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Abstract 

Bulk precipitation is a mixture of rain (wet +Dry) and dries fallout. As sampled, bulk precipitation is the 

solution formed when dry fallout is washed into the collecting vessel by rain water. The resulting 

solution is bulk precipitation. There are 316 samples were collected during the study period, 2005 to 

2007 at urban and rural areas. Concentration of major cations  (  H+, Ca2+, Mg2+, Na+, K+, 

and NH4
+) and anions (Cl-, SO

4

2
-, HCO

3

-, NO2
-,  NO3

-
 and PO

4

3

) were determined and 

predominant ions were identified . The study showed that the volume weighted mean pH 

of bulk precipitation at Hebbal-Bangalore north area was 4.70 in which was acidic in 

nature, where as in   Bangalore south –Jayanagar was 5.74 which was alkaline in nature 

in urban area.  The VHM pH of Devanahalli was 6.17, Kanakapura 6.26 and Ramanagara area was 

6.21, which were alkaline in nature and free from acid rain in rural area. .The pH of Bulk precipitation 

of Bangalore urban area decreases from 6.61 alkaline (1974-1984) to 5.20-5.40 acidic (1996-2005), due 

to the dominance of acidic species. The decreasing of pH in the precipitation of the city could be 

because of SO4
2-

 and NO3
-
 ions. NH4

+
 and Ca

2+
 were acting as neutralizing ions or in the absence of 

these ions; the pH reduction of bulk precipitation may be much faster towards acidic range. The study 

established through statistical analysis, that positive correlation coefficient between H
+
 and SO4

2-
 and H

+
 

and NO3
-
 in the bulk precipitation samples of the urban area indicating lower pH values were controlled 

by H2SO4 and HNO3. Hence the study established that the Bangalore atmosphere is dominated by acidic 

species throughout the study period.  The decreasing trend of pH in the precipitation in the city may be 

attributed to local emissions of SO2 and NOx from urban activities.  
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1. INTRODUCTION 

 

Precipitation chemistry is dependent on its acidic and alkaline ions composition and the acidic effect 

neutralizing capacity on the alkaline species like Ca
2+

 , Mg
2+

 , Na
+
, and NH4

+
. Precipitation is an 

efficient pathway for removing the gases and particles from atmosphere. It also plays the significant 

role in controlling the concentration of these species. The precipitation provides important 

information from which the deposition to the earth’s surface of water soluble gases and aerosols 

bound constituents can be estimated. Precipitation however has unique scavenging properties, which 

makes it a useful indicator of ambient pollution levels. Urban /suburban environment attracts more 

people from rural areas and it is these urban areas that have traditionally been subjected to high 

concentrations of air pollutants.  The effects of acid deposition and its precursors can often be seen in 

the urban environment.   

 

Recently, acid rain problem has become common in urban areas, because of significant increase in 

the atmospheric emissions resulting from industries and automobiles. Rural and urban precipitation 

studies should be conducted using number of sampling stations. Acid precipitation is generally 

defined as precipitation with pH less than 5.60 (Likens, 1976). In other words acid rain means the 

presence of excessive acids in precipitation. Unfortunately, very few data, on precipitation 

composition are available from the rural sites in India. For this purpose, five sites of different 

characteristics within Bangalore urban areas (two sites) and three rural sites, as rural background 

representative have been selected to assess the influence of intensive agricultural practices, to 

compare the chemical composition of precipitation in different environments. 
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2.  MATERIALS AND METHODOLOGY 

 

The Fig 1, shows the Bangalore urban and rural area sites for sampling of bulk precipitation. Greater 

Bangalore city is thickly populated and industrialized. It is located at latitude of 120 581 N and 

longitude of 770 351 E at an altitude of 921 m MSL. The study area of Bangalore city was divided 

into two areas: i) residential area with commercial activities and (ii) Industrial area with commercial 

activities. The residential area selected in Bangalore south (Jayanagar,) and the industrial area 

selected in Bangalore north, (Hebbal). Number of small, medium and large scale industries exists in 

and around the city. These industries include; engineering, chemical, pharmaceutical, food, brewery 

and distillery, textile, steel and metal smelting industries. The other three stations, Devanahalli, 

Ramanagara and Kanakapura   are belongs to rural area with agricultural activities. 

In order to investigate the sources of pollutants, the data of chemical species obtained in precipitation 

were compiled annual wise. Precipitation collection instruments were kept about 6 m above the 

ground at sampling stations. Precipitation amounts were determined by bulk sampling on a daily or 

weekly basis. Bulk sampler is the common name of a collector that is open all the time. It thus 

collects rain as well as some particulate matter deposited by sedimentation of local soil dust heavily 

influence the chemical composition of the samples or impaction when air is moving over the 

opening. It is also open for insects and other material of biogenic origin. The collection efficiency for 

this kind of “dry deposition” is usually substantially different from that of any surface in nature or in 

urban areas and can thus not represent real dry deposition.  

 
Fig: 1.  Bangalore urban and rural area showing the sampling sites. 

  

During the study period, 316 bulk precipitation samples were collected from the five sampling 

station in Karnataka, during the period of 2005 to 2007. Bulk Precipitation collector used for 

collection of bulk precipitation (wet and dry) samples in this study and it was designed by Likens 

(1976) as cited by Ramalingaiah (1985) and Shivashankara et al., (1998). Collector consists of a 

polyethylene funnel (18cm dia.) connected to 5 liters Polyethylene reservoir. The reservoir was 
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attached to a vapors trap and vapors barrier tygon tubing which was provided by a loop to prevent 

gas exchange between the atmosphere and the samples and evaporation from the reservoir. Samples 

were transported to the research Laboratory, PESCE, for chemical analysis and kept in a refrigerator 

at 4
0
C until the completion of all the analysis. The measuring sites were visited daily around 9.00 am 

(Local Time) and recorded the rainfall. The proper care was taken in collection and preservation of 

these samples until all the analysis were completes. Samples that were found to be contaminated with 

dust or bird dropping were removed. The samples collected were analyzed for pH, cations 

(Ca2+,Mg2+, Na+, K+, and NH4
+-N) and anions (Cl-,SO4

2-, HCO3
-, NO2

-N, NO3
-
 N 

and PO4
3--P) as per the standard methods(2005).    

 

 

3. RESULTS AND DISCUSSION 

 

3.1 VARIATIONS OF PH WITH ACIDIC AND ALKALINE SPECIES  

Review of Table 1, volume weighted mean (VWM) pH of 5.74 and 4.70 were observed in Jayanagar 

(Bangalore South) and Hebbal (Bangalore north) respectively for the year 2005-07. The pH of the 

Hebbal was acidic in nature which is less than 5.6, because of rapid urbanization and 

industrialization. Presence of excessive concentration of sulfate and nitrate, contributes more acidic 

deposition in the study area, which results in acid rain. This shows the deficiency of the cations. The 

pH of the Jayanagar was 5.74, which is slightly alkaline in nature, due to presence of calcium and 

ammonia ion, which acts as a neutralizing factor. The pH of Bulk precipitation of Bangalore urban 

area decreases from 6.61 alkaline (1974-1984) to 5.20-5.40 acidic (1996-2005), due to the 

dominance of acidic species. The probable reasons for decreasing trend of pH in the Bangalore city 

from alkaline rain to acid rain during last two and half decades can be attributed towards the rapid 

industrialization, urbanization and also rapid increasing automobiles. The VWM pH of Devanahalli 

was 6.17, Kanakapura 6.26 and Ramanagara area was 6.21, which were alkaline in nature and free 

from acid rain where calcium and ammonia are acting as a neutralizing factor. 

 

The ratio of [Ca
2+

 + NH4 |:| SO4
2-

  +NO3
-
]   2.14 was maximum in Kanakapura rural area followed by 

1.76 in Ramanagara, 1.38 in Devanahalli area, 1.29 in Jayanagar urban area and 0.83 in Hebbal  area. 

The higher ratios in precipitation indicate that the acidity generated by SO4
2-

 and NO3
-
 is neutralized 

by the alkaline species resulting in alkaline rain or higher pH values 6.05, 6.10, 5.90, 5.70 and 4.70 

respectively(Table 1). Whereas, lower ratios were determined for Hebbal area (0.37) and this ratio 

were less than unity, which   demonstrate that the acidity generated   by SO4
2-

 and NO3
-
  is not 

neutralized by (the alkaline species resulting in acid rain (pH 4.70). The acidic components SO4
2+

 

and NO3 were responsible for decreasing the pH of bulk precipitation Bangalore urban area 

particularly Hebbal area.  

 

3.2 ANNUAL IONIC COMPOSITION OF BULK PRECIPITATION AT URBAN AND 

RURAL AREA 

The average volume weighted mean (VWM) concentration (µeqℓ
-
) was used for determination of 

chemical composition of precipitation and represented Fig 1. The composition of Hebbal area, the 

bulk precipitation for the  study period was estimated as: SO4
2-

,
 
25%; of total major ions   followed 

by Ca
2+

,20%. The overall concentration of cations and anions is follows a general in descending 

order as SO4
2-

>Ca
2+

>HCO3
-
>NO3

-
>Na

+
>Cl

-
>NH4

+
>H

+
>Mg

2+
>K

+
>PO4

3
->and NO2. The composition 

of Jayanagar area, was estimated as: Ca
2
,26% of  total  major  ions  followed  by SO4

2-
,
 
13%. The 

overall concentration is follows a general in descending order as Ca
2+

>SO4
2
>HCO3

-
>NH4

+
>NO3

-

>Na
+
>Cl->Mg

2+
>K

+
>PO4

3
->NO2

-
>H

+
. The study established that Ca

2+
and SO4

2-
 were dominated ions 

in Bangalore bulk precipitation.  

 

Whereas, in rural area, the ionic composition of Devanahalli of bulk precipitation indicates that the  

Ca 
2+ 

the most abundant cations. On a chemical equivalent basis, it accounted for 43% of major ions, 

followed by SO4
2-

 12%. The overall concentration is follows a general in descending order as 
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Ca
2+

>SO4
2-

>NO3
-
>HCO3

-
>NH4

+
>Na

+
>Cl

-
>K

+
>Mg

2+
>PO4

3
->H

+
 and NO2

-
.The Kanakapura of bulk 

precipitation indicates that the Ca
2+ 

the most abundant cation. On a chemical equivalent basis, it 

accounted for 32% of major ions, followed by HCO3,14%. The overall concentration is follows a 

general in descending order as Ca
2+

 >HCO3
-
>NH4

+ 
>SO4

2-
 > Cl

-
>NO3

-
 >Na

+
 >Mg

2+
>K

+
>PO4

3
->NO2

-
 

and H
+
.The Ramanagara of bulk precipitation indicates that, Ca

2+
 was major ion and it accounted for 

33% of  major ions,, followed by followed by HCO3,21%. The overall concentration of cations and 

anions is follows a general is in descending order as Ca
2+

 >HCO3
-
>NO3

-
>Cl->NH4

+ 
>K

+
>SO4

2-

>Na
+
>Mg

2+
>PO4

3
->NO2

-
 and H

+
. The study indicates that Ca

2+
, SO4

2-
and HCO3 are dominated in 

rural major ions in rural bulk precipitation. Based on the analyses of the major ions of b u l k  

precipitation in study area, it can be concluded that the major ion was Ca
2+

. Several researchers 

reported that the Ca
2+

 component may play an important meteorological role in Indian precipitation. 

Sequeria and Kelkar, (1978) and Khemani, et al, (1989). The possible source of Ca
2+

 ions in study 

area may be identified as soil  particulate, which are the major sources of aerosols in study area bulk 

precipitation. Whereas, HCO3
-
 , ions in rural areas possibly reflects the  sources of HCO3

-
 in bulk 

precipitation may be derived from alkaline soil particulates such as MgCO3 and CaCO3. 

 

Table 1:  Annual VWM concentrations(µeq ℓ
-1

) of ions, conductivity, pH, and ratios of acidic and 

alkaline species in bulk precipitation samples at Bangalore urban  and rural area during 

2005-07  

 

Parameter 
/2005-07 

Hebbal Jayanagar Devanahalli Kanakapura Ramanagara 

URBAN AREA RURAL AREA  

N 64 62 66 62 62 

EC 37.10 26.60 26.70 40.90 41.80 

H
+ 19.87 1.80 1.20 0.45 0.35 

pH 4.70 5.70 5.90 6.05 6.10 

Ca
2+ 93.30 96.5 101.1 89.30 79.00 

Mg
2+ 12.85 10.50 10.00 8.15 8.00 

Na
+ 37.65 38.4 38.4 21.45 22.65 

K
+ 11.45 10.05 11.7 6.60 5.60 

NH4-N 32.35 32.95 31.3 31.75 35.30 

Cl
- 36.65 40.05 35.00 23.50 26.60 

SO4
2- 109.9 50.55 47.1 25.5 24.4 

HCO3 54.40 44.9 46.9 44.00 46.25 

NO3
-
-N 40.60 49.85 48.5 31.05 40.45 

NO2
-
-N 5.15 4.20 4.10 1.70 3.40 

PO4
3
-P 6.80 6.55 5.00 2.35 1.90 

*N.F 0.83 1.29 1.38 2.14 1.76 

$Ratio 0.37 1.00 1.03 1.22 1.66 
 

N= No. of samples,, EC= electrical conductivity, µs/cm. 

*N.F.= Neutralization factor= [Ca
2+

 +NH4
+
]:[SO4

2-
+ NO3

-
]  

$ Ratio = NO3
-
/SO4

2-
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Fig 2.  Average chemical composition of bulk precipitation at Bangalore u rban and 

rural       areas  
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Table 2: Correlation matrix between ions in bulk precipitation in five urban sampling stations. 

 

Area Hebbal Jayanagara Devanahalli Ramanagara Kanakapura 

H- SO4 0.81** 0.22 -0.18 0.26 -0.14 
H- NO3 0.70** 0.31 -0.08 -0.24 0.21 

Ca-Mg 0.44* 0.23 0.30 0.05 0.30 

Ca-Na 0.03 0.10 0.49* 0.11 -0.06 
Ca- NH4

+
   0.47* 0.61** 0.54** 0.65** 0.50** 

Ca- SO4 0.59** 0.76** 0.48* 0.51** 0.73** 

Ca- NO3 0.60** 0.68** 0.51** 0.45* 0.11 
Mg-K 0.26 0.41* 0.05 0.50** 0.25 

Mg- NH4
+
   0.41* 0.43* 0.06 0.27 0.30 

Mg- SO4 0.55** 0.45** 0.58** 0.62** 0.65** 
Mg- NO3 0.51* 0.19 0.22 -0.11 -0.11 
K- NH4

+
   0.12 0.32 -0.02 0.46* 0.48* 

K- SO4
2 0.05 0.18 0.50** 0.22 0.12 

NH4
+
  -Cl 0.35 0.14 0.44* 0.26 0.57** 

NH4
+
  - SO4 0.51** 0.62** 0.41* 0.20 0.60** 

NH4
+
  - NO3 0.41* 0.47* 0.64** 0.42* 0.38 

Cl- SO4 0.32 0.03 0.19 0.12 0.40* 

Cl- NO3 0.30 0.04 0.38 0.08 0.44* 
SO4

2
- NO3 0.77** 0.72** 0.48* 0.24 0.33 

The symbol * 5% and ** 1% indicates positive significant correlation coefficient. 

The symbol $ 5% and $$ 1% indicates negative significant correlation coefficient. 

 

 

Table 3:  Factor loading matrix   

 

 
Variable 

Bangalore Urban Area Bangalore Rural Area 
Hebbal Jayanagar Devanahalli Ramanagara Kanakapura 

Factor1 Factor2 Factor1 Factor2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 
H

+ 0.961 -0.113 0.124 0.031 0.458 -0.431 -0.115 0.202 -0.017 0.202 
Ca

2+ 0.314 -0.895 0.328 -0.219 0.714 0.397 -0.914 0.314 -0.788 0.314 

Mg
2+ 0.171 -0.169 0.044 -0.026 0.171 -0.061 0.016 0.122 0.141 0.122 

Na
+ 0.019 -0.025 -0.048 0.154 0.019 0.158 0.014 -0.035 0.088 -0.035 

K+ 0.009 -0.094 0.083 -0.019 0.009 0.014 0.354 -0.055 0.368 -0.055 
NH4

+
   0.202 -0.189 0.17 -0.199 0.602 0.112 -0.02 0.295 0.328 0.295 

Cl
- 0.128 -0.041 -0.003 -0.113 0.128 -0.071 -0.105 0.157 0.075 0.157 

SO4
2- 0.818 -0.31 0.386 -0.143 0.547 -0.374 0.678 0.295 0.255 0.595 

NO3
-
-N 0.620 -0.265 0.862 -0.105 0.665 0.474 0.873 0.262 0.765 0.662 

Variance       2.1741 1.0569 1.063 1.0342 2.174 1.0665 1.049 1.2573 1.0947 1.257 

% Variance           0.217 0.106 0.106 0.103 0.217 0.107 0.105 0.126 0.109 0.126 

Probable 
contribution 

Anthrop 
ogenic 

Non sea  
salt 

Anthrop 
ogenic 

Non sea  
salt 

Soil/agri.  
actic 

Non sea  
salt 

Soil/agri- Anthro/ 
soil 

Soil 
/biomass 

Nonsea 
salt 
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3.3 STATISTICAL ANALYSIS  

Table 2 presents Correlation matrix between ions in bulk precipitation in five urban and rural 

sampling stations during 2005-07. In Hebbal and in Jayanagar, it clearly established that highly 

significant positive correlation coefficient between H
+
 and SO4

2
 and also positive relationship 

between H
+
 and NO3

- 
indicate that decreasing trend of pH, could be attributed to SO4

2-
 and 

NO3
-
 in bulk precipitation samples. Positive significant correlation coefficient of Ca

2+
with 

SO4
2-

and NH4
+
 with SO4

2-
 which indicates that were acting as neutralizing ions. In other words, 

in the absence of these ions, pH reduction of the city’s bulk precipitation may be much faster 

towards acidic range.  The possible sources of NH4
+
 in bulk precipitation may be from animal 

sources, sewage plants and open drains in the urban area. The decrease of pH appears to be 

slow since significant ammonia was also present in bulk precipitation of the city. In 

Devanahalli, Kanakapura and Ramanagara, is clearly established positive correlation 

coefficient of Ca
2+

 with SO4
2-

and NH4
+
  with NO3 &  SO4

2
- which indicates that NH4

+
 and Ca

2+
 

were acting as a neutralizing ions. The possible sources of NH4
+
 in bulk precipitation may be 

from animal sources, agricultural activities and open drains in rural area.  

 

3.4  FACTOR ANALYSIS (VARIMAX ROTATED FACTOR-LOADING MATRIX) 

 FOR URBAN AND RURAL AREAS 

In order to identify possible associations between measured species, to explore possible 

geochemical and other sources of the dissolved compound in the precipitation and in order to 

obtain a better distribution of the principal components in the matrix of data, factor analysis 

was performed (Kumar et al, 2002). Based on the observations, only factor loads of higher than 

0.5 have been deemed to be stastically significant.  Review of Table 3 shows factor  loading of 

bulk precipitation for the sampling station Bangalore north (Hebbal), the first factor with 22% 

of the total variation in relation to raw data, showed higher loading for NO3
-
, characterized the 

contribution from the industries and automobiles. Whereas, Bangalore South (Jayanagar), the 

first factor with 11% of total variation in relation to the raw data, showed higher loading for 

Ca
2+

, SO4
2-

, and NO3
-
, characterized the contribution from anthropogenic sources 

(automobiles). On the other hand, factor loading of bulk precipitation for the sampling  rural 

area of  Devanahalli, Kanakpura and Ramanagara, showed higher loading for Ca
2+

 ,NH4
+
 and  

NO3
-  

(about 10-20% of total variation) characterized the contribution of Ca
2+

 from natural 

source (soil), and NH4
+
-N from human and animal excursion and agricultural activities, and 

NO3
-
 may be characterized the contribution from biomass burning  and agricultural activities. 

 

 

4. CONCLUSIONS 

 

The study showed that the average VWM pH of  bulk precipitation at Bangalore urban 

area was 5.4, which was acidic in nature. Whereas, pH of Devanahalli rural area was 6.17, 

Kanakapura 6.26 and Ramanagara area was 6.21, which were alkaline in nature. pH in bulk 

precipitation of the Bangalore urban showing a decreasing trend from an alkaline precipitation 

towards acidic precipitation.  The pH value decreased from an average of 6.61 to 5.40 during last two 

and half decades. The study established through statistical analysis, that positive correlation 

coefficient between H
+
 & SO4

2-
 and H

+
 & NO3

-
 in the bulk precipitation samples of the city.  The 

decreasing of pH in the precipitation of the city could be because of SO4
2-

 and NO3
-
 ions. NH4

+
 and 

Ca
2+

 were acting as neutralizing ions or in the absence of these ions; the pH reduction of bulk 

precipitation may be much faster towards acidic range. The decreasing trend of pH in the 

precipitation in the city may be attributed to local emissions of SO2 and NOx from urban activities. 

The possible source of Ca
2+

 ions in urban and rural area may identified as soil particulate, which are 

the major source of aerosols in bulk precipitation. The possible source of NH4 may be from 

wastewater treatment, open drains and agricultural activities. 
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