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ABSTRACT: In the present study, 45 rainwater samples were collected from February to
December 2012 on event basis in East Bokaro coal mining environment. Physico-
chemical and major ionic compositions of rainwater samples as well as water soluble
major ion composition were analyzed to employ principle component analysis for source
identification. The average pH value was recorded 6.1 and varied from 5.1 to 6.9 in the
collected rainwater samples, indicating slightly acidic to alkaline in nature. The rainwater
chemistry of the region showed high contribution of HCO; (32%) followed by SO,*
(30%), CI" (20%), NO3™ (15%) and F (3%) in anionic abundance. In case of major cations,
Ca®* (29%) was dominant followed by Mg* (27%), NH," (22%), Na* (18%) and K"
(4%). The ratio of CI/Na" in the rainwater samples was found to be almost equal to sea
water. Higher enrichment of Na® and CI concentration may be due to marine
contribution. The EFs were found to be high for HCOg, Ca%*, SO,* and K* indicating
sources other than sea; i.e., coal mining and other anthropogenic activities. The principle
component analysis for ionic source identification was synthesized into four factors with
eigen values cut off at greater than unity and explained about 71.8 % of the total variance.
The rainwater quality area is mainly influenced due to mining activities, vehicular
pollution and industrialization in the East Bokaro coalfield area.

Keywords: East Bokaro coalfield, enrichment factor, major ion chemistry, principle
component analysis, rainwater.

INTRODUCTION

The rainwater compositions play an
important role in scavenging soluble ionic
components from the atmosphere and
helping to understand the relative
contributions of different sources of
atmospheric pollutants (Akoto et al., 2011;
Yang et al.,, 2011). It has a complex
chemical composition that varies from
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place to place and season to season. It
contains varying amounts of major ions
viz. fluoride, chloride, nitrate, bicarbonate

sulfate, sodium, ammonia, potassium,
magnesium, and calcium (Hutchinson,
1957). Rainwater ~ contains ~ some

constituents of local origin, and some that
have been transported by winds from
elsewhere (Eriksson, 1952). Rainwater
acquires dissolved cations and anions from
the dissolution of gaseous and particulate
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material present in the atmosphere which
could be of natural or anthropogenic origin.
The cations such as Ca®*, Mg?* and anions
such as HCOj3 are derived from the soil
dust present in the atmosphere whereas
SO, and NOs can come from
anthropogenic sources in addition to
natural precursors (Chatterjee and Singh,
2008; Cobbina et al., 2013).

Rainwater is one of the most important
ways of removing the gaseous and particulate
pollutants from the atmospheric environment
(Yanli et al., 2011; Rai, 2014). The chemical
composition of rainwater reflects the quality
of the air during the occurrence of rainfall
(Hideaki et al., 2008; Budhavant et al., 2009).
Past studies have shown very high
concentration of anthropogenic substances
like NO3” and SO,* in urban or industrial
areas compared to other areas (Khare et al.,
2004; Tu et al.,, 2005; Rastogi and Sarin,
2005). Coal combustion, automobile exhaust,
and industrial emissions represent the
dominant anthropogenic sources of heavy
metals in rainwater (Cheng et al., 2011;
Meena et al., 2014; Gabriel and Henry,
2015). Emission of air pollutants is increasing
rapidly in many southeastern Asian countries
(Granat et al., 1996; Rodhe et al., 2002), due
to fast growth in population and the
consequent upward trend in agricultural
production, industrialization, mining, energy
consumption, transport, housing, etc. Thus,
rainwater is a serious risk to the environment,
such as vegetation, soil, forestry, water bodies
and corrosion of building materials.

A number of studies have been carried out
on the various aspects of atmospheric
chemistry over several parts of India (Saxena
et al.,, 1991, 1996; Kumar et al., 1993, 2002;
Ravichandran and Padmanabhamurty, 1994;
Kulshrestha et al., 1995; Jain et. al., 2000;
Parashar et al., 2001; Balachandran and
Khilare, 2001; Naik et al., 2002; Das et al.,
2005; Ahiarakwem, 2012). However, studies
related to rainwater in the coal mining areas
are scarce. The purpose of the present study
IS to assess the major ion chemistry of
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rainwater in India’s richest coal mining area
and to assess the constituents in the rainwater
and their sources through statistical means.
The study will indicate the intensity of the
pollution in the coal mining area and thus
will be useful for implementing emission-
reduction policies in the study area.

MATERIALS AND METHODS

Study area

The study was carried out in East Bokaro
Coalfield of Damodar river basin, located in
the Bokaro district of Jharkhand State. Major
pollution generating activities are associated
with many working and abandoned coal
mines, thermal power plants, explosive
industry and coal washery in these regions.
Besides these mining and industrial sources,

ever increasing transportation  sector
contributes  significantly to air quality
deterioration by means of elevated

particulate matter, CO,, NOy and unburnt
hydrocarbons (Singh and Mondal, 2008).
The coalfield occupies an area of about 237
sq. km and lies between Latitudes 23 45 N
to 23’50 N latitude and 85 30 E to 86 03 E
longitude. The coalfield is drained by three
prominent rivers viz. the Bokaro River in the
Central part, the Konar River in the Eastern
and the Damodar River in the Southern. The
climate of the study area is humid and sub
tropical. The area is under the influence of
South West Monsoon with most of the
rainfall occurring in June to September.

Sampling of rainwater

The location of Lahariatanr village, 1.5 Km
away from Bokaro Thermal Power Station
was chosen on the account of the presence
of mining, industrial and other human
activities in close vicinity which contribute
heavily to the atmospheric load of
pollutants. Forty five events of rainwater
samples were collected from the site during
February to May, June to September and
October to December considering the pre-
monsoon, monsoon and post-monsoon
seasons, respectively, in the year 2012. The
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rainwater sampling location is shown in
Figure 1. Samples were collected using
polythene funnel of 20 cm diameter, fitted
onto two-liter capacity polythene bottles.
The collection gadget was placed about 15
m above the ground level. The bottles as
well as funnel were washed daily with
distilled water during morning and evening
to avoid dry deposition. Collected samples
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Chemical analysis of rainwater

Analysis of rainwater samples was done as
per Standard Methods (APHA, 1995) for
water quality parameters. The pH and
electrical conductivity were measured as
immediately as possible. The pH was
measured with a digital pH meter using
reference and glass electrodes standardized
at pH 4.0, 7.0 and 10.0. Conductivity was
measured with a digital conductivity meter
calibrated against a reference (0.5 M) KCI
solution of analytical grade. Samples were
kept in a refrigerator at 4°C until the
completion of all the analyses. Bicarbonate
was estimated using titrimetric method.
Major anions (F, CI, NO;™ and SO,*) and
major cations (Na®, NH,*", K*,Ca** and

Mg®)  were estimated by lon
Chromatograph DIONEX (DX-120) using
anion  (AS12A/AG12) and  cation

(CS12A/CG12) columns coupled to a self-
regenerating suppressor (ASRS) and
(CSRS) in recycle mode respectively.

Quality control
For assessing the accuracy of results, the

rainwater quality data were plotted on an
anion cation balance control chart depicted
in Figure 2. The principle of electrical
neutrality requires that the equivalent
weight of positively charged ions (cations)
equal that of the negatively charged ions
(anions). Because major ions usually
represent most of the dissolved ions in
rainwater, equivalent amounts of major
cations and anions are typically found. In
an accurate analysis, the sum of the
milliequivalents of major cations and
anions should be nearly equal. The anion-
cation balance method presented here to
determine the reliability of major ion
analyses of rainwater assumes that major
ions comprise most of the total dissolved
solids in a rainwater sample, and requires
that all major ion concentrations be
measured. % charge difference were found
< 10% for rainwater. The percentage
charge difference is calculated with the
following formula:

) > _cations—»_anions
% difference =100. . .
D _cations+ »_anions
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Fig. 2. Anion-cation control plot
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RESULTS AND DISCUSSION

Normal annual rainfall in the study area
The normal annual rainfall (1976-2012)
for the study area is collected from Indian
Meteorological Department. The annual
normal rainfall for the study area is 1366
mm. There is a marked variation in the
annual rainfall from year to year. In the
thirty-five-year period from 1976- 2012
(with two gaps: 1978 & 1993), the highest
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annual rainfall occurred in the year 2001,
when it amounted to 2543.8 mm. The
annual rainfall variation of the last 35 years
of the study area is shown in Figure 3. The
monthly variation in rainfall in the study
area for the year 2012 is depicted in Figure
4. The bulk of the rainfall occurred during
June to September (monsoon period) as
anticipated.
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Major ionic compositions of rainwater

Analytical results of physico-chemical
parameters in rainwater of East Bokaro
coalfield area are shown in Table 1. The
major ionic composition of rain events
contains diverse chemical constituents
depending on the amount of rainfall,
direction of rain front and period between
the rainfall events (Granat, 1972). The
average pH value in rainwater was 6.1 and

varied from 5.1 to 6.9, indicating that
rainwater samples were alkaline in nature
as compared to the reference level of 5.6
(Charlson and Rodhe, 1982). This could be
due to the influence of soil dust particles,
which are suspended in atmosphere in
coarse mode. The frequency distribution of
pH showed that the maximum frequency is
in the range of 6.1- 6.5 during the study
period as depicted in Figure 5.

Fig. 5. Frequency distribution of pH of rainwater of the study area

The Electrical Conductivity of collected
rainwater  sample  varied  between
17.1pS/cm to 105.2uS/cm with a mean of
59 upS/cm. EC of rainwater is mainly
contributed by water-soluble ions, the
value being related to the total sum of
anions and cations in the rainwater. Low
precipitation conductivity is an indicator of
good atmospheric environmental quality.
The Total dissolved solids (TDS) varied
from 11 mg/L to 72.1 mg/L with an
average of 32.7 mg/L.

The F in rainwater may be derived from
the weathering of soil and phosphates
fertilizers used in agricultural field and
unburnt carbon in atmosphere released
from thermal power plants. The F
concentration in rainwater samples was
found between 8.4 peg/L and 35.3 peq/L
and average concentration value was 14
peg/L. The CI" content varied between 6.5
peg/L to 266.9 peg/L in the rainwater
samples. The NO;3; concentration varied
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from 10.2 peg/L to 180 peg/L during the
study period. The sources of NOjz in
rainwater include application of fertilizers,
burning of coal, industrial emissions and
mining activities. The SO,* concentration
ranged between 36.9 peqg/L to 490.5 peq/L
in the rainwater samples. The HCOjs
concentration in the rainwater varied from
44.6 peg/L to 406.5 peqg/L. The source of
HCO; may be the exchange of
atmospheric CO, with water. The carbon-
dioxide entering the system changes to
HCOs5.

The Na’ concentration in the water
samples was found between 22.6 peg/L to
167.8 peg/L. NH," varied between 6.1
peg/L to 213.9 peg/L while the range of K*
in the water samples was 2.8 peg/L to 39.4
Heg/L. The Ca?* concentration ranged from
59.4 peg/L to 511.5 peg/L in the rainwater
samples. The total hardness of CaCOs;
ranged from 4.8 peg/L to 35.6 peq/L.
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Table 1. Major ionic compositions in rain water of East Bokaro Coalfield (N=45 Samples)

SNo. Rainfall Events pH EC TDS TH F cr HCO; SOZ NO; NHf Ca® Mg*  Na' K*
1 16.02.2012 59 61 31 133 142 1655 137.7 1166 487 300 1148 1209 1070 222
2 14.03.2012 62 60 R 112 84 519 1516 1707 789 1072 1427 806 757 105
3 04.04.2012 57 48 2 77 168 10712 79.7 535 1226 1253 928 628 385 258
4 25.04.2012 52 40 30 116 52 1834 623 937 942 1889 1447 864 522 94
5 03.05.2012 53 46 25 109 94 784 446 99 1119 818 1302 885 497 246
6 09.05.2012 6.1 56 0 124 94 54.2 1697 1399 569 533 1766 683 830 56
7 26.05.2012 63 58 30 165 147 457 1500 1566 523 483 2440 86 396 238
8 07.05.2012 54 62 R 81 94 206 2049 1368 774 1483 918 707 796 28
9 16.06.2012 57 59 3B 103 84 65 255.7 712 1258 576 13L7 749 1239 59
10 18.06.2012 6.8 52 30 92 89 2446 2098 1353 187 6.1 913 921 1678 132
11 20.06.2012 52 38 20 70 84 318 145.9 743 135 494 873 535 752 111
12 22.06.2012 6.0 47 28 143 200 279 97.9 1437 1073 450 1831 1020 630 98
13 28.06.2012 57 56 29 123 89 102 1433 2465 102 489 1612 87 587 199
14 05.07.2012 58 59 B 197 236 302 1495 1791 929 217 1602 2345 900 274
15 08.07.2012 63 54 28 116 100 284 1721 1645 287 283 734 1612 718 197
16 09.07.2012 6.4 50 29 144 89 476 95.1 1037 1395 307 1751 1185 800 101
17 10.07.2012 6.7 7 4 143 89 2062 2085 1208 1087 1033 1432 1456 1270 136
18 11.07.2012 6.7 75 4 146 95 66.8 190.2 812 940 1428 1337 1579 1187 133
19 15.07.2012 59 64 B 132 94 1616 1472 1539 676 1017 1507 1078 822 95
20 17.07.2012 6.1 72 39 143 147 445 1533 1562 579 1406 1407 1407 904 186
21 19.07.2012 63 75 4 149 252 1684 2108 983 1060 656 1537 1448 1226 110
22 20.07.2012 62 74 43 151 84 1853 1797 1763 1081 1711 1183 1834 852 69
23 22.07.2012 58 69 4 137 89 426 1934 1239 531 1694 1223 1522 635 286
24 24.07.2012 6.2 57 30 113 84 1348 1557 1014 313 1517 1133 1127 85 215
25 25.07.2012 58 54 27 113 200 1091 167.2 39 458 1039 808 1431 955 100
26 26.07.2012 51 18 1 48 89 R4 59.7 437 134 372 634 3R6 291 72
27 28.07.2012 6.2 37 21 101 236 1035 931 479 424 456 594 1423 813 90
28 30.07.2012 59 48 24 101 132 826 1072 1247 290 700 724 1300 748 197
29 01.08.2012 64 58 33 124 89 1083 1464 1749 284 1511 1462 1053 8L7 321
30 05.08.2012 68 105 72 BT 310 874 4065 4905 332 1594 5115 2007 809 228
31 06.08.2012 56 9% 6L 226 94 2100 3311 3602 481 2139 2046 2608 1652 394
32 13.08.2012 69 70 3% 1.0 205 2099 1779 1228 576 1817 783 1398 1287 64
33 16.08.2012 57 58 2 119 94 555 1549 1326 805 1317 83 1555 862 229
34 17.08.2012 6.8 61 31 102 147 578 1436 1524 679 1050 8.8 1179 922 189
35 21.08.2012 6.6 53 30 104 94 1052 1107 1216 945 617 1043 1045 787 251
36 27.08.2012 59 55 31 207 84 25 1400 1018 80 528 2674 1464 396 82
37 03.09.2012 6.4 73 40 102 205 1782 1574 1770 952 1606 938 1135 1096 250
3 05.09.2012 62 59 29 112 84 1173 9.0 1412 603 1650 983 1259 643 61
39 06.09.2012 6.4 50 2 88 200 8.0 634 1624 624 1056 619 1143 583 146
40 13.09.2012 58 57 31 93 89 837 1470 1499 790 1528 704 1102 455 77
4 14.09.2012 6.3 34 22 109 289 296 525 1728 527 509 1522 651 226 89
42 19.09.2012 53 49 27 96 100 488 80.3 1416 93 628 93 92 1126 138
43 05.11.2012 6.7 67 3B 149 194 888 168.0 456 1548 1750 1482 1489 504 186
4 06.11.2012 6.3 97 49 181 168 331 1647 1784 1800 1572 1781 1859 1135 212
45 11.12.2012 6.8 48 27 92 110 643 1328 1187 629 549 973 946 1161 43

Minimum 51 18 11 480 53 65 45 368 101 6.1 593 325 26 28
Maximum 69 105 72 36 310 2445 4065 4905 1799 2138 5115 2608 167.8 394
Average 6.1 59 33 127 133 917 1513 1399 727 1003 1340 1214 836 157

Standard Deviation 048 1608 1010 49 632 62.5 67.4 773 38.6 55.7 74.1 459 325 85

Note: *All units in peg/L, except pH, EC. The unit of EC (uS.cm™)

Comparison with other studies Indian sites of mining and industrial areas.
Table 2 compared the chemical It can be seen from the table that the
compositions in rainwater over a coal concentrations of the major ionic
mining environment to some other selected compositions are in accordance to other
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studies except NOs™ and NH," (Rastogi and
Sarin,  2006). The  higher ionic
compositions at present study sites may be
attributed to anthropogenic emission from
open cast mining activities, thermal power
plants, coal washery besides coal burning
and mine fires (Singh and Mondal, 2008).

Percentage contribution of ionic species

The proportion of anions in the rainwater
samples are shown in Figure 6. Among the
major anions; HCO3; was dominant as it

constituted 32% of the total anions on an
average. SO,~ is the second dominant
anion, representing on an average 30% of
the total anions. The CI" and NO3™ were less
dominant ions and contributed 20%
and15% to the total anions, respectively. F
was the least dominant anion and
comprised of 3% of the total anions. The
order of anions abundance in the rainwater
was found to be as follows HCO3> SO,* >
CI>NOs; >F.

Table 2. Major ion chemistry of rain water over East Bokaro Coalfield and comparison with some other
selected mining/ industrial sites of India (Concentrations are in peg/L, except pH)

Site

H — - - 2- 2+ 2+ + + +
Site Descriptions pH F CI” NOs; SO, Ca™ Mg Na" K" NH, References
Ega‘?f‘i"gﬁ;o Mining/Industrial 6.1 133 917 727 139.9 1340 1214 836 157 1003  Present Study
Dhanbad &y pisino/industrial 5.7 184 201 54 740 999 236 233 111 280 Singh &Mondal.
Bokaro 2008

Dyalbagh (Agra) Urban/Industrial 7.0 17.6 31.8 228 36.4 561 456 184 7.6 40.1

Kumar et al. 2002

Kalyan Urban/Industrial 54 - 134.0 66.0 110.0 130.0 48.0 1470 6.0 14.0 Naik et al. 2002

Colaba Urban/Industrial 6.4 — 171.0 340 520 1550 59.0 179.0 6.0 12.0  Naiketal. 2002

Goa Mining/Coastal 6.3 1134 55 274 415 245 972 25 55 Parasharetal. 2001

Bangalore  Urban/Industrial 48 - 59.2 265 888 89.6 129 549 150 288 Sh"’““fg'ggraeta"

Korba Mining/sub- 46 122 318 251 2130 1829 428 207 37 153 Crandrawanshietal
urban 1997

Chembur Industrial/Urban 4.8 - 1401 - 4210 1750 57.0 96.0 28.0 117.0 Khemani etal. 1989

Kalyan Urban/Industrial 5.7 6.0 112.0 31.0 108.0 93.0 39.0 103.0 26.0 21.0 Khemanietal. 1989

NOg

SOF
30%

F-
3%

Fig. 6. Percentage contribution of major anions in rainwater at East Bokaro coalfield
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In the major cationic chemistry, Ca** 0.05 and 3.51, which is almost equal to that
was the dominant ion representing on an of sea water. The average ratio of HCOj3’
average 29% of total cations (Fig. 7). Mg*", /Na* (1.93), SO4*/Na* (1.92), Ca*/Na’
NH;" and Na’ ions were of secondary (1.95) , Mg®*/Na* (1.60) , K*/Na* (0.22)
importance, representing on average 27%, were found to be higher than that of sea
22% and 18% of total cations, respectively. water as shown in Table 3. The excess of
K* was the least dominant cation Mg®*, K*, Ca®* and SO,% in rainwater is
representing only 4% of the total cations. attributed to non marine source such as
The order of cation abundance was Ca**> coal mining dust and other anthropogenic
Mg®">NH,">Na"> K" sources. Compound containing Ca?*, Mg?*

and K" are added to the atmosphere by soil
Marine contribution _ erosion and open cast mining, in the form
The ratio of CI/Na’ in the rainwater of their carbonate salt (Ali et al., 2004).

sample was found to be ranged between

K"
4%

NH;

Fig. 7. Percentage contribution of major cations in rainwater at East Bokaro coalfield.

Table 3. Comparison of sea water ratios with rainwater ratios with respect to Na* and Enrichment factors

CI/Na* HCO; /Na* SO,5/Na* Ca’’/Na* Mg*/Na* K'/Na'

Sea water Ratio 1.60 0.007 0.15 0.064 0.29 0.025
Rainwater Ratio 1.30 1.93 1.92 1.95 1.60 0.22
Rainwater Range 0.05-351  0.71-5.03 0.39-7.64  0.54-6.76  0.55-3.70  0.04-0.67
Enrichment Factor (EF) 0.72 142.47 7.47 51.13 1.24 6.01
Enrichment factors (EF) are normally EFs were calculated for CI', HCO3", SO42,
applied to identify the origin of an element Ca?*, Mg®*, and K* and by using Equation
in precipitation (Zhang et al., 2006). This Q).

calculation is based on the elemental ratio
found between ions collected in the
rainwater, as compared to a similar ratio [ X/ Na +]seawater
for a reference material. Commonly, Na™ is
taken as the best reference element and
seawater as the reference source since it is
assumed to be of purely marine origin. The

EF = [X / Na +] rainwater /
(1)

where X is the concentration of the ion of
interest. All the ionic concentrations were
taken in peq/L. The EFs were found to be
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high for HCOs, Ca*, SO, and K*
indicating other than sea sources; i.e.,
anthropogenic contribution. Higher
enrichment of Na™ and CI" may be due to
marine contribution.

Acidic and neutralization potentials

The difference between acidic potential
(AP) and alkaline or neutralization
potential (NP) is one of the useful
indicators of chemical nature of the
rainwater. Acid potential is the sum of
NO; and non sea salt SO and
neutralization potential is the sum of NH,",
Ca®*, Mg®* and K*. The variation in AP/NP
ratio is less than one indicating the
neutralization potential which dominates
the acidic potential. This ratio varied from
0.049 to 0.357. The pH has shown an
inverse relationship with AP/NP. This
result confirmed that the major
neutralization occurred due to the major
contribution of Ca* and NH,", which is
contributed by soil dust in the atmosphere.
The elevated pH values might be due to
interference by dust particles leading to the
neutralization of acidity of rainwater
(Tiwari et al., 2015). Indian atmosphere

has a high dust load almost throughout the
year, which acts as acid neutralizer and
contributes significant fraction of alkaline
salts to the rainwater.

Identification of chemical sources

To determine the sources of different
anions and cations in the rainwater and
their potential linkages, the major ionic
component relationships were calculated
and depicted in Table 4. A number of
significant correlations were obtained in
the study like pH with EC TDS and Na; EC
and TDS with, TH, CI, HCO3, SO,
NH,*, Ca**, Mg?*, Na* and K*; TH with F,
HCOs', SO.%, Ca®*, Mg*" and K*; CI" with
NH," and Mg?*; HCO5 with SO,% Ca*,
Mg®* and Na*; SO,* with Ca**, Mg®*and
K*; NH4" with Mg®*; Ca?*with Mg®*; Mg?*
with Na* and K*. Overall the divergent
results indicated that the significant
correlation was not always correlated with
the common sources. In other words, the
single correlation analysis is not enough
for the metal source identification; it
should be conducted together with other
analysis tools.

Table 4. Pearson correlation matrix between major ions in the rainwater of East Bokaro coalfield

pH EC TDS TH F ClI HCOs; SO/# NO# NH,f Cca* Mg* Na' K*
pH 1.000 0376° 0.332° 0260 0.134 0213 0280 0.188 0087 0069 018 0268 0.320° 0.008
EC 1.000 0.950™ 0.709” 0.066 0.488™ 0.788” 0.616~ 0.270 0577 0520 0.696" 0.510™ 0.371"
TDS 1.000 0.822™ 0.179 0.420” 0.834” 0.734" 0210 0556~ 0.666~ 0712 0466~ 0.378"
TH 1.000 0.304° 0186 0.664™ 0722 0115 0.228 0.901” 0.704™ 0.145 0.348"
F 1.000 0125 -0.011 0166 0.107 0115 0293 0171 -0.137 0.002
cr 1.000 0.125 -0.049 0212 05747 0001 0378 0238 0.169
HCOy 1.000 0.611" -0.086 0.319" 0.562™ 0.538" 0.554™ 0.218
SO* 1.000 -0.218 0.264 0.685" 0.469" 0.181 0.395"
NOs* 1.000 0200 0060 0.65 0.037 -0.057
NH," 1.000 0.094 0362 .084 0.219
Ca* 1.000 0.331° -0.053 0.204
Mg 1.000 0.413™ 0.436™
Na* 1.000 0.104
K* 1.000

*Correlation significant at the 0.01 level (two tailed)
**Correlation significant at the 0.05 level (two tailed)
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Principal component analysis (PCA)

Source identification of different chemical
contaminants present in rainwater samples
at East Bokaro coalfield was further carried
out through Varimax rotated factor
analyses (SPSS-20), which are shown in
Table 5. The principal component analysis
(PCA) has been used for extracting factors
governing the major ionic compositions of
rainwater and to identify the possible

source of the major ions in rainwater (Seto
et al., 2000; Tang et al. 2005; Singh and
Mondal, 2008). Factor loadings show that
the data synthesized into four factors with
Eigen values cut off at greater than unity
and explain about 71.8% of the total
variance. A more detailed description
regarding the sources of different chemical
species associated with different factors is
given below.

Table 5. Principal component loadings (rotated varimax normalized) for the ionic composition in rain
water of East Bokaro Coalfield

Rotation Sums of Squared Factor Loadings

Components PCA-1 PCA-II PCA-III PCA-IV
F 0.657 -0.069 -0.214 0.279
cr -0.147 0.743 0.184 0.031
HCO; 0.618 0.556 0.234 -0.160
S0~ 0.735 0.119 0.412 -0.323
NO,* 0.007 -0.009 0.065 0.921
NH,* -0.028 0.226 0.751 0.282
ca® 0.841 -0.084 0.179 -0.037
Mg** 0.490 0.439 0.452 0.222
Na* 0.094 0.910 -0.043 -0.029
K* 0.208 -0.016 0.720 -0.163
Eigen values 2.374 1.958 1.629 1.215
% of Variance 23.75 19.58 16.29 12.15
Cumulative % 23.75 43.33 59.62 71.77

PCA- | registered a variance of 23.74%
with high loadings for F, HCO3z, SO,
Ca®* and Mg? indicating natural sources,
soil and atmospheric dust, resulting from
the chemical transformation of SO,, NO3
and CI" on the surface of the alkaline
aerosols. PCA-11 contributed CI" and Na" at
19.58% of variance. This indicates the
sources of Na* and CI" may occur in the
form of sea salt. PCA-I1l with 16.29% of
variance comprises NH;" and K+,
indicating the anthropogenic source and
related to the influence of the coal and
biomass burning and thermal power plants
(Migliavacca et al. 2004; Singh and
Mondal, 2008). PCA-IV explained 12.15%
of variance of our result and was associated
with NOg3". This component seemed to have
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arisen from other anthropogenic sources,
like agricultural and vehicular pollution.

CONCLUSIONS

The present study of rainwater quality over
a coal mining environment revealed that
the chemical characteristics are greatly
influenced by mining activities. The pH
values in most of the samples were alkaline
in reference to the value of 5.6. The order
of anions abundance in the rainwater was
found as follows HCOs> SO, > CI>
NO3z > F while the cations followed the
order of Ca?*> Mg?*>NH,">Na"> K*. The
ratio of CI/Na’ in the rainwater sample
was found to be between 0.05 and 3.51,
which is almost equal to sea water. The
comparison of the ratios of ions of
rainwater and sea water revealed the excess
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of Mg*, K*, Ca?* and SO, in rainwater
which was attributed to non marine source
such as coal mining dust and other
anthropogenic sources. The EFs also
indicated anthropogenic contribution and
were found to be high for HCO3, Ca*,
SO4% and K*. Factor loadings show that
the data synthesized into four factors with
Eigen values >1 and explain about 71.8%
of the total variance and the factors
constituting geogenic and human induced
sources. The variation in AP/NP ratio is
less than one indicating the neutralization
potential dominating the acidic potential.
The study indicates that receiving
rainwater in this region is not under threat
of acidification under the present scenario;
however, it strongly advocates the
anthropogenic influence, in particular the
mining activities, on the rainwater quality.
The study suggests that there is need for
regular monitoring of air quality in the
study area as well as proper disposal of
mine waste. Scrubbers should be installed
at industrial/mining areas and waste
disposal sites so as to reduce the quantity
of gases released from these sources into
the atmosphere. There is also the need to
reduce the consumption of fossil fuels in
the study area. The future scope of this
study is to measure dry deposition rate.
Dry deposition is the process by which
atmospheric trace chemicals are transferred
by air motions to the surface of the Earth in
the absence of rain.

ACKNOWLEDGEMENTS

The authors are thankful to the Director of
the CSIR-Central Institute of Mining and
Fuel Research, Dhanbad, for providing
analytical facilities and the Director of the
Indian School of Mines, for his valuable
suggestions and financial support received
from the ISM/MHRD/Government of
India. Our hearty thanks to the Editor-in-
Chief and anonymous reviewer for his
valuable suggestions to improve the study
in the present form.

472

REFERENCES

Ahiarakwem, A. (2012). Hydro-Chemical
Investigation of Rainwater Samples Collected in Parts
of Owerri Metropolis and Environs, Imo State,
Southeastern Nigeria, ISESCO. J. Sci. Tech., 8: 48-57.

Akoto, O., Darko, G. and Nkansah, M.A. (2011).
Chemical Composition of Rainwater over a Mining
Area in Ghana. Int. J. Environ. Res., 5(4): 847-854.

Ali, K., Momin, G.A., Tiwari, S., Safai, P.D.,,
Chate, D.M. and Rao, P.S.P., (2004). Fog and

Precipitation Chemistry at Delhi, North India,
Atmos. Environ., 38: 4215.
APHA (1995). Standard Methods for the

Examination of Water and Waste Water, 16th ed.,
Washington, D.C.

Balachandran, S. and Khilare, P.S.
Occurrence of Acid Rain over Delhi.
Monit. Assess., 71: 165-176.

Budhavant, K.B., Rao, P.S.P., Safai, P.D. and Ali, K.
(2009). Chemistry of Monsoon and Post-Monsoon
Rains at a High Altitude Location, Sinhagad, India.
Aerosol Air Qual. Res., 9(1):65-79.

Charlson, R.J. and Rodhe, H. (1982). Factors
Controlling the Acidity of Natural Rainwater.
Nature, 295:667-673.

Chatterjee, J. and Singh, S.K. (2012). 87Sr/86Sr and
Major lon Composition of Rainwater of
Ahmedabad, India: Sources of Base Cations,
Atmos. Environ., 63: 60-67.

Cheng, M.C., You, C.F., Lin, F.J., Huang, K.F. and
Chung, C.H. (2011). Sources of Cu, Zn, Cd and Pb
in Rainwater at a Subtropical Islet Offshore
Northern Taiwan. Atmos. Environ., 45: 1919-1928.

Cobbina, S.J., Michael, K., Salifu, L. and Duwiejua,
A.B. (2013). Rainwater Quality Assessment in the
Tamale Municipality. Int. J. Scient. Tech. Res.,
2(5): 1-5.

Das, R., Das, S.N. and Misra, V.N. (2005).
Chemical Composition of Rainwater and Dustfall at
Bhubaneshawar in the East Coast of India. Atmos.
Environ., 39: 5908-5916.

Gabriel, N.W. and Henry, M.W. (2015). Trace
Elements in Rainfall Collected around Menengai
Area Kenya, Proceedings World Geothermal
Congress 2015, Melbourne, Australia, 1-13.

Granat, L. (1972). On the Relation between pH and
the Chemical Composition in Atmospheric
Precipitation. Tellus, 6: 550-560.

Granat, L., Suksomsankh, K., Simachaya, S. and
Rodhe, T.H. (1996). Regional Background Acidity

(2001).
Environ.



Pollution, 2(4): 461-474, Autumn 2016

and Chemical Composition of Precipitation in
Thailand. Atmos. Environ., 30: 1589-1596.

Hideaki, S., Maki, I. and Akira, T. (2008). Chemical
Characteristics of Precipitation in Okinawa Island,
Japan. Atmos. Environ., 42: 2320-2335.

Hutchinson, G.E. (1957). A Treatise on limnology
I. Geography, Physics, Chemistry: New York, John
Wiley & Sons, 1015.

Jain, M.U., Kulshrestha, C., Sarkar, A.K. and
Parashar, D.C. (2000). Influence of Aerosols on
Wet deposition at Urban and Rural Sites in India.
Atmos. Environ., 34: 5129-5137.

Khare, P., Goel. A., Patel, D. and Behari, J. (2004).
Chemical Characterization of Rainwater at a
Developing Urban Habitat of Northern India.
Atmos. Environ., 69: 135-145.

Khemani, L.T., Momin, G.A., Rao, P.S.P., Safai, P.D.,
Singh, G. and Kapoor, R.K. (1989). Spread of Acid
Rain over India, Atmos. Environ. 23 (4): 757-762.

Kulshrestha, U.C., Saxena, A., Kumar, N., Kumari,
K.M. and Srivastava, S.S. (1995). Wet and Bulk
Deposition Study at New Delhi (India). Water, Air,
Soil Poll., 85: 2137-2142.

Kumar, N., Kulshrestha, U.C., Saxena, A., Kumari,
K.M. and Srivastava, S.S. (1993). Effect of
Anthropogenic Activity on Formate and Acetate
Levels in Precipitation at Four Sites in Agra, India.
Atmos. Environ., 27: 87-91.

Kumar, R.A., Rani, Singh, S.P., Kumari, K.M. and
Srivastava, S.S. (2002). A Long-Term Study on
Chemical Composition of Rainwater at Dayalbagh,
a Suburban Site of Semiarid Region. J. Atmos.
Chem., 41: 265-279.

Meena, M., Meena, B.S., Chandrawat, U. and Rani, A.
(2014). Chemical Characteristics of Rainwater at an
Industrial City of Western India. Int. J. Innovative Res.
Sci., Engg. Tech., 3(7): 14359-14367.

Migliavacca, D., Teixeira, E.C., Pires, M. and
Fachel, J. (2004). Study of Chemical in
Atmospheric Precipitation in South Brazil. Atmos.
Environ. 38: 1641-1656.

Naik, M.S., Momin, G.A., Rao, P.S.P., Safai, P.D
and Ali, K. (2002). Chemical Composition of
Rainwater around an Industrial Region in Mumbai,
Curr. Sci., 82:1134-1137.

Parashar, D.C., Kulshrestha, U.C. and Jain, M. (2001).
Precipitation Chemistry and Aerosols Studies in India.
Environ. Monit. Assess., 66: 47-61.

Rai, P., (2014). Wet Deposition of Gaseous
Pollutants in Dhanbad, India for Rainwater Quality.
Int. J. Curr. Engg. Tech., 4(2): 473-479.

473

Rastogi, N. and Sarin, M.M. (2005). Chemical
Characteristics if Individual Rain Events from a
Semi-arid Region in India: Three —year Study.
Atmos. Environ., 39: 3313-3323.

Rastogi, N. and Sarin, M.M. (2006). Atmospheric
Abundances of Nitrogen Species in Rain and Aerosols
over a Semi-arid Region: Sources and Deposition
Fluxes. Aerosol Air Qual. Res., 6(4): 406-417.

Ravichandran, C. and Padmanabhamurty, B.
(1994). Acid Precipitation in Delhi, India, Atmos.
Environ., 28: 2291-2297.

Rodhe, H., Dentener, F. and Schulz, M. (2002). The
Global Distribution of Acidifying Wet Deposition.
Environ. Sci. Tech., 36: 4382-4388.

Saxena, A., Kulshrestha, U.C., Kumar, N., Kumari,
K.M. and Srivastava, S.S. (1996). Characterisation
of Precipitation at Agra. Atmos. Environ., 30:
3405-3412.

Saxena, A., Sharma, S., Kulshrestha, U.C. and
Srivastava, S.S. (1991). Factors Affecting Alkaline
Nature of Rainwater in Agra (India). Environ. Poll.,
74:129-138.

Seto, S., Oohara, M. and Ikeda, Y. (2000). Analysis
of Precipitation Chemistry at a Rural Site in
Hiroshima Prefecture, Japan. Atmos. Environ. 34:
621-628.

Shivashankara, G.P., Ranga, K. and Ramalingaiah,
M. (1999). Characterisation of Bulk Precipitation in
Industrial Areas of Bangalore city. Indian J.
Environ. HIth. 41:229-238.

Singh, A.K. and Mondal, G.C. (2008). Chemical
Characterization of Wet Precipitation Events and
Deposition of Pollutants in Coal Mining Region,
India. J. Atmos. Chem., 59:1-23.

Tang, A., Zhuang, G., Wang, Y., Yuan, H. and Sun,
Y. (2005). The Chemistry of Precipitation and its
relation to Aerosols in Beijing. Atmos. Environ.
39:3397-3406.

Tiwari, S., Hopke, P.K., Thimmaiah, D., Dumka,
U.C., Srivastava, A.K., Bisht, D.S., Rao, P.S.P.,
Chate, D.M., Srivastava, M. K. and Tripathi, S.N.
(2015). Nature and Sources of lonic Species in
Precipitation across the Indo-Gangetic Plains, India.
Aerosol and Air Qual. Res., (In press), DOI:
10.4209/aaqr.2015.06.0423.

Tu, J.,, Wang, H., Zhang, Z., Jin, X. and Li, W.
(2005). Trends in Chemical Composition of
Precipitation in Nanjing, China, during 1992-2003.
Atmos. Res., 73(3-4): 283-298.

Yang, F., Tan, J., Shi, Z. B, Cai, Y., He, K., Ma,
Y., Duan, F., Okuda, T., Tanaka, S., Chen, G. and
Bai, L. (2011). Five-year Record of Atmospheric



Kumar Mahato, M. et al.

Precipitation Chemistry in Urban Beijing, China.
Atmos. Chem. Phy., 11: 28097-28124.

Yanli, C., Ying, L., Mingqun, H., Qian, S.,
Huixiang, W., Zhongming, C. and Yuhua, B.
(2011). Chemical Characteristics of Precipitation at
Nanping Mangdang Mountain in Eastern China

during Spring. J. Environ. Sci., 23(8): 1350-1358.

Zhang, M., Wang, S., Wu, F., Yuan, X. and Zhang,
Y. (2006). Chemical Compositions of Wet
Precipitation and Anthropogenic Influences at a
Developing Urban Site in Southeastern China,
Atmos. Res., 84: 311-322.

OFo

Pollution is licensed under a "Creative Commons Attribution 4.0 International (CC-BY 4.0)"

474



