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ABSTRACT

Accumulation of trace metals and their bio-availability in soils is likely to have for reacting
consequences on soil health as well as growth, yield and quality of crops. To assess the soil properties
samples were collected from farmers fields around industries of Patratu, Bokaro and Jamshedpur.
Analysis of soil pH, electrical conductivity and organic carbon content revealed that soils collected from
Patratu were moderately acidic in soil reaction. Soil reaction in case of Bokaro and Jamshedpur
ranged from acidic to neutral or alkaline. The electrical conductivity was within the safe limit, while the
organic carbon content was medium to high. The soils were low in available N and P, while low to
medium in available K status. Available micronutrients were above the critical value. DTPA-Cd was
detected in 50 per cent soil samples of Patratu, 45 per cent of Bokaro and 80 per cent of Jamshedpur.
All soil samples from Patratu and nearly 50 per cent samples of Bokaro and Jamshedpur contained
high DTPA extractable Pb, Ni and Co.

Key words: soil properties near industrial area of Jharkhand, chemical properties, biological properties,
micronutrient content, Cd, Pb, Ni and Co content.

1. INTRODUCTION

Soil is the key component of natural ecosystems because environmental sustainability depends largely on
a sustainable ecosystem. Unlike other environmental components, pollutants have long residence time in
soil. Therefore, soil acts as a sink or a filter in which pollutants are accumulated rapidly and depleted
slowly. The application of city and industrial waste to land has become popular during recent years as an
alternative means of treatment and disposal. Besides being a useful source of plant nutrients in most
cases, these materials often contain high amounts of various organic and inorganic materials as well as
heavy metals [1]. Industrialization has resulted in problems in safe disposal of wastes generated, which
are mostly dumped in the soil directly. This has a profound influence in areas near the industries on the
quality of soil, plant as well as human and animal life. Non-degradable pollutants like heavy metals are
much more problematic than others. Though several regulatory steps have been implemented to reduce
or restrict the release of pollutants in soil and water, they have proved to be in-sufficient. The Jharkhand
state has several coal mines. The Damodar river basin is a repository of approximately 46 per cent of the
Indian coal reserves. Due to extensive coal mining and rapid growth of industries, soil and water
resources have been badly contaminated. Besides mining, coal based industries like coal washeries,
coke oven plant, coal fired thermal power plant, steel plants and other related industries in the region are
responsible for degradation of environmental quality. Therefore, soil samples were collected around
industries of Ramgarh, Bokaro and East Singhbhum districts of Jharkhand to evaluate the effect of
industrial activities on soil properties.

2. MATERIALS AND METHODS

Sixty soil samples were collected around Patratu Thermal Power Station, Patratu (Ramgarh), Gobindpur
and Kathara Project Central Coalfield Limited (Bokaro) and solid waste disposal site, Jamshedpur (East
Singhbhum) following standard sampling methods. Description of soil samples are presented in table 1.
The pH of soils were measured in 1: 2.5 (Soil: Water) suspension with the help of glass
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electrode digital pH meter (ELICO LI614) [2]. The soil water suspension was prepared in 1:2.5
(Soil: Water) ratio and electrical conductivity of the filtrate of suspension was determined by
conductivity bridge (ELICO CM183) [2]. Organic carbon of the soils was estimated by chromic
acid wet digestion method [3]. Available nitrogen is estimated by distilling soil with alkaline potassium
permanganate and determining the ammonia liberated [4]. The soil was extracted with Bray P, extractant
(0.08N NH4F in 0.025N HCI solution) and was determined [5] as described [2] on double beam
spectrophotometer (SPECTRASCAN UV2600). Available potassium was determined by flame
photometer (ELICO CL361) after extraction of soil with neutral normal ammonium acetate [6] in soil to
solution ratio 1:5 (w/v). The available trace metals including Zn, Cu, Mn, Fe, Cd, Pb, Ni and Co were
determined by extracting soil with Diethylene tri-amine penta-acetic acid (0.005M DTPA, 0.01M CacCl,
0.1M TEA), pH adjusted to 7.3 with the help of dilute HCI, maintaining 1:2 soil to extractant ratio and
shaking for 2 hrs at 120 rpm [7]. Total bacterial, actinomycetes and fungal population in soil were
determined following the standard pour plate technique using soil extract agar [8] and Kenknight and
Munaires media [8] for bacteria and actinomycetes and Rose Bengal agar media [9] for fungi. Triplicate
plates (for each soil and microbial group) were incubated at 30°C + 2°C for a week. Population for each
microbial group was expressed as colony forming unit (CFU) per gram.

Tablel. Description of soil samples
Sl. No. Location Topography Land Use
PTPS, Patratu (Ramgarh)
1 0-1 km North to PTPS Low land Paddy-Fallow
2 0-1 km North to PTPS Medium land Paddy-Fallow
3 0-1 km North to PTPS Medium land Paddy-Fallow
4 0-1 km North to PTPS Upland Paddy-Fallow
5 0-1 km North to PTPS Upland Paddy-Fallow
6 1-2 km North to PTPS Upland Maize-Vegetables
7 1-2 km North to PTPS Upland Paddy-Fallow
8 1-2 km North to PTPS Upland Paddy-Fallow
9 1-2 km North to PTPS Upland Paddy-Fallow
10 1-2 km North to PTPS Upland Paddy-Fallow
11 4-5 km West to PTPS (Vill. — Labga) Upland Maize-Vegetables
12 4-5 km West to PTPS (Vill. — Labga) Medium land Maize-Mustard
13 4-5 km West to PTPS (Vill. — Labga) Medium land Maize-Mustard
14 4-5 km West to PTPS (Vill. — Labga) Medium land Maize-Mustard
15 4-5 km West to PTPS (Vill. — Labga) Low land Paddy-Paddy
16 2-3 km South to PTPS (Vill. -Rasada) Upland Maize-Mustard
17 2-3 km South to PTPS (Vill. -Rasada) Medium land Vegetables
18 2-3 km South to PTPS (Vil.—Rasada) Medium land Vegetables
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2-3 km South to PTPS (Vill.—Rasada)

2-3 km South to PTPS (Vill.—Rasada)

Gobindpur and Kathara Project CCL (Bokaro)

0-1 km near Gobindpur Project
0-1 km near Gobindpur Project
0-1 km near Gobindpur Project
0-1 km near Gobindpur Project
0-1 km near Gobindpur Project
1-2 km near Gobindpur Project
1-2 km near Gobindpur Project
2-3 km near Gobindpur Project
2-3 km near Gobindpur Project
2-3 km near Gobindpur Project
0-1 km near Kathara Project
1-2 km near Kathara Project
0-1 km near Kathara Project
0-1 km near Kathara Project
1-2 km near Kathara Project
1-2 km near Kathara Project
1-2 km near Kathara Project
0-1 km near Kathara Project
1-2 km near Kathara Project

1-2 km near Kathara Project

Waste disposal site, Jamshedpur (East Singhbhum)

4-5 km from Dimna Nala

4-5 km from Dimna Nala

4-5 km from Dimna Nala

4-5 km from Dimna Nala

4-5 km from Dimna Nala

3-4 km from Dimna Nala

Low land

Low land

Low land
Low land
Medium land
Medium land
Medium land
Upland
Upland
Upland
Upland
Upland

Low land
Medium land
Low land
Medium land
Upland
Medium land
Medium land
Upland
Upland

Upland

Low land
Low land
Low land
Low land
Upland

Medium land

Paddy-Mustard

Paddy-mustard

Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow

Paddy-Fallow

Maize-Vegetables

Maize-Vegetables

Vegetables

Vegetables

Vegetables

Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow

Paddy-Fallow

Paddy-Fallow
Paddy-Fallow
Paddy-Fallow
Paddy-Fallow

Paddy-Fallow

Maize-Vegetables
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7 3-4 km from Dimna Nala Medium land Paddy-Fallow

8 3-4 km from Dimna Nala Medium land Paddy-Fallow

9 3-4 km from Dimna Nala Medium land Paddy-Fallow

10 3-4 km from Dimna Nala Medium land Paddy-Fallow

11 2-3 km from Dimna Nala Medium land Maize-Vegetables
12 2-3 km from Dimna Nala Low land Maize-Mustard

13 2-3 km from Dimna Nala Upland Maize-Mustard

14 2-3 km from Dimna Nala Medium land Maize-Mustard

15 1-2 km from Dimna Nala Low land Maize-Vegetables
16 1-2 km from Dimna Nala Upland Maize-Vegetables
17 1-2 km from Dimna Nala Medium land Vegetables

18 1-2 km from Dimna Nala Medium land Vegetables

19 1-2 km from Dimna Nala Low land Paddy-Maize

20 1-2 km from Dimna Nala Low land Paddy-Maize

3. RESULT AND DISCUSSION

3.1 Soil reaction, Electrical Conductivity and Organic Carbon

Analytical results on pH, EC and OC content in soil samples show that it ranged from 4.881t07.18, 0.03 to
0.54 dS m™ and 3.37 t0 49.46 g kg™ in Patratu, 353t0692 0.04 to 0.51 dSm and 6.73 t0 29.27 g kg
in Bokaro while 4.75 to 8.29, 0.05 to 0.89 dS m™ and 4.39 to 10.68 g kg in Jamshedpur (Table 2). The
soils collected from Patratu showed moderately acidic pH value (65 per cent). Extremely acidic to neutral
soil reaction was noticed in case of Gobindpur and Kathara. Thirty per cent of the total soils were
moderately acidic (pH 5.6 to 6.0) and 20 per cent were strongly acidic (pH 5.1 to 5.5) and slightly acidic
(pH 6.1 to 6.5) in nature. However, a wide variation from very strongly acidic to alkaline reaction was
noticed in soils collected from Jamshedpur. Twenty five per cent of the total soils were neutral to alkaline
(pH 6.5 to 7.5), 20 per cent were slightly acidic and very strongly acidic while 15 per cent were
moderately acidic and alkaline (pH > 7.5) in nature. Majority of soils collected around PTPS, Patratu and
CCL project Gobindpur and Kathara were slightly acidic. It may be ascribed due to leaching of bases in
high rain fall area [10]. Slightly acidic to alkaline soils of Jamshedpur may be attributed to the dumping of
solid wastes of steel factory on road side observed durlng sample collection. The electrical conductivity of
soil samples were within the safe limit (EC < 0.8 dS m™) except one sample each in Bokaro (2.08 dS m™
in soil no 11) and Jamshedpur (0.89 dS m™ in soil no 5). High organic carbon content in the soil samples
was observed during the present study. Among the soils collected from Patratu, Bokaro and Jamshedpur
55, 80 and 60 per cent were high in OC content. Some of the soil collected from Patratu and Bokaro
showed very high value of orgamc carbon viz. soil no 5, 6 and 7 in Patratu (49.46, 32.34 and 24.59 g kg™')
and 11 in Bokaro (29.27 g kg ).

Table 2. pH (1:2.5), EC (dS m") and Org. C (g kg'1) content in soils around industries of

Patratu, Bokaro and Jamshedpur

Sample Patratu Bokaro Jamshedpur
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No. pH EC Org.C pH EC Org.C pH EC Org.C

1 6.04 0.17 9.95 6.46 0.15 10.08 6.32 0.14 8.20
2 6.04 0.10 5.85 4.71 0.51 10.23 8.10 0.21 4.39
3 5.77 0.14 7.61 5.29 0.12 8.47 5.03 0.09 6.59
4 6.39 0.09 4.83 6.39 0.16 7.74 512 0.11 5.42
5 5.43 0.07 49.46* 5.94 0.12 10.08 4.75 0.89 10.68
6 7.18 0.54 32.34* 5.89 0.05 8.33 5.35 0.09 6.73
7 5.99 0.14 24.59* 6.09 0.09 8.91 5.86 0.15 8.49
8 5.08 0.04 512 6.92 0.26 13.00 4.88 0.10 7.92
9 4.88 0.04 3.37 6.73 0.19 9.06 5.99 0.23 6.88
10 5.55 0.03 8.49 6.56 0.24 11.69 6.60 0.38 9.51
11 5.81 0.16 6.15 3.53 2.08 29.27* 6.44 0.18 6.15
12 5.70 0.13 7.76 5.74 0.24 9.95 6.65 0.17 5.85
13 6.99 0.13 6.29 6.29 0.04 6.88 7.87 0.61 9.66
14 5.26 0.1 6.88 6.18 0.06 13.15 6.28 0.12 8.20
15 5.92 0.09 7.90 4.85 0.04 7.46 8.29 0.17 512
16 6.05 0.11 9.85 5.18 0.04 6.73 5.88 0.07 8.63
17 5.76 0.05 6.59 5.13 0.09 7.46 6.31 0.13 8.63
18 6.04 0.09 7.46 5.71 0.09 14.61 6.81 0.05 7.90
19 6.04 0.08 9.37 6.17 0.11 13.73 7.24 0.25 10.54
20 5.77 0.13 10.10 5.51 0.13 11.56 718 0.25 8.78
4.88— 0.03— 3.37- 3.53— 0.04— 6.73— 4.75— 0.05— 4.39—
Range
718 0.54 49.46 6.92 2.08 29.27 8.29 0.89 10.68
Mean 5.90 0.12 11.00 5.76 0.24 10.90 6.35 0.22 7.70
SD + 0.53 0.10 10.80 0.81 0.45 4.90 1.04 0.20 1.80

*Soil no 5, 6 and 7 of Patratu were collected from bari heavily amended with fly ash. Soil no 11

of Bokaro was collected from field continuously receiving discharge from coal washery.

3.2 Available N, P and K

Results presented in table 3 indicate the status of available nitrogen, phosphorus and potassium in soils
collected from Patratu, Bokaro and Jamshedpur. The available N content in soil ranged between 188 —
330 kg ha' in Patratu, 220 — 283 kg ha''in Bokaro and 210 — 265 kg ha™' in Jamshedpur. Low available
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nitrogen status in soil was observed. Ninety per cent of the soil collected from Patratu, 65 per cent from
Jamshedpur while all soils collected from Gobindpur and Kathara showed the low N rating (< 280 kg ha™).
The soils collected from the three districts were low in available P content. The extent of deficiency was
60, 55 and 50 per cent in Patratu, Bokaro and Jamshedpur, respectively. However, 25 per cent of total
soils in Patratu, 20 per cent in Bokaro and 30 per cent in Jamshedpur were high in available P content (>
28 kg ha™'). Low available P in the soil may be due to the acidic nature of lateritic soil where precipitation
of soil phosphate with iron and aluminum reduces the P availability. Available K content ranged from 84 to
389 kg ha', 59 to 446 kg ha' and 27 to 243 kg ha' in soils collected from Patratu, Bokaro and
Jamshedpur. Low available K content in soils to the extent of 85 per cent were noticed in Jamshedpur,
however, 60 per cent of the total soils collected in Patratu and Bokaro reported to be low in available K
status.

Table 3. Available N, P and K (kg ha'1) status of soils around industries of Patratu, Bokaro

and Jamshedpur

Sample Patratu Bokaro Jamshedpur
No. N P K N P K N P K
1 234 106 131 262 3 195 211 2 44
2 197 3 121 283 2 196 261 4 64
3 206 3 134 231 3 127 230 8 43
4 188 5 151 234 42 196 225 16 123
5 234 7 213 261 4 194 231 21 27
6 197 60 389 280 7 165 260 3 63
7 209 50 388 231 16 290 245 1 50
8 259 3 129 253 202 446 210 10 40
9 219 4 102 231 122 138 241 4 92
10 336 7 85 256 205 424 265 7 72
11 253 39 250 221 13 554 235 2 76
12 286 22 127 208 14 222 240 3 35
13 213 49 332 226 2 69 234 32 130
14 274 17 91 234 16 211 229 5 87
15 299 3 100 231 7 59 213 133 57
16 258 9 178 236 5 106 225 12 41
17 293 3 84 240 5 78 246 30 65
18 311 8 122 220 3 418 249 20 43
19 330 13 148 240 12 119 230 134 243

20 317 3 149 262 5 152 240 111 114




188— 220- 210- 27—
Range 3—-106 84-389 2—205 59-446 1-134

330 283 265 243
Mean 256.5 21.5 180.6 242.0 34.4 217.9 236.0 27.9 75.4

SD + 45.6 25.9 95.7 19.9 63.6 138.7 15.6 43.4 49.2

105
106 3.3 DTPA-extractable trace metal

107 The DTPA extractable Zn, Cu, Mn, Fe, Cd, Pb, Ni and Co content in soil samples ranged from 0.14 —
108 4.51,0.44 —3.62, 10.78 — 24.94, 11.50 — 62.46, ND — 0.05, 0.28 — 2.52, 0.04 — 1.38 and 0.04 — 2.40 mg
109 kg' in Patratu, 0.15 — 5.25, 1.38 — 5.13, 12.64 — 24.64, 25.08 — 70.18, ND — 0.04, ND — 5.16, 1.30 — 6.54
110 and 1.04 — 3.59 mg kg'1 in Bokaro while 0.09 —2.41, 0.84 — 2.83, 2.23 — 23.86, 16.35 — 52.08, ND — 0.08,
111 ND - 2.50, 1.38 — 3.37 and 1.13 — 3.00 mg kg™ in Jamshedpur, respectively (Table 4 and 5).

112 Table 4. DTPA-extractable micronurient content (mg kg'1) in soils

Sampl Patratu Bokaro Jamshedpur

e No. Zn Cu Mn Fe Zn Cu Mn Fe Zn Cu Mn Fe

1 1.60 3.62 2284 4190 033 1.76 2296 6824 065 276 169 26.10

2 043 163 2494 1994 143 184 2360 70.18 048 203 14.7 16.35

3 074 153 2396 2756 095 236 1732 4208 046 176 8.1 44.56

4 1.16 320 2488 1150 090 195 2294 3924 040 140 22 3950

5 398 149 1490 6246 1.79 247 16.03 3142 197 226 20.3 41.52

6 451 134 11.78 1452 093 147 2264 2932 0.75 209 16.1 32.34

7 161 077 19.17 36.76 051 2.09 2160 2766 025 283 19.2 33.90

8 031 0.79 1831 27.10 1.08 337 1980 2950 1.16 236 10.3 52.08

9 0.14 0.44 10.78 30.88 525 1.76 19.79 2794 048 241 229 2572

10 090 1.78 18.60 36.10 2.81 138 1957 2536 057 247 23.9 48.04

11 1.53 129 24.00 46.22 474 270 20.90 25.08 059 1.70 193 41.34

12 1.36 2.30 19.95 5292 5.13 3.08 2264 3134 049 266 21.1 38.86

13 1.85 1.15 21.78 20.58 1.04 3.09 1454 3026 0.62 140 13.0 26.10

14 1.06 234 2462 5190 1.16 276 1264 2876 054 239 19.8 36.72

15 111 247 2380 4126 052 203 2030 2652 1.60 098 7.08 26.64

16 099 140 2466 3500 0.77 193 23.14 2542 0.09 165 220 28.44

17 026 150 24.32 35.00 0.15 157 2462 2632 1.03 190 195 3242

18 061 234 2394 3748 295 513 2094 4434 140 155 16.6 30.30
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19 116 198 1878 46.86 241 349 1813 3862 241 184 199 36.82
20 0.83 274 2148 40.14 078 352 1933 3040 195 0.84 210 24.78
0.14 044 1078 1150 0.15 138 1264 25.08 0.09 0.84 223 16.35
Range - - - - - - - - - - - -
451 3.62 2494 6246 525 513 2462 7018 241 283 239 52.08
Mean 1.47 177 2112 3633 1.78 249 20.17 3490 0.89 196 16.7 34.13
Sb+ 1.18 080 420 1261 160 092 3.17 13.01 064 056 583 8.91
Table 5. DTPA-extractable toxic trace metal content (mg kg™) in soils
Sample Patratu Bokaro Jamshedpur
No. Cd Pb Ni Co Cd Pb Ni Co Cd Pb Ni Co
1 ND 210 138 206 ND ND 152 129 002 ND 3.03 198
2 ND 0.91 0.89 2.06 ND ND 2.34 1.98 ND ND 1.72 1.30
3 0.02 1.02 0.48 2.15 ND ND 1.99 1.64 ND ND 1.58 1.13
4 0.01 1.42 0.69 232 0.01 ND 1.58 1.30 ND ND 1.58 1.13
5 0.02 0.68 0.41 1.21 ND 142 179 215 0.01 119 213 1.72
6 0.05 1.31 062 087 0.01 114 145 181 0.01 1.08 138 147
7 0.04 199 0.41 079 ND 085 144 198 0.03 1.08 207 1.89
8 0.02 0.79 0.27 1.04 0.03 0.80 1.31 1.47 ND 250 227 1.89
9 ND 0.63 0.28 0.87 0.01 045 1.30 146 0.03 136 2.27 1.80
10 ND 1.14 0.48 1.47 ND 0.68 2.27 1.04 0.06 1.42 2.07 1.80
11 003 045 004 129 ND 028 654 283 005 125 179 223
12 ND 085 007 164 ND 136 269 206 002 136 207 215
13 ND 0.80 0.41 155 ND 1.08 186 266 005 165 193 1.38
14 ND 1.40 0.89 223 0.01 516 1.65 1.89 0.04 204 234 3.00
15 ND 0.97 0.96 2.23 ND 0.79 220 257 001 119 1.86 1.64
16 0.01 0.57 1.10 1.72 ND ND 213 249 0.04 074 296 2.49
17 001 028 138 240 001 ND 227 359 001 ND 200 232
18 ND 120 090 198 0.04 ND 448 317 005 ND 234 198
19 001 252 117 164 002 ND 275 317 008 ND 337 190
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20 ND 1.58 1.03 1.89 0.01 ND 2.62 3.00 0.05 ND 2.55 1.81
ND- 0.28- 0.04- 0.79- ND- ND- 1.30- 1.04— ND- ND- 1.38- 1.13-
Range
0.10 4.24 1.38 232 0.04 516 6.54 359 0.08 250 3.37 3.00
Mean 0.02 1.39 0.65 1.56 0.01 0.70 2.31 218 0.08 0.84 217 1.85

SD + 0.03 1.01 0.41 0.62 0.01 117 123 073 0.02 0.79 0.51 0.46

*ND means Not Detected

It was noticed that DTPA-Zn was above the critical value (0.6 mg kg'1) in 70 per cent soil samples,
however, all soils collected from these districts contained Cu (0.2 mg kg™'), Mn (2.0 mg kg™') and Fe (4.5
mg kg") above their respective critical values (Fig. 1). Thus the soils may be regarded as sufficient in
micronutrient content. Alarming presence of toxic trace metal was noticed. Cadmium was detected in 47
per cent samples; however, none of the samples crossed the critical limit for toxicity (0.5 mg kg”'). One
sample each collected from Bokaro and Jamshedpur had DTPA-Pb above maximum allowable limit (3.0
mg kg'), while Pb was detected in 70 per cent samples. DTPA extractable Ni and Co were found in all
soil samples and it was observed that 33 per cent samples crossed the maximum allowable limit for Ni
(2.0 mg kg™), while all samples for Co (0.5 mg kg'). Analysis of mean toxic metal content indicates that
DTPA-extractable Cd, Pb, Ni and Co in soils was within the maximum allowable limit for heavy metal used
in different countries [11]. However, detection of toxic metals in many soils in considerable amount is a
matter of concern as acidic condition favors their accumulation in growing plants and edible parts and
there is chance to enter these metals in food chain [12].
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Fig 1. Mean micronutrient content in soil around industries of Patratu, Bokaro and Jamshedpur
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Fig 2. Mean trace metal content in soil around industries of Patratu, Bokaro and Jamshedpur

3.4 Microbial population

Bacterial, actinomycetes and fungal population in soils collected around industries of Patratu, Bokaro and
Jamshedpur are presented in table 6. Results reveal that bacterial population ranged from 11.3 to 19.7,
8.3t0 13.7 and 8.0 to 10.7 x 10° CFU g", actinomycetes population from 1.7 to 4.3, 2.0 to 5.0 and 2.3 to
4.7 x 10° CFU g'1 and fungal population from 21.3 to 32.0, 24.3 to 33.3 and 18.0 to 24.7 x 10* CFU g'1 in
soils collected around PTPS, Patratu, Gobindpur and Kathara Project CCL, Bokaro and waste disposal
site, Jamshedpur, respectively. Mean value of microbial population indicate that maximum bacterial,
actinomycetes and fungal population was found in Patratu, Jamshedpur and Bokaro soils, respectively.
High bacterial population in Patratu and Bokaro soil may be due to high OC content in these soils that
may enhance availability of oxidizable substrates for carbon and energy source [13]. Soils collected
around Jamshedpur recorded low fungal population. It may be due to high soil pH as low soil reaction
favours fungal growth and increase in pH reported to have detrimental effect on fungal growth and
development [13]. Little effect of trace metal on microbial population was observed during present study
as the range is very narrow and standard deviation is small. However, detrimental effect of trace metal on
microbial population was reported earlier [14], [15] and [16]. It was earlier found that bacterial number
was not affected by excessive Cu [17] while 50 mg Cd kg’ was inhibitory to bacterial population [18]. The
effect of trace metal on microbial population largely depends on the extent of metal in soil as well as soil
properties [19] and [20]. Heavy metal resistance of microbial population was reported by several workers
[21], [22] and [23].

Table 6. Population of bacteria (x 10° CFU g), actinomycetes (x 10° CFU g™) and fungi (x

10° CFU g) in soils around industries of Patratu, Bokaro and Jamshedpur

Sample Patratu Bokaro Jamshedpur
No. B A F B A F B A F
1 15.0 3.0 21.7 13.0 2.7 28.7 10.3 3.7 19.7

2 15.7 2.3 23.3 13.7 3.0 31.7 9.3 4.0 20.3
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10
11
12
13
14
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17
18
19

20

Range

Mean

SD +

12.7

12.3

12.7

12.3

13.0

12.3

15.0

16.0

16.3

17.7

17.7

18.7

19.7

19.0

19.0

18.3

19.7

15.3

2.9

2.7

2.7

3.0

2.3

3.0

3.3

3.3

3.0

2.0

1.7

2.3

3.3

3.7

4.3

4.3

3.3

3.3

4.3

3.1

0.7

24.3

24.7

23.0

21.3

23.0

23.0

24.7

21.3

25.7

25.3

26.7

27.3

26.0

27.0

29.3

28.0

28.3

32.0

21.3-

32.0

25.3

2.8

10.7

10.3

10.7

10.3

8.3

10.3

10.7

13.0

12.7

12.0

12.3

12.7

9.3

9.7

10.3

10.7

3.3

3.7

4.3

4.7

5.0

4.3

4.3

4.3

2.0

2.3

2.7

3.0

2.3

2.7

2.0

2.7

3.0

3.3

2.0-5.0

3.3

0.9

31.0

33.3

33.0

28.7

30.0

32.0

31.3

31.7

18.0

26.7

25.3

27.3

26.0

24.7

24.3

25.0

25.3

25.0

24.3-

33.3

28.0

3.9

9.7

8.7

10.7

9.3

9.3

9.0

9.3

9.0

9.7

9.3

10.3

10.0

9.0

8.7

8.0

8.7

8.0

8.7

8.0-10.7

9.3

0.7

4.0

4.7

4.0

3.7

4.0

3.7

4.3

3.7

4.3

4.0

3.7

3.3

3.0

2.7

2.3

2.7

3.0

2.3

2.3-4.7

3.6

0.7

20.3

22.0

22.7

20.0

21.7

18.3

23.3

21.7

22.0

24.7

19.3

18.7

18.0

19.7

20.0

18.7

21.0

19.3

18.0-

24.7

20.6

1.8

4. CONCLUSION

The soils collected around industries of Jharkhand showed wide variation from extremely acidic to
alkaline soil reaction, however majority of the soils were acidic in nature, the electrical conductivity of the
soils were within the safe limit while high organic carbon content in most of the soil was observed. The
soils collected from the three districts were low in available N and P while low to medium in available K
status. Micronutrient content in the soils was above their respective critical values and thus rated as
sufficient. Higher amount of DTPA-extractable toxic total trace metal particularly Cd, Pb, Ni and Co was
noticed, which is a matter of concern as acidic soil condition favours their accumulation in growing plants

and edible parts which may enter the food chain and create health hazards.

REFERENCES

1. Chhonkar, P.K. (2004). Phytoremediation: A ‘Green Cure’ for heavy metal contaminated soils. Journal

of the Indian Society of Soil Science. 52: 357-373.



170

171
172

173
174

175
176

177
178

179
180

181
182

183
184

185
186

187
188
189

190
191
192

193

194
195

196
197
198

199
200
201

202
203

204
205

206
207
208

209
210

211
212
213

2. Jackson, M.L. (1973). Soil Chemical Analysis, Indian Edition. Prentice — Hall India Pvt. Ltd., New Delhi.

3. Walkley, A. and Black, C. A. (1934). An examination of Degt. Jarett methods for determining soil
organic matter and a proposed modifications of the chromic acid titration method. Soil Science. 37: 29

4. Subbiah, B. B. and Asija, G. L. (1956) A rapid procedure for the determination of available nitrogen in
soils. Current Science. 25: 259-260.

5. Bray, R.H. and Kurtz, L.T. (1945). Determination of total, organic and available forms of phosphorus in
soils. Soil Science. 59: 39-45.

6. Hanway, J.J. and Heidel, H. (1952). Soil analysis methods as used in lowa State College Soil Testing
Laboratory. lowa Agriculture. 57: 1-31.

7. Lindsay, W.L. and Norvell, W.A. (1978). Development of DTPA test for zinc, iron, copper and
magenese. Soil Science Society of America Journal. 42: 421-428.

8. Subba Rao, N.S. (1977). Soil Microorganisms and Plant Growth. Oxford and IBH Publishing Co. New
Delhi.

9. Martin, J.P. (1950). Use of acid, rose bengal and streptomycin in plate method for estimating soil fungi.
Soil Science. 69:215-232.

10. Kumar, R. (2008). Characterization and distribution pattern of heavy metal (Co, Ni and Pb) in soils of
Jharkhand. M. Sc. Thesis submitted to Birsa Agricultural University, Kanke, Ranchi, Jharkhand.

11. Kabata-Pendias, A. (1995). Agricultural problems related to excessive trace metal contents of soils.
In: Heavy metals (Problems and Solutions) (W. Salomons, U. Forstener and P. Mader, Eds.). Springer
Verlag, Berlin, Heidelberg, New York, London, Tokyo, pp. 3-18.

12. Kumar, R., Kumar, R., Karmakar, S. and Agrawal, B.K. (2010). Vertical and topographical distribution
of cobalt, nickel and lead in relation to soil characteristics in different agro-climatic zones of Jharkhand.
Journal of the Indian Society of Soil Science. 58: 293-298.

13. Alexender, M. (1976). Introduction to Soil Microbiology (2nd ED.). Wiley Eastern Ltd. New Delhi.

14. Seget, P.Z. and Kozdroj, J. (2008). Changes in culturable bacterial community of soil treated with high
doses of Cu or Cd. Plant and Soil Environment. 54: 520-528.

15. Sobolev, D. and Begonia, M.F.T. (2008). Effects of heavy metal contamination upon soil microbes:
Lead-induced changes in general and denitrifying microbial communities as evidenced by molecular
markers. International Journal of Environment Research and Public Health. 5: 450-456.

16. Osu, C.I. and Okereke, V.C. (2010). Heavy metal contamination in relation to microbial counts in soils
of automobile mechanic workshop, Port Harcourt Meteropolis, Rivers States, Nigeria. Journal of American
Science. 6: 236-240.

17. Kozdroj, J. (1995). Microbial responses to single or successive soil contamination with Cd or Cu. Soil
Biology and Biochemistry. 27: 1459-1465.

18. Roane, T.M. and Pepper, I.L. (2000). Microbial responses to environmentally toxic cadmium. Microbial
Ecology. 38: 358-364.

19. Kunito, T., Senoo, K., Saeki, K., Oyaizu, H. and Matsumoto, S. (1999). Usefulness of the sensitivity-
resistance index to estimate the toxicity of copper on bacteria in copper-contaminated soil. Ecotoxicology
Environment and Safety. 44: 182-189.

20. Rajaprakash, R.M.C.P., Tobor-Kaplon, M.A. and Baath, E. (2004). Metal toxicity affects fungal and
bacterial activities in soil differently. Applied Environmental Microbiology. 70: 2966-2973.

21. Huang, C.C., Su, C.C., Hsieh, J.L., Tseng, C.P., Lin, P.J. and Chan, J.C. (2003). Polypeptides for
heavy metal biosorption: Capacity and specificity of two heterogeneous MerP proteins. Enzyme Microbial
Technology. 33: 379-385.



214
215
216

217
218

22. Narita, M., Chiba, K., Nishizawa, H., Ishii, H., Huang, C.C., Kawabata, Z., Silver, S. and Endo, G.
(2003). Diversity of mercury resistance determinants among Bacillus strain isolated from sediment of
Minamata Bay. FEMS Micribiology Letters. 223: 73-82.

23. Dawvis, I.J., Richards, H. and Mullany, P. (2005). Isolation of silver and antibiotic-resistant Enterobacter
cloacae from teeth. Oral Microbiology and Immunology. 20: 191-194.



219



