t r o n t i u m to t h e a s h e s , m o i s t e n them wi th w a ­

t e r and add abou t 30 ml of c o n e . H C l and the s a m e amount 

of c o n e . H N O . . E v a p o r a t e to d r y n e s s in p o r c e l a i n o r s i -
o 

l i c a d i s h , by m e a n s of an i n f r a r e d lamp o r s a n d b a t h . 

2 . R e m o i s t e n t h e r e s i d u e wi th 20 ml of c o n e . H C l and a g a i n 

e v a p o r a t e to d r y n e s s , t hen con t inue h e a t i n g fo r a few 

m i n u t e s . 

3 . Add a few d r o p s of c o n e . H C l , j u s t enough to m o i s t e n 

the r e s i d u e , and a l low to s t a n d a few m i n u t e s , a f t e r c o ­

v e r i n g t h e t r a y wi th a w a t c h g l a s s . 
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3.3ο Milk, f ish, whole diet 

Solution 

♦ H 3 P 0 4 

+ NaOH 

C EN Τ RIFU GATION 

Ashes + 90 mg S r 

+ HNO 1:1 

DISSOLUTION 

/ Χ 
Residue 

d i sca rd 

Solution 

d i sca rd 

(contains the Cs) 

Residue 

See : "Standard 

separation procedure" 

(paragraph 3.7.) 
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4 . Add about 50 ml of hot water and fi l ter by suction through 

a low-poros i ty f i l t e r . Wash the res idue with hot 5% HCl 

and d i sca rd i t . 

5 . T r a n s f e r the solution to a 1000 ml centrifuge flask, dilute 

to about 750 ml, add 2 ml cone . H P O , and 6N NaOH un­

ti l the Phenolphthalein changes co lour . 

6 . Centrifuge and d i sca rd the solution, which can be used for 

the determination of ces ium. 

7 . See pa rag raph 3 . 7 . "S tandard separa t ion p r o c e d u r e " . 

Note . The following is an a l ternat ive to s teps 1 - 4 : 

1. Add 90 mg s t r o n t i u m - c a r r i e r to the a s h e s , then add 50 ml 

of cone . H F , 2 ml of cone , HCl O . and evaporate to d r y ­

n e s s , in a P T F E (polytetrafluorothylene) capsule on a 

sand ba th . 

2 . Add to the r e s idue about 100 ml of approx . 30% HNO. 

and h e a t . F i l t e r any r e s idue by suction on a l ow-poro ­

sity f i l t e r . Repeat step 1. if the r e s idue looks st i l l 

abundant . 

3 . 5 . B o n e s Bone a s h e s , after the addition of s t r o n t i u m - c a r r i e r 

(90 mg), can be t r ea t ed s t ra ight away as desc r ibed under "S tandard 

separa t ion p r o c e d u r e " (paragraph 3 .7 . )o 



20 -

3 . 4 . Herbage , vegetables 

Ashes + 90 mg S r 

HCl 
+ c o n e . HNO, 

EVAPORATION 

+ c o n e . HCl 

+ hot H O 

Residue 

s i l ica : d i s ca rd 

FILTRATION 

/ \ Solution 

+ H . P O . o 4 

+ NaOH 

CENTRIFUGATION 

/ 
Residue 

See: "Standard 
separation procedure" 
(paragraph 3.7.) 

Solution 

d i s ca rd 

(contains the Cs) 
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3 . 6 . S o i l (1) 

1. Only a few hours a r e r equ i red to ash soil samples , because 

of the i r low organic content . T rans fe r the ash into a 1 l i t r e 

th ree -necked flask, equipped with a rod s t i r r e r and reflux 

r e f r i ge r a to r (see F i g . 3 ) . 

2 . Add 90 mg s t r o n t i u m - c a r r i e r , 5 to 10 thousand d/m (exac­

tly-known) o f .S r -85 t r a c e r and 500 ml of 6N HCl . 

3 . Heat overnight by means of a heating mantle, with the coo­

l e r and s t i r r e r in opera t ion . 

4 . F i l t e r by suction on g lass fibre f i l ter and wash the r e s i d u e , 

discontinuing suction and remixing, until a f ine, white or 

g ray ish powder is obtained. Discard the r e s i d u e , which con­

s i s t s mainly of S i O . c r y s t a l s . 

5 . Evaporate the solution down to 100 - 150 ml, then dilute 1:6 

with w a t e r , thus obtaining a solution of approximately N 

HCl because of the formation of the a z e o t r o p e . With the 

diluting water add an amount of EDTA (2) to have it 0 . 1 M 

in the final solut ion. 

(1) F o r fur ther deta i ls on soil analysis see the paper by M . C . de 
Bortol i : "Metodi di anal is i della radioat t ivi tà del suo lo" , to 
be p re sen ted at the XIV Annual Meeting of the AIFSPR, Formia 
29 - 31 May 1968. 

(2) The EDTA (ethylenediaminetetraacet ic) acid ) may be dissolved 
with ammonium hydroxide , thus obtaining a nea r ly neu t ra l solu­
t ion . 
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3 .6 . S o i l 

Ashes + 90 mg S r - c a r r i e r + 
+ hot 6 N HCl 

(15 hours) 
FILTRATION 

85 S r 

Residue Solution 
d i sca rd concent ra te 

+ EDTA 

water (pH 0) 

ABSORPTION 

on Do\ 

„ / 
Resin 

ELI 

Resin 

+ 3 N HCl 

/ e x 

J TION 

\ 
Solution 

50-x8 r e s in 
\ 
Solution 

d i sca rd 

recover concentrate 
and dilute 

+ ΝΗ,ΟΗ 4 

CENTRIFUGATION 
/ \ 

Solution Residue 

+ N a 2 C 0 3 
discard 

(contains the Pu) 
CENTRIFUGATION 

/ \ 
Solution Residue 
discard 

(contains the Cs) 

See : "Standard sepa­

ration procedure 

(paragraph 3 .7 . ) 
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6 . Check at the pH-meter that the pH of the solution is 0 , 

then pour the l a t t e r through two colums in s e r i e s (a-

bout 20 χ 200 mm) filled with s trong cationic r e s in 

(Dowex 50-x8) in the Na form. The r e s in is used 

50/50 in fine (150 - 250 mesh (1)) and c o a r s e (20 -

50 mesh) b e a d s , to avoid excess ive flow reduction 

by employing solely fine r e s in (2) . Keep the flow-

ra t e at 1 - 2 ml /min . 

7 . Wash the column with about 30 ml of 1 N HCl, then 

with 50 ml of water and success ive ly elute them s e ­

para te ly with about 500 ml of 3N HCl . 

8 . Put the eluates together and evaporate the solution 

to about 50 ml, then dilute it and add NH,OH until 

a pH of 9 .5 has been r e a c h e d . 

9 . Centrifuge and put the solution a s i d e . Dissolve the 

res idue with the minimum amount of cone . HCl, dilute 

and r ep rec ip i t a t e the hydroxides as in the preceding 

s t e p . 

10. Centrifuge and d i sca rd the r e s i d u e , which can be used 

for the separa t ion of plutonium. Put together the two 

solutions (this and that obtained in step 9) , add 50 ml 

of a sa tu ra ted solution of Na C O . and heat almost to 

boi l ing. 

(1) Units of the Tyle r Standard Sc reen S c a l e . 

(2) The amount of r e s in used he re is la rge ly sufficient for the quan­
tity of cations ext rac ted from the soi ls p r o c e s s e d (roughly 20% 
by weight of total sa l t s ) ; it should be propor t ionate ly i nc reased 
if the amount of cations ext rac ted is consis tent ly h ighe r . 
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11. Allow to cool, check that the precipitation is complete and 

centrifuge. Discard the solution, which may be used for 

the separation of cesium, 

12. See paragraph 3 . 7 . "Standard separation procedure" . 

3 . 7 . Standard separation procedure 

1. Dissolve the precipitate of carbonates or phosphates in 

the minimum quantity of 65% HNO.. To the solution ob­

tained add, slowly and cautiously, a double volume of 

99% H N 0 3 . 

2 , Leave to cool in waterbath for about 30 minutes, then 
centrifuge and discard the solution ; care must be taken 
to remove as much of it as possible from the precipitate 
and from the tes t - tube. 

3 . Redissolve the precipitate in 20 ml H_0 and add 45 ml 

of 99% HNO. as described above. Repeat step 2 . 

4 . Into the same centrifuge tube add 50 ml of 99.5% acetone 

and s t i r , mechanically for 15 minutes (1), 

5 . Centrifuge for 15 minutes and discard the solution. 

6 . ^Repeat steps 4 . and 5 . (2). 

(1) The strontium-calcium separation by means of acetone is based 
on the work by P . E . Williams and H.T eBriscoe, Chem. News, 
145, 177 (1932) and by R.N. Shreve, C.H. W atkins and J.C„ 
Browing, Ind. Eng. Chem. Anal. Ed . , IL, 215 (1939). 

(2) This method yields a residue of Sr (NO.), with a mean Ca content 
of less than 15% by weight. This contamination will not interfere 
in the determination of strontium by flame spectrophotometry. 
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7. Redissolve the Sr (NO.) residue in about 40 ml H O , 
add 5 to 10 mg Y and NH ,OH until the Phenolphthalein 
changes colour, keeping the solution in water bath. 

8. Centrifuge and discard the precipitate. Add to the solu­
tion 2 ml of 6 M CH.COONa and 6 M CH COOH until 
a reading of 5 . 5 . is reached at the pH-meter (about 
0.5 ml). Add 1 ml of 0 .3 M Na Cr O, and 10 mg of ba­
r ium-carr ier (1). 

9 . Fi l ter on a medium porosity filter and discard the prec i ­
pitate, which can be used to determine the Ra. 

10. Add to the solution a further 10 mg barium-carrier and 

0.5 ml 0.3M Na C r O , . Repeat step 9. 

11 . To the solution, which at this stage amounts to about 

80 ml, add 10 ml of a saturated solution of Na .CO. and 

2 pellets of NaOH. Allow to digest in waterbfcth for at 

least 30 minutes. 

12. Cool and filter by suction on a 3-piece Büchner funnel, 

using low-porosity paper . Wash with 95% ethyl alcohol. 

13. (2) Dry the filter under an infrared lamp, mount it on a 

suitable planchet (see F ig . 4) , attaching it by means of a 
ring and covering it with a very thi 
of mylar. Submit to beta counting. 

2 
ring and covering it with a very thin layer (0.9 mg/cm ) 

(1) With some soil and water samples the precipitation can occur be­
fore any addition of barium, owing to the presence of barium in 
the sample. In that case there is no need to add the 10 mg of 
bar ium-car r ie r . 

(2) With soil samples this step is replaced by the following : Place 
the filter into a suitable vessel ( e . g . small plastic box) and sub-
mitt it to gamma spectrometry, to determine the chemical yield 
through the recovered fraction of " 5 S r . 
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3 . 7 . S tandard separa t ion p r o c e d u r e 

P rec ip i t a t e of carbonates or phosphates 

+ c o n e . HNO, 

DISSOLUTION 

99% HNO, 

CENTRIFUGATION 

Residue Solution 

dissolve in H . O d i sca rd 

99% HNO, 

CENTRIFUGATION 
/ \ 

Solution Residue 

d i sca rd s t i r with acetone 

CENTRIFUGATION 

Residue 

d issolve in H .O 

+ 5 mg Y 

Solution 

d i sca rd 

Residue 

d i sca rd 

+ NH.OH 
4 

CENTRIFUGATION 
/ \ 

Solution 

+ CH COONa 

+ CH3COOH (pH - 5 .5) 

+ N a 2 C r 2 0 4 

+ 10 mg Ba 
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3 . 7 . contd. 

FILTRATION 
/ \ 

Solution 

+ N a 2 C 0 3 

Residue 

di s c ard 

(contains the Ra) 

FILTRATION 
/ \ 

Solution Residue : strontium carbonate, 
d i s ca rd submit to beta count 

+ d i i . HCl 

DISSOLUTION 

Residue 

dissolve with cone . HCl 

+ ( N H 4 ) 2 C 2 0 4 

FILTRATION 

+ 45 mg Y 

+ ΝΗ,ΟΗ 
4 

CENTRIFUGATION 

/ \ 
Solution 

measure the S r concentrat ion 

by spectrophotometry to de ­

termine chemical r ecove ry 

Solution 

d i sca rd 

\ 
Residue : yttr ium oxalate 

submit to beta count 
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14. When the measurements a r e completed (normally after a 

fortnight) , r ed i s so lve the p rec ip i t a te in 5% HCl, washing 

the f i l ter carefully (1) . 

15 . Dilute to about 50 ml, add 45 mg of purif ied y t t r i u m ­ c a r 

r i e r (2) and heat unti l all t h 

into a 100 ml centrifuge t u b e . 

r i e r (2) and heat unti l all the C O . i s removed . T r a n s f e r 

(1) It i s poss ible to check the radiochemical pur i ty of yt t r ium and 

calculate the s t ront ium­90 activi ty by a number of measurements 

performed on the S r C O . p rec ip i t a te only (even in p r e s e n c e of 

s tront ium­89) (*) If it i s de s i r ed to adopt this p r o c e d u r e , the 

following s teps a r e to be omitted, with the exception of­the d e ­

termination of the chemical y i e l d . T h i s , of c o u r s e , does not a p ­

ply to soil samples where the s t ront ium­85 t r a c e r has been ad­

ded . 

GO S e e : E . Van der S t r i ch t , M . de Bor to l i ; P . Gaglione and A . 

MalvLcini, P a p e r p re sen ted at the Conference on Low Level 

Radioactivity Measu remen t s , London, 5 ­ 6 July, 1965. 

(2) The na tu ra l radioact ive contaminants can be sepa ra t ed as fol­

lows (Report NYO­4700 (Rev) : Manual of S tandard P r o c e d u ­

r e s , Health and Safety L a b . , U . S . A . E . C . (1962) ) 

Dissolve 16.85 g of Y C U . ô ^ O in 60 ml of H 2 0 ; t r an s f e r into 

a 500 ml s e p a r a t o r y funnel and add 60 ml of a sa tu ra ted solution 

( T B P ) . Shake for 5 

and col lect the acque­

ous phase (the lower one) in a 500 ml s e p a r a t o r y funnel . Ex t rac t 

this again with 80 ml TBP and put the two organic f ract ions t o ­

ge the r , d iscarding the aqueous f r a c t i o n s . 

of Ν Η , Ν Ο . and 120 ml of t r ibutyl phosphate 

minutes , allow the two phases to s epa ra t e a: 

Back ex t rac t yt t r ium in 100 ml H . O , agitating for one minute ; 

r epea t this ext ract ion with 70 ml H . O , put the two aqueous 

phases together and s t r ip with 25 ml CCI , to remove al l the 

res idua l T B P . S tandard ize the yt t r ium solution by weighing 

the oxide CYgOJ. 
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16. Add concentra ted ΝΗ,ΟΗ until the Phenolphthalein chan­

ges colour and cent r i fuge . Keep the solut ion. 

17 . Redissolve the prec ip i ta te with a few drops of cone . HCl, 

dilute to about 40 ml, and reprec ip i t a te the yttrium hydro­

xide as in the previous s t e p . 

18 . Centr i fuge, and add the solution to that obtained in step 

16. Acidify with cone . HCl and dilute to 100 ml in a volu­

met r ic flask. Take an aliquot of 1 ml, dilute to 100 ml and 

measure the strontium concentrat ion by flame spect rophoto­

metry , to determine the chemical r ecove ry (1) , as d e s c r i ­

bed under pa rag raph 6 . 3 . 

19. Redissolve the prec ip i ta te from step 18 . with a few drops 

of cone . HCl, dilute to about 70 ml, add 8 ml of a sa tura ted 

solution of (NH. ) 0 C n O . and NH.OH (diluted 1:1) un­
4 2 2 4 4 

t i l the methyl red changes co lour . 

2 0 . Digest in water bath for 30 minutes, then cool and fi l ter by 

suction on a 3­piece Büchner funnel, using low­poros i ty 

p a p e r . Wash with 95% ethyl a lcohol . 

2 1 . Submit the prec ip i ta te to the procedure descr ibed under 

step 1 3 . 

(1) F o r soil samples the chemical yield determined at step 1 3 . (see 

foot­note) must be cons ide red . The value obtained from the spec ­

t rophotometr ic measurement can be used to find the concentration 

of s table strontium in the soil (see pa ragraph 5 . 4 . under "De te r ­

mination of s table s t r o n t i u m " ) . 
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4 - SEPARATION OF CESIUM (D 

4 . 1 . Introduction The introductory remark of section 3, concerning 

the size of the sample, holds also for the separation of cesium. 

The concentration of cesium-137 in the samples can be de­

termined by direct gamma spectrometry, provided that there are no in­

terferences due to other radionuclides with gamma rays of energy close 

to that of cesium-137 (0.66 MeV). 

When such radionuclides are present the cesium-137 de­

termination can still be effected with reasonable accuracy by the spec­

trum-stripping technique provided activities of the interfering nuclides 

are not too high compared to that of cesium-137. 

Otherwise, and where the specific activity of cesium-137 

is too low, as in many samples, the separation procedure described be­

low may be used to gain sensitivity. In fact, not only is the final prec i ­

pitate radiochemically pure,but, in addition, its size being much smaller 

than that of the original sample the efficiency is nearly doubled. 

4 . 2 . Preparation of the samples The solution containing the sample, 

set aside during the separation of strontium, is ready for the cesium 

separation except that it must be diluted and the pH checked and, if ne­

cessary, adjusted ; the pH value should be between 1 and 2 for HNO.. 

The dilution required is of no set value, depending on the salt content 

of the sample (see below). As an order of magnitude a volume of two 

l i t res may be assumed, which may be considerably greater , however, 

for soil samples. Consequently, it is advisable, during the development 

(1) For further details on this subject see the paper by E . Van der 
Stricht :"Détermination rapide du cesium-137 des retombées r a ­
dioactives au moyen de phosphomolybdate d'ammonium" Radio-
chim. Acta, 3 , 193 (1964), from which most of the material r e ­
ported here has been taken. 
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of the procedure to determine the dilution necessary for each matrix. 

This can be done by determining the separation yield for 

a certain volume of solution and then diluting until a quantitative yield 

is found. The yield can in turn be determined either by adding as a 

t racer another cesium isotope to the solution or by filtering twice the 

solution on AMP without varying its volume. 

In the latter case, if X is taken to be the cesium content 

in the sample and R the separation yield, we have for the two runs 

X « R A and X ­ A = R B 

where A and Β are the quantities of cesium separated in the two 

successive fil trations. From the two equations above we obtain 

X = A2 / A ­ Β 

4 . 3 . Preparation of the AMP layer (ammonium phosphomolybdate 

(NH4)3 [ P M O 1 2 0 4 0 ] ) . 

This operation requires particular care because an in­

correctly prepared layer may cause losses of cesium. 

1. Prepare a three­piece Büchner funnel with a low­poro­

sity fi l ter­paper, inserting a thin ( 2 ­ 3 mm) disc of syn­

thetic sponge between the bored disc of the funnel and 

the filter, so as to ensure uniform filtration over the 

whole filter a rea . 

2 . Weigh a quantity of AMP corresponding to about 30 mg/ 
o 

cm of filter area ( e .g . for a filter of diameter 40 mm 
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about 400 mg AMP should be weighed out ) . 

3 . Suspend the AMP in 0 .01 N HNO. and pour the suspen­

sion into the funnel. 

4 . F i l t e r slowly by suction and, without let t ing the fi l tering 

d ry , add 0 .01 N H N O . with a wash-bot t le unt i l t h e r e i s 
o 

a column a few cm high of per fec t ly t r a n s p a r e n t liquid abo­

ve the l aye r of A M P . At this point , if d e s i r e d , the suction 

may be s topped. 

5 . Any AMP remaining afloat owing to surface tension i s remo­

ved by dipping a p iece of f i l ter p a p e r . 

4 . 4 . F i l t ra t ion of the samples F i l t e r by suction the solution r e f e r r e d 

to under 4 . 2 . through the AMP l a y e r , taking c a r e not to d i s tu rb i t , e . g . 

by the turbulence caused by pouring the liquid into the funnel. DismantLe 

the funnel and collect from the lower inner r im of the top sect ion of the 

funnel any t r a c e s of AMP, by means of a small p iece of f i l ter p a p e r , 

which i s then laid on the AMP l a y e r . 

Under the conditions desc r ibed and with the samples cited 

h e r e , the cesium separa t ion by the AMP l aye r i s quant i ta t ive , so that 

the re i s no need for a yield measurement on each sample (see 4 . 2 . ) . 

A point that should be noted , however , i s that the cesium separa t ion 

yield will be lower if ammonium ions a r e p r e s e n t in the solut ion, as 

these compete with the cesium ions for capture by the A M P . It i s t h e ­

re fore advisable to keep s t r i c t ly to the suggested working condi t ions , 

including those for p repa ra t ion of the solution (see sect ion 3 , s t r o n ­

tium sepa ra t ion ) . 

The f i l ter with the AMP l aye r can be submitted to gamma 

spect rometry or to beta count ing. In the l a t t e r case allowance must be 

made for the poss ib le p r e s e n c e of po tass ium-40 and rubidium-87, n a ­

tura l ly radioact ive nuc l ides , and also of f ission p r o d u c t s . It i s t h e r e -
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fore n e c e s s a r y , in such c a s e s , to accer ta in the radiochemical pur i ty 

of the sample obta ined. It should further be noted that the fission 
95 95 

products (mainly Z r and Nb) a r e in colloidal form, so that p r e -

f i l t rat ion on a low-poros i ty fil ter usual ly suffices to remove them. 

Since the 0 .66 MeV gamma rays a r e emitted by the 

metastable bar ium-137 into which cesium-137 decays , it is n e c e s s a ­

ry to wait some 30 minutes for equilibrium to be es tabl ished before 

effecting the gamma measuremen t s . 

4 . 5 . F r e s h wate r With this mater ia l the cesium separat ion can be 

effected d i rec t ly on the water (provided, of c o u r s e , the pH is adjusted 

to the recommended value) and the problem he re is that of fi l tering 

l a rge volumes (50 - 100 l i t r e s ) . To prevent clogging, the water 

should be p re f i l t e red before pass ing on to the AMP l a y e r . This can 

be done v e r y conveniently by using a double Büchner funnel (see F i g . 

5) , with the f i r s t s tage of l a r g e r diameter thant the second one, which 

holds the AMP l a y e r . The f i r s t s tage can be fitted with a glas s-f ibre 

or membrane f i l t e r , which can be rep laced when the water flow-rate 

becomes excess ive ly low. 

With ce r ta in types of w a t e r , unusual ly r i ch in organic 

subs tances a n d / o r biological o rgan i sms , even the p r o c e s s desc r ibed 

above may prove ineffective and produce incomplete separa t ion y i e l d s . 

The following p r o c e s s can be adopted in such cases : 

1 . After acidifying the water to pH 1 with HNO. , s t i r and 
2. 

f i l ter i t , using a l a r g e - a r e a ( severa l hundred cm ) 
g l a s s - f i b r e f i l t e r . 

2 
2 . P r e p a r e an AMP layer of about 100 cm (about 3 - 3 . 5 g) 
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and p a s s the p re f i l t e red water through this (1 ) . 

3 . After f i l te r ing, t r an s f e r the AMP to a b e a k e r , us ing 

a wash bottle containing dilute NaOH ; continue adding 

the l a t t e r unti l dissolut ion i s complete and the pH a-

bout 10. 

4 . Heat and add 5 - 6 g of Ca(NO.) · 4H Ο , d issolved 

in about 100 ml H . O . Heat to boiling and wash the 

CaMoO, p rec ip i t a t e with 100 ml of 0 .001 N NaOH. 

Discard the p r e c i p i t a t e . 

5 . Acidify the solution to pH 1 with HNO. and p a s s i t on 

to a s tandard AMP l a y e r . 

(1) Cer ta in wa te r s tend to r educe the AMP, which then changes 
i t s colour from yellow to g r e e n . To deal with such w a t e r s , 
add at step 1 . , bes ides HNO. , a 30% solution of H O . to 
the amount of approximately I ml p e r l i t r e of water t r e a t e d . 

4 . 6 . S o i l Under ce r ta in condi t ions , cesium could be absorbed 

not quanti tat ively on the r e s i n of p a r a g r a p h 3 . 6 . , step 6 . , The fol­

lowing i s an a l te rna t ive p r o c e d u r e for the separa t ion of cesium b e ­

fore the passage through the r e s i n , which can be used also whenever 

the radio isotopes of this element a r e the only contaminants looked for 

in the s o i l . 

1 . Evapora te to d rynes s the solution of p a r a g r a p h 3 . 6 . , 

step 4 . and r ed i s so lve with 15 - 20 ml of c o n e . HNO. 

and hot w a t e r . * 

2 . F i l t e r and wash with hot diluted HNO. . Disca rd the r e ­

s idue . Dilute to roughly 3 l i t r e s the solut ion, check the 

pH and p a s s through an AMP l a y e r . 
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5 - SEPARATION OF PLUTONIUM (1) 

The in t roductory remark of section 3 , concerning the s ize 

of the sample holds also for the separa t ion of plutonium. 

5 . 1 . Atmospheric dust on f i l ters ; d ry re s idue of atmospheric p r e c i p i ­

tat ion 

1 . P r o c e e d as desc r ibed in pa rag raph 3 . 1 . , steps 1 . to 6«, 

with the following changes : 

a) to determine the chemical r e c o v e r y , add an activity of 

Pu t r a c e r roughly equivalent to that expected for 

plutonium in the sample ; 

b) perform the double hydroxide precipi ta t ion of s teps 4 . 

and 5 . by addition of NaOH to pH 13, instead of NH ,OH 

to pH 9 .5 . This i s to avoid the precipi ta t ion of alumi­

nium, keeping it soluble in the acid form (2) . 

2 . Dry in the centrifuge tube the hydroxide prec ip i ta te 

and red i s so lve it in the minimum amount of cone , HCl . 

Add 10 - 15 ml of 6N HCl and 0 .5 ml of 0 . 5 N N a N 0 2 . 

(1) F o r fur ther deta i ls on this subject see the work by M . C . de 
Bortol i : "Radiochemical determination of plutonium in soil 
and other environmental samples" , Anal . Chem. 39, 375 (1967) . 

(2) When the separa t ion of both strontium and plutonium on the s a ­
me sample is r e q u i r e d , one may effect the double hydroxides 
prec ip i ta t ion with NH.OH f i rs t and success ive ly that with 
NaOH. 
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3 . Make the solution 9N in HCl by addition of a sui table v o ­

lume of cone . HCl and p a s s it through a p lex ig lass column 

(see F i g . 6) about 10 χ 100 mm filled with Dowex l - x 8 

anionic r e s i n , 150 - 250 mesh (1), in the CI form and 

prev ious ly washed with 10 to 15 ml of 9 N HC10 To speed 

up the pas sage of the solution through the column vacu­

um may be u s e d . The flow-rate however should not 

exceed 0 . 5 ml /min . 

4 . Wash the column with 20 - 25 ml of 9 Ν HCl and d i sca rd 

the absorpt ion and washing so lu t ions . Elute plutonium 

with about 50 ml of a 6N HCl - 0 .2 N HF solut ion, co l ­

lecting the eluate in a P T F E (polytetraf luoroethylene) 

b e a k e r . 

5 . Add a few mg of NaCl , to keep as low as poss ib le l o s s e s 

due to adsorpt ion on the b e a k e r ' s w a l l s , and evaporate 

to d ryness on a sand ba th . If the r e s idue looks white and 

of the s ize of the added s a l t , p roceed s t ra ight away to the 

e lec t rodepos i t ion . However , normally a second i o n - e x ­

change step i s r equ i r ed to obtain a p r o p e r depos i t . In this 

case r epea t s teps 2 . through 4 . 

6 . Dissolve the d ry r e s idue with 1 ml of water and 2 drops 

of 12 N HCl and t r ans f e r it to the e lec t rodeposi t ion cel l (2) . 

Wash the beaker with 4 ml of 6N NH.C1 and pour them into 

the c e l l . 

(1) Units of the S tandard Tyle r S c r e e n S c a l e . 

(2) The cell ( see F i g . 7) cons i s t s of a p lex ig lass cy l inder , about 80 
mm long and 20 mm i . d . , s ecu red at the bottom by a s ta in less s tee l 
sc rew s t o p p e r . This holds in p lace a 0 .2 mm thick tantalum d i s c , 
acting as the ca thode . A rubbe r gasket i s i n s e r t e d between the d isc 
and the cel l b a s e . The e lec t rodeposi t ion appara tus cons i s t s of a 
var iab le d . c . supply and of a motor (60 rpm), which d r ives the a-
node , a 2 mm diameter platinum rod sp i ra l shaped at the lower end. 
The e l ec t r i c connection at the cathode i s provided by a metal plate 
on which the cel l i s p l aced . 



37 -

7 . (1) P lace the anode end at 2 - 4 mm from·the cathode 

and switch on the cu r ren t keeping it approximately 

constant by means of the control knob at 2 . 5 - 3 A 

during 20 min. During this time the s t i r r ing motor 

must be opera t ing . 

8 . Add to the cel l 1 ml of cone . NH.OH, switch off the 
4 

c u r r e n t and d i sca rd the solut ion. Wash gently, but 

thoroughly the cathode, then take it out of the ce l l , 

d ry and submit to the alpha measurement . 

Remark : The p rocedure descr ibed y i e ld s , also from s o i l s , e s ­

sent ia l ly weight less plutonium s o u r c e s , hence suitable 

for alpha spec t rometry measurements . 

(1) The e lect rodeposi t ion conditions adopted he re a r e descr ibed 
in the paper by R . F . Mitchel l , Anal . Chem. 32 , 326 (I960) 

5 . 2 . S o i l 

1 . P r o c e e d as desc r ibed in pa ragraph 3 . 6 . , s teps 1. through 

1 0 . , with the changes mentioned in pa rag raph 5 .1o , step 

1. 

2 . Follow the p rocedure in pa rag raph 5 . 1 . from step 2 . 

fo r th . 
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6 - DETERMINATION OF STABLE STRONTIUM 

6 . 1 . Introduction With the exception, perhaps, of atmospheric dust 

and precipitation samples all the materials analysed for environmental 

monitoring purposes contain appreciable concentrations of strontium. 

This fact may cause substantial e r ro r s in the evaluation of the chemi­

cal yield, performed by means of ca r r i e r determination, if too little 

strontium was added to the sample. On the basis of the known values 

of stable strontium concentrations in the different materials , if 90 mg 

of strontium are added the e r ro r on the chemical yield should not ex­

ceed 5%, except in the case of large volumes of surface water and of 

soil samples where the e r ro r may be l a r g e r . Another method for the 

determination of the chemical yield is that based on the addition of a 
85 t racer , generally S r , as described in this work in connection with 

soil samples. 
In view, however, of the growing interest for the stable 

strontium determination, we give here a brief description of the proce­
dure by which it can be carried out. 

The amount of sample to be processed will be known, for 
the different matrixes, after a short experience. The quantity of stron­
tium involved should be not less than one tenth of a milligram. 

In water samples, that have been dried or concentrated 
(by evaporation or via ion exchange res ins) , the measurements can 
almost always be effected directly on the sample in solution as descr i ­
bed further on, whereas other samples require at least partial separa­
tion of strontium. The alkaline, alkaline-earth and certain other e le­
ments present in the samples ra ise the background emission so far as to 
dwarf the actual strontium emission. Thus, if no strontium enrichment 
is performed, one has to determine a small quantity by subtraction from 
a considerably larger one, which obviously gives wider scope to e r r o r . 
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6 . 2 . Separa t ion p rocedu re 

1 . With sample of milk, f ish, total d ie t , g r a s s , vegetables 

and bones the appropr ia te strontium separa t ion procedu­

r e s a r e applied as far as the "S tandard separa t ion p r o ­

c e d u r e " , pa rag raph 3 . 7 . (1) . With water samples , 

as a l ready s ta ted , d i rec t measurements can be effected. 

2 . C a r r y out s teps 1 . , 2 . and 3 . of the "S tandard s e p a r a ­

tion p r o c e d u r e " , pa rag raph 3 . 7 . 

3 . Dissolve the r e s idue of strontium and calcium n i t r a t e s 

in about 100 ml of w a t e r , heat in water bath, add about 

10 ml of sa tu ra ted solution of N a . C O . and leave to 

stand over heat for about 30 minutes . 

4 . F i l t e r by suction on a 3-piece Büchner funnel, remove 

the f i l ter and place i t in a suitable v e s s e l ( e . g . p las t ic 
85 box) and submit i t to S r gamma measurement . 

(1) S t r o n t i u m - c a r r i e r i s , of c o u r s e , not added ; ins tead , add an 
exact ly known quantity of 5 to 10 thousand di s /min of s t r on -
tium-85 t r a c e r . 

6 . 3 . Measurement by flame spectrophotometry 

1 . Redissolve the final carbonate prec ip i ta te with hot 5% 

HCl , washing the f i l ter carefully to effect quantitat ive 

r e c o v e r y . 

2 . Dilute the solution so as to have roughly 3 to 6 ppm of 

strontium and measure at the wavelengths of 4 6 0 . 7 , 
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455 and 467 m ,u , with a slit width of 0.05 mm, using 

reference solutions of 3.0, 5.0, 8.0 and 10.0 ppm 

of strontium. 

3. To an aliquot of the solution add exactly 3 ppm of stan­

dard strontium (e.g. to 50 ml add 100 FUI of a solution 

containing 1500 ppm strontium) and measure the solu­

tion thus obtained at 460.7 m ,u as described at step 

2. 

4. Calculate the strontium concentration in the solution 

with the following equation 

n f 1Λ\ ( D 1 - D P ) · D 
C (mg/1) « v 1 f J sa 

D2 " D l 

where D represents the instrument-reading at 460.7 m ,u for 

the solution of step 2. ; 

D„ represents the mean of the instrument readings at 455 

and 467 m ,u for the solution of step 2. ; 

D represents the instrument-reading, for the solution 

of step 3. ; 

D represents the instrument-reading obtained with a 
s a 

3 ppm standard strontium solution. 

The concentration thus obtained is to be referred to the 

original concentration in the sample, after correction for the chemical 

recovery, determined in paragraph 6.2. , step 4. 

The procedure described, omitting the standard addition 
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and the background measurement and hence with a single measurement 
at 460.7 m./uj is used to determine the chemical recovery under para­
graph 3 . 7 . j step 18. 

6 .4 . Strontium in soil The concentration of stable strontium in soil 

samples can be determined from the difference between the value of the 

chemical yield obtained by the car r ie r method and the value obtained 

by the t racer method. Specifically, if 100 g of soil are being proces­

sed, the strontium concentration is expressed by the following equation: 

c (mg/Kg) - (_g_ - 90) χ 10 
R 

where Q is the quantity of strontium (in mg) found by spectrophoto­

metry 

and R is the chemical recovery determined by the t racer method. 

As against its convenience, the accuracy of this method is 

somewhat limited ; this is proved by the fact that at times slightly nega­

tive values are obtained for C. This is due mainly to two factors ; 

1) the final value depends on two measurements (of the stable strontium 
85 

and of the S r ) , each with its own e r ro r , and 2) the final values is ob­
tained as the difference between two quantities which are normally consi­
derably l a r g e r . It must also be clearly understood that only a part of 
the strontium is determined by this method, i . e . the part put into solu­
tion by the extraction with 6 N HCl (see the paper cited in note (1) un­
der paragraph 3,6. ) . 

The "total" concentration of strontium in soil can be de-
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termined by d i rec t spectrophotometry measurement of the solution ob­

tained by decomposing 1 - 2 g of soil with c o n e . H F . The decompo­

sition i s performed evaporat ing the acid in a P T F E (poly te t ra f luore-

thylene) capsule in p r e s e n c e of a few ml of H C I O , . The exper ience 

gained with the sandy soi ls of the I s p r a a r e a has shown tha t , after 

a double evaporat ion to d rynes s with 20 - 30 ml of H F , p rac t i ca l ly 

complete dissolut ion i s obtained by remoistening with HCl of medium 

concent ra t ion . The solution obtained in this way can also be used to 

determine the calcium and potass ium concen t r a t i ons . 

7 - DETERMINATION OF CALCIUM 

7 . 1 . Introduction The calcium concentra t ion in the va r ious mate r ia l s 

can be measured d i rec t ly on the ash solut ion. F o r this purpose it i s 

only n e c e s s a r y to bring the solution used for the strontium separa t ion 

to the r ight volume in a volumetr ic flask and take an exact aliquot (a 

hundredth, f ive-hundredth or a thousandth ι according to the c a s e ) . 

This al iquot, appropr ia te ly di luted, i s then used for the determination 

of calcium by flame spec t rophotomet ry . In the case of soil and hay 

samples only, it i s advisable to p r o c e s s an aliquot of the sample 

separa te ly (see p a r a g r a p h 6 . 4 . ) , because it has been found that 

after the extract ion desc r ibed some calcium, and even more p o t a s ­

sium, remain in the r e s idue of these m a t e r i a l s . 
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7 . 2 . Spectrophotometr ic method Dilute the sample aliquot, obtai­

ned as desc r ibed above, so that the resul tan t solution has a calcium 

concentrat ion of approximately 3 - 6 ppm (mg/ l ) . Exper ience will 

soon indicate the r ight dilutions to apply to the different types of 

sample . 

The measurement is performed di rec t ly on an aliquot 

of the solution ; 3 ppm of calcium a r e added to another aliquot before 

measurement . This can be done without appreciably varying the o r i ­

ginal concentra t ion in the solution, e . g . by adding to 100 ml of the 

l a t t e r 0 . 1 ml measured by micropipet te , of a 3000 ppm standard 

calcium solu t ion . 

The measurements a r e c a r r i e d out at 422.7 m ,u 

using s tandard solution of 5 .0 and 10.0 ppm calcium for ca l ib ra ­

t ion . Next , a background measurement at 417 and 429 m ,u is ef­

fected on the addi t ion-free solut ion. 

The calcium concentrat ion in the solution is calculated 

through the following equation : 

C (mg/U - < D l - V Dsa 
D 2 - D 

where D i s the ins t rument - read ing , for the addit ion-free solu­

tion ; 

D . i s the ins t rument - read ing , for the solution with s tan­

dard-addi t ion ; 

D„ is the mean of the ins t rument- reading at 417 and 429 

m ,u for the f i r s t solution ; 
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D is the instrument-reading for a 3 ppm standard calcium 
sa 

solution. 

Experience will show the matrices for which background 

measurement is unnecessary. The authors have found that with the 

calcium concentrations suggested above, only soil samples need back­

ground measurement. 

From the concentration value in the solution and from 

the dilution factors and the quantity of sample processed, the calcium 

concentration in the sample can be calculated. 

7 . 3 . Complexometric method An useful alternative to the spectro-
photometric method, which entails the use of a relatively expensive in­
strument, is the complexometric method which can also work, in ce r ­
tain cases , as a check for the spectrophotometric measurements. 

The sample is prepared as described under paragraph 
7 . 1 . , except that, as this method is less sensitive, a larger aliquot 
is required. As the total quantity rather than the concentration of 
calcium is determined by this method, roughly 1 mg of calcium is 
needed, if the titration is effected with a microburette and a t i t ra ­
ting solution of EDTA (ethylene diaminetetraacetic acid) - disodium 
salt - 0.01 M. In fact, since 1 ml of titrating solution corresponds 
to about 0 ,4 mg calcium, it is clear that about 2 ml, and therefore 
1 mg calcium, will be needed to obtain sufficient precision in the 
ti tration, 

The solution to be titrated must be at pH 10 - 11 , The 
indicator used is murexide, 0.5% in KCl, which changes from wine-
red to a deep blue. 

In the matrices considered here there is a considerable 
amount of phosphorus as phosphate, so that if the sample solution is 
alkalized without due precaution, calcium phosphate would precipitate 
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in many samples. The solution to be titrated must, therefore, be pro­
perly diluted. 

Furthermore, with samples where precipitation still 
occurs , even after dilution, an excess of EDTA - disodium salt 
must be added to the solution and, after raising the pH to 10 - 11, 
the excess must be titrated with a standard calcium solution. In 
this reverse titration the colour change is from deep blue to wine-
red and is less sharp than in the opposite direction. 

Another disadvantage of the complexometric method 
is that the strontium naturally present in the sample is titrated 
together with calcium ; however, it only represents a small frac­
tion of calcium. 

8 - DETERMINATION OF POTASSIUM 

8 . 1 , Spectrophotometric method Potassium can be determined 
directly on the sample solution. For soil and herbage samples see 
the procedure described for strontium (paragraph 6 . 4 . ) . It is 
worth adding, however, that in the case of potassium the comple­
teness of the extraction, after decomposition with HF?has been 
checked experimentally by comparing the element concentrations 
determined by spectrophotometry with those determined by gamma 
spectrometry (see next paragraph). The potassium extraction 
being complete, it is reasonable to assume that calcium and stron­
tium are extracted totally a lso . 

The spectrophotometric determination of potassium 

in environmental samples which contain other elements with low 
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ionizing potent ia l , call for ve ry careful p repa ra t ion so as to reduce 

the systematic e r r o r s deriving from the different emission intensi ty 

of potassium in the samples and in the r e fe rence so lu t ions . Details 

on this topic will be found e l sewhere (1) . We need only r e c a l l h e r e 

the p rac t i ca l findings of that work , Which a r e the potass ium concen­

t ra t ion ranges involving the lowest sys temat ic e r r o r . These concen­

t ra t ions a r e 2 - 1 0 ppm for milk samples , 6 - 8 ppm for g r a s s and 

soil samples , and 8 - 1 2 ppm for fish s a m p l e s . In the case of fish 

the measurement can also be performed in the range 1 - 2 ppm, 

provided that 80 ppm sodium a r e p rev ious ly added to the sample s o ­

lution and to the r e fe rence solut ion. 

The cal ibrat ion curve i s es tab l i shed by measur ing 

s tandard potassium solutions of 1 . 0 , 3 . 0 , 5 . 0 , 7 . 0 and 10.0 

ppm . The measurements a r e c a r r i e d out at the wavelength of 

767 m,u, 

(1) See the paper : M . de Bortol i and P . Gaglione "Compar i ­
son of flame photometry and gamma spec t romet ry for the 
determination of potassium in environmental s amples" , 
Giornale di F i s i c a San i t a r i a e Pro tez ione contro le Radia­
zioni , 10, N° 2 (1966). 

8 . 2 . Radiometrie method Natura l potass ium contains a small 
40 percentage of the isotope K, which i s rad ioac t ive and emits beta 

pa r t i c l e s and gamma r a y s . If the specific activi ty and quantity of 

the sample a r e sufficient, i t i s the re fore poss ib le to determine the 

potassium concentra t ion by measur ing the gamma r a y s (energy 1.46 

MeV) emitted by i t . This measurement can be effected on the dr ied 

or ashed substance by means of a scint i l lat ion spec t romete r cons i -
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sting of a thallium-activated sodium iodide detector, connected to a 

multichannel analyzer, which counts, over a given time the number of 

pulses corresponding to the photoelectric peak at 1.46 MeV. 
The disadvantage of this method is in its poor sensi­

tivity, so that roughly 2 g of potassium are needed to double the 
spectrometer background ; but it has the great advantage of being 
practically bias-free-provided the photoelectric efficiency of the 
spectrometer has been determined for each matrix. This can be 
done by adding a known quantity of a pure potassium salt to the 
samples and measuring the increase of activity registered at 
1.46 MeV. 

The gamma spectrometry method, which has the fur­
ther advantage of not destroying the sample, can be usefully em­
ployed as a check during the development of the spectrophotome­
tr ic method, as was done in the above mentioned work. 

9 - DETERMINATION OF URANIUM 

9 . 1 . Introduction The method reported here is the fluorimetrie 

one, which on account of the low specific activity of uranium, is 

more sensitive than the method based on the alpha radiation mea­

surement. 

Generally speaking, the fluorimetrie technique, just 

because of its high sensitivity, requires extreme cleanness and ac­

curacy in handling and preparing samples and this point can hardly 

be over-emphasized, even if people not familiar with the technique 
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will judge it excessive. 

The instrument used in our laboratory is of the transmis­

sion type and can accept either liquid or solid samples. 

Our present experience concerns mainly the determina­

tion of uranium in liquid wastes , performed not directly on the liquid, 

but on pellets obtained melting an appropriate flux with its dry r e s i ­

due. 

9 . 2 . Preparation of the pellets The pellets are obtained melting the 
flux into small platinum dishes of convenient shape and size to match 
with the instrument holder. We use dishes 15 mm in diameter and 3 
mm in depth .(see Fig . 8). 

Evaporate an adequate aliquot of the solution to be mea­
sured into the dish (dilutions may be pre-arranged so that the volume 
of the aliquot range between 0.05 and 0.2 ml) and to the dry residue 
add one dose (400 mg) of the flux. This can conveniently be made 
through a compression-sampler, consisting of a small tube, close at 
one end, into which the powder is compressed manually. The pellet 
is then pushed out by a small piston. The res t position of the piston, 
and hence the weight of the pellet can be varied continuously (see Fig. 8). 

With some experience on this device, one can dose the 
flux within a few milligrams of the selected weight. 

The flux consists of 45% each of sodium and potassium 
carbonate and 10% sodium fluoride and melts at roughly 600° C . In 
order to keep low the variations of the blank, it is advisable that the 
flux be prepared in a relatively large amount (say 100 g) . 

The pellets prepared with this flux, will come cleanly 
out of the platinum dishes, which is an important requirement for a 
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transmission instrument. 

The dishes with the residues to be measured and the flux 

are put into a furnace set at 600°C, After 5 minutes at the desired 

temperature, the dishes are with drawn and introduced into a dessica-

tor to cool ( half an hour). These times and temperature are not ex­

tremely important so far as they are the same for the unknown sam­

ples , the standards and the blanks. 

9 . 3 . Measurement of the fluorescence With each sample ser ies 
it is advisable to prepare in duplicate one blank and two standards 
of concentrations including those expected from the unknown sam­
p les . The best thing would be to have each sample, unknown,blank 
and standard, in triplicate for, frequently, it happens that out of 
three supposedly identical pellets two give rather close readings, 
whereas one presents a much larger deviation. 

This procedure is recommended whenever a sufficiently 
large number of platinum dishes is available. The blank readings are 
taken f i rs t , then their fluorescence is zeroed by means of the blank 
control and the standards and the unknowns are measured. 

The standard addition method, described for flame pho­
tometry, is used to correct for interferences. However, in order 
to keep the latter as low as possible, the lowest practicable range 
of concentration should be used (say, below 50 ng). 

The lower limit found in our laboratory is represented 
mainly by the blank fluorescence, which corresponds approximately 
to 5 + 1 ng of uranium. 



Figura 1 Raccogl i tore di radioat t iv i tà atmosferica : imbuto con filtro, 

colonna di scambiator i di ioni e lampada di r i sca ldamento . 
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F i g u r a 2 Utensi l i p e r il campionamento di suolo, 
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Figura 3 Apparecchio pe r l ' e s t r az ione dei radionuclidi dal suolo, 
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Figura 4 P i a s t r e di supporto e anello di coper tu ra dei campioni di s t ronzio carbonato ed i t t r io ossa la to 

pe r il conteggio be t a . 
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Figura 5 Doppio imbuto di Buckner smontabile pe r la f i l t razione di grandi 

volumi di acque su ammonio fosfomolibdato (AMP). 
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Figura 6 Separaz ione del plutonio : colonne con support i pe r la f i l t razione in depress ione su r e s ine a scambio 

ionico . 
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Figura 7 Separaz ione del plutonio : apparecchio di e le t t rodeposiz i 

con deltagli della ce l l a . 
zione 
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Figura 8 Determinazione de l l 'u ranio : apparecchio di dosaggio a compress ione , crogiol i di platino e past igl ie 

pronte pe r la m i s u r a . 
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