As distance increases from the mill, the organic matter in the soil also decreases showing that
the Mill has a certain area of influence beyond which the organic matter content is not
dependent on the contributions from the Mill. In some cases, the soil away from the Mill even
shows less organic matter than that of the ‘Control’. This indicates that the ‘Control’ soil
g some organic supplement in the form of cow dung etc., while no such

might be receivii

thing has happened in the area surrounding the Mill except for receiving organically rich

effluent.

The mean values in B1 and B2 batches arc found to be the same. Here also, the values are

higher in the post-monsoon season compared to those in the pre-monsoon season. A similar

observation was also reported by Khound (2002). The suspended and dissolved organic

matter present in the effluent of the mill as well as the solid wastes deposited on the soil near

the mill might have led to an enrichment of soil organic matter (Srivastava, 2001).

The general trend of the values indicates a decrease away from the Mill although the trend is

not uniform in all the directions. The decreasing

and for all the seasons i

trend is shown for the pre-monsoon season in

two directions for side A n four directions for side B in Fig.3.10

3.1.8. Oil and Grease

f the soil samples in Side A do not have oil and grease. The soil

In the present study, most O
om oil and grease. In northern side, S6 had oil and

h. The sample S11 in B2, S12 in BO and S13

samples of northeast side were free fr

grease in B1 and B2 batch whereas S8 in BO bate
in B1 batch in northwest direction had oil and grease. In western direction, S17 in B0 and B2,

S18 in B1 contain oil and grease. [n southwestern direction, S21 in B0, S22 in B1, S24 in B2

se. In all the cases, where oil and grease was found, the value was 100

batches had oil and grea

. i srease.
mg/kg. The control sample was free from oil and gr

d like side A. In some samples (S26 in Al & A2,

In side B. the same situation was observe
S34 in B2 & A3. S38 in Al & A2, 39 in A3, S42 in Al and B1), 100 mg/kg of oil and

grease was obtained. All these samples are nearer to the Mill. The samples in the northern
= . o

i lati rved.
direction were found free from oil and grease. No seasonal variation was observed
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3.1.9 Total nitrogen

The total nitrogen present in the soil samples in the study area is given in Tables 3.8(a) and
3.8(b) for Side A and Side B respectively. Total nitrogen in the soil is contributed by
inorganic and organic nitrogen compounds, which may be moderately toxic in nature. They

are also the most common constituents of organic wastes (Vellidis et al., 1996).

In the study area, Side A was rich in nitrogen. For the pre-monsoon season, the values are in
the ranges of 0.037 - 0.262 % (B0), 0.035 - 0.215 % (Bl) and 0.034 - 0.22 % (B2). The
corresponding values for the ‘Control® sample are 0.035, 0.032 and 0.03 % respectively. The
soil samples in north, northwest and west directions have comparatively more nitrogen than
the other two directions (northeast and southwest). The sample, S11, in northwest direction,

which is very near to the Mill, shows the highest amount of nitrogen (mean value 0.224 %),

Almost in every direction, the values have a decreasing trend away from the Mill.

The nitrogen content was comparatively less in the Side B than the side A. Among the five
seasons, the season Al had highest range of values 0.07 - 0.18 %. The mean values for the
pre-monsoon seasons of B1 (0.08 %) and B2 (0.076 %) were less than that of the post-

monsoon seasons, Al (0.11 %), A2 (0.097 %) and A3 (0.079 %).

It was found that the nitrogen content of the soil did not bear a perfect linear relationship to

soil organic matter content. The plots of organic matter vs. total nitrogen for Side A had the

regression coefficient (R) of 0.27 (NE direction), 0.15 (N direction), 0.50 (W direction), 0.60
(SW direction) and 0.47 (NW direction). Similarly, the regression coefficients for organic
matter vs. total nitrogen content plots for Side B are 0.53 (S direction), 0.75 (N direction),
0.73 (NW direction), 0.31 (W direction), and 0.61 (SW direction). Thus, although
considerable linearity was shown in W and SW directions in Side A, and S, N, NW and SW

directions in Side B, the relationship between the two parameters was weak in the other

directions. The results indicate that although the organic nitrogen compounds in soil are the

major contributor to the soil nitrogen content, there are still other contributors of significant
i

amounts. The results also indicate direc

Soil microbes make nitrogen available to

releasing two inorganic forms of nitroge

tional differential variations in the two parameters.
plants by breaking down organic matter and steadily
n — ammonium and nitrate, which leads to a strong

i content.
correlation between soil organic matter and the total nitrogen
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3.1.10 Available Phosphorus

The values of available phosphorus along with the maximum, the minimum, the mean and the
standard deviation for each season and each site are given in Table 3.9(a) and 3.9(b). In side
A, the available phosphorus content was in the ranges of BO: 0.1 — 1.8 mg/kg, B1: 0.1 - 9.2
mg/kg and B2: 0.1 — 7.9 mg/kg. The “Control” sample had available phosphorous content (lJf
0.09, 0.1 and 0.09 mg/kg in the three seasons, which were lower than the values from the
study arca. Some samples in all batches showed low values. During the first pre-monsoon
season (B0), the soil samples had the lowest phosphorus content in comparison to the other
two seasons. Of all the measurements, the maximum value was obtained at $17 (9.2 mg/kg) in
the west direction from the Mill in the second pre monsoon season (B1) and the lowest vaijue
at $21 (0.1 mg/kg) and S25 0.1 mg/kg) in the southwest direction. It is found that the north,

northwest and west directions had more phosphorus content in comparison to other two

directions viz. northeast and southwest.

In side B, the available phosphorus measured in the different seasons was from 0.2- 3.35
mg/kg (A1), 0.09- 3.4 mg/kg (B1), 0.16 - 3.40 mg/kg AZ), 0.09- 3.02 mg/kg (B2), 0.3— 3.00
mg/kg (A3). The highest value obtained was at S30 (the mean value 3.17 mg/kg) in the north
direction and the lowest at $29 (the mean value 0.19 mg/kg) in the south direction. In all the

directions, soil samples away from the Mill had lower phosphorous value with a few

exceptions. Seasonal variation for all the sites was not distinct.

Variation patterns for available P with direction and distance are shown in Fig. 3.11.

3.1.11 Exchangeable Cations

(i) Calcium
The amounts of calcium in different seasons in side A and B are given in Tables 3.10(a) and

3.10(b). The values in Side A are within the ranges of 17 - 82 meq/kg (B0), 21.7 - 86.1

meqg/kg (B1) and 20.1— 76.5 meg/kg (B2). In all the cases, the ‘Control’ values were lower

than the values from the study area. This indicates that the calcium salts have influenced the

study area soil composition. The mean value in Bi is more than that of the other two pre

monsoon seasons. The highest value obtained w
(81.5 meg/kg) among all the seasons. This site

as for S17 (west direction) in B1 season. This

sample has also got the maximum mean value

is very near to the Mill. The lowest value was measured at S2 (17 meq/kg) in the northeast
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Table 3.8(a). Total Nitrogen content (%) of the soil (Side A)

Direction Season BO Bl B2 Min Max Mean SD
e Control 0.035 0.032 0.030 0.030 0.035 0.032 0.003
S1 0.059 0.083 0.080 0.059 0.083 0.074 0.
82 0.048 0.094 (.089 0.048 0.094 0'077 0.013
$3 0.046 0.084 0.080 0046  0.084 0.070 0'025
S4 0.037 0070 0.070 0.037 0.070 0-059 0-321
S5 0.037 0.070 0.070 0.037 0.070 0.059 0. o
N S6 0.110 0215 0220 0110 0.220 0182 0.3;9
S7 0.134 0.208 0.210 0.134 0.210 0.184 0'042
$8 0.116 0083 0080 0080 0.16  0.093 0'023
S9 0.148 0067 0070 0.067 0.148  0.095 0'040
S10 0.094 0.035 0.034 0.034 0.094 0.054 0-032
NW Sii 0262 0200 0210 0200 0262 0.224 0'033
S12 0.241 0.176 0.174 0.174 0241  0.197 0'038
S13 0220 0.143  0.140  0.140 0220  0.168 0I045
Si4 0.196 0.090 0110 0.090 0.9  0.132 0.056
S15 0078 0.110 0.110 0078 0.110  0.099 0‘018
W S16 0.203 0.197 0.210 0.197 0.210 0.203 0.007
S17 0216 0099 0110 0099 0216 0142 0.065
S18 0.154 0.052 0.063 0.052 0.154 0.090 0.056
S19 0.126 0.060 0065  0.060 0.126  0.084  0.037
$20 0.129 0.066  0.063 0.063 0.129 0.086  0.037
SwW S2i 0.173 0.117 0.120 0.117 0.173 0.137 0.032
522 0.160 0.068 0.064  0.064 0.160 0097  0.054
523 0.163 0070 0069 0.06%9 0.163 0.101 0.054
S24 0.049 0063 0060 0049 0063 0057  0.007
S25 0082 0.042  0.045 0.042 0.082 0.056 0.022
Min 0037 0.035 0034
Max 0262 0215 0220
Mean 0.131 0.102  0.105
SD 0.067 0.055 0.057
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Tabie 3.8 (b). Total Nitrogen content (%) of the soil (Side B)

Direction S%8on Al Bl A2 B2 A3 Min Max Mean SD
Control 0.045 0.032 0.045 0.030 0.041 0.030 0.045 0.039 0.007
S 526 0.16 0.086 0.1 0078 0.160 0.078 0.160 0.117 0.040
827 0.09 0.114 0.06 0.092 0070 0.060 0.114 0.085 0.021
$28 0.07 0072 0.06 0076 0.063 0.060 0.076 0.068 0.007
$29 0.1 0020 005 0024 0.050 0.020 0.100 0.049 0.032
N $30 0.15 0.154 0.14 0.110 0.100 0.100 0.154 0.131 0.024
$31 0.14 0104 0.2 0.110 0.09 009 0.140 0.113 0.019
$32 0.106 0.041 0.09 0.036 0.040 0.036 0.106 0.063 0.033
533 0.08 0.039 0.07 0040 0.063 0.039 0.080 0.058 0.018
NW $34 0.13 0.112 0.4 0109 0.120 0.109 0.140 0.122 0.013
S35 0.08 0.091 0.07 0092 0.070 0.070 0.092 0.081 0.011
836 0.12 0.083 0.068 0.090 0.053 0.053 0.120 0.083 0.025
S37 0.12  0.067 006 0.065 0.060 0.060 0.120 0.074 0.026
W 538 0.14 0.107 0.1  0.100 0078 0.078 0.140 0.105 0.022
$39 0.12 0.102 0.14 0100 0.110 0.100 0.140 0.114 0.016
S$40 0.0 0064 0.3 0070 0.100 0.064 0.130 0.093 0.027
541 0.1 0077 0.1  0.065 0.060 0.060 0.100 0.080 0.019
SW $42 0.18 0.120 0.13 0120 0.176 0.120 0.180 0.145 0.030
8§43 0.13 0.072 0.17 0.080 0.078 0072 0.170 0.106 0.043
544 0.1 0076 0.1 0070 0050 0.050 0.110 0.081 0.024
S45 0.07 0.039 009 0040 0.030 0030 0.090 0.054 0.025
Min 0.070 0.020 0050 0.024 0030
Max 0.18¢ 0.154 0470 0120 0.176
Mean 0.114 0082 0100 0078 0.081
SD 0.030 0033 0034 0027 0038
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Table 3.9 (a). Available phosphorous content (mg/kg) of the soil of the study area (Side A)
ide

Direction Season BO Bl B2 Min  Max M
Control 0.09 0.10 0.09 0.09 0.10 0 g;“ =

NE S 0.10 0.90 0.89 010 090 043 3'2;

:i g. ; 3 0.60 0.65 0.10  0.65 045 030
. .10 1.23 020 123 084 056

s4 0.30 1.00 .36 030 136 089 054
S5 0.30 0.80 1.01 030 101 070 036

N S6 0.50 3.20 2.6 050 320 219 1.
57 0.50 290 3.10 050 310 217 1'4?
S8 1.00 3.60 3.80 100 380 2.0 I':S
$9 0.50 .10 1.09 050 110 090 0'36
S10 0.60 1.20 1.30 060 130  1.03 0'3:

NW SI1 0.90 5.30 5.43 090 543 388 2.3
S12 1.00 4.10 4.68 100 468 326 108
513 1.80 1.30 2.01 130 200 170 036
S14 0.60 1.60 1.80 060 180 133 064
SIS 0.40 0.90 .10 040 110 080 036

W S16 0.90 3.60 3.20 090 3.60 2.57 1-46
S17 1.10 9.20 7.89 110 920 606 435
S18 1.80 2.60 3.20 180 320 253 070
S19 0.60 2.20 2.10 0.60 220 163  0.90
520 0.40 2.20 1.80 040 220 147 095

SW 521 0.10 1.60 .10 010 160 093 076
522 0.20 1.10 0.98 020 110 076 049
$23 0.40 0.80 0.75 040 080 065 022
$24 0.20 0.80 0.63 020 080 054 031
$25 0.40 0.10 0.10 010 040 020 017
Min 0.10 0.10 0.10
Max 1.80 9.20 7.89
Mean 0.60 2.15 2.16
SD 0.47 1.95 1.79
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Table 3.9 (b). Available phosphorous content (mg/kg) of the soil of the study area (Side B)

Direction Season Al Bl A2 B2 A3 Min Max Mean SD
Control 0.1 01 01 01 02 01 02 0.1 0.0
S S26 236 292 236 3.02 3.00 236 3.02 273 034
S27 .14 060 1.14 1.10 092 060 1.14 098 023
S28 0.80 0.48 080 071 0.69 048 080 070 0.13
S29 0.23 0.09 023 010 030 009 030 019 0.09
N S30 335 3.40 340 283 290 283 340 3.17 028
S31 228 144 228 169 1.70 144 228 1.88 038
$32 120 122 120 135 130 056 280 147  0.94
S33 056 2.80 056 1.65 176 120 135 125 (.07
NW S34 048 0.72 060 076 270 048 270 1.05 (.93
S35 042 0.60 040 0.65 140 040 140 069 0.4
S36 040 052 032 062 160 032 160 069 052
S37 048 0.56 048 060 127 048 127 068  0.33
W S38 (12 152 1.2 110 1.60 110 160 129 025
S39 128 060 128 102 1.10 128 060 1.06 0.8
S40 064 020 064 016 1.76 016 1.76 0.68  0.65
S41 048 020 048 0.18 1.80 0.18 1.80 0.63  0.67
SW S42 068 160 0.68 140 155 068 160 118 046
$43 056 2.60 056 190 190 056 260 1.61  0.74
S44 020 136 0.18 1.76 164 020 080 056 026
S45 020 120 016 160 150 050 160 1.10 048
Min 020 009 0.16 010 030
Max 335 3.40 340 3.02 3.00
Mean 094 123 094 121 1.62
SD 0.83 0.99 0.84 080 067
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direction from the Mill in the first pre-monsoon season (B0). Distance variation in this side A

was not seen.

In side B, all the soil samples have much lower vaiues of calcium in comparison to Side A. In
the first post monsoon season (Al), the values were from 10.3 - 21.6 meqg/kg (Contro! 10.9
meq/kg), second pre monsoon (Bl) 7.2 - 21.3 meq/kg (Control 14.3 meqg/kg), second post
monsoon (A2) 10.4— 20 meq/kg (Control 10.2 meqg/kg), third pre-monsoon (B2) 10.3— 16.7
meq/kg (Control 13.5 meqg/kg) and third post monsoon (A3) 9.7- 21.4 meq/kg (Control 12.4
meqg/kg). Since most of the samples have got calcium content less than the values of the
Control sample, the soil sampies in this side B have either no influence or less influence from
the effluent of the Mill. In the last three seasons, (second post monsoon, A2; third pre
monsoon, B2: and third post monsoon, A3), the mean values are less than the first two

seasons (first post monsoon, Al and second pre monsoon, B1). The maximum mean value

was obtained at S41 (17.5 meq/kg) in the west direction.

(ii) Magnesium
Magnesium is one of the common metals present in soil. This metal is normally found along

with calcium in all soils. In the present study, the values of magnesium content (Tables 3.11
(a) and 3.11 (b) for Side A and Side B respectively) were less than those of calcium. The
tables also show the maximum, the minimum, the mean and the standard deviation of the
magnesium content for various seasons as well as for various sites along different directions,
The maximum value was measured for the first pre-monsoon season at 518 (34.4 meq/kg) in

the west direction and the minimum value at S19 (1.16 meg/kg) in the same season. No

distinct variation of value was seen in a particular direction with distance from the Mill. The

mean values in the B1 and B2 batches are more than that of the BO batch. This pattern bears

similarity to those of calcium. Some samples have low value than the ‘Control’ value, which

was also observed with calcium.

In side B, the Mg values are from 0.4 - 13.2 meq/kg in Al, 0.4 — 16.8 meq/kg in B1, 0.3 —
12.7 meg/kg in A2, 0.2- 13.1 mea/ks
sbserved that the ‘Control’ sample had mo
No distinct distance variation of the val

bserved in this side B was at S 42 (12.9 meg/kg

in B2 and 0.2 — 11.0 meq/kg in A3 batch, It was
re Mg than some of the values from the study area.
ves was observed. The maximum mean valye

) in the southwest direction and the minimum
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T :
able 3.10(a). Calcium content (meq/kg) of the soil from the study area (Side A)

104

Diesion Season B0 Bl B2 Min Max Mean
- (Sjontrol 16.8 14.3 13.5 13.5 16.8 14.9 ?2
| 22.8 30.6 28.6 22.8 30.6 273 :

S2 17.0 26.3 26.2 17.0 26.3 23-2 .
S3 184 254 243 184 254 22-7 s
S4 23.0 4 20.1 20.1 23.0 21 ‘6 o
S5 18.0 29.5 30.1 18.0 30.1 25‘9 —

N S6 42.4 58.2 52.8 424 58.2 51 | 1 =
S7 28.0 40.9 42.4 28.0 42.4 37.1 -
S8 308 315 306 30,6 315 31 .0 ;-9
S9 32.0 30.1 30.3 30.1 32.0 30i8 ].5
S10 250 284 249 249 284  26.1 2'3

NW SI1 48.4 69.6 65.4 48.4 69.6 61.1 I-I 2
SI12 48.0 62.1 60.6 48.0 62.1 56:9 7 7
S13 36.0 40.4 434 36.0 434 39.9 3.7
S14 42.4 52.1 50.3 42.4 52.1 483 5‘2
S15 448 455 404 404 455 436 28

W S16 72.4 73.9 69.2 69.2 73.9 71.8 2.4
S17 820 8.1 765 765 8.1  8L5 43
Si8 51.0 59.3 54.5 51.0 393 54.9 4.2
S19 26.8 31.8 28.9 26.8 31.8 29.2 2.5

B S20 67.5 60.4 ni 332 67.5 60.4 i

SW S21 26.0 25.2 222 222 26.0 24.5 2.0
S22 22.0 249 19.8 19.8 24.9 22 2:6
S$23 240 323 304 240 323 289 4.3
S24 224 308 236 224 308 256 4.5

- $25 39.5 313 28.5 28.5 39.5 33.1 5.7

Min 17.0 21.7 19.8
Max 82.0 86.1 76.5
Mean 18.0 18.8 17.4
SD 17.6 18.0 16.7



Table 3.10 (b). Calcium content (meq/kg) of the soil from the study area (Side B)

Directi Season Al Bl A2 B2 A3 Mi
recton - eontrol 109 143 102 135 124 101.; 1:13; T/;e:n 2
S 526 53 163 12 167 126 N2 165 iy
s27 138 183 126 145 128 126 183 1.0 3'4
528 32 180 113 106 137 106 181 142 2
529 107 180 149 103 128 103 180 141 39
N 530 206 140 110 105 97 97 206 147 49
$31 138 127 115 120 204 115 214 155 4
532 126 170 120 122 102 102 1701 (36 26
$33 103 100 200 142 102 100 200 41 43
NW $34 65 116 104 114 116 104 165 130 24
$35 166 88 118 105 112 88 166 126 29
s36 118 213 154 152 163 118 213 169 34
$37 08 145 164 138 136 108 164 142 20
w 538 176 100 123 158 106 100 176 140 323
539 30 1.0 136 125 107 107 136 124 13
$40 2.6 140 160 116 131 116 160 139 17
S41 161 205 163 146 170 146 205 175 22
SW 542 65 02 126 134 138 92 165 137 26
543 (s2 72 142 143 128 72 152 131 32
S44 134 150 150 154 154 134 154 149 03
545 138 180 170 122 136 122 180 154 25
Min 03 72 104 103 97
Max 216 213 200 167 214
Mean 143 143 138 131 132
SD 27 41 25 20 28
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was i

at S43 and S44 (0.4 meg/kg) in the same direction. The maximum mean val b

s alue obtai

as in the second pre-monsoon (B1) season (4.9 meg/kg) and the minimum (3.9 ,qj -

[ ‘ - 9 me i

he third post monsoon season (A3). High level of Mg usually promotes higher d IcI o
eveiopment

of exchangeable sodium in irrigated soil (Yadav and Khera, 1993}

. i .

shown in Fig. 3.12. It is clear that Ca-content in the soil always outweigh the correspond
sponding

Mg-content.

(iii) Sodium
The sodium contents of the soil in the study area are given in the Tables 3.12 (a) and 3.12 (b
' - )

for the two sides A and B respectively. The soil was also rich in sodium

In Side A, the first pre-monsoon season (B0) had Na in the range 0.24— 2.83 meq/100g, th
. , the
second pre-monsoon (B1) 0.30 - 3.64 meq /100 g and the third pre-monsoon (B2) 0.34-2.85

meq/100 g. The control sample had 0.10, 0.11 and 0.12-meq/100 g of Na in B0, Bi and B2

batches respectively. The samples near to the Mill have more Na content in comparison to
those away from it with a few exceptions. The maximum amount of Na was found at S16
(mean value 3.11 meq/100 g) in the west direction and the minimum at S5 (mean value 0.35
meq/100 g) in the northeast direction.

The soil in Side B was found to have more sodium than that of the Side B. The values are in

the following ranges:

¢ Al batch 1.20-6.36 meq/100 g
B batch 2.07 — 3.16 mea/100 8
e A2 batchl.lS——B.lSmeq/lOOg
o B2 batch 2.25 - 5.84 meq/100 g

e A3 batch 1.16 —3.44 meq/100 g.
btained at $36 (mean value 4.14 meq/100 g) in the northwest

$43 (mean value 1.78 meq/100 g) in the southwest direction

The maximum value was 0

direction and the minimum at
t distinct and the distance variation was not uniform. In all th
, e

The seasonal variation was no
er values than the samples from the study area.

cases, the ‘Control’ soil had low
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T .
able 3.11 (a). Magnesium contents (meq/kg) of the soil in the study area (Side A)

Direction Season B0 Bl B2 Min Max M
Control  5.02 537 518  5.02 537 5 f;n >

NE S| 2180 2600 2630  21.80 2630 24 70 e
S2 1340 1660 1580 1340 1660 1527 e
S3 4.40 590 610 440 610 547 o
s4 680 700 630 630 700 670 v
S5 4.00 620 610 400 620 543 o

N S6 200 810 720 400 810 643 a
§7 4.80 720 820  4.80 820 673 -~
S8 12.00 2140 1860 1200 2140 7 33 :I;S
S9 1400 1850 1830 1400 1850 16.93 2'52
S10 17.00 1610 1630 1610  17.00  16.47 0.47

NW S11 - 3.20 630 920 320 920 623 3-0
S12 3.20 590 540 320 590  4.83 1 -42
S13 12.80 1940 1720 1280 1940  16.47 3.36
S14 1160 13.00 1390 1160 1390 12.83 L16
S15 750 2010 1600 720  20.10  14.43 6.59

W S16 4.00 11.30 10.10  4.00 1130 847 3.91
S17 4.00 10.60 1030  4.00 1060 830 173
S18 1440 3010 2840 2840 3440 3097 3.0
S19 1.60 2.30 10.30 1.60 10.30 7.07 4.76
$20 9.00 1670 15.80  9.00 1670 1383 421

SW S21 1520 1630 1540 1520 1630  15.63 0.59
$22 2160 2080 1870 1870 2160 2037 1:50
523 8.40 (1.50 1050  8.40 .50 10.13 1.8
24 1480 1420 1370 1370 1480 1423 055
$25 {080 1320 1080 1080 1320 1160 139
Min 1.60 590  5.40
Max 3440  30.10 2840
Mean 1056 1407  13.40
SD 7.61 660  6.00
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Table 3.11 (b). Magnesium contents (meq/kg) of the soil in the study area (Side B)

Direotioy S¢30 _Al__BI A2 B2 A3 Min_ Max Mean S
Control 55 54 53 52 50 50 55 33 X
S $26 61 60 56 53 51 51 61 56 =
527 53100 54 91 67 53 100 73 -
528 24 08 18 14 09 08 24 15 .
$29 19 48 13 57 51 13 57 37 2'7
N $30 56 40 51 63 58 40 63 54 0'0
$31 43 04 41 16 08 04 43 22 1'3
$32 41 128 35 85 73 35 128 72 38
$33 00 12 08 26 19 08 26 15 o7
NW s34 12 129 103 131 102 102 131 115 14
S35 7.2 6.8 6.6 4.3 3.5 3.5 72 5.7 1-7
$36 s 09 10 LI 09 09 15 11 03
$37 08 04 08 08 08 04 08 07 02
W $38 30 132 127 115 102 102 132 121 13
$39 20 20 15 36 23 15 36 23 08
$40 24 04 23 05 09 04 24 13 10
S41 o 28 21 21 16 16 28 21 04
SW 42 32 168 125 109 110 109 168 129 24
$43 07 04 07 02 03 02 07 04 02
S44 0.6 0.4 0.5 0.3 0.2 0.2 06 04 0.2
S45 04 08 03 07 04 03 08 05 02
Min 04 04 03 02 02
Max 132 168 127 131 110
Mean 4.3 4.9 3.9 4.5 3.8
SD a1 54 39 4l 36
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(iv) Potassium
Potassium is one of the alkaline metals present in soil, comparatively with lesser amount than

sodium. K contents of the soil samples in the present work are given in Table 3.13 (a) and

3.13 (b) respectively for the Sides, A and B.

The value were in the ranges of: first pre- monsoon (B0) 0.106 — 0.386 meq/100 g, second
pre-monsoon (B1) 0.113 — 0.450 meq/100 g and third pre-monsoon (B2) 0.085 - 0.420
meq/100 g. In these three seasons, the “Control” soil sample had the values of 0.063 meq/100
g, 0.059 meq/100 g and 0.053 meq/100 g in for the seasons B0, B1 and B2 respectively. There
is no distinct distance variation of the K-content. The maximum value was obtained at S14
(mean value 0.419 meq/100 g) in the northwest direction and the minimum value was at $22

(mean value 0.101 meq/100 g) in the southwest direction. The samples in the northeast

direction have less K compared to the other directions.

In side B, the soil samples had more K content than those on side A. This trend is identical to
that of Na. The K-values for the batch B0 were less than those of the Bl batch, but this
decreasing trend was not seen in the batch, B2. The soil samples further away from the mill
had less K-content. The maximum value was obtained at $36 in the northwest direction (mean
value 0.21 meq/100 g) and the minimum at S31 (mean value 0.072 meq/100 g) in the North
direction. It is observed that the values decreased from Al batch to A3 batch, the exception

being at B2 batch. The values show maximum variation in Al batch (SD 0.226) and

minimum at A2 batch (SD 0.102).

Since sodjum and potassium occur simultaneously, a comparison of their mean values in soil
from Side A and Side B is given in Fig. 3.13 and Fig. 3.14 respectively. These also show that

the sodium content outweigh the potassium content in all the cases. Potassium is an essential

element. but excess sodium may lead to development of toxicity in soil for plants and it is to
be noted that the excess sodium in the soil near the Mill might have been contributed by the

effluent release.
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Table 3.12 (a). Sodium content (meq/100 g) of the soil samples of the study area (Side A)

Direction Season BO Bl B2 Min Max Mean SD
Control 0.0 0.1 012 010 012 011 ool
NE Sl 106 113 106 106 113 108 0.0
$2 0.74 085 053 053 085 071 0.6
$3 0.58 071 062 058 071 064 007
s4 0.71 060 049 049 071 060 0.1
s5 024 030 052 024 052 035 015
N $6 276 276 198 198 276 250 045
$7 166 242 186 166 242 198 039
S8 184 167 112 142 184 154 033
59 136 1.8 127 127 1.8 150 033
510 156 258 193 156 258 202 052
NW S (51 171 LIl LIl L7l 144 03]
S12 {28 165 103 103 165 132 03]
513 211 240 184 184 240 212 028
S14 169 162 104 104 169 145 036
Sts 68 078 102 078 168 116 047
W si6 283 364 285 283 364 311 046
S17 143 103 08 08 143 L1l 029
S18 114 L1l 073 073 L1409 023
519 126 109 062 062 126 099 033
520 146 096 101 096 146 114 028
SW  S21 (27 119 08 08 127 110 023
$22 (42 122 108 108 142 124 0.7
$23 {65 080 034 034 165 093 066
524 (33 083 065 065 133 094 035
$25 39 084 074 074 139 099 035
Min 0.24 0.30 0.34
Max 2.83 3.64 2.85
Mean 1.44 1.43 1.08
0.80 0.59 o

SD 058 080 0%
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Table 3.12 (b). Sodium content (meq/100 g) of the soil samples of the study area (Side B)

Direction  ~cason Al Bl A2 B2 A} Min Max Mean SD
Control  0.13 0.11 0.13 012 0.2 011 013 012 0g0]
S S26 365 216 251 364 116 116 365 262 .06
527 250 220 2.80 2.85 144 144 285 236 (58
S28 250 220 262 270 293 220 293 259 (27
S29 276 2.80 272 283 252 252 283 273 (12
N S$30 421 232 213 226 259 213 421 270 046
S31 420 207 241 248 211 207 420 265 (g3
S$32 2.65 222 226 286 267 222 286 253 (.28
$33 240 3.16 3.18 3.06 2.8 240 3.8 293 033
NW S34 502 2.88 211 253 224 211 502 296 1.19
835 3.90 276 265 225 210 210 390 273 0.7
$36 636 3.10 3.17 463 344 3.10 636 414 139
37 3.02 3.10 3.16 5.84 237 237 584 350 135
w $38 320 213 2.16 326 255 213 326 266 055
$39 340 2.14 218 3.18 245 2.14 340 267 058
$40 240 250 2,60 3.03 237 237 3.03 258 027
S41 220 2.18 230 3.06 262 218 3.06 247 037
SW S42 300 220 1.5 280 245 115 310 234 075
$43 160 2.18 130 242 139 130 242 178 050
S44 120 235 1.54 3.17 261 120 3.17 217 080
$45 1.46 2.80 2.00 283 270 146 283 236 0.6l
o Max 120 2.07 1.15 225 1.6
Min 636 3.16 3.18 5.84 3.44
Mean 3.09 247 235 3.08 2.38
SD 124 -0.38 057 084 0.54
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Table 3.13 (a). Potassium contents (meq/100 g) of the soil of the study area (side A)

Direction Season BO Bl B2 Min Max  Mean SD
Control 0063 0059 0.053 0053 0.063 0058 0.005
NE Sl 0.185 0206 0.18 0.185 0.206 0.192 0.012
S2 0251 0298 0290 0251 0298 0280 0.025
S3 0.126 0263 0.243 0.126 0.263 0211 0.074
S4 0216 0311 0341 0216 0341 0289 0.065
S5 0.160 0213 0231 0.160 0.231 0201 0.037
N S6 0.320 0301 0362 030! 0362 0.328 0.03]
S7 0.348 0390 0285 0.285 0390 0341  0.053
S8 0.285 0317 0304 0285 0317 0302 0.016
S9 0272 0267 0263 0.263 0.272 0.267  0.005
S10 0.126 0298 0.150 0.126 0.298  0.191  0.093
NW SHl 0.110 0312 0174 0.110 0312  0.199 0.103
S12 0.124 0373 0200 0.124 0.373  0.232  0.128
S13 0349 0.328 0130 0.130 0349  0.269 0.12]
Sl4 0386 0450 0420 0386 0450 0419 0.032
S15 0361 0301 0263 0263 0361 0308 0.049
W S16 0.163 0.142 0.080 0.080 0.163 0.128  (.043
S17 0348 0.319 0310 0310 0348 0326 0.020
S18 0283 0315 0139 0.139 0315 0246 0.094
S19 0.136 0.152 0.160 0.136 0.160 0.149 0012
S20 0238 0298 0.143 0.143 0298 0226 0.078
SW S21 0294 0300 0241 0241 0300 0278 0.032
S22 0.106 0.113 0.085 0085 0.113 0.101 0.015
S23 0214 0298 0.164 0.164 0298 0225 0.068
S24 0.168 0263 0115 0115 0263 0.182 0.075
§25 0284 0319 0120 0.120 0319 0241 0.106
o Min 0.106 0.113  0.080
Max 0.386 0.450 0.420
Mean 0234 0286 0.2I 6
SD 0.090 0.075 0.091
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Table 3.13 (b). Potassium contents (meq/100 g} of the soil of the study area (side B)

Season Al Bl A2 B2 A3  Min Max Mean SD
Direction
Control  0.071 0.059 0.061 0.053 0.058 0.053 0.071 0.060 0.007
S S26  0.690 0.130 0.158 0.614 0.140 0.130 0.690 0.346 0.280
$27 0560 0250 0.146 0.073 0.100 0073 0.560 0226 0.199
$28 0360 0260 0.391 0290 0.160 0.160 0391 0292 0.091
$20  0.100 0.520 0437 0470 0202 0.100 0520 0346 0.184
N S30 0350 0.050 0.080 0.084 0.150 0.050 0350 0.143 0.121
s3] 0320 0.078 0072 0.110 0.120 0.072 0320 0.140 0.103
S32 0.140 0285 0.196 0.243 0.150 0.140 0285 0.203 0.062
§33  0.100 0354 0238 0365 0260 0.100 0365 0.263 0.107
NW S34 0820 0.105 0.140 0.116 0.170 0.105 0.820 0.270 0.308
$35 0570 0.152 0.100 0216 0.120 0.100 0570 0.232 0.194
S36 0240 0560 0241 0.543 0210 0210 0560 0359 0.176
s37  0.140 0.680 0306 0714 0280 0.140 0.714 0.424 0257
W S38 0380 0.106 0.116 0.102 0.140 0.02 0380 0.169 0.119
s39 0530 0.143 0.105 0.181 0.I10 0.105 0530 0214 0.179
S40 0220 0.690 0.164 0300 0.120 0.120 0.690 0299 0.229
s4i 0100 0700 0221 0429 0.110 0100 0.700 0312 0.254
SW sa2 0620 0.104 0086 0.120 0.120 0.086 0.620 0210 0.230
s43 0300 0.110 0.130 0.126 0.100 0.100 0300 0.153 0.083
s4s 0100 0200 0.116 0230 0130 0100 0230 0.I55 0.057
45 0130 0220 0135 0510 0.170 0130 0.510 0233 0.159
Min__ 0.100 0.050 0072 0.073 0.100
Max  0.820 0700 0.437 0.714 0280
Mean 0339 0285 0.179 0292 0.33
SD 0.224 0221 0.101 0.195 0.050
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3.1.12. Trace Metals
Inorganic pollutants like toxic heavy metals, namely Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb

Zn are ubiquitous and play an extremely important role in the environment A wide range of
contaminants from industrial activities, sewage sludge disposal, metal processing and energy

production may pollute soils. Prasanthi et al. (2001) observed high content of trace metals

near an industry.

Industrial effluents and municipal wastewaters usually contain high amount of heavy metals
such as As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn (Larsen et al., 1975; Aroraet al,, 1985; Irshad et
al., 1997.). Their continuous use on agricultural land may result in metal accumulation in surface
soil (Gupta et al., 1986). Some heavy metals are essential trace amounts, namely Zn, Cu, Fe,
Mn, Mo and Co for plants and in addition Cr, Ni, Sn for animals; whereas As, Cd, Hg and Pb
have not been known to have any function for either plants or animals (Greenland and Hayes,
1981). Higher concentration of these metals in the ecosystem may lead to an excessive
accumulation of metals, becoming toxic to plants and possible danger to human health
problem. A number of cases of health problems related to environment Cd and Hg poisoning

and elevated levels of Pb in the blood of infants have been reported (Singh and Steinnes,

1994).

oxic and some are toxic to both plants and animals through their

Some of the metals are phytot
Tinsly, 1980; Sameni ef al., 1987; Roads and Manning

entry into food chain (Khalid and
y heavy metals and their phytotoxicities has been reported by

1989). Anthropogenic pollution b

many other investigators (Chen, 1991, Sheppard, 1992)

rmined in this study, a comparison of the contents for “Control” sample with

For a few elements, dete
Bowen, 1966; Angelone and Bini, 1992) is given below:

average for world soils

Average content World soil (mg/kg)

Metals
Cu 20
Mn 850
Ni 40
Pb 10
7n 50
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No such average ranges have been reported for soils of India in the available literature.

The resulis obtained in the present work are discussed below:

(a) Aluminium (Al)
The Al contents of the soil are given in Table 3.14(a) and (b). The study reveals that the soil

in the study area is very rich in Al. There is distinct variation of the values for all the samples

from B0 to B2 batch in side A. The values are in the following ranges:

e 10.0 - 89.0 g/kg in BO batch
e 10.0-77.0 g/kg in BI batch
e 10.0 - 68.0 g/kg in B2 batch.

A decreasing trend away from the Mill indicates that the effluent discharges from the Mill
have a direct impact on Al-content of the surrounding soil. The variation along the distance
from the Mill is not uniform at any direction. In side B, the amount of Al present in soil

samples has comparatively low value than side A which is not surprising since the Side A is

closest to the Mill receiving the discharges.
In side B, the values are from 9.0 — 41.0 g/kg in Al batch, 8.0 — 56.0 g/kg in BI batch, 7.0 -

29.0 g/kg in A2 batch, 7.0 - 45.0 g/kg in B2 batch and 6.0 — 33.0 g/kg in A3 batch. The entire
site has very high content of Al The values of Al in most of the soil samples in this side
decreased from B1 to B2, similarly as in side A. The distance variation from the Mill was not

uniform. The variations of the values from scason to season of all the samples are also not

uniform. Excess AI’* concentration in soil is caused by low soil pH (<5). The concentration of
Al in soil thus depends on soil pH as well as the concentration of organic and inorganic
compounds that can form complexes with Al (Dobermann and Fairhurst, 2000). The
concentration of soluble Al in soil water is very small (Manahan, 1975) but that fraction is

easily mobile and exchangeable and plays an important role in soil fertility.
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Table 3.14 (a) Al-contents of the soil in Side A (g/kg)

Direction Season B0 Bl B2 Min Max Mean SD
Control 0.58 0.55 0.53 0.53 0.58 0.55 0.026

NE Sl 13 10 10 10 13 11 2
S2 12 10 9 9 12 10 2
S3 13 13 10 10 13 12 2
S4 14 10 9 9 14 1 3
S5 10 10 1 10 I 10 1

N S6 79 70 56 56 79 68 12
S7 72 71 33 53 72 65 11
S8 57 55 S ) 57 51 8
S9 54 51 23 23 54 43 17
S10 26 21 19 19 26 22

NW S 63 61 56 56 63 60 4
S12 61 60 48 48 61 56 7
Si3 53 49 34 34 53 45 10
S14 48 45 35 35 48 43 7
S15 38 37 30 30 38 35 4

w S16 89 77 68 68 89 78 11
S17 46 43 4] 4] 46 43 3
S8 52 50 40 40 52 47 6
S19 43 37 30 30 43 37 7
S20 43 36 29 29 43 36 7

SW So1 46 40 34 34 46 40 6
S22 15 15 10 10 15 13 3
$23 16 13 10 10 16 13 3
24 16 15 10 10 16 14 3
S25 16 13 10 10 16 13 3
Min 10 10 9

89 77 68

Max
Mean 40 36 29
SD 23 22 18
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Table 3.14 (b). Al-content of the soil in Side B (g/kg)

Direction Season Al Bl A2 B2 A3 Min Max Mean §
Control 0.58 0.55 0.54 055 053 053 058 055 0 0[1)9
S S26 28 30 27 23 7 7 30 23 ‘9
S27 26 35 29 25 22 22 35 27 5
$28 19 21 22 17 10 10 22 18 5
S29 13 15 12 10 7 7 15 11 3
N S30 30 30 24 20 10 10 30 23 3
831 2] 18 14 13 0 10 21 15 4
$32 10 8 8 7 6 6 10 8 1
$33 9 8 7 8 8 7 9 8 I
NW $34 24 8 12 13 8 8 24 13 7
S35 16 20 [5 13 8 8 20 14 4
S36 15 18 15 10 7 7 18 13 4
$37 0 12 10 0 10 10 12 10 1
W S38 16 17 18 16 13 13 18 16 2
S39 22 20 15 12 12 12 22 16 5
S40 15 20 14 12 19 12 20 16 3
S41 41 56 21 45 33 21 56 39 13
SW S42 35 30 28 18 17 17 35 26 3
S43 12 12 12 11 8 8 12 1 2
S44 12 10 10 10 9% 9 12 10 |
S45 12 10 8 8 6 6 12 9 2
Min 9 3 6
Max 41 56 29 45 33
Mean 19 20 16 15 11
SD 9 12 7 9 7
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(b) Arsenic (As)

Table 3.15 (a) and Table 3.15 (b) are representing the values of arsenic in soil in Side A and
Side B respectively. The values decreased from season B0 to B2. In most of the cases, as the
distance increased from the Mill, the values showed a decrease. The “Control” sample was
free from As. The maximum value was obtained at S11 (mean value 16.44 pg/kg) in NW
direction. In side B, the distant samples in N and S direction were free from As in all the
seasons. In the first two seasons (Al and B1), the values were found more in comparison to
other seasons. Most of the sampies in NW, SW and W directions had considerable values.

The distance variation was very much distinct. The maximum mean value (4.99(ug/kg) was

obtained at B season

(¢) Cadmium (Cd)

It has been estimated that anthropogenic emissions of Cd are in the range of 30,000 t per year

(Sanita di Toppi and Gabberielli, 1999). In Table 3.16 (a) and 3.16 (b), the Cd contents for all

the samples for each of the batches are given for side A and side B respectively. The
permissible limit of Cd in the surface soil is 3 mg/kg (Bansal, 1998). However, Cd is a very

mobile element in the environment (Ciezko et al., 2004).

N (range 1-3 mg/kg), NW (range 1.3 — 3.6 mg/kg) and W

The soil samples in the directions,
n comparison to NE (range 0.9 — 3.2 mg/kg)

(range 1.6 — 3.2 mg/kg) have more Cd content i

and SW (range 1.4 — 2.7 mg/kg) directions. Th
charge point from the Mill, in BI batch. The

e maximum value obtained was at SI11 (3.6

mg/kg), which was very near to the effluent dis
to other two seasons (B0 and B2). The standard

values in B] batch were more in comparison
deviation values show that there is large consistency of values (0.7) among the site for all the

batches.

The dyes used in printing and dyeing of textile materials contain Cd. Again fly ash dumping

may also contribute to the increased value

mg/kg of Cd (Gillham and Simpson. 1973

of Cd around the Mill, since fly ash contains 5 — 10

). Interestingly, the soil samples have more Cd in
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Sj . , ,
ide B in comparison to those of Side A. The reason is not clear, however. it is likely that d
\ ue

to natural or other reasons, the Cd-wastes are accumulating in the Side B

The sample S38 in the west direction had the maximum mean value (18.5 mg/kg) and $45 i
- in
SW had the least mean value (3.3 mg/kg). In most of the cases, the values away from the Mill

exhibited a decreasing trend. Another observation was that the Cd-content decreased from A |
rom

season to A3 season. In all the cases the “Control” has low Cd content

(d) Chromium (Cr)

The vaiues of Cr in side A and B are given in Table 3.17 (a} and 3.17 (b). The Cr present in
the soil samples indicates contribution of the effluent of the Mill release to the surrounding

area. In this study, Cr does not show any directional trend. The ranges of Cr in the present

study in side A are as follows:

e 24.7 - 298.8 mg/kg in BO batch
e 48 —-288 mg/kg in B! batch
¢ 4]1.5-257 mg/kg in B2 batch

The maximum value was obtained at S15 (298.8 mg/kg) in NW direction and the minimum at
S5 (24.7 mg/kg) in NE direction. The maximum permissible limit of Cr in soil is 100 mg/kg

(Sastry et al., 2001). Except SI (NE direction), S22 and $24 (SW direction), almost all the

samples in side A have more Cr than the maximum permissible limit. No distinct seasonal
ariation was observed in this side. Chromium can strongly attach to soil

variation or distance v
nt can dissolve in water and move deeper in the soil to underground

and only a small amou

Wwiter,
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Table 3.15 (a). As content of the soil in Side A (ng/kg)

— Season BO Bl B2 Min Max Mean SD
Control BDL BDL BDL BDL BDL BDL BDL
NE S1 10.05 6.34 2.38 238  10.05 6.26 3.84
S2 9.01 430 120 120 9.01 484 393
S3 244 064 003  0.03 244 1.04 1.26
S4 1.65 0.74 BDL 0.74 1.65 1.20 0.64
S5 0.95 0.35 0.30 0.30 0.95 0.53 0.36
N Sé 19.27 14.85 5.07 5.07 19.27 13.06 7.27
S7 13.70 3.26 5.81 326 13.70 7.59 5.44
S8 6.52 6.04 2.78 2.78 6.52 511 2.03
S9 1.28 2.11 1.50 1.28 2.11 1.63 0.43
S10 1.95 1.05 0.46 0.46 1.95 L3 0.75
NW S11 27.01 13.36 8.95 8.95 27.01 16.44 9.42
S12 23.80 20.50 4.70 470  23.80 16.33 10.21
S13 14.84 9.11 4.62 462  14.84 9.52 5.12
Si4 6.05 2.74 BDL 2.74 6.05 4.40 2.34
S15 0.86 0.22 0.13 0.13 0.86 0.40 0.40
W S16 10.03 9.46 9.50 9.46 10.03 9.66 0.32
S17 3.30 2.74 1.55 1.55 3.30 2.53 0.89
S18 517 6.31 5.50 5.17 6.31 5.66 0.59
S19 1.62 2.14 1.96 1.62 2.14 1.91 0.26
S20 0.56 0.92 0.85 0.56 0.92 0.78 0.19
SW S21 9.16 10.20 8.54 8.54 10.20 9.30 0.84
S22 8.87 6.72 4.28 4.28 8.87 6.62 2.30
523 2.03 111 1.07 1.07  2.03 140  0.54
S24 423 1.06 1.10 1.06 423 2.13 1.82
S25 1.14 0.95 0.66 0.66 1.14 0.92 0.24
Min 0.56 0.22 BDL
Max 27.01 20.50 9.50
Mean 7.42 5.09 ad¥
SD 7.37 5.28 2.94
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Table 3.15 (b). As-content of the soil in Side B (ug/mg)

Direction ~€2son Al BI A2 B2 A3 Min Max Mean SD
Control BDL BDL BDL BDL BDL BDL BDL BDL BDL
S $26 0.004 0.002 0.002 0.001 0.001 0.001 0.004 0.002  0.00]
S27 0.010 0001 0.001 BDL BDL 0.001 0.010 0.004  0.005
S28 0000 BDL 0.000 BDL BDL 0000 0.000 BDL BDL
S29 BDL BDL BDL BDL BDL BDL BDL BDL BDL
N $30 14.521 11.080 8306 1375 BDL 1.375 14.521 8821 5577
S31 4360 2.015 1.168 0.640 0.002 0.002 4360 1.637 1.692
S$32 1.073 0.980 0.630 BDL BDL 0.630 1.073 0.894 0234
$33 BDL BDL BDL BDL BDL BDL BDL BDL BDL
NW S34 15.040 21.780 9.640 0.008 0.010 0.008 21.780 9.296 9.506
835 7.035 19.760 3260 BDL 0.008 0.008 19.760 7.516  8.653
S36 3.2i4 0453 0.005 0.001 BDL 0.001 3214 0918 1.545
$37 1.250 0.950 1.070 0.850 0.023 0.023 1.250 0829 0.474
W S38 6.042 2.850 1.530 0.615 0.008 0.008 6.042 2209 2.395
$39 4.260 1,580 0.973 0540 0.084 0.084 4.260 1487 1.645
S40 0.130 0.078 0.005 0.004 BDL 0.004 0.130 0.054 0.061
$41 0.080 0.006 0.006 0.005 0.003 0.003 0.080 0.020 0.034
SW 542 10.530 11.280 11.320 9.750 0.041 0.041 11.320 8.584  4.819
S43 9420 7.920 3.629 1.852 0970 0970 9420 4.758 3735
S44 3.550 2.060 0.663 0.037 0.019 0.019 3.550 1.266  1.523
S45 4.020 2.054 1.680 0.805 0.056 0.056 4.020 1.723 1501
Min BDL BDL BDL BDL BDL
Max 15.040 21.780 11.320 9.750 0.970
Mean  4.697 4.991 2438 1177 0.102
SD 4.879 6.979 3.567 2.533 0.274
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Table 3.16 (a). Cadmium (Cd) contents of the soil in Side A (mg/kg)

Direction Season B0 Bl B2 Min Max Mean  SD
Control 0.6 0.6 0.6 0.6 0.6 0.6 0.0
NE Sl 1.2 1.6 1.9 1.2 1.9 1.6 0.4
S2 2.7 2.8 32 2.7 3.2 29 0.2
S3 1.6 1.1 1.2 1.1 1.6 1.3 0.3
S4 0.9 1.5 1.2 0.9 1.5 1.2 0.3
S5 1.0 1.2 2.8 1.0 2.8 1.7 1.0
N S6 2.6 3.0 2.8 2.6 3.0 2.8 0.2
57 1.3 1.1 1.0 1.0 1.3 1.1 0.2
S8 1.0 1.1 1.6 1.0 1.6 1.2 0.3
S9 1.5 2.0 1.8 1.5 2.0 1.8 0.3
S10 1.8 2.0 1.9 1.8 2.0 1.9 0.1
NW Si1 34 3.6 3.5 34 3.6 3.5 0.1
S12 1.5 2.0 3.3 1.5 3.3 2.3 0.9
S13 1.7 2.0 1.7 1.7 2.0 1.8 0.2
Si4 1.7 1.8 1.7 1.7 1.8 1.7 0.1
S15 1.9 1.8 1.3 1.3 1.9 1.7 0.3
W S16 3.1 3.2 2.9 2.9 3.2 3.1 0.1
S17 1.6 2.6 2.2 1.6 2.6 2.1 0.5
S18 2.3 3.0 2.5 2.3 3.0 2.6 0.4
S19 29 2.5 2.6 2.5 2.9 2.7 0.2
$20 2.1 2.8 2.7 2.1 2.8 2.5 0.4
SW S21 2.7 2.3 2.0 2.0 2.7 2.4 0.4
S22 1.6 2.3 2.2 1.6 23 2.0 0.4
523 1.7 2.5 2.3 1.7 2.5 2.2 0.4
S24 1.8 2.0 1.5 1.5 2.0 1.8 0.3
5§25 1.4 2.0 1.8 1.4 2.0 1.7 0.3
Min 09 1.1 1.0
Max 3.4 3.6 3.3
Mean 1.9 2.2 2.1
SD 0.7 0.7 0.7
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Table 3.16 (b). Cadmium (Cd) content of the soil in Side B (mg/kg)

L. Season Al Bl A2 B2 A3 Min Max Mean SD
Direction
Control 06 06 06 06 06 06 0.6 0.6 0.0
S S26 124 113 66 62 98 62 124 93 238
$27 114 96 82 80 5.1 510 114 85 23
S28 46 2.1 4.1 40 42 2.1 4.6 3.8 1.0
529 52 68 52 47 32 32 6.8 50 1.3
N S30 205 101 114 8.1 7.1 7.1 205 114 53
S31 104 110 100 69 5.1 5.1 11.0 87 26
S32 9.3 90 110 75 56 56 11.0 85 2.1
S33 70 72 92 62 47 47 5.2 6.9 1.6
NwW S34 21.7 180 136 11.8 68 6.8 21.7 144 57
S35 20.7 180 19.0 132 125 125 207 16.7 3.6
S36 19.7 163 168 72 60 6.0 197 132 6.2
S37 100 8.7 55 37 42 37 100 64 2.8
W $38 263 199 184 167 11.2 112 263 185 5.5
S$39 18.1 183 141 120 11,7 11.7 183 148 3.2
$40 8.3 5.7 150 3.1 43 3.1 150 73 47
S41 59 84 92 8.5 50 5.0 9.2 74 18
SwW S42 13.5 109 104 120 112 104 135 1.6 1.2
S43 166 157 13.8 13.0 13.1 13.0 16.6 144 16
S44 147 110 7.1 36 48 36 147 82 46
545 39 28 26 35 38 26 3.9 33 0.6
Min 39 21 26 3.1 3.2
Max 263 199 19.0 167 13.1
Mean 13.0 11.0 106 80 7.0
SD 65 52 47 39 33
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[n side B, the Cr values were low in comparison to the other side A. The samples in the
directions NW (range 68 — 142.5 mg/kg), W (range 86.8 — 142.6 mg/kg) and SW (range 86 —
116.7 mg/kg) have more Cr in comparison to N (range 30 — 102.5 mg/kg) and S (range 56.3 -
116.2 mg/kg) directions. The maximum mean value was obtained at $34 (125.5 mg/kg) in the

NW direction. A decreasing trend was observed as distance increased from the Mill.

(e) Copper (Cu)

The copper present in soils of the study area are presented in Table 3.18 (a) and Table 3.18
(b) for Sides A and B respectively. The minimum, the maximum, the mean and the standard
deviation of the values are also given. It is observed that the values increase from first pre -

monsoon season, BO to the second pre — monsoon, B1 and then decrease. The soil appears to
be rich in Cu. The sample $2 had the maximum mean value (389.5 mg/kg) and S25 had the

minimum (77.5 mg/kg). In all the seasons the “Control” sample had very low Cu-content

(11.7 mg/kg).

In Side B, huge amount of copper was measured in most of the samples in all the directions.
The maximum value was obtained at S26 (1203 mg/kg) in the south direction. Most of the
samples in Al season had very high values but in the other four seasons, the values decreased.
As the distance increased from the Mill, the values had a decreasing trend. Almost all the

samples in both the sides have more than the average for world soils 20mg/kg .

Copper forms complexes with organic matter present in soil (Miller and Donahue, 1992).

Copper toxicity was mainly influenced by pH and, to a lesser extent, by organic matter and

clay content (Daoust et.al 2006). Cu toxicity increases in the presence of Ca and Mn (Mathias

and Cummings, 1973).

() Iron (Fe)

The iron contents of the soil in the stud
the two sides A and B respectively. Itis observed that huge amounts of iron are present in the

soils of the study area. The sam
amount of iron had a decreasing !

uniform. The maximum value was

y area are given in the Tables 3.19 (a) and 3.19 (b) for

ples in every direction had sufficient amount of iron. The
rend from B0 to B2 season. The distance variation was not

obtained at S6 (mean value 20.30 g/kg) and the minimum
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Table 3.17 (a). Chromium (Cr) content of the soil in Side A (mg/kg)

iivsasiivn Season BO Bl B2 Min Max  Mean SD
Control 15.4 15.2 16.0 15.2 16.0 123 0.4
NE SI 1026 1180 105.0 1026 118.0 108.5 8.3
S2 67.2 84.0 89.0 67.2 89.0 80.1 11.4
S3 70.5 760  70.0 700  76.0 72.2 3.3
S4 25.8 48.0 68.0 25.8 68.0 47.3 21.1
S5 24.7 52.0 41.5 24.7 52.0 39.4 13.8
N S6 143.8 136.0 132.0 132.0 1438 1373 6.0
S7 128.5 1420 128.0 128.0 142.0  132.8 7.9
S8 252.0 1740 127.0 1270 252.0 1843 63.1
S9 119.5 139.0 122.0 1195 139.0 126.8 10.6
S10 100.5 127.0 116.0 1005 127.0 1145 13.3
NW S11 231.0 258.0 231.0 231.0 258.0 240.0 15.6
S12 2483 253.0 246.0 246.0 253.0 249.] 3.6
S13 285.9 261.0 257.0 257.0 2859  268.0 15.7
S14 276.1 280.0 2240 2240 280.0  260.0 31.3
S15 208.8 288.0 230.0 230.0 298.8 2723 37.0
W S16 252.5 263.0 2150 2150 263.0 2435 25.2
S17 257.0 239.0 1860 186.0  257.0 2273 36.9
SI8 2662  254.0 78.8 788 2662  199.7 1049
SI9 251.6 2720 1520 1520 2720 2252 64.2
S20 263.8 285.0 200.0 200.0 2850 2496 44.2
SW S21 201.4 2160 169.0 169.0 2160 1955 24.1
S22 35.3 95.0 74.0 35.3 95.0 68.1 30.3
$23 154.3  143.0 96.0 96.0 1543  131.1 30.9
§24 44.7 79.0 70.0 44.7 79.0 64.6 17.8
§25 (145 1520 102.0 1020 1520 122.8 26.0
Min 24.7 48.0 41.5
Max 298.8 288.0 2570
Mean 168.7 1774 1412
SD 93.9 820 652
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Table 3.17. (b). Chromium (Cr) content of the soil in Side B (mg/kg).

Direction i e Bl A2 B2 A3 Min Max Mean SD
Control 154 152 148 146 150 146 154 150 03
S $26 113.0 101.3 740 863 742 74.0 1130 89.8 17.1
S27 105.6 1162 668 572 62.1 572 1162 81.6 272
S28 876 923 887 80.1 69.0 690 923 835 93
S29 563 623 590 60.0 640 3563 640 603 3.0
N S30 085 1025 935 71.0 509 509 1025 833 218
S31 76.3 78.0 62.8 664 433 433 780 654 13.9
$32 814 746 438 552 300 30.0 814 57.0 213
S33 628 712 516 594 540 51.6 712 598 77
NW S34 130.0 142.5 1264 120.8 107.8 107.8 1425 1255 12.7
S35 1230 1067 1183 983 992 983 123.0 109.1 11.2
S36 117.0 112.0 1146 1224 1040 1040 1224 1140 6.8
S37 760 68.0 757 782 786 68.0 786 753 43
W S38 1426 1337 974 1073 886 886 1426 1139 233
S39 215 103.8 985 1020 970 970 1215 1046 9.8
S40 143.0 129.1 1062 964 868 868 1430 1123 233
S41 146 1156 1120 937 986 937 1156 1069 10.1
SW §42 165 1104 1155 1020 965 965 1165 1082 8.7
S43 1140 1100 1143 937 952 937 1143 1054 102
S44 138 1167 965 985 940 940 1167 1039 105
S45 1024 109.0 1056 101.1 860 860 109.0 1008 8.8
Min 563 623 438 552 300
Max 143.0 142.6 1264 122.4 1078
Mean 1048 102.8 91.1 875 79.0
SD 045 222 245 206 221
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at S14 (mean value 2.64 g/kg). Almost all the soil samples in this area could be seen with a

reddish brown colour when dry.

In side B, the same situation was observed like in side A. As a whole, the Fe-content of the
soil samples had a decreasing trend from batch Al to A3 with some exception. In some cases,
the distance variation could be observed but it is to be noted that even the samples at locations
away from the Mill have got sufficient amount of iron. The “Control” sample had also large

iron content (mean value 0.71 g/kg) indicating that the soil was naturally rich in Fe-content.

Injury due to high soil iron concentration is not common under neutral or high pH soil
conditions. Toxic situations occur primarily on acid soils (< pH 5.0) and where excess soluble

iron salts have been applied as foliar sprays or soil amendments. The first symptoms of iron

n the leaves (Vitosh et al., 1994) of the plants grown in soil. Iron

is an essential nutrient for all organisms, used in a variety of enzyme systems, including those
and nitrogen fixation (Falkowski et. al. 1998; Morel and

toxicity are necrotic spots 0

for photosynthesis, respiration,

Prince, 2003). [ron is very insolu
Under poor drainage the iron becomes reduced and in the presence of organic matter is

ble under oxidizing conditions above pH 4 (Kraemer, 2004).

frequently mobilized

(g) Mercury (Hg)

Mercury is one of the heavy metals present in the soil of industrial area. The amounts of
rea are depicted in Tables 3.20 (a) and 3.20 (b) for Side A and

mercury present in the study a
how high content of Hg in almost all the directions from the

Side B respectively. The values s

Mill. Some samples in the third pre-monsoon batch, B2, possess Hg below detection level.

n to the third pre-monsoon (B2) season, the values had

From the first pre—-monsoon (B0) scaso
xceptions. The sample S25 did not show detectable

a tendency to decrease with a few ¢
ximum value obtained was at S20 (mean value 10.020

amount of Hg at any season. The ma
n value 0.007 mg/kg).

mg/kg) and the minimum at S24 (mea
m the Mill, it is likely that the soil in side B has less

As the side B is at a larger distance ffo
mercury content than the side A. The samples at maximum distance from the Mill in the south
and north directions had Hg at below dete

distance variation can be seen in this side-

ction level in some of the seasons in this side, The

From Al to A3 batch, the values decreased. The
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Table 3.18 (a). Cu-contents of the soil in Side A (mg/kg)

Direction Season B0 Bl B2 Min Max Mean SD
Control 12.5 115 11.0 11.0 12.5 1.7 08
NE S1 3259 352.0 380.0 3259 380.0 3526 271
S2 389.5 401.0 3780 378.0 401.0 3895 [1.5
S3 302.8 3650 3080 3028 3650 3253 345
$4 115.9 183.0 210.0 1159 2100 169.6 485
S5 1425 2000 185.0 1425 2000 1758 298
N S6 243.1 2670 2850 2431 2850 2650 21.0
S7 240.8 283.0 264.0 2408 283.0 2626 21.1
S8 2214 2720 2360 2214 272.0 243.1 26.1
S9 210.6 2700 262.0 2106 270.0 2475 322
S10 227.7 2850 210.0 210.0 2850 2409 392
NW Sil 3287 380.0 3450 328.7 380.0 3512 262
Si2 320.5 317.0 2750 2750 3205 3042 253
Si3 3280 386.0 3260 326.0 386.0 3467 34.]
Si4 315.7 3700 318.0 3157 3700 3346 30.7
S135 336.5 328.0 2680 2680 3365 3108 373
W S16 131.4 1520 85.0 85.0 152.0 1228 343
S17 80.8 1100 76.0 76.0  110.0 889 184
S18 96.3 92.0 46.0 46.0 96.3 78.1 279
S19 750 1010 680 680 100 813 174
S20 986 1040 720 720 1040  9L5 17.1
SW S21 100.3  100.0 85.0 85.0 1003 95.1 8.8
§22 103.5 1090 960 960 109.0 1028 6.5
S23 104.0 93.0 64.0 64.0 104.0 87.0 207
S24 62.6 95.0 81.0 62.6 95.0 79.5 16.2
S25 85.4 90.0 57.0 57.0 90.0 775 179
Min 62.6 90.0 46.0
Max 389.5 401.0 380.0
Mean 199.5 2282 199.2
SD 106.7 115.4 114.9
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Table 3.18 (b). Cu-contents of the soil in Side B (mg/kg).

Direction  —cao" Al Bl A2 B2 A3 Min  Max Mean SD
Control 125 115 139 145 140 115 145 133 (3
S $26 1203.0 638.0 624.0 6450 610.0 610.0 1203.0 744.0 256.9
S27 715.0 500.0 328.0 380.0 317.0 317.0 7150 448.0 166.0
$28 523.0 132.0 118.0 1280 123.0 1180 523.0 2048 1780
529 216.0 1160 125.0 116.0 102.0 102.0 2160 1350 46.0
N $30 1004.0 538.0 440.0 452.0 418.0 418.0 1004.0 5704 246.6
$31 725.0 2010 135.0 154.0 164.0 1350 7250 2758 2523
$32 246.0 1650 116.0 129.0 1250 116.0 246.0 1562 53,6
$33 133.0 980 90.0 96.0 100.0 90.0 33.0 1034 170
NW $34 278.0 218.5 368.0 327.0 307.0 2185 3680 299.7 56.0
$35 368.0 345.5 3150 2860 257.0 257.0 368.0 3143 446
S36 316.0 326.0 302.0 255.0 213.0 213.0 3260 2824 474
537 346.0 330.5 315.0 289.0 1860 1860 346.0 2933 63.6
w S38 462.0 171.5 205.0 200.0 185.0 1715 462.0 2447 1222
$39 189.0 135.0 1640 166.0 160.0 1350 189.0 1628 192
S40 151.0 160.0 1350 141.0 127.0 127.0 160.0 142.8 13,0
S41 184.0 160.0 1350 122.0 1200 1200 184.0 1442 274
SW 542 454.0 4360 482.0 438.0 3750 3750 4820 4370 392
543 372.0 368.0 360.0 374.0 3850 360.0 3850 371.8 9
S44 280.0 254.0 252.0 260.0 210.0 2100 280.0 2512 256
$45 105.0 110.0 1250 860 800 800 1250 1012 183
Min 1050 980 900 860 800
Max 1203.0 638.0 624.0 645.0 610.0
Mean 413.5 2702 256.7 2522 2282
SD 204.1 158.7 147.5 1484 1365
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Table 3.19 (a). Iron (Fe) content (g/kg) of the soil in Side A of the study area

Direction Season BO B1 B2 Min Max Mean SD
Contro! 0.71 072 0.7 07 072 071 _ 001
NE S1 20 18 13 13 20 170 36
52 19 20 12 12 20 17.0 4.4
3 1 15 10 10 15 120 26
sS4 12 10 9 ] 12 10.3 1.5
S5 10 10 6 6 10 8.7 2.3
N S6 26 22 12 12 26 20.0 7.2
s7 23 23 10 10 23 18.7 7.5
S8 10 1" 7 7 11 9.3 2.1
s " i3 7 7 13 103 31
$10 16 16 10 10 16 140 35
NW S11 15 12 12 12 15 13.0 1.7
512 10 10 6 6 10 8.7 2.3
S13 1 10 6 6 11 9.0 26
S14 4 15 2 15 70 70
15 5 3 2 2 5 3.3 1.5
" <16 11 7 3 3 11 70 4.0
s17 5 8 4 4 8 57 21
s18 10 10 7 7 10 9.0 1.7
st 10 7 7 10 83 15
<20 10 5 5 10 80 26
SW 21 10 10 4 4 10 8.0 3.5
a2 8 9 5 5 9 73 241
<23 8 9 6 6 9 7.7 15
- 8 9 5 5 9 73 241
______52_5__—————————‘3* 9 6 6 9 77 15
Min 4 2 2
Max 26 23 o
Mean 115 11.4 76
sD 10.9 10.8 7.1
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T
able 3.19 (b). Iron (Fe) content (g/kg) of the soil in Side B of the study area

Direction Season Al Bl A2 B2 A3 Min M M
ax ean SD
0.7 0.72 0.7 0.7 073 0.7 073  0.712 0.015

Control
S $26 30 15 13 15 12 12 30
$27 20 4 5 6 9 4 20 177
$28 6 4 3 3 3 3 6 ’ 7
529 4 4 3 3 2 ) 4 4 !
N $30 12 4 4 3 3 3 2 > ;
S31 7 2 2 2 2 2 7 ; N
$32 4 | 1 I 1 ] 4 ) 2
S33 2 2 | ] 1 | 9 ] l
NW S34 1 I 10 9 10 0 1 m l
S35 11 9 10 9 9 9 11 10 ]
$36 9 8 8 7 2 2 9 7 ;
S37 10 10 9 8 8 8 10 9 1
w $38 22 15 15 1l 9 9 22 14 5
S39 13 13 10 10 10 10 13 11 )
$40 15 9 12 9 9 9 15 1 3
S41 17 1 i0 8 8 8 17 11 4
SW S42 18 16 16 13 1 1 18 5 3
$43 11 10 9 9 9 I 10 ]
S44 10 9 9 8 8 8 0 9 1
S45 10 10 9 9 9 9 10 9 i
Min I i I 1 1
Max 30 16 16 15 12
Mean 12 8 8 7 7
SD 7 5 4 4 4
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maximum value was obtained at S42 (mean value 1.087 mg/kg) in the southwest direction

near the Mill and the minimum at S29 (south) and S33 (north).

(h) Manganese (Mn)

The amount of manganese present in the soil samples in different directions from the sides A

and B are given in Tables 3.21 (a) and Table 3.21 (b).
In Side A, the first pre-monsoon season (B0) had Mn in the range 13.2 — 146.9 mg/kg, the
second pre-monsoon (B1) 42.0 — 135.0 mg/kg and the third pre-monsoon (B2) 32.0 - 128.0

mg/kg. The control sample had 19.3, 12.6 and 12.1 mg/kg of Mn in B0, B1 and B2 batches

The samples near 10 the Mill had more Mn content in comparison to those away

respectively.
from it with a few exceptions. The maximum amount of Mn was found at S16 (mean value

136.6 mg/kg) in the west direction and the minimum at S5 (mean value 29.1 mg/kg) in the

northeast direction.

In Side B, the amounts of Mn are present in the following ranges:

e Al batch 16.5- 162.7 mg/kg
B1 batch 17.2 - 128.0 mg/kg
e A2 batch20.0—135.0 mg/kg
B2 batch 15.4— 120.4 mg/kg

e A3 batch 16.7 - 111.5 mgkg

nd from Al batch to A3 batch. The distance variation was

The values have a decreasing tre
amount of Mn was obtained at S42 (mean value 123.5 mg/kg)

in the southwest direction and the minimum at S29 (mean value 18.2 mg/kg) in the south
he south direction had less amount of Mn in comparison to

almost distinct. The maximum

direction. The soil samples int
hwest directions. As a whole, the soil samples had less

north, west, northwest and sout
content of Mn than the World average of 850 mg/ke.
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Levels of Mn in the soil are controlled mainly by the soil's Mn reserve, pH, and th
» , and the

availability of electrons (¢”) (Adams, 1981; Sparrow and Uren, 1987)

(i) Nickel(Ni)

The nickel present in the soil samples in the study area is given in Tables 3.22(a) and 3.22(b)
The amount of Ni present in Side A was within the range 21.5 — 101.0 mg/kg Tl;e [
. . soi

samples in this side is rich with nickel. The maximum mean value for different samples i
ples in

different directions are as follows:
e 34.2 - 66.6 mg/kg in NE direction
» 55.2-91.6 mg/kg in N direction
o 48.5 - 65.6 mg/kg in NW direction
o 57.4-—83.9 mg/kg in W direction
e 34.0-53.4 mg/kg in SW direction
From the results it can be concluded that almost all the samples are rich with high content of
Ni (World average, 40 mg/kg).

In Side B, almost all the samples in al
unt of Ni present in soil decreased. The “Control” has a

| the seasons have high content of Ni like Side A. With

distance away from the Mill, the amo
2.7 mg/kg). The maximum mean value obtained was at S34

very jow range of values (2.1 —
near to the earthen dam in the NW direction from the Mill and

(68.4 mg/kg), which was very
the minimum at S33 (41.1 mg/kg) at the distant sample in N direction from the Mill,

genically-polluted soils can reach 200 — 2600 mg/kg. The

Ni concentration in anthropo
ution are the burning of coal and oil, emission of smelters and

primary sources of nicke! pol
metal works, municipal wastes, sewage, phosphate fertilizers and pesticides (Izosimova et al.,
e Mill has a direct influence on soil quality with respect to Ni

2005). In the present work, th

content
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]ablc 3....: ¢ rcury ]{L I S (& 1 u

o T Season BO Bl B2 Min Max  Mean
- Slonnoi BDL BDL BDL BDL BDL BDL B[S)i
, 3.6 &l 0.6 0.6 3.6 2.30
S2 2.1 .05 1.024  1.024 2l 1.39 v
S3 2.8 13 BDL  BDL 2.8 2'05 o
s4 46 036 0028 0028 46 16 ;};'06
~ :Z 1.8 008 BDL BDL 1.8 0:94 12;_5)
02  1.34 0.4 02 134 065 o'
S7 1.5 0.56 0.03 0.03 L5 0‘?0 o
S8 7.6 3.71 BDL BDL 7.6 5.66 2-74
9 5.8 28  1.05  1.05 5.8 3.22 o
S10 15 063 004  0.04 L5 072 3;;?
NWw SII 10.4 5.8 1.46 1.46 10.4 5.89 4'47
S12 7.6 3.2 2.73 2.73 7.6 4.51 2-69
SI13 2.2 0.9 0.1 0.1 2.2 1.07 1‘06
Si4 36 1.05 BDL  BDL 3.6 233 1‘30
. S15 86  9.14 3.3 33 914 701 323
S16 6.6 2.1 0.8 0.8 6.6 3.17 3.04
S17 20.6 9.5 2.4 24 20.6  10.83 9.17
SI8 137 534 604 534 137 836 464
S19 10.2 9.7 4.5 4.5 10.2 8.13 3.16
_, $20 14 0.85 6.2 6.2 14 10.02 3.90
SW 921 2.7 2.04 Id 1.5 s 2.08 0.60
§22 0.9 0.54 0.02 0.02 0.9 0.49 0.44
$23 1.2 23 BDL 1.2 23 175 078
24 BDL 0.02 BDL BDL 0.02 0.007 BDL
$25 ppL BDL BDL BDL BDL  BDL  BDL
Min BDL BDL  BDL
Max 20.60 9.85 6.20
Mean 5.82 3.17 1.79
SD 5._1_{_;_ 3.28 2.02
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Table 3.20 (b) Mercury (Hg) content (mg/kg) of soil samples in the study area (Side B)

Direction Season Al Bl A2 B2 A3 Min Max Mean SD
Control BDL BDL BDL BDL BDL BDL BDL BDL BDL
S S26 0.008 0.006 0.008 0005 0.002 0.002 0.008 0.006 0.002
827 0.005 0014 0.007 0.005 0.001 0.001 0.014 0.006 0.005
528 0.002 0006 0005 0006 0.003 0.002 0.006 0.004 0.002
$29 BDL  0.001 BDL BDL  BDL 0.001 0.001 0.001 0.000
N S30 0.018 0.02 0016 0025 0.022 0.016 0.025 0.020 0.003
S31 0.082  0.051 0.05 0.008 0.0012 0.001 0.082 0.038 0.034
S32 0.006 0.005 0002 0001 0.001 0.001 0.006 0.003 0.002
$33 BDL! 0002 BDL 0001  BDL 0.001 0.002 0.002 0.001
NW 34 273 0065 0055 005 0004 0.004 2.730 0.581 1.202
S35 0.012 0008 0001 0001 BDL 0.001 0.012 0.006 0.005
S36 0.01 0.009 0006 BDLI 0.001 0.001 0.010 0.007 0.004
S37 0.008 0.008  0.005 0.005 0.001 0.001 0.008 0.005 0.003
w S38 1.15 0.56 0.52 0.091 0.002 0.002 1.150 0.465 0.457
S39 0.952 1.04 0.83 0.5 0.075 0.075 1.040 0.679 0.395
S40 0.93 0.858 0.526 0.15 0.1 0.100 0.930 0.513 0.386
S41 0.73 0.7 0.42 0.07 0.025 0.025 0.730 0.389 0.335
SwW S42 2.02 1.35 1.1 0.95 0.003 0.003 2.020 1.087 0.730
S43 1.25 0975 0.554 0.076 0.002 0.002 1.250 0.571 0.546
S44 0.008  0.005 0.00s BDL  BDL 0.005 0.008 0.006 0.002
S45 0.0073  0.001 0.001 BDL BDL 0.001 0.007 0.003 0.004
Min BDL 000! BDL BDL  BDL
Max 273 135 L1l 095 0.1
Mean 0.552 0284 0229 0122 0016
_—ﬂ)_______gﬂfl_ 0.446 0344 0253 0030
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Table 3.21 (a) Manganese content (mg/kg) of the soil in Side A of the study area

Direction Season B0 Bl B2 Min Max Mean SD
Control 193 126 121 121 19.3 147 4.0
NE Sl 132.7  102.0 110.0 102.0 132.7 1149 159
$2 583  69.0 61.0 583  69.0 628 5.6
S3 269 540 550 269 550 453 159
S4 254 50.0 53.0 25.4 53.0 428 15.1
S5 13.2 42.0 32.0 13.2 42.0 29.1 14.6
N S6 101.5 117.0 98.0 98.0 117.0 105.5 10.1
S7 728 89.0 750 728 890 789 8.8
S8 71.6 80.0 62.0 62.0 80.0 712 9.0
SO 62.2 72.0 68.0 62.2 72.0 67.4 4.9
S10 64.7 75.0 60.0 60.0 75.0 66.6 7.7
NW S11 76.1 68.0 62.0 62.0 76.1 68.7 7.1
S12 70.2 74.0 70.0 70.0 74.0 714 23
S13 74.3 55.0 52.0 52.0 74.3 604 12.1
S14 50.3 68.0 66.0 50.3 68.0 614 97
S15 52.5 60.0 62.0 5.5 62.0 582 5.0
W S16 1469 1350 1280 1280 1469 1366 9.6
S17 116.0 130.0 126.0 116.0 130.0 1240 72
SI18 08.1 1160 980 980 1160 1074 9.0
S19 63.3 75.0 70.0 63.3 75.0 694 59
S20 44.7 39.0 43.0 43.0 59.0 48.9 8.8
SW S21 98.4 103.0 97.0 97.0 103.0 995 3.1
S22 86.5 92.0 68.0 68.0 92.0 82.2 12.6
523 974 900 730 73.0 900 835 92
§24 64.3 73.0 70.0 64.3 73.0 69.1 4.4
§25 62.8 60.0 63.0 60.0 63.0 61.9 1.7
Min 13:2 42.0 32.0
Max 146.9 1350 128.0
Mean B2 80.3 72,9
______SB_________—ELE— 25.0 239
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Table 3.21 (b) Manganese content (mg/kg) of the soil in Side B of the study area

Direction Season Al Bl A2 B2 A3 Min Max Mean SD
Control 193 126 135 129 126 126 193 142 29
S $26 162.7 111.0 1322 860 750 75.0 162.7 1134 354
$27 1296 50.6 626 780 563 506 1296 754 32.0
528 563 77.0 760 640 70.0 563 77.0 687 87
$29 165 172 200 194 180 165 200 182 1.5
N S30 1286 128.0 1350 66.0 597 59.7 1350 103.5 372
S31 1420 675 744 68.0 500 50.0 1420 804 356
S32 76.5 63.0 700 660 620 620 765 675 59
S33 37.8 232 322 276 302 232 378 302 54
NW 34 60.8 527 547 415 285 285 608 476 128
S35 48.1 40.1 505 520 488 40.1 520 479 46
S36 40.0 346 322 367 478 322 478 383 6.
$37 212 239 248 220 243 212 248 232 16
w S38 1356 1200 117.0 970 835 835 1356 110.6 205
$39 120.0 765 860 890 63.0 63.0 1290 887 247
S40 86.7 67.0 580 620 60.0 580 867 66.7 11.6
S41 21.8 203 244 154 167 154 244 197 37
SW $42 136.9 1229 1256 1204 1115 1115 1369 1235 92

543 538 402 402 726 563 118

543 726  60.7
S44 550 458 485 443 450 443 S50 477 44
545 240 229 260 250 310 229 310 258 3
Min 165 172 200 154 167
Max 162.7 1280 1350 1204 1115
Mean 791 612 652 567 5L
SD 483 357 371 285 236
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|
Table 3.22 (a) Nickel content {mg/kg) of the soil in Side A of the study area
Direction Season B0 Bl B2 Min Max Mean SD
Control 27 25 26 25 2.7 26 0.1
| NE S1 648 730 620 62.0 73.0 666 57
S2 455  66.0 580 455 66.0 565 104
S3 34.7 540 50.0 34.7 54.0 462 102
S4 353 470 400 353 47.0 408 59
1 S5 32.6  40.0 30.1  30.1 40.0 342 52
{ N S6 80.8 930 101.0 80.8 101.0 91.6 102
S7 660 71.0 650 650 71.0 673 32
S8 695 700 63.0 63.0 70.0 675 3.9
S9 6l.6 58.0 46.0 46.0 61.6 55.2 8.2
Si0 600 61.0 53.0 53.0 61.0 58.0 4.4
NW Sil 58.7 700 68.0 58.7 70.0 656 6.0
S12 62.8 670 60.0 60.0 67.0 633 3.5
S13 446 580 43.0 430 58.0 485 82
Si4 56.4 500 40.0 40,0 56.4 488 82
S15 624 550 390  39.0 62.4 521 12,0
W S16 90.6 84.0 77.0 77.0 90.6 839 6.8
S17 83.7 860 750 75.0 86.0 816 5.8

S18 503 650 630 593 650 624 29
S19 751 700 570 570 751 674 93
S20 613 630 480 480 630 574 82
s21 583 600 420 420 600 534 99
490 360 215 490 355 138

SwW

S22 21.5

S23 33.0 41.0 280 28.0 41.0 34.0 6.6
S24 475 46.0 41.0 410 47.5 44.8 34
S25 514 490 270 27.0 514 425 134
Min 21.5 400 270

Max 906 93.0 101.0

Mean 56.7 61.8 52.5

SD 17.0  13.7 17.3
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Table 3.22 (b) Nickel content (mg/kg) of the soil in Side B of the study arca

Direction st Al BI A2 B2 A3 Min, Max Mean SD
Control 27 25 21 26 25 21 27 25 02
S 526 55.0 560 S1.0 47.6 460 460 560 Sl1 4.4
S27 53.8 50.0 520 500 46.0 46.0 53.8 504 2.9
528 480 520 515 480 49.0 480 520 497 1.9
$29 500 51.6 502 468 47.0 468 51.6 491 2.
N $30 556 530 543 500 41.0 410 556 508 5.8
S31 53.0 48.0 450 45.1 460 450 53.0 474 33
$32 582 540 480 420 380 380 582 480 83
S33 379 446 440 39.0 40.0 379 446 41.1 3.0
NW $34 78.4 744 685 615 593 593 784 684 82
$35 60.8 570 580 520 470 470 608 550 5.5
S36 530 502 505 48.0 418 418 530 487 4.2
37 580 530 510 528 480 480 580 526 3.6
W% S38 627 66.8 581 600 579 57.9 66.8 61.1 3.7
$39 €01 567 468 460 379 379 60.1 495 89
S40 540 492 428 440 376 376 540 455 63
S41 580 60.0 525 480 420 42.0 60.0 521 74
SW S42 32 680 580 487 502 487 682 586 93
S43 570 53.0 540 500 497 497 570 527 30
S44 566 550 540 470 460 460 566 517 49
S45 645 570 56.0 53.0 43.8 43.8 64.5 549 175
Min 379 446 428 390 376
Max 78.4 744 685 615 593
Mean 57.1 555 523 49.0 45.7
—_—’S_]?——_"_—_EZ;I___?_.:_Z___S.QJ 3.3 5.9
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(j) Lead (Pb)
In the present study, the amounts of lead measured in the soil are presented in Table 3.23 (a)

and Table 3.23 (b). It is found that substantial amounts of lead are available in all the soil

(World average, 10 mg/kg) samples in all the directions.

In side A, the lead content was in the ranges of B0: 27.0 — 53.0 mg/kg, B1: 37.0 — 71.0 mg/kg
and B2: 12.0 — 67.0 mg/kg, whereas the “ Control™ had 4.0, 5.0, and 4.0 mg/kg in BO, B1 and

B2 batches respectively. The variations of the values for the sites in different distances are not

uniform. The values were higher in the second pre-monsoon season (B1).

In Side B also. the soil had large amounts of lead indicating that the effluent of the Mill had

carried sufficient amount of lead salts with it and spread the same over large distances. The

distant samples in every direction had got less value than the near ones of the Mill. The Pb-
content of the soil in the study area is more than the World average content of 10.0 mg/kg.

The maximum mean value was measured at S42 (61.6 mg/kg) in the SW direction and the

minimum at S29 (26.3 mg/kg) in the S direction. The values had a decreasing trend from Al

batch to A3 batch.

Presence of toxic heavy metals like Pb and Hg reduces soil fertility and agricultural output

(Lokhande, and Kelkar, 1999). Pb has not been known to have any beneficial function for

imals (Greenland and Hayes,
documented (Singh and Steinnes, 1994).

plants or an 1981), but the health problems created by high levels

of Pb are well

(k) Zinc (Zn)

The amounts of Zn present in the study area soil are presented in Table 3.24 (a) and Table

3.24 (b) with the minimum, the maximum, the mean and the standard deviations of the values.

The values are very high in every direction and for all the samples. The variation of values

along each direction does not show any unt

obtained at 16 (675.1 mg/kg) in the west direc
tion. The maximum mean val

form trend. The maximum mean value was
tion and the minimum at S25 (201.9 mg/kg) in
ue was obtained for B batch and similar

the southwest direc
and Mn in Side A.

i f Pb, Ni
observations have been recorded also In case 0
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Table 3.23 (a). Lead content (mg/kg) of the soil samples in study area of Side (A).

144

Direction Season BO Bl B2 Min Max Mean SD
Control 4 5 4 4 5 4 0
NE S1 53 62 67 53 67 61 7
52 51 71 41 41 71 54 15
S3 48 60 61 48 61 56 ”
S4 33 45 42 33 45 40 6
S5 40 48 40 40 48 43 5
N S6 50 39 34 34 50 41 8
S7 48 47 41 41 48 45 4
s8 27 42 43 27 43 37 9
So 39 40 35 35 40 38 3
S10 49 55 49 49 55 51 3
NW S1l 52 50 39 39 52 47 7
S12 49 57 56 49 57 54 4
S13 40 53 47 40 53 47 7
S14 4] 50 40 40 50 44 6
S15 33 47 40 33 47 0 7
w S16 39 43 44 39 44 2 3
S17 50 56 49 49 56 52 4
S18 43 60 55 43 60 53 9
S19 45 62 60 43 62 56 9
$20 48 60 56 48 60 55 6
SW S21 42 60 43 42 60 48 10
S22 36 47 45 36 47 43 6
$23 31 49 42 31 49 41 9
S24 34 40 26 26 40 33 7
S25 0 37 12 12 37 26 13
T Min 27 37 12
Max 53 71 67
Mean 42 51 44
SD 8 9 12



Table 3.23 (b). Lead content (mg/kg) of the soil in Side B of the study area

Direction Season Al Bl A2 B2 A3 Min Max Mean SD
Control 4.0 45 44 44 43 4.0 4.5 4.3 0

S S26 53.0 400 37.0 31.0 28.0 28.0 53.0 37‘3 :
S27 52.0 57.0 28.0 30.0 350 28.0 57.0 40.4 19.?
S28 34.0 23.0 22.0 260 33.0 22.0 34.0 27.6 ?2
S29 28.7 234 200 27.0 325 200 325 26l3 4‘2

N S30 49.0 260 240 260 31.0 240 49.0 3]’2 10'3
S31 43.0 260 270 230 210 210 43.0 28-0 8.7
$32 435 33.0 300 320 360 300 435 34:9 5‘3
S33 326 329 25.0 29.0 320 250 329 30.3 3‘3

NwW S34 60.0 63.0 56.7 58.0 56.0 56.0 63.0 58.7 2.8
S35 62.0 359.0 62.0 580 60.0 58.0 62.0 60.2 1.8
S36 610 640 359.0 600 62.0 59.0 64.0 61.2 1:9
S37 580 56.0 430 580 555 430 3580 541 6.3

W $38 62.0 47.0 51.0 56.0 41.0 41.0 62.0 51.4 8.1
S39 578 42.0 48.0 52.0 59.0 42.0 59.0 51.8 7.0
S40 405 29.0 320 200 360 200 405 315 77
541 386 292 270 210 300 21.0 386 292 63

SW S42 706 685 714 653 320 320 714 61.6 16.7
S43 506 487 265 250 250 250 526 356 13.9
S44 30.5 264 275 260 275 26.0 30.5 27.6 1.8
S45 28.0 27.8 292 30.0 255 255 30.0 28.1 1.7
Min 280 23.0 200 200 210
Max 70.6 68.5 714 653 0620
Mean 47.9 41.1 373 377 379
SD 1290 155 153 159 13.0
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In Side B. the soil samples in the western direction had sufficient amounts of Zn (range 0.92 -
1.87 g/kg) in comparison to other directions. The study reveals that there is a decreasing trend
of values from Al batch to A3 batch. Again, as the distance increased from the Mill, the

values had a decreasing trend.
Excessive Zn in soil may cause damage to plants and at lower pH the yield is reduced

(Leeper, 1978).

General discussion of the trace metal concentrations

The high concentration of metal ions in the effluent amended soils is due to the stagnation of

precipitated insoluble metal salts, which deposit on the surface of the soil particles. The

soluble metallic species percolate through soil bed and move towards the water table of the

area (Nemade and Shrivastava, 1996,
00). These facts are clearly evident from the concentration of metals in soil and

1998; Shrivastava et al. 1989; Shrivastava and

Chaudhury, 20

ground water samples.

The present study should be regarded as an indication of detail investigation on heavy metals
(such as solid phase speciation, mobility, adsorption and desorption studies) of terrestrial
ecosystems in the vicinity of an industry.

The soil is as a whole very rich in Al w
ed by the Textile Mill wastes. In any particular direction from the

hich is a natural constituent of the soil, but a large

amount is also contribut
ariation is a decrease away from the Mill. This is illustrated in

Mill, the general pattern of v

Figs. 3.15 for the Gide A and the Side B with respect to the minimum, the maximum and the

mean values at each site.
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Table 3.24 (a) Zinc (Zn) content of soil samples (mg/kg) in the study arca of Side (A)

Direction S22 BO Bl B2 Min  Max Mean  SD
Control 12.36 1240 1250 1236 1250 1242  0.07
NE Sl 448.20 408.00 410.00 408.00 44820 422.07 2265
S2 436.10 447.00 407.00 407.00 447.00 430.03 20.68
S3 452.70 483.00 478.00 452.70 483.00 471.23 16.24
S4 460.70 482.00 476.00 460.70 482.00 47290 10.98
S5 402.00 436.00 411.00 402.00 436.00 416.33 17.62
N S6 441.80 409.00 387.00 387.00 44180 412.60 27.58
S7 468.50 473.00 436.00 436.00 473.00 459.17 20.19
S8 414.50 438.00 440.00 414.50 440.00 430.83 14.18
S9 530.10 602.00 460.00 460.00 602.00 530.70 71.00
S10 725.50 660.00 582.00 582.00 725.50 655.83 71.84
NW S11 509.36 551.00 52800 50936 551.00 529.45 20.86
S12 511.42 505.00 511.00 505.00 51142 509.14 3.59
S13 501.70 526.00 483.00 483.00 526.00 503.57 21.56
S14 480.40 525.00 47500 47500 525.00 49347 27.44
S15 45500 480.00 368.00 368.00 480.00 434.63 58.95
W S16 73020 695.00 600.00 600.00 73020 675.07 67.35
S17 663.50 682.00 614.00 614.00 682.00 653.17 35.16
S18 695.20 735.00 682.00 682.00 73500 704.07 27.59
S19 667.50 710.00 645.00 64500 710.00 674.17 33.01
S20 612.70 647.00 6l 500 61270 647.00 62490 19.17
Sw S21 43480 495.00 42600 426.00 49500 451.93 37.56
§22 430.10 466.00 41400 41400 466.00 436.70 26.62
S23 335.62 400.00 32800 328.00 400.00 354.54 39.55
S24 27130 302.00 317.00 27130 317.00 296.77 23.30
S25 156.80 248.00 201.00 156.80 248.00 201.93 45.61
Min 156.80 248.00 201.00
Max 73020 735.00 682.00
Mean 489.46 51220 467.76
SD 136.66 124.40 112.45
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Table 3.24 (b) Zinc (Zn) content of soil samples (mg/kg) in the study area of Side (B)

Direction S350 Al B! A2 B2 A3 Min Max Mean SD
Control 124 124 121 125 120 120 129 124 04
S S26 447.0 4230 4360 4400 372.0 3720 4470 423.6 301
27 431.0 4180 470.0 4260 380.0 380.0 470.0 425.0 329
528 4520 417.0 423.0 408.0 3760 376.0 4520 4152 274
$29 3372 3050 3280 3160 2950 2950 3372 3162 17.0
N $30 503.0 5180 5280 3820 3260 3260 528.0 4514 91
S3] 3288 360.0 372.0 3160 3040 3040 3720 3362 289
$32 2382 265.0 248.0 2280 2180 2180 2650 2394 182
$33 210.0 198.0 2060 187.0 1600 160.0 210.0 1922 200
NW $34 6400 541.0 5060 4270 3160 316.0 640.0 486.0 122.0
$35 2637 287.0 2360 240.0 2040 204.0 287.0 246.1 31.2

S36 383.5 314.0 306.0 297.0 263.0 263.0 3835 312.7 44.1
349.0 368.0 351.0 330.0 342.0 330.0 368.0 348.0 13.9

S37
W S38 1573.0 1564.0 1872.0 1052.0 985.0 985.0 1872.0 1409.2 378.3
S39 1583.0 1119.0 1043.0 1148.0 1073.0 1043.0 1583.0 1193.2 221.6
S40 1445.0 1012,0 11920 1052.0 995.0 995.0 1445.0 1139.2 187.7
S41 1474.0 1053.0 1204.0 1009.0 9150 915.0 1474.0 1131.0 218.3
SwW S42 346.4 318.0 3280 326.5 315.0 315.0 3464 3268 123
S43 5110 527.0 506.0 478.0 440.0 440.0 527.0 4924 342
$44 346.0 402.0 378.0 365.0 348.0 346.0 4020 3678 23.2
S45 204.0 314.0 307.0 4760 440.0 294.0 476.0 3662 85.1
Min 210.0 198.0 206.0 1870 160.0
Max 1583.0 1564.0 1872.0 1148.0 1073.0
Mean 607.8 536.2 562.0 495.2 4534
SD 478.7 359.7 4288 303.6 286.2
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Although not much, the soil is also contaminated with the toxic As. No distinction was made
between As(I11) and As(V) in the measurements, and the values presented are total As-content
of the soil. Despite being present in very small amounts, the values still exhibit some amount
of enrichment near the Mill. Similar conclusion may be made with respect to Cd — the only
difference being its increased enrichment in Side B compared to Side A. A plot of the mean

values of Cd at each sampling site for both the sides (Fig 3.16) shows the trends in Cd-

contents of the soil.

in estimating Cr, again only the total Cr was determined without distinguishing between
Cr(I11) and Cr(VI). The soil is considerably rich in this toxic metal. The Side A is conspicuous
by the presence of high Cr-content compared to the Side B. The seasonal trends for each site

are shown separately for the Sides, A and B, in Fig. 3.17(a) and Fig. 3.16(b) respectively.

Cu-enrichment of the soil is again more in Side B than in Side A and the reason for the same

may be similar to that of Cd. The variation trends with distance and direction from the Mill

are shown in Fig 3.18 with respect to the minimum, the maximum and the mean values at

each site for the two sides respectively.

present, Fe cannot be regarded as trace metal. It is present in large

Considering the amounts
s are in conformity with the generally iron-rich quality of

quantities in the soil and the result
s of Fe being present in the distant soil samples, no

Assam soil. Because of very large amount:
ontribution from the activities from the Textile

definite conclusion can be made about any ¢
Mill. This can also be seen from Fig. 3.19 for variation of the minimum, the maximum and

the mean contents of iron in the soil for Side A and Side B respectively with distance.

The trace metal, Hg, is present in many sites in the study area with appreciable concentration.
It is to be noted that the soil close to

from it, and therefore, whatever Hg was fo

the Mill showed presence of more Hg than the soil away

und in the soil, was likely to have its origin in the

activities of the Mill.

149



100 —
90

" fgﬁ

O Min A Max @ Mean i

b o
Lo T
o
£

10 {668 @ A-f
0 ] I 1 [l [l 1 . L L L 1 1 L 1 1 1 { 1 L,
—_— ] (O | (WD o XLt [- =2 [=20 1=} Ldis Haalbodlal DB~ —
Amem.m%%@&'a%&k&’a&%%ﬁ’%@%@ﬁ
NE N NW W Sw
Sites and Direction
60 T
A Min ® Max O Mean
50 +
40 +
o
230 |
<
20 + f % %
10 4 f A f 8
] T o
Q 8 wniwv 72 X72]
NW

Sites and direction

attern of minimum, maximum and mean Al-content in the soil of the

Fig. 3.15. Variation p
h respect to the sampling sites and

study area for Side A (top) and Side B (bottom) wit

sampling direction.

150



20

16

o
1
)

12
o~
of
%
E 10
=l
Q c}
8 -
6 .
4 - j
2 iboo ° %obo
LOMCOONG =N [~ DON 07 DI PO S
SOSSS BONoN oSS Bons RONn Doss Boss

Sites and Direction

Fig. 3.16. Variation pattern of mean Cd-content in the soil of the study area for Side A (S| to

825) and Side B (526 to $45) with respect to the sampling sites and directions,

151



375 1
—+—B(0--0--Bl =X~ B2

300 -
O'D
S
o
225 |
; X

-~ ‘\ 'x

£ 150 L ¥

Q ‘ ‘;

|"!

X

—

0 e
RS

P eP PEPPPL FPLFE FIFFP PP

Sites

Fig. 3.17 (a). Variation pattern of total Cr-content in Side A with respect to the sampling

seasons and sampling sites.

152



140.0

120.0 -

100.0 -

mg/kg

80.0
|

60.0 -

40.0 1 -4 Al —O—BIl —-A—-A2 —¢—B2 —¥— A3

T T A

ZO-Ol—r—r—r—l’_"—'—_'—"_'—r"“"""'f"'
x a8 40 A0 DA DN
ch B S POTS LIS ey
Sites

ig. 3.17 (b). Variation pattern of total Cr-content in Side B with respect to the sampling

‘asons and sampling sites.

153



450 -

375 xgﬁ

]

O Min A Max e Mean

1 ﬁ’ggf

Ce—p

300 1
g 2]
& 225 +
150 + E
A .
75 + ﬁﬁa% & §§g
BT ] i e i
alnmlaln) (@@= SEialzlal [minlml@ial |[BISISIRS
NE NW Y SW
Sites and directions
1400 + O Min A Max @ Mean
1200 -
1000 -
™
800 +
=
£ 400
3 Y
400 S

200 + i 3

Sites and Direction

mum, maximum and mean Cu-content in the soil for Side

“ig. 3.18. Variation pattern of min . L
\ (top) and Side B (bottom) with respect to the sampling sites and sampling direction.
op) and Si

154



<dod cz8
<o-f pTS
B[S 3
JoH | ws
= to—a | 1zs
o
: <4o—a |08
M, o8 6ls o
! o8 [38Is
“ <tod | LIS
m <+—o—a [ 9Is
< <08 [ SIS
.&|[Q||\D ll.v._’m W
= <to—f Tes z
= so—48a s
el T1s
D —_—
Aé|ﬁ_ oIS
o8 oS
__<oo s
PRIPEE o
t+—0—— 7 .rlw B
<o-a T8
s S w
400 T@ =
R s
_ <4-o—[g -
(. s < SR W
a qn/uw 0 = W =

Sites and Directions

A Max <O Mean

g Min

E%_[
SW

f

Sites and Direction

| 6ts
4@ | 37S @

oA | us

e ra——r. Tom

— “ 3

aximum and mean Fe-content in the soil for Side
oy

S minimuim, m
Fig. 3.19. variation pattern of minimu

ling sites and sampling direction.

+h respect to the samp
A (top) and Side B (bottom) with respect L0

155



Although the soil was found to have considerable amount of Mn in all the sites in all
directions from the Mill, yet the values are less than the world average for Mn-content of soii

The average contents of Mn in the soil are shown in a bar graph (Fig. 3.20) for both the sides.
The soil is also appreciably rich in Ni-content and the variation of the average values with

distance is presented in Fig. 3.21.

The soil near the Textile Mill has been receiving a significant contribution of Pb from the Mill
wastes and this can be seen from the considerable Pb-content of the soil — which are more
than the world average. The variation of the Pb-content with distance from the Mill in
different directions and in different seasons is shown in Fig. 3.22. The largest values are
generally observed close to the Mill indicating definite input from the Mill activities. It is also
10 be noted that Pb-content had very similar but large values at the first few sites on both Side
A and Side B - a clear indication that Pb accumulates close to the Mill as well as close to the

earthen bandh away from the Mill. Topography of the area might have led to such preferential

accumulation as was also observed in case of Cd and Cu.

The trends in variation of the Zn content of the soil in Side A and Side B are shown in Fig,
3.23. It is seen that with one or two exceptions, the Zn-content decreased away from the Mill.

As is found in case of a few other trace metals, Zn also shows much more enrichment in Side

B than in Side A.
1 can be summarized by the general trend of enrichment

Al the results of trace metal estimatio
of the soil either in Side A or in Side B, indicating a substantial input from the Mill effluent

and other wastes being dumped into the area. Several metals can be found in much more
amount in Side B than in Side A which may be attributed to soil conditions, topography, flow

of the effluent, etc.
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sites and sampling seasons:
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3.2 Drinking water quality

Altogether 7 drinking water samples from various sources around the textile mill
. 4 . were
analyzed in this work for various water quality parameters. For comparison, the
. - . same
parameters were determined with respect to a Control water sample collected fi
rom an

unimpacted zone. Water samples were collected in five seasons over three years a
S

shown below:

S/N Name Season

I Al 2002 Post- monsoon
2 Bl 2003 Pre-monsoon
3 A2 2003 Post- monsoon
4 B2 2004 Pre-monsoon
5 A3 2004 Post- monsoon

A parameter-wise discussion of the results is given below:

3.2.1 pH

The pH values of the drinking water samples are shown in Table 3.25. The values are

in the following ranges:

e 6.1t07.9forAl
e 6.4to8.2forBl.
o 6.6to8.2forA2,
8.1 to 8.4 for B2, and

e 6.8t07.9 for Al
It is seen that all the values are within the WHO permissible limits for drinking water.
The pH had a tendency 10
of runoff from the surroundi

which is suitable for drinki

increase during the summer, which is likely to be due to entry

ng areas. In general, the water is neutral to slightly alkaline

ng purposes (Sikdar et.al. 1994). It is evident from the
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present study that pH values have not exceeded permissible limit according to (W

standards but depending only upon the pH value the quality of water cannci t? (‘ "
(Garg, et al., 1990). " udeed

Table 3.25 also shows the minimum, the maximum and the mean values of pH f

each of the sampling seasons and each of the water sources including a ‘Control’ sp i
collected from a no-impact zone. The corresponding standard deviations wcr:,m:lJle
calculated and shown in the table with respect to both. How the minimum t::
mlaximum and the mean values of pH change from one source to another is shou,m in
Fig. 3.24. [t is clear that the ‘Control’ sample had the lowest spread of pH (6.7 - 7.6)
while the sample DW3 had the largest spread (6.1 — 8.4). It can be inferred that all t.he
sources of drinking water had some influence from the Mill operations as far as pH was

concerned. Excepting DW1 and DW6, all the other samples had mean pH more than

that of the ‘Control® sample. It further means that the effluents of the mill and other
activities in the surroundings had a tendency to raise the pH of the drinking wate
r

samples.

3.2.2 Electrical Conductivity (EC)
The electrical conductivity values (T able 3
0.13 — 0.64 mS/cm. When these values are comp

is seen that the conductivity of the water in the im
ts indicate entry of considerable load of

.26) for all the samples were in the range of
ared to those of the ‘Control’ sample, it

pact zone of the Mill was much more

with one or two exceptions (Fig. 3.23). The resul
ed salts into water. The values varied from season to season, and it was observed

dissolv
s were generally high during the season A2 and low during the season, B1

that the value
t of the samples were found to have more electrical conductivity during

In general, mos
the post-monsoon than in the pre
DW?3, were found to be very rich in dissolved ionic matter.

_monsoon. The samples collected from the location

3.2.3 Total Alkalinity

sons and for all the water samples are given in

The total alkalinity values for all the sea
I’ one. The maximum alkalinity was recorded

Table 3.27 along with those of the “Contro
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Table 3.25. pH of the drinking water samples of the study area

Site Sampling season
7 Bl A2 B2 a3 Min Max  Mean SD
DW2 364 66 8270 63 8269 08
71 71 71 81 68 68 8.1 72 s
DW3 61 80 72 84 79 61 84 75 g
DW4 65 82 66 83 79 65 83 75 g9
DWS5 67 81 68 84 76 67 84 75 0'7
DW6 64 71 66 81 69 64 &1 70 o6
DW?7 79 82 82 83 68 68 83 79 0' 6
Min 61 64 66 81 68 '
Max 79 82 82 84 79
Mean 67 76 69 82 73
SD 06 07 05 03 05
Table 3.26. Electrical conductivities (mS/cm) of the water from the study area
ing season
Site " SBa;nplmizs : 5 A3 Min Max Mean SD
CW o3l 021 019 016 020 016 021 019 002
DW1 038 029 033 032 033 029 038 033 0.03
DW2 038 024 016 017 024 0.16 038 024 0.9
DW3 0.64 034 042 037 024 024 064 040 0.15
DW4 051 049 040 022 0.19 019 051 036 0.5
DWS5 0.50 049 033 029 0.19 0.9 050 036 0.13
DW6 025 026 021 027 027 021 027 025 0.02
DW7 027 013 026 019 021 013 027 021 0.6
Min 025 0.3 016 017 0.19
Max 0.64 049 042 0.37 033
Mean 042 032 030 0.26 0.24
__SD 0.15 _[,;1_3_—&1_9___()_-08 0.05
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Fig. 3.25. Seasonal variation of mean Electrical conductivity for the seven drinking

water samples from the study area as compared to that of the *‘Control’ sample (CW)
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Table 3.27. Total Alkalinity (mg CaCOs/L) of the drinking water samples

Site Sampling season Mi
T B A2 B2 As m Mex Mean SD
Cw 140 105 115 130 43 43 140 107 38
DWI 120 183 197 209 183 120 209 178 34
DW2 362 358 412 482 61 61 482 335 161
DW3 427 549 326 563 122 122 563 397 182
DwW4 246 509 222 203 183 183 509 273 134
DW5 362 538 342 560 122 122 560 385 177
DW6 427 465 405 580 122 122 580 400 169
bw7 370 594 593 603 305 305 603 493 144
Min 120 183 197 203 6l
Max 427 594 593 603 305
Mean 300 408 340 414 151
sSD 123 181 150 199 82

Table 3.28. Total Dissolve

d Solids (mg/L) of the drinking water from the study area

Site Sampling season Min  Max  Mean  SD
Al Bl A2 B2 A3

Cw 154 178 142 1s0 163 142 178 157 14
DWI 168 179 176 289 376 168 376 238 92
DW2 365 416 386 641 495 365 64l 461 112
DW3 780 848 402 542 438 402 848 604 204
DWwW4 g4s 920 236 465 258 236 920 545 322
DW5 368 432 189 378 408 189 432 355 96
DWwWeé jo6 984 150 468 370 150 984 434 334
DW7 452 902 638 714 525 452 902 646 175
Min 168 179 638 714 495

Max gs5 984 | so 289 258
Mean 455 669 311 500 410

s o w2 1B M T
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at DW7 (603 mg/L) in the season, B2 and minimum at DW2 (61 mg/L) in the season
A3 (Fig. 3.26). In most of the cases, the values increase from the first post-monsoon tc;
the pre-monscon season and then decreases. For all the sites, the minimum values are
recorded in the season, A3, which indicates that the ground water samples are affected
by surface water, which percolates into it. For each season, the “Control” value is less

than the values observed for the study area. Some samples have recorded alkalinity
1

values almost in the higher range of permissible limit. This shows that continuous

discharge of effluents by the mill may raise the total alkalinity of the water in the area

above the permissible limit. Higher amount of alkalinity imparts bitter taste to drinking

water although the same may not be harmful to human beings (Trivedy and Goel, 1986;

Singh et.al., 1999).

3.2.4 Total Dissolved Solids (TDS)
y the most used criterion of its quality (Rani et al. 2006). In

the study area, almost all the samples have TDS content (Range 150- 984 mg/L) within

permissible limit (WHO 1000 mg/L). In terms of dissolved solids, DW1 had the least
content for all the seasons (Table 3.28). The TDS content was more in the first pre-

monsoon (B1) season than the previous post-monsoon season (Fig. 3.27). The mean

value was also found to b
on. The sample DW2 (tube well) showed lower variations

The TDS of water is probabl

e the maximum in the first pre-monsoon season (B1) and

minimum in the next seas
compared to other sources.
The TDS contributes 10 the content of the ionic matter present in water and its impact on

human health depends on it

the dissolved solids may have properties requiring
of TDS, which need special attention, include alkalinity

s exact chemical composition. Several of the constituents of
special attention. A few of the

important constituents
hardness. fluoride, metals, organics and nutrients (Peavy et. al., 1987).
3.2.5 Total Solids (TS)

The values of total solids for all the samples with maximum, minimum, mean and

standard deviation with respect t0 all the seasons are given in Table 3.29. In the present

study, substantial amounts of solids were found for DW3 (Range 584 — 1218 mg/L) and
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DW4 (Range 339 — 1388 mg/L), but the highest value was obtained at DW6 (1464
J

mg/L) in the season, Bl amongst all the samples. In case of TS, distinct s I
’ easona

variati T
ariation was observed. The pre-monsoon values are more than those of the i
previous

post-monsoon season. Subsequently in the next post-monsoon season the TS is |
y is less

than those for the pre-monsoon season. This is because of the pre-monsoon sh
n shower

bringing in more solids of different forms enhancing the total solid content of wat
water.

The Control samples have less total solids than the water samples of the study arca fi
rea ior

all the seasons.

Water with high solids (TS, TDS and TSS) contents were of inferior palatability and
an

may induce an unfavourable physiological reaction in the transient consumer (Sahu and
an

Behra, 1995)
The total suspended solids (TSS) can be obtained by simply subtracting the TDS values
nding TS values. The relationship between TDS, TSS and TS with

from the correspo
ues is shown in Fig. 3.28. This shows that the drinking water

respect to their mean val

samples from the study area have different solid loads.

3.2.6. Total Hardness
The results of total hardness for all the seasons and for all the samples are given in
Table 3.30. The results indicate that all the drinking water samples could not be

considered as ‘hard’. The rang — 190 mg/L that is above the standard

limit of 100 mgf’L(WHO,I‘)84). g i
mon

e of values is 30
he values were comparatively higher in the water
samples collected during the post- soon season. Because there is no rainfall at this
water volume decreases, t
hardness has no known adv
tion between hardness of water
ave also been made by Park and Park (1986).

time, and the he conditions lead to accumulation of the
contaminants. The | erse effects on human health but Keller
(1979) observed a corre la and its role in heart and kidney

problem. Similar observations h

3.2.7. Phenol
Phenol is used as a slil

slimes), as a disinfectant, @

nicide (a chemical that kills bacteria and fungi found in watery

nd in medical products. Tl

se mutagens may be form
). The US Environmental Protection Agency (US

1e presence of phenol in water can
cause serious problems becau A
chlorination (Onodera et. al I

EPA) has decided that water (lakes, streams) should not contain more than 0.3 mg
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Table 3.29. Total Solids (mg/L) of the drinking water from the study area

Sampling season

Sit Min M
e Al Bl A2 B2 A3 ax  Mean  SD
CwW 176 214 162 170 195 162 214 183 21
DWI 202 219 214 374 512 202 512 304 136
DW?2 533 689 558 951 749 533 951 696 168
DW3 1150 1218 584 758 618 584 1218 866 299
DW4 1263 1388 339 640 355 339 1388 797 499
DWS5 522 662 273 490 624 273 662 514 152
DWé6 758 1464 199 632 522 199 1464 615 508
DW7 737 1320 963 1094 817 737 1320 98 23]
Min 202 219 214 374 817 202 817 365 262
Max 1263 1464 963 1094 355
Mean 666 994 447 706 600
SD 419 517 274 300 203
Tabie 3.30. Total Hardness (mg/L) of the drinking water from the study area
) Sampling season Min Max Mean  SD
Site Al Bl A2 B2 A3
CW 20 20 30 30 60 20 60 32 16
DW?2 90 70 80 50 100 50 100 78 19
30 128 30 128 57 40
DW4 s 40 36
40 64 40 100 71 22
DWS joo 70 80
20 52 20 52 35 12
DW6 40 30 32
50 80 84 10 80 30 90 73 24
DW7
12 30 52
Min 40 30 s
Max 190 100 ] 72 60 "
Mean 87 60 76 37
13 27

SD s3 29 47
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phenol per liter to
protect human health from the i
possible harmful effect
s of exposure t
o)

henol - Toxi :
phenol (Source: Toxicological Profile, 1989). In the present study, some of the d
d e drinking

water samples did contain phenol as shown in Table 3.31
DW6 and DW?7) did not have detectable amount of

Among the seven drinking

water samples. three samples (DWS,
phenol in all the sea &
sons. The “Control” sample was al
so free from phen
ol. The other

four samples had phenol in the r

EPA permissible limit. The people hav

likely that the use of various disinfectants by t
lic compounds in the Mill might b

ange of 0.08 — 0.61 mg/L, which are much above th
e

e used these water sources for a long time. It i
s
he local people and also the use of

e responsible for enhancing the

aromatic pheno

presence of phenol in the four drinking water sources.

tent with season for the four water samples, whose wat
, er

The variation of the phenol con
own in Fig. 3.29. The sample, DW1, had high

was contaminated with phenel,
e seasons, but the other sam

is sh
phenol in all th ples showed some variations.

3.2.8 Chloride (CI")
in Table 3.32. The values

The chloride content of the dri
range from 14.2 to 85.2 mg/L. In the
hin the ISI standar

s obtained at DW3 i

-monsoon S¢
hat the drinking water sources arc not

animal excreta. When CI' is present

nking water samples is given
present investigation, the chloride content of water

4 value of 250 mg/L (Rani et al.,, 2006). The

samples was wit
n first post-monsoon (A1) season and the

maximum value wa
ason (B2). Seasonal variation was not

minimum for DW4 in second pre
content indicates t

ge and human and
imparts an unpalatable taste to W
human beings regularly consuming water with

observed. Low CI
domestic sewa
above 250 mg/L, it
been observed on
on of chloride (Verma

contaminated by
aters although no

at concentration
adverse effects have
ni and Narula, 1995).

much higher concentrati

inking water sources is shown in

The scasonal variation of the chloride content of the dr

Fig. 3.30.
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ca

Site Sampling season
c Al Bl A2 B2 A3 Min  Max  Mean  SD
wal 12121], BDL BDL BDL BDL BDL BDL  BDL
j 0.60 057 060 053 053 061 0 oo
DW2 037 030 024 015 008 008 037 0'58 -
DW3 038 032 026 030 030 026 0:33 oi 12
DW4 038 031 026 020 017 0.17 038 - o
DWS5 ppL BDL BDL BDL BDL BDL BDL B.DL .
DW6 ppL BDL BDL EDL BDL BDL BDL  BDL .
DW7 apL BDL BDL BDL BDL BDL BDL BDL ool
Min 037 030 024 020 008 oPr
Max 06l 060 057 060 033
Mean 044 038 033 030 0.27
Table 3.32 Cl (mg/L) of the drinking water from the study area
: Sampling season _
Wy B o e
CW 59 52 142 39 42 35 142 102 54
DWI 302 265 284 178 246 178 302 255 438
DW2 429 426 249 215 215 215 43 307 1L
DW3 g64 852 40 513 355 213 864 338 301
DW4 562 368 366 42 207 142 568 369 197
DW5 134 426 372 49 297 249 434 356 8.1
DW6 0.1 639 426 ;58 358 358 691 494 159
DW7 g02 781 412 ;13 239 213 802 489 286
Min 302 265 248 142 207
Max 02 852 426 358 358
56.5 36.0 22.4 27.4

Mean
SD 25.0 26.6 99 92

58.3
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