Application of the Pyrolyser for analysis of
environmental samples, including
determination of 1-129

Xiaolin Hou

Lanzhou University, School of Nuclear Science and Technology, China

Institute of Earth Environment, Cas, Xi’an AMS Center, China

houxl@lzu.edu.cn




Main application fields of radioanalytical Chemistry

e Origination of nuclear materials by isotope
ratios, dispersion and transfer of radionuclides

Actinide Medical
chemistry radionuclides
Nuclear e * Level, distribution, variation and migration of
adiation . . . . . . .
fission el radionuclides in environment, radiological risk
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fusion faefeeEeliog) reprocessing, repository and migration of
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Qarrar e cal sciences Environmental - - . o
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studies . . Cpens
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Environmental Radiotracer decommissioning

monitoring studies

e Quality control of medical radionuclides,
Waste Homeland biological metablism of radiopharceutics,

characterisation Nuclegr security radiation impact
forensics

* Dating of geological events with radionuclides.
Tracing dispersion of air, water and
contaminants 2



Major Radionuclides in the environment and nuclear waste
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Radioanalysis of Radionuclides

I Sampling

.

; Pre-concentration

Radiochemcial separation of target radionuclides from matrix
interferring radionuclideds

i

— ICP-MS
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Radiochemcial analysis of volatile radionuclides

> 3H and 4C in solid waste (soil, filter/particles, biotas, metals, concrete,
graphite, etc. )

> 36C| in solid samples (metals, graphite, concrete, etc.)

» 9Tc in solid samples (soil, sediment, biotas, resin, slug, etc)

> 1291 in solid samples (soil, sediment, vegetation, animal tissues,
exchange resin, evaporate, etc.)

Main challenge: loss of radionuclides during sampling, pre-tratement
and separation.
Stratege: Application of combustion for their separation

11 September 2026



Rapid separation of 3H and 14C waste samples by
combustion using Packard Oxidizer
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e Analytical time: 2 min/sample

e Detection limits:

—14C: 0.1 Bq
— 3H: 0.15 Bq

1,0



36C| and 129|
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B-, 196 keV, 100%

8.88d

IC,96.6% | v, 39.6 keV, 3.4%

129%e (stable)

» lodine and chlorine are volatile, easy
to be lost during heating or by
oxidizing.

» 36Cl and 12°I are long-lived
radionuclides (0.3 My, and 15.7 My)

» lodine and chlorine are high mobile
in environment.

» lodine and chlorine are biophilic.

11 September 2026



Acid digestion system of for separation of 3°Cl and 1%°|

e Graphite: mixed acids,
— H,S0,:HNO,:HCIO, =15:4:1
e Stainless steel:
— 10M H,SO, with H;PO,
e Lead and Al:
— HNO,

11

il

1-Heating mantle; 2-three-necked flask; 3-sample in acid mixture; 4-bubbling
tube; 5-separating funnel for adding acids; 6,7-reflux condenser; 8- receiver; 9-
wash bottle containing water; 10, 11-absorption bottles containing 0.4 mol/I NaOH



Analytical procedure for 36C

| and 129]

Graphite, steel Heavy Concrete

Add stable Cl and | carriers, dissolve with
acids, combine the absorption solutions
and dissolved solution

Add stable Cl and | carriers and NaOH and
Na,CO;, fuse at 500 °C, leaching with H,0,
cenrifuge to separate the supernatant

Add NaHSO;, transfer to a separation funnels, add CCl,,
HNO,, and NaNO, to extract, repeat the extraction

Organic phase, Aqueous phase,

Back-extract with NaHSO,
solution, repeat extraction and
back-extraction

Add Ag*, centrifuge, dissolve AgCl with NH;, separate
solution, add HNO;, to re-precipite AgCl, re-dissolve AgCl
with NH;, load to the column

AG 1x4 <«—— Wash with NH;
Aqueous phase, 127 column Eluting with 0.1 M NH,NO,-
0.6 M NH,OH
LSC for 129] Washes, Effluent, 36Cl
Ag" etc. Evaporate, dissolved with H,0
ICP-MS for | | — ICP-MS for ClI
discard
LSC for 36Cl

Hou et al., Anal. Chem., 2007



Determination of 3°Cl

» Recovery of Cl: >70% e =
x —x— B63Ni
°\\x —e— 36CI
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> Decontamination factors for most of
radionculides: >10°

» Detection limit using LSC : 14 mBqg

Activity concentration, Bq/g
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Pl | S Combustion method for solid samples: concrete, graphite,
N I : metals, resin, sludge, etc.
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, - Hou et al., Anal. Chem., 2010
i Hou, et al. JAAS, 2016



»>127] (stable, 100% abundance)
»>131] (8 d),

>125] (56 d),

>126] (13 d), 124] (4.2 d)

»129] (15.7 x108years )
»others (<1 day)




Properties of iodine

> Chemically active element with oxidation state of -1, 0O, +1, +3, +4, +5,
+7,e.g.1, 1,107,105, 10,

» The most popular species of iodine in the environment are: I, 10,-and
organic iodine.
> lodine is considered as a n volatile element, based on the volatile

feature of the species of I,, CH;l, etc.

» lodine is considered as a conservative element on the ocean, because

it mainly presents as iodate, and iodide in some waters.



Source of 129]

* Natural process:

e Artificial process:

osmic ray

Xenon

235U(n, f) 129|

Neutron Spontaneous 239p ( n, f ) 129
Induced fission fission of 238U
Of 235 U


http://www.google.dk/imgres?imgurl=http://www.thewe.cc/thewei/_/images11/us_war_crimes/nuclear_testing.jpe&imgrefurl=http://www.thewe.cc/weplanet/circus/2007/circus_october_2007.html&h=319&w=400&sz=19&tbnid=OQHsoIy5JCkJ::&tbnh=99&tbnw=124&prev=/images?q=nuclear+weapon+testing+and+picture&hl=en&usg=__eroGKbosYF24RjIfzx5H_tvBNPs=&sa=X&oi=image_result&resnum=4&ct=image&cd=1

129] level in environment

Source Release/ inventory, |!12°1/127] o
ratio :
Nature 250 1 0_12 45 -
91
Nuclear weapons 63 10-10~10° §
testing S
u 4
Chernobyl accident 1.3~6 10-°~10-6 :
(local) §
- 45 - rat PR
Marine discharge of 5200 10-7~10° 1 100 10000 1000000
EU NRP 129 12
i (seawater) VIX10
Atmospheric emission 800 10-6~10- Fig. 1. ™I ratios in surface waters as a function of latitude

00 INLLEEE (local) Open squares indicate samples with assoclated errors (1 o)



Decay of 12°| and its radiation

129 7 y)

B-, 154.2 keV, 100%

0.97 ns

IC,92.5% | v,39.6 keV, 7.5%
X-rays:

29.5 keV, 20.4%
129Xe (stable) 29.8 keV, 37.7%
33.6 keV:10.1%




Measurement Method for 12°| and their detection limits

Method Detection limit
129, atoms 12|, mBq  1291/127| Ratio
Liquid scintillation 10% 10 mBq
y-spectrometry 10% 10 mBq
ICP-MS 2x101! 0.4 mBq 106
Radiochemical neutron activation 10° 0.2 mBq 10-10
analysis
10° 0.1 nBq 10-13

Accelerator mass spectrometry (AMS)

Hou et al. ACA, 2007



Separation procedure of iodine from solid samples

(seaweed, soil, sediment, filter, vegetation, etc.)

Solid samples

digestion, or alkali fusion

l decompose sample by combustion, acid

solution

lExtracting with CCly,

Back-extracting with H,SOs, repeat

Iodide separated

lconvert to Mgl, or Agl

Iodine Sample—yp

>

Measurement by LSC

—

Gamma measurement

'

RNAA

AMS

Hou et al. Analyst, 1999



Separation of iodine from solid samples using Pyrolyser
% = Work tube
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» The working tube bubbler and joint are quartz materials to avoid
the reaction of |, with plastic material

» Combustion is controled by the gas composition and flow rate

» No catalyst materials



Separation of iodine from soil/sediemnt using combustion

Parameters influencing the
separation of iodine by

combustion: 31, + 6NaOH = 5Nal + NalO; + 3H,0

> Trap solution and the 21, + 250,% +0, — 4l + 250,*

concentrations

» combustion protocol and 1105) +0, > I,

temperature
» Combustion time time
» Carrier gases and flow rate



Separat'pn of iodine from soil/sedimnt using combustion
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; Recovery/%

Separation of iodine from soil/sedimnt using combustion
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Combiustion of vegetation sample for iodine separation

Work tube

Sample boat
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Experimental condition

lgniting point. 220-300°C
* Temperature ramp. 1-

1.5°C/min
Assistant gas O,. N,=1:2-1:3,
e Gas flow rate: 100-200ml/min

* Temperature in Zone 3 : :900°C
* Mass of sample: 5-10 g
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Trapping solution

NaOH
— NaHSO, (0.05M)

Recovery of iodine/%
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1291 in surface soil in Northeast China
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1291 in surface soil in the Northwest China
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1291'in North China mainly originated
from the European reprocessing plant
through re-emission of marine
discharged 2°| (>70%) driven by
westlines.

Global fallout (<20%) and regional
deposition of wespons tests in
Semiplatinsk (<10%) also contributed.
No significant contribution from nuclear
test in Lop Nor site.

Topography dominate the transport
pathway.

I ES&T 2023, 57:10070-10078



Variation of 12°1/127] in tree rings from Northwest China (Qinghai)
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Level of variation of 12°I in sediment cores at different latitudes in Asia
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129] profile in sediment core from Jiaozhou Bay, Yellow Sea

137Cs activity concentration
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1291 /127] profile in sediment cores from the
East China Sea and Taal lake, Philipines
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