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Multi-collector Inductive Coupled Plasma Mass Spectrometry (MC-ICPMS) becomes 
increasingly important in monitoring environmental contamination, because it allows 
detection of long-lived radionuclides at ultra trace levels. High sample throughout combined 
with high precision and accuracy, low detection limits for most elements and simultaneous 
detection of up to 9 isotopes makes it prior to most other techniques. For homogeneous 
samples concentration and isotope composition can be determined with a precision and 
uncertainty of usually better than 0.5 % using the isotope dilution method, e.g. isotope 
measurements relative to a well characterized 233U tracer.   

Exposure to low-level radioactive dust released into the environment accidentally or by the 
use of Depleted Uranium (DU) munitions in the military theatre demands precise screening of 
humans and local environment. Sensitive methods are also needed for monitoring and 
understanding the pathway of radionuclides in the biosphere and the human body. Using a 
method recently developed at our department it is for instance possible to detect urinary 
excretion of DU in the low fg/ml range or at fractions below 0.2% of the total urinary uranium 
concentration. This allows monitoring the inhalation of up to a few micrograms of insoluble 
non-natural uranium particles in the lung several months or even years later.  

As example we will show and discuss results from our study of the uranium isotope 
composition and concentration of surface water, topsoil and dust from different sites of 
Baghdad, Basra, and the Suweirah farming area. We also analyzed urine from people living in 
these areas or stayed their for a relative short time. The samples, also including highly 
contaminated ones, such as wipes of tank top debris and penetrator channels, were collected 
from the Uranium Medical Research Centre field team after coalition operation Iraqi Freedom 
in early October 2003. Total soil samples, separated soil fine-fractions (< 100 micrometers), 
dust and evaporated water samples were spiked with an 233U tracer of well-known 
composition and leached in hot aqua regia over more than 12 hours at about 100°C.  

For the uranium-in-urine method about 500 ml were weighted, acidified with nitric acid to a 
pH < 2, and stirred at about 80°C on a hotplate. Uranium was co-precipitated with Ca3(PO4)2 
and the precipitate rinsed several time with ultra pure water, centrifuged and redissolved in 
3:1 HNO3:H2O2 mixture and heated to about 120°C for more than 12 hours in Teflon vessels 
in order to destroy remaining organic material. A 233U tracer were added either during 
weighing of the total urine volume or to a 2 g aliquot, precisely weight to +/- 0.5 mg. To 
minimize sample contamination we used only double-distilled acids, 18 Ohm MQ H2O and 
reagents and beakers, which were thoroughly pre-cleaned before use. A beaker containing 
MQ H2O instead of urine and an in-house urine standard were always processed alongside 
with the samples as procedural blank and reference monitor, respectively.    

Uranium fractions of all samples were purified by ion-exchange chromatography using 
UTEVA resin before analyzing with a double-focusing MC-ICPMS Neptune equipped with a 



retarding potential quadrupole lens and a secondary electron multiplier for ion counting. A 
Cetac autosampler and Aridus desolvating nebuliser were used for sample introduction. 
Reproducibility of the 235U/238U, 234U/238U and 236U/238U (= 4.5 x 10-8) for a 8ppb NBS950a 
solution (n=14) over two days were about 0.1, 0.4 and 5%, respectively. The recovery of U 
after chemical purification was usually better than 80% and analytical blanks for the entire 
soil and the urine method were below 1 and 6 picogram 238U, respectively. Signal sensitivity 
of 0.3 V ng-1ml, negligible 235U1H+ formation and 238U tailing below 3 x 10-8 at m/z 236 
enables precise detection of 236U below 0.5 fg/g at 236U/238U ratios of below 3 x 10-8. Using an 
enrichment factor of about 500 for urine the limit of detection for 236U is about 2 x10-19 g/ml  
(0.2 ag/ml) and for 238U about 1 x10-14g/ml urine. Accuracy and precision were monitored 
using SRM NBL112a and SRM 950a as well as internal urine standards of natural and 
depleted uranium composition. The latter were prepared from natural urine very precisely 
mixed with uranium solutions made of pure metals. Errors were calculated by propagating the 
main error sources, such as uncertainties of all applied corrections and the reproducibility of 
the NBL112a. 
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