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ABSTRACT. Six years of rain water composition data from two BAPMoN regional stations in India are analysed
using Factor Model Analysis. It gives four factors representing different source type contributing to water soluble pollutants
in precipitation. The major influence on rain water composition at both sites are Sea-salt and continental source such as soil
dust, ammonia and low levels of sulfate and nitrate which presumably have both natural and anthropogenic components. The
long term mean values of pH of rain water at both sites were found to be greater than the pH value of selected polluted northern

Remisphere sites.
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1. Introduction

The study of chemical composition of rain water is very
useful to provide an understanding of atmospheric physical
and chemical processes and the nature of air pollution
sources. The concentrations of chemical constituents is sur-
face precipitation are the consequence of several cumulative
processes occurring in and below the clouds. It is well
known that the precipitation scavenging is classified into "in
cloud scavenging” and "below cloud scavenging” process in
accordance with the positions where the scavenging occurs.
Thus, rain water samples from different shower events ex-
hibit variable compositions. However, when monthly mixed
samples of rain water are chemically analysed and the net
deposition accounted for over a long period. It is mainly the
ambient atmospheric burden of pollution that gets reflected
while the weather-related factofs only cause the variations
about the mean value.

There are many studies which have reported that acid
deposition is increasing and this is mainly due to H" ions
associated with anions SO "4, NO'3and CI” which are gen-
crated primarily from anthropogenic emissions. However
data on rain analysis for BAPMoN stations suggest alkaline
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nature of precipitation, attributed to anions associated with
cations like Ca**, Mg*™ and K* which originate from natu-

ral sources. NHJ is also likely to be an important factor in
neutralizing the acidity of the precipitation,

The composition of drain water may be affected by ions
from both marine and terrestrial sources. But it is often
difficult to ascertain the origin of precipitated ions (Eriksson
1958). Larson and Heltick (1956) found that the chemical
composition of rain water is influenced by the several factors
such as distance of the sampling from sea, topography of the
area, wind velocity and contribution from land mass, saline
etc. Although it has been inferred (Hutton and Lesile 1958)
that terrestrial, rather than oceanic salts predominate at
increasing distance from sea. There are reports which sug-
gest that particles of sea salt may travel over long distance.

The objective of this study is to identify the sources of
water soluble pollutants contributing to precipitation in a
coastal site (Vishakhapatnam, lat.17°41’N, long. 83°18E)
and arid location (Jodhpur, lat.26°18'N. long. 73°01’E).
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TABLE 1

Water soluble components in precipitation mg
Water soluble Vishakhapatnam Jodhpur
component Mean SD Mean SD
S07 " 1.53 1.05 1.68 263
NO7 7.712 6.50 5.45 6.19
cr 488 494 4.06 5.19
NH} 0.42 0.70 0.08 0.14
Ca* 342 Kivd | 8.88 7.85
Mg* 1.44 1.52 243 295
Na* 459 426 4.49 193
K* 1.33 1.43 1.97 3.06
pH 6.08 1.88 7.43 0.44

2. Experimental methods

The rain water samples are collected round the year
whenever rainfall occurs at ten BAPMoN stations operated
by India Meteorological Department, that forms a part of
Global Atmosphere Watch (Global Air Pollution Observa-
tional Network). Samples are specially collected under a
wet-only sampling programme (i.e., avoidance of any dry
deposition in the collector (Krishnanand 1984, Mukherjee
er al. 1986). The monthly mixed samples are analysed for
determining the concentrations of the cations (Ca™, Mg*™,
K*, Na*) using Atomic Absorption Spectrophotometer (PU

9000 Pye Unicam make) and Anions (SO3 ~, NO3 and CI')

and NHZ using UV-Vis Spectrophotometer (UV-240, Shi-
madzu make) according to standard and well known tech-
niques.

3. Results and discussions
(i) Chemical analysis

Table 1 gives the average concentrations and standard
deviations (SD) of different water soluble species observed
in the rain water. The pH values measured are also shown
which were used to calculate H ion concentrations. Sodium
and chlorides are major components driven from Sea salt
and oxides of Sulphur are the typical pollutants emitted from
natural and anthropogenic sources. Major portion of Cal-
cium, Magnesium and Potassium are usually of crustal
origin. Other significant pollutants are nitrate and ammo-
nium. It can be concluded that in addition to soil driven
components the water soluble species contributed from
natural and other man-made sources are also likely to be
present in precipitation samples.

(ii) Correlation analysis

Asexpected in a coastal town where aerosols of sea salts
are predominant, the correlation between Na™ and Cl” is very

high (Table 2). High correlation of H* and NO3 indicates
the role of oxide of nitrogen in lowering pH of precipitation.

The strongly correlated group of soil driven species (Cal-
cium, Potassium and Magnesium) are also obvious. The
positive correlations of Potassium with Calcium and So-
dium indicate that Potassium ions are contributed by both
sources (i.e., marine as well as continental). The higher
positive correlation coefficient between sulphate and am-
monium appears to be due to emission of oxides of sulphur
and ammonia gas presumably by both natural and anthropo-
genic sources.

The pattern of correlations is different at Jodhpur than
Vishakhapatnam. It is surprising that Jodhpur which re-
ceives meritime air after extensive travel over land has
shown a significant positive correlation between Na and Cl.
The NaCl is most likely to be of local origin, as also
indicated by high Na* to Ca*™ correlation (Mukhopadhyay
etal. 1992). Thus, in addition to Sea salt particles, terrestrial
salt particles also play an important role in the composition
of rain water at the station. However the presence of Sea-salt
particles in the neighbourhood of Jodhpur has already been
reported (S. J. Maske 1982). Interestingly Ca*" is negatively
correlated with H*, which is suggestive of the importance
of dissolution and exchange reaction involving particulate
material (calcareous minerals) by which H' ions are con-
sumed.

Although correlation matrix is useful to find out the
association amongst the variables. It is very difficult to
express relative importance of these variables. The study of
correlations shows that one water soluble component has
good correlation with many other components. Therefore,
the identification of the source contributing to a particular
component is very difficult.

(tif) Facror analysis

The objective of "Factor Analysis" is to reduce the
dimensionality of the problem so that interpretability in-
creases considerably but no significant information is lost.
The basic principle and assumption of classical factor model
used in the field of Air Pollution are defined by the following
equation:

P
Cﬁczz LJ}*(FS)}I{"’E!‘! (])
j=1

Where, Cik is the normalised value of concentration of
the ith species in Kth sample. FSj is the factor score of the
Jth common factor for the Kth sample. L; is the factor
loading and Ej; is the residual not accounted by the common
factors and which is the lett out of the solution.

It should also be mentioned that although both Principal
Component Analysis (PCA) and Factor Analysis (FA) are
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TABLE 2

Correlation coefficients (r) between species

Vishakhapatnam Jodhpur

cr 0.61 Na* Vs

NOi 0.54 N:I+ Vs

Mg 0.65 Na* Vs

K 0.47 cr Vs
NHE Vs S0P~ 0.42 K+ Vs cr 0.53
K* Vs cr 0.59 H* Vs ca** -0.25
Na* Vs K' 0.47 K* Vi NHE 0.50

TABLE 3(a)
Varimax Rotated Factor Matrix of Vishakhapatnam
Variables Factor | Factor 2 Factor 3 Factor 4 Commonality
Na* -0.88 0.14 -0.11 -0.00 0.807
o -(0.84 0.09 0.28 0,01 0.801
SO3" -0.36 0.10 -0.03 -0.82 0.847
K' -0.60 045 0.30 -0.11 0671
NH} 0.30 -0.03 0.23 -0.84 0,856
Mg -0,06 0.90 -0.25. -0.07 0.887
ca* -0.22 0.87 0.19 0.02 0.845
H' 0.06 0.07 0.88 -0.11 0.803
NO3 034 0.07 0.80 -0.05 0.773
Eigenvalue 2275 1.825 1.772 1.424 7.296
% Variance 25.27 20,27 19.68 15.82
Cum % Var. 25.26 45.54 65.22 81.04
TABLE 3(b)
Varimax Rotated Factor Matrix of Jodhpur

Variables Factor | Factor 2 Factor 3 Factor 4 Commonality
Na* -0.58 0.61 0.05 0.19 0.762
cr -0.90 0.15 -0.29 -0.00 0.923
SOV 0,93 -0.08 0.11 -0.03 0.884
K" .25 0.25 -0.85 0.04 0.848
NH} 0.12 -0.15 -0.84 0.08 0.764
Mg 0.18 0.76 -0.20 0.23 0.707
ca*t 0.16 0.76 0.08 0.16 0.637
H* 0.42 -0.25 -0.22 0.63 0.692
NO3 -0.15 0.16 -0.00 0.83 0.729
Eigenvalue 2.354 1.745 1.640 1.212 6.951
% Variance 26.15 19.38 18.22 13.46
Cum % Var. 26.15 45.53 63.75 71.21

used for data reduction, some difference can be seen be-
tween PCA and FA as follows:

(/) Although FA adopts a mathematical model involv-
ing data structure

(ii) PCA does not allow the presence of error variance,
the error term in FA are assumed to be uncorrelated with
each other.

In a familiar Factor Analysis, e.g., Varimax rotated
factor analysis model, it is assumed that there is no correla-
tion between the common factors and errors, sinch Factor
Analysis is mathematical model of first place and also the
error is taken into consideration. Therefore, Factor Analysis
is preferred over the Principal Component Analysis used in
this study.

The concentration data of water soluble component and
hydrogen ion concentrations (calculated from pH values)
were subjected to Factor Analysis. Factor Analysis with
Varimax rotated factor matrix (selecting principal factoring
technique with eigen value cut off at 1.00) provides a
convenient method of scrutinising rain water composition
data for patterns in variance which may be used to identify
major source of rain water ions (Crawley and Sievering
1986). Certainly factor analysis has some problems when
applied as a mean of quantitative source apportionment (for
example see Henry 1987). However, it is applied here only
as a qualitative tool for identifying grouping of ions which
show commonality in variance. Factor loading exceeding
about £ 0.5 are generally considered to be significant, al-
though Crawley and Sievering (1986) attributed signifi-
cance to loading down to £ 0.4.
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(a) Vishakhapatnam

The pattern of factor loadings in Table 3(a) clearly
identifies two major source of ions. The first factor repre-
sents sea salt source, dominated by the major sea salt ions
Na*, K* and CI" as expected at the coastal site, where the
absolute concentrations of sea salts are higher. The second
factor seems to express soil particles, since it is correlated
with Ca** and Mg**. These elements arc usually found in
crustal components. Morcover, this factor appears to have

weak correlation with nitrates (NO3 ) and it can, therefore,
be estimated that this factor 1s also associated with the
emission of nitrogen. Third factor corresponds to the emis-
sion of oxides of nitrogen, which is converted in to secon-
dary particles by further chemical reactions. This factor also
indicate that nitrate combined with Hydrogen ions have
major effect in determining the pH of rain water. Fourth
lactor depends upon NHZ and SO3 ™. These are the predomi-
nant chemical components of secondary particles. It may
also be suggested that a major origin of secondary particles
is the Sulphur Dioxide, Ammonium ions are the results of
ammonia gas emitted by natural and man-made activities.

(b) Jodhpur

Sodium, chloride and sulphate have higher factor load-
ings for factor 1. Calcium. Magnesium and Sodium for
fuctor 2, Ammonium and Potassium for factor 3 and Hydro-
gen and nitrate for factor 4. Factor | may be considered to
represent Seca salt particles and emission of sulphur. The
second factor corresponds to soil particles as it is correlated
with Ca** and Mg*™*. The station is known 10 be rich in the
Ca"" and Mg™" (Krishnanand 1984). Factor 3 also scems to
express continental source dominated by ammonia and
some crustal contributions. Fourth factor represents emis-
sion of oxides of nitrogen.

The variance explained by the last two factors which
indicate the presence of secondary particles is small in
comparison to first two factors at both sites. This suggests
that contribution from the continental source and the sea salt
aerosols is more compared to anthropogenic sources at both
the sites. B. Mukhopadhyay et al. 1993, found that sulphates
and nitrates are more homogeneously distributed and may,
therefore, have gaseous precursors from the natural emis-
sS10ns.

It is also found that the long term volume-weighted
mean pH values 6.08 and 7.43 at Vishakhapatnam and
Jodhpur respectively are above 5. Moreover, these figures
can be contrasted with mean values of 4.5 and below at
polluted northern hemisphere sites (e.g.. NAPAP 1990 and
reference therein). The conclusion suggesied by these data
is that both sites may be considered to be relatively free from
major anthropogenic pollution.

4. Conclusions

Correlation studies are useful but not sufficient to ex-
plain the association between variables in the observations.
Therefore, these should be supported by other statistical
analysis. Factor Analysis technique applied to the precipita-
tion chemistry data brought the following conclusions.

(1) Water soluble species are mainly derived from two
type of sources. Sea salt aerosols and continental source
such as soil dust and ammonia.

(if) Both the places are relatively little, influenced by
the presence of secondary particles as reflected in the last
two factors.

(iif) The long term volume weighted mean pH values at
both sites are greater than pH values of polluted sites in
northern hemisphere suggest that both sites are relatively
free from major anthropogenic pollution.

Acknowledgements

The author would like to record his gratitude to the
Director General of Meteorology for giving constant en-
couragement in BAPMoN work and would also like to thank
Mr B.C. Biswas, Deputy Director General of Meteorology
for encouragement and guidance. The author also wishes to
thank Mr. B. Mukhopadhyay and Dr. T. Raman Rao for their
valuable comments,

References
Crawlay. J. and Sievering, H.. 1986, "Factor Analysis of the
MAP3IS/RAINE precipitation chemistry network, 1976-1980," Ar-
maos, Enviren, 200 1001-1013

Eriksson, E., 1958, "The chemical climate and saline soils in arid zones."
Climatology. Rev. UNESCO, Paris, 147-180.

Henry, R.C., 1987, "Current Factor Analysis preceptor mode is ill posed,
Atmos. Environ,, 21, 1815-1820.

Hutton, J. T. and Leslie, T_ 1., 1958, "Accession of non-nitrogenous ions
dissolved in rain water to soils in Victoria”, Australiun Journal of
Agricultural Research, 9, 492-507

Krishnanand. 1984, "Prospects of acid rain over India”, Mausam, 35, 2,
225-235.

Larson, T. E. and Heluick, 1., 1956, "Mineral composition of rmn water,
"Tellus, V.8, 191-201.

Maske. S. J. and Krishnanand. 1982, "Studies on chemical constituents of
precipitation over India. Mausam, 33, 2, 241-246,

Mukherjee. A. K. . Knshnanand and Ghanekar, S. G., 1986, "A preliminary
study of the characteristics of acrosols over Pune and Srinagar,
Mausam. 37, 3, 313-316.

Mukhopadhyay. B.. Datar, S. V. and Srivastava, H.N., 1992, "Precipitation
chemistry over Indian region, Mausam, 43, 3, 249. 258

Mukhopadhyay. B., Singh S. S., Datar. S. V. and Srivastava, H. N_, 1993,
"Principal Component Analysis of rain water at BAPMoN station
in India. Mausam, 44, 2, 179-184.

NAPAP, 1990, "National Acid Precipitation Assessment Program; Annual
Report 1989", NAPAP Office Jackson Place NW, Washington
DC.



	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120
	Image00121
	Image00122
	Image00123
	Image00124
	Image00125
	Image00126
	Image00127
	Image00128

