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Radioactive lodine in the
Environment

+ Two Primary Sources:
— 1291 and %11 are produced as fission products
during the production of nuclear power:
+ Long half-life of ?°I (1.57x10" yrs) makes it a
persistent contaminant at nuclear waste sites
— 125/131] j5 commonly used for the treatment of
cancer
+ High water solubility: (1840 g/L for Nal and
81 g/It for Nal@z) facilitates contamination of
the agueous waster stream) and likely: passage
through wastewater treatment
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Why Are We Concerned?

Increased growth of nuclear power industry
— Increased reactor operation and burn-up;
— Increased radioactive waste generation

— 1291 js a high inventory nuclear waste product
as fission product

— 1291 is a long-term) risk driver for radioactive =
waste

— Necessity for moenitoring waste sites; fior
mobility: :
Growing concern over clandestine nuclear
activities \{W
. development of “dirty hombs” =
readilys available from medicalffield

Possiblel contamination of drimking wWates with
125/129/131|

hitp:/imedia.independentmail.com/

Safe Drinking Water Act (SDWA)

¢ Sets Maximum
Contaminant Level (MCL)
for beta-emitters at
4 mrem/yr
_ 131
4.98x10-1° pg/L
~2.3 Ba/L and —62 pCi/L

0.0613 pg/L
0.402 Ba/L and
—~11 pCi/L
The DOE regulates to
1 pCi/lt




lodine Chemistry

¢ lodide (I°) tends to dominate in anoxic
waters

¢ lodate (10,) is the more dominant species in
oxygenatedwaters

+ Dissoelved erganic iodine (DOJ) is highly
Variable depending on organic carbon content
— Prone to electrophilic arematic substitution
W/ phenolic and a-methyll carbonyl groups

¢ 10, and DOII (K, onl therorder off 1000 crm=/d)
tend o sonb niere stongly than IF (K, =
decme/Q)

Standard lodine Detection Methods

Source Species Method Detection Range
(Hg/L)
AWWA r Leuco Crystal 50 - 6,000
Violet
I Catalytic Reduction <80
Voltammetry 0.13-10
Differential Pulse 3-130
Polarography

None Given

Most methods are confined to a single matrix (i.e. freshwater,
seawater, blood, urine, etc.)

Sensitive to salts andl organics

Reguires multiple steps including| precipitation and/or
preconcentration methods:

Time-consuming

Quantification ofi multiple species: requires multiple analyses

Scintillating lon Exchange

Heimbuch, 1962
— Synthesized plastic phosphor
beads by a suspension-type
polymerization
POPOP scintillator was added to
monomer solution
Added sulfur-based ion-exchange
sorbent to polymer
Coupled the resin to a PMT to
re sorbed activities of °°Sr,
9Pu, 21%Po, andl **tAm > Off-
line Analysis
Detection efficiencies) between
40— 60%
Noadditionall scintillation: cocktail
(improvement over LSE)
Elexibility, to perform) gross) activity/
Measurements

Environmental Aqueous lodine

Conc.
Species (pa/L) System

<1 Coastal surface seawater

40 deep ocean and freshwater

<3 estuarine and freshwater

60 deep ocean water

ambient SRS|groundwater

SRS gretndwater + wetland
sediment

Non-Standard lodine Detection
Methods

Species Method Detection Range (pg/L)
|7 HPLC 0.3

Capillary Electrophoresis 1.27
HPLC ~0.13
ICP-MS 0.00565

Capillany, Electiophoresis 38.13

HPLC Indirect

On-line Radiochromatography

+ Couple flow-celll scintillation detection with
liguid chrematography.

¢ DeVol et al., 2000
— Used! acrylic and styrenic pelymer beads
infused with PRPOsand DNV-POPOP fluors
— Utilized ABEC; Aliguat-336, and EVA
extractants (Extraction Chromatography)
— Detection of **iic down tor 168! pCi/L (6.2 Ba/L)




On-line Measurements

¢ Advantages
— Seguential elution allows near real-
time activity determination
— Simultaneeus separation,
concentration, and detection with
flow=cell technolegy:
— Abseluter detection effiCIENCIES U to
O5% depending enrresinrand analyite
9 Drawhack

— [Leaching|eifextiiacianis/s scinullator
OVEI HImE

Single-Step Process

Heimbuch, Off-line

Aqueous lodine

G

DeVol et al., On-line .
Detection

Objectives

Identify an anion exchange
group selective for iodate
Synthesize hemogeneous
scintillating exchange resin
Utilize resiniin an on-line
flow=cell scintillation
detection) system
Characterize resin in; terms
ofi capacity),, kinetics, on-line =
loading efificiency, detection
efficiencys, andinterferences

On-Line Measurements
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Figures Taken from Seliman, 2009

Incorporation of Scintillation and
Anion Exchange

+ Principle

— Agueous radioactive iodate is preferentially:
removed by modified resin

— Incorporation ofi organic fluor into resin

— Promotes; higher probability, of interaction
relative to NeterogeNoUS resins

— Increased detection efficiency/
— Ofif=lineror On-line measurements
» COMpPeNERts
— Inext polymeric support material
— Inert oroanicHluerdifftiSedntorpolyme);
— Initsediigudianonrexchiange group:

1. Anion Exchange Group

& Previous studies by Seliman et al. (2010)
identified N-methyldi-n-octylamine (MDOA)
and triethylamine (TEA) as efficient
exchange groups, for pertechnetate (TcO,),

¢ Preliminany tests; shiowed MDOA was) an
effiective groupsfor iodate  renmoveal

Oct

Oct




2. Scintillating Exchange Resin 3. On-line Flow-cell Scintillation
Fabrication Detection System

+ Utilized —
chleromethyl

polystyrene resin
as a pelymeric Resin Column

support
¢ Infused resin with
2= (@-naphthyl)=5=
phenyloxazole (o=
NP@) seintillator:
9 Aminatedresin
With VDOA

Flow-cell I Flow-cell

Radio-HPLC Detector

Peristaltic pump

Multi-Channel Spectra Pulse Height Spectra

Loading I-131
Loading Gr. H,0

2000 3000
Channel

—e—1-131 —=— Background

4. Resin Characterization Summary Results

¢ Run batch and on-line flow-cell + Typical Loading| &: —90%
experiments to characterize resin: » Typical Detection &: —50%6

+» Analyses » Typical Uptake Kinetics: < 2 min
— Loading efiiciency ¢ Capacity: >7.5 meq 105/g
— Detection efficiency, s VIDC: 0.4 B/l
—Cgpa?ity — Volume: 195 ml
— KIREetcs — Count Time: 8.25 hr:

= Interferences ¢ Interfenencess NOs- and SO)72 at 50-100x
ambienitlevels




Moving Forward

o Tasks

— ldentification ofi iodine-selective ligand

— Resin characterization (capacity,
kinetics, pore velume, surface anea,
packed bed density, Interferences, ete.)

— Elow-celll optimization EXpEriments

— Collection andlanalysis off agueeUS
envienmental samples
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