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found to be higher in summer as compared to the
winter season. In dry deposition (clearfall) the con-
centrations of NH4

+, NO3
–, and SO4

2– varied from
0.13 to 1.0, 0.81 to 1.95, and 0.82 to 3.27 mg l–1,
respectively, during winter. In wet deposition
(clearfall), the above varied from 0.14 to 0.74, 0.81
to 1.82, and 0.67 to 2.70 mg l–1, respectively.

The study clearly showed that both dry and wet
depositions varied between the sites and season,
suggesting significant impact of industrial activi-
ties in modifying the atmospheric input. The
nonacidic deposition suggests that there is no
threat of acidification of the receiving ecosystem
at present.

KEY WORDS: atmospheric dry and wet depositions, trace
gases, power plant emission

DOMAINS: environmental monitoring
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Characterization of Wet and Dry
Deposition in the Downwind of
Industrial Sources in a Dry Tropical Area

Raj K. Singh* and M. Agrawal
Department of Botany, Banaras Hindu University, Varanasi — 221005,
India

An atmospheric deposition study was conducted
in the downwind of Shaktinagar Thermal Power
Plant (STPP), Renusagar Thermal Power Plant
(RTPP), and Anpara Thermal Power Plant (ATPP),
at Singrauli region, Uttar Pradesh (UP), India to
characterize dry and wet deposition in relation to
different pollution loading. During the study pe-
riod, dry and wet depositions and levels of gas-
eous pollutants (SO2 and NO2) were estimated
across the sites. Dry deposition was collected on
a monthly basis and wet deposition on an event
basis. Depositions were analyzed for pH, nitrate
(NO3

–), ammonium (NH4
+), and sulphate (SO4

2–)
contents.

Dry deposition rate both collected as clearfall
and throughfall varied between 0.15 to 2.28 and
0.33 to 3.48 g m–2 day–1, respectively, at control
and maximally polluted sites. The pH of dry depo-
sition varied from 5.81 to 6.89 during winter and
6.09 to 7.02 during summer across the sites. Dur-
ing the rainy season, the mean pH of clear wet
deposition varied from 6.56 to 7.04 and throughfall
varied from 6.81 to 7.22. The concentrations of
NO2 and SO2 pollutants were highest during the
winter season. Mean SO2 concentrations varied
from 18 to 75 µg m–3 at control and differently pol-
luted sites during the winter season. The varia-
tion in NO2 concentrations did not show a pattern
similar to that of SO2. The highest NO2 concentra-
tion during the winter season was 50 µg m–3, ob-
served near RTPP. NO2 concentration did not show
much variation among different sites, suggesting
that the sources of NO2 emission are evenly dis-
tributed along the sites. The concentrations of
NH4

+, NO3
–, and SO4

2– ions in dry deposition were
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Air Quality Monitoring
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TABLE 1
Characterization of Study Sites

Site
No. Sites Vegetation Distance from STPP

1. Helipad Plantations of fruit and avenue trees 2 km N from STPP; 300 m asl

2. Ashdam Near Ashdam of STPP; agricultural 4 km NE from STPP; 225 m asl

field; old trees of Madhuca indica

3. Kakari Near Bina and Kakari open cast 8 km NE from STPP; 1 km SW from RTPP;

coal mines; plantations of avenue 2 km W from coal mines; 225 m asl

trees; agricultural fields

4. Renusagar Near RTPP residential colony; 10 km NE from STPP; 2 km SW of ATPP;

plantations of avenue trees 220 m asl

5. Anpara Near ATPP residential colony; 14 km NE from STPP; 5 km NE from RTPP;

plantations of avenue trees 1 km NE from ATPP; 226 m asl

6. Karahiya Agricultural fields; patches of forests 18 km NE from STPP; 9 km NE from RTPP;

5 km NE from ATPP; 228 m asl

7. Bairpan Agricultural fields; dense Sal forests 23 km NE from STPP; 14 km NE from RTPP;

10 km NE from ATPP; 230 m asl

8. Kuwari Forest area 29 km NE from STPP; 20 km NE from RTPP;

16 km from ATPP; 250 m asl

9. Control Forest area 20 km NW of STPP; 230 m asl
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TABLE 2
Seasonal Variations in Mean Concentrations of

TSP (µg m–3) at Different Sites (Mean values ± 1 SE)

Sites Summer Rainy Winter

1. 320.33 ± 20 184.67 ± 3.5 219.00 ± 7.8

2. 360.00 ± 8.0 200.00 ± 6.5 250.00 ± 10

3. 566.00 ± 15 303.00 ± 10 501.70 ± 13

4. 397.00 ± 15 256.67 ± 8.3 334.70 ± 5.6

5. 391.00 ± 20 242.00 ± 4.3 326.30 ± 6.1

6. 330.00 ± 5.8 222.33 ± 5.0 288.00 ± 9.6

7. 280.00 ± 8.0 200.00 ± 8.0 200.00 ± 7.0

8. 265.00 ± 17 158.33 ± 7.6 183.70 ± 4.5

9. 132.00 ± 5.3 92.33 ± 6.4 113.00 ± 3.6
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TABLE 3
Seasonal Variations in Mean Concentrations of SO2 and

NO2 (µg m–3) at Different Sites (Mean values ± 1 SE)

Sulphur Dioxide (SO2) Nitrogen Dioxide (NO2)

Sites Summer Rainy Winter Summer Rainy Winter

1. 37.33 ± 5.04 30.00 ± 2.89 46.33 ± 3.18 30.67 ± 2.96 21.33 ± 1.65 38.33 ± 3.28

2. 42.00 ± 3.20 32.80 ± 2.00 53.20 ± 6.36 27.00 ± 2.89 20.00 ± 2.30 40.00 ± 2.12

3. 61.00 ± 5.86 40.00 ± 3.51 75.00 ± 2.45 38.17 ± 5.31 30.00 ± 4.63 45.30 ± 3.79

4. 47.33 ± 4.98 37.50 ± 4.00 64.00 ± 4.95 45.15 ± 5.00 36.00 ± 2.96 50.00 ± 4.81

5. 42.67 ± 6.36 35.33 ± 2.12 60.00 ± 6.64 32.00 ± 3.46 26.00 ± 2.23 42.00 ± 1.53

6. 50.00 ± 5.00 38.67 ± 3.48 66.33 ± 5.00 30.00 ± 3.21 25.67 ± 3.48 35.67 ± 2.96

7. 33.67 ± 2.33 28.00 ± 1.90 45.00 ± 4.58 28.00 ± 2.30 23.00 ± 1.05 32.00 ± 1.02

8. 30.00 ± 2.00 23.33 ± 1.76 34.00 ± 2.08 25.67 ± 3.28 20.67 ± 2.37 28.33 ± 1.20

9. 16.00 ± 1.15 14.64 ± 1.50 18.00 ± 1.53 14.35 ± 2.33 10.00 ± 1.41 18.00 ± 1.45

TABLE 5
Seasonal Variations in pH of Clearfall and Throughfall

Depositions at Different Sites (Mean values ± 1 SE)

Clearfall (pH) Throughfall (pH)

Sites Summer Rainy Winter Summer Rainy Winter

1. 6.49 ± 0.07 6.64 ± 0.03 6.32 ± 0.05 7.00 ± 0.10 7.07 ± 0.19 6.54 ± 0.14

2. 6.83 ± 0.03 6.66 ± 0.04 6.72 ± 0.07 — — —

3. 6.50 ± 0.03 6.56 ± 0.07 6.32 ± 0.06 6.84 ± 0.19 6.81 ± 0.09 6.30 ± 0.19

4. 6.54 ± 0.01 6.69 ± 0.09 6.33 ± 0.09 — — —

5. 6.14 ± 0.06 6.69 ± 0.02 6.62 ± 0.03 — — —

6. 6.09 ± 0.04 6.74 ± 0.04 5.81 ± 0.02 6.76 ± 0.06 7.22 ± 0.12 6.48 ± 0.19

7. 6.63 ± 0.07 6.75 ± 0.04 6.88 ± 0.04 — — —

8. 6.82 ± 0.04 6.91 ± 0.03 6.79 ± 0.09 7.13 ± 0.05 7.10 ± 0.08 6.91 ± 0.17

9. 7.02 ± 0.02 7.04 ± 0.03 6.89 ± 0.04 7.02 ± 0.02 7.06 ± 0.03 7.07 ± 0.04

TABLE 4
Seasonal Dry Deposition Rates of Clearfall and

Throughfall (g m–2 day–1) at Different Sites (Mean values ± 1 SE)

Clearfall Throughfall

Sites Summer Rainy Winter Summer Rainy Winter

1. 1.74 ± 0.05 0.59 ± 0.04 1.08 ± 0.03 2.29 ± 0.03 1.58 ± 0.03 2.13 ± 0.03

2. 1.49 ± 0.05 0.49 ± 0.02 1.22 ± 0.06 — — —

3. 2.28 ± 0.03 1.02 ± 0.05 1.92 ± 0.05 3.48 ± 0.04 1.82 ± 0.02 2.73 ± 0.13

4. 2.14 ± 0.05 0.79 ± 0.02 1.73 ± 0.03 — — —

5. 2.11 ± 0.07 0.75 ± 0.04 1.58 ± 0.01 — — —

6. 1.72 ± 0.06 0.55 ± 0.02 1.46 ± 0.02 3.12 ± 0.04 1.71 ± 0.02 2.38 ± 0.06

7. 1.58 ± 0.02 0.48 ± 0.02 1.35 ± 0.03 — — —

8. 1.33 ± 0.01 0.39 ± 0.04 1.06 ± 0.05 1.51 ± 0.04 1.07 ± 0.04 1.21 ± 0.02

9. 0.62 ± 0.07 0.15 ± 0.02 0.44 ± 0.03 0.82 ± 0.06 0.33 ± 0.01 0.68 ± 0.06
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TABLE 6
Chemical Constituents of Clearfall and Throughfall Depositions

(mg l–1) at Different Sites (Mean values ± 1 SE)

Chemical
Sites  Constituents Summer Rainy Winter

Clearfall Depositions

1. NH4
+ 0.85 ± 0.08 0.64 ± 0.15 0.69 ± 0.10

NO3
– 1.61 ± 0.12 1.33 ± 0.06 1.39 ± 0.08

SO4
2– 2.77 ± 0.43 2.17 ± 0.14 2.62 ± 0.08

2. NH4
+ 0.94 ± 0.14 0.60 ± 0.02 0.81 ± 0.05

NO3
– 1.52 ± 0.11 1.44 ± 0.03 1.47 ± 0.06

SO4
2– 2.81 ± 0.05 2.57 ± 0.06 2.66 ± 0.15

3. NH4
+ 0.83 ± 0.04 0.74 ± 0.07 0.78 ± 0.06

NO3
– 2.15 ± 0.23 1.77 ± 0.13 1.94 ± 0.10

SO4
2– 3.76 ± 0.14 2.70 ± 0.34 3.27 ± 0.16

4. NH4
+ 0.60 ± 0.02 0.41 ± 0.01 0.50 ± 0.14

NO3
– 1.85 ± 0.01 1.65 ± 0.11 1.65 ± 0.11

SO4
2– 2.37 ± 0.04 1.74 ± 0.08 2.29 ± 0.07

5. NH4
+ 0.74 ± 0.02 0.32 ± 0.06 0.63 ± 0.02

NO3
– 1.94 ± 0.02 1.68 ± 0.02 1.75 ± 0.11

SO4
2– 2.87 ± 0.02 2.35 ± 0.14 2.59 ± 0.06

6. NH4
+ 0.71 ± 0.03 0.52 ± 0.06 0.76 ± 0.04

NO3
– 2.03 ± 0.33 1.82 ± 0.09 1.85 ± 0.08

SO4
2– 2.94 ± 0.40 2.30 ± 0.31 2.88 ± 0.08

7. NH4
+ 1.00 ± 0.02 0.44 ± 0.05 0.99 ± 0.05

NO3
– 1.52 ± 0.09 1.22 ± 0.02 1.47 ± 0.09

SO4
2– 2.35 ± 0.41 1.70 ± 0.09 1.85 ± 0.06

8. NH4
+ 0.83 ± 0.14 0.22 ± 0.03 0.63 ± 0.08

NO3
– 1.92 ± 0.06 1.68 ± 0.20 1.29 ± 0.07

SO4
2– 1.78 ± 0.15 1.54 ± 0.19 1.76 ± 0.17

9. NH4
+ 0.29 ± 0.01 0.14 ± 0.02 0.13 ± 0.01

NO3
– 1.13 ± 0.06 0.81 ± 0.08 1.11 ± 0.03

SO4
2– 1.02 ± 0.17 0.67 ± 0.10 0.82 ± 0.10

Throughfall Depositions

1. NH4
+ 0.86 ± 0.02 0.58 ± 0.03 0.71 ± 0.04

NO3
– 1.94 ± 0.01 1.37 ± 0.06 1.52 ± 0.08

SO4
2– 2.62 ± 0.11 2.70 ± 0.05 2.49 ± 0.03

3. NH4
+ 0.51 ± 0.05 0.42 ± 0.01 0.37 ± 0.06

NO3
– 2.43 ± 0.03 1.86 ± 0.06 2.06 ± 0.09

SO4
2– 2.93 ± 0.10 3.12 ± 0.12 2.71 ± 0.03

6. NH4
+ 0.58 ± 0.05 0.35 ± 0.02 0.89 ± 0.04

NO3
– 2.56 ± 0.09 1.83 ± 0.09 2.08 ± 0.03

SO4
2– 3.29 ± 0.14 3.52 ± 0.05 3.01 ± 0.08

8. NH4
+ 0.83 ± 0.04 0.42 ± 0.03 0.86 ± 0.03

NO3
– 1.93 ± 0.03 1.43 ± 0.02 1.86 ± 0.09

SO4
2– 1.95 ± 0.19 1.66 ± 0.09 1.57 ± 0.04

9. NH4
+ 0.24 ± 0.02 0.17 ± 0.01 0.22 ± 0.01

NO3
– 1.26 ± 0.09 0.70 ± 0.08 1.06 ± 0.04

SO4
2– 1.62 ± 0.07 1.10 ± 0.04 1.50 ± 0.05
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