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ï̂  INTRODUCTION 

By request ot the Community Bureau of Reference Materials - BCR 

of the Commission of the European Communities at Brussels, the Inter-

university Reactor Institute participated in a certification programme 

on trace-element levels in a reference material, consisting of synthetic 

single cell protein. 

The Single Cell Protein had been prepared by the BP-Research Centre 

at Sunbury-at-Thames, England. The final stage of the preparation process 

included a spray-drying method, which improves the homogeneity of the ma

terial. The homogeneity of the Single Cell Protein was confirmed by the 

BP-research Centre on basis of the measurements of the cadmium levels in 

various portions. The total amount of Single Cell Protein produced was 

divided into 1,000 numbered portions of 50 gram each. The Interuniversity 

Reactor Institute received two lots, numbered no 0006 and 0897 respectively. 

In the certification programme the following four elemer^s were listed 

as elements of primary interest: antimony, cadmium, lead and mercury. Two 

elements were given as elements of secondary interest: arsenic antl selenium. 

In addition, whenever possible, analysis should be performed of other trace 

elements, so that for these elements at least indicative values can be esta

blished. Participants using atomic-absorption spectrometry for trace-element 

analysis should use a procedure developed by the BP-Research Centre. 

The analyses of trace elements should be carried out in sixfold, except 

when activation analysis is used, for which a tenfold determination was 

specified. All results should be based on dry weight basis. Since some trace 

elements may be volatile and thus may be lost from the material upon drying, 

the trace-element analyses and moisture-content determination should be 

performed in separate aliquots. 
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II EXPERIMENTAL 

For the trace-element decerr-naii^n, tr.t loutine destructive neutron 
activation procedures, developed -ч '.he Tnteruuwersity Reactor Institute 
were used. A detailed description is given elsewhere /i, 2 /. 

Each irradiation batch consisted of six sealed quartz vials, viz. 
two 300—mg aliquots of toe Single Cell Protein (one of lot 0006 and one 
of lot 0897), one empty vial as blank, one 300 —rag aliquot of the Kale 
of Bowen / 3 / as reference material and two aq> sjous liquid multi-element 
standards. Also three pieces of zinc metal, serving as fluxmonitors, were 
inserted. 

The quartz vials were wrapped in aluminium foil and irradiated as a 
compact package in the reactor of the Interuniversity Reactor Institute 

13 2 in a neutron flux of I.0 x 1.0 n/cm s for 12 hours. 
After a decay period of two to three days, the irradiated samples, 

blank, reference material and standards were all chemically processed in 
the same way in a six-unit destruction/distillation and elution apparatus. 
The chemical separation procedure followed is schematically shown in 
figure 1. 

The resulting 20 ml fractions were counted in a 3" x 3" Nal (Tl) 
scintillation well-type scintillation crystal coupled to a 128-channel 
pulse-height analyzer. The counting times varied between 4,000 and 20,000 
seconds, depending on the activity to be measured. Since the gamma-ray 
spectra were not complex, a simple straight-forward computerized peak-
area determination was applied. 

In cases where the trace-element levels in the samples to be analyzed 
are low, it is necessary to apply corrections for the contribution from the 
quartz vials to be derived from the blanks. These contributions were kept 
low by using synthetic quartz (Spectrosil, supplied by Thermal Syndicate, 
England) with relatively low trace-element contents / I /. 

The radioactivity of each fraction, resulting from the automated 
separation scheme, was related to the zinc-65 activity of the zinc metal 
neutron flux monitor. The zinc-65 activity of the monitor was in its turn 
calibrated against the various activities induced in standards containing 
known amounts of the elements of interest, resulting in ETZR (Element-to-
zinc-ratio) values / 4 , I /. For the calibration of the samples mean ETZR 
values were used; these were obtained by averaging all individual ETZR 
values obtained during the analysis runs for the Single Cell Protein. 



Ill RESULTS AND DISCUSSION 

The moisture content of the samples to be analyzed was measured 
in separate aliquots by drying at I02°C to constant weight. Single 
Cell Protein lot No. 0006 was found to contain 4.9 + 0.2 percent of 
moisture after 64 hours of drying and Single Cell Protein lot No. 0897 
4.3 +_ 0.1 percent of moisture after 48 hours of drying. The oosture 
content of the kale was determined by drying at 102° С for 24 hours 
and amounted to 8.9 percent. 

With the automated routine separation scheme 14 
trace-elements may be determined (figure 1). In the trace-element 
analysis of bo.h lots of Single Cell Protein the elements gold and 
bromine were not measured since they were not considered as elements 
of interest in the certification programme. The twelve elements measured 
in the Single Cell Protein material cover three elements out of the four 
elements of primary interest and both elements of secondary interest; 
furthermore, seven additional trace elements - including six important 
transition elements - were determined (table 1;. 

The Kale of Bowen, serving as a reference material, was measured 
in sevenfold. Both ->ts of the Single Cell Protein material were each 
determined in eightfoH. For all trace-elenient levels in the materials 
analyzed an average value was calculated. Also an overall uncertainty 
interval U was estimated: 

it *lll^ + U 2 I (1) 
"overall I sample standard I 

The uncertainty intervals of both sample and standard (as ETZR-value) reads 
as follows: 

U = t \l <x - x.)2/(N(N-l)) ] (2) 

wherein: t- student's t-factor for 95-percent confidence level (depends 
on the value of N - 1); 

X£ • individual trace-element value; 

x * average trace-element value; 

N - number of replicate measurements; 

The uncertainty in the standard, calculated from separate values 

obtained for the mixed liquid standards, ranged from 5 to 10 percent. 

The measured levels of 12 trace elements in Bowen's Kale are presented 

in table 2. 
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A dashed line indicates that the corresponding sample fraction 

yielded a strongly outlying value (by the Chauvenet criterion), 

which was not used in the calculation of the averages. As may 

be seen from the table, for all elements there is a fair to good 

agreement between our averages and Bowen's "grand means". It may 

thus be concluded that within the uncertainty intervals and the 

standard deviations mentioned by Bowen, no substantial systematic 

errors are present for antimony, arsenic, cadmium, chromium, cobalt, 

copper, iron, mercury, molybdenum, selenium and zinc. 

The results for both lots of Single Cell Protein material are 

presented in table 3. The trace element levels were tested for possible 

systematic differences between lot no 0006 and lot no 0897. Applying 

the t-test, no systematic differences for any of the elements analyzed 

could be observed at the 95-percent confidence level. 

The antimony level in the Kale and the selenium level of the 

Single Cell Protein material were so low, that a correction for the 

contribution of the trace elements from the blank (0.013 ppm for 

antimony, 0.002 ppm for selenium) proved to be necessary. The stated 

figures are the corrected ones. 
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Interuniversitair Reactor Instituut Delft 

SEPARATION SCHEME FOR THE ANALYSIS OF TRACE AMOUNTS 

OF A$9Se,HgvSbtCu,Co,FBvMo(Zn>Cd,Ni,CrtBrvAu 

IN BIOLOGICAL MATERIALS. 

HgSO^H^Qg Destruction 

HBr Distillation 

H2 SO4 Residue+H202 

H2SO4 Evaporation 

i 

Distillate 

1 
70%HCI O4 

HCI Gas Distillation 

ï 

20ml cone. HBr, 

20ml cone HBr, 

20ml cone HBr. 

Cr ( 1 ) 20ml 4 M HO 

HCI O4 Evaporation 

8M HCI 

20ml 8 M HCI ^ 

20 ml 3 M HCI 

* OjS^oHpOo 
2QmlO,5M HCI ^ 

+ 0,2%H202 

20 ml QtQgM HBr» 

20 ml 3M HN0 3 > 

20 ml 3M HN03 Л 

•0^2%H202 
20ml.3%NB2S03^ 

20ml 3%NogS0^ 

CO 
x 

СЧ1 

X 
Ш 

ъ 

m 
**P,K,Mn,Ag 
**CufCo,(Ni) 

Fractions 
(2) 

(3) 

(4) 

(5) 

(6) 
(7) 
(8) 

Fractions 
Br ' 

Br » (9) 

Br . 

As,Se (10) 

Sb (II) 

Sb (12) 

-*> Hg,Aü.(l3) 
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ТаЫе I 

Survey of trace elements measured in the Single Cell Protein 

Elements 
Measured * • 

not measured = -

Elements of primary interest antimony + 
cadmium • 
lead 
mercury • 

Elements of secondary interest arsenic + 
selenium + 

Additional elements chromium + 
cobalt + 
copper • 
iron + 
molybdenum + 
nickel + 
zinc + 
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table 2 

Trace-element values for the Kale of Bowen; all values in ppa expressed on 

dry weight basis 

element individual values 

average and 

95-percent 

confidence 

intervals 

"grand means" 

and standard 

deviation /3/ 

As 
0.123; 0.1J7; 0.076; 0.122; 

0.118; 0.133; 0.136 0.121 + 0.020 0.141 • 0.031 

Cd 
0.876; 0.871; 0.805; 1.24; 

0.905; 1.12; 0.898 
0.96 • 0.15 0.76 + 0.19 

Co 
0.067; 0.069; 0.075; 0.074; 

0.057; 0.069; 0.070; 
0.069 • 0.006 0.059 • 0.010 

Cr 
0.405; 0.478; 0.527; 0.579; 

0.486; 0.492; 0.476; 
0.492 + 0.051 0.36 • 0.13 

Cu 
5.66 ; 2.51 ; 4.41 ; 4.54 ; 

4.28 ; 4.71 ; ?.26 ; 
4.1 + 1.1 4.68 + 0.64 

Fe 
126; 89; 122; 124; 

129; 120; 93; 
115 + 18 117 + 16 

Hg 
0.195; 0.199; 0.183; 0.188; 

0.182; 0.204; 0.192; 
0.192 • 0.012 0.174 + 0.030 

Mo 

Ni 

Sb 

2.01 ; 2.89 ; 2.71 ; 2.29 ; 

1.92 ; 2.45 ; 2.41 ; 

0.71 ; 1.02 ; 0.69 ; 0.52 ; 

0.59 ; ; 0.70 ; 

0.054; 0.056; 0.052; 0.061; 

0.079; 0.091; 0.049; 

2.34 + 0.39 2.32 + 0.51 

0.71 + 0.19 

0.063 + 0.016 0.072 + 0.017 

Se 
0.095; 0.125; 0.128; 0.093; 

0.119; 0.134; 0.137; 
0.119 + 0.017 0.137 • 0.017 

Zn 
34.1 ; 34.9 ; 34.4 ; 36.6 ; 

34.8 ; 37.3; 35,7 ; 
35.4 + 1.5 31.8 + 2.1 
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ТзЫе 3 

Trace-element values for Che Single Cel l Prote in; a l l va lues i n ppi 

expressed on dry weight bas i s 

Element 

( l o t number) 

individual va lues average and 

95-percent 

confidence 

i n t e r v a l s 

As (0006) 

As (0897) 

Cd (0006) 

Cd (0897) 

Co (0006) 

Co (0897) 

Cr (0006) 

Cr (0897) 

Cu (0006) 

Cu (0897) 

Fe (0006) 

Fe (0897) 

Hg (0006) 

Hg (0897) 

0.096; 0 .088; 

0.116; 0 .106; 

0.097; 0 .086; 

0.104; 0 .105; 

0.032; 0 .030; 

0.O27; 0 .019; 

0.028; 0.039; 

0.025; 0 .033; 

0.055; 0 .046; 

0.053; 0 .046; 

0.059; 0 .045; 

0.046; 0.049; 

0.281; 0.336; 

0.321; 0 .312; 

0.299, 0 .304; 

0.319; 0 .333; 

8.65 , 8,75 ; 

7.77 , 8 .93 ; 

9.13 8.66 , 

9.25 , 9.56 , 

382 313; 

300 369, 

393 305, 

356 348, 

O.034 , 0.039; 

0.035 ; 0.037; 

0.035 ; 0 .033, 

0.034 ; 0 .022; 

. 0 .089; 0.107 
0.097; 0.100 ± 0.010 

0.090; 0 .093; 0.110; 

0.100; 0.098 ± 0.007 

0.035; 0 .029; 0.036 

0.026; 0.029 ± Ö.004 

0.031; 0 .041 ; 0.036; 
0.028; 0.033 t 0.005 

0.073; 0 .045; 0 .040; 

0.043; 0 .050 i 0.009 

0.042; 0 .043; 0 .036; 
0.039; 0.045 i 0.006 

0.320; 0 .326; 0.300 
0.344; 0.318 i 0.019 

0.297; 0 . 3 1 1 ; 0 .296; 
0.292 0.306 i 0.014 

9 .03 , 8.58 ; 7.88 , 
9.04 8.58 i 0.45 

8.10 , 8 .83 ; 8 . 5 3 ; 
8.71 8.85 ± 0.42 

428 335; 367; 

315 351 i 47 

386 ; 355; 356, 

331 354 ± 39 

0.039 ; 0 .036; 0 .037; 

0.037 i 0.003 
0.035 ; 0 .034; 0.026; 
0.045 0.033 ± 0.006 
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Table 3, continued 

Trace-element values for the Single Cell Protein (lot no. 0006 and 

0897); all values expressed in ppm on dry weight basis 

Element individual values average and 

(lot number ) 95-percent 

confidence 

intervals 

Ho (0006) 0.093, , 0.097, 0.085; 0.092, Ho (0006) 0.093, , 0.097, 0.085; 0.092, » 

0.104, 0.082, 0.081; 0.091 * 0.011 

Mo (0897) . 0.072; 0.062; 0-079; 0.077; 

0.093, 0.103; 0.063; 0.078 • 0.016 

Ni (0006) 0.172, , 0.079; 0.299; 0.364: Ni (0006) 0.172, , 0.079; • » 0.299; 0.364: 

0.185, , 0.188, 0.397; 0.24 t 0.10 

Si (0897) 0.239 , 0.168 , 0.210; 0.315; 0.129, 

0.258, 0.249, 0.267; 0.23 i 0.05 

Sb (0006) 0-290, , 0.272, 0.271; 0.261; Sb (0006) 0-290, , 0.272, 0.271; 0.261; 9 

0.256 ; 0.271 ————• 0.270 ± 0.025 

Sb (0897) 0.321 , 0.243 , 0.255; 0.266; Sb (0897) 0.321 , 0.243 , 0.255; 0.266; * 

0.257 0.220 0.255; 0.260 • 0.036 

Se (0006) 0.006 7; 0.005< i; 0.0071; 0.0081; 0.0061; 

0.005 I; 0.005 Ï; 0.0059 0.0063* 0.0008 

Se (0897) 0.005 1; 0.005< i; 0.0080; 0.0Э66; 0.0052; 
0.007 1; 0.007 0, 0.0090 0.0067- 0.0011 

Zn (0006) 470 ; 461 ; 487; 472; 445; 
496 ; 490 493; 4 77 • 20 

Zn (0897) 491 ; 463 ; 441; 462; 457; 
481 ; 514 ; 467; 472 ± 23 


