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FLUORIDE ACCUMULATION IN PADDY (ORYZA SATIVA) IRRIGATED
WITH FLUORIDE-CONTAMINATED GROUNDWATER IN AN ENDEMIC
AREA OF THE BIRBHUM DISTRICT, WEST BENGAL

Srimanta Gupta,? Sudipta Banerjee?®
Burdwan, India

SUMMARY: Substantial accumulation of fluoride (F) was observed in different parts
of paddy (rice, Oryza sativa) irrigated with F-contaminated groundwater (0.62—-4.06
mg/L) grown in soil containing 1.45-3.80 mg water-extractable (Fu,0) and 140-144 mg
total (Frora) F/kg dry wt. Statistically significant correlations (p<0.05 and 0.01) were
found in the irrigation water between F, TH, Mgz", and Na*. The mean Fu,0 and FrotaL
accumulation (mg/kg dry wt) in paddy decreased in the order: root (Fx,o 6.28, FrotaL
80.83) > leaf (Fu,0 5.88, FrotaL 50.30) > stem (Fn,0 3.26, FrotaL 19.57) > seeds (Fu,0 2.88,
Frota. 12.31). The transfer factor (TF) with respect to water-extractable soil F and in
different parts of paddy also showed a high translocation pattern similar to the
accumulation pattern.

Keywords: Birbhum District, West Bengal; F-contaminated irrigation water; Fluoride
accumulation in paddy; Rice (Oryza sativa); Soil fluoride; Transfer factor.

INTRODUCTION

Elevated concentrations of fluoride (F) in groundwater are responsible for
serious health problem in various parts of the world.!* Several states in India have
alarming levels of F in many of their groundwaters.>® Although most F
accumulation in the human body occurs through F-contaminated drinking water,
substantial amounts of F can also be ingested through crops and Vegetables9
cultivated with F-contaminated irrigation water. 10 1n West Bengal, one of the most
affected areas is the Birbhum District,® where F-contaminated groundwater is used
as the major source of irrigation water for cultivation of paddy (rice, Oryza
sativa).lo

Recently, we reported laboratory studies on F accumulation in paddy,10 but
field-based accumulation has not been reported from the Birbhum study area. The
objective of the present research was the assessment of such accumulation in
paddy in a field irrigated with F-contaminated water.

MATERIALS AND METHODS

Study area location: The study area lies between 24° 06' 07.5"(N) latitude and
87° 46' 54.7"(E) longitude in the Rampurhat block of the Birbhum district, West
Bengal. In this area paddy seedlings were planted in the last week of February and
the first week of March 2009, and the crop was harvested during the third week of
May 2009. A paddy field of 1200 m? was selected for the present research work.
Irrigation water samples were collected for analysis after the seedlings were
planted. Representative soil and mature paddy samples were collected at harvest
time and analyzed during the first week of June 2009.

8For correspondence: Dr S Gupta, Lecturer, Department of Environmental Science, Baldwin
University, Burdwan, West Bengal, India. E-Mail:srimantagupta@yahoo.co.in
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Methodology: For the irrigation water geochemistry, most of the parameters,
viz., pH, EC, TDS, TH (total hardness), TA (total alkalinity), Ca’", Mg2+, Na,
and K', CI', and SiO, were analyzed by standard methods.!! The water-
extractable F (FH,0) in soil was determined by water-extractable (1:1) method!?
and by calcium chloride extractable (Fcaci,) (16 g soil: 50 mL of 0.01 M CacCl,
solution) method.'3 Whereas Fi,0 for the plant samples was estimated by calcium
sulphate extraction method (10 g air-dried plant sample added to 0.1 g CaSO, in
200 mL of deionized water). These extractions were followed by analyses with an
ion-selective electrode (Orion), which was also used for F analysis of the irrigation
water. The total F (Frorar) in soil and plant samples was determined by using alkali
fusion-lon selective technique.15 The soil and paddy samples were dried, blended
separately, and analyzed as explained above.

Statistical analysis: The Pearson correlation among F and other ions in irrigation
water was calculated by using the following formula:

X

Y Ly =X -Y)
(n—1)S,S,

Where X and Y are two variables, with means X and Y, respectively, with
standard deviations Sy and Sy. The significance of the observed correlation co-
efficient (r) was tested by using student t-test. The SE of r was computed as:

where (n-2) represents the degree of freedom (two-tailed)

Transfer Factor (TF): Like heavy metal translocation from soil to plant parts, the
translocation of F was also calculated to determine the relative uptake of Fyyp by
the plants with respect to soil:'®

TF Concentration of HoO-extractable F in plant body at contaminated site

Concentration of H,O-extractable F in soil at that site

RESULTS AND DISCUSSION

F content in irrigation water: F concentrations in the irrigated water varied from
0.6 to 4.06 mg/L (Tablel). F has a significant (p<.05 and p<.01) negative
correlation with Mg2+ and TH, respectively, whereas a significant (p<.01) positive
correlation is found with Na* (Table 2). This observation is very similar to our
earlier observations.®

Table 1. Irrigation water geochemistry (values are expressed in mg/L except pH and EC

SINo. pH EC TDS TH TA ca* Mg Na* K* cr Sio > F-
1 91 610 397 32.00 4800 24.00 195 4640 110 12996  14.45 0.73
2 9 330 215 27.20 2400  9.60 429 2760 1.30 49.98 19.43 0.62

3 9.1 480 312 16.00 40.00 9.60 156 6890 1.20 69.98 14.74 4.06
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Table 2. Correlation coefficients along with t-test

Correlation
between r SE of r Calculated t Table t.05/.01 Level of significance
F & pH 0.53 0.28 1.88 2.262/3.250 not significant
F & EC 0.07 0.33 0.21 2.262/3.251 not significant
F & TDS 0.07 0.33 0.21 2.262/3.252 not significant
F &TH -0.95 0.10 -9.13 2.262/3.253 significant p<.01
F & Ca” -0.47 0.29 -1.60 2.262/3.254 not significant
F & Mg* -0.63 0.26 -2.43 2.262/3.255 significant p<.05
F &TA 0.22 0.33 0.68 2.262/3.256 not significant
F&CI -0.25 0.32 -0.77 2.262/3.257 not significant
F & Si0s” —0.48 0.29 -1.64 2.262/3.258 not significant
F &Na" 0.90 0.15 6.19 2.262/3.259 significant p<.01
F&K' -0.03 0.33 -0.09 2.262/3.260 not significant

F content in irrigated soil: As seen in Table 3, Fn,0 and Fcaci,varied between
1.45 and 3.80 mg/kg (mean 2.63) and between 0.85 and 6.75 mg/kg (mean 3.8),
respectively. In this study Fcacl, is higher than the (1:1) Fu,0, in agreement with
earlier research showing that a solution of CaCl, is generally more efficient than
water in extracting fluoride from s0il.!” On the other hand, FroraL varied between
140 and 144 mg/kg (mean 142), suggesting a significant contribution towards its
accumulation in paddy from all these sources.

F level in paddy: A substantial accumulation of both Fx,0 and Frora. were found
throughout the plant body, viz., root, stem, leaf, and seeds (Table 3). Maximum
accumulation of F (mg/kg dry wt.) occurred in the root (mean FH,0 6.28 and mean
Frorar 80.83), followed by the leaf (5.88 and 50.30), stem (3.26 and 19.57) and
seeds (2.88 and 12.31). The translocation of F ion from soil to plant parts (transfer
factor, TF) was calculated to determine the relative uptake of FH,0 ion by the
plants with respect to presence of F in soil solution. The ratio of F concentration
between soil and plant parts (TF) is an important criterion for the contamination
assessment of soils with a high level of ionic F. The ratio “>1” means hyper
accumulation of F in plant parts than soil. In the study area, with respect to FH,0 in
soil and all the paddy parts (i.e. root, stem, leaf, and seeds) the ratio was >1,
suggesting hyper accumulation of F in the sequence: TFroor (2.38) >TFrear (2.35)
>TFsrem (1.23) >TFseeps (1.10). A similar trend was also seen in the F,cy, in the
sequence: TFroor (1.65) >TFurear (1.55) >TFstem (0.86) >TFseens (0.76).

Table 3. F content (ranges and means +SD) in irrigated soil and paddy plant samples (mg/kg dry wt)

Irrigated soil Plant materials Fro0 FroTtaL

Fh,0: 1.45-3.80 (2.631.66) Paddy root 6.27-6.29 (6.28+0.01) 79.00-82.66 (80.83+2.6)
FcaCl,: 0.85-6.75 (3.8+4.17) Paddy leaf 5.80-5.90 (5.88+0.04) 52.00-48.60 (50.30+2.40)
FTOTAL: 140-144 (142+2.82) Paddy stem 3.24-3.27 (3.2630.01) 18.75-20.39 (19.57+1.15)

Paddy seeds 2.80 —2.92 (2.88£0.04) 11.86-12.76 (12.31£0.64)
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