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A radiochemical procedure developed by the authors for neutrón activation analysis of 
As, Cd, Cu, Sn and Zn in beef extract samples is described, based on combined precipitation 
steps to isolate the elements to be determined. Nuclides aie separated with high degree of 
purity and good chemical yields. Interferences from threshold reactions are discussed and 
calculated. Results are shown for analysis of six samples.

Introductíon

The growing interest about the presence of elements which either are toxic or 
become toxic when their concentration exceeds certain limits, in manufactured 
foods, has led to the fact that new specifícations are required respecting their com- 
position. Thus, for instance, the following upper limits have been demanded for 
concentration of some elements in beef extract: As: traces, Cd: 0.05 ppm, Cu:
10 ppm, Sn: 250 ppm, Zn: 100 ppm.

These elements may be well determined by neutrón activation analysis. From 
the point of view of activation analysis, beef extract behaves like most of biolog- 
ical matrices, that is, their bulky activities are very similar, and radiochemical se- 
paration becomes necessary to isolate the nuclides to be measured. Several separa- 
tion schemes have been propoSed for multielemental analysis in biological material, 
which included the named elements.*"^ However Uttle work has been made in se- 
paration procedures only based on steps of selective precipitation. Such a techni- 
que was adopted by the authors to develop a method for simultaneous determiua- 
tion of arsenic, cadmium, copper, tin and zinc in beef extract.
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Experimental
Sample and standard preparation

Filling of the irradiatíon ampoules was a somewhat difficult task, as beef ex- 
tract has the characteristics of a sticky semo-solid mass. To accomphish that, the 
sample was charged into the body of a polyethylene syringe from the upper side, 
with the aid of a spatula. A polyethylene tube, suffíciently long as to reach the 
bottom of the ampoule, replaced the needle. With the pistón returned to its original 
position, the syringe was exposed to the heat o f a lamp so as to increase the fluid- 
ity of the loaded mass. Then, a little pressure, when apphed to the pistón, sufficed 
for allowing the mass to move along the tube and thus filling the ampoules. A 
mixed standard was prepared from Spec-Pure chemicals (Johnson, Matthey and Co, 
London) dissolved in Merck nitric and hydrochloric acids and bi-distilled water.
The concentration (mg/ml) was: As, 0.0034; Cd, 0.0021; Cu, 0.579; Sn, 14.588 
and Zn, 5.632. A measured volume of the standard was added to a sample weighed 
portion, 1 0 0  fú each 2  g sample; another weighing was performed and the mixture 
was thoroughly homogeneized. Finally, part of this mixture was weighed and 
sealed into a quartz ampoule in order to get a comparator for the sample when 
irradiating them together.

Irradiation

The samples were irradiated in one of the irradiation boxes of the RA3 reactor 
during 8  hrs. After a 48 hrs decay, quarte ampoules were washed with HNO3 1:1;  
then with water, dried and finally cooled with liquid nitrogen before breaking 
them to start the separation.

Radiochemical separation

The attack of the sample was an oxidyzing one, performed by 15 mi of conc. 
HNO3 and 2 mi of conc. H2 SO4 ; 20 mg As, 20 mg Cd, 40 mg Cu, 40 mg Sn and 
25 mg Zn carriers were added. The solution was filtered in order to remove frag- 
ments of the broken ampoule and then it was heated until complete removal of 
HNO3. Afterwards the glass was cooled in an ice bath and 10 mi of conc. HCl 
were added slowly and with constant stirring. The residue left after HNO3 elimina- 
tion was then dissolved. A rapid 1 h stream of HjS was passed while keeping the 
solution in the coid bath. Sulfídes of As(V) and Cu(II) precipitated, the latter par- 
tially. The coid solution was let to stand for 1—2 hrs. The precipítate (A) was fíl- 
tered, washed with 0.5N HCl and kept for arsenic and copper determination. The 
filtered solution was diluted with 230 mi of water and a stream of S was pas­
sed until the sulfídes of Cd(II), Sn(IV) and Cu(II) remained unprecipitated before)

R. O. KOROB et al.: A PROCEDURE FOR SIMULTANEOUS DETERMINATION

122 /  Radioanal Chem. 42 (1978)



were entirely precipitated. It was allowed to stand for 2 hrs. The precipítate (B) 
was filtered, washed with water saturated with HjS and reserved for Cd, Cu and 
Sn determination. Zn was determined in the solution (C).

Precipítate (A) was treated with 10 mi of 2N NaOH and AsjSs was solubilized 
after a gentle heating, whereas CuS remained insoluble. The ínsoluble fraction (a) 
was filtered and washed with 5 mi o f 2N NaOH, which were added to the solu­
tion (b).

Precipítate (B) was*treated in a similar way to (A): SnS2 was solubilized and 
the sulfides of Cd and Cu remained ínsoluble. This new insoluble fraction (c) was 
filtered and washed, as before, with 5 mi o f 2N NaOH, which were added to the 
solution (d).

Arsénic. 1 mi of 30% H2 O2 was added to the solution (b), which was then 
neutralized with conc. HNO3 and a 5 mi excess was added. The solution was 
heated until dryness. The residue was dissolved with 20 mi of H^O; 3 -5  g of 
NH4CI and 10 mi of magnesia mixture were added. It was neutralizad with 2.5% 
NH4OH and precipítation o f MgNH4 As0 4  • 6 H2 O was followed as índicated by 
VOGEL.* The precipítate was placed in a tared flask and measured; converted 
ínto Mg2 As2 0 7  by heating at 450 °C in a muffle and finally weighed.

Cadmium and copper. Precipitates (a) and (c) were joined and destroyed with 
a few mi of hot conc. HNO3; the heating went on until dryness. The residue was 
dissolved in 50 mi of H2O and ten drops of conc, HCl were added. The solution 
was filtered in order to remove the sulfur produced during HNO3 attack. A stream 
o f SO2 was passed until saturation, so that Cu(II) was reduced to Cu(I) and 17 nil 
of a 2% NH4SCN solution were added. The CuSCN precipítate was treated as re- 
commended by HILLEBRAND et al.,’ placed in a tared flask, weighed and meas­
ured.

Cd was determined as follows: 10 mi of 2% NH4 SCN were added to the fil­
tered, which were then heated gently, both for removing SO2 and for reducing its 
volume to half o f the initíal volume. The heating was turned more intense until 
the solution began to boil and Cd(CsHsN)2  (SCN)2  was precipitated by adding 
1 mi of pyridíne. The precipítate was filtered and washed as índicated by VOGEL;* 
weighed and finally measured.

Tin. 1 mi of 30% H2 O2 and 25 mi of conc. H2 SO4 were added to the solu­
tion (d), which was heated to dissolve the SnS2 precipítate. The solution was di- 
luted to 250 mi with water and precipítation with cupferron was made following 
the technique described by FARNSWORTH and PEKOLA.® Tin was finally weighed 
as Sn0 2  and measured.
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Fig. 1. Scheme of the separation procedure

Zinc. The volume of solution (C) was reduced to 50 mi by heating. It was 
neutralized with conc. NaOH; 0.5 mi of conc. HNO3 were added and ZnHg(SCN)4 

was precipitated as recommended by HILLEBRAND et al.‘ ° The precipítate was 
filtered, washed and dissolved with 5 mi of conc. HNO3 . The solution was heated 
until dryness; the residue was dissolved with 50 mi of water, 0,5 mi o f conc. HNO3 

were added and ZríHg(SCN)4  was precipitated again. The precipítate was fíltered, 
washed, dried, weighed and measured.

Remarks to radiochemical separation The above procedure has been developed 
to isolate activities of interest from those produced by several interfering elements, 
mainly sodium, phosphorus and bromine. Little of them remained as ocluded after
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the fírst precipitation step performed for each element, being entirely removed 
when precipitating a second time. The situation is different when phosphate ions 
are ocluded in arsenic sulfíde precipítate, as they are also precipitated with magne­
sia mixture, then appearing as impurities in the amonium magnesium arsenate. The 
extent of this contamination is never so high as to introduce a serious error when 
determining chemical yield by weighing, but the undesirable background caused by 

bremsstrahlung can affect measurement of ’̂ ^As. Further purification, of needed, 
can be made by dissolving the amonium magnesium arsenate with conc. HCl, then 
diluting and precipitating the sulfide. Usually, this purification step is unnecessary.

Some other minor interfering elemeqts tend to co-precipitate with sulfide precipi- 
tates, molibdenum and antimony being the most outstanding. The former accompany 
the arsenic sulfíde precipítate, being dissolved when treatíng with 2N NaOH but 
not precipitated with magnesia mixture. The behavior of antimony is similar to 
that of tin; if present as Sb(III), it becomes precipitated with cupferron, so that 
it must be converted to Sb(V) prior to precipitation; the oxydizing step included 
in the procedure obviates this trouble, thus minimizing antimony interference.

Measurements and calculations. When developing the method, measurements were 
carried out with a high resolution Ge(Li) detector coupled to a 4096 multichannel anal- 
yzer in order to control the purity of the precipitates, without detecting any interference 
peak. Therefore such a high resolution detector was not, in fact, necessary to meas- 
ure the samples but a Nal(Tl) one could be used, enhancing the effíciency as well. 
Measurements were performed with a well type Nal(Tl) detector (Harshaw, Integral 
line), 10.6% resolution and 20.8% effíciency for 0.66 MeV gamma-energy of '^^Cs, 
coupled to a 4096 multichannel analyzer (Packard, model 2) operating to a 256 
channels capacity. Measured precipitates were contained in glass vials o f the type 
used in liquid scintillation counting.

The characteristics of the nuclides are Usted in Table 1.
Concentrations were calculated by using the formula:
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C - -  *
Ra mb ma

Ab — K  
Rb

wdiere b, a — portions of the sample, with incorporated standard and without 
it;

C — concentration of the element (ppm);
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Ab.Ag -  activity of the nuclide (counts/min) in b and a (including 
decay corrections);

R<j, R, -  chemical yields for b and a;
mj,, nij -  masses of b and a (g);
W — mass of the element added to b (pg).

Peak areas were calculated by COVELL’s method. Data smoothing was performed 
when measurement statistic was poor. When counting was unsufficient as to calcú­
late concentrations, an estimation was made following criteria on detection limits 
given by ROGERS.**

Table 1 
Nuclear data
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Nuclide
Isotopic

abundance,®
%

Cross-section,*’
barn

Resonance
integral,*

barn
Half-life®

Measured
gamma-
energy®

’ ‘ As 1 0 0 4.4 4 4 C 26.4 h 0.560

" * C d 28.86 0.3 20.3<i 53.38 h 0.336**

‘ «Cu 69.09 4.4 8 . 2 <= 12.70 h 0.511

■■’ Sn 14.30 0.006 0.49^^ 14.0- d 0.159

” Zn 48.89 0.82 2 . 2 =̂ 244 d 1.115

•Normalized to  a cu t-o ff energy ukT  =  0.01 eV. 
**From

a,b,c,dRefs.“ -'*

Interferences

It has been mentioned that no interferences from nuclides other than those 
which were expected to measure appeared after chemical separation. Thus, in ques- 
tioning if any interference could affect the analyses, the only possible altemative 
is that threshold reactions could lead to measured nuclides, considering as neglig- 
ible second order interferences, such as they were calculated by OP DE BEECK.*®’*̂  
The following formula may be used for estimating the magnitude of an interference 
by a threshold reaction.

[a]ap =  [i] VÍT
®a “̂ th ~  O +  X la
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where a — element to be determined and i =  interfering element, boüi
producing the same nuclide;

-  apparent concentration of a;
-  actual concentration of i;

Ma. M¡ — atomic weights of a and i;
-  isotopic abundance of a and i target nuclides;
-  fast flux;
-  averaged cross-section for threshold reaction;
-  thermal flux, =  n v, being n =  neutrón density and v =  mean 

velocity of the Maxwellian spectrum;
-  thermal cross-section at v =  2 2 0 0  m/s and resonance integral 

for (n, 7 ) reaction;

[a]ap
[i]

0 a . 0 i

^,h 

Ge. L

f-epi
^epi — parameter which defines the epithermal flux.

’th

In order to make an a priori estimation about whether a threshold reaction may 
represent an important interference, it must be borne in mind that one, at least, 
of this two conditions has to be fulfilled: (a) the isotopic concentration of the in­
terfering element is by far higher than that of the element to be determined or

Table 3
Results (expression for statistical errors: 68% confidence interval when referred to effective 

concentrations; 95% confidence limit when estimating detection limits)

s
As

concentration, 
ppm ■ 1 0 “’

Cd
concentration, 

XIO"’ ppm

Cu
concentration,

ppm

Sn
concentration,

ppm

Zn
concentration,

ppm

1 95 ± 8 nd; ul. =  4.2 0.87 ± 0.06 2.6 ± 0.2 12.4 ± 0.5
2 42 ± I nd: ul. =  5.2 0.59 ± 0.04 0.7 ± 0.1 11.1 ± 0.4
3 66 ± 3 d; 0.06 < c <  4.57 0.51 ± 0.04 3.8 ± 0.2 10.9 ± 0.7
4 39 ± 4 nd; ul. =  9.6 0.60 i  0.07 1.6 ± 0.3 18.8 ± 1.1
5 160 ± 10 nd; uL = 4 .1 0.78 ± 0.07 7.9 ± 0.5 13.9 ± 0 .6
6 93 ± 5 nd; ul. =  6.5 0.91 ± 0.02 4.1 ± 0.9 14.0 ± 0.6

S; sample. 
nd: not detected. 
ul: upper limit. 
d: detected. 
c: concentration.
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Table 4 
Interference calculations

(a) Bromine interference

Sample
Br concentration, 

ppm

Apparent As 
concentration, 

ppm • 10"’

Found As 
concentration, 

ppm ■ 10“^
Interference, %

1 117 ± 4 0.024 95 ± 8 0.025
2 100 ± 4 0.021 42 ± 1 0.049
3 90 ± 3 0.019 66 ± 3 0.028
4 129 ± 4 0.027 39 ± 4 0.068
5 202 + 5 0.042 160 ± 10 0.026
6 262 ± 6 0.054 93 ± 5 0.058

(b) Zinc interference

Sample
Zn concentration, 

ppm

Apparent Cu 
concentration, 

ppm

Found Cu 
concentration, 

ppm
Interference, %

1 12.4 ± 0.5 0.0067 0.87 ± 0.06 0.77
2 11.1 ± 0.4 0.0060 0.59 ± 0.04 1.02
3 10.9 ± 0.7 0.0059 0.51 + 0.04 1.16
4 18.8 ± 1.1 0.0102 0.60 ± 0.07 1.69
5 13.9 ±0.6 0.0075 0.78 ± 0.07 0.96
6 14.0 ± 0.6 0.0076 0.91 ± 0.02 0.83

Std. 5.632* 0.0030* 0.579* 0.53

•Expressed in mg/ml.
Data on RA3 fluxes:' ’ =  2.04 • 10* 

■tf = 2 .1  • 1 0 *’
? =  0.0193

(b) the cross-sectíon for the threshold reaction reaches a signifícant valué respecting 
to that of the main reaction.

Interference threshold reactions conceming the measured nuclides are tabulated 
in Table 2.

Accordingly to what was stated before, noticeable interfering effects may be 
expected in two reactions, those numbered 1  and 6 ; the possibility of occurring 
so in reactions 2, 4 and 7 seemed highly improbable. Regarding reactions 3 and 5, 
their interference can be considered as negligible, as they are referred to direct 
production of the short hved ‘ * *™In (T =  4.50 h) which was almost entirely de- 
cayed when measuring samples.
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Instrumental activation analysis was made for determination of bromine contents 
in the samples. Data obtained when determining zinc were used to ascertain zinc in- 
terference in copper determination. Results of these assays will be discussed later.
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Table 5 
Chemical yields

Element As Cd Cu Sn Zn

Yield, % 65-85 45-55 65-90 50 -80 60-80

Results and discussion

The described procedure has been applied to the determination of As, Cd, Cu,
Sn and Zn in 6  beef extract samples. Results are listed in Table 3. The interference 
calculations (Table 4) which were performed as indicated before, show that bromine 
interference to arsenic determination is negligible in our case, not occurring the 
same respecting to zinc interference in copper determination, where significant inter­
ference factors have been found. However, measured copper concentrations may be 
considered as actual concentrations, for practical purposes, without too high an error.

The technique is suitable for routine analysis of a large number of samples, being 
reahzable in a standard radiochemical laboratory. Good yields are attained (Table 5) 
and nucüdes are isolated in a very high degree of purity. Detection limits are largely 
below concentrations fixed as upper limit for each element.

The authors wish to thank N. V. DE PIEDRACOBA for her valuable help during the reali- 
zation of this work.
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