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1. INTRODUCTION 

The "Standard and Certif ied Reference Ma te r i a l s " p rog ramme of the 

Joint Research Centre includes , amongst other s tudies , the de te rmina­

tion of t r a c e elements in complex biological samples such as Bovine 

L iver (NBS SRM 1577), Orchard Leaves (NBS SRM 1571) and Tomato 

Leaves (NBS mate r ia l ) . 

F o r its high sensi t ivi ty to a grea t number of e lements of biological 

and toxicological concern, neutron activation analysis has been used to 

pe r fo rm this study. 

Computer aided ins t rumenta l neutron activation analys is together with 

high resolution Ge(Li) spec t rome t ry has been considerably advantageous 

in the determinat ion of Na, K, Cl, Mn, F e , Rb, Co, and in some cases 

of Ca, Zn, Cs, Sc, and Cr as well . Other e lements such as As, Cd, Ga,· 

Hg, Mo, Cu, Sr and Se a r e p resen t in such low concentrat ions that radio­

chemica l group separa t ion p rocedures were n e c e s s a r y before counting 

the i r ac t iv i t ies . 

F o r low contents of Ca, Mg, Ni and Si special chemical separa t ion 

s c h e m e s , followed by Cerenkov counting, have been developed. 

Two different separa t ion schemes have been set up. The f irs t , the " s i m ­

plified" one involves the use of high resolut ion Ge(Li) de tec tors ; the 

second, the more "comple te" one involves a l a r g e r number of sho r t e r 

m e a s u r e m e n t s , per formed by s imp le r and more sensi t ive techniques 

such as Nal(Tl) scint i l lat ion spec t rome t ry and Cerenkov counting. 



2. PROCEDURES 

2. 1 Mater ia ls and Equipment 

U .S . National Bureau of Standards SRM 1577 (Bovine L ive r ) , 

SRM 1571 (Orchard Leaves) and Tomato Leaves , a l so p r e p a r e d by the 

NBS, were used for ana lys is . 

F o r the e lements where sat isfactory consis tent values were obtained 
(7 8) in Bow-en's Kale in te rcompar i s on exe rc i s e ' , this m a t e r i a l was used 

as a s tandard . F o r a l l other e l ements , weighed amounts of e lement to 

be de te rmined were used as synthetic s t andard . 

I r rad ia t ions were performed in the ISPRA-1 r e a c t o r . 

F o r shor t - l ived nuclides (t # $ 15 h) 200 mg samples were i r r a d i a t e d 

for 5 min in a pneumatic facility at a t h e r m a l neutron flux of 
12 , 2 5 x 1 0 n / c m s. F o r Ca, Mg, Ni and Si de terminat ion , 200 mg samples 

were i r r ad i a t ed in the same facility for 2 h. 

F o r long-l ived nuclides 200 mg samples were i r r a d i a t e d for 48 h in an -
13 2 

other pneumatic facility at a t h e r m a l neutron flux of 10 n / c m s. 

Samples and s tandards were sea led in high puri ty quar tz ampoules 

for long i r r ad ia t ions or in smal l polyethylene vials for s h o r t e r i r r a d i a ­

t ions . Before opening, the quartz ampoules were cooled in liquid n i t r o ­

gen to dep re s s eventual internal p r e s s u r e s . 

Mater ia l s used in chemical separa t ion a r e : 

- Acid a luminium oxide (AAO), chromatographic grade by Woelm, E s c h -

wege, Germany; 

- Hydrated antimony pentoxide (HAP) by Ca r lo E r b a , Milan, Italy; 

- Cuprous sulphide (CUS) by Car lo E r b a , Milan, Italy; 

- Tin dioxide (TDO) by Car lo E r b a , Milan, Italy; 

- Dowex 1x8 (100-200 mesh) by Baker Chemica l Company, USA; 

- Dowex 50x8 (100-200 mesh) by Baker Chemica l Company, USA. 



All other reagents of Analar Grade a r e used. 

The apparatus used for the dissolution and dist i l lat ion of biological 
(9) 

m a t e r i a l s was a modified vers ion of the one proposed by Bethge and 

used by Sjöstrand and Sivasankara Pil lay et a l . . It is shown in 

F ig . 1. 

2 . 2 Counting and Data P roces s ing 

The i r r ad ia ted samples and s tandards were m e a s u r e d e i ther by means 
v 

of gamma ray spec t rome t ry , o r by the Cerenkov counting technique. 

2 . 2 . 1 Gamma Ray Spect rometry 
3 

The counting equipment used for this study was a 18 cm coaxial Ge(Li) 

de tec tor al ternat ively connected e i ther with a sma l l Laben 70 computer or 

with a Laben 4096 channel ana lyse r . 

Laben 70 has a 8 K memory capacity (16 bit) and performs the acquis i ­

tion of gamma ray spec t ra , thei r elaborat ion and the printing out of the 

r e s u l t s . Pe r iphe ra l s include a 4096 channels analog- to-digi ta l conver te r , 

an amplif ier , an osci l lographic display, a rea l t ime clock and an Olivetti 

TE 300 t e l ep r in te r . 

Data reduction is accomplished by analysing success ive sections of 

128 channels . Each section is composed of the las t 64 channels of the p r e -

ceeding section, plus 64 new channels , thus avoiding the loss of peaks fall-
(2) ing between two sections . 

Only half of the memory (2048 channels) of the Laben multichannel ana­

l y s e r is cur rent ly used. To avoid gain shifts during long counting per iods , 

a spec t rum s tabi l i ser has been connected to the ana lyse r . Both counting 

equipments a re provided with a 1 keV/channel gain set t ing. 

Gamma ray spec t r a obtained with the mult ichannel ana lyser a re s tored 



on punched paper tapes and then p r o c e s s e d in batch mode by means of 

an IBM 370/165 computer . 

An al ternat ive to this mode of operat ion is the possibi l i ty of using an in ­

te rac t ive on-line process ing through an IBM 1070 Sys tem connected to 

the cen t ra l computer , which allows the immedia te reduct ion of the g a m ­

ma spec t ra and the print ing out of the resu l t s on an IBM 2741 t e l e type ­

w r i t e r . 

(3) The computer p rogram called GRETEL , developed through the y e a r s 

as experience has progressed , pe r fo rms the automatic finding of gamma 

peaks p resen t in the spec t r a and gives a l l peak p a r a m e t e r s ( l imi t s , cen-

t ro id , net a r ea , FWHM, e r r o r , energy at t r ibut ion) . 

With batch process ing either qualitative or quanti tat ive ana lys i s is 

poss ib le . This las t one is c a r r i ed out using specia l "o r i en ted" l i b r a r i e s 

which a r e p repa red for each par t i cu la r problem by the ana lys t h imself . 

Bes ides , a drawing of the spec t rum is obtained showing whether it has 
(4) been co r rec t ly p rocessed , or not. 

When chemical separat ion p rocedures a r e pe r fo rmed , low resolu t ion 

spec t romet ry (Nal(Tl) detectors) has been p r e f e r r e d due to i ts h ighest 

sensi t ivi ty. Quar tz & Silice 3 x 3 " in tegra l l ines connected with Laben 

512 channel ana lyse r s were used. Also in this case , the gamma s p e c t r a 

can ei ther be punched on paper tapes and p roces sed in batch mode, or 

p rocessed on-line with the central compute r . 

Each counting sys tem is equipped with automatic sample change r s , 

controlled by the multichannel ana lyse r s or by the Laben 70 m i n i - c o m ­

puter , which allow repet i t ive cycles of m e a s u r e m e n t s without any o p e r a ­

tor intervention. 

2 . 2 . 2 Cerenkov Counting Technique 

(5) A liquid scinti l lat ion spec t romete r (Intertechnique SL 30) was used . 



ν 
The percent Cerenkov counting efficiency ve r sus β energy and the Nal(Tl) 

efficiency versus gamma energy, a r e given in F ig . 2 . As an example, -the 

values for Ca-»Sc, Mg, Na, Ρ , Si and Zn a r e a lso repor ted . 

Table I gives the equi l ibr ium counting ra tes of both techniques for the e l e -

ments measu red by the Cerenkov method in this study. 

The rat ios show the evident advantage of using this technique compared 

to the gamma ray spec t rome t ry with Nal(Tl) de tec to r s , although more sophis 

t icated chemical separa t ions a r e requi red . 



T A B L E I - C o m p a r i s o n B e t w e e n C e r e n k o v and Nal (Tl ) D e t e c t o r E q u i l i b r i u m 
Coun t ing R a t e s 

E l e m e n t 

As 

C a 

Cd 

Ga 

K 

Mg 

Mo 

Na 

Ni 

Ρ 

Si 

Zn 

M e a s u r e d 
Nuc l ide 

7<>AS 

4 9 C a » 4 9 S c 
U 5 C d 

7 2 G a 
4 2 κ 

" M g 
101 , 101 

Mo -»- Tc 
2 4 N a 

N i 

3 2 p 

Si 
6 9 m 6 9 7 Zn -» Zn 

P e r c e n t a g e 
C e r e n k o v 
Ef f i c i ency 

8 0 . 5 

5 9 . 0 

1 4 . 0 

3 5 . 2 

7 5 . 3 

5 3 . 3 

5 3 . 4 5 

4 7 . 5 

20 . 5 

5 0 . 0 

4 0 . 5 

1 2 . 6 

• 
C e r e n k o v 

1.61 . 

1.06 . 

1.4 . 

4 . 5 2 . 

6 .32 . 

4 . 4 8 . 

3 . 9 5 . 

4 . 0 4 . 

2 . 1 5 . 

1 .23 . 

1 .74 . 

1.26 . 

io 7 

i o 4 

i o 5 

i o 6 

i o 5 

i o 4 

i o 4 

io b 

i o 4 

io b 

i o 4 

i o 4 

E q u i l i b r i u m C 

B e t a e n e r ­
gy keV (*) 

2 0 1 0 . 0 

1 6 2 0 . 0 

1 3 9 4 . 0 

1 7 1 0 . 0 

1 4 8 0 . 0 

9 1 4 . 0 

ount ing R a t e s 

Na l (T l ) G a m m a e n e r ­
gy keV 

8 . 8 . 1 0 5 5 5 9 . 2 

p u r e B e t a 

4 . 0 2 . 1 0 4 

5 .9 . 1 0 5 

5 .3 . 1 0 3 

3 . 53 . 1 0 3 

9 . 5 9 . 1 0 2 

3 . 4 . 1 0 5 

6 . 1 4 . 10 2 

( 4 9 2 . 5 
1527.7 
834. 1 

1 5 2 4 . 7 

8 4 4 . 0 

3 0 0 . 0 

1 3 6 8 . 4 

366 . 5 

p u r e B e t a 

1.26 1 2 6 6 . 0 

1.19 . 1 0 4 4 3 8 . 7 

„ C e r e n k o v 
R ;—:— 

N a l ( T l ) 

1 8 . 2 5 

2 . 54 

5 .96 

1 1 2 . 0 

1 2 . 7 

4 1 . 3 

1 1 . 9 

3 5 . 2 

1 3 8 0 0 . 0 

1.06 

(*) B e t a e n e r g i e s a r e r e p o r t e d for the e l e m e n t s d e c a y i n g with e m i s s i o n of only one β p a r t i c l e , and for p u r e β " e m i t t e r s . 
No Ά e n e r g i e s a r e i n d i c a t e d in c a s e of e m i s s i o n of s e v e r a l Û . 

O 
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2. 3 Ins t rumental Nuclear Activation Analysis (INAA) 

The i r rad ia ted samples and s tandards were t r a n s f e r r e d to polyethy­

lene vials and counted with a Ge(Li) detector for 30 min (short i r r a d i a ­

t ions) after a 1 h decay, and for 5 h (long i r rad ia t ions ) after a 10 days 

decay. 

Short i r r ad ia ted samples , after a decay of at least 2 weeks, were counted 
ν 32 

again to measure the Cerenkov radiation of Ρ induced in the walls of the 
polyethylene vials . 

Two weeks decay a r e largely sufficient to allow the shor t - l ived in t e r -
.24 38 42 , 

fering radionuclides ( Na, Cl , K) to reach decay to negligible l eve l s . 

Na, K, CI and Mn were de te rmined by INAA with shor t i r r ad i a t ions . 

F e , Rb, Co and Zn were de termined by INAA with long i r rad ia t ions in 

Bovine Liver; F e , Rb, Co, C r , Cs , Ba, Ca, Sb and Sc in Orchard Leaves 

and finally Fe, Rb, Co, C r , C s , Ca, Sb, Ba and Sc in Tomato Leaves . 

Non destruct ive analysis of phosphorus by INAA has recently been applied 
(6) 

by Sabbioni et a l . for biochemical appl icat ions. The presence of i n t e r ­

fering radionuclides with different spec t ra l shapes can be detected by a 

change of the rat io of the channels counting r a t e s . We have additionally 

checked the radiochemical purity of the i r r ad ia ted sample by repeating 
32 

the measu remen t after a few days and checking for the expected Ρ de ­
cay. 

2. 4 Destruct ive Activation Analysis 

2. 4. 1 Determinat ion of Ca, Mg, Ni and Si 

a) Determinat ion of Mg and Ni: 

1. Dissolve the i r r ad ia t ed sample (200 mg) with 5 ml of fuming HNO 

adding at the boiling point drops of H O up to 3 ml . Evaporate and 

repeat the operat ion with fuming HNO and H_0 until the solution 

becomes perfectly c l e a r . 



1 S 

2. Evapora te again and dissolve with 10 ml of 0. 1 M HNO containing 
++ 50 ¡ug c a r r i e r of Ni . P a s s through an HAP column (10 m m dia . 

and 40 m m long) and a Dowex 50x8 column (8 m m dia. and 2. 5 m m 

long). Wash both columns with 40 ml of 0. 1 M HNO . 

3. Mg and Ni a r e eluted from Dowex column with 20 ml of 3 M HNO . 

4. The eluate is measu red with the Cerenkov counting technique to 
27 ίί ζ 

determine immediately Mg, and after two or m o r e hours Ni . 
49 49 

b) Determinat ion of Ca (measurement of Sc from Ca decay) : 

1. Dissolve as for Mg and Ni with 5 ug c a r r i e r of Sc 

2. Evaporate and dissolve with 10 ml of 6 M HC IO . Wait 2 h for the 
49 49 

decay of Ca into Sc, then absorbe on a Dowex 50x8 column 

(8 m m dia. and 40 m m long) and wash with 20 ml of 10 M HCl. 

49 
3. Sc is eluted with 20 ml of 6 M H F . 
4. Count the eluate with Cerenkov technique. 

c) Determinat ion of Si: 

1. Dissolve the sample as for the preceding s e p a r a t i o n s . 

2. Bring to a lmos t dryness and add 10 mg of sodium s i l i ca te plus 10 m l 
of concentra ted HCIO .. F i l t e r the SiO^ and wash with 50 ml of con-

4 2 
cent ra ted HCIO. . 4 

3. Dissolve again the SiO with 20 ml of 6 M HF and count with the 
v 

Cerenkov technique. 

2 . 4 . 2 Radiochemical Separation Schemes 

a) Dissolution and Distillation P r o c e d u r e : 

The dissolution - disti l lation p rocedure for biological m a t r i c e s in 

radiochemical separa t ion schemes , used in this l abo ra to ry can be s u m ­

m a r i s e d as follows: 
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1. Add 2 ml of concentra ted H SO , 5 ml fuming HNO and 10 mg 

c a r r i e r of Au to 100-300 mg of i r rad ia ted sample , contained in the 

dissolution flask (see Fig . 1 ). 

2. Boil for 10 min and collect the dist i l late in the upper r e s e r v o i r of 

the flask. 

3. Cool and recycle the d is t i l la te . 

4. Boil for 10 min under reflux. 

5. Boil for 10 min collecting the d is t i l la te . 

6. Cool and add 5 ml fuming HNO . 

7. Repeat operat ions 2. , 3. , 4 . , 5. 

8. Cool and add 10 ml H O dropwise . 

9. Dist i l l until fumes of SO appear , collect the d is t i l la te . 

10. Cool and add 5 ml concentra ted HBr . 

11. Dist i l l until fumes of SO appear , collect the d is t i l la te . 

12. Repeat operations 10. and 11 . twice . 

13. Wash the cooling sys tem and the dist i l lat ion flask three or four t imes 

with 6 M HCl. 

The dissolution - dist i l lat ion of the i r rad ia ted samples takes no r ­

mal ly 3. 5 h. 

b) Simplified Separation Scheme: 

The procedure is outlined in F ig . 3 and its four s teps a re descr ibed 

below: 

1. After the dissolution - dist i l lat ion procedure has been performed, 

collect together the dis t i l la tes of the fuming HNO , of the H_0 , of 

the HBr and the washing solut ions , heat to 60-70 C and add 35 ml of 

H O dropwise to remove b romine . The remaining solution makes 

up FRACTION 1 (As, Hg, Sb, Se, Re, Ru, Ge). 

2. Dry the dist i l lat ion res idue , cool and dissolve with 10 ml of 1 M 

HCIO , adding 20 mg c a r r i e r of Cs , Rb, Ag and C r . P a s s through 

two superposed columns of AAO and Dowex 50x8 in chlor idr ic form, 
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each of 10 m m in dia. and 100 m m in length. 

3 . Wash the columns with 40 ml of 1 M HCIO, to obtain FRACTION 2 
4 

(Na, K, Rb, Cs , Ag, Cr ) . 

4. Wash the Dowex 50 column with 30 m l of 47% HBr containing c a r ­

r i e r s of Co and Zn to elute FRACTION 3 (Co, Zn, Cu, Mn). AAO 

column and Dowex 50 column a r e respect ive ly FRACTION 4 (P, Mo, 

W) and FRACTION 5 (Ca, Ba, Sr, Sc, F e , Ga, Np). 

Two hours a r e normal ly neces sa ry to per form this s epa ra t ion . 

The five fractions a r e m e a s u r e d e i ther with Ge(Li) or with Nal(Tl) d e ­

t e c t o r s , after 5 h decay, to de te rmine Cu, Ga, Na, K, A s , and af ter 

2­8 days decay to m e a s u r e longer ­ l ived nuc l ides . FRACTION 4 is a l so 

m e a s u r e d with Cerenkov technique for Ρ de te rmina t ion . 

Table II shows in a synthetic way how the m e a s u r e m e n t s a r e pe r fo r ­

med and gives an idea on the counting t imes involved. 

c) Complete Separat ion Scheme: 

The procedure is schemat ised in F ig . 4 and provides a se lec t ive s epa ­

rat ion of long­lived nuclides into 17 f rac t ions . 

The different s teps a r e presented below. 

1. After having performed the dis s ohità on ­dis t i l la t ion p r o c e d u r e , co l ­

lect together the dist i l lates of the fuming HNO , of the H O , of the 
S) Lé Lá 

HBr and the washing solutions, heat up to 60­70 C, adding drops of 

H O up to 35 m l to drive off b romine . 

2. P a s s the dist i l la te portion (about 60 ml) through two superposed 

columns of Dowex 1x8 in chlor ide form and TDO. Both columns 

have a d i ame te r of 7 mm and a height of 30 m m . 

3. Elute Hg (FRACTION 1) from Dowex with 2 5 ml of 6 M HC10 4 . 

4 . Elute As (FRACTION 2) from TDO with 2 5 m l of 2 M HCl and 2 M 

Na^HAsO, . 
2 4 



TABLE II ­ Counting Times Involved in the Measurement of Frac t ions Obtained by the "Simplified" Separation 

Scheme 

1 
o 

; 

2 

3 

A 

5 

FIRST MEASUREMENT 

Nal(TI) 2.0h Ge(Li) 0.5h CER. 2.0m 

COUNTING 

TECHNIQUE 

Nal(Tl) 

Ge(Li) 

Nal(Tl) 

CER. 

Nal(Tl) 

ELEMENTS 

MEASURED 

As 
(Hgfie.Ru.Ge, 

Na.K 

Cu 

Ρ 
(Pa.Mo.W) 

Ga 

DECAY 

TIME 

5.0h 

5.0h 

5.0h 

5.0h 

5.0h 

COUNTING 

TIME 

0.5h 

0.5h 

l.Oh 

2.0m 

0.5h 

SECOND MEASUREMENT 

Nal(TI) 3.0h Ge(Li) 6.0h 

COUNTING 
TECHNIQUE 

Nal(Tl) 

Ge(Li) 

Nal(Tl) 

Ge(Li) 

ELEMENTS 

MEASURED 

Sb.Se 

Rb.Cs 
(Ag.Cr) 

Co, 2 η 

Ca,Ba,Sr,Sc 

Fe(Np,R.E) 

DECAY 
TIME 

2.0 d 

6.0 d 

Õ.Od 

Õ.Od 

COUNTING 
TIME 

2.0 h 

4.0h 

1.0h 

2.0h 

Ul 

In parenthesis elements not detected 
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5. The columns of Dowex 1 and TDO which have respec t ive ly re ta ined 

Sb and Se r ep re sen t FRACTION 3 and FRACTION 4. 

6. Dry the dist i l lat ion residue, cool and dissolve with 5 ml 6 M HCl. 

P a s s through superposed columns of HAP (12 m m dia. , 50 m m long), 

Dowex 1x8 (10 mm dia. , 80 m m long) in chloride form and CUS 

(12 mm dia. and 80 m m long). In o rde r to complete the elution of 

non-absorbed e lements , wash the columns with 10 ml 6 M HCl, 20 ml 

of 4 M HCl and 10 ml of 3 M HCl. 

7. The Rb (FRACTION 5) is eluted from HAP with 6 M HCIO . 

FRACTION 6 contains Na and Ta re ta ined on HAP. 

8. F r o m the Dowex 1 column e lu te : 

a) F e , Mo, Ga, W with 20 ml of 0. 5 M HCl, 

b) Zn with 20 ml of 0. 02 M HCl (FRACTION 7), 

c) Cd with 20 ml of H O (FRACTION 8), 

d) Pd with 20 ml of 6 M HCl and 1 M ZnCl (FRACTION 9). 
C» 

The Dowex 1 column containing Au is the FRACTION 10. 

9. P a s s the fraction containing F e , Mo, Ga, W through a Dowex 50x8 

column (7 mm dia. , 30 mm long) in chloride fo rm. Wash with 10 m l 

of 0. 5 M HCl: the eluate contains Mo and W (FRACTION 11). 

Elute Ga with 20 ml of 1 M HF with 5% a scorb ic acid (FRACTION 12). 

Dowex 1 column containing Fe is the FRACTION 13. 

10. The CUS column containing Cu is the FRACTION 14. 

11. The non-absorbed fraction from the t h r ee superposed columns is 

dr ied, dissolved with 5 ml of 0. 5 M HNO and p a s s e d through a se t 

of two superposed columns (12 m m dia. , 100 m m long) of AAO and 

Dowex 50x8 in hydrogen form. Wash with 60 ml of 0. 5 M HNO . 

12. The AAO column containing Ρ is the FRACTION 15. 

13. Co, Cr , Cs and Mn (FRACTION 16) a r e eluted from Dowex 50 with 

20 ml of concentrated HBr; Ca, Ba, Sr and Sc a r e abso rbed on the 
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column (FRACTION 17). 

The complete separation is performed in about five hours. 

Table ΙΠ gives details about the measurement of the 17 fractions ob­

tained by this separation scheme. 
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TABLE ΙΠ - Counting Times Involved in the Measu remen t of F r a c t i o n s 
Obtained by the "Complete" Separat ion Scheme 

to 
o 

5 
; 

2 

3 

A 

5 

6 

7 

6 

9 

10 

11 

12 

13 

14 

15 

16 

17 

FIRST MEASUREMENT 

NaKTl) 7.0h Ge(Li) 6 Oh CER. -5.0h 

COUNTING 
TECHNIQUt 

Nal(TI) 

CER. 

NaKTl) 

NaKTl) 

V 

CER. 

CER 

CER. 

CER. 

V 

CER. 

NaKTl ) 

NaKTl) 

V 

CER. 

NaKTl) 

NaKTl) 

CER. 

NaKTl) 

Gei Li) 

ELEMENTS 
MEASURED 

Hg 

AS 

Sb 

Se 

Κ 

Na 

Zn 

Cd 

(Pd) 

(Au) 

Mo(W) 

Ga 

Fe 

Cu 

Ρ 

Mn 

Ca.Ba. Sr, 5 c 

DECAY 
TIME 

1.0d 

I.Od 

6.0 d 

60d 

1 Od 

I.Od 

I.Od 

I.Od 

I.Od 

I.Od 

I.Od 

I.Od 

60d 

I.Od 

I.Od 

1 Od 

6 0 d 

COUNTING 
TIME 

2.0 h 

05h 

1.0h 

1.0h 

0.5h 

3.0 m 

15.0m 

10h 

2.0 h 

0.5h 

1.0 h 

0.5h 

10h 

0.5 h 

3.0m 

100 m 

20h 

SECOND MEASUREMENT 

NaKTl) 3 5h 

COUNTING 
TECHNIQUE 

Na I (Tl) 

NaKTl) 

Ge(Li) 

ELEMENTS 
MEASURED 

Rb 

(Ta) 

Co. Cr, Cs 

DECAY 
TIME 

6.0 d 

6.0 d 

6.0 d 

COUNTING 
TIME 

0.5 h 

2.0 h 

4 0 Λ 

In parenthesis elements not detected 
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3 . R E S U L T S 

In n e u t r o n a c t i v a t i o n a n a l y s i s often the d e t e r m i n a t i o n s of d i f fe ren t 

e l e m e n t s a r e p e r f o r m e d in a s i n g l e s a m p l e . F r o m the beg inn ing to the 

end of t h e a n a l y s i s a de lay of s o m e m o n t h s m a y be n e c e s s a r y . As a c o n ­

s e q u e n c e i t a p p e a r s p r o b l e m a t i c to go back to e v e n t u a l a c c i d e n t a l e r r o r s 

o c c u r r e d du r ing the a n a l y s i s of the s a m p l e . In c a s e s in wh ich t h e s e e r r o r s 

c a n n o t be s t a t e d , a s t a t i s t i c a l t r e a t m e n t of the da t a o b t a i n e d cou ld be h e l p ­

ful to s u g g e s t e v e n t u a l o u t l i e r s . As an i n d i c a t i o n of a n o m a l o u s da ta the 
(12) 

Dixon T e s t was u s e d . 

T h e e x p e r i m e n t a l s ing le m e a s u r e m e n t s , a s s u m i n g tha t they be long to 

a n o r m a l d i s t r i b u t i o n , a r e a r r a n g e d in i n c r e a s i n g o r d e r , a s f o l l ows : 

Χ 1 έ X 2 ^ * x
n ' 

a c c o r d i n g to the n u m b e r η of d a t a a v a i l a b l e , d i f f e ren t r a t i o s a r e c a l c u l a ­
t e d if e i t h e r x. o r χ a r e s u s p e c t e d to be out of the d i s t r i b u t i o n . R, r e f e r s 

I n 1 
to x , and R„ r e f e r s to χ . 

1 2 η 

X2 ' " i 
If η <. 7 R, = 

1 χ - χΊ η 1 

X2 _ X 1 If 7 < η < 10 R, = 1 χ - x n - 1 1 

X 3 " X l 
If 10 < η £ 13 R = 

1 χ - x 
n - 1 1 

X 3 " X l 
If n > 13 R, = 

1 x - x . n - 2 1 

R 2 

R 2 

R 
2 

V 

X - X 
η n - 1 

χ - X 
η 1 

X - X 
n n-1 
χ - χ 

η 2 

X - X 
n n-¿ 

χ - χ 

η 2 

χ - χ _ 

η η - 2 
χ - χ , 

η 3 

A s s u m i n g a conf idence l e v e l of 95% the r a t i o s R and R a r e c o m p a 

r e d wi th the c o r r e s p o n d i n g f i gu re s of the Dixon t ab l e for a g iven η : DT 

If R, > DT a n d / o r R > DT 
I n ? η 
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the suspected values χ. o r χ a r e re jec ted and new ra t ios a r e ca l cu -
1 η 

late d with the η- i values . 

The tes t is repea ted until R. a n d / o r R a r e g r e a t e r than D T . . . 
1 2 ( n - 1 ) 

The es t imated mean X of the η - i values is then ca lcu la ted toge ther 
2 with i ts s tandard deviation s and i ts var iance s . 

The above mentioned operations a r e automatical ly pe r fo rme d by a c o m ­

puter p r o g r a m called MEAVAR, se t up at the JRC Scientific Data P r o ­

cess ing Cen t r e . 

The confidence l imits a r e then calcula ted 

where : —= is the mean deviation l/n 
η is the number of individual m e a s u r e m e n t s (after the Dixon 

Tes t is applied) 

t is the Student's factor depending on the number of deg rees 

of freedom and on the chosen confidence level (in this c a s e 

95%). 

The percentage relat ive s tandard deviation: 

100 . s 
(2) 

X 

which has been p re f e r r ed over the prec i s ion , and the pe rcen tage a c c u r a c y 

i o o . / x - x / ( 3 ) 

X 

(only calculated in case of NBS cert i f ied values X) a r e p r e s e n t e d in the 

Tables IV, V and VI, which repor t the r e su l t s obtained by this l abo ra to ry 

for Bovine Liver , Orchard Leaves and Tomato L e a v e s . 

In the f i rs t column of the tables the symbols of the ana lysed e lements 

a r e repor ted . In the second one cer t i f ied or tentat ive values given by the 

NBS, in the th i rd one the confidence l imi ts obtained by (1). The fourth c o -
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lumn rep resen t s the percentage deviation from NBS values obtained by 

(3): the actual percentage accuracy is significant only when NBS c e r t i ­

fied values exist . Column five r ep re sen t s the percentage relat ive s tandard 

deviation, obtained by (2), re la ted to the se t of measu remen t s per formed 

in this labora tory . 

The NBS Tomato Leaves not being cert if ied, only column 1, 3 and 5 a r e 

p re sen ted in Table VI. 
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T A B L E IV ­ D e t e r m i n a t i o n of E l e m e n t s in NBS SRM 1577 (Bovine L i v e r ) 

T*] 1 P m pr i t 
J—á J- V> X Í I V - 1 1 1 · 

As 

C a 

Cd 

C l 

Co 

C u 

F e 

Ga (*) 

J H g 

I 
¡ κ 

! Mg 
ι 

Ι Μ η 

Mo 

Na 

Ni 

Ρ 

Rb 

Se 

Si 

Zn 

NBS v a l u e s 

ppm 

( i ) 

( 0 . 0 5 5 ) 

( 1 2 3 ) 

0 . 2 7 + 0 . 0 4 

( 2 6 0 0 ) 

( 0 . 1 8 ) 

193 + 10 

270 + 20 

­

0 . 0 1 6 + 0 . 0 0 2 

9700+600 

( 605 ) 

1 0 . 3 + 1 

( 3 . 2 ) 

2430+ 130 

­

­

1 8 . 3 + 1 

1.1+ 0 . 1 

­

130+ 10 

Found 

ppm 

(2) 

0 . 0 5 8 5 + 0 .009 (8 ) 

124.67 + 8 . 4 8 (6) 

0 . 2 4 6 + 0 . 0 5 6 ( 9 ) 

2793 + 2 9 4 . 4 ( 1 4 ) 

0. 188 + 0 . 0 2 7 ( 1 1 ) 

191 + 10 . 5 (7) 

260 . 9 + 12. 89(16) 

­

0 . 0 1 6 4 + 0 . 0 0 4 3 ( 8 ) 

9984. 16 + 6 4 7 . 8 (12) 

6 0 4 . 6 + 2 6 . 8 4 (5) 

1 0 . 1 7 + 0 . 6 9 (10) 

3 . 7 8 + 0 . 3 5 6 (11) 

2609 + 142 (14) 

N< 0 . 5 

1 3 4 9 7 . 7 + 2 9 0 . 1 (21) 

1 8 . 6 2 + 0 . 9 5 (11) 

1.107 + 0 . 1 5 (4) 

1 6 . 7 9 + 1.84 (12) 

1 3 7 . 2 + 5 . 7 5 (24) 

D e v i a t i o n f r o m 

NBS v a l u e s 

p e r c e n t a g e 

( 6 . 3 6 ) 

( 1 . 3 6 ) 

8 .89 

( 7 . 4 5 ) 

(4 . 44) 

1 .03 

3 . 3 7 

"" 

2. 5 

2 . 9 3 

( 0 . 0 7 ) 

1. 26 

( 1 8 . 1 ) 

7. 37 

­

­

1 .75 

0 . 6 4 

­

5. 55 

P e r c e n t r e l a t i v e 

s t a n d a r d d e v i a t i o n 

1 8 . 4 

6 . 4 6 

2 9 . 5 

1 8 . 2 2 

2 1 . 32 

5 . 9 3 

9 .2 5 

_ 

3 1 . 2 

10 . 2 

3 . 57 

9 . 4 7 

1 4 . 0 

9 . 4 4 

­

4 . 71 

­7, 58 

8. 55 

1 7 . 2 

9 . 9 3 

(*) Due to the d i s h o m o g e n e i t y the value is not r e p o r t e d ( s e e t e x t ) , 

(1) In p a r e n t h e s i s a r e t e n t a t i v e va lues g iven by NBS, 

(2) F i g u r e s in p a r e n t h e s i s a r e the n u m b e r of d e t e r m i n a t i o n s p e r f o r m e d . 
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TABLE V - Determinat ion of Elements in NBS SRM 1571 (Orchard Leaves) 

j Element 
ι i 
i 
! 

As 
Cd 

C l 

Co 

C r 

C s 

C u 

F e 

Ga 

Hg 

Κ 

Mg 

Mn 

Mo 

N a 

Ni 

Ρ 

Rb 

Se 

Si 

S r 

Zn 

NBS values 
ppm 
( i ) 

14 + 2 

0. 11 + 0.02 

( 700 ) 

( 0.2 ) 

( 2 . 3 ) 

*" 

1 2 + 1 

300 + 20 

-

0. 155 + 0.015 

14700 + 300 

6200 + 200 

9 1 + 4 

-

8 2 + 6 

1.3 + 0.2 

2100 + 100 

12 + 1 

0.08 + 0.01 

-

( 3 7 ) 

25 + 3 

Found 
ppm 
(2) 

12.15 + 0.43 (3) 

0. 12 + 0.014(10) 

690 + 0.0 (4) 

0.112 + 0.017(11) 

1.97 + 0.44 (9) 

0.0374 + 0.011 (6) 

12.62 + 0.85 (4) 

311.1 + 10.4 (20) 

0.078 + 0.025 (9) 

0.146 + 0.017 (7) 

14375 + 794 (4) 

6173.8 + 179 (4) 

91.6 + 1.08 (6) 

0.327 + 0.07 (9) 

81.8 + 1.83 (5) 

1.28 + 0.16 (7) 

2096.7 + 70.14(6) 

11.28 + 0.42 (20) 

0.0798 + 0.008(5) 

475 .8 + 12.29 (6) 

44.2 + 2 .85 (11) 

25.07 + 0.76 (17) 

Deviation from 
NBS values 
percentage 

13.2 

9.09 

( 1 . 4 3 ) 

( 44. 0 ) 

( 1 4 . 3 4 ) 
_ 

5.16 

3 . 7 

-

5.81 

2.21 

0.44 

0.66 

-

0.24 

1.54 

0.20 

5.91 

0 .25 

-

(19 .46) 

0.28 

Pe rcen t relat ive 
s tandard deviation 

1. 52 

16.3 

0. 

22. 55 

29.2 

28.0 

4 .24 

7.15 

42.4 

12.6 

2 .45 

1.29 

1. 12 

27.9 

1.8 

13.45 

3.19 

7.95 

8.05 

2.46 

9.55 

5.75 

(1) In paren thes i s a re tentative values given by NBS, 

(2) F igu re s in parenthes is a r e the number of determinat ions per formed. 
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TABLE VI - Determinat ion of E lements in NBS Tomato Leaves 

Element 

Ba 

C a 

C l 

Co 

C r 

Cu 

F e 

Ga 

Hg 

K 

L a 

Mn 

Na 

Ρ 

Rb 

Sc 

S r 

Zn 

Found 
ppm 
(i) 

56 .5 + 11.24 

27058 +2064 

10850 +1201 

0 .4 + 0.106 

3.107 + 1 . 0 8 

14.1 + 5 . 6 4 

469.25 + 118.3 

0.0693 + 0 . 0 6 7 

0.128 + 0 . 118 

44272.7 +2816 

0.346 + 0 . 0 7 9 

209.18 + 9.93 

459.0 + 4 6 . 1 

3420 + 8 9 . 5 

15.16 + 1. 35 

0.208 + 0 . 0 8 9 

65. 5 + 5.84 

58.03 + 3 . 3 3 

(6) 

(7) 

(4) 

(10) 

(9) 
(3) 

(8) 

(3) 

(3) 

( H ) 

(6) 

(8) 

(n) 
(3) 

(9) 

( i i ) 

(8) 

(?) 

Percen t re la t ive 
s tandard deviat ion 

18.1 

8.22 

6 .95 

37.0 

45 .1 

16 .05 

30. 5 

39 .0 

37 .0 

9 .45 

21 .7 

5.66 

15 .5 

1.05 

11.6 

63 .6 

10 .7 

6 . 2 

(1) F igures in parenthes is a r e the number of de te rmina t ions per­

formed. 
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- Bovine Liver 

The accuracy is good for the e lements certified by the NBS while 

the deviation from the suggested values is fairly good. Only for Mo 

the deviation is l a r g e r than 10%. The relat ive s tandard deviation for 

ten elements is be t te r than 10%; for As, Cd, Cl, Co, Hg, Mo, Se 

and Si it exceeds 10%. This could be due ei ther to the smal l number 

of determinat ions performed, or to the low content of these elements 

in the sample . 

The analysis of Ga has given r i se to two se r i e s of resul t s co r r e spon­

ding to the two different spec imens : 

1 - 7 2 0.13 ; 0. 13 ; 0. 15 ; 0. 16 ; 0. 18; 0.22 ; 

0 .23 ; 0.31 ppm 

I - 649 0.0066 ; ^ 0.01 ; 0 .05 ; 0.009 ppm. 

An es t imated mean value has not been repor ted for this e lement . 

- Orchard Leaves 

The accuracy is be t t e r than 10% for al l the cer t i f ied e lements , except 

As 
15) 
As (13. 2%). The value for this las t e lement is in fact s t i l l doubtful 

. The deviation from the NBS uncertif ied elements is generally l a rge , 

except for chlorine. 

The relat ive s tandard deviation is be t te r than 10% for 13 e lements ; for 

Cd, Co, Cr , Cs , Ga, Hg, Mo and Ni it exceeds 10%. The concentra­

tions of these elements in the sample a re very low and in some cases 

such as for Cd, Mo and Ni is nea r to the sensit ivi ty l imits of our tech­

nique . 

- Tomato Leaves 

During the course of cert i f icat ion ana lyses , the homogeneity of the m a -
(44) t e r i a l was questioned and the Tomato leaves were withdrawn. The 
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high relat ive s tandard deviation obtained by our ana lyses may be t h e r e 

fore due to inhomo gene ity, although the sma l l number of ana lyses p e r ­

formed does not allow definite conclus ions . 



2 7 

4. DISCUSSION 

4. 1 Dissolution and Dist i l lat ion 

Reagents current ly used for wet ashing of organic ma te r i a l s a r e 

H SO , HNO , HCIO and H O , mainly ut i l ised in two components mix­

t u r e s such as H SO ­ H O , H SO ­ HNO , HCIO ­ HNO , HNO ­
Ú ^ iL iL Lé ^χ D Q ~> Z> 

H . O . 
2 2 

A m o r e detailed descr ip t ion of the different dissolution methods and of 

the destruct ion mechan i sms of the organic ma te r i a l s can be found in the 

(!6) 
l i t e r a tu r e . 

In o rde r to avoid eventual explosions HCIO has been left out of our 

wet ashing procedure m i x t u r e s . 

When the use of Η SO, was n e c e s s a r y for success ive dist i l lat ions in o u r 

2 4 3 

separa t ion schemes , the mixture Η SO ­ HNO was used to dissolve 

organic samples . In the select ive determinat ion of Ca, Mg, Ni and Si 

v/e have used the mix ture fuming HNO ­ H O . 
J υ Lá 

The advantage of obtaining a rapid organic minera l i sa t ion by Η SO 

and HNO is partly diminished by the difficulty of removing Η SO , 
«5 Lá TC 

Bes ides , for ma te r i a l s r ich in Ca, the eventual precipi ta t ion of CaSO 

could incorporate other e l emen t s . 

In our working conditions we have never noted the formation of such 

p rec ip i t a t e s . During the dissolution phase a quantitative dist i l lat ion is 

only obtained for CI, Br and I. Ge, Ru and Os dis t i l la te only par t ia l ly , 

while As and Se part ly dis t i l la te in the p resence of la rge quantities of 

ch lor ides which a r e normal ly absent in biological m a t e r i a l s . In o r d e r to 

avoid possible los ses of m a t e r i a l through volati l isat ion during d isso lu­

tion, the dist i l late obtained during this operat ion, is col lected together 

with the products of success ive dist i l lat ions with H O and HBr . 

The relat ively low boiling point of the mix ture (120 C) makes it ne ­
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c e s s a r y to extend its boiling per iod in o r d e r to obtain complete m i n e r a ­

l isa t ion. 

Dist i l lat ion of volatile elements in H SO ­ HBr solution is a p rocedure 

cur ren t ly used by s eve ra l authors* ' . We have, however , r e ­

peated the dist i l lat ion recovery t e s t s with radioact ive t r a c e r s because 

modifications of the apparatus and of the p rocedures were unavoidable . 

In Table VII radiochemical yields for volati le e lements obtained in 

this labora tory a r e given, together with those of some e lements which 

could become volatile in par t icu la r condi t ions. 

TABLE VII 

Element 

As 

Au 

Cr 

Hg 

Os 

P e r c e n t 

chemical 

yield 

> 99 

< 0. 5 (*) 

< 0 .5 

> 95 

> 99 

Element 

Re 

Ru 

Sb 

Se 

Sn 

P e r c e n t 

chemica l 

yield 

> 98 

91 

98 

> 99 

> 92 

(±) 10 mg c a r r i e r 

To per form a quantitative dis t i l la t ion (>95%) of Ru it was n e c e s s a r y 

to use KIO in the las t disti l lation s tep . 

82 
General ly , the p resence of B r does not allow the d i rec t counting of the 

d i s t i l l a te . Br i s drawn away by heat ing up to 60 C with H O . Also CI, 
Lá Lá 

I and Os volat i l ise in these conditions. 

4 . 2 Determinat ion of Ca, Mg, Ni and Si 

Analysis of Ca, Mg, Ni and Si by neutron act ivat ion and Cerenkov 
(20) 

counting technique has been recent ly se t up in this l abora to ry . Neut ron 

activation analysis with gamma ray s p e c t r o m e t r y is not sufficiently s e n s i ­



Ξ 9 

t ive in t h i s c a s e . 
ν 49 49 

T h e C e r e n k o v coun t ing e f f i c i enc ie s a r e 59% for Ca -* S c , 5 3 . 3 % for 
? 7 A ^ ^ Ί 

Mg, 20 . 5% fo r Ni and 4 0 . 5% for Si ( s e e T a b l e I) . As a c o n s e -
v 

q u e n c e , the count ing s e n s i t i v i t y of the C e r e n k o v t e c h n i q u e c o m p a r e d to 

the a r e a of the m o s t p r o m i n e n t g a m m a p e a k s of the s a m e r a d i o i s o t o p e 

o b t a i n e d by 3 " x 3 " Na l (T l ) d e t e c t o r s i s i n c r e a s e d about 13 t i m e s for Mg, 
49 3 5 t i m e s for Ni , 13y800 t i m e s for S i . Sc be ing a p u r e b e t a - e m i t t e r , the 

47 
i n c r e a s e of s e n s i t i v i t y c o m p a r e d to C a c a n be a s s u m e d to be about 1_,000 

t i m e s c o n s i d e r i n g t h e a c t i v i t i e s a t s a t u r a t i o n . 

49 27 65 
In the e x a m i n e d b i o l o g i c a l s a m p l e s the a c t i v i t i e s of Se , Mg, Ni 
31 24 56 42 38 82 32 

and Si a r e m a s k e d by t h o s e of Na, Mn, K, CI , B r , Ρ and 

o t h e r s . The i n t e r f e r i n g a c t i v i t i e s a r e r e m o v e d by s e l e c t i v e s e p a r a t i o n s 

wi th good d e c o n t a m i n a t i o n f a c t o r s , a s d e s c r i b e d a b o v e . 

4 . 3 S impl i f i ed S e p a r a t i o n S c h e m e 

The n u m b e r of e l e m e n t s wh ich c a n be d e t e r m i n e d in the s t u d i e d s a m ­

p l e s by n o n - d e s t r u c t i v e a n a l y s i s and g a m m a r a y s p e c t r o m e t r y is r a t h e r 

l i m i t e d . Due to p o s s i b l e i n t e r f e r e n c e s , the i den t i f i ca t i on of s o m e e l e m e n t s 

i s a l s o doubtful . 

24 32 
R a d i o n u c l i d e s s u c h a s Na , a m o n g the s h o r t - l i v i n g o n e s , and Ρ 

a m o n g l o n g e r - l i v e d r a d i o i s o t o p e s r e s t r i c t t he u s e of g a m m a r a y s p e c t r o -
46 65 65 , 85 

m e t r y ; b e s i d e s , Sc i n t e r f e r e s wi th Zn, Zn i n t e r f e r e s wi th S r , 
1 2 4 ^ . , 134^ 

Sb wi th C s , e t c . 

T o a v o i d t h e s e d r a w b a c k s we have s e t up a s i m p l i f i e d s e p a r a t i o n p r o ­

c e d u r e . 

of AAO 

In t h i s l a b o r a t o r y p r o b l e m s invo lv ing the p r e s e n c e of g r e a t q u a n t i t i e s 

in bi 
(21) 

32 
of Ρ in b io log i ca l m a t e r i a l w e r e s u c c e s s f u l l y s o l v e d by u s i n g c o l u m n s 
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24 42 
In this scheme the elution of Na and K allows the de te rmina t ion 

72 64 

of Ga and Cu. We also have carefully avoided that m ix tu r e s of Sc and 

Zn, Zn and Sr arid Sb and C s were in the same fract ion. 

The res idue , d issolved in 1 M HCIO is p a s s e d through AAO where P , Mo 

and W a re re ta ined, then through Dowex 50 where Ca, Ba, Sr , Sc, F e , Ga, 
(22 Np, Co, Zn, Cu a r e absorbed while Na, K, Rb, C s , Ag and C r a r e eluted . 

If Cu mus t be determined, a fur ther separa t ion is obtained by eluting 
(38) Co, Zn and Cu from Dowex 50 with concent ra ted HBr . The composi t ion 

of the mix ture of radionuclides on the r e s in is such, that i t . can be counted 

by a Ge(Li) de tec tor . 

We have noticed that the behaviour of C r and Fe some t imes differs 

from the expected one. C r in some cases is par t ia l ly abso rbed on the 

Dowex 50 column, while about 5% of Fe is eluted from the s a m e column. 

With the simplified separat ion scheme it has been poss ib le to de t e rmine 

five shor t - l ived isotopes (Na, K, Cu, Ga and As) and t h i r t e en long- l ived 

isotopes (P , Ca, Ba, Sr, Sc, F e , Rb, C s , C r , Co, Zn, Sb and Se). 

4 . 4 Complete Separat ion Scheme 

The scope of this separa t ion p rocedure is twofold: 

a) i nc r ea se the number of e lements to be de te rmined; 

b) i n c r e a s e the sensi t ivi ty by the use of l e s s se lect ive but highly sens i t ive 

counting techniques . 

ν 

The use of the Cerenkov countings, in pa r t i cu l a r , r e q u i r e s m o r e s e l e c ­

tive separa t ion p r o c e d u r e s . To avoid e r r o r s due to incomplete s epa ra t i ons , 

the control of the decay of the radioisotopes to be de t e rmined is r e c o m m e n ­

ded. As a consequence, only shor t - l ived radionucl ides were de t e rmined by 

us with this counting technique. 

Severa l separa t ion procedures for biological m a t r i c e s and for o ther 
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( 1 & 2 3-38^ 
r a d i o c h e m i c a l a p p l i c a t i o n s , a r e r e p o r t e d in the l i t e r a t u r e 

O u r s e p a r a t i o n s c h e m e t a k e s a d v a n t a g e of the ionic exchange of an ion ic 

and ca t i on i c r e s i n s and of the a b s o r p t i o n p r o p e r t i e s of s o m e ion ic p r e -
(39) c i p i t a t e s s t ud i ed in th i s l a b o r a t o r y . 

T h e d i s t i l l a t i o n r e s i d u e s in 6 M H C l a r e p a s s e d t h r o u g h H A P , Dowex 1 

a n d CUS c o l u m n s . On the H A P c o l u m n Na, Rb, K and T a a r e r e t a i n e d ; 

t he a p p a r e n t d i s a g r e e m e n t b e t w e e n what w a s s t a t e d by G i r a r d i and S a b b i o -
(35) n i (75% of Rb r e t a i n e d ) and t h i s w o r k (100% of Rb r e t a i n e d ) i s due to 

the g r e a t e r quant i ty of H A P u s e d in the p r e s e n t p r o c e d u r e s . 

T h e e lu t ion of Rb and K wi th 6 M H C I O , and c a r r i e r s , a l lows the 4 ν 
c o u n t i n g of the two e l e m e n t s wi th the C e r e n k o v t e c h n i q u e wi th a c o n s i d e r ­

a b l e i n c r e a s e of s e n s i t i v i t y . A l so N a , r e t a i n e d on H A P c a n be coun ted in 

t h e s a m e way . 

T h e p a s s a g e t h r o u g h Dowex 1 and the e lu t i on in h y d r o c h l o r i c m e d i a b a s e d 
(41) 

on the s t u d i e s of K r a u s and N e l s o n i s a s t e p c o m m o n l y u s e d by us 

a n d by s e v e r a l o t h e r l a b o r a t o r i e s . 

F r a c t i o n s con ta in ing Zn, Cd and P d a r e a l l coun ted wi th the C e r e n k o v 

t e c h n i q u e . 

T h e 0 . 5 M HCl f r a c t i o n c o n t a i n i n g F e , Ga and Mo m u s t be f u r t h e r 

s p l i t in to t h r e e d i f fe ren t f r a c t i o n s a s the p r e s e n c e of F e ( c o l o u r e d s o l u -
V ' 

t i on ) e i t h e r g ives r i s e to the quench ing p h e n o m e n o n d u r i n g C e r e n k o v 
99 coun t ing for Ga d e t e r m i n a t i o n , o r does not a l low the a n a l y s i s of Mo, 

t h i s r a d i o i s o t o p e hav ing i t s h i g h e r p e a k (140 keV) a t the e n e r g y of a 
59 

g a m m a p e a k of F e . 

(39) C u i s s e l e c t i v e l y r e t a i n e d on CUS . 

32 
T h e e lua te of the t h r e e c o l u m n s m a i n l y con t a in s Ρ which i s in 

t u r n r e t a i n e d t o g e t h e r wi th P a on AAO. 

(42) 
C a , Ba , S r , S c , C o , C r , and C s a r e a b s o r b e d on Dowex 50 and 

(43) t h e n by e lu t ion wi th 4 8 % H B r , s p l i t in to two g r o u p s ' 
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It seemed to us not convenient to further split the e luates into o ther 

groups as the gamma spectra a r e sufficiently equi l ibra ted to be counted 

with Ge(Li) de t ec to r s . Besides , the separa t ion could become e x t r e m e l y 

long and complicated. 

The dis t i l la te is passed through Dowex 1 which re ta ins Sb and Hg 
(39) 

and through TDO where Se and As a r e absorbed* . The elution of Hg is 
somet imes n e c e s s a r y due to the p resence of l a rge amounts of Sb; As m u s t 

ν 
be removed from TDO if Cerenkov countings mus t be pe r fo rmed . 

The complete separat ion scheme allowed the de te rmina t ion of Na, K, 

Zn, Ga, Cu, As among the shor t - l ived e lements (up to 24 h) and of Rb, C s , 

Cd, F e , Mo, Ca, Ba, Sr, Sc, Co, Cr , Sb, Hg, Se and Ρ among the long-

lived e l emen t s . 

The lack of adequate s tandards of Au, Pd, and W has not al lowed the i r 

determinat ion even if thei r presence in some samples has been not iced. 
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Fig. 1 - Dissolution and Distillation Apparatus - Dimensions are given 
in mm. 
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DESTRUCTION 
AND 

DISTILLATION 

I 
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HEAT TO DRYNESS, DISSOLVE 
WITH 10ml IM HCIO, AND CARRIER 
Cr Cs.Rb.Ag. WASH* THE COLUMNS 

WITH 40ml IM HCIO, 

ON COLUMN 
FRACTION A 

P. (Mo. W) 

O 

ON COLUMN 
FRACTION 5 
Ca.Ba.Sr.Sc 

Fe.Ga 
(Np.R.E) 

i 
p L 

30ml cone. HBr 
carriers Zn,Co 

FRACTION 2 
Rb.Cs.Na.K 

(Ag.Cr) 

FRACTION 3 
Co, 2n, Cu. Μη 

DISTILLATE 

* 
ADD DROPWISE 35ml 

H202 60-70'C 

\ 
FRACTION 1 

Se.Sb.As 
(Hg.Ru.Re.Gc) 

In parenthesis 
elements not detected 

SIMPLIFIED 
SEPARATION SCHEME 

Fig. 3 - "Simplified" Separation Scheme 



DESTRUCTION 
AND 

DISTILLATION 

31 

RESIDUE 

OR* AND DISSOLVE WITH 

Sml SM HCl WASH WITH 10ml 

*M *CI AND 10ml 3M HCl 

c\ :O^UMN 

{FRACTION S 

NO. (?01 

20ml 6M HCI04 {FRACTION 

Rb.K 

5 

20ml 0.5M HCl 

ON COLUMN 

| FRACTION 10 

(Au) 

20ml 0 02M HCl 

. 20ml H20 

20ml 6M HCl 

ON COLUMN I 
FRACTION H j 

Cu 

IM ZnCI , 

FRACTION 7 

Zn 

FRACTION β 

Cd 

FRACTION 9 

tPd) 

OR* AND DISSOLVE WITH 

Sml 05MHN0*. WASH WITH 

SO ml 0 SM HNO, 

\0N COLUMN 

\FRACTICN IS 

ON COLUMN 

FRACTION 

w"T— 

•L· 

- f f i 

Co.Bo. Sr. Sc 

20ml cone. HBr FRACTION IS 

Co.Cr.Cs.Mn 

ON COLUMN 
\FRACWN 13 

Ft 

X 

20ml 1M HF 

ascorbic acid 

{FRACTION 12 

Ga 

FRACTION II 

Mo.lW) 

DISTILLATE 

ADD DROPWISE EQUAL VOL 

HjOjSO-70'C. HEAT UP TO 

START BOILING 

ON COLUMN 

FRACTION 3 

So 

25ml 6MHCI0 fc ¡FRACTION I 

Hg 

ON COLUMN 

FRACTION « 

s* 

25ml 2M HCl 

earner As 

l FRAC HON 2 I 

L
 Ai

 J 
u 
CD 

In partnthtiii tlrmrnts nol drlKltd 

COMPLETE 

SEPARATION SCHEME 

Fig. 4 ­ "Complete" Separation Scheme 
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