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Abstract

The basic bed rocks of central India are contaminated with fluorite minerals. The overuse of
groundwater for irrigation causes increased mineralization of F- in the groundwater. This conta-
minated groundwater is widely used for drinking and other household purposes. The excess F- is
excreted through urine of animals. In this work, the exposure of contaminated groundwater in
domestic animals of Dongargarh city, Chhattisgarh, India is studied. The symptoms of fluorosis
diseases in the domestic animals i.e. cattle and buffalo are surveyed. The quality and sources of the
contaminants of the groundwater are discussed.
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1. Introduction

Abnormal levels of F~ in the groundwater are common in India due to weathering of the fractured hard rock
pegmatite veins compasing of minerals viz. topaz, fluorite fluorapatite, villuamite, cryolite, ferro magnesium si-
licate, etc. [1]. The F~ contamination of groundwater in several states of the country was reported [2]-[21]. Mil-
lions of people and animals were exposed to excessive amount of F~ through drinking water contaminated from
geogenic and anthropogenic sources, suffering with various types of fluoride diseases [22]-[31]. The goal of this
work is to study F~ contamination of the groundwater and its exposure in domestic animals i.e. cattle and buffalo
of Dongargarh city, India.
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2. Materials and Methods
2.1. Study Area

Dongargarh (21.18842°N and 80.75875°E) is a tourist city in central India with population of 0.1 million inclu-
sive of neighboring villages. The town was settled near majestic mountains. The contaminated groundwater is
widely used for drinking, cooking, washing and agricultural purposes. Four minerals i.e. oligoclase, rectorite,
kaolinite and feldspar have been identified in the studied area. Feldspar is one of the most dominant mineral
constituents of all the above-mentioned rocks, which is highly susceptible to chemical weathering and produces
various types of clay minerals [32].

2.2. Sample Collection

Forty eight groundwater samples were collected from the tube wells of the Dongargarh city from ~100 km?
area in the post monsoon (January) and pre monsoon (May) period, 2014 by using established method, Figure 1
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Figure 1. Representation of sampling locations in Dongargarh area, Chhattisgarh, India.
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[33]. The groundwater sample was stored in 1-L cleaned polyethylene bottle. The physical parameters i.e. pH,
temperature (T), electrical conductivity (EC), dissolved oxygen (DO) and reduction potential (RP) of the water
were analyzed at the spot. The water samples were dispatched to the laboratory and preserved in the deep
freezer.

The first morning urine sample (100 ml) was collected in plastic bottles containing 0.2 g EDTA. Total 40
urine samples of cattle and buffalo were collected in January, 2014. They were shipped to the laboratory in in-
sulated container at about 4°C and refrigerated at —20°C until use.

2.3. Analysis

The total dissolved solid (TDS) value was determined by evaporation of the filtered water sample (through glass
fiber filter) by drying at constant weight. The total hardness (TH) and total alkalinity (TA) values were analyzed
by titration methods [34]. The F~ content was analyzed by using Metrohm ion meter-781 in the presence of 1:1
total ion strength adjustment buffer (TISAB). The buffer was prepared by adding 58 g NaCl + 5 g CDTA (trans-
1, 2, NNNN, cyclodiamine tetra acetic acid) +57 ml glacial acetic acid and deionized water by adjusting pH
value to 5.5 with 8 N NaOH in 1-L volumetric flask.

The ion (i.e. CI, NO;, SO2", NH;, Na', K*, Mg*" and Ca**) content of the water was analyzed by Dio-
nex-1100 ion chromatography equipped with the anion and cation columns.

The water quality index (WQI) of the groundwater was computed by using the weighed arithmetic method.
The value of 6 parameters i.e. pH, DO, EC, TDS, TA and NO, was used in calculation of the WQI with the
help of following expression.

WQI =>"q,W, /ng

where:
g, =100(V, =V, )/(Vs =V,)

g» = Quality rating of the nth water quality parameter;

V, = Estimated value of the nth parameter of a given water;

S, = Standard permissible value of the nth parameter;

Vi, = Ideal value of the nth parameter of pure water (i.e., O for all other parameters except pH and dissolved
oxygen (7.0 and 14.6 mg/L, respectively);

W, = Unit weight for the nth parameter;

K = Proportionality constant.

Multivariate statistical analysis such as factor analysis (FA) was employed for the source apportionment. The
windows statistical software Statistica-7.1 was used for the multivariate statistical calculation.

3. Results and Discussion
3.1. Geological Characteristics of Tube Well

The geological characteristics of the tube wells is summarized in Table 1. The tube wells of the studied area lie
in the deeper zone, ranging from 45 - 110 m. The life was ranged from 2 - 50 Yr old. Tube wells are recharged
by rain and runoff water during rainy season. The water table is varied from 20 - 50 m, depending on seasons
and water uses. The higher T value for deeper tube well was observed due to geothermal energy. In turn, the
higher DO value of shallow tube wells was marked.

3.2. Physical Characteristics of Groundwater

The physical characteristics of the groundwater in the post monsoon period is shown in Table 1. The value of
pH, DO, T, RP, EC, TDS, TA and TH of groundwater located in 48 tube wells was ranged from 6.0 - 8.1, 8.4 -
9.2 mg/L, 20.0°C - 25.0°C, 237 - 330 mV, 221 - 1938 uS/cm, 342 - 2598 mg/L, 128 - 659 mg/L and 99 - 687
mg/L with mean value of 7.2 + 0.1,8.9+£ 0.1, 23.0 £ 0.3, 285 + 5 mV, 861 + 96 uS/cm, 1138 + 121 mg/L, 383 £
47 mg/L and 344 + 37 mg/L, respectively. Two ions i.e. Na* and SO?  were found to be responsible for con-
tributing the EC value of the water. The DO, EC, TDS, TA and TH value of water was found to be higher than
recommended value of 4.0 mg/L, 300 pS/cm, 500 mg/L, 120 mg/L and 300 mg/L, respectively [35] [36]. The
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Table 1. Characteristics of tube well and groundwater in the post monsoon period, 2014.

S. No.
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Location
Mahavir Para
Goal Bajar
Bhagat Shih Ward
Civil Line
Shubhash Ward
Thana Chowk
Kachari Chowk
Thethwar Para
BUS Stand
Solh Para
Ek-batti Char Rasta
Kumhar Para
School
Kumbhar Para
Ambedkar Ward
Station
Bheem Nagar
Utkarsh Nagar
Kalka Para
Indra Nagar
Rajiv Nagar
Sanjay Nagar
Khuta Para
Danteshwari Para
Kharka Tola
Tikra Para
Kedar Badhi
Badhiya Tola
Raka Panchayat
Raka-2
Raka-3
Murmunda-1
Murmunda-2
Murmunda-3
Murpal-1
Murpal-2
Murpal-3
Jagra
Badhmudh Par-1
Badhmudhpar-2
Mudhpara Nala-1
Mudhpara Nala-2
Dundera-1
Dundera-2
SBI Bank
Tappa Road
Mudhkhusra
Shivnikunj

Age, Yr

20

N RPN W e

10

21

12

20
10
20
10
10

Depth, m

75
82
75
69
90
69
75
82
75
105
66
54
69
75
90
92
105
110
75
60
62
66
72
75
69
84
75
82
90
75
92
84
75
69
45
56
64
75
72
72
75
75
66
69
90
75
66
75

T°C

21
21
21
22
22
22
21
21
22
22
23
22
22
22
23
23
22
22
22
23
21
22
22
23
22
22
21
23
22
21
21
22
22
22
22
23
23
22
22
21
22
21
23
22
22
22
21
22

pH
7.3
6.1
8.1
6.2
6.5
6.4
6.6
6.5
6.0
6.1
8.0
6.5
6.3
6.9
7.3
7.6
7.3
7.3
7.2
7.4
7.1
7.2
7.2
7.4
7.9
7.7
7.6
7.1
7.2
7.2
7.1
7.2
7.2
7.3
7.3
7.2
7.4
74
7.6
75
7.8
7.8
7.7
7.6
7.2
7.8
7.3
7.7

EC, puS/cm
831
1017
967
991
1013
1139
603
344
609
982
733
385
276
349
613
888
1451
1329
1331
969
1178
1062
951
670
1033
858
1014
1199
637
322
1202
817
687
735
539
625
1938
221
623
707
1053
1057
895
1057
605
785
681
1373

RP, mV
283
310
237
311
319
313
304
309
319
330
265
269
297
298
254
246
254
290
293
277
304
285
302
290
282
276
286
288
275
291
291
292
285
283
276
299
277
272
278
276
287
272
275
280
294
262
269
272

DO, mg/L
8.8
8.9
8.6
8.8
8.9
8.9
8.8
8.7
8.8
8.8
9.1
9.0
9.2
8.8
8.9
8.8
8.7
8.9
8.7
9.0
8.7
9.1
8.4
8.8
9.0
8.9
8.8
9.0
9.0
9.1
8.9
8.8
9.0
9.1
8.9
9.0
8.7
8.9
8.6
8.7
9.0
8.9
9.0
8.9
8.9
9.0
9.1
9.0
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RP value of water was marked to be just of a half of recommended value of 600 mV.

3.3. Chemical Characteristics of Groundwater

The chemical characteristics of the groundwater in the post monsoon period is shown in Table 2. The concen-
tration of ions i.e. F~, CI", NO;, SO2", NH;, Na‘, K, Mg®* and Ca*" in the groundwater of 48 tube wells
was ranged from 2.0 - 10.3, 43 - 408, 48 - 152, 12 - 161, 10 - 144, 8.0 - 75, 3.0 - 25, 9.0 - 57 and 24 - 172 mg/L
with mean value of 4.9 £ 0.5, 121 + 22,75+ 8,47 £ 9,55+ 11,41 £5,6.1 + 1.5, 28 + 3 and 87 + 9 mg/L, re-
spectively. The F and NO; crossed the recommended limit of 1.5 and 45 mg/L, respectively in the water of
all tube wells [35] [36]. However, Mg and Ca concentration was above recommended limit of 30 and 75 mg/L in
the 33% and 67% tube wells [35] [36].

3.4. Seasonal Variation and Sources of Fluoride

The chemical data for the pre monsoon period, 2014 is presented in Table 3. The variation of physical and
chemical parameters of the water in the pre monsoon period (May 2014) is presented in Figure 2. The value of
pH, EC, TDS, TA, TH, F, Na, Mg and Ca was found to be increased >30%, may be due to increase of water
temperature, ~4°C, and deduction of water level up to 50 m. The F~ with the metals i.e. Na*, Mg®* and Ca®* had
good correlation (r = 0.78 - 0.85), indicating origin from the rock weathering, Figure 3. Other ions (i.e. Na®,
Mg*, Ca*, CI” and SO?% ) among themselves had fare correlation, suggesting origin from multiple sources,
Table 4. However, two ions i.e. NH; and NO; had good correlation, originating from similar anthropogenic
sources.

3.5. Factor Analysis

The factor analysis of data has extracted six factors which explained 77.25% of the variance in the data set. The
loadings of variables, eigenvalues and cumulative variance for each factor are shown in Table 5. Factor-1 ac-
counted for 32.66% of the total variance with high positive loadings of Ca®*, Mg?*, F~ and TH. This factor sug-
gests the role of dissolution/precipitation processes of some minerals such as CaF, and CaCOs. Factor-2 ac-
counted for 13.31% of representation with strong positive loading of pH which is negatively correlated with re-
dox potential (RP). This factor suggests occurrence of redox processes which determine the acidic or alkaline
nature of groundwater. Factor-3 represents 10.80% of the total variance with strong positive loadings of NH;
and NO;. This factor loadings shows the anthropogenic influences on these parameters. Factor-4 yielded 8.39%
of the total variance with strong positive loadings of SO~ and Na" suggesting mineral weathering. Factor-5
accounted for 6.32% of the total variance with high positive loading of K*. In groundwater, K could proceed
from fertilizers or weathering of K-feldspar. Factor-6 accounted for 5.66% of the total variance with a high posi-
tive value of temperature (T). The T value is a variable which controls many reactions.

3.6. Water Quality Index

The WQI of the water in the post monsoon period was ranged from 22 - 226 with mean value of 97 £+ 12. The
value of TDS, TA, TH, F and NOj in the water of all tube wells was found above permissible limits of 500,
120, 300, 1.5 and 45 mg/L, respectively [35] [36]. However, in the pre monsoon period, the value of F, Mg*
and Ca?* crossed significantly the prescribed permissible limit of 1.5, 30 and 75, making water unsafe for drink-
ing purposes.

3.7. Fluoride Toxicities

Chronic ingestion of fluoride water in endemic areas leads to development of fluorosis in the animal e.g. dental
discoloration, difficulty in mastication, bony lesions, lameness, disability and mortality [37]. In lower age group,
the lesion of teeth, skin, hair and nails were frequently observed. Fluoride enters the animal body mainly
through the intake of water and quickly absorbed in the gastrointestinal tract. The excess F~ is excreted largely
through the urine. The survey for the fluorosis in domestic animals (3 - 15 Yr) in the Dongargarh area, Raj-
nandgaon, Chhattisgarh, India was carried out in January 2014. A total of 40 domestic animals were screened
for prevalence of various types of fluorosis i.e. lesion, dental, horn skin and toe fluorosis. The F~ concentration
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Table 2. Chemical characteristics of groundwater in post monsoon period, 2014, mg/L.

S.No.  TDS TA TH = cr NO, SO*  NH; Na* K* Mg  Ca*
1 1187 203 414 55 89 95 50 ) 32 3.1 30 108
2 1474 173 327 52 195 71 81 64 26 3.2 31 78
3 1411 275 411 6.2 160 66 74 57 34 6.4 29 108
4 1347 128 432 6.1 188 51 M 15 37 14 32 112
5 1308 189 201 41 142 107 55 99 28 33 25 72
6 1510 165 363 34 231 71 37 65 22 12 29 92
7 918 171 297 3.9 85 67 28 63 26 32 25 74
8 694 128 111 25 60 112 23 94 20 15 11 26
9 933 262 225 2.1 138 53 62 18 25 3.1 19 56
10 1719 177 426 6.1 195 145 63 133 33 32 36 106
11 886 275 123 22 92 53 68 39 39 12 11 30
12 537 153 171 29 60 59 18 34 26 34 15 42
13 550 153 99 34 56 72 17 69 34 35 9 24
14 545 153 120 47 59 73 16 66 15 36 10 30
15 822 293 246 39 89 65 29 52 17 37 18 64
16 982 549 297 43 85 70 34 61 43 38 23 76
17 1876 647 513 74 213 58 161 11 61 3.2 4 130
18 1366 634 342 43 185 59 65 12 34 33 26 88
19 1892 610 447 7.7 220 105 95 91 77 3.1 37 112
20 1204 659 357 7.4 67 89 63 77 73 5.1 33 86
21 1216 561 516 73 53 52 110 10 72 3.2 46 126
22 1348 580 360 44 174 55 44 49 37 32 28 92
23 1710 512 330 32 337 54 56 11 22 3.4 26 84
24 825 433 348 49 57 51 22 48 36 35 28 88
25 729 348 276 2.1 82 53 25 17 23 6.3 18 74
26 968 531 201 38 124 53 35 11 45 21 21 76
27 1287 549 330 39 149 105 26 94 45 32 24 86
28 991 378 438 6.2 56 68 47 57 37 33 36 110
29 957 305 282 4.1 75 89 4 85 17 9.1 24 70
30 342 189 126 2.0 58 53 35 12 16 34 10 32
31 1646 512 423 56 160 111 33 108 26 25 35 106
32 1152 140 300 3.1 114 48 74 42 22 17 26 74
33 1140 464 450 6.1 71 98 4 88 63 3.2 36 114
34 909 397 294 3.1 85 82 12 77 27 33 26 72
35 596 427 213 2.7 64 52 22 13 25 3.2 17 54
36 729 366 279 6.1 75 57 M 12 65 35 23 70
37 1188 390 435 6.1 75 49 104 11 63 6.2 39 106
38 2598 622 654 9.1 408 88 89 80 58 12 54 164
39 1042 512 534 74 43 67 12 56 69 6.3 38 140
40 1014 512 321 3.1 54 145 26 132 52 12 27 80
M 1200 427 315 41 107 99 26 86 31 37 27 78
42 722 458 285 56 71 53 22 10 46 3.1 25 70
43 1137 616 252 6.1 53 152 16 144 65 32 20 64
44 1525 470 687 10.3 138 65 48 47 85 34 57 172
45 657 299 348 5.1 57 53 15 17 58 34 26 90
46 1199 360 342 45 124 81 52 72 42 35 28 86
47 981 439 555 8.1 78 51 17 15 73 32 45 140
48 1638 500 492 59 234 53 74 13 53 6.2 42 122
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Table 3. Characteristics of groundwater in pre monsoon period, May 2014.

F CI” NO; S0% NH; Na* K* Mg?* ca**
S. No. pH EC
mg/L
1 7.7 1064 6.8 71 58 58 58 41 2.9 36 126
2 6.4 1302 6.4 156 43 94 41 33 2.9 37 91
3 8.5 1238 7.6 128 40 86 36 43 5.9 35 126
4 6.5 1268 75 150 31 48 10 47 12.9 38 131
5 6.8 1297 5.0 114 65 64 63 36 3.0 30 84
6 6.7 1458 4.2 185 43 43 42 28 11.0 35 108
7 6.9 772 48 68 41 32 40 33 2.9 30 87
8 6.8 440 31 48 68 27 60 25 13.8 13 30
9 6.3 780 2.6 110 32 72 12 32 29 23 66
10 6.4 1257 7.5 156 88 73 85 42 2.9 43 124
11 84 938 2.7 74 32 79 25 50 11.0 13 35
12 6.8 493 3.6 48 36 21 22 33 31 18 49
13 6.6 353 4.2 45 44 20 44 43 3.2 11 28
14 7.2 447 5.8 47 45 19 42 19 33 12 35
15 7.7 785 4.8 71 40 34 33 22 34 22 75
16 8.0 1137 5.3 68 43 39 39 55 35 28 89
17 7.7 1857 9.1 170 35 187 7 77 2.9 49 152
18 7.7 1701 5.3 148 36 75 8 43 3.0 31 103
19 7.6 1704 95 176 64 110 58 98 29 44 131
20 7.8 1240 9.1 54 54 73 49 93 4.7 40 101
21 75 1508 9.0 42 32 128 6 91 2.9 55 147
22 7.6 1359 54 139 34 51 31 47 2.9 34 108
23 7.6 1217 3.9 270 33 65 7 28 31 31 98
24 7.8 858 6.0 46 31 26 31 46 3.2 34 103
25 8.3 1322 2.6 66 32 29 11 29 5.8 22 87
26 8.1 1098 47 99 32 41 7 57 19.3 25 89
27 8.0 1298 48 119 64 30 60 57 2.9 29 101
28 75 1535 7.6 45 41 55 36 47 3.0 43 129
29 7.6 815 5.0 60 54 48 54 22 8.4 29 82
30 7.6 412 25 46 32 41 8 20 31 12 37
31 75 1539 6.9 128 68 38 69 33 23.0 42 124
32 7.6 1046 3.8 91 29 86 27 28 15.6 31 87
33 7.6 879 7.5 57 60 48 56 80 2.9 43 133
34 1.7 941 3.8 68 50 14 49 34 3.0 31 84
35 1.7 690 33 51 32 26 8 32 29 20 63
36 7.6 800 75 60 35 48 8 83 3.2 28 82
37 7.8 2481 75 60 30 121 7 80 5.7 47 124
38 7.8 283 11.2 326 54 103 51 74 11.0 65 192
39 8.0 797 9.1 34 41 14 36 88 5.8 46 164
40 7.9 905 3.8 43 88 30 84 66 11.0 32 94
41 8.2 1348 5.0 86 60 30 55 39 34 32 91
42 8.2 1353 6.9 57 32 26 6 58 2.9 30 82
43 8.1 1146 7.5 42 93 19 92 83 2.9 24 75
44 8.0 1353 12.7 110 40 56 30 108 31 68 201
45 7.6 774 6.3 46 32 17 11 74 31 31 105
46 8.2 1005 55 99 49 60 46 53 3.2 34 101
47 1.7 872 10.0 62 31 20 10 93 29 54 164
48 8.1 1757 7.3 187 32 86 8 67 5.7 50 143
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Table 4. Correlation matrix of ions.

F (ol NO; S0z NH; Na* K* Mg?* ca**
F 1
cr 0.24 1
NO, 0.08 0.01 1
SOr 0.38 0.49 -0.14 1
NH;: 0.05 -0.02 0.94 -0.20 1
Na* 0.78 -0.01 0.06 0.29 -0.04 1
K* -0.13 0.16 0.09 -0.01 0.11 -0.17 1
Mg 0.85 0.42 0.02 0.48 0.00 0.66 -0.02 1
Ca? 0.83 0.43 -0.01 0.41 -0.03 0.64 0.00 0.97 1

Table 5. Eigenvalues and factor loadings of Dongargarh groundwater samples.

Variable Factor-1 Factor-2 Factor-3 Factor-4 Factor-5 Factor-6
Age -0.18 0.07 —-0.06 —-0.15 -0.45 —0.66
Depth —-0.05 —-0.13 0.19 0.45 0.30 —-0.05

T —-0.09 0.17 —0.06 0.00 -0.25 0.82

pH 0.07 0.94 —-0.04 —-0.01 0.01 0.00

EC 0.24 0.17 —-0.10 0.69 —-0.16 0.11

RP -0.07 -0.85 0.12 0.11 —-0.09 —0.08

DO -0.11 0.06 0.05 -0.51 -0.24 0.26
TDS 0.61 —-0.04 0.21 0.65 0.23 0.09

TA 0.36 0.66 0.10 0.37 —-0.18 0.09

TH 0.95 0.12 —-0.02 0.25 0.03 —-0.05

F 0.90 0.11 0.06 0.08 -0.11 0.12

ClI 0.36 -0.18 —-0.04 0.60 0.32 0.12
NO; 0.03 —-0.03 0.98 —0.02 0.03 —-0.02
SOj’ 0.30 —0.03 -0.24 0.73 —-0.02 0.06
NH; 0.02 -0.07 0.98 —-0.03 0.08 0.00

Na* 0.22 0.36 0.21 0.71 -0.21 0.16
K* —-0.05 0.07 0.06 0.04 0.82 —-0.06
ca* 0.94 0.14 —0.03 0.24 0.04 —-0.06
Mg 0.94 0.07 -0.01 0.26 —0.02 —-0.02
Eigenvalue 6.21 2.53 2.05 1.59 1.20 1.10
% Total variance 32.66 13.31 10.80 8.39 6.32 5.77
Cumulative % 32.66 45.97 56.77 65.16 71.48 77.25

Significant factor loading in bold >0.7.

in their urine samples were measured and presented in Table 6. The concentration of F~ in the buffalo and cattle
urines was ranged from 18 - 52 and 26 - 58 mg/L with mean value of 31 + 4 and 41 + 4 mg/L, respectively. At
least 7 - 10 folds higher F~ content in the urine of animals was marked, may be due intake of higher dose of
Fcontaminated water and food. The higher fluorosis prevalence rate was observed in the cattle than buffalo,
Figures 4-6.
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Table 6. Fluoride exposure in animals.

S.
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Animal
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Buffalo
Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
Cattle
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Figure 2. Seasonal variation of ionic concentration in post (a) and pre (b) monsoon period, 2014.
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Figure 3. Correlation of F~ with Na* (a), Mg?* (b) and Ca®* (c).
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Figure 6. Dental fluorosis in buffalo.
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4. Conclusion

The groundwater of Dongargarh is contaminated with F~ at dangerous levels due to mineralization of the bed
rock F~ in the water. The WQI index of water was found to be =100, making water unsafe for dinking purposes.
The F levels in urine of cattle and buffalo were found several folds higher than recommended value of 4 mg/L.
Around 5% domestic animals of the studied were suffered with different types of fluorosis.
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