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A B S T R AC T

A relatively less expensive and less time consuming radioanalytical technique for quantitative 
determination of Pu in urine at the mBq level was developed. In this new method, Pu in urine is 
co-precipitated with Ca2C2O4 from wet oxidized urine matrix and oxalate ions is destroyed 
with HClO4· Pu in +4 state is extracted into 0.01M PC-88A (2-ethyl hexyl phosphonic acid mono-
2-ethylhexyl ester)dissolved in toluene from optimized 2M HCl aqueous phase. Pu is stripped 
into 5% oxalic acid solution and is evaporated with HNO3–HClO4 mixture to destroy oxalate 
ions. Finally, Pu is electro deposited in ammonium oxalate medium and counted in an alpha 
spectrometer. The detailed study of the work is presented in this paper. An interference study 
on elements that are normally present in urine and other actinides (if present) was performed 
and is also given.
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1. Introduction

Estimation of Pu at mBq levels in urine provides an 
indirect assessment of internal dose received by radia-
tion workers due to its intake while handling Pu in 
nuclear industries. The rate of Pu excretion in the urine 
decreases so markedly with time after intake and in par-
allel the derived investigation level (DIL) for Pu in urine 
also decreases [1,2].

Inhalation is the most likely route of occupational 
exposure to Pu and especially with M class compounds 
[1,2]. The DIL values for acute intake of 239Pu due to M 
Class compounds are 8.1 mBq and 4.0 mBq for urine sam-
ple collected on 2nd and 3rd day of exposure respectively 
after intake. Moreover, the concentration of Pu excretes 
in each void of urine sample is variable [3]. Hence, 24 h 

urine sample is collected from radiation workers and the 
entire sample is processed to minimize the uncertainty 
in the dose assessment. Therefore, though, it is reported 
that alpha spectrometric technique involving extraction 
chromatographic separation is very fast [4–6], the vol-
ume of urine sample taken for analysis varies from 20 to 
100 ml is not adequate to estimate low level exposure of 
Pu and the same extraction chromatographic technique 
applied to 400 ml urine sample and counted in an alpha 
spectrometer for 22 h is sensitive but expensive [7]. The 
technique that uses anion exchange separation requires 
seven days [8]. Sensitive techniques like ICPMS method 
with MDA 2.3 μBq/l, TIMS with MDA 6.0 μBq/l, AMS 
with MDA 6.0 μBq/l and automated fl ow injection 
system with MDA 2.3 μBq/l are suitable for low level 
estimation of Pu but expensive [9,10,11]. Finally FTA 
method with MDA 12.0 μBq/l requires reactor for irra-
diation of samples with an analysis time of 10 d [12]. 
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