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ABSTRACT

Consistently Indian warm force plants delivered in excess of 100 million tons of fly debzis, which
is relied upon to arrive at 175 million tons in close futurel. Removal of this enormous amount of
debris is an incredible issue because of its constrained use in assembling of blocks, concretes,
roof and other common development exercises. This would additionally bring to changes in
land-use example and add to land, water and environmental debasement, if legitimate
administration choices for fly debris taking care of are not embraced. Utilization of fly debris in
agribusiness gives an attainable option in contrast to its protected removal to improve the dirt
condition and upgrade the yield efficiency. Fly ash contains several nutrients including S, B, Ca,
Mg, Fe, Cu, Zn, Mn and P, which are beneficial for plant growth, as well as toxic metals such as
Cr, Pb, Hg, Ni, V, As, and Ba. Its addition increases the availability of Na, K, Ca, Mg, B, SO4
and other nutrients except N.

In this study three industrial effluents (amino acid surfactant and pharmaceutical) are selected for
investigating their effect on natural soils cohesive and locally available) and on commercial soils.
It is concluded that: - The three chosen effluents namely amino acid, surfactant and
pharmaceutical are found to possess unique characteristics. Amino acid effluent is very Sound to
be very 'highly acidic' (pH = 3 to 4) and highly concentrated with respect to organic contents
(COD - 19000 to 20000 mg/L). Hence it has the potential to destroy the physical properties and
the geotechnical characteristics of a soil. Surfactant effluent has the tendency to form a 'scum'
and 'impact imperviousness' to a soil mass. The above effluent is found to be of 'medium
alkaline' in nature (pH = 6 to 12) and contain a 'higher concentration of COD' (10,200 to 14.500
mg/L) then the other two. Pharmaceutical effluent is found to be very 'highly acidic' (pH = 3 to
4) with extremely high concentration of total dissolved solids (TDS) in the range of 18,500-
25,000 mg/L. The above effluent is categorized as 'highly toxic' due to the presence of
antibiotics and its various intermediates (recalcitrant iii nature i.e., not easily degradable) which
have the potential to completely destroy the nutrients and the beneficial microbes present in a
soil mass. It has a tendency to take a very long duration of time for bio-transformation. To attain
a stable state, due to the absence of supporting nutrients required for initiation and completion
of biological reactions. The commercial soil kaolinite (CS) is classified as silt and clays of low
compressibility (liquid limit = 33%) according to IS classification. The chosen natural soils (INS)
are classified as silt and clays of high compressibility (liquid limit lies in the range of 60 -70),
according to IS classification incidentally. The effect of all the industrial effluents on all the two
soils considered are found to be Similar (i.e. show an increasing trend with time) with respect to
liquid limit and plastic limit of the soils, after contamination. However, the effect of the above
index properties on NS is found to be closer to the CS due to (artificial) contamination of all the
effluents. The effect of all the industrial effluents, except, surfactant effluent on all the two soils
are found to be similar (i.e. show an increasing trend with time) with respect to shrinkage limit of
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the soils after contamination. The effect of surfactant effluent on shrinkage limit of CS, NS are
found to be insignificant. Whereas significant effect on shrinkage limit of CS and NS are
observed. However, surfactant effluent induces a 'negative influence' on the soils CS and NS (i.e.,
shrinkage limit values becomes higher to lower) and hence, the soils become 'better to worse’
from the Geo technical perspective. It is suggested that the 'shrinkage limit test' may be used as a
'distinctive test' (among the index properties) to identify the effect of industrial effluents on soils.
The impact of the considerable number of effluents is to expand the UCC estimations of all dirts
up to 30 - 90 days of sullying and from there on to diminish 11 up to 180-200 days which is
credited to the dirt toxin communication. The impact of all effluents on all the dirts considered is
to lessen the UCC esteems by around 20 % (inside the time of tainting) Hence the dirt - poison
association ought to be permitted to finish, before the quality qualities (for example UCC) are
resolved and utilized for any designing judgment.
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1. INTRODUCTION

Quick industrialization has brought about gigantic creation of fluid and strong squanders
comprehensively and in creating nations like India. Unpredictable removal of waste in the past
particularly ashore has caused genuine ecological issues which incorporate ground water
pollution. Corruption of soil supplements, adjustment of soil conduct and so on. Among fluid
and strong squanders, treatment of fluid squanders (effluents) present more prominent issue
when contrasted with strong squanders, in light of the fact that. Pollution is activated at
moderately quicker rate, because of its physical state (for example fluid), which encourages
quicker and more extensive movement of contaminations in the mode (for instance in soil).
Then again strong squanders can present issues to the earth just when a 'leachate' is framed out
of it.

Case accounts are accessible in the writing featuring the disappointment of
establishment/structure because of ground tainting because of incidental artival of synthetic
compounds and due to leachates from modern waste (both strong and fluid). At this point it is
entrenched that the natural and inorganic poisons present in the modern effluents. As a rule
influence the different geotechnical attributes of fine - grained soil, for example, its list
properties, quality and twisting. Populace development and rising expectations for everyday
comforts apply colossal weight on accessible land. Particularly on creating nations, whereby,
many soil stores recently asserted to the unfit for private lodging and other development
ventures, are currently being thought of and utilized. To adapt to such risky soil stores and
unfriendly condition conditions the present regular development innovation needs to take by
need. Another course it is in this way important to comprehend the dirt contamination
associations, the impact of contaminants/modern effluents on the different geotechnical
properties, for sutveying the appropriateness of ground soil for designing reason/start
appropriate measures to make the ground soil tit for development.

2. EXPERIMENTAL SCHEME
The fabricated experimental set - up was used for two modes of study, namely (i) batch -mode
and (ii) continuous - mode, with vatying hydraulic retention times (HRTs). 'HRT' is defined as
the time taken by the first droplet of the effluent to flow from inlet to outlet of soil column. The
batch-mode was operated to study the chemical equilibrium that gets established between
various types of soils and the pollutants of the effluents, whereas continuous-mode of operation
was aimed at analysing and reporting soil-pollutant interactions (with respect to HRT) as
applicable to field conditions (i.e. discharge of effluent on soil is continuous with varying flow
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rate and concentration of pollutants). It (i.e. continuous mode) is intended to explain the
mechanism involved and suggest possible measures for the remediation of contaminated site. In
fact comprehensive review of literature reveals that no attempt has been made so far to conduct
experiments under continuous-mode and hence to understand the effect on soil pollutant
interactions simulating field conditions. Hence both the modes of operation were employed for
the comprehensive experimental investigations reported in this study 48 hours was assumed as
the empty; bed dry period between the two-modes of operation which is minimum period
stipulated in the literature.Soil samples (weighing about 2.7kg) were mixed with effluents the
quantity added corresponds to the respective optimum moisture content (OMC) for each type of
soiland to a height of 650 mm in the respective soil-column was carried out for the outlet
effluent collected from the soil-columns marked as CT and soil analysis was performed for the
soil samples collected from soil-column marked as ST for the respective soils. Soil samples
weighing about 300 gm were collected at intervals of 15 days both in batch-mode and in
continuous-mode of operation. Effluent samples from the drain outlet were collected at an
interval of 24 hrs. during batch-mode and at intervals of 8hr; 12hr and 16hr during continuous
mode of operation. The bases of selection of the various HRT are:
Any process industry is operated in shifts of 8 hours duration. Hence 8 hours HRT can represent
one shift and it also represents a shock-load imparted to soil (sample) at maximum flow rate and
concentration of pollutants.
b)On the other hand, 16 hours HRT represents a situation where in the flow and the
concentration of pollutants is likely to be minimum.
©)12 hours HRT was selected as it is likely to represent a medium to moderate floe and
concentration of pollutants, discharged on to a soil. Hence, the chosen HRT can be expected to
represent a field situation.
An effluent volume of 1.2 litres was used to fill the feed tanks for batch-mode of operation.
Howevert, for continuous-mode of operation, flow rates for the vatious soils and for the various
HRTSs considered were calculated based on the porosity of the soil samples at the end of the
batch- node.
3. RESULTS

Table 4.1 Effect of Artificial Contamination of Pharmaceutical Effluent on the Properties

of Natural Soil-NS with time 141 days

Days | W, | W, | Wy | I, | I, | I |I.| IL [SR| V, | Li| qu
0 626 | 323 | 14 [365 |31 [11]14] 0 [ 2 [1271] 24 ] 1912
15 | 652 | 343 | 141 [ 287 [ 31 [13]15] 06| 2 [1155] 21
30 | 722 | 369 | 146 | 246 [ 36 [1.6|1.6] 09| 2 | 855 [ 19 | 2455
45 | 732 | 485 | 148 [ 379 [ 25|09 [23][ 09| 2 [1373] 25
60 | 784 | 515 | 104 [ 347 |27 1 [23]-00] 2 |139.1 ] 25| 2856
75 | 827 | 527 | 233 | 67.8 | 30 |06 [ 23] 09| 2 | 908 | 20
90 | 823 | 595 | 105 | 885 |23 09| 1.1] 06| 2 [101.4 | 21 | 2356
108 | 864 | 585 | 21.5 | 656 | 28 [0.6]21] 07| 2 | 1008 21
123 | 874 | 586 | 203 | 71329 [06 |25 -1.1 | 2 [ 1019 21
141 | 893 | 59.3 | 204 [ 865 |30 [06]25]-1.1] 2 [ 1023 | 21 | 2405

Table 4.2 Effect of Artificial Contamination of Amino Acid Effluent on the Properties of
Natural Soil-NS with time 141 days
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Days | W_ Wo W I I, | I; | I. | IL |SR| Vg | L qu
0 60.8 | 22.6 | 10.1 329938 22| 1 |017| 2 | 231.3| 33 | 270.2
15 46.2 | 315 3 126.8 | 15 [ 03 | 1.1 023 | 3 | 191.1 | 30
30 50.2 | 30.2 44 | 1356120 |1.7103({029| 2 | 1552 | 27 | 95.7
45 85.1 | 54.2 9.1 55.6 | 31 | 0.7 ]19]-05] 2 | 126.6 | 24
60 922 | 604 | 224 (657332 (07| 2 |-07| 2 | 1484 | 26 | 202.7
75 98.7 | 62.7 23 16696 |36 | 07| 2 |-06| 2 | 1338 25
90 1105 | 748 | 27.6 [ 7922 36 | 1.2 |13 015 2 | 1705 | 28 | 170.4
108 1115 | 754 | 251 [ 1269 36 | 05|22 -1 2 | 1675 28
123 1125 | 725 | 283 [ 1379 40 | 05|22 -08 | 2 | 171.3 | 26
141 113.8 | 733 | 29.1 | 150 | 41 | 0522 |-08 | 2 | 1722 | 26 | 150.55
Table 4.3 Effect of Artificial Contamination of Surfactant on the Properties of Natural
Soil-NS with time 141 days
Days | W_ W, W I I, | I; | I | IL |SR| Vg | Lg qu
0 69.7 37 10.8 | 1744 | 33 | 21| 1 [ 001 ] 2 | 1175 | 23 | 1482
15 46.7 | 333 | 11.8 [96.62| 13 |03 |1.6|-02 | 2 | 180.5 | 29
30 99.7 | 55.1 93 3509|4523 |11]|017| 2 | 156.7 | 27 | 202.5
45 88.2 | 552 | 162 | 1093 |33 (05| 2 |-07 | 2 | 151.9 | 27
60 102.7 | 70.2 | 224 19937 |33 | 05|25 -1.1 | 2 | 150.2 | 27 | 288.45
75 1014 | 71.2 | 285 |81.15| 30 | 0.6 |2.6|-1.3 | 2 | 161.5 | 28
90 91.8 | 669 | 257 22 125133 3 |-1.6| 2 | 1381 | 26 | 309.62
108 96 69 173 | 75731 27 | 0.6 | 3.1 | -1.7 | 2 | 123.1 | 24
123 944 | 699 | 171 | 7263|2506 (29| -15| 2 | 101.9 | 23
141 89.3 | 689 | 163 |7859| 21 |05 (27 |-1.1 | 2 | 1024 | 22 | 290.45
Table 4.4 Effect of Artificial Contamination of Pharmaceutical Effluent on the Properties
of Commercial Soil-CS with time 175 days
Days | W_ Wp W Ip | I, | I | Ic | IL | SR| Vg | Lg qu
0 332 | 209 9.4 82 | 1310812019 7 | 801 | 18 119.2
15 347 | 19.2 8.1 67 |16 21]12]014]| 1 142 | 44
30 352 | 185 10 12 117 113]12]017 | 1 20 6 120.5
45 372 | 183 7.5 83 |19 |19 |11 ] 02 | 2 | 181 |55
60 383 | 203 71 | 113 |18 [ 1.1 | 1.1 | 014 | 2 | 943 | 7.1 121.3
75 395 | 227 65 | 11517 | 1.1]112]019] 2 | 311 |11
90 342 | 20.2 62 | 156 |14 |11 (12011 ] 2 | 361 |99 | 1212
105 36.7 | 173 7.1 33 |20 |48|12]014| 2 42 |11
115 402 | 222 7.2 77 |18 251111021 2 | 17.6 | 54| 1204
130 44.2 22 78 | 1322211111021 ] 2 | 157 |49
145 422 | 23.2 77 | 163119 119112 07 | 1 126 | 4 18.2
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160 413 | 20.2 77 1177121 | 14111 0.6 | 2 | 441 | 12
175 432 | 23.2 7.6 95 1201351103 | 1 | 279 | 11| 11645

Table 4.5 Effect of Artificial Contamination of Amino Acid on the Properties of

Commercial Soil-CS with time

Days | W, | W | Wy | I, | I, | I | I. | IL |SR| V¢ | Lg Qu
0 332 | 209 | 94 | 82 [ 13|08 ]12]019] 7 [ 801 | 18] 1192
15 | 337|229 | 69 | 54 [11]22]12]016] 2 | 567 | 14
30 | 343 [ 222 | 78 [ 11512 12]12]019] 1 | 238 | 7 | 1238
45 | 345 [ 191 | 76 | 57 [16]29|11]017] 2 | 233 |69
60 | 357 | 202 | 67 | 34 [16]72]12]019] 2 [ 253 [74] 1252
75 | 362 | 223 | 52 [218 |14 |07 ]12]008] 2 | 512 | 13
90 | 367 | 202 | 61 | 46 |17 [39[12]015] 2 | 569 | 14 | 12845
105 | 383 [ 252 | 76 | 98 | 13| 1 [12]014] 2 | 226 |67
115 | 392 | 212 | 7 [ 51 |[18]03]11]023] 2| 335 [93] 12745
130 | 397 | 235 ] 69 | 39 [16]03] 1 [032] 2 | 39.1 | 11
145 41 | 232 7 |83 [18]27]12]058] 2| 44 |12] 12745
160 | 423 [ 232 | 69 [101 ]| 19|21 |11]025] 2 | 221 |66
175 43 | 222 ] 69 [103 |21 [22] 1 [o22] 1 | 207 [47] 1235

Table 4.6 Effect of Artificial Contamination of Surfact

)
=]
-
]

n the Properties of

Commertcial Soil-CS with time
Days WL We W Iz I [ I | I | IL | SR | V{ L qu

0 33.2 20.2 9.4 82 | 1310812019 7 80.1 | 18 119.2
15 35.4 19.2 7.2 24 |16 | 56| 12]0.18 | 2 68.1 | 16

30 35.8 18.2 8.1 45 (18 |37 (12]019] 1 26.1 | 7.5 | 12595
45 36.2 21.2 8 79 |15 2 | 1.1(0.16] 2 235 169

60 37.7 18.2 6.4 97 12013212018 2 56 14 128.2
75 38.4 23.2 7.1 54 |19 14|12 03 2 422 | 11

90 39.2 22.2 6.4 93 | 17| 2 |1.1]021| 2 73.7 | 17 130.2
105 39.7 19.2 6.6 76 | 21 | 42111021 2 534 | 13
115 41.2 21.2 6.9 56 | 20 |36|11(022] 2 277 179 | 13445
130 42.7 23.2 59 88 |20 | 1.1]|11]022] 1 4.3 1.5
145 43.2 25.2 5.8 64 |18 1312031 1 23 6.8 134.2
160 44.2 20.2 5.7 8 1512811023 | 2 33.1 | 9.2
175 44.2 20.2 5.6 148 | 12 |14 | 1.1]024 | 2 26.6 | 7.7 | 135.45
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Fig 4.1 Plastic Limit VS Time: Variation of Index Properties with time due to artificial
contamination of Amino Acid, Surfactant, Pharmaceuticals Effluents on Commercial Soil
(CS) 141 days
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Liquid Limit VS Time: Variation of Index Properties with time due to artificial
contamination of Amino Acid, Sutfactant, Pharmaceuticals Effluents on Commercial Soil
(CS) 141 days
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Fig 4.3 Shrinkage Limit VS Time: Variation of Index Properties with time due to
artificial contamination of Amino Acid, Surfactant, Pharmaceuticals Effluents on
Commercial Soil (CS) 141 days
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Fig 4.6 Shrinkage Limit VS Time: Variation of Index Properties with time due to
artificial contamination of Amino Acid, Surfactant, Pharmaceuticals Effluents on Natural
Soil (NS) 175 days

4. CONCLUSION
The three chosen effluents namely amino acid, surfactant and pharmaceutical are found to
possess unique characteristics. Amino acid effluent is very Sound to be very 'highly acidic' (pH =
3 to 4) and highly concentrated with respect to organic contents (COD - 19000 to 20000 mg/L).
Hence it has the potential to destroy the physical properties and the geotechnical characteristics
of a soil.Surfactant effluent have the tendency to form a 'scum' and 'impact imperviousness' to a
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soil mass. The above effluent is found to be of 'medium alkaline' in nature (pH = 6 to 12) and
contain a ‘'higher concentration of COD' (10,200 to 14.500 mg/L) then the other
two.Pharmaceutical effluent is found to be very 'highly acidic' (pH = 3 to 4) with extremely high
concentration of total dissolved solids (TDS) in the range of 18,500-25,000 mg/L. The above
effluent is categorized as 'highly toxic' due to the presence of antibiotics and its vatrious
intermediates (recalcitrant iii nature i.e., not easily degradable) which have the potential to

completely destroy the nutrients and the beneficial microbes present in a soil mass. It has a

tendency to take a very long duration of time for bio-transformation. To attain a stable state, due

to the absence of supporting nutrients required for initiation and completion of biological
reactions. The commercial soil kaolinite (CS) is classified as silt and clays of low compressibility

(liquid limit = 33%) according to IS classification.
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