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1STR0DUCTICS 

Йу request of the International Atonic Energy Agency in Vienna, the Interuni-
versity Reactor Institute, Delft participated in an intercalibration study 
of trace-element levels in two marine environmental reference naterials. For 
that purpose a dried homogenatc of sea plant (SP-M-i) and a dried homogenate 
ot copepod IMA-A-l) were received from the International Laboratory of Marine 
Radioactivity at Monaco. The shipr.ent was accompanied jy specifications and 
directions for storage, treatment and analysis. 

According to the specifications, both samples were prepared by drying, grinding 
and sieving through a 500-um mesh nylon sieve. The products wei e then homogenized 
mechanically. The homogeneity of the samples was checked by mei sur ing several 
trace elements in a nu&ber of aliquots. Both neutron activation and atomic ab
sorption techniques were used. Depending upon the elements, standard deviations 
of less than ^ 10 percent were obtained at sample weights of K)0 rog. for the 
majority of the elements measured. 

The results of the trace-element analyses should be based 'in dry weight, after 
drying repeatedly at 105 - 110 C. Since some elements might bt> volatile and thus 
lost from the sample by drying, the moisture content should be determined separa
tely. 

l'or the inttrcalibration study the following elements were lisied as elements 
ot primary interest: mercury, cadmium, lead, manganese, zinc, :opper, chromium, 
.silver, iron, and nickel. In addition, whenever possible, anal/sib should bo 
performed for vanadium, cobalt, arsenic, selenium and antimony. The analysis ot 
each trace element should be carried out, at least, in triplicate in order to 
obtain some indication of the precision of the methods used. 

EXPERIMENTAL 

At the Interuniversity Reactor Institute biological materials are mostly analyzed 
via destructive neuuron activation analysis and occasionally via non-destTuctivc 
neutron activation analysis. For the determination of the trace-element composition 
oi the sea-plant sample and copepod sample both procedures were used. 

In both des'ructive and nondestructive procedures, the radio-activity of the sample 
or sample fraction is related to the radio-activity of a piece of zinc metal which 
served as a flux monitor and was irradiated together with the samples. 

When the radio-activity of the neutron flux monitor, irradiated in separate runs 
or simultaneously with the samples, is further calibrated against the radio-acti
vity induced in standards containing known amounts of the elements of interest, 
liTZR-values (element-to-zinc-ratio) are obtained /I/, 
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In order to get an impression of the precision of both methods, the determina

tions were carried out at least in fourfold. The presence of a lossible syste

matic deviation was checked by using the Kale of Boven 111 as a reference mate

rial. For most elements of interest "best values" are available for this material. 

Destructive procedure 

For t\\c destructive analysis, the routine procedures, developed it the Interuni-

vercity Reactor Institute were used. A detailed description of theie procedures 

is given elsewhere /J, 4/. 

Each irradiation batch consisted of nine sealed quartz vials, viz. two vials 

with 300 mg of sea-plant material, two vials with 300 rag of copepod material, one 

vial with a 250 mg aliquot of Bowen's kale, two vials with 3-mg pieces of zinc 

metal, and two vials with mixed liquid standards; one standard contained gold and 

bromine and the other arsenic, antimony, selenium, mercury, iron, cobalt, nickel, 

copper, zinc, cadmium, molybdenum and chromium. 

The nine quartz vials were wrapped in an aluminium Coil and irndiated as a com

pact package in the reactor of the Interuniversity Reactor Institute inaneutroii 

flux of 1,0 X 1U1"* n/cir̂ s for 6 hours. 

After a decay period of two to three days, the four samples, the two standards 

and the reference material were all chemically processed in the same way in a six-

unit destruction/distillation and a six-unit elution apparatus. Both liquid 

st ..dards were processed as one. The chemical separation procedure followed 

is schematically shown in figure I. The resulting 20 ml. fractions were counted 

in a 3" x 3" Nal(TI) well-type scintillation detector. Counting times varied 

from 4000 to 10000 s depending upon the radioactivity level. 

Irradiation vials of synthetic quartz (Spectrosil quality, supplied by Thermal 

Syndicate Ltd, England) were used for irradiation. Since the trace-element levels 

of this quartz is quite low /4/ compared to the trace-element concentrations in 

both marine biological materials, it was not considered necessary to analyse empty 

vials in order to obtain a blank correction. 

Non-destructive procedures 

For the nondestructive analysis of the trace elements in the sea-plant material 

and the copepod material as well as the Bowen's Kale, two routine procedures have 

been used . 

The first procedure aims at the measurement of short-lived radionuclides /5/. 
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An amount of 50 mg of the sample is irradiated in a neutron flux of approximately 
13 "• 10 n/cm's for 30 s. A piece of SO mg titanium served as a flux monitor. After 

a cooling period of 10 minutes, the sample was counted for 5 minutes with a Ge(Li)-
dttector (fwhm at 1332 keV:2.3 keV; relative efficiency: 5 percent). 

The second procedure deals with medium- and long-lived radio-nuclides /6, 7/. 
13 i Aliquots of 80 mg were irradiated in a neutron flux of approximately 10 п/спГ s for 

4 hours. The sample was counted twice, after a cooling period of 6 to 7 days and 
again two weeks later, with a Ge(Li)-detector (fwhm at 1332 keV: 2.3 keV; relative 
efficiency: 8.5 percent). The gamma-ray spectrometer is integrated with a DKOl'W-
il computer which serves both for spectrum analysis and interpretation. 

The ETZR-values used for the calibration of the radioactivity measured in thr 
samples had been measured earlier. Since the trace-element levels of the polye
thylene capsule- in which the samples are irradiated and countec are relatively 
low, no correction for the blank value had to be applied. 

ill. RESULTS AND DISCUSSION 

The moisture content, measured on separate aliquots by drying ai 102 С lor 24 
Lours, amounted to 6.6 percent for the copepod material, 11.9 percent tor tin- *e;i-
piap.t material and 8.9 percent for the kale of Bowen. The measuied moisture content 
oi both marine biological materials agrees with the specified пи isture contents, 
namely approximately 8 percent for the copepod material and aboi t 13 percent for the 
sea-plant material. 

For the 14 elements normally analyzed with the routine destruvtive method, the 
element gold could not be measured in the two marine samples. ?1 is was due to the 
high residual bromine-82 activity in fraction 13 (see figure 1) which contains 
gold that distills over. With the nondestructive method, nine «• ements could be 
assessed, of which only three coincide with the 14 elements of the destructive 
method. 

A survey of all measured (trace) elements is presented in table I. 
The 20 (trace) elements measured in the sea-plant homogenate and in the copepod 
homogenate comprise 8 out of the 10 trace elements of primary interest, all r> 
trace elements of secondary interest, and 5 additional (trace) elements. 

The trace-element determination in both marine biological materials via the 
destructive procedure was carried out in twelve-fold. In the nondestructive 
procedure quadruple measurements were performed. For the kale sample in general 
fewer replicate measurements were carried out. 
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For all trace-elenent levels in the three materials analyzed an average value 

was calculated. For measurements in triplicate or more, also an overall uncer

tainty interval U was estimated: 

I sample standard J overall 

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

as follows: 

U = t [l(x - x.)2/(N(N-l))l * (2) 

wherein: t« Student's t-factor for 95-percent confidence level 

(depends on the value of N - I); 

x. s individual trace-element value; 
l 

x = average trace-element value; 

N = number of replicate measurements; 

In the destructive procedure the uncertainty in the standard was calculated 

from the separate values obtained for the mixed liquid standards; the uncertain

ty intervals of the ETZR values ranged from 5 to 10 percent. In the non

destructive procedure the uncertainty interval was chosen to be •_ 7.Z percent. 

The measured levels of 20 trace elements in Bowen's kale are presented in table 

II. With the exception of nickel, "grand means" are reported by Bowen 111, As 

may be seen from the table, for 18 elements out of the 19 there is a good to 

fair agreement between the average value and Bowen's "grand mean". It may thus 

be concluded that within the uncertainty intervals and the standard deviations 

mentioned by Bowen, no substantial systematic errors are present for arsenic, 

bromine, calcium, cadmium, chlorine, cobalt, chromium, copper, iron, mercury, 

magnesium, manganese, molybdenum, sodium, antimony, selenium, vanadium, 

and zinc. 

The results for the trace-element levels in the sea-plant homogenate and the copepod 

homogenate are listed in table III and IV. In the analysis of the sea-plant samples 

one cadmium value and in the case of the copepod sample one value for bromine, one 

for iron, one for molybdenum and one for antimony are statistically outlying values. 

These values are underlined in the tables and are not incorporated in the calcu

lation of the mean. 

The antimony levels in the kale powder and in the copepod sample are so low that 

a correction for the contribution of antimony from the irradiation vial had to be 

applied. The antimony figures stated are corrected figures; they have been 
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corrccted with the mean blank value known fro» earlier experiments /4/. 

The elements bromine and zinc could be measured via both destructive and non
destructive (instrumental) neutron activation analysis. For both elements, the 
corresponding averages agree within the respective uncertainty intervals. 
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Interuniversitair Reactor Instituut Detft 
SEPARATION SCHEME FOR THE ANALYSIS OF TRACE AMOUNTS 

OF As, Se.Hg.Sb, CutCo,Fe,Mo,Zrt,Cc\Ni,Cr,Br, Au 

I N BIOLOGICAL MATERIALS. 
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P,K,No,Ag (2) 

Cu.Co.Ni (3) 

Fe (4) 

Zn (5) 

Cd,Mo (6) 
Cd,Mo (7) 
Au (8) 
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Br " 

Br > (9) 
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As.Se (10) 

Sb (ID 

Sb (12) 

Hg,Au.(l3) 



Table 1 

Survey of (trace) el 

plant hoaogenate. 

ts measured in the copepod homogenate and in the sea-

elenent 
•easured • • 

not detected « -

elements of primary interest silver 

cadmium 

chromium 

copper 

iron 

mercury 

manganese 

nickel 

lead 

zinc 

elements of secondary interest arsenic 

cobalt 

antimony 

selenium 

vanadium 

+ 

additional elements aluminium 

bromine 

calcium 

chlorine 

magnesium 

molybdenum 

sodium 



ï a b l e II 

Тгл< e-t>Lemenl v a l u e s f o r oven ( tr ied k * l e of l o v e n 

l . TTlt'nt separate values average _• 95Z 
uncertainty 
interval 

"Grand »eann 

*_ standard 
deviation 111 

instrumental 55; 59; 

Л- .г ruriivt 

Br in ppni 

J i ^ r r t i cc i ve 

I n-; t m n . e n t i l 

Ca i n :>i r c e n t 

i n->t гмгасп£а1 

Cd ir. ppm 

d e s t r u c t i v e 

:. i i n p e r c e n t 

i n.^r- .ur .cntai 

Co in j4;">m 
des i ruct ive 

Cr in ppm 
destructive 

i] i n £pm 

clcr, truct i ve 

'e in ppm 

destructive 

i.; i'i ppm 

destructive 

'!>r :n percent 

0.12; 0.12; 0.14; 0.19 

0.13; -; 

27; 21; 33; 27; 27; 33; 

29; 28; 29; 29; 

4.7; 5.3; 5.6; 3.9; 

0.86; 0.84; 1.00; 1.43; 

0.89; 0.99; 

0.40; 0.41; 

0.063; 0.0o7; 0.073; 0.062 

0.067; 0.075; 

0.63; 0.56; 0.46; 0.44; 

0.44; 0.52; 

0.17; 0.!7; 0.19; 0.19; 0.19; 

0.18; 

57 

0.14 + 0.03 

28 +_ 5 

29 j» 2 

4.9 • 1.2 

1.0 • 0.2 

0.41 

0.068 • 0.006 

0.51 • 0.08 

4.1; 3.8; 4.4; 4.3; 4.5; 4.3; 4.2 • 0.3 

126; 137; 128; J23; 129; 134; 129 • II 

instrumental 0.19; 0.16; 

0.18 • 0.01 

0.18 

3 7 + 8 

0.14 • 0.03 

2 5 + 2 

4.0 • 0.2 

0.8 + 0.2 

0.37 + 0.04 

0.06 + 0.01 

0.36 + 0 . 1 3 

4 .7 + 0 .6 

N7 • 16 

0.17 • 0.03 

0.15 • 0.01 

* [•.• . b ' . - r ' r n t l y l o s t 



Table 11. continued 

element separate values average •_ 95Z 
uncertainty 
interval 

"grand uean" 
+_ standard 
deviation 

Mn in ррш 
instrumental 

Mo in ppm 
destructive 

Na in percent 
instrimental 

Ni in ppm 
destructive 

Sb in ppm 
destructive 

Se in ppm 
destructive 

V in ppm 
instrumental 

Zn in ppm 
destructive 
instrumental 

17; 16; 

2.7; 1.3; 3.1; 2.1; 1.9; 2.4; 

0.24; 0.24; 0.24; 0.24; 

0.89; 0.41; 0.83; 0.80; 0.92 
0.62; 

0.070; 0.070; 0.047; 0.048 
0.063; 0.073; 

0.15; 0.13; 0.13; 0.12; 0.14; 

C.39; <l; 

30; 29; 36; 35; 34; 33; 
37; 32; 36; 40; 

17 

2.3 + 0.7 

0.24 * 0.02 

0.74 • 0.22 

C.062 + 0.015 

0,13 + 0.02 

33 + 3 
36 + 6 

14.6 + 1.3 

2.3 + 0.5 

0.22 • 0.03 

0.07 + 0.02 

0.14 + 0.02 

0.37 + 0.03 

32 + 2 

Inadvertently lost 



Trace element value» foe oven dried ••«•plant hoaogMttta (SP-M-I) 

element separate value* average •_ 95X 
uncertainty 
interval 

Al in percent 
instrumental 

As in ppm 
destructive 

br in ppm 
destructive 

instrumental 

Ca in percent 
instrumental 

Cd in ppm 
destructive 

CI in percent 
destructive 

Co in ppm 
destructive 

Cr in ppm 
destructive 

Cu in ppm 
destructive 

Fe in percent 
destructive 

instrumental 

Hg in ppm 
destructive 

0.20; 0.21; 0.20; 0.20; 

3.12; 3.53; 3.10; 2.98; 3.38; 3.38; 
3.25; 3.14; 3.17; 3.28; 3.08; 3.42; 

870; 880; 780; 770; 840; 900; 
850; 770; 930; 710; 780; 920; 
800; 790; 750; 740; 770; 

4.8; 5.1; 6.4; 4.8; 4.3; 

0.26; 0.36; 0.33; 0.36; 0.40; 0.35; 
0.37; 0.36; 0.39; 0.34; 0.33; 0.79; 

10.6; 11.8; 10.9; 1).I; 

2.34; 2.35; 2.05; 2.30; 2.46; 2.38; 
2.41; 2.35; 2.48; 2.50; 2.26; 2.47; 

4.22; 4.44; 4.38; 3.79; 4.34; 4.38; 
4,25; 4.29; 4.37; 4.32; 3.93; 3.96; 

11.9; 10.3; 9.9; 10.9; 11.4; 11.3; 
11.7; 11.0; 11.7; 11.9; 10.9; 11.6; 

0.20; 0.13; 0.12; 0.22; 0.18; 0.18; 
0.18; 0.18; 0.16; 0.18; 0.17; 0.20; 
0.17; 0.19; 0.20; 0.19; 0.19; 

0.28; 0.35; 0.33; 0.32; 0.33; 0.34; 
0.35; 0.34; 0.3f; 0.39; 0.ЭЭ; 0.35; 

0.20 • 0.02 

3.2 • 0.2 

830 • 60 
770 • 70 

5.1 • l.i 

0.35 • 0.03 

11 • 1 

2.4 • 0.1 

4.2 • 0.2 

11.2 • 0.6 

0.18 • 0.02 
0.19 • 0.02 

0,34 • 0.03 



Table 111, font inued. 

element separate values average +_ 95% 
uncertainty 
interval 

Mg in percent 
instruments 1 

Kn in ppn 
insLr'aniLMital 

Mo in i>pm 

destructive 

Ka ixi in? re t u t 

instrumental 

Ni in pprn 

des tractive 

'ib in ppm 
deb true five 

Se in ppm 
destructive 

V in ppm 
instrumental 

Zn in ppm 
destructive 

instrumental 

1.4; 1 .5; 1.1; 1.2; 

83 ; 20; '10; -50; 

2. I ; 1.5; 1.1; 1.8; 2.7; 2.6; 
2.8; 2.6; 2.5; 2.6; 2.4; 2.5; 

8.0; 8.0; 7.8; 7.8; 8.0; 

21 ; 18 ; 21 ; 22 ; 22 ; 21; 
17 ; !4 ; 17 ; 18 ; 20 ; 25; 

0.31; 0.40; 0.51; 0.55; 0.52; 0.44; 
0.56; 0.43; 0.56; 0.57; 0.53; 0.51; 

0.14; 0.17; 0.20; 0.23; 0.20; 0.17; 
0.18; 0.18; 0.22; 0.20; 0.18; 0.26; 

10.0; 10.I; 8.4 ; 9.6 ; 

64; 61; 78; 54; 67; 66; 
72; 65; 66; 68; 62; 66; 
64; 57; 64; 70; 68; 

1.3 + 0 Л 

2.3 + 0.4 

7.9 + 0.6 

20 + 3 

0.49 + 0.08 

0.19 + 0.02 

9.5 + 1.4 

66 + 5 
65 + 8 



Table IV 

Trace eleaent values for oven dried copepod hoioogenate (MA - A - J) 

eleaent separate values average +_ 95Z 
uncertainty 
interval 

Al in ppm 

instrumental 

As in ppm 

destructive 

Br in ppm 

destructive 

instrumental 

Ca in percent 

instrumental 

Cd in ppm 

destructive 

CI in percent 

instrumental 

Co in ppm 

destructive 

Cr in ppm 

destructive 

Cu in ppm 

destructive 

Fe in ppm 

destructive 

Hg in ppm 

destructive 

Mg in percent 

instrumental 

47 ; 48 ; 38 ; 66; 

10.8; 7.4; 7.7; 7.9; 8.4; 7.8; 

8.5; 8.3; 8.4; 6.5; 8.0; 8.9; 

900; 890; 1280; 1220; 1430; 1310; 

1340; 1370; 1200; 380; 1330; 1350; 

1080; 1070; 1040; 1070; 1050; 

<0.5; <0.5; <0.4; <0.4; <0.4; 

0.62; 0.72; 0.64; 0.66; 0.87; 0.72; 

0.60; 0.*7; 0.65; 0.67; 0.78; 0.99; 

9.0 ; 8.6; 9.0; 8.9; 

0.12; 0.14; 0.11; 0.11; 0.12; 0.13; 

0,11; 0.11; 0.12; 0.11; 0.10; I II; 

0.25; 0.33; 0.23; 0.20; 0.22; — * ; 

0.22; 0.21; 0.20; 0.20; 0.19; 0.21; 

7.1; 7.2; 6.9; 7.2; 8.3; 7.0; 

6.6; 7.0; 6.9; 6.7; 6.8; 7.9; 

75; 429; 53 ; 58; 54; 79; 

45; 71; 57; 58; 47; 54; 

0.25; 0.21; 0.26; 0.27; 0.30; 0.30; 

0.30; 0.33; 0.26; 0.20; 0.26; 0.33; 

0.48; 0.60; 0.77; 0.68; 

55 • 15 

8.2 + 0.7 

1250 • 120 

1060 • 80 

^0.4 

0.72 + 0.09 

8,9 + 0.7 

0.12 • 0.01 

0.23 • 0.03 

7.1 • 0.' 

59 + 9 

0.27 + 0.03 

0.63 + 0.20 

* Inadvertently lost 



Table IV, continued. 

element separate values average • 95% 
uncertainty 
interval 

Mn in pprn 

instrumental 

Mc in ppm 

destructive 

Na in percent 

instrumental 

Ni in ppm 

destructive 

S'J in ppm 

destructive 

Se in ppm 

destructive 

V in ppm 

instrumental 

Zn in ppm 

destructive 

instrumental 

<10; <10; '10; <10; 

1.2; 1.8; 1.8; 1.3; 2̂ j6; 1.5; 

1.2; 1.1; 1.2; 1.2; 0.8; 1.0; 

5.3; 5.3; 5.2; 5.3; 

1.0; 1.1; 1.0; 1.7; 1.8; 1.3; 

1.6; 1.2; 1.6; 1.4; 1.8; 2.1; 

0.012; 0.029; 0.018; 0.019; 0.029; 0.019; 

0.035; 0.028; 0.018; 0.043; 0.074; 0.047; 

3.58; 3.13; 3.40; 3.34; 3.57; 3.39; 

3.54; 3.55; 3.55; 3.28; 3.35; 3.48; 

3.5, 3.4; 3.5; 2,6; 

155; 199; 167; 163; 172; 169; 

162; 164; 150; 158; 159; 165; 

161; 155; 158; 164; 160; 

<I0 

1.3 + 0.3 

5,3 + 0.4 

1.5 + 0.3 

0.027 + 0.008 

3.4 + 0.2 

3.3 + 0.7 

165+11 

160 + 13 


