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

>125] (56 d),

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

»129] (15.7 x10° years )
»others (<1 day)




Properties of iodine

> Chemically active element with oxidation state of -1, O, +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 |,, 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

v

235U(n, f) 129|

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

1297 level in environment

Source Release/ inventory, |121/1%7]

ratio
Nature 250 1012
Nuclear weapons 63 10-10~10-° E
testing i
Chernobyl accident 1.3~6 109~106

(local)
Marine discharge of 5200 10-7~10- Mmu:unou 1000000
=URRPs (seawater) “ixio™
Atmospheric emission 800 10-6~104 Fig. 1. "I ratios in surface waters as a function of latitude
from NRPs

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



Speciation analysis of 12°I and /| in air

» Particle associated lodine
» Inorganic gase iodine (lI,, HI, HIO)
» Organic gas iodine (CH,l, C,H,I, CH,Brl, etc.)



Speciation method for 12°| in air

‘ Glass fibre filter (0.45 mm)

K //for particles

Two sets of NaOH/glycerin impregnated
filter paper for inorganic gas iodine

TEDA impregnated active charcocal
(for organic gas iodine)

]
l To pump



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

\ decompose sample by combustion, acid

digestion, or alkali fusion

solution

Extracting with CCly,

Back-extracting with H,SO3, repeat

lodide separated

lconvert to Mgl, or Agl

>

Measurement by LSC

lodine Sample—»

'

-

Gamma measurement

RNAA

AMS

Hou et al. Analyst, 1999



Separation of 1%°l from concrete, soil and sediment by alkali fusion

Solid samples (seaweed, soil, sediment)
add NaOH, 1odine carrier,
l ash/fusion at 650°C for 2 h
ash or Fusee cake
Leaching with H,0O, filter to remove
residue (precipitation)
Solution with 12
Convert 1odine to 1odide, extract with
lCCI4, back extract with NaSOs3
Separated lodine

Hou et al. Analyst, 1999



Separation of 1%°l from vegetation by alkali fusion

;“'I
measurement
by ICP-MS

A

Vegetation

Dry, ground

\ 4
Powder sample

>

A4

<

- lodide solution

129|/127|

VJJDAgNOS, B0

A

129]

N

Alkali fusion
Add NaOH, dry (ratio of sample
to NaOH)
Ashing (temperature)
Leaching
lodine separation by solvent

extraction



Ashing temperature
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Ashing time
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NaOH=1g:0.16g
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Effect of NaOH added on the recovery of iodine Wang & Hou JRNC 2020



Temperature arising protocol
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Separation of 1%°I from soild samples by combustion method

oxygen
JHCJHC AR
ven-A Oven-B
Sample quartz wool

Washing flask 1 2 3

NaOH solution



Separation of iodine from solid samples using Pyrolyser

Sample boat

o .
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fol\\ control

F

ﬁ ? % Work tube
Sanplezofe [ vgg pone [ Calytzong [~
fumaceI L™ Snace

L I

R oY $ i
[ » > o

Sample “Jl:

! I

boat

00 "

! I

! |

I

Nd

Primary oxygen
flow control

Flow controller
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Temperature

controllcr

» 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
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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



Separation of iodine from soil/sediemnt using combustion

Recovery/%
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; Recovery/%

Separation of iodine from soil/sedimnt using combustion
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Separat'pn of iodine from soil/sedimnt using combustion

Recovery/%

900

800

700

600

500

400

300

200

100

50

100 150 200

B 18] (min)

Temperarture rising, min

250

Sample zone Mid-z_()l;c_—- e | E‘;tz;l)_/sI;o_nc—. —————
furnace | i\ furnace
mple boat | |
3 ¥ ol
L= > . | >
ISamplc -’: v Bubbl
boat ubbler
00 : " TR
nary air 2 &
r control Temperature
ﬂﬂﬂ collcr @
O0oqg (&
Swith B
Pnlmary oxyglcn Flow controller alr/:::): ‘gcn
flow contro foritobest4 connct‘tors

300

Zhang & Hou. JRNC, 2018



Combiustion of vegetation sample for iodine separation

Sample boat

Primary air
folw control

Sample zore ]

Primary oxygen
flow control for tubes1-4

|
i | Catalyst zone
furnace | ,
| |
A W, == Se— ~ |
PE“ S =
Sample gz
|
|

OO Il boat

Temperature

o o o °

Flow controller

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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Comparison of combustion and alkalin fusion for extraction
of iodine from vegetation samples

Recovery of iodine, %

Sample SaMPling 127) .o -129] conc, 10 atoms/g -1291/127] ratio, x10-°

site ppm

Combustion Fusion Combustion Eusion Combustion Fusion

Pine needlexj'an 0.49+0.02 11.9+2.42 9.30+0.94  4.77+0.71 4.01+0.40  785+3.1 45.8+29
Lichens {9 6.06+0.28 262+27.1 258+23.3  9.14+0.94 8.98+0.81  83.7+0.5 71.5+9.8
Spinach FX 1.73+0.08 61.3+6.30 56.5+5.31  7.44+0.76 6.86+0.64  86.7+4.1 77.0+2.2
Grass  Pi%¢ 0.76+0.04 823+1.12 8.64+0.63  2.29+0.31 2.41+0.22  70.7+4.0 818+7.4

Seaweed fHZ 3978+196 1840+130 1740+113  0.098+0.0080.087+0.007 73.5+4.0 91.4+4.0




129] in surface soil in Northeast China
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1291 in surface soil in the Northwest China
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Variation of 12°1/127] in tree rings from Northwest China (Qinghai)
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Level of variation of 12°| in sediment cores at different latitudes in Asia
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129] profile in sediment core from Jiaozhou Bay, Yellow Sea
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1291 /127] profile in sediment cores from the
East China Sea and Taal lake, Philipines
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