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Among the radioactive wastes generated from the nuclear power plant, a radioactive nuclide such as 129I is classified as a
difficult-to-measure (DTM) nuclide, owing to its low specific activity. Therefore, the establishment of an analytical procedure,
including a chemical separation for 129I as a representative DTM, becomes essential.
In this report, the adsorption and recovery rate were measured by adding 125I as a radio-isotopic tracer (t1/2 = 60.14 d) to the
simulation sample, in order to measure the activity concentration of 129I in a pressurized-water reactor primary coolant. The
optimum condition for the maximum recovery yield of iodine on the anion exchange resins (AG1 x2, 50-100 mesh, Cl- form)
was found to be at pH 7.
In this report, the effect of the boron content in a pressurized-water reactor primary coolant on the separation process of 129I
was examined, as was the effect of 3H on the measurement of the activity of iodine. As a result, no influence of the boron
content and of the simultaneous 3H presence was found with activity concentrations of 3H lower than 50 Bq/mL, and with a
boron concentration of less than 2,000 µg/mL.
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1. INTRODUCTION
There is a growing consensus that the regulation of
nuclear waste management of alpha or beta decay nuclides
such as 129I has to be emphasized, and that a selection
basis has to be made in terms of a disposal program of
nuclear waste generated from a nuclear power plant and
other nuclear facilities [1].
Recently, in Korea, an analytical method development
for alpha and beta emitters has been conducted with regard
to the regulation of transportation or the disposal of nuclear
waste generated from nuclear power plants. One of these
critical nuclides is 129I, which is produced by nuclear fission
in nuclear reactors, and has a long half-life (t1/2=1.57
107y) [2]. The importance of the control of this nuclide has
been recognized, owing to its radio-ecological effect [3,4].
129
I, however, is difficult to measure directly with a
beta counter due to its very low specific activity of (6.4
Bq/µg) [5].
Generally, concentration of difficult-to-measure (DTM)
radionuclides, such as 129I, contained in nuclear wastes
generated from nuclear power plants can be predicted
from the scaled factor (129I/137Cs, 129I/60Co) by measuring
the radionuclide instead, such as 60Co, 137Cs which are
relatively easier to measure.
Therefore, the activity of 129I has to be measured accurately in order to calculate the scaling factor (radioactivity
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ratio of 129I and 137Cs) in relation to the activity of the standard nuclide. The latter will then be used as described
above. However, the radioactivity ratio of 129I to 137Cs varies
widely, owing to many different classes of radioactive
waste forms generated from nuclear power plants. Consequently, it can be concluded that a trustworthy chemical
analysis is required to determine the characteristic scaling
factors for each plant [7,8].
Iodine is volatile and it can be easily lost during the
solvation or recovery process, since the oxidation process
of I2 to IO3- is slower that the production reaction of I2
from an I- solution. D. Geithoff et al. [9] reported the
iodine behavior in the nitric acid matrix and suggested a
fast oxidation procedure of iodine into IO3- with nitrosylchloride produced from the mixture of nitric and hydrochloric acids. L. C. Bate et al. [10] showed the oxidation
reaction of I2 into IO3- with NaClO in an alkali matrix.
H. Kamioki et al. [11] reported the separation process
of iodine from a 99Mo solution by collecting an I2 with 2 M
NaOH after the oxidation process of I- to I2 using hydroperoxide in a 3 M Sulfuric acid matrix.
Katagir and Narita [12] put the environmental sample
containing iodine into a quartz tube in advance of the
combustion process at high temperature. The volatile
iodine was collected on an activated carbon column and
analyzed quantitatively by eluting it with a 20 % NaOH
solution.
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Xiaolin Hou et al. [13] washed the samples with a
KHSO3 solution of 0.5 M and distilled water to measure
the iodine content in natural water and seawater. I2 and Iwere then separated from the other interfering ions using
an anion exchange resin column (AG1x4, Cl-form).
In this report, the simulated concentrated liquid waste
was prepared for the measurement of the radioactivity of
129
I present in the primary coolant of the pressurized-water
reactor [14,15]. The radioactive iodine tracer (125I, t1/2=
60.14d) was added into the simulated solution, and the
recovery rate was measured to establish its analytical
procedure. In addition, the chemical recovery rate of iodine
during the extraction and stripping process was obtained
to compensate for the final recovery rate loss of the whole
process.
The purpose of this report is to provide a reliable
analytical technique by reducing any possible source of
error or uncertainty in the measurement of 129I in the
primary coolant of a pressurized-water reactor.

2. EXPERIMENTAL
2.1 Reagent and Apparatus
Analytical grade reagents were used for KI and KIO3
(Aldrich Incorporated, 99.9 %). Standard radioactive iodine
(NaI/0.1 M Na2S2O3, 10 105 Bq/mL, made by U.K) and
125
I were used as a tracer for the verification of the recovery
rate for iodine. The anion exchange resins (AG 1x2, 50100 mesh, Cl- form, Bio rad co.) were used after washing
with distilled water. A low energy photon spectrometry
(LEPS) Ge detector system (model GLP 36,360/13P4,
AMETEC) was used for the measurement of 125I.

2.2 Procedure
2.2.1 Separation Procedure for the Non-radioactive
Iodine
1,000 mg of NH2OH·HCl was added as a reducing
agent into a glass vial (25 mL) containing 50 ug/ mL of
KIO3 to reduce the iodate ion(IO3-) into iodine(I2). The
acidity of the solution was then controlled with nitric
acid to maintain the range of 0~1.6 M. The iodine in the
solution was then extracted into an organic layer (CHCl3)
and transferred into a glass vial. 5 mL of aqueous 0.1N
NaHSO3 was added into the organic solution for further
back-extraction of the iodide (I-). The aqueous layer was
then separated after shaking for 3 minutes, and 1 mL of
the aqueous layer was finally transferred for an ion chromatographic measurement, and the experimental condition
was shown in Table 1.

2.2.2 Measurement Procedure for Iodide using 125I
tracer
297.0 Bq of 125I as a radio-isotopic tracer was added
into 10 mg/ mL of a KIO3 solution in a plastic vial (25 mL).
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Table 1. Ion Chromatographic Conditions for the Analysis of
Iodide
Parameter

Condition of system

Chromatographic system

Dionex series 4500i

Analytical column

Dio4A - SC
(4 x 250mm, 20 ueq/column)

Guard column

Dio4A - SC (4 x 50 mm)

Eluent

0.8 M NaCl

Flow rate

1.0 mL/min

Sample loop

50 ul

Detection wavelength

UV 226 nm

1.6 mL of 5.0 M HNO3 and 1,000 mg of NH2OH·HCl as
a reducing agent were added into the solution, which was
shaken for 2 minute. 10 mL of CHCl3 was then added into
the solution as an organic phase for the solvent extraction.
After shaking for 5 minutes, the organic and aqueous
phases were collected respectively into separate vials. 5 mL
of 0.1 N NaHSO3 was added into the organic layer for
back-extraction for 5 minutes. After back-extraction, the
aqueous layer was collected, and 1 mL of 0.1 M AgNO3
was added to convert the iodide ions into a precipitate
form. The precipitate was left to stand for 5 minutes at
70ºC and centrifuged at 3,000 rpm for 5 minutes. The
precipitate was transferred to a planchet for low energy
photon spectrometry, and the activity was then measured
with a low energy photon spectrometer for 10,000 seconds.

2.2.3 Absorbed Experiment of Iodine According to
the pH Change of the Anionic Resin
10 mL of a sample, 5 mL of a phosphate buffer solution
(pH 7) and 20 mL of distilled water were added into a
plastic beaker containing 5.0 g of the anion exchange resins
(AG 1x2, 50-100 mesh Cl- form). The resin solution was
prepared and allowed to stand for 12 hours to wait for
complete absorption into the resin. Next, 10 mg of KI
were added to the solution, and the resin was transferred
into a plastic column(length=15.0cm, and ϕ=0.8 cm.
20 mL of a 10 % NaClO solution (oxidant) passed
through the column, and the same procedure was repeated
4 times. The eluent was then collected in a vial, 1.0 mL
of 1.0 M HNO3 was added, and finally, the reducing agent
(1000 mg, NH2OH·HCl) was added into the eluent solution.
After the solvent extraction procedure was conducted
with separatory funnel in which 10 mL of CHCl3 contained
was shaken for 3 minutes, the organic phase was separated
and collected in a vial. After adding 10 mL of the 0.1 NNaHSO3 solution into the separated organic phase, the
solution was back-extracted to the aqueous phase. A precipitate formed by 0.1 M AgNO3 in an aqueous phase went
through an aging process for 5 minutes at 70ºC. After the
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centrifuging process, the final sample was now transferred
to a planchet, and dried below 70ºC. Its activity is measured
for 10,000 seconds with a low energy photon spectrometry
system.

3. RESULTS AND DISCUSSION
3.1 Optimum Chemical Conditions for the Separation
and Recovery of Non-radioactive Iodine
The recovery rate of iodine as a function of acidity
(on the variation of pH in the eluent) was measured to
find the optimum chemical conditions for the separation
of non-radiative iodine. The recovery rate of iodine was
measured, while the acidity of the sample was controlled
in the range between 0.0 and 1.6 M.
Fig. 1 shows the results of the optimum concentration
of the acid for the extraction process with an organic
solvent. The concentration range between 0.4 and 1.2 M
provides the highest recovery rate, and the NaClO solution
was used as an eluent to extract the iodine absorbed on the
anionic resin. This may be due to the oxidation of iodide
ions, under the high acidity condition, to non-volatile oxyiodate such as IO3- or IO4-, which are not extracted into
the organic layer.
Fig. 2 shows the analytical results of the effect of the
eluent concentration in the range of 2.0~12.0 % on the
iodide recovery, using a column elution method. As shown,
the concentration range of 8~10.0 % for NaClO was found
to be suitable for the best elution of iodide from the anionic
column.

Fig. 1. Effect of Acidity on the Recovery of Iodide

3.2 Effect of pH on the Adsorption and Separation
of Iodide on the Anion Exchange Resin
To understand the elution process of iodide ions on
the anionic exchange resins (AG 1 x2, 50-100 mesh Clform), the adsorption rate of iodide was measured by
soaking the resin in buffer solutions of pH 4 (phthalate),
pH 7 (phosphate), and pH 10 (carbonate). The buffer
solutions contain 125I as the tracer of the radioactive iodine,
and KI as a carrier of 129I. The I- absorbed on the anionic
exchange resin could be oxidized to the nonvolatile products, such as IO3- or IO4-, by NaClO during the elution
process. The nonvolatile oxidation products are then eluted
easily from the resin (AG 1 x2, 50-100 mesh Cl- form)
owing to their relatively low affinity compared with other
anions such as Cl-, Br- and NO2-, HSO3-, and NO3-. After
adding the NH2OH.HCl and the reduction, the I2 remaining
in the elution solution was extracted by adding organic
solvent (CHCl3) and then back-extracted with NaHSO3 to
an aqueous layer in the form of I- to determine the recovery
rate. The adsorption results of the iodine using three different buffer solutions are shown in Table 2. The recovery
rate found in this study was in the range of 83.9~92.5 %,
which is closely similar to the previous report [15] as well
as the results of adsorption yields at a higher pH than 7.
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Fig. 2. Effect of Concentration of Eluent on the Iodide by
Column Elution Method

Table 2. Adsorption of Iodide on Anion Exchange Resin(1)
Iodide adsorbed(2), (%)
Buffer solution

(1)

F. Verrezen(3)

in this study(4)

pH 4, phthalate

89.8±2.1

83.9±3.2

pH 7, phosphate

95.2±1.9

92.5±2.7

pH 10, carbonate

95.6±2.6

88.6±3.6

-

AG 1 x2, 50-100 mesh Cl form
Adsorption time: 12 hr
(3)
Waste water "Data from F.Verrezen and C. Hurtgen, Appl.
radiat. Isot., Vol.43.No.1/2,pp61-68(1992)"
(4)
1200 µg/mL H3BO3
(2)
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Table 3. Recovery of Iodide on the Extraction with CHCl3 (IO3 → I2)
Amount of 125I
Solvent
Add (Bq)

CHCl3

297.0

Aqueous (Bq)

Recovery (%)

Organic (Bq)

Recovery (%)

28.2

9.5

256.3

86.3

30.3

10.2

254.5

85.7

35.0

11.8

247.4

83.3

25.8

8.7

260.5

87.7

31.2

10.5

250.7

84.2

Ave. 85.4±1.6 (%)

Ave. 10.1±1.0 (%)

Table 4. Recovery of Iodide on the Back Extraction with NaHSO3 (I2 → I-)
Amount of 125I
Solvent

CHCl3

Add (Bq)

Aqueous (Bq)

Recovery (%)

Organic (Bq)

Recovery (%)

256.3

239.6

93.5

13.6

5.3

254.5

234.1

92.0

16.8

6.6

247.4

226.9

91.7

15.1

6.1

260.5

235.2

90.3

19.5

7.5

250.7

238.9

95.3

8.0

3.2

Ave.

92.6±1.7(%)

3.3 Recovery Rate of Iodide by Stage using 125I Tracer
Several stages of the separation process including
oxidation, adsorption, elution, reduction, and extraction,
were required to analyze quantitatively the iodine present
in a concentrated liquid waste sample. Some contents of
the iodine can be lost through various separation processes
of physical or chemical reactions owing to its high volatile
property. In this study, the recovery rate of iodine for each
separation process was measured using a radioactive iodine
isotope tracer (125I) added into the starting sample at the
initial step to compensate for the calculation of the total
recovery rate of iodine.
The results of the radioactivity measurement of 125I after
separating the organic and aqueous phases are indicated
in Table 3. The average values of recovery of 125I in both
the organic and aqueous phases were found to be 85.4±1.6
% and 10.1±1.0 %, respectively.
Table 4 shows the results on the recovery rates of Iin the aqueous phase after adding the 0.1 M NaHSO3 and
stripping the I2 contained in the organic phase. As shown
in Table 4, the iodine of the aqueous layer and organic layer
showed up as 92.6±1.7 %, and 5.7±1.5 %, respectively.
The overall recovery rate was found to be 98.3 %, in which
the loss of 125I (1.7 %) was probably due to its volatility
the back-extraction process.
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5.7±1.5(%)

3.4 Effect of Concentration of Boron in Primary Coolant of Nuclear Power Reactor on the Separation
and Recovery Rate of Iodine
The primary coolant of a nuclear power reactor and
concentrated liquid wastes contain a large amount of boron.
The effect of the concentration of boron on the recovery
rate of the iodine during the separation process was studied.
The concentration range of 0~2,000 µg/mL of boron was
selected to simulate the primary coolant of the pressurizedwater reactor and applied to the anionic exchange resins
(AG 1x2, 50-100 mesh Cl- form). As shown in Table 5,
the average recovery yield of iodine was found to be 87.6
±1.8 % with various concentrations of boron.
As the results of this study show, a boron concentration
of lower than 2,000 µg/mL in the primary coolant did not
induce any problems for iodine recovery or separation.

3.5 Effect of 3H on the Measurement of Iodine
Liquid radioactive waste produced in a nuclear power
plant may contain high activity concentrations of 3H, which
can be several orders of magnitude higher than that of
iodine. Therefore, the effect the simultaneous presence of
a beta emitting nuclide such as 3H, which is not separated
and remains with iodine during the pretreatment procedure
of the sample, has on the measurement of 129I activity was
NUCLEAR ENGINEERING AND TECHNOLOGY, VOL.45 NO.1 FEBRUARY 2013
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Table 5. Analytical Results of 125Iodide in Simulated Primary Coolant by Column Extraction Method with Adsorption of 125I on Anion
Exchange Resin*
Intensity of 125I(Bq)

H3BO3(as a B)
µg/mL

Predicted

Found

Recovery (%)

0

377.5

337.1

89.2

240

377.5

329.6

87.3

480

377.5

333.7

89.4

1000

377.5

321.3

85.1

2000

377.5

327.7

86.8
87.6(1.8)

Ave. (RSD, %)
* AG 1 x2, 50-100 mesh Cl- form, Adsorption time : 12 hr
Table 6. The Interference of 3H in the 129I measurement*
Add 129I

Add 3H

Measured

Recovery
remark

(Bq/mL)

%

4.36

0

3.68

82.4

remove 3H by evaporation

4.36

0

3.52

84.7

no evaporation

0

50

0.04

< 0.1

remove 3H by evaporation

4.36

50

18.60

37.2

no evaporation

4.36

50

3.55

81.4

remove 3H by evaporation

studied. Furthermore, the removal of 3H by evaporation at
temperatures below 70ºC after stripping the iodine form
in the organic phase to an aqueous phase, was investigated.
The activities of 129I before and after removing 3H are
compared in Table 6which shows, the evaporation procedure for 3H, did not lead to any losses of 129I by co-evaporation effects. The comparison of the recovery rate results
of the sample containing 129I indicates that the coexisting
beta emitting nuclides such as 3H can effectively be removed through an evaporation procedure of the aqueous
phase after the striping procedure, thus eliminating interferences in the low energy level spectrometry measurements

pH 7. The effect of boron content in the pressurized-water
reactor primary coolant on the separation process of 129I
was investigated, as was the effect of 3H on the measurement
of iodine activity. The results show no influence of the
boron content, nor of the 3H was found at activity levels
lower than 50 Bq/mL for 3H, and for concentrations of
boron of less than 2,000 µg/mL .

ACKNOWLEDGEMENTS
This work has been performed under the Nuclear R&D
Program by the Ministry of Education and Science.

REFERENCES_______________________________
4. CONCLUSIONS
An analytical procedure and a chemical separation
technique were studied for the quantitative determination
of 129I, which is classified as a difficult-to-measure(DTM)
nuclide. The recovery rate was measured by adding 125I
as an iodine tracer to the simulation sample to measure
the activity concentration of 129I in a pressurized-water
reactor primary coolant. The optimum condition for the
maximum recovery yield of iodine on the anion exchange
resins (AG1 x2, 50-100mesh, Cl- form) was found to be
NUCLEAR ENGINEERING AND TECHNOLOGY, VOL.45 NO.1 FEBRUARY 2013

[ 1 ] Zs. Szanto, Z. Szucs, E. Svingor, M. Molnar, L. Palcsu, I.
Futo, "Determination of 129I in low level radioactive waste
by two differential methods," International conference
Nuclear Energy in Central Europe 2001 Hoteli Bernardin,
Portoroz, Slovenia, September 10-13, 2001.
[ 2 ] R. Seki, E. Kmura, T. Takahashi, N. Ikeda, "Distribution
and behaviour of long-lived radioiodine in soil, "Journal
of Radioanalytical and Nuclear Chemistry, Articles 138,
1, 17-31 (1990).
[ 3 ] J. S. Edmonds and M. Morita, "The determination of iodine
species in environmental and biological samples", Pure &
Appl.Chem., 70. No 8. 1567-1584 (1998).
[ 4 ] H. Inoue, M. Kagoshima, "Removed of 125I from radioactive
65

CHOI et al., Determination of the 129I in Primary Coolant of PWR

experimental waste with an anion exchange paper membrane", Applied Radiation and Isotopes, 52, 1407-1412
(2000).
[ 5 ] L. C. Bate and J. R. Stokely, "Determination of 129I in mixed
fission products by neutron activation analysis", ORNL/
TM-7449 (1980).
[ 6 ] F. Verrezen and C. Hurtgen, "The measurement of Technetium-99 and Iodine-129 in waste water from pressurized
nuclear-power reactor", Appl. Radiat. Isot., 43, 1/2. 61-68
(1992).
[ 7 ] J. H. Chao, C. L. Tseng, C. J. Lee, C. C. Hsia, S. P. Teng,
"Analysis of 129I in radwaste by NAA, "Applied Radiation
and Isotopes, 51, 137-143 (1999).
[ 8 ] J. N. Smith, K. M. Ellis, L. R. Kilius, "129I and 137Cs tracer
measurements in the arctic ocean", Deep-Sea Research I,
45, 959-984 (1998).
[ 9 ] D. Geithoff and V. Schneider, "Prevention of the Volatilization of fission Iodine in the dissolution of UO2 samples,"
NUCLEAR RESEARCH CENTER, KARLSRUHE, KFK
-258 (1964).
[ 10 ] L. C. Bate and J. R. Stokely, " Determination of 129I in

66

mixed fission products by neutron activation analysis",
ORNL/TM-7449 (1980).
[ 11 ] H. Kamioki and K. Hoizumi, "Determination of radioactive
iodine isotopes in the 99Mo produce by distillation," JAERIM 8070 (1979).
[ 12 ] H. Katagiri, O. Narita, A. Yamato, M. Kinoshita," Low
level measurements of 129I in environmental samples",
Journal of radioanalytical and Nuclear Chemistry, 138,
187-192(1990).
[ 13 ] X. Hou, H. Dahlgard, B. Rietz, U. Jacobasen, S. P. Nielsen
and A. Aarkrog, "Determination of chemical species of
iodine in seawater by radiochemical neutron activation
analysis combined with ion-exchange preseparation",
Anal.Chem., 71, 2745-2750 (1999).
[ 14 ] J. Kysela, M. Zmitko, V. A. Yuranov, V. F. Tiapkov,"
Primary coolant chemistry in VVER units", Nuclear Engineering and Design, 160, 185-192 (1996).
[ 15 ] I. Kuleff, S. Zotschev, G. Stefanov, "Determination of the
129
I content of the primary coolant of nuclear power reactors",
Journal of Radioanalytical and Nuclear Chemistry, Articles,
97, 1, 73-79(1986).

NUCLEAR ENGINEERING AND TECHNOLOGY, VOL.45 NO.1 FEBRUARY 2013

