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ABSTRACT 

The use of europium labelled sand as an aid in the study of sediment 
transport has been suggested. A method for the purification of acid 
leachable europium is described. The final measurement is made by flame 
emission spectrometry using a nitrous oxide-acetylene flame. The useful
ness of the method is limited by the natural levels of europium which, 
in the sand studied, was around 0.3 ppm. 
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INTRODUCTION 

Europium was considered suitable for labelling sand because of its low 
abundance and lav detection limit in flame emission spectrometry. Yttrium 
was selected as a carrier because of availability and suitable flame 
emission characteristics. Three natural sands from Caroline Bay, Timaru, 
New Zealand, and one europium labelled sand were studied. The following 
method details the techniques required to acid leach, purify and measure 
the europium. 10 g samples of natural sand and 1 g samples of europium 
labelled sand were processed. 

METHOD 

Mix in a 100 ml beaker: 10.0 g sand, 5.0 ml yttrium carrier, 5 ml cone, 
hydrochloric acid, and 20 ml 6M hydrochloric acid. 
Digest on a steam bath for one hour. Stir at 15 minute intervals. 
Transfer to a 100 ml centrifuge/boiling tube.* Centrifuge and decant the 
solution into a 250 ml bea!<er. Wash the sand once with 30 ml of 6M IIC1. 

ft 
Note: Special centrifuge tubes with a wall thickness of 2 mm were made, 

by Mr W.J. Judd, INS, to withstand boiling. These replace the usual very 
heavy wall tubes that would probably crack on heating. 
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To the combined liquors, add bromine water and boil to oxidise iron and 
expel surplus bromine. Cool and precipitate hydroxides with ammonia 
solution. Transfer to a 100 ml tube,.centrifuge and wash the precipitate 
with water. Dissolve aluminium from the precipitate with 10% sodium 
hydroxide. Centrifuge and wash the precipitate with water. In the 
above precipitations and washings, heating in a water bath for a few 
minutes may be necessary to aid floculation and subsequent centrifuging. 

Dissolve the hydroxide precipitate with a little 6M hydrochloric acid. 
Dilute to about 15 ml, cool to room temperature and add 20 ml of saturated 
oxalic acid. Adjust the pH to between 1 and 2 by adding concentrated 
ammonia dropwise. Stand for about 45 minutes. In the oxalate precipi
tation, cooling ensures that the iron does not become partially reduced 
and precipitate as ferrous oxalate. The excess of oxalic acid is required 
to form the green ferric oxalato complex. Centrifuge and wash the 
oxalate precipitate with 15 ml of water. Some calcium and strontium will 
be present and should be removed if interference in the flame emission 
spectrometry is to be avoided. 

Dissolve the oxalate precipitate in a little nitric acid. Dilute to 
10-15 ml. Add 1 g of potassium persulphate and boil for a few minutes to 
oxidise the oxalate. Any small insoluble residue (probably silica) 
could be centrifuged off and washed , but this is not really necessary. 

Precipitate hydroxides with ammonia. Centrifuge and wash with water. 
Again, warming aids floculation. Dissolve the precipitate in a little 
6M hydrochloric acid, dilute to 10-15 ml, cool and add 5 ml of saturated 
oxalic acid. Adjust the pH to between 1 ad 2 by adding concentrated 
ammonia dropwise. Stand for 45 minutes. Centrifuge and wash the 
precipitate with a little water. Dissolve the yttrium (and europium) 
oxalate in 1 ml of concentrated nitric acid. Transfer to a 10 ml 
standard volumetric flasli and add 1 ml of 50 g per litre potassium nitrate 
solution. Make up to volume - 1st dilution. 
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Take 1.0 ml of this solution, add 1 ml of 50 g per litre potassium nitrate 
solution, and make up to 10 ml - 2nd dilution. 

Flame emission spectrometry 
The instrument used was a Perkin Elmer 305 BG fitted with a three-inch 
tantalum burner designed by Dr R. Goguel, Chemistry Division, DSIR. 
All solutions were in dilute nitric acid to prevent corrosion of the 
nebuliser assembly. These solutions also contained 2000 mg per litre 
potassium to act as an ionisation supressant. 

A fuel rich nitrous oxide-acetylene flame was used. The europium and 
yttrium were measured at wavelengths of 4594 and 3621 angstroms, 
respectively. 

Calibration curves were required for 0 to 10 mg per litre europium, 0 to 
50, and 0 to 200 mg per litre yttrium. The instrument response was 
linear for europium in the range 0 to 1 mg per litre. 

When processing the unlabelled sands, europium was determined in the first 
dilution and compared with a 0.4 mg per litre standard. Because of the 
high europium concentration in the labelled sand, measurements were made 
on the second dilution. In all cases, yttrium was determined in the 
second dilution. After measuring the signals from the samples and 
standards, background readings were obtained by running the solutions 
again with the wavelength-control adjusted off peak. The strontium line 
at 4607 angstroms was avoided in case a slight contamination, by this 
element, persisted. 

After performing the above measurements, a "standard addition" technique 
was applied to ensure that the results were satisfactory. This check 
would not be required routinely. 
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RESULTS 

Sand sample Run 
[Eu] in 
solution 
mg/i 

[Eu] in 
sand 
ppm 

Yttrium 
yield 
1 

[Eu] in sand 
scaled for yield 

ppm 

Caroline Bay 1 0.24 0.23 84 0.27 
2 0.25 0.24 79 0.30 
3 0.23 0.22 88 0.25 
4 0.23 0.22 86 0.26 

Sea-floor south 
of channel 

1 
2 

0.30 
0.30 

0.29 
0.29 

86 
89 

0.34 
0.33 

Sea-floor north 
of channel 

1 
2 

0.28 
0.30 

0.27 
0.29 

92 
89 

0.29 
0.33 

Labelled 
Caroline Bay 

1 
2 

6.7 
6.3 

670 
630 

88 
73 

760 
860 

Reagent 
blank 

1 
2 

0.01 
0.01 -

64 
79 

- • 

DISCUSSION 
The measured europium concentrations in the solutions, obtained from the 
quadruplicate and duplicate sand samples, are in good agreement. When 
these results are scaled for chemical yield, based on the yttrium 
recovery, the agreement deteriorates. Also, the europium content of the 
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labelled sand becomes higher than the expected 680 ppm. This suggests 
that the europium yields were nearly quantitative while some of the 
yttrium was lost. It would therefore be better to disregard the scaled 
results. Subsequent investigation has shown that there are significant 
differences in the chemistry of these elements. The loss of yttrium 
occurred during the oxalate precipitations and was due to taking the pH 
to 3 which is too high and so forming a soluble oxalato complex. The 
pH range mentioned in the method is correct. 

Finding a more suitable carrier for europium might be worthwhile. 

CONCLUSION 

Tracing the europium labelled sand will be limited by the natural level 
4 of europium, once dilutions of 10 have been exceeded. 
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