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Goal

To demonstrate the capabilities of the Thermo Scientific™ ELEMENT2
HR-ICP-MS for the analysis of uranium in urine to monitor natural, DU
(munitions, armor) or enriched uranium (nuclear processing plants) pollution.

The elemental and isotopic analysis of uranium in urine
has been previously used to monitor contamination in
workers from nuclear power plants!'! and, more recently,
in military personnel exposed to depleted uranium used in
modern munitions!?3.

The quantification of uranium in urine is complicated by:

e the low concentrations found in urine
e variable amounts of salts in urine.

The second point makes the matrix matching of standards
to samples for direct analysis impossible and, in order to
normalize all samples to a similar matrix, the analysis of a
diluted (or digested) solution is preferable. High
instrumental sensitivity is then required to reliably
measure the resulting single digit pg g"' uranium
concentrations.

While the quantification of uranium is therefore
demanding in the diluted sample, uranium isotope ratio
determination requires the ultimate in instrumental
performance as good precisions for large isotope ratios
are required at low concentrations. The abundances of the
three naturally occurring U isotopes are shown in Table 1,
together with the 2*U/?3$U and 2**U/?*®U ratios. The
nuclear industry removes the majority of 2°U and 23*U for
use in nuclear fuel rods, leaving behind “depleted
uranium” (DU). This material typically has a 2**U/*$U
ratio of 0.0025, and therefore an increased U
abundance of approximately 99.75%. In the diluted urine
sample matrix however, this analysis is further
complicated as minute contaminations of isotopically
enriched or depleted uranium must be identified in a
much larger quantity of isotopically normal uranium

— all this at the pg g level.

This report summarizes examples of both concentration
and isotopic uranium analyses in urine. All analyses were
performed on the Thermo Scientific ELEMENT 2, a single
collector double focusing ICP-MS that provides high
sensitivity, low background, an extended dynamic range
(pre-requisites for quantification over a wide range of
uranium concentrations) and flat top peaks (required for
precise and accurate isotope ratio measurements). The
detection range and isotope capabilities of such
instrumentation allow the monitoring of uranium related
environmental pollution from natural uranium, DU
(munitions, armor) or enriched uranium (nuclear
processing plants) by analyzing total uranium content
or/and its isotopic composition.

Table 1: Abundances and ratios of uranium isotopes in natural and
depleted uranium (DU).

Isotope Natural Natural ratio DU ratio
abundance relative to 28U relative to 58U

24 0.0055% 0.000055 0.00001

25y 0.72% 0.0073 0.0025

258 99.2745%

1. Quantification

The quantification of uranium in urine was carried out
under ‘hot’ plasma conditions on 20-fold diluted urine
samples with reference concentrations of 12+1 pg g and
997 pg g! (kindly supplied by R. Pappas, CDC, Atlanta,
USA). For comparison, a commercial quality control
sample, Bio-Rad Urine Level 2 (BU2; batch no. 69051),
and a sample from a healthy volunteer were analyzed
after 20-fold dilution with 5% HNO,. The analysis details
are summarized in Table 2. Nickel cones were used
instead of Pt tipped cones to avoid any contribution from
ArPt interferences on the uranium isotopes.



The external calibration curve (with points at 0.1, 1.0
and 10 pg g') used for the quantification of uranium in all
samples is shown in Figure 1.

Table 2: Analysis details for uranium quantification in urine.

Sample Nebulizer: Glass Expansion at 1 ml min~
introduction (pumped), quartz spray-chamber
Plasma 1200 W, Guard Electrode

Cones Ni

Sample dilution 20-fold in 5% HNO, (“Baseline” quality,

Seastar Chemicals, Canada)

Internal Standard 1ngg'in

Integration time In10s,U100s

Number of scans 250 (5 runs, 50 passes)

UZ3B(LR) y= 1656.17 - x + 0.61 Corr. Coeff. : 1.00000 Regr. Type : Linear
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Figure 1: Low level external calibration curve for 238U

With the Thermo Scientific ELEMENT 2 HR-ICP-MS the
combination of:

¢ high instrumental sensitivity: ~ 2 x 10¢ cps per ng g'!
for 28U

¢ low instrumental noise: < 0.2 cps, independent of mass
range,

allows for uranium detection limits of < 1 fg g

(Table 3). The instrumental detection limit (LoD) was

calculated as the concentration equivalent of 3 sigma from

ten replicate blank measurements. The counts per second

(cps) values for the ten blank measurements are shown in

Figure 2. The method detection limit of 16 fg g

(taking into account a dilution factor of 20 for the diluted

samples) is excellent, since this is by far sufficient for most

applications. Recovery of the 10 pg g spiked sample

was 94%.

Table 3: Detection limits (LoD) and recovery.

Average blank intensity n=10 [cps] 2.5
Standard deviation n=10 [cps] 0.4
Instrumental LoD [fg g] 0.79
Method LoD [fg g7] 16

Recovery for 10 pg g-' spike 94%

average: 2.5+ 0.4 cps #U
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Figure 2: Reproducibility of blank measurements on 28U

Analysis time was about 2 min, yielding a precision of

1% even in the lowest concentration samples (Table

4). However, in daily routine, the method can likely be
shortened to 30 seconds integration time, while still giving
high precision results. The results of the concentration
measurements are shown in Table 5. The QC samples
were analyzed four times, while the Bio-Rad Urine Level 2
quality control and volunteer samples were analyzed once
for comparison. The results for the QC samples match

the average values previously obtained at CDC and

cover a large range of real life concentrations. There is

no suggested value for uranium in the Bio-Rad Level 2
quality control sample.

The low concentration of the volunteer sample

(3.9 pg g') falls within the results from Rodushkin*,
where the reported large variability of natural U in
humans (0.7 — 19 pg g!) reinforces the need for highly
sensitive and precise instrumentation.

Table 4: Precision of individual measurements. Sample “low QC”
is diluted 20-fold

Sample %3 intensity [cps]  Relative standard
deviation

01pgg’ 176.7 111%

1.0pgg’ 1656.7 0.49%

10pg g’ 16568.3 0.32%

low QC 843.5 0.98%

Table 5: Concentration results

Sample No.of Uas Uin original Target value

replicates measured  sample samples
[pg gl [pa gl [pa gl

low QC 4 0.60 +0.005 12.0+0.1 11.83+1.15

mid QC 4 517 +£0.056 104 =1 98572

volunteer 1 0195 3.9 -

Bio-Rad Urine 1

Level 2 2.54 51 -




2. Isotope Ratio Analysis
For these experiments, the Bio-Rad Urine level 1 (BU1)
quality control sample was used as the urine matrix.
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Figure 3: Example spectrum with wide mass windows (BU1, 5-fold
diluted).

Results for the 2U/**$U isotope ratio analyses are given in
Table 6 and are displayed as a time series in Figure 4.
These values have not been corrected by internal or
external standards and no outlier rejection has been
performed. As expected, the unspiked BU1 quality control
sample shows a natural uranium isotope ratio.

The change in isotope ratio in the spiked BU1 sample is
much larger than the analytical uncertainty of the
measurement. The precision of = 0.00022 for the spiked
BU1 sample, achieved in a 7 minute analysis, allows the
detection of < 5% DU in uranium in urine at natural
concentrations. It is clear from these results that even
minor amounts of DU can be easily recognized in urine
by isotope ratio analysis on the ELEMENT 2
HR-ICP-MS.

The challenge in performing these isotope ratio analyses is
to trace small DU contributions in much larger quantities
of natural uranium. At ultratrace concentrations this
requires a superior sensitivity, low noise, and a stable
signal combined with good matrix tolerance. Thus, the
ELEMENT 2 HR-ICP-MS makes isotope ratio
determinations a sophisticated tool to trace DU
contamination.

thermofisher.com

Table 6: Results for 2°U/?*8U isotope ratio analyses.

235y/238y Average Standard Relative standard
deviation  deviation

1ng g spike 0.002020 0.000001  0.07%

BU1 0.00736  0.000018  0.2%

BU1 spiked with DU 0.00673  0.000022  0.3%
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Figure 4: Isotope ratio stability in 5-fold diluted urine samples.

References

M Brown D.P., Bloom T. Mortality among uranium enrichment
workers. Report to NIOSH, Cincinnati OH. NTIS PB87-
188991. In: Agency for Toxic Substances and Disease
Registry (ATSDR). Toxicological profile for uranium.
Prepared by RTI under contract no 205-93-0606 for
USDHHS, Sept 1999. ATSDR, 1987.

2I'Hooper F.J., Squibb K.S., Siegel E.L., et al. Elevated urine
uranium excretion by soldiers with retained uranium
shrapnel. Health Phys, 1999, 77, 512-519.

BI'McDiarmid M.A., Engelhardt SM, Oliver M. Urinary
uranium concentrations in an enlarged Gulf War veteran
cohort. Health Phys, 2001, 80, 270-273.

“Rodushkin I. Thermo Scientific ELEMENT 2,
Application Note AN30004_E.

©2016 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries.
This information is presented as an example of the capabilities of Thermo Fisher Scientific products. It is not intended to encourage use of
these products in any manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject

to change. Not all products are available in all countries. Please consult your local sales representative for details. T her mo
Africa +43 133350340 Denmark +45 70 23 62 60 Japan +81 45 453 9100

Singapore +65 6289 1190

Australia +61 3 9757 4300 Europe-Other +43 13335034 0 Latin America +1 561 688 8700 Spain +34 914 845 965 SCIENTIFIC
Austria +43 810 282 206 Finland +358 9 3291 0200 Middle East +43 133350340 Sweden +46 8 556 468 00
Belgium +32 53 73 42 41 France +33 160 92 48 00 Netherlands +3176 5795555  Switzerland +41 61 716 77 00 Part of Thermo Fisher Scientific
Canada +1 800 530 8447 Germany +49 6103 408 1014 New Zealand +64 9 980 6700 UK +44 1442 233555
China 800 810 5118 (free call domestic) India +91 22 6742 9494 Norway +46 8 556 468 00 USA +1 800 532 4752

400 650 5118 ltaly +39 02 950 591 Russia/CIS +43 133350 34 0

AN30008-EN 0416C



