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Plutonium in snow-hydrosphere
1. Developing of analytical method

Katharina Gückel, Taeko Shinonaga
Background

Motivation

Aim

Since the first explosion of a nuclear bomb (Trinity test)

Due to the potential health effect of plutonium

The results of this study will give an idea of the

in 1945 plutonium was released into the environment

reliable methods for the determination are important.

inventory of Pu deposited on the snow area at

through different sources. Around 4.5 t of total Pu was

But the low concentrations make procedures of pre-

Mount Zugspitze and will help to understand the

spread by nuclear weapon tests, accidents of nuclear

concentration

behavior of Pu in snow-hydrosphere, and the

facilities, crashes of satellites and planes, and

interferences necessary.

discharging of liquid

waste from

and

isolation

from

matrix

and

pathway of Pu into groundwater and to human

reprocessing

ingestion. This work will contribute to a better

factories [1, 2].

understanding of the Pu radioecology.

Chemical separation
Spiked sample in 4 M HNO3/ 0.05 M iron
sulfamate/ 0.1 M ascorbic acid

TRU-Resin®
In literature numerous methods are described and the
chemical separation with extraction chromatography
resins

is

(Eichrom

widely

used.

Technologies,

Eichrom's
LLC)

is

TRU-Resin®
an

is

octylphenyl-N,N-di-isobutyl

phosphine oxide (CMPO) dissolved in tri-n-butyl

H 11C 5 O

amylphosphonate (DAAP), forms nitrato complexes
with the actinide elements. But Am(III) and Pu(III) are
not retained at any nitric acid concentration and need

complexes of tri-, tetra-, and hexavalent actinides with

complexing agents, or redox reagents [3, 4].

U

used. The extractant in the UTEVA Resin, diamyl,

C 5 H 11
DAAP

Washing: 5 mL 2 M HNO3

H 17C 8

Elution of Am:
5 mL 9 M HCL
4 x 5 mL 4 M HCl

individually or in groups with acidic solutions,

239Pu,

resin UTEVA (Eichrom Technologies, LLC) is widely

P

Oxidation of Pu (III) to Pu(IV)
with 0.1 M NaNO2/2 M HNO3

a strong selectivity. The actinides can be recovered

with

separation. For this the extraction chromatography
O

H1 1C 5O

Separation of columns
TRU column used only

phosphate (TBP). The TRU-Resin® extracts nitrato

238U+H+

has to be extracted from Am/Pu before the chemical

Washing: 3 x 5 mL 4 M HNO3

extraction
carbamoyl-

Because of the interference of

Load on UTEVA and TRU column
Columns placed in tandem

chromatographic material in which the extractant
system

UTEVA-Resin®

O

to be separated with a TRU-Resin column in tandem

O
i-Bu

P

with the UTEVA-Resin column [6].

N

Ph
Elution of Pu:
15 mL 0.1 M Ammoniumbioxalate

i-Bu

CMPO

Task
The work package WP 1.3 focuses on
studying the pathway, quantity and

Sampling

Outlook

Sampling (~100 L) will be done at the Environmental Research

The concentration and atomic ratios of

snow. Because a different behavior of

Station Schneefernerhaus (UFS) on Mount Zugspitze or on

plutonium

trace amounts of Pu is expected,

the Zugspitzplatt. It is planed to collect fresh-fallen snow and

determined

snow accumulated over one winter.

Spectrometry (AMS) at the 14 MV

and

.

Munich MP Tandem in collaboration with

developed and improved.

atomic ratios of plutonium isotopes in

isotopes in snow will be

Karin Hain

with

Accelerator

Mass

methods for the chemical separation
sample

preparation

will

be

and Gunther Korschinek

(WP 1.5).

Yields for the chemical separation of Americium and

Furthermore the

241Am

concentrations

Plutonium tested with spiked Milli-Q water.

will be analyzed by Alpha Spectrometry.
Chemical
separation

Yield

uncertainty

C1Am

0,627

0,016

C2Am

0,705

0,018

C3Am

0,880

0,022

Pu Isotopes and 241Am with characteristics [5]

C1Pu

0,800

0,045

Isotope

C2Pu

0,832

0,047

C3Pu

0,873

0,049

In

future

procedure

the
for

sample
the

AMS

preparation
and

Alpha

Spectrometry will be improved.

Pre-concentration
Pre-concentration will be
done

by

spec. activity (Bq/g)

decay

238Pu

87.74 ±1

6.33 · 1011

α, SF

239Pu

2.411·104 ± 30

2.30 · 109

α, SF

240Pu

6563 ± 7

8.40 · 1010

α, SF

evaporating

the sample with a large
scale rotary evaporator
(Heidolph Laborota 20
control).

Half life (a)
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