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Atmospheric chemical composition of bulk deposition
at two geographically distinct locations in Sri Lanka

A.B. Liyandeniya & M.P. Deeyamulla & N. Priyantha

Abstract This study presented the research work car-
ried out for the investigation of chemical composition of
bulk precipitation in two geographically and economi-
cally distinct areas, namely Gampaha and Kandy Dis-
tricts. This study was conducted from 2013 to 2014 at
three sampling stations in each District. The bulk pre-
cipitation was analyzed for pH, conductivity, Na+,
NH4

+, K+, Mg2+, Ca2+, F−, Cl−, NO3
−, SO4

2−, Pb, Cu,
Mn, Al, Zn and Fe for a total of 375 samples. Only 8%
events of acidic precipitation were recorded in Gampaha
District when compared with 3% in Kandy District. The
volume weighted average concentrations of the major
ionic species present in precipitation samples were in the
order of Na+ > Ca2+ > Cl− > NH4

+ > SO4
2− > Mg2+ >

NO3
− > K+ > F− in the Gampaha stations, while the

order was NH4
+ > Ca2+ > Na+ > Cl− > SO4

2− > Mg2+ >
NO3

− > K+ > F− in Kandy District. Neutralization of
acidity of precipitation is much more related to CaCO3

than NH3, and high content of Ca
2+ ions present in both

Districts strongly supports this fact. When considering
marine contribution, SO4

2−/Na+, Ca2+/Na+ and Mg2+/

Na+ ratios are higher than the reference value suggesting
contribution of sources other than marine. Depositions
of both Districts show that the concentration of Al is the
highest while that of Mn is the lowest. Principal com-
ponent analysis suggests that influencing human activ-
ities on chemical composition of rain water depends on
thermal power plant, oil refinery, heavy traffic and
waste incineration in the study area.

Keywords Atmospheric precipitation . Bulk
precipitation . Ions . Chemical elements . Principal
component analysis

Introduction

Atmospheric precipitation is probably the most effective
scavenging factor of removing various inorganic and
organic pollutants, including gaseous species and par-
ticulate matter, from the atmosphere (Alkhashman
2005; Migliavacca et al. 2005; Huang et al. 2008a, b;
Carvalho et al. 2014; Vieira-Filho et al. 2015; Rao et al.
2016; Deusdará et al. 2017). Rapid development of
industrial and agricultural sectors consumes large quan-
tities of fossil fuels and synthetic fertilizers, releasing
various pollutants to the atmosphere (Yu et al. 2017).
Dissolution of these pollutants would subsequently
change the chemistry of rainwater, and therefore, the
determination of the chemical composition of pollutants
present in rainwater is an indirect measure of the extent
of pollution (Alkhashman 2005; Huang et al. 2008a, b).
It can also be used to predict current and future
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distribution of atmospheric pollutants. In this context,
monitoring rainwater quality has become vital (Granat
et al. 1996).

Chemical composition of rainwater varies depending
on geographical location of the sampling site owing to
consequences of different pollution sources (Jain et al.
2019; Szép et al. 2019). Due to the local emission
followed by long-range transportation of atmospheric
pollutants, known as trans-boundary pollution, air pol-
lution has become a severe regional atmospheric envi-
ronmental problem (Pu et al. 2017). As air pollutants can
be transported over long distances from the sources of
their origin, they can be transported to Sri Lanka from
neighboring countries, where levels of air pollution are
high (Ileperuma 2015; Park et al. 2015). Study of chem-
istry of rainwater has been focused on in many countries
as a measure of atmospheric pollution (Akkoyunlu
2003; Croisé et al. 2005; Staelens et al. 2005; Herrera
et al. 2009; Paternoster et al. 2014; Yu et al. 2017). One
study in China reveals that acid precipitation (pH < 5.6)
has affected 30% of the country resulting in serious
consequences in economically developed regions in
the East, the South, and central parts of China (Zeng
and Hopke 1989). Another study has shown that the
annual mean pH of rain was 4.49 with the frequency of
acid rain occurrence of 71% in 2005 in Shanghai, China
(Huang et al. 2008a, b). A different study in Guangzhou
in China shows acidic pH values as low as 3.52 with
volume-weighted mean equivalent concentration of
components in the order of SO4

2− > Ca+2 > Cl− >
NH4

+ > Na+ > NO3
− > K+ > Mg2+ > F− (Huang et al.

2008a, b). A recent study on characteristics of ions in
rainfall and PM2.5 warns that Beijing has been heavily
affected bymobile sources and anthropogenic pollution.
However, PM2.5 can be most effectively removed from
the atmosphere by rainfall (Gao et al. 2019). A study
conducted in Mahshahr, Iran, through comparison of
species concentration ratios relative to those for pure
seawater and earth’s crust reveals that nearly all NO3

−

and most Ca2+, SO4
2− and Mg2+ have been originated

from non-marine and local sources. Compared with
other areas around the world, some heavy metals (par-
ticularly Zn) have displayed higher concentrations in
rainwater (Rastegari Mehr et al. 2019).

Geographically, Sri Lanka is situated very close to
Indian mainland, and thus, atmospheric air quality of
India could greatly influence the Sri Lankan air quality.
One study revealed that the mean pH of rain water was
6.00 ranging from 5.05 to 7.57 in Hyderabad in India

(Venkateshwarlu and Satyanarayana 2014). The same
study reveals that the order of chemical composition
follows the order of Ca2+ > SO4

− > NH4
+ > NO3

− >
Na+ > Cl− > HCO3

− > F− > Mg2+ > Br− >K+. A study
conducted in a coastal location in the eastern part of
India elaborates that oceanic and continental sources
supply Mg and Sr to the site, whereas Ca and Ba are
pre-dominantly supplied through continental sources
(Tripathy et al. 2019).

In contrast to global direction towards study of
chemical composition of rainwater, only few studies
have been reported in Sri Lanka (Dissanayake and
Weerasooriya 1985; Aberatne and Ileperuma 2006;
Ileperuma 2015; Tennakoon et al. 2006). Some of
these studies revealed of occurrence of acid rain
during some precipitation events. One study shows
that the mean monthly pH of rainwater was in the
range from 5.67 to 6.35 (Tennakoon et al. 2006).
Another study shows that mean rainwater pH values
of 5.15 and 5.60 have been determined for the Wet
and Dry Zones of Sri Lanka, respect ively
(Dissanayake and Weerasooriya 1985). With the
expansion of economic activities in Sri Lanka, par-
ticularly urbanization and industrialization, levels of
atmospheric pollution would be on the rise. An
alarming situation with regard to the deterioration
of atmospheric quality in Sri Lanka is the fact that
the number of automobiles has been doubled over
the decade of 1992–2012 (Ileperuma 2015). Further,
the establishment of 900 MW coal power plant at
Norochcholei as well as diesel thermal power plants
near Colombo has led to increase in fossil fuel
burning releasing sulfur dioxide and other pollutants
(Ileperuma 2015). Having identified the gap in the
existing findings with regard to atmospheric pollu-
tion, the purpose of this study was to determine the
chemical composition of bulk precipitation in six
sampling locations representing Kandy and
Gampaha Districts in Sri Lanka, and to identify
possible sources of such constituents present in rain-
water, which contribute to atmospheric pollution.

Materials and methods

Study area

Six sampling sites were located in Gampaha and Kandy
Districts of Sri Lanka where tropical climate is prevalent
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(Fig. 1). High rainfall occurs in both Districts by mon-
soon, and much rainfall is received during the South-
Western monsoon period from May to September.
Gampaha District is located in the Western Province
where three sampling stations, namely University of
Kelaniya, Sapugaskanda and Sedawaththa, were set-
up. High industrialization and urbanization are prevalent
in these three sampling areas; University of Kelaniya is
located by the Kandy-Colombo (A1) highway where
high traffic congestion is present in many parts of the
daytime. The area of the study in Sapugaskanda sam-
pling site showsmore anthropogenic activities. The only
oil refinery in the country is operated in close proximity.
Additionally, Sapugaskanda power station and many
industries have been established nearby. On the other
hand, Kelanithissa power station is situated near the
Sedawaththa sampling site, very close to the municipal
boundary of Colombo, the Sri Lankan Capital.

The three remaining sampling sites, namely Univer-
sity of Peradeniya, Kandy and Polgolla, were set-up in
Kandy District of the Central Province of Sri Lanka. The
mean altitude of these locations is 400 m above sea level
and covered by mountains. This area of study shows
limited anthropogenic activities. The sampling point of
the University of Peradeniya is located about 1 km from
the Kandy-Colombo (A1) highway where high traffic
congestion is present in many parts of the daytime.
Kandy city is located in a basin surrounded by moun-
tains and it is in the vicinity to vehicular sources due to
high traffic congestion present during peak hours of
daytime. The Polgolla site is located in the banks of
Polgolloa dam. This site is located approximately 7 km
from Kandy, and neither industries nor heavy traffic is
encountered in the vicinity.

Sampling, sample preservation and analysis

Collectors (Polyethylene container and funnel) were
placed 120 cm above the ground level (Fig. 2). Diameter
of the funnel was 20.6 cm. Containers and the collectors
were pre-washed with ASTM Type 1 deionized water
before placing in the sampler. Sampling was done on
weekly basis starting from May 2013 to November
2014 at six different sampling locations (Migliavacca
et al. 2005; Uchiyama et al. 2017).

After measuring the volume of each sample, they
were filtered using 0.45-μm nylon filters and divided
into two parts; one part was stored in pre-cleaned poly-
ethylene bottles and refrigerated at 4 °C for analysis of

anions and common cations (Rao et al. 2016). The other
part was stored in pre-cleaned polyethylene bottles
followed by acidification to about pH < 2 by adding
analytical grade HNO3 (BDH VWR) and refrigerated
at 4 °C for trace metal analysis. Conductivity and pH of
rainwater samples were measured soon after sampling
using Sens ION+ EC5 portable conductivity meter and
Orion 3 Star pH meter, respectively.

Selected common cations (Na+, NH4
+, K+, Mg2+,

Ca2+) and anions (Cl−, NO3
−, SO4

2−) were quantified
using Thermo Dionex ICS 900 ion chromatograph with
chemical suppression mode. For anion analysis, Dionex
ionpack AS23 (4 × 250 mm) column was used, while
Dionex ionpack CS12A (4 × 250 mm) column was used
for cation analysis. The detection limits of F−, Cl−, NO3

−

and SO4
2− ions were found to be 1.6, 1.1, 1.0 and

2.0 μeq l−1, respectively, and those of Na+, NH4
+, K+,

Mg2+ and Ca2+ were 2.2, 2.8, 1.5, 6.5 and 6.0 μeq l−1,
respectively.

Trace metals (Al, Fe, Mn, Zn, Cu, Pb) were deter-
mined using Graphite Furnace Atomic Absorption
Spectrometer (GFAAS) (Thermo electron M5 GF95
Graphite Furnace System) with deuterium background
correction. Detection limits for elements were within the
range of 0.1–2.0 μg l−1.

Quality of the analytical procedure was main-
tained using analytical grade chemicals. All
chemicals used for samples collection, preservation,
and analysis were analytical grade with certifica-
tions. All preparation and final washing done with
freshly prepared deionized water were qualified to
be ASTM Type I water. Standards were prepared
using certified standard materials. Trace metals stan-
dards (Al, Fe, Mn, Zn, Cu, Pb) were Sigma-Aldrich
and standards used for ion chromatography were
Thermo Dionex. Anionic eluent required for anion
determination was prepared by diluting IC grade
0.45 M Na2CO3 and 0.08 M NaHCO3 (Thermo
Dionex) while 1.0 M H2SO4 (Thermo Dionex) was
used to regenerate anionic suppressor. Cationic elu-
ent required for anion determination was prepared
by diluting IC grade methanesulfonic acid (Thermo
Dionex) while tetrabutylammonium hydroxide solu-
tion (Thermo Dionex) was used to regenerate cat-
ionic suppressor.

Quality of the analysis was achieved by running
known standard with the same matrix as analyte (both
ions and elements) between 20 sample-intervals to
check reproducibility of analytical results. Recovery of



the check standard was determined to be within 97–
105% range.

Weather data were measured using Watchdog 2700
automated weather stations located at two stations.

Fig. 1 a Map of location of Sri Lanka in the Indian sub-continent. b Sampling stations and possible sources in Gampaha District. c
Sampling stations and possible sources in Kandy District
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Spearman’s correlation coefficient determined in this
research is a statistical measure of the strength of a
monotonic relationship between paired data, and its
interpretation is similar to that of Pearsons. Further, the
principal component analysis (PCA) was applied to the
variables chosen from the Spearman correlation coeffi-
cient. The PCA was applied to the determination of the
sources of respective pollutants whether anthropogenic
or natural. Minitab 16 statistical software was used for
statistical treatment of data.

Results and discussion

Rainfall data

Figure 3 shows rainfall of both sites; Gampaha and
Kandy determined at 25 °C using the bulk volume
collected. Both locations received rain during South-
Western monsoon that prevails during May to Septem-
ber, and moderate drought season prevails in the months
from October to March. During April, the first inter-
monsoon rain prevails, and rain is received during this
time period for both locations. During the period of
study, Kandy received comparatively less amount of
rain during the South-West monsoon. This might have
increased dry particulate matter in the atmosphere, and
deposited with rain as well as with dry deposition.

Figure 4 shows the frequency histogram of pH for
samples of atmospheric precipitation in Gampaha and
Kandy Districts as average values of the three sites in
each District. The pH of all precipitation samples was
determined at 25 °C in triplicate. Few acid precipitation
events were recorded in Gampaha District as compared
with Kandy sampling points. Detailed analysis of histo-
grams indicates that only 8% events of acidic precipita-
tion in which pH less than 5.60 were recorded in the
Gampaha sampling stations when compared with 3% of
the Kandy stations. Both stations had more than 40%
precipitation events having pH values between 6.00 and
7.00. The average pH for the Gampaha sites was
6.52, while that of the Kandy stations was 6.62.
The overall volume weighted average (VWA) pH
values for the two types of sampling stations were
5.49 and 5.64 for Gampaha and Kandy stations,
respectively. Further, the pH range was between
4.69 and 8.50 for the Gampaha stations and between
5.14 and 7.38 for the Kandy stations. It should be
stated that individual sampling stations showed no
significant variation in pH values. The most acidic
pH values were recorded in Sedawaththa and
Sapugaskanda stations. On the contrary, only two
acid precipitation events were recorded in Kandy
District at the sampling station located in the Kandy
City Center (KCC). This would probably be due to
heavy traffic congestion and emission of NOx and
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SOx which are considered as precursors for atmo-
spheric HNO3 and H2SO4.

Chemical composition

Table 1 presents VWA values, ranges obtained for pH,
conductivity, inorganic ions including F−, Cl−, NO3

−,
SO4

2−, Na+, NH4
+, K+, Mg2+ and Ca2+ for a total of 375

precipitation samples collected at six sampling stations
in two locations. The VWA concentrations of the major
ionic species present in precipitation samples were in the
order of Na+ > Ca2+ > Cl− > NH4

+ > SO4
2− > Mg2+ >

NO3
− > K+ > F− in the Gampaha stations, while the

order was NH4
+ > Ca2+ > Na+ > Cl− > SO4

2− > Mg2+ >
NO3

− > K+ > F− in the Kandy stations. Although there is
a difference in the order of ions, Na+, Ca2+, Cl−, NH4

+

and SO4
2− are found to be the dominant ions in both

Districts. Similar observation has been made in India in
2017 (Bhaskar and Rao 2017; Bisht et al. 2017). It has
also been reported that marine contribution was indicat-
ed by the presence of Na+ and Cl− (Li et al. 2016). The
most abundant cation is Na+ in Gampaha due to the fact
that the sampling sites are somewhat near the cost,
where sea salt plays a role for abundant presence of
not only Na+ but also Cl−. On the other hand, the most
abundant cation in the sampling sites in Kandy District
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is NH4
+, which is probably be due to agricultural activ-

ities including fertilizer application for tea cultivation as
well as biomass burning in surrounding areas
(Migliavacca et al. 2005; Martins et al. 2019). Other
abundant cations present in the precipitation were Ca2+

and Mg2+, both of which were frequently found in dust
particles present in the atmosphere. These two ions play
a major role in neutralization of acidified rain. More
importantly, these ions are mainly found in dry months
during November to February where South-East mon-
soon is not occurred.

Acidification and neutralization potentials

Acidity of precipitation is mainly controlled by strong
acids, such as H2SO4 and HNO3, and to lesser extent by

organic acids. Neutralization of these species would take
place due to the presence of NH4

+ and CaCO3. Figure 5
shows the analysis of linear regression applied to the
variables relevant to acidification and neutralization po-
tential separately for the two regions, Gampaha and
Kandy. The correlation coefficient in the samples of
Gampaha is 0.39, which is higher than that of Kandy
(0.20).

Table 2 shows the results of regression coefficient
analysis for the two Districts. In the bulk precipitation of
Gampaha District, approximately 44.2% of SO4

2− and
18.8% of NO3

− were able to be explained by the two
independent variables, Ca2+ and NH4

+. Of 44.2% of
SO4

2− explained, 37.7% appears as CaSO4 and only
6.5% as (NH4)2SO4. In the bulk precipitation of Kandy
District, 26.5% of SO4

2− and 13.6% of NO3
− were
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explained by the two independent variables, and out of
this total,16.8% was found as CaSO4 and 9.7% as
(NH4)2SO4. As for NO3

−, it is found as Ca(NO3)2 in
11.7% and as NH4NO3 in only 1.9% of the cases in the
bulk precipitation. Neutralization of acidity of precipi-
tation is much more related to CaCO3 than to NH3, and
high content of Ca2+ ions in both districts strongly
supports these results.

Marine contribution

Ratio between the ion analyzed and Na+ is higher than
the ratio of the two ions for sea water indicating negli-
gible marine contribution. Both Districts show similar
trends; the behavior is the same when considering the
ratios for SO4

2−/Na+, Ca2+/Na+ and Mg2+/Na+ being
higher than the reference values suggesting that the
marine contribution is negligible and contribution of
anthropogenic sources is high for these ions (Table 3).
Furthermore, the ratios for Cl−/Na+ and K+/Na+ for both
Districts being less than those of the reference values
indicate strong marine influence for these ions. Howev-
er, the higher ratio of Ca2+/Na+ for Kandy can be attrib-
uted to the contribution from dust material containing
CaCO3 in addition to other anthropogenic activities. The
presence of CaCO3 in the atmosphere is contributed by
many dolomite quarries established in surrounding areas
of the Kandy sampling station. This fact is further sup-
ported by higher loading of Ca2+ at a VWA of 88 μeq−l

observed in the Polgolla sampling station. This station is
located in close proximity to dolomite quarries when
compared with other two sampling stations in Kandy
District.

Quantification of chemical elements

Concentration of elements (Pb, Cu, Al, Zn, Fe and Mn)
determined in rainwater, as shown in Table 4, indicates
that almost all stations have Pb at concentrations lower
than the MDL. This is because of lack of Pb sources in
these areas and abandoning the usage of leaded gasoline
which had been used many years ago. The concentra-
tions of almost all ions except for Zn were higher in
Gampaha. This is contributed by industrial activities and
steel works factories located near the Sedawaththa and
Sapugaskanda sampling stations. These industries con-
tribute to loading of Cu and Fe as well. On the other
hand, Al is originated mainly from earth crust with dust
particles.

Correlation between analytes and probable sources

Spearman correlation coefficient was used at 95% con-
fidence interval, for statistical analysis of the concentra-
tion values of major ions and chemical elements in
precipitation samples and to understand their relation-
ship among themselves as shown in Tables 5 and 6. The
spearman correlation matrix was then used to input in

Table 1 Average, range and volume weighted average (VWA) in
samples of atmospheric precipitation at Gampaha and Kandy
Districts for pH, conductivity (μS cm−1), and major ion

concentration. Except for pH and conductivity, values of other
parameters are given in μeq l−1. MDL represents the minimum
detection limit

Gampaha Kandy

Variable Avg Range VWA Avg Range VWA

pH 6.52 4.69–8.50 5.49 6.62 5.14–7.38 5.64

Conductivity 58.11 10.0–266.0 26.86 44.38 7.02–84.03 45.24

F− 2.04 < MDL–67.16 0.49 2.46 0–86.07 1.17

Cl− 60.52 < MDL–296.81 48.21 63.36 0–183.0 37.77

NO3
− 18.23 < MDL–69.65 14.62 12.74 0–39.53 10.18

SO4
2− 61.66 < MDL–401.13 39.90 46.83 0–121.26 29.80

Na+ 329.48 29.73–3662.48 117.50 126.40 0–346.58 78.12

NH4
+ 48.64 < MDL−181.71 42.21 98.07 0–254.64 104.75

K+ 16.34 3.64–136.21 9.87 11.03 0–80.35 5.24

Mg2+ 27.12 7.79–106.19 22.37 23.65 0–67.06 12.59

Ca2+ 124.63 39.14–483.86 72.50 166.44 0–554.33 86.03



PCA to predict possible sources of these analytes in the
atmosphere. Strong correlation observed between Cl−

and Na+ (0.961 for Gampaha and 0.631 for Kandy) is
indicative that both these ions have been originated from
same source. Moderate correlation observed between
Ca2+ andMg2+ (0.528 in Gampaha and 0.744 in Kandy)

also suggests that contribution for these two ions is from
the same (Mimura et al. 2016). The same argument
holds for SO4

2− and NO3
− coming from the same source

because they also show moderate positive correlation
(0.608 in Gampaha and 0.597 in Kandy). These acid
precursors probably originated from fossil fuel burning
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Table 2 Fractions of SO4
2− and

NO3
− explained by Ca2+ and

NH4
+ in samples of bulk and wet

precipitation

% explained by [Ca2+] % explained by NH4
+ Total % explained

Gampaha District

SO4
2− 37.7 6.5 44.2

NO3
− 11.9 6.9 18.8

Kandy District

SO4
2− 16.8 9.7 26.5

NO3
− 11.7 1.9 13.6
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and oil refining activities are supported by the fact that,
in Kandy District, heavy traffic is observed in Kandy
city and Peradeniya. The elements, Fe, Al, Cu and Zn,
which show weak positive correlation, would have been
originated from natural sources, such as crustal erosion,
and from anthropogenic activities, such as brass indus-
try and steel works.

These correlated species are then input to the PCA
analysis summarized in Tables 7 and 8. The resulting
principal components were selected such that eigen-
values > 1.0. Table 7 shows the results of PCA for major
ions of bulk precipitation samples for Gamapaha and
Kandy. In Gampaha District, 66.4% of variation can be
explained by total variation from the first three PCs
where the eigenvalue is greater than 1.0. Similar varia-
tion of 66.5% in Kandy District can also be explained by
the first 3 PCs.

In Gampaha District, PC1 with 39.1 variation of the
total variation showed a higher loading of SO4

2− and
Ca2+ characterized by contribution from both natural
and anthropogenic activities. Loading of SO4

2− is main-
ly due to the oil refinery and the Kelanithissa and
Lakdanavi Thermal Power Stations located near the
Sapugaskanda and Sedawaththa sampling stations.

Loading of Ca2+ is probably originated from natural
sources, such as soil dust and less commonly from
construction additives. The second factor PC2 explains
15% variation from the total variation showing higher
loading for NH4

+ which indicates waste incineration
nearby Orugodawaththa open waste dumping site and
emission from combustion of fossil fuel. The third factor
PC3 explains only 12% of the total variation and shows
higher loading of Cl− and Mg2+ both of which are from
natural sources, such as sea salts and soil dust.

In Kandy District, although industrial activities are
less, heavy traffic, waste incineration, biomass burning
and natural soil composition would lead to different
loading of the above ions. PC1 which explains 42% of
the total variation shows higher loading of SO4

2− and
Mg2+ where SO4

2− loading is mainly due to anthropo-
genic activities, such as emission of SOx from the com-
bustion of fossil fuel. These gases are oxidized forming
H2SO4 and dissolved in rain water. Heavy traffic may
lead to higher loading of these gaseous pollutants into
the air. During day time, especially in morning hours,
after school hours and evening, heavy traffic can be seen
in Kandy city, Peradeniya, and Polgolla sub-urban areas
where three sampling stations were located. On the other
hand, Mg2+ is mainly from natural sources where high
amounts ofMg-bearingminerals and excavation of such
minerals for construction industries are encountered in
surrounding areas. The second factor PC2 explains 12%
of the total variation and shows higher loading of NH4

+,
probably due to fertilizer application and frequent bio-
mass burning in dry season in forest areas. Waste incin-
eration may also lead to higher loading of NH4

+. The
third factor explains 11% of the total variation and
shows higher loading for H+ and K+. These ions are
mainly originated from anthropogenic sources, such as

Table 3 Average ratio for several ions in association with Na+

SO4
2

−/Na+
Cl−/
Na+

Ca2+/
Na+

K+/
Na+

Mg2+/
Na+

Sea water (reference value) 0.12 1.16 0.02 0.23 0.04

Gampaha (this study) 0.34 0.41 0.62 0.08 0.19

Kandy (this study) 0.38 0.48 1.10 0.07 0.16

Juiz de For a (Brazil)
(Mimura et al. 2016)

0.10 0.63 1.10 0.55 0.47

Table 4 Concentration of chemical elements (μg l−1) in samples of bulk precipitation

Sampling location Pb Cu Al Zn Fe Mn

Kelaniya < MDL 6.92 147.09 28.25 9.86 4.29

Sapugaskanda < MDL 4.88 50.29 27.74 11.14 5.25

Sedawaththa < MDL 5.31 90.71 24.81 13.00 4.27

Gampaha District average < MDL 5.70 ± 4.69 96.03 ± 23.21 26.93 ± 6.15 11.34 ± 2.14 4.60 ± 1.28

Peradeniya < MDL 2.07 33.88 33.89 4.23 2.00

Polgolla < MDL 2.56 48.96 31.65 6.48 1.03

Kandy < MDL 4.04 54.32 32.34 8.08 2.93

Kandy District average < MDL 2.89 ± 1.05 45.72 ± 6.52 32.63 ± 4.28 6.26 ± 2.68 1.99 ± 0.65
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combustion of fossil fuel burning and biomass burning.
Table 8 shows the summarized results of the PCA
analysis of both Districts, and the variables selected
were those with a significant correlation. In Gampaha
District, 54% variation can be explained from the total
variation by two PCs with eigenvalues > 1. The first
factor explains 33.5% variation with significant loading
of Cu, Al and Fe, where Cu and Fe would be originated
form steel works and related industries which can be
found in surrounding areas. Being a major element, Al is
mainly associated with natural sources which can be
found in earth crust as alumino silicates. The second
factor explains 29.1% which shows higher loading for
H+ and Zn coming from anthropogenic sources. In
particular, Zn loading is mainly due to burning of waste
in nearby dumping sites and to lesser extent by vehicular
emission. Zinc is widely used in the manufacture of
many products, including paints, rubber, cosmetics,
pharmaceuticals, plastics, batteries, textiles, and electri-
cal equipment. Some of these industries located in near-
by areas would thus release Zn to the environment.

In Kandy District, variation explained is 63% of the
total variation. Even though lack of major industrial
activities and power plant emissions, waste incineration
and biomass are the major sources of elemental emis-
sion to the atmosphere. First component explains 26.3%
variation with higher loading of Cu and Mn emission of
which Cu emission is due to anthropogenic activities,

especially traditional brassware industries located in the
close proximity. Furthermore, Mn can be emitted main-
ly due to natural factors and to lesser extent by anthro-
pogenic sources. The second component explains
19.2% variation with higher loading of Al, probably
due to natural sources, such as soil dust. On the other
hand, Fe is probably due to construction materials, such
as cast iron, and corrosion of such materials. The third
factor explains 1% of the total variation and shows
higher loading of H+ from fossil fuel burning which
releases acid precursors to the atmosphere.

Conclusion

This study characterizes certain ions and selected ele-
ments for a period of 18 months starting from 2013 to
2015 in precipitation from six sampling stations cover-
ing two geographically distinct locations of Sri Lanka,
namely Gampaha and Kandy Districts. Samples were
harvested in 1-week intervals for a total of 375 samples.
The volumeweighted average (VWA) concentrations of
the major ionic species present in precipitation samples
were in the order of Na+ > Ca2+ > Cl− > NH4

+ > SO4
2− >

Mg2+ > NO3
− > K+ > F− in the Gampaha sites, while the

order is NH4
+ > Ca2+ > Na+ > Cl− > SO4

2− > Mg2+ >
NO3

− > K+ > F− in Kandy District. Only 8% events of
acidic precipitation in which pHwas less than 5.60 were

Table 5 Spearman correlation coefficient applied to precipitation samples collected from Gampaha District

pH Cond F− Cl− NO3
− SO4

2− Na+ NH4
+ K+ Mg2+ Ca2+ Cu Al Zn Fe

Cond − 0.101
F− 0.093 0.260

Cl− 0.158 0.412 0.150

NO3
− 0.046 0.352 0.219 0.413

SO4
2− 0.239 0.385 0.433 0.727 0.597

Na+ 0.173 0.631 0.219 0.632 0.266 0.680

NH4
+ − 0.099 0.252 − 0.035 0.397 0.139 0.312 0.338

K+ 0.246 0.173 − 0.006 0.278 0.391 0.227 0.232 0.139

Mg2+ 0.257 0.422 0.434 0.544 0.533 0.679 0.619 0.314 0.309

Ca2+ 0.276 0.292 0.084 0.362 0.342 0.410 0.317 0.367 0.262 0.744

Cu − 0.171 0.444 0.003 0.176 0.169 0.279 0.128 0.336 0.128 0.338 0.251

Al 0.067 − 0.005 0.112 0.034 − 0.033 0.196 0.146 0.232 0.038 0.116 0.091

Zn − 0.022 0.198 0.101 0.422 0.157 0.359 0.331 0.154 0.152 0.337 0.131 0.092 0.151

Fe 0.092 0.028 − 0.001 − 0.090 0.356 − 0.041 − 0.127 − 0.110 0.537 0.037 − 0.032 0.542 0.114 0.053

Mn − 0.153 0.111 − 0.100 − 0.148 0.007 − 0.075 − 0.005 0.102 0.129 0.269 0.209 0.370 0.106 0.157 0.101

Italic values represent p < 0.05
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recorded in the Gampaha stations when compared with
3% of the Kandy stations. Both stations had more than
40% precipitation events having pH values between
6.00 and 7.00.

In the bulk precipitation in Gampaha District, ap-
proximately 44.2% of SO4

2− and 18.8% of NO3
−, and

in Kandy District, the corresponding values of 26.5%
and 13.6% can be explained by two independent vari-
ables, Ca2+ and NH4

+. Furthermore, neutralization of
acidity of precipitation is much more related to CaCO3

than NH3, and higher content of Ca2+ ions in both
Districts strongly supports this result. The ratios, SO4

2

−/Na+, Ca2+/Na+ and Mg2+/Na+, are higher than the

reference values suggesting that marine contribution is
negligible and contribution of anthropogenic sources is
predominant for these ions while the ratios of Cl−/Na+

and K+/Na+ are less than the reference values indicating
strong marine influence of these ions. It is also found
that Al is themost predominant element in precipitations
of both Districts, while Mn is the least. Further, the
concentrations of almost all ions except for Zn were
higher in Gampaha stations. Investigation of correlation
between major ionic species and elements (NH4

+, SO4
2

−, K+, Cu, Fe, Zn and H+) in the bulk precipitation
samples identified probable anthropogenic sources,
such as thermal power plant (Kelanithissa-Gampaha),

Table 7 Varimax rotation for principal component analysis of ionic compositions

Location Gampaha Kandy
Variable PC1 PC2 PC3 PC1 PC2 PC3

pH 0.315 − 0.513 − 0.022 0.150 0.235 0.663

F− 0.218 − 0.147 − 0.156 0.204 0.320 − 0.337
Cl− 0.318 0.153 0.535 0.376 − 0.198 − 0.122
NO3

− 0.243 0.361 − 0.511 0.321 0.280 0.083

SO4
2− 0.409 0.262 − 0.090 0.424 0.105 − 0.182

Na+ 0.323 − 0.373 − 0.253 0.361 − 0.139 − 0.138
NH4

+ 0.111 0.553 − 0.175 0.219 0.610 − 0.203
K+ 0.333 0.044 − 0.095 0.214 − 0.044 0.501

Mg2+ 0.304 0.172 0.562 0.428 0.068 0.035

Ca2+ 0.453 − 0.128 − 0.014 0.323 − 0.181 0.282

Total variance (%) 39.1 15.0 12.3 42.4 12.5 11.6

Anthropogenic Anthropogenic Soil Anthropogenic Anthropogenic Anthropogenic

Soil Sea salt Soil

PCs > 0.40 are in italics and considered significant

Table 8 Varimax rotation for principal component analysis of elements compositions

Gampaha Kandy

Variable PC1 PC2 PC1 PC2 PC3

pH 0.349 0.484 − 0.329 − 0.393 0.511

Cu 0.479 0.100 0.585 0.165 − 0.071
Al 0.516 0.247 0.271 0.641 0.161

Zn 0.110 0.563 0.346 − 0.390 0.231

Fe 0.529 − 0.207 − 0.132 0.443 0.244

Mn 0.300 − 0.578 0.582 0.243 0.318

Total variance (%) 33.5 29.1 26.3 19.2 17.9

Anthropogenic Anthropogenic Anthropogenic Anthropogenic Anthropogenic

Natural

PCs > 0.40 are in italics and considered significant
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oil refinery (Sapugaskanda-Gampaha), steel works
(Sedawaththa and Sapugaskanda), waste dumping site
(Meethtotamulla-Gampaha, Guhagoda-Kandy) and
heavy traffic in both locations. This study reveals that
influencing human activities on chemical composition
of rain water depends on thermal power plant, oil refin-
ery, heavy traffic and waste incineration in the study
area.
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