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Abstract A non-destructive, in situ current normalized
particle induced gamma-ray emission methodology has been
standardized for quantification of fluorine (F) in soil samples
from Punjab state, India. The samples were irradiated using
4 MeV proton beam from the Folded Tandem Ion Accelerator
at BARC, Mumbai. The gamma rays of energies 197 and
478 keV arising from '°F(p, p'y)'°F and "Li(p, p'y)’Li nuclear
reactions were measured using high resolution gamma-ray
spectrometry. The concentration of fluorine in soil samples

was found to vary between 414 and 5,746 mg kg~'.
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Introduction

Itis a well-established fact that long exposure to fluoride could
be harmful to bones and teeth. It has been estimated that in
India close to 62 million people are affected by water con-
taminated with fluoride. Rajni Sharma [1] has reported that
the concentration of fluoride in drinking water from Amritsar,
Bhatinda, Faridkot, Fatehgarh Sahib, Firozepur, Gurdaspur,
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Mansa, Moga, Muktsar, Patiala and Sangrur Districts of
Punjab, a state located in the north western part of India
between 29.5°N and 32.5°N latitude and between 73.8°E and
76.9°E longitude, is higher than the permissible level of
1.5 mg kg~ recommended by World Health Organization
[2]. Figure 1 shows the district wise map of Punjab State. The
main sources of fluoride are minerals like fluorite, fluorapatite
and cryolite [3] which are present deep in earth’s crust.
Fluorine is also known to be present in significant amount in
products of coal combustion besides pesticides and fertilizer
[4]. Punjab being the foremost Indian State in agriculture
production during the green revolution has been a site for
indiscriminate application of pesticides and fertilizers in its
soil. Therefore, it should not be surprising if soil itself could be
an important source leading to the contamination of drinking
water by fluoride. Rajbir Kaur et al. [5] have reported the
concentration of fluorine in soil samples collected from
locations in and around Chandigarh the capital city of Punjab
State which so far seems to have not been affected by fluoride
contaminated water. Fluorine concentration in soil is nor-
mally determined by chemical separation followed by fluo-
ride detection employing techniques like colorimetry,
spectrophotometry or ion selective electrodes [6—8]. Saha and
Kundu [9] have demonstrated that fluorine in soil can also be
measured using ion chromatography. These techniques are
however prone to under estimation of the actual value in the
case of 100 % chemical recovery being not attained.

In the present work, nuclear analytical technique namely
particle induced gamma ray emission (PIGE) has been used
which is independent of chemical recovery factor. PIGE is
sensitive technique for low Zelements (Z < 17) especially for
lithium and fluorine [10, 11]. It finds applications in many
fields including pharmaceuticals [11], glass [12], teeth [13,
14], aerosols [15] and geological and environmental reference
materials [16, 17]. This makes it complementary to techniques
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Fig. 1 Districts of Punjab State from where samples were collected

like particle induced X-ray emission (PIXE), X-ray fluores-
cence (XRF) and neutron activation analysis (NAA). PIGE
involves measurement of prompt gamma-rays emitted from
the nuclear reactions and inelastic scattering when energetic
charged particle beam falls on the target.

PIGE is an accelerator based online technique which
involves measurement of prompt gamma-rays. Accelerator
based experiments may be associated with variation in the beam
current during the irradiation. Therefore beam current nor-
malization is an important aspect in PIGE. The normalization
can be done either by measuring the beam current directly from
conducting target or by making use of Rutherford backscat-
tering spectrometry (RBS) [18] or from the target (powdered
sample) mixed with graphite if target is nonconducting.

In the present work, soil samples collected from sites
located in different districts of Punjab were investigated for
their fluorine content. For the determination of F in soil, we
have standardized an in situ PIGE methodology for non-
destructive determination of F in soil samples using 4 MeV
proton beam from the Folded Tandem Ion Accelerator
(FOTIA) located at BARC in Mumbai, India. Li was used
as in situ current normalizer [19]. In situ current normalizer
is the element which has high sensitivity towards PIGE and
it should not be present in the sample of interest.

Experimental

Soil samples were collected from different locations of
Punjab, where fluoride contamination in ground water has
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been reported previously. The samples were collected at a
depth ranging 5-30 cm by using normal auger method. The
samples were dried below 60 °C for 12 h. For determina-
tion of F, in soil samples, in situ current normalized PIGE
methodology was adopted [19]. Fluorine standards were
prepared by mixing homogenously varying amount of CaF,
(30-50 mg) and constant amount of Li;CO3 (~20 mg) in
cellulose matrix. Soil samples were prepared by homoge-
neously mixing soil samples (~300 mg) with constant
amount Li,CO3 (~20 mg) in cellulose matrix. For vali-
dating the method, standard reference material from NIST
(1645a) was analyzed for F content.

The target pellets were irradiated, under high vacuum
(107° torr) conditions, with 4 MeV proton beam (beam
current 5—10 nA) from the FOTIA at BARC. The time of
target irradiation was kept 10-60 min depending on the F
concentration in the targets. The prompt gamma-rays of
197 and 478 keV from "“F(p, p'y)'°F and "Li(p, p'y)’Li
nuclear reactions were measured using 30 % HPGe
detector coupled with PC based 8 k multi-channel analyzer
(MCA). The detector was kept in a direction placed per-
pendicular to the beam axis at a distance of 5 cm from the
target ladder. This helps in minimizing the Doppler
broadening of gamma-rays. The gamma-ray spectra of
samples were analyzed using pulse height analysis software
(PHAST) [20].

Calculations

Lithium normalized sensitivity of fluorine (Sg) was used for
determination of F in the soil samples which was calculated
using the following relation:

_ (CPS)e
SF - mg X SLi (1)
where (CPS)g is the count rate of 197 keV gamma-ray of F,
my is the concentration of F in mg kg™" in the pellet and
Sii, the sensitivity of Li obtained using following relation:

S = (CPS')Li (2)
myi

where (CPS)y; is the count rate of 478 keV gamma-ray of
Li, and my; is the concentration of Li in mg kg~' in the
pellet. The concentration of F in soil samples was deter-
mined using the sensitivity of F obtained from the Eq. 1.
For normalizing the effect of beam current fluctuations an
in situ current normalizing element (Li) was added in
constant amount to every target. The count rate of gamma-
line of interest (197 keV for F) are normalized by the count
rate of gamma-ray from in situ element (478 keV Li)
counts.
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Fig. 2 Particle induced gamma-ray emission spectrum of one of the
soil samples

Table 1 Concentration (mg kg~") of fluorine in soils from different
locations in Punjab

Sample. no.  Place District Concentration
(mg kg™
1 Valtoha Tarn Taran 1,440 4+ 22
2 Nathawa Bathinda 1,348 + 21
3 Talwandi Sabo Bathinda 5,746 + 77
4 Fatehgarh Sahib  Fatehgarh Sahib 1,398 £ 21
5 Kotkapura Faridkot 952 + 14
6 Guruhar Sahai Fazilka 689 + 11
7 Jhunir Mansa 719 £ 13
8 Nabha Patiala 414 £+ 06
9 Banga SBS Nagar 1,680 £ 23
10 Jagraon Ludhiana 676 + 08
11 Phillaur Jalandhar 816 £ 11
12 Mayjri Mohali 755 + 16

Results and discussion

Figure 2 shows the gamma-ray spectrum of a representa-
tive soil sample. The gamma lines of interest namely
197 keV from '°F and 478 keV from "Li can be distinctly
observed. In the present work, Li normalized sensitivity of
F was used to determine the concentration of F in soil
samples collected from different districts of Punjab. For
method validation one of the NIST SRMs, 1645a, was
analyzed for F. The F concentration obtained in this SRM
was found to be in good agreement with that of the
expected value of the F with an uncertainty of 2.0 %. The
results of F concentrations in various soil samples are
presented in Table 1 which in addition shows the name of
the locations and the names of the district in which they are

located. The uncertainties in F concentrations results are
the propagated one and they are due to the sample and
standard masses (0.1-0.5 %), counting statistic and peak
fitting errors (0.5-2.0 %). It can be observed that the
concentration of fluorine in the locations studied ranged
between 414 and 5,746 mg kg~'. The minimum was
observed in the sample from Patiala District and the
maximum in the sample from Bathinda District. The mean
fluorine concentration was obtained as
1,398 & 94 mg kg~'. The data obtained in the present
work were compared with that obtained by Kaur et al. [5].
The aforementioned researchers have shown that the min-
imum and maximum concentration of fluorine in soil where
fluoride contamination in ground water has so far not been
observed ranged between 275 and 869 mg kg™' with a
mean of 522 4 58 mg kg~ '. Therefore it can be stated that
the mean fluorine concentration of soil from region affec-
ted by elevated level of fluoride in its ground water is
nearly three times more than that observed from the region
which is unaffected by fluoride contamination of its ground
water.

Conclusion

The concentration of fluorine in soil in region affected by
fluoride contaminated water is significantly high. It can be
further stated that the nuclear analytical technique PIGE
with an in situ current normalization approach, could be
successfully used for such type of studies. It would be
interesting to carry out further work in this direction to
make more concrete studies as the body of data is still
scanty.
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