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Determination of concentration of iodine in grass and cow milk
by NAA methods using reactor neutrons
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Abstract Instrumental and preconcentration methods of
neutron activation analysis (NAA) have been standardized
for the determination of concentration of iodine in grass
and cow milk samples, respectively. To study the transfer
of iodine from grass to milk, known quantity of grass
spiked with potassium iodide solution was fed to a cow.
The spiked grass samples and milk samples, obtained from
the cow after the ingestion of spiked grass, were collected.
Iodine was separated from the milk samples chemically
using Dowex 1X8 anion exchange resin. Spiked grass and
ion exchange resin samples were neutron irradiated and
radioactive assay was carried out using a 45 % relative
efficiency HPGe detector coupled to an 8k channel ana-
lyzer. Iodine concentrations in spiked grass samples were
found to be in the range of 1,487-2,002 mg kg~'. Con-
centration of iodine in milk after 12 h of feeding the cow
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with spiked grass was 871 & 56 ug L™' which was
reduced to 334 + 32 pg L™" after 48 h.
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Introduction

The operation of nuclear reactors results in low level
radioactive effluents. These effluents are treated adequately
and then released to the environment in a controlled
manner, under strict compliance of discharge criteria set by
IAEA [1]. Among many fission products, radioiodine (**'I;
8.02d) is one of the radionuclides likely to get released into
the atmosphere in case of a reactor accident, though
chances of such an accident are very remote due to strin-
gent engineering safety features [2, 3]. During the short
initial phase of release of radioactivity, '>'I is rapidly
transferred to milk through grass — cow — cow milk
pathway, leading to significant radiation dose to thyroid for
those consuming milk, especially infant and children [4].
Same pathway is considered for impact assessment due to
radio-iodine with regulated normal release. Transfer factors
are important for quick evaluation of environmental con-
tamination, during both normal and abnormal operational
phases of a nuclear facility. These factors play an important
role in modeling and understanding the migration of ra-
dionuclides through various environmental compartments.
Transfer factor of iodine from grass to milk is defined as
the ratio of iodine concentration (nCi L™") in milk obtained
at equilibrium for a constant rate of intake of iodine
(nCi d_l) [5]. It is reported that the intake to milk transfer
coefficient for cow does not seem to depend on the
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chemical form of '*'I however physical form of '*'I may
influence the transfer coefficient [5].

Iodine is an important trace element for human beings as
it is required for normal thyroid functioning. Deficiency or
excess intake of iodine leads to disorders commonly refer-
red to as iodine disorders. Therefore, accurate data of total
iodine concentrations in food and food products including
milk are of considerable scientific interest [6]. Determina-
tion of concentrations of iodine species as well as total
iodine has been carried out using wet-chemical analytical
techniques like spectrophotometry [7], gas chromatogra-
phy-mass spectrometry (GCMS) [8], ion chromatography
[9], high performance liquid chromatography (HPLC) [10]
and inductively coupled plasma-mass spectrometry (ICP-
MS) [11]. Since iodine is a volatile element, analysis of
sample without sample dissolution is preferred. In this
respect, neutron activation analysis (NAA) using reactor
neutrons is one of the best techniques for iodine determi-
nation due to its favorable nuclear properties that result in
high sensitivity, and thus its applicability for trace elements
[12, 13]. Here, total iodine is determined by measuring
radioactivity due to 1281 (25 min, 442.9 keV), which is the
activation product of '?’I. Epithermal neutron activation
analysis has also been applied for the determination of very
low concentrations of iodine in biological materials con-
taining high levels of Al, Br, Cl, K, Mn, and Na [14]. NAA
hyphenated with chemical separation methods has been
used for iodine determination [6, 15, 16]. Low concentra-
tions of iodine can be determined by preconcentration NAA
(PNAA), in which matrix effect on the iodine determination
is minimized [15].

During the present work, NAA methods have been
standardized involving neutron irradiation in pneumatic
carrier facility (PCF) to determine iodine concentrations in
grass and cow milk matrices.

Experimental

For the current work, a small area of the experimental grass
field was identified and grass samples were collected from
the field for analysis. Simulated experiments were carried out
by spraying known concentration of potassium iodide solu-
tion to the grass in small increments for about a week. The
grass was then cut and known amount of the same was fed to
a cow. Milk samples from the cow were collected in regular
intervals (before and after the ingestion of spiked grass with
stable iodine). Iodine was separated from milk samples
chemically using ion exchange resin as described below. The
spiked grass samples were air dried, powdered, homoge-
nized, and subjected to instrumental NAA (INAA). The
iodine ingestion to the cow was within the safe limit for cow
as reported in the literature [17, 18].
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Preconcentration NAA for iodine in milk samples

Total iodine present in the milk was separated employing
chemical separation technique reported by Ravi et al. [19].
100 mL of milk samples were taken in beakers and kept in
ice bath. 30 mL of saturated trichloro acetic acid solution
was added to each sample and then filtered. To the filtrates,
200 mg of freshly prepared Dowex (1X8) ion exchange
resin was added and stirred well for about 2-3 h using
shaker. The resin was then filtered off, washed, and air
dried. The dried resin samples were weighed and subjected
to NAA. Chemical recovery of iodine by this method was
ascertained by repeating the procedure using known
amount of potassium iodide solution of known concentra-
tion (1 mL of 1,000 mg L~ ! iodine).

Sample preparation and irradiation

Samples of grass and ion exchange resins in the mass range
of 50-200 mg were sealed in clean polyethylene sheets.
The iodine standards were prepared using AR grade
potassium iodide. Aliquots of the standards were trans-
ferred using accurately weighed (about 50-200 mg) solu-
tions onto the filter paper discs/resin beads in polyethylene
packets and air dried. Reference materials (SRM 1572) in
the range of 50-100 mg were also packed for quality
control purpose. The samples along with standards were
irradiated at PCF of CIRUS reactor, Trombay, Mumbai for
1-5 min. The thermal equivalent neutron flux at PCF of
CIRUS reactor is about 10'* cm™2s~'. Radioactivity
measurement was done during the decay period of
15-60 min. Samples were counted in live-time mode using
a 45 % relative efficiency high purity germanium (HPGe)
detector coupled to an 8k-channel analyzer. The detector
resolution was 1.9 keV at 1,332 keV of %0Co. Peak area
under 442.9 keV photo peak of '**I was determined by in-
built software of APTEC MCA card.

Calculations

Relative method of NAA was used for determination of
concentration of iodine in samples. In this method, mass of
an element () of interest (in the present work, iodine) was
obtained using the relation

mg = Mgg X (As X Dstd)/(Astd X Ds) (1)

where A is the count rate for sample (s) and standard (std),
D (=e_m) is the decay factor, A is decay constant and 74 is
decay time. The mass values obtained are converted to
concentration (mg kg~') by dividing with the sample
mass.
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Results and discussion

The determined concentration of iodine by INAA in SRM
1572 was found to be 1.91 £ 0.12 mg kg™~ ' with respect to
the certified value of 1.84 & 0.03 mg kg~ ' (Table 1). The
determined concentrations were arrived from analysis of
four replicate samples. The percentage of error is 3.8 %
with respect to the certified value and the U-score at 95 %
confidence level is 0.3 reflecting the accuracy of
measurement.

The detection limits (Lp) were calculated using Currie’s
formula [20] as given in Eq. (2).

Lp = (271 +3.29/Cp)/(tm X S x W) (2)

where C, is the background counts under the peak of
sample spectrum, t,, is the measurement time, S is the
sensitivity of the element of interest in count rate per pg
and W is the sample mass (g). The absolute detection limits
for total iodine in grass was found to be 0.1 pg which
corresponds to the detection limit of 0.6 mg kg™ in grass
by INAA. After chemical separation of iodine on resin
from 100 mL of milk sample, the absolute detection limit
of 0.1 pg was achieved by PNAA method which corre-
spond to a detection limit of iodine in milk as 1 ug L.
The detection limit in NAA is affected by Compton
background under the peak. In the case of solid grass
samples, Compton background is mainly due to gamma
rays of *°Mn whereas in the case of milk sample, the
background is due to gamma rays of **Cl (37 min) and
80Br (18 min), activation products of elements/impurities
present in the resin.

Figure 1 shows a typical gamma ray spectrum of a
neutron irradiated spiked grass sample by INAA
(ti = 5 min, t4 = 15 min, ¢,, = 500 s) and Fig. 2 shows a
typical gamma ray spectrum of a neutron irradiated resin
sample after separation from milk using PNAA
(t; = 5 min, 7y = 15 min, t,, = 500 s).

The results of iodine concentration in iodide spiked
grass samples and milk samples are presented in Tables 1
and 2, respectively. Iodine concentration was found to be
below detection limit (<0.6 mg kg™') in control grass
(without spiking) sample. In the present study, grass to cow

Table 1 Total iodine concentrations in grass samples (N = 4) by
INAA

Concentration
(mg kg~ dry weight basis)

Type of sample

1,487 £ 78
2,002 £+ 116
1.91 £0.12 (1.84 £ 0.03)

Spiked grass-1
Spiked grass-2
NIST SRM1572 (citrus leaves)

Concentration value in bracket is the certified value of iodine con-
centration in SRM 1572
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Fig. 1 Typical gamma ray spectrum of a neutron irradiated spiked
grass sample by INAA (; = 5 min, ty = 15 min, ¢, = 500 s)
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Fig. 2 Typical gamma ray spectrum of a neutron irradiated resin
sample after separation from milk using PNAA (# = 5 min,
tq = 15 min, #,, = 500 s)

transfer factors determined are comparable with IAEA
values [21]. From Table 2, it is observed that concentration
of iodine in milk after 12 h of feeding the cow with spiked
grass was 871 + 56 pg L' which was reduced to
334 + 32 pg L' after 48 h. It was also observed that
iodine concentration was maximum after 12 h of intake of
spiked grass by the cow. Similar observations were
reported by National Cancer Institute during their experi-
mental study on transfer of '*'I from deposition on the
ground to fresh cow’s milk to assess the dose received by
pubic following Nevada atmospheric bomb test [5]. The
study clearly demonstrated the capability of NAA methods
for the determination of iodine in milk and grass samples
using high flux pneumatic carrier neutron irradiation
facility. Further study is being carried out for finding
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Table 2 Total iodine

concentrations in cow milk Type of sample Amount of Concejlltration Remark
(N = 3) samples by sample (mL) (g L)
preconcentration-NAA method  nfipy 1 (control) 100 29403 Fresh milk with out intake
of iodide spiked grass.
Milk-2 100 871 £ 56 Samples collected at various intervals
Milk-3 100 503 + 40 starting from 12 h after the intake
Milk-4 100 472 + 34 of iodide spiked grass.
Milk-5 100 334 £+ 32

transfer factor of iodine from grass to cow mik with
equilibrium environmental conditions.

Conclusions

Two methods of NAA have been optimized for total iodine
concentration determination in grass and cow milk. The
absolute detection limits achieved by both INAA (grass)
and PNAA (milk) methods are 0.1 pg. Use of high flux
neutron irradiation at PCF of CIRUS reactor improved the
detection limit. The iodine concentration obtained in the
milk will be useful for transfer factor studies.
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