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129I AND 129I CONTENT IN THE 
ENVIRONMENT
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ENVIRONMENTAL RADIONUCLIDES

• There are many radionuclides in the 
environment that have half-lives ≥ 0.1 Myr, both 
naturally-produced and anthropogenic (human-
produced)

• Special attention to 129I for environmental tracing

• Volatile

• Soluble

• Biophilic (easily incorporated into organisms) 

Radionuclide t1/2 (Myr)

236U 23.4

129I 15.7

10Be 1.5

26Al 0.7

36Cl 0.3

41Ca 0.1
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129I

• t1/2 = 15.7 Myr

• Longest-lived radioisotope of 
iodine

• Decays to stable 129Xe

• Production

• Cosmic-ray-induced reactions on 
Xe

• Spontaneous fission of U

• Thermal-neutron-induced fission

• 235U – 0.7%

• 239Pu – 1.4%
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CONTRIBUTIONS 
TO THE GLOBAL 

129I  CONTENT

• Natural amount

• ~100 kg

• Nuclear weapons tests

• ~50 kg

• Chernobyl/Fukushima

• ~a few kilograms

• Spent fuel reprocessing

• ~5300 kg
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Effectively 

“point-like” 

sources

Kamleitner (2019)



PUREX PROCESS
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EFFECT OF 129I  
RELEASES NEAR 
REPROCESSING 

CENTERS

8Snyder (2010)



SINKS OF 129I

• Calculating the 129I content of 

the shallow oceans (up to 100 

m depth) from global 129I 

content distribution accounts 

for only half of 129I content

• Significant sinks

• Deep ocean

• Burial in soil

9Reproduced from Snyder (2010)



10Rahmstorf (2002)



EFFECT ON 
GLOBAL 129I  

WATER CONTENT

11Snyder (2010)



NORTH 
AMERICAN 129I  

WATER CONTENT

12Snyder (2010)



NEED FOR 129I MEASUREMENTS
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Specifically, widespread, real-time measurements are needed

• Background for identifying unknown contributions

• Identification of transport pathways

• Also useful for prediction of 131I transport

• Accumulation of 129I



ACCELERATOR MASS 
SPECTROMETRY
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MS VS AMS

• Both utilize:

• Ion production

• Low energy analysis

• Ion detection

• MS has no:

• Isobaric separation

• Molecular discrimination
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THE AMS 
BEAMLINE AT 

THE NSL
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ION 
PRODUCTION

• Multi-Cathode Source of 

Negative Ions via Cesium 

Sputtering (MC-SNICS)

• Produces elemental and 

molecular ion beams of varying 

intensities (1 nA to > 10 µA)

• Can hold 20 or 40 samples 

depending on sample size
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ACCELERATION
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• Negative beam accelerated to 

terminal shell

• Stripper inside terminal strips 

electrons (charge state 

distribution), breaks up 

molecules

• Positive beam accelerated again



HIGH ENERGY 
ANALYSIS
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• Select energy, mass, and charge 

state (magnetic rigidity)

• Secondary filter (velocity) for 

beams of same/similar magnetic 

rigidity



ION 
DETECTION
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• Ions are detected by their 

properties (energy, energy loss)

• NSL traditionally used the 

Browne-Buechner 

spectrograph operated using 

the Gas-Filled Magnet 

technique
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AMS RADIONUCLIDES

Measured

• 14C

• Undergraduate project for biology, art

• 36Cl

• 33S(α,p)36Cl, 34S(3He,p)36Cl for ESS 

production

• 44Ti

• 40Ca(α,γ)44Ti

• 60Fe

• Verification of a longer half-life

In development

• 41Ca

• ESS production

• 53Mn

• Geophysics, terrestrial production

• 93Zr

• Nuclear waste, nuclear astrophysics

• Actinides

• Neutron transmutation rates/reactor design
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Si Det

GFM

GFM

TOF



ACCELERATOR MASS SPECTROMETRY 
FOR 129I MEASUREMENT
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129I ION BEAM PRODUCTION

• Isobaric contaminant:  129Xe

• Xenon cannot produce negative ions

• Stable isotopes:  127I

• Sample powder:  AgI + Nb (most commonly used mixture)

• 1:5 ratio by mass

• Copper sample holders
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PREVIOUS LOW 
ENERGY 

INJECTION

• Isotopic selectivity of the MC-
SNICS proved insufficient during 
development of 93Zr AMS

• Neighboring isotopes 92Zr, 94Zr 
not only injected past injection 
magnet, but all the way to the 
AMS beamline

• This poses a problem to the 
separation of 129I from 127I
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UPGRADE:
NSF MAJOR 
RESEARCH 

INSTRUMENTATION 
GRANT

• In 2013, an MRI application for 
injection upgrade was approved, 
installed in 2016

• Added a 45o electrostatic analyzer for 
energy selection

• A 90o injection magnet adds improved 
separation and double focusing

• Improved optics included in 
installation plans
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127I INJECTION

• Separation of 127I from 129I 

easily achievable through 

manipulation of the injection 

slits

• Copper dimers appear in the 

spectrum, but will be broken up 

in the accelerator
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MID-RUN 
CURRENT 

MONITORING

• Offset Faraday cups allow for 
measuring stable beam currents

• Improves precision of 
measurements by accurately 
monitoring source output versus 
radionuclide counts

• However, some isotopes (127I, for 
example) are not bent enough 
away from the radionuclide 
trajectory

• Magnet Bias, Fast switching
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127I    129I



ACCELERATION: 
GAS STRIPPING
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• Gas stripping doesn’t degrade 

with time, and reduces 

straggling

• Produces lower mean charge 

states

• Currently N2 gas, but other 

gases could be explored

• not easily changed, requires 

~1 week downtime



HIGH ENERGY 
ANALYSIS:

OFFSET FARADAY 
CUP

• Fast switching allows injection of 
stable beams during cycle

• Can measure beam 
transmission through the 
accelerator to monitor system 
stability

• Not included in the MRI, 
simulated with COSY Infinity 
using typical beam parameters 
for design and implementation in 
the lab

• Also useful for other isotopes 
(36Cl, 41Ca, 60Fe)
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129I ION 
DETECTION

• The 129Xe isobar isn’t created

• The contamination comes from 
127I tailing into the injection

• Energy separation isn’t sufficient 

to resolve 129I from 127I

• Time-of-flight (TOF) is required 

using MCPs, with energy 

measurement as a second 

identification parameter

34Reithmeier (2005)



2 m flight path

2.5 m flight path
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FIRST TOF DEVELOPMENT: MCP-SI
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MCP-SiMCP-Si MCP-PIN

E129 = 57.6 MeV,  q = 8+

∆TOF = ~1.7 ns

E129 = 78.8 MeV,  q = 9+

∆TOF = ~1.4 ns

FWHM = 1.9 ns

FWHM = 1.6 ns

*all 127I spectra



SECOND TOF DEVELOPMENT: 
MCP-MCP
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E129 = 78.8 MeV,  q = 9+

∆TOF = ~1.8 ns

FWHM = 870 ns
127I 129I



FAST 
SWITCHING 
SEQUENCE

• Measure currents for ~100 µs

• Measure radionuclide for 

~90,000 µs

• MBS gate can veto counts that 

show up during non-

radionuclide states
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SAMPLE COLLECTION AND 
CHEMISTRY
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SAMPLING 
LOCATIONS

• 15 samples

• 7 Lake Michigan samples

• 4 rivers

• 250 mL filtered water collected 

42



Stable iodine is 

added via a carrier 

solution to the 

water sample to fix 

the 129I/I ratio

Nitric acid is added 

for the precipitation 

of AgI (and AgCl, 

AgBr) using AgNO3

Ammonium 

hydroxide is added 

to return AgCl, 

AgBr to solution, 

leaving AgI 

precipitate

Solution is 

decanted, leaving 

only AgI to be dried 

overnight in an oven
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129I MEASUREMENT AND RESULTS
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EXPERIMENTAL PROCEDURE

• Measurement of AMS standards for system validation

• Measurement cycle for water samples

• Standards – system variation

• Blanks – background level

• Samples

• Sample concentration correction

• Establish 129I content of sample water
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AMS STANDARD 
CORRECTION

46

• Absolute measurements are 
difficult to perform without 
accurately characterizing the 
system from start to finish

• In place of absolute 
measurements, AMS perform 
measurements relative to AMS 
standards (known isotopic ratio)

• Standard measurements absorb 
different efficiencies into a 
correction factor



MEASUREMENT 
OF STANDARDS

• Confirming the measured ratio 
of standards matches the 
nominal ratio demonstrates 
that the system can accurately 
measure a range of isotopic 
concentrations

• The three standards show a 
linear trend, with a slope of 
0.0241 and consistent with an 
x-intercept of 0

• Suggests ~2.4% of 
expected 129I counts are 
being detected
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SAMPLE MEASUREMENT

Standards

Blanks

Samples
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129I counts in 

measurement

time ∆t

Average 127I 

HE particle 

current

Raw 129I/I

Value

Background
129I/I

Measured 

standards

(correction factor)

129I/I Value

Above Background

Corrected
129I/I Value
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Standards
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Standards by run
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Blanks

Background 129I/I: 1.46 ± 0.55 × 10-15
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Samples
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Samples, corrected
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Samples, 129I content in water
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ONGOING/FUTURE WORK  
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PLANNED 129I DEVELOPMENT

• Experimental

• Coprecipitation with AgCl

• Widening injection, analysis magnet slits

• Technical

• Recirculating gas stripping

• Retractable ionization chamber

• FN regulation using HE offset cup

60



61Liu (2015)



62Xing (2017)
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0 5 10 15 20 25 30 35 40

AgI

AgI+Nb Bulk

AgI+Nb Chem A

AgI+Nb Chem B

AgI+AgCl+Nb (I:Cl = 2:1)

AgI+AgCl+Nb (I:Cl = 2:2)

μA / Fraction I



PLANNED 129I DEVELOPMENT

• Experimental

• Coprecipitation with AgCl

• Widening injection, analysis magnet slits

• Technical

• Recirculating gas stripping

• Retractable ionization chamber

• FN regulation using HE offset cup
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65Martschini (2019)



PLANNED 129I DEVELOPMENT

• Experimental

• Coprecipitation with AgCl

• Widening injection, analysis magnet slits

• Technical

• Recirculating gas stripping

• Retractable ionization chamber

• FN regulation using HE offset cup
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CONCLUSIONS

• 129I is a useful environmental tracer because of its point-like 

sources and ability to move through the environment

• Lack of measurements limit its potential

• The AMS group now has the capability of measuring 129I and 

separate its contaminant, 127I

69

• 15 samples were collected and processed 

to determine their 129I content

• 8 were measured because of time 

constraints, low statistics

• Several different methods for increasing 

the 129I signal have been planned for future 

work prior to further measurements and a 

subsequent publication
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CONCLUSIONS

• 129I is a useful environmental tracer because of its point-like 

sources and ability to move through the environment

• Lack of measurements limit its potential

• The AMS group now has the capability of measuring 129I and 

separate its contaminant, 127I
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• 15 samples were collected and processed 

to determine their 129I content

• 8 were measured because of time 

constraints, low statistics

• Several different methods for increasing 

the 129I signal have been planned for future 

work prior to further measurements and a 

subsequent publication



BACKUP SLIDES
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SINKS OF 129I

• Calculating the 129I content of 

the shallow oceans (up to 100 

m depth) from global 129I 

content distribution accounts 

for only half of 129I content

• Significant sinks

• Deep ocean

• Burial in soil

73
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PUREX PROCESS
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1.  Ion Beam Production 2.  Acceleration 3.  High Energy Analysis

4.  Ion Detection
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TOF DATA ACQUISITION SCHEME

• Makes sure that only ions reaching the end of the beamline triggers the DAQ

• TOF signals are really Delay-TOF (larger values mean faster ions)
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INTERFERENCES TO 129I MEASUREMENT

• Charge state contaminants

• Sample contaminants

• Interferences during fast switching
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COPPER DIMERS

• 63Cu65Cu, 65Cu2 injected 

through the system will 

make it to the end of the 

beamline with an even 129I 

charge state

• Count rates are high, making 

setting optimization difficult
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COPPER DIMERS

127I not present during 
injection of 129I, but 
during injection to the 
HE offset cup 127I counts 
pass through the 
detector system, but are 
vetoed from the spectra

• Analyzing magnet, 
Wien filter slits kept 
narrow to reduce 
127I count rates

100

127I



43Ca, 86Sr

101

Similarly to the copper 
dimers,  43Ca and 86Sr will 
make it through the 
system when using a 129I 
charge state that is a 
multiple of 3, but is 
injected at mass 129

• Present in water 
samples, but the 
count rates are 
comparable to the 
129I count rates
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EQUIPMENT FAILURES

• Original 2 weeks

• Accelerator chain failure – 1 week

• Breakdown of Einzel lens – 4 days

• Experiment shut down

• Restart 2 weeks

• Analyzing magnet power supply drift – 5 days

• Used up AMS standards being replaced – 2 days

• Source being clogged with cesium and cleaned – 1 day

• Source being out of cesium, replaced – 1 day

• Last ~5 days

• Only 8 samples could be measured (low sample currents, low 129I/I concentration)
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