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Abstract: — Contamination of the soil by various industrial effluents is a major environmental challenge faced by 
developing countries like India where most developmental activities take place in the congested urban areas. It is a 
problem because sustainability of the environment depends largely on the sustainable ecosystem in which soil is a 
contributing agent. Pollution poses a serious hazard to all the users of an ecosystem. In conjunction with this, 
engineering use of soil in building and road construction is a function of its properties which could also be affected by 
the contamination. This study is aimed at the effect of effluents on geotechnical properties of the soil it contaminates 
and hence their effect on supporting existing structures.  The soil is mixed with treated and untreated tannery effluents 
and tested for Index properties and Engineering properties and compared with that of the natural soil. Tests conducted 
were permeability, shear strength and field density. The results presented in this investigation raise the hope of value 
addition to the wastes if mixed with soil as the shear strength of the soil increased when treated with raw untreated 
tannery effluent. But the shear strength was found to decrease when treated with treated tannery effluent. 
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1 Introduction and brief literature review: 

 Mainly The rapid growth in population and 
industrialization causes generation of large quantities 
of effluents. The bulk effluents generated from 
industrial activities are discharged (either treated or 
untreated) over the soil leading to changes in soil 
properties. If there is an improvement in engineering 
behaviour of soil, there is a value addition to the 
industrial wastes serving the benefits of safe disposal 
of effluent and using it as a stabilizer. If there is 
degradation of engineering behaviour of soil then the 
solution for decontamination is to be obtained. Hence 

an attempt is made in this investigation to study the 
effect of Tannery effluent on the soil. The industrial 
effluents let into the soil affects the stability of the 
existing structures and also affect the bearing capacity 
of the soil, thus rendering problems to constructional 
activities. This study proposes the need to assess the 
effect of industrial effluents on foundation soils in 
geotechnical aspect. 

Oluremi et al., (2012] dealt with Geotechnical 
properties of Lateritic soil contaminated by cassava 
waste water. They compared the moisture content, 
Atterberg limits and the CBR values of 
uncontaminated soil and three layers of contaminated 



Impact of Industrial Effluents on Soil 

2 

soil samples. They have shown that contamination has 
early effect on the Atterberg limits but soil regains its 
strength after bio-degradation and volatilization. Also 
contamination reduces the maximum dry density and 
increases the optimum moisture content of the soil 
affecting the plasticity and thereby rendering the soil 
unfit as base and sub-base material while the 
uncontaminated soil can be used as base, sub-base 
and sub grade material.  

MallikarjunaRao et al., (2008) studied the influence of 
spent orange dye effluent from a Textile industry on a 
clayey soil. The soil was mixed with spent orange dye 
effluent and tested for Index properties and 
Engineering properties after varying curing periods. 
The dye effluent and its constituents were found to 
induce cementation/bonding and flocculation to the 
soil resulting in improved engineering properties.  

NarasimhaRao and Chittaranjan (2012) investigated 
the effect of Textile, Tannery and Battery effluents on 
Compaction characteristics of expansive clayey soil 
and showed that when soil is treated with Textile and 
Battery effluents separately an increase in Optimum 
moisture content and decrease in maximum dry 
density is observed. But when it is treated with 
Tannery effluent opposite trend is observed. Hence 
the Strength Characteristics such as California Bearing 
Ratio, Unconfined Compressive Strength, Triaxial 
shear Strength Parameters which are obtained at 
Optimum Pore fluid Content and Maximum Dry Unit 
Weight are strongly influenced by these three 
industrial effluents.  

In this study, the effect of effluents on geotechnical 
properties of the soil it contaminates is dealt with. The 
soil is mixed with untreated and secondary treated 
tannery effluents and tested for Index properties and 
Engineering properties.  

 

2 Materials and Methods:  
2.1   Methodology  

Tests were carried out for virgin soil sample; treated 
and untreated effluent cured soil sample. Table 1 lists 
the characteristics of tannery effluent both raw and 
treated. 

The effluent was collected from highly polluting 
tannery from a Common Effluent Treatment Plant. 

Soil properties like specific gravity (IS 2720 part 3) field 
density (IS 2720 part2 9), Grain Size Distribution (IS 

2720 part 4) and shear strength (IS 2720 part 13) were 
determined for virgin soil. 

Soil was mixed with untreated and secondary treated 
effluents separately and tests were conducted after a 
curing period of 24 hours. 

Finally, the results of virgin soil and effluent treated 
soil are compared. 

Table 1: Characteristics of tannery effluent both raw 
and treated. 

Parameter Untreated 
Effluent 

Biologically 
treated 
effluent 

pH 9.5 7.2 
Total Suspended Solids 1890 117 
BOD 549 45 
COD 918 306 
Chlorides  1773 1206 
Sulphates 2097 1323 
Total Dissolved Solids 12060 7020 
Sulphide 5 1.6 
Total Chromium 2.7 0.9 
Percent Sodium (% Na) 81 63 
 All values are in mgl except pH. 
  % Na is given as number. 

2.2  Tests and Results 

From Dry Sieve graph, the values of Cu and Cc were 
found to be 6 and 1.636 respectively, by which the 
type of soil was inferred as Well Graded Sand (SW) as 
per USCS(Figure 1).  
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 Fig 1. Dry Sieve Graph 

The properties of the virgin soil are tabulated in Table 
2.  
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Table 2. Virgin soil properties 

Properties Values 

Specific Gravity                    2.512 

Angle of friction ,⁰ 48.44 ⁰ 

Cohesive strength ,kN/m2 29            

2.2.1  Direct Shear Test: 

Test was conducted for virgin soil and shear strength 
parameters were estimated. Soil was then mixed 
separately with treated and untreated tannery 
effluents. A quantity of 500 g of each soil sample was 
sun dried and oven dried for 24 hours. While oven 
drying was the laboratory procedure, sun drying was 
done to replicate the field conditions. The DST was 
conducted for each of the above soil samples. The test 
results are tabulated in Table 3.  

Table 3.  Direct Shear Test Values 

Nature of drying 
Untreated 
effluent & soil 

Treated effluent 
& soil 

Sun dried 52.87⁰ 38.97⁰ 

Oven dried 58.14⁰ 46.59⁰ 

Soil treated with untreated tannery effluent showed 
an increase in shear strength but that treated with 
secondary treated tannery effluent showed a decrease 
in the shear strength parameters. 

2.2.2 Safe Bearing Capacity(SBC): 

Safe bearing capacity of soil was calculated for a 
shallow foundation of depth 1.5 m and breadth 1 m. 
SBC for virgin soil was calculated using Terzaghi’s 
equation as 5786.9 kN/m2. SBC of soils samples 
treated with effluents are tabulated below in Table 4. 

Table 4. Safe Bearing Capacity Values 

 
Untreated effluent 
& soil 
(kN/m2) 

Treated effluent 
& soil 
(kN/m2) 

Sun dried 6066.983 1054.56 

Oven dried 6066.983 1962.19 

 

SBC increases when the soil is treated with untreated 
tannery effluent and decreases when treated with 

secondary treated tannery effluent. Bar chart showing 
the SBC values of soil treated with effluents is given 
below in Figure 2. 

 
Figure 2: Bar chart showing SBC values (kN/m2) 

3 Conclusions:  

Tannery effluent has been found to influence the 
properties of soil to certain extent. The Direct Shear 
Test values show an increase of 21.5% in the angle 
of internal friction of soil treated with raw tannery 
effluent and sun dried and an increase of 20 % with 
oven dried soil sample. At the same time, the soil 
treated with secondary treated tannery effluent and 
oven dried showed a decrease of 19.6% in the angle 
of internal friction and that of oven dried sample 
showed a decrease of 3.8 %. Hence it is affecting the 
SBC of the soil. SBC was found to increase as much 
as 4.8% when treated with raw tannery effluent. 
And SBC decreased to 81.8% when treated with 
secondary treated tannery effluent. As the results 
shows increase in ɸ, c and SBC, this geo-
environmental paper paves way for further study 
viz., which pollutant influences ɸ,c and SBC, similar 
study for different industrial effluents etc. 
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