Determination of U, Pu, and Am in human keratinous samples using extraction chromatography and ICP-MS

Dana L. Wegge', Sergei Y. Tolmachev?, John D. Brockman’:3

* Bringing qualiy mclar rescarch ecicaton ' Department of Chemistry, University of Missouri, Columbia, Missouri
and service to a global community . . . . . . .
2 Sergei Tolmachev, United States Transuranium and Uranium Registries, Richland, WA
3 University of Missouri Research Reactor, Columbia, Missouri

ABSTRACT Sample Preparation Two Methods for Actinide Resin Extraction Chromatography

The hair and nail samples from the USTUR have Sample Digestion and Evaporation Valence Adjustment Extraction Chromatography
A/B

= | o o | R — Load Sample
. . . . — : : | o Oxidize NO," - NO, "
previously been acid-digested and stored in 6-8 M Figure 2. Vacuum box with 11— = " (05 W Sulfamic Acd)
T T ’ ® (Concentrated HNO, )

. | TEVA column. ) ,
HCI. This work compares three methods developed \ e | d— — B Enhance Valence Reduction of Pu A £ C
: : : | & | Samples undergo a valence prmgli gy BREE First Evaporation VA1 second Evaporation & Dilute Sample in Next Ste -
N ‘ _ - p TEVA TEVA
to measure Am, Pu, and U isotope ratios in . e — e — — Brought to dryness in PFA evaporation dish, 3rought 1 cress in PEA cvaporation dish, 5 e trom (1) Ntate)

. . . 4 = . . . o M - brought up in concentrated HCI brought up in 3 M HNO, & 1 M AINO,
keratinous samples stored in 6-8 M HCI. In the first * . * but immediately prior to e Reduce all Pu > Pus: UTEVA UTEVA

| A | S dE ion & Dil S |
two methods, samples are evaporated to dryness uranium  are  separated | O O e ample

| ' DGA Capture Am
. . : . fraction in
and brought back up in 3 M HNOS3. The Separatlon [ 3 from the digested keratin brought up in 6 M HCI & 1 M AINO, Oxidize Pu3* - Pu* Rinse Column h h (6 M HCI)
S (3.5 M Sodium Nitrite) run throug

. . . . e TN matrix using extraction (3 M HNO,)
is accomplished using TEVA, UTEVA, and DGA resin LN .. B chromatography; Method B Rinse Colurm

cartridges. In the second method, the samples are - A Trialkyl, methylammonium Method A Separate Columns. (3 MHNO,)
evaporated and brought up in 6 M HCI. The AR nitrate  (TEVA), diamyl, Separate Columns. Plutonium Fraction Uranium Fraction Method C

. : . : . T~ amylphosphonate
separation is accomplished using a single DGA — (UTEVA), and N,N,N’,N’- Americium Fraction Plutonium Fraction Uranium Fraction TEVA B

resin. Each method is evaluated by sample U jBtiel, Naltans natisamples) S etiamn-actyldiglycolamids TEVA UTEVA

_ . _ are digested with nitric acid (DGA) resins selectively
decontamination factor and chemical tracer using a pressurized microwave | retain or elute actinides Reduce Pu* - Pu3* and Elute to DGA

re Cove r digestion SyStem, Samples depending upon the Rinse to Remove U (3 M HNO; + 0.1 M Ascorbic Acid + 0.02 M Iron (l11) Nitrate ) Elute U
y. . . (0.02 M HNO, +0.02 M HNO, )
were weighed into vessels and conditions. It is crucial that (3 M HNO,) DGA : 3 +0. 2
3
)

10 mL of concentrated HNO; plutonium and uranium be

Analyze by
INTRODUCTION was added. Samples were held Separated as Comp|ete|y as ICP-MS

o : : Elute Pu & A
. . . Crey . at 180°C for 15 minutes in possible before analysis in Elute Am Reduce Pu** - Pu3* and Elute Elute U (O_OZJ:CHUO.OOS m”:)
Human blomonltormg at nuclear facilities is a MARS 6 system. The acids and srler te recluee selaTie (0.02 M HCl +0.005 M HF ) (0.02 M HCl +0.005 M HF +0.00001 M TiCl; ) i} (0.02 M HNO, +0.005 M HF ) Rinse to Remove U
(0.1 M HNO,

potential tool for treaty compliance monitoring. A microwave  radiation  easily | interferences and peak T

: : : o : digests the keratin matrix of [  tailing. The methods for Reduce Pu™ > Pu™ and Elute

non-invasive bioassay sensitive to special nuclear beiir el mell, AN e Analyze by (0.02 M HCI + 0.005 M HF +0.00001 M Ticl,) [ (0,02 M HNO, +0.005 M H )
ICP-MS

these  procedures are

materials could be useful for identifying personnel suitable  for  extraction |  shown to the right [1-5].
. . . . . chromatography. Analyze by
involved in clandestine activities. A recent, small ICP-MS

pilot study has demonstrated that hair and nail
samples collected from workers who self-report METHOD DEVELOPEMENT FOR FUTURE MC-ICP-MS ANALYSIS CONCLUSIONS

exposure to actinides contain U and Pu. A limitation Pu can be measured in hair samples. Pu exposure occurs from fallout from nuclear weapons testing, occupational exposure, and Three methods of separating Am, Pu, and U from hair samples

of the pilot study is that exposure was self-reported accidental release. Multi collector ICP-MS (MC-ICP-MS) can be used to measure the 24°Pu/?3°Pu isotope ratio. The isotopic ratio can be were Investigated. Although the percent recoveries were

and information is not available on how or when used to determine the source of the Pu exposure. Pu can be measured by alpha spectrometry, however the 24°Pu/23°Pu isotope ratio comparable to Method A and C, a higher decontamination factor
C : 539 540 : makes Method B more suitable for these separations. In order to

workers were exposed to special nuclear materials. cannot be measured due to the similarity in the energy of the alpha particles of ~°Pu and “**Pu. In future work, MC-ICP-MS will be used

: . : , > o analyze Pu-239 with minimal interferences on the MC-ICP-MS,
to measure the Pu isotope ratios. MC-ICP-MS instruments have superior precision and sensitivity compared to quadrupole ICP-MS. The e desermEmiaten Fer wil e s v b e & e 2

#40Pu/#3°Pu isotope ratio measurement requires a high U decontamination factor (DF) to minimize the interferences of U-238 hydrides at |l nossible.

mass 239. The hydride ratio for MC-ICP-MS is minimized by using a desolvating nebulizer. The measured 233U*H/%38U hydride ratio of the

UMC Nu-Plasma Il MC-ICP-MS instrument with a desolvating nebulizer is 1.43x10>. The level of U in hair from populations around has REFERENCES

been reported to range from 1 - 800 pg U kg hair, with upwards of 54,900 and 250,000 pg U kg™ hair in some individuals [6]. Based on Srockman 15, Brown 1N Mol 1. Roberton ) D Measirement of Uranitm Kotone Ratic

(USTUR) will be analyzed for Pu, Am, and U. The the Pu levels measured in occupationally exposed workers by Brown et al. [3], an additional DF of 1 x 102 - 1 x 10° is needed for samples " inKeratinous Material: A Noninvasive Bioassay for Special Nuclear Material. Anal. Chern. 88, 8765
(2016).

advantage of this cohort is that worker exposure containing 1 - 800 pg U kg hair, respectively, to keep the hydride interference to 5% of the total signal Pu-239. The improved DF is - Cliow SR, Refhaise, 1By e e, s e s e i B e s i el end el

samples using extraction chromatography and multi-collector inductively couples plasma mass

histories are well documented and actinide achieved using extraction chromatography methods to separate U from the Pu. The methods presented in this work will be used to spectrometry. Talanta. 129, 481 (2014).Brown, JW.N.,

Brockman, J.D., Robertson, J.D.: Measurement of Pu-239 in keratinous materials: a potential non-

concentrations in hair and nail can be related to separate U, Pu, and Am from hair and nail samples collected from the United States Transuranium and Uranium Registries (USTUR). i vasive bioaseny for monitoring human sxpesure. Anplied Radiation and lsotapes, 128 132 (2017,

Maxwell, S.L., Jones, V.D.: Rapid determination of actinides in urine by inductively coupled plasma

conce nt rat|0 NS | N Oth er o rga NS [7] . . mass spectrometry and alpha spectrometry: A hyrbrid approach. Talanta. 80, 143 (2009).
RESU LTS & DICUSSION . Horwitz, E. P, et al.: NOVEL EXTRACTION CHROMATOGRAPHIC RESINS BASED ON

TETRAALKYLDIGLYCOLAMIDES: CHARACTERIZATION AND POTENTIAL APPLICATIONS. Health Physics
104, 23, 219 (2005).

Isotope Ratio Indicators U-238 p . e A ey AL B . - .
- u-239 Pu-242 Am-243 U Deco ntamlnatlon : Joks_lc,_ Agn.es S6men, & Katz,'Sldney A.: Eff|.cacy of hair analysis for monitoring exposure to uranium:
Sa m p I e M Eth Od A mini-review. Journal of Environmental Science and Health, Part A. 49, 1578-1587 (2014).

Tolmachey, S.Y., et al. The US Transuranium and Uranium Registries forty years’ experience and new

Isotope Ratio Indicates Natural Recovery Recovery Recovery Recovery FaCtOr . directions in the analysis of actinides in human tissues. Proceedings in Radiochemistry. 2011.
235 238 Enrichment 0.00726 Hair 92% + 3% 113% £ 12% 112% +10% 104% £ 8% 856 ACKNOWLEDGEMENTS

234U/238 U Enrichment 5 44E-05 (n=3) NRC Radiochemistry Graduate Fellowship

Hair 100% + 2% 6% + 6% 89% + 11% N/A 50’0002 University of Missouri Research Reactor and Chemistry Department

536, .« 38 Reactor Irradiation (n=2) United States Transuranium and Uranium Registries
u/°>°u <1E-8% Technical support

Hair 85% 90% 87% 79% 1.66 Jim Guthrie

(n=1) Barry Higgins

To further develop the use of keratinous material as
a biomonitor for exposure to internally deposited
actinides, hair and nail samples from the United
States Transuranium and Uranium Registries

Reprocessing

Reprocessing Fallout 0.18 LOD* all Virginie Renson

240 239 _ This poster was prepared by The Curators of the University of Missouri under award #NRC-
PU/ o Wea pons Wea pon 0.064 (n=25) O 14 ng/g O'OOS ng/g 0'002 ng/g 0'0003 ng/g N/A HQ-15-G-0036 from the Office of the Chief Human Capital Officer of the Nuclear Regulatory

Commission. The statements, findings, conclusions, and recommendations are those of the
author(s) and do not necessarily reflect the view of the Outreach and Recruitment Branch

*LOD calculated as 3 times the standard deviation. or the US Nuclear Regulatory Commission.




