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Reversed phase partition chromatography (ex- 
traction chromatography) is a type of chromato- 
graphy in which the stationary phase consists of a 
non-polar extractant absorbed on an inert support, 
while the mobile phase is a polar aqueous solution. 
The general principles of this separative technique 
have been widely described in a book by Braun and 
Ghersini [l]. Since 1960 column extraction chroma- 
tography has been used in Italy to separate many 
metal ions in simulated aqueous solutions for analyt- 
ical purposes [2-51. From 1964 to 1981 some ap- 
plications of this technique were performed to 
isolate a certain number of actinides from biological 
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samples before their radiometric determination [6- 
151. Finally, since 1979 column extraction chromato- 
graphy has been used for the determination of acti- 
nides in environmental and mineral samples [ 16-201. 

Table I summarizes the experimental conditions 
(and the relevant references) used for the analyses 
of natural thorium, enriched uranium, plutonium, 
americium and neptunium in urine and faeces; Table 
II gives the same information as regards the deter- 
mination of thorium, uranium, plutonium and amer- 
icium in environmental samples (marine samples, 
sediments, soils, diets, sea water and zircon sands). 

A recent example of the application of extraction 
chromatography for the determination of actinides 
in environmental samples is the separation and de- 
termination of uranium and thorium in zircon sands 
(ZrSi04) by a column consisting of 3 g of Microthene 
(So-100 mesh) supporting 3 ml of 0.5 M tri-n-octyl- 
amine (TNOA); Fig. 1 shows the relevant elution 
diagram. After the separation from zirconium (46% 
by weight), uranium was determined by fluorimetry 
and by alpha spectrometry of an electroplated source; 
thorium was determined by calorimetry with Arsen- 
azo-III and by alpha spectrometry. The uranium 
content was found to be 0.023% fluorimetrically 
and 0.024% by alpha spectrometry; the thorium con- 
tent was 0.019% by calorimetry and 0.018% by 
alpha spectrometry. The alpha spectra showed that 
the isotopes of the two actinides (232Th-22sTh; 
23sU-234U) were in a secular radioactive equilibrium. 

Some research is now in progress for the de- 
termination of radium-226 and uranium in phos- 

TABLE I. Determination of Actinides in Biological Samples by Extraction Chromatography 

Actinide Biological Mobile Stationary phase Eluting solution % Final Reference 
sample phase supported on yield 

(M HNOa) Microthenea 

Th (natural) urine 4 0.5 M TOP0 0.3 M HaSO 9gb 6 

IJ (enriched) urine 7.5 cont. TBP water 91 7 

urine 4 0.5 M TOP0 1 M HF 70b 8 

p;;8-239-240) urine urine 4 2 0.3 0.1 M M TOP0 TNOA 6 cont. M HCl+ H*SO3 0.01 M HI 77b 90 10 9 

urine 2 0.3 M HX-70 2 M HNOa + hydroquinone 74 11 
urine 5 cont. DHOA 0.02 M NH20H.HCl 85 12 

faeces 2 0.3 M TOP0 6 M HCI + 0.01 M HI 64b 13 

241Am urine 10-a 1.5 M HDEHP 3 M HN03 86b 14 

faeces 10-s 1.5 M HDEHP 3 M HN03 6Sb 13 

237Np urine 6 0.1 M TOP0 6 M HCl + Cl2 83b 15 

urine 2 0.3 M HX-70 0.1 M oxalic acid 82 11 

aMicrothene = microporous polyethylene (So-100 mesh); TNOA = tri-n-octylamine; TOP0 = tri-n-octylphosphine oxide; HDEHP 

= di-(2ethylhexyl)phosphoric acid; DHOA = N,N’di-n-hexyloctanamide; TBP = tri-n-butyl phosphate. bTechnique used as 

routine. 

0020-1693/87/$3.50 0 Elsevier Sequoia/Printed in Switzerland 



C. Testa et al. 

zm2' 

me’ 

I 7m 

1 

Fig. 1. Elution diagram for the separation of uranium and 

thorium from zirconium by a Microthene-TNOA column. 

phorites [Ca,(PO&] and related compounds (Hs- 
P04, CaS04) by using a column of Microthene- 
TOPO; the phosphorite (100 mg) is dissolved by a 6 
M HNOs leaching, the HNOs concentration is 
brought to 2 M and the solution is passed through 
the column. 226Ra present in the first eluate is co- 
precipitated with BaS04 and counted by a ZnS(Ag) 
alpha detector; then uranium is eluted with 1 M HF 
or 1 M (NH&CO3 and determined both by solid 
fluorimetry and by alpha spectrometry of an electro- 
plated source. The equilibrium or the non-equilibrium 
of the uranium isotopes can finally be derived from 
these alpha spectra. 

A recent example of the application of extraction 
chromatography for radiotoxicological purposes 
was the checking of plutonium in the urine and faeces 
of four Italian workers living near Kiev during the 
Chernobyl nuclear accident and for whom a certain 
internal radiocontamination from fission products 
was detected at the Medical and Radiotoxicological 
Service of the C.R.E.-Casaccia, E.N.E.A. (Rome). 

After the mineralization of the biological samples, 
a known activity of 242Pu was added as the internal 
standard and a solution 4 M in HNOa was prepared; 
plutonium was brought to Pu(IV) by adding some 
NaNOz and the solution’ was passed through the 
Microthene-TOP0 column. After washing with 4 M 
HNOa, plutonium was eluted by reduction to Pu(lII) 
with a 6 M HCl + 0.01 M HI solution. The plutonium 
electrodeposition was then carried out for 5 h from 
(NH4)2S04 at 400 mA; the alpha spectra obtained 
by counting for a week with a solid state alpha de- 
tector were then considered in order to obtain the 
plutonium (238-239-240) concentration and the 
final yield (242Pu). 

Figure 2 shows that these concentrations were 
lower than the method detection limits (0.37 mBq 
for urine and 1.85 mBq for faeces): the final recov- 
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Fig. 2. Plutonium alpha spectra of an electroplated source after chemical separation by a Microthene-TOP0 column from biolog- 
ical samples (A = urine; B = faeces). 

eries were 91% and 45% respectively. As a conclu- 
sion, the absence of any significant internal radio- 
contamination was derived as regards plutonium. 

Finally, it has to be said that the reliability of 
these chromatographic techniques was checked by 
two intercalibration programmes organized by 
I.A.E.A. (Vienna), which provided standardized 
biological and environmental samples containing very 

low quantities of actinides (analytical quality control 
of actinides). The first one [21] regarded urine 
samples containing natural thorium (11.2 pg/l), 
natural uranium (33.6 c(g/l) and plutonium (23 
mBq/l); the second one [22] was related to sea 
water containing 50 pBq/l 23g(240)Pu and 10 

~tBq/l 238Pu and to marine sediments containing 
15 mBq/g 2’g(240)Pu and 0.7 mBq/g 238Pu. The 
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values obtained by utilizing extraction chromato- 
graphy as a separation technique were found to be 
very close to the true and unknown values. 
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