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Abstract: Comparative study of the wet deposition were carried out at high altitude station to find out the amount
ionic compounds such as NH,", CI, NOs, Na*, SO/, Na*, K*, Ca’',Mg’* and HCO5s and also the variation of pH
and conductance with day to day for one month. Rain water samples were collected from day to day for one month
of the station and different tests were conducted to measure wet deposition. Readings were contrasted and WMO
division. It is demonstrated that the greater part of the examples qualified the gauges Yyet there is some recognizable
pattern in contamination.
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1. INTRODUCTION:

Acid deposition, an economic global environmental problem in many urban and rural areas. The deposition of
potentially damaging chemicals from the atmosphere to ecosystems is precisely an undesirable consequence of local air
pollution [16]. Acidification of soils, lakes, rivers, etc. can be the result of deposition of acid forming gases and acidic
precipitation. Dry deposition represents the process where acidic gases and colloids are deposited directly from the
atmosphere into soil and waters. Wet deposition represents the result of rain-out or wash-out by precipitation [2, 3].
Total deposition is the considerable sum of dry, wet and other deposition. The flux of an ion below the canopy in through
fall provides information on the deposition to the soil. The term acid deposition represents the whole range of physical,
chemical and biological processes [1 1]. The acidifying components which play a role in the acidification are gaseous
sulphur dioxide (SO,), nitrogen oxides (NO and NOy), nitric acid (HNOs), nitrous acid (HNOg, hydrochloric acid (HC1),
Hydrofluoric acid (HF), organic acids, ammonia (NH3) etc. These components are emitted mainly by various sources
such as industry, refineries, traffic, livestock breeding, etc. [1]. Acid deposition, the direct effects of ambient acids to
plants were reported the considerable influence of hydrochloric acid on trees and bushes. The negative effects to
vegetation was found to be related to the size of the exposed area, but mostly to the wind direction. The relation of the
sensitivity of species to hydrochloric acid was found for a list of species [17]. The direct effects of sulphur dioxide and
sulphuric acid on vegetation were observed in various areas. The total nitrogen deposition can be estimated from the
wet deposition the individual N-containing components [4]. The actual acid load from nitrogen, however, was found to
be only about half the potential load. Furthermore, acids formed from gases in the atmosphere may be neutralised by

"7 basic substances before reaching the soil. Where is SOy the wet deposition of sulphur compounds (one mole of SO
forming two moles of acid), NO, the wet deposition of oxidised nitrogen compounds and NH, the wet deposition of
reduced nitrogen compounds. The studies related to wet deposition were focused mainly on quantification of the inputs
and origin of sulphur and nitrogen compounds to a remote and an urban areas [19]. The key ionic constituents like Cl,
F, SO4, NOs, NH4, Na, K, Ca, and Mg along with pH and conductivity of the samples were analysed. The results of the
chemical composition of rain water were used to calculate acidic potential and neutralizing potential of the deposited
materials. In addition, neutralization factors were also computed for major cations like Ca, NHs, K and Mg.

2. MATERIALS:
2.1 Location of sampling site

Rain water samples were collected at high altitude station, Sinhagad, District Pune in Maharashtra State. Which
1s located at about 40 km south west of Pune (18°21'N and 73°45E) on a mountain top in the Western Ghats [1]. It’s
Top is flat with an area of about 0.5 km?. This part of the Western Ghats is covered with vegetation, grass and trees. The
noticeable sources of pollution are wood-burning for cooking, vehicle gases, etc. Winds are generally from
west/southwest during the pre-monsoon and monsoon.
2.2. Sampling of Rainwater

Rainwater samples were collected on a daily basis by using standard rain collection gadget consists of a
polyethylene funnel with a 21-cm diameter fitted onto a 2-liter polyethylene bottle as shown in Fig. 1 during the year
2010. Rainwater collection instrument were kept about 2 m above the ground. Collecting bottles and funnels were
cleaned daily with triple-distilled water. Samples were collected in polyethylene bottles rinsed with triple-distilled water.

The present study represents the rain chemistry of the entire monsoon and post-monsoon seasons. In order to investioate
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the sources of pollutants, the data of chemical species obtained in rainwater were compiled season-wise. During the
period under study the rainfall at Sinhagad occurred only in monsoon and post-monsoon seasons.

-

Fig 1. Rain water coﬁéctmn géﬁget.

2.3 Chemical analysis of rainwater
The collection of samples with their pH and conductivity were measured as immediate as possible. The pH was

A=

A’

measured with the help of digital pH meter using glass electrodes. Conductivity of the rain water samples were measured =<

with the help of digital conductivity meter calibrated against a reference KCl solution. A Pinch of (50-75 mg) Thymol
was then added to the samples to prevent bio-degradation, and the samples were kept in a refrigerator at 4°C until the
completion of all the analyses. Fig. 2 shows the methodology and techniques of the chemical analysis.

Fig. 2. Methodology and technique of analysis.

Concentrations of F-, CI, NOs and SO4* were measured by Ion Chromatograph (DIONEX-100, USA) using
analytical columns Ion Pac-AS4A-SC (4 mm), anion micro-membrane suppressor ASRS-1, 1.8 mM sodium carbonate
/1.7 mM sodium bicarbonate as eluent and triple distilled water as regenerate. Concentrations of Na’, K", Ca?*" and Mg**
were measured by Atomic Absorption Spectrophotometer. The ion NH4*" was measured by Indophenol method. Since
no direct measurements of HCOs;™ were available, the concentration of HCO;™ was estimated from the theoretical

relationship between pH and HCOs". When the pH of a sample is above 5.6 & the sample is in equilibrium with carbon =

dioxide, the concentration of HCO5™ is given as [HCOs] = 10 2", with HCOs" concentration in mole /lit.

2.4. Instruments and Methods of Analysis:
2.4.1 Atomic-Absorption Spectrophotometer (AAS)
Atomic-Absorption (AA) Spectroscopy as shown in Fig. 4 uses the absorption of light to measure the concentration of

gas-phase atoms.
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Ions Slit setting (nm) Light source Flame type Wavelength (nm)
Ca 0.7 Hollow Cathode Lamp (HCL) Air-C;H, 423
Mg 0.7 Hollow Cathode Lamp (HCL) Air-C;H, 285
Na 0.7 Hollow Cathode Lamp (HCL) Air-CH» 589
K 2.0 Hollow Cathode Lamp (HCL) Air-CoH, 766

Table 1. The operating parameters of AAS

2.4.2 Analysis of Ammonium

A Milton Roy made Spectrophotometer (Spectronic-20D) as shown in table 2 is used for the measurement of
ammonium concentrations. This is single beam, ratio indicating, manually operated UV visible range absorption
spectrophotometer. Ammonium (NHs) reacts with phenol and hypochlorite in the presence of a catalyst (sodium
nitroprusside) to produce a blue coloured indophenol dye. After the colour development the absorption was measured
at 625 nm against the blank reagent. The concentration of NHy4 in pg ml™ was directly evaluated from the obtained
calibration curve of ammonium.

Estimation of Ammonium (NHy): Estimation of ammonium is based on Berthelot’s colour reaction procedure.
Ammonium ion reacts with phenol and sodium hypochlorite in the presence of sodium nitroprusside as a catalyst to
S~ produce the blue coloured indophenol dye.

A] Standard Ammonium solution: 100 pg ml' standard solution of ammonium was prepared by weighing accurately
0.3666 gm of ammonium sulphate and dissolving it in deionised water. 1 ml of this solution contains 100 ug of NH,".
Desired secondary standard solutions were prepared from this stock solution as shown table 4.

B] Analytical procedure: Five ml sample was taken in a test tube and 2.5 ml of phenol-sodium nitroprusside solution
was added to it. After shaking well, 2.5 ml of sodium hypochlorite solution (containing 5% sodium hydroxide) was
added and again shaken well. After the solution was allowed to stand for 15 minutes, the absorbance of the blue coloured
dye was measured at 625 nm wavelength against the blank. The concentration of ammonium in pug ml”' was evaluated
from calibration curve of ammonium as shown in chart 2.

Ions Techniques Instruments Precision (%) | Accuracy (%)

Na | Atomic absorption AAS-Perkin Elmer AAnalyst-100 1.5 92.8

Ca | Atomic absorption AAS-Perkin Elmer AAnalyst-100 0.5 97.5

Mg | Atomic absorption AAS-Perkin Elmer AAnalyst-100 0.5 99.1

K Atomic absorption AAS-Perkin Elmer AAnalyst-100 0.5 98.9

F Ion Chromatography Dionex -100 43 93.3
Eluent- Na,CO3/NaHCO;

Cl Ion Chromatography Dionex -100 6.4 85.8

' Eluent- Na,CO3/NaHCO3

NOs; | Ion Chromatography Dionex -100 5.8 88.7
Eluent- Na,CO3/NaHCO3

SO4 | Ion Chromatography Dionex -100 2.2 97.7
Eluent- Na,CO3/NaHCO;

NH4 | Colorimetric using Indophenol | Milton Roy- 20 D 10 95.0
blue method, 625 nm '

Table 2. Analytical Protocol.

3. RESULTS AND DISCUSSION:

Chemical composition of rain water samples were presented in Table 3.3. The concentration of ions follows the
pattern as CI> Na"™> Ca"™> SO,>> Mg"™>HCOs> NH4">NOs> K". The concentrations of Na+ and CI- were found to be
more. The acidity of rain water depends on the concentration of anionic as well as cationic species. Acidic pH reveals
the presence of strong acids in rain water while neutral or alkaline pH value indicates neutralization of acids by ammonia
and soil dust. The pH of rainwater at this station ranges from 5.27 to 7.05, with an average value of 6.01.

3.1. Variation of pH and Conductance of the rain water sample:

Day Time pH Conductance (per ohm)
1 12.30 6.46 15.80
2 11.00 6.63 20.50
3 11.30 6.23 9.00
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4 11.00 6.16 9.20
5 11.00 6.45 19.00
6 11.30 6.98 52.80
7 11.00 6.97 62.90
8 11.30 6.74 28.10
9 11.00 6.38 14.10
10 11.00 6.06 12.50
11 11.00 6.38 29.50
12 11.00 6.27 27.90
13 11.00 5.26 5.70
14 2.00 5.82 2.40
15 2.00 5.82 2.40
16 3.00 5.44 5.40
17 3.00 5.86 12.70
18 11.00 6.28 19.80
19 11.00 6.78 56.30
20 11.30 6.45 20.90
21 11.30 6.14 8.60
22 11.00 6.22 16.40
23 11.00 5.89 2.30
24 10.30 6.78 76.50
25 12.00 6.31 32.70
26 11.30 6.43 71.00
2 11.30 7.04 43.90
28 11.00 6.43 16.80
29 11.00 6.04 7.20

Table 3. pH and Conductance of the rain water sample for one month.

Variation of pH and conductance with day to day

Chart 1. pH and Conductance of the rain water sample.
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Sr.no | Sample concentration (ppm) | Absorbance cencentration’Vs Absorbance
1 Blank 0.033
0.6 4
2 0.2 0.099 0.5
3 0.4 0.182 5
§ 0.3
4 0.6 0.315 s
5 0.8 0.400 0.1+
6 1.0 0.504 T " e o 1
concentration
T
Table. 4. Absorbance of NH,4" ion solution. Chart 2. Calibration curve of NH4" ion.

3.3. Average chemical composition of the rain water sample:

Tons NHs | Cr NO; | SO+ | Na' K* Ca’ Mg HCOs | pH
k* Wt. Avg. | 9.78 43.9 6.66 23.5 39.6 491 29.7 19.6 19.5 6.01
SD +19 +53 + 14 + 35 +47 +4.2 +36 +26 +23 +0.5
Max. 100 225 56.1 141 193 14.5 141 111 99.8 7.05
Min. 0.12 5.13 0.02 2.55 4.37 0.18 0.63 1.98 1.66 5.27

Table 5. Chemical Composition of Rain water

Wt. Average Composition
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Chart 3. Weight Average Chemical composition of the Rain water sample.

3.4. Ton Balance [1].

Equivalent concentration of ) anions and ) cations as shown in table 5. Difference between them is an indicator
of the completeness of the measured parameters. The sum of major anions (Cl, NOs and SO; is 74.06 peq I', while
the sum of major cations (Ca, Mg, Na, K and NH,) is 100.59 peq I'' as shown in Chart 3. From these values the cations
excess of 26.53 peq 1" is observed .The significant anion deficiency in rain water samples may be due to the exclusion
of some anions. Data points outside the range (m + 35) were excluded as shown in table 5. (Where m = average and ¢
= standard deviation) The data obtained by the chemical analyses were then subjected to the quality check. It was done
by ionic balance method [1]. A significant correlation (R=0.99) was observed between the sum of anions and sum of
cations as shown in chart 4 (a). Indicates the completeness of the analyses i.e., all the major ionic components were
analysed. The second check was made through comparison between the measured and calculated conductivities of the
individual samples as shown in chart 4 (b), this figure shows that there is a good agreement between the measured and
calculated conductivities (R= 0.98) in rain water samples.
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Chart 4. (a) Relation between cation and anion

Rain water sample during the year 2010.

4. CONCLUSION:
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