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ABSTRACT

The waste water generated by the tanning industry are the potential sources
of pollution in Tiruchirappalli district. The tannery efϑluent can cause serious
impact to water and soil. This study evaluates the physico-chemical charac-
teristics of tannery efϑluent and soil. The chemical and physical parameters
and water quality index of tannery wastewater were observed to be toxic as
it contains large values of organic and inorganic chemical elements. The tan-
nery efϑluent contains large values of TDS, EC, anions and cations. The major
pollutants in tannery efϑluents are high chlorides, sulphide and total dissolved
solids (TDS). The organic impurities in tannery wastewater are the cause for
its bad odour. Tannery wastewater polluted soil was analysed and found to
have high values of PH, ESP(Exchangeable sodium percentage), EC, sodium,
chloride, sodium adsorption ratio, micronutrients and macronutrients and
low values of organic matter, moisture content, phosphorus, potassium, ni-
trogen, than the garden soil Unpolluted soil.
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INTRODUCTION

The rapid progress made in industrialization with-
out adequate environmental protection measures
led to an increase in the toxic value of water, which,
in turn, results in a lack of quality water. Industrial
wastewater is one of the problems presently fac-
ing India, and several efforts are being seriously fol-
lowed to control it at various industries in our coun-
try. Wastewater produced by the industries are the
major sources of pollution.

Industrial efϑluents contribute to the amount of pol-

lution to water and soil deterioration, and their pre-
vention is the topic of exchange and guideline in nu-
merous different nations. Tannery wastewater are
one of themost hard-to-treat wastewaters by virtue
of their extensive amount of biodegradable and fre-
quently poisonous substances such as dyes, surfac-
tants, heavy metals, detergents, and other additives.
Tanneries are classiϑied under the category ”Red-
most polluting industries”. The efϑluent of tanning
industries having an immensemeasure of water uti-
lization and exceptionally high contamination loads
might be portrayed by a few key parameters, includ-
ing harmful poisons displaying poisonous quality.

The traditional leather tanning procedure is pro-
foundly contaminating as it produces tremendous
measures of natural and dangerous toxins. These
pollutants, which are, for the most part, contained
in the wastewater all through by tanneries, are gen-
uine harm to the earth. The tannery wastewater
isn’t dealt with appropriately, can make major is-
sue soil and water bodies. The high measure of salt
contained in the emanating, for instance, can expand
soil saltiness, lessen ripeness and harm cultivating
in enormous regions. Tanneries likewise produce
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destructive gases, residue and an enormous mea-
sure of solid waste. In conventional vegetable tan-
ning, barks and nuts are used throughout the whole
tanning process instead of chromium. It was esti-
mated that vegetable tanning is 40 percent, while 60
percent are chromium-based tanning.

Tamil Nadu is a major contributor to this sector, and
60%of the tanneries are in this state, which are con-
centrated as large clusters in North Arcot District,
Pallavaram, Erode, Tiruchirapalli and Dindigul. The
efϑluent has high polluting potential owing to the in-
herent nature of tanning processes inwhich, various
chemicals were used. The Tamilnadu Pollution Con-
trol Board has stipulated stringent standards for the
tannery efϑluent discharged outside. The present
investigation essentially deals to study the physical
and chemical parameters of tannery polluted soil
and wastewater. The growing demand for a clean
environment, especially in the context of increasing
population, necessitates early measures for the con-
trol of pollution from tanneries. Several researchers
have studied the pollution caused by the tanning in-
dustry. This research work is an attempt to eval-
uate the characteristics of treated tannery efϑluent
and soil. The present investigation was carried at
Tiruchirappalli district, Tamilnadu.

MATERIALS ANDMETHODS

The details of the collection of tannery efϑluent and
analytical techniques followed for thewater and soil
samples collected in a tannery at Tiruchirappalli dis-
trict during the year 2017 between the months of
January and June, for investigation are explained.

Collection of tannery efৎluent
The Tanning Industry which is situated at Sembattu
8 km south of Tiruchirappalli Junction, was selected
for collecting efϑluent samples. The tannery pro-
duces semi-ϑinished tanned leathers. The ground-
water is themain source for various leather process-
ing operations. Thewater sample for the present ex-
amination was gathered from this tannery in plastic
containers (20L). After gathering, the efϑluent water
was promptly shipped to the laboratory for exami-
nation.

Preservation of water sample
Polystyrene bottles for test safeguarding were com-
pletely cleaned by ϑlushing with 8M, HNO3 pursued
by continued washing with distilled water. The bot-
tles were washed thrice with sample water before
the preservation. During the time of the investiga-
tion, the water sample were preserved according to
the preservation technique (Apha, 1990) (Table 1).

Physico-chemical characteristics of the efৎluent

The physical and chemical characters such as total
solids, electrical conductivity, total dissolved solids,
PH , total suspended solids, sodium, alkalinity, total
hardness, potassium, calcium, sulphide,phosphate,
magnesium, Chloride, dissolved oxygen, bicarbon-
ate, phosphate, dissolved carbon-di-oxide, COD,
BOD, and total chromium were analysed according
to (Apha, 1990) standard protocols (Table 2). The
tannery wastewater as ϑiltered through Whatman
No.1 ϑilter paper in all cases before analysis. Un-
polluted groundwater was collected from the bore
well in Jamal Mohamed College campus for control,
whose parameters were also analysed.

Collection and analysis of Soil sample
The soil samples were collected from the same tan-
nery. Visual perception of the ϑield was made for
sampling. A V-shaped cut was made with a spade to
expel 1 to 2 cm cut of soil. The surface soil samples
were gathered from 0-15 cm profundity by spade
and put in a clean bucket. The collected soil sam-
ples were transported to the laboratory for analy-
sis. Unpolluted soil sample obtained from the gar-
den in Jamal Mohamed College campus was taken
as control, whose physico-chemical characteristics
were also analysed according to the analyticalmeth-
ods (Jackson, 1973; Lindsay andNorvell, 1978; Jack-
son et al., 1986; Natusch and Hopke, 1983; Piper,
1944; Mcgeorge, 1954; Trivedy and Goel, 1984) (Ta-
ble 3).

Statistical analysis
The results obtained in various treatments were
tested through the method of analysis of Variance
(ANOVA) Steel and Torrie (1960). The ANOVA was
conducted both within and between blocks to as-
certain the effect of the control and the different
concentrations of efϑluent on the degree of inhibi-
tion. The experimental data was statistically anal-
ysed by adopting the standard procedure Panse and
Sukhatme (1967). Wherever the resultswere signif-
icant, the critical difference (CD) was worked out at
5% probability level and reported.

RESULTS AND DISCUSSION

Physico-chemical characteristics of tannery ef-
ৎluent and groundwater
The chemical and physical characteristics of
wastewater and control are exhibited in Table 4.
The pH of the treated tannery efϑluent was 7.7 while
that of the groundwater was 7.1. The EC of the sam-
ple was high (16.9 mS/cm), indicating the presence
of a high concentration of ionic substances in the
tannery efϑluent, while the electrical conductivity
of the groundwater was 1.35 (mS/cm). The TDS in
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Table 1: Water sample preservation techniques
S. No Parameters Sample Vol-

ume (ml)
Container used Preservation method

1. PH 100 Polystyrene Measure within
2. Dissolved oxygen 100 Polystyrene 4hrs
3. COD 500 Polystyrene Add H2SO4 to adjust the pH

upto 2 and refrigerate
4. Phosphate 500 Polystyrene Add 20mg of HgCL2 and re-

frigerate
5. Trace inorganic 500 Polystyrene Add 2.5ml Con. HNO3 and re-

frigerate

Table 2: Components of the experimental programme and analytical techniques
S. No Parameters Frequency Analytical method

1. PH Daily pH meter
2. Alkalinity Daily Titrimetric
3. Potassium Daily Flame Photometer
4. Total suspended solids Daily Gravimetric
5. Total dissolved solids Daily Gravimetric
6. Total hardness Daily Titrimetric
7. Electrical conductivity Daily Conductivity bridge
8. Sulphide Daily Flame Photometer
9. Calcium Daily Flame Photometer
10. Total solids Daily Gravimetric
11. Sodium Daily Flame Photometer
12. Bicarbonate Daily Titrimetric
13. Phosphate Daily Spectrophotometric
14. Chloride Daily Titrimetric
15. Magnesium Daily Flame Photometer
16. Dissolved oxygen Daily Titrimetric
17. Dissolved Carbon dioxide Daily Titrimetric
18. Chemical Oxygen Demand Fortnightly COD mantle
19. Biological Oxygen Demand Fortnightly BOD chamber (20 C)
20. Total chromium Daily Colorimetric

the tannery wastewater were very high (11,100 mg
1-1) when compared to the control.

The contents of potassium, sulphide, sodium, mag-
nesium and chloride in the sample values were
higher than when compared to the unpolluted wa-
ter. The COD of the tannery wastewater was
higher (390mg1-1) those in the bore well water
(control)(23.1mg1-1). The dissolved oxygen in the
tannery wastewater was lower than when com-
pared to the bore well water (control) (2.5). The
chromium content was present in the tannery efϑlu-
ent (0.009). (Figures 1, 2, 3, 4 and 5).

The results indicate that solitary four parameters
(PH, electrical conductivity, Magnesium, calcium)

were inside the BIS standards out of the 20 param-
eters. The total solids, alkalinity, total suspended
solids, bicarbonate, phosphate, total hardness, dis-
solved carbon-di-oxide and biological oxygen de-
mand were also higher.

Physical andchemical characteristics of polluted
and un-polluted soil

The polluted soil (tannery soil) showed high val-
ues of pH, EC and hardness when compared to un-
polluted soil (garden soil). The polluted soil showed
low values of nitrogen, phosphate and high values
of sodium, chloride, manganese andminor elements
when compared to unpolluted soil due to the addi-
tion of various chemicals during the processing of
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Table 3: Details of the analytical method for soil samples
S. No Parameters References

1. PH (Jackson et al., 1986)
2. EC (Jackson, 1973)
3. Moisture content (Jackson, 1973)
4. Organic matter (Trivedy and Goel, 1984)
5. Organic carbon (Trivedy and Goel, 1984)
6. Nitrogen (Jackson, 1973)
7. Phosphorus (Piper, 1944)
8. Potassium (Natusch and Hopke, 1983)
9. Sodium (Natusch and Hopke, 1983)
10. Calcium (Jackson, 1973)
11. Chloride (Jackson, 1973)
12. Zinc (Lindsay and Norvell, 1978)
13. Iron (Lindsay and Norvell, 1978)
14. Manganese (Lindsay and Norvell, 1978)
15. Copper (Jackson, 1973)
16. Magnesium (Piper, 1944)
17. Sodium Adsorption Ratio (Mcgeorge, 1954)
18. Exchangeable Sodium (Mcgeorge, 1954)

Table 4: Physical and chemical characteristics of tannery waste water and groundwater
S. No Parameters Tannery efϑluent Ground water BIS*

1. PH 7.7 7.1 7 to 8.5
2. EC (mS/cm) 16.9 1.35 400
3. Total solids (mg 1-1) 11,100 1.1
4. Total dissolved solids ” 10,210 1.2 500
5. Total suspended solids ” 578 0.20
6. Total hardness ” 1807 256.52 300
7. Alkalinity ” 139 122
8. Sodium ” 2095 25.2 20
9. Potassium ” 42 4.48 20
10. Calcium ” 22 4.3 75
11. Magnesium ” 29 6.80 30
12. Sulphide ” 2.8 0.2
13. Bicarbonate ” 4.1 ND
14. Phosphate ” 3.2 0.95
15. Chloride ” 7985 79.12 250
16. Dissolved oxygen ” 2.5 6.18
17. Dissolved carbon-di-oxide

”
41.2 9.65

18. Biologicaloxygen demand ” 56 14.95
19. Chemical oxygen demand ” 390 23.1
20. Total Chromium ” 0.009 ND

All the values are averages of for tnight sampling for six months
*Bureau of Indian standards. ND-Not detectable
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Figure 1: Physical characteristics of water
samples

Figure 2: Chemical characteristics of water
samples

Figure 3: Chemical characteristics of water
samples

Figure 4: Chemical characteristics of water
samples

Figure 5: Chemical characteristics of water
samples

hides. The tannery soil have very high values of
(ESP) and the Sodium Adsorption Ratio (SAR) (Ta-
ble 5). (Figures 6, 7, 8, 9 and 10).

A complete range of pollutants viz., chemical and
physical have been in charge of deterioration of
physical and chemical properties of water because
of urbanization, industrialization and new innova-
tive technologies. Most of the environmental con-
tamination studies are basically worried about wa-
ter and soil contamination. The quantity of unpol-
luted water level is going to an end. There is solid
proof of the dynamic disintegration of water quality
in our nation as well as everywhere throughout the
world (Sivakumar, 1977).

Rapid industrialization growth in our country has
brought about impressive increment in the ϑluid
waste which is ordinarily released into open land
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Table 5: Physico-chemical characteristics of soil samples
S.No Parameters Tannery soil (Polluted) Garden soil (Unpol-

luted)

1. PH 8.6±0.21 7.4± 0.6
2. Electrical conductivity (mS/cm) 17.5±0.19 1.94±0.01
3. Moisture content (%) 4.12±0.15 5.75±0.53
4. Hardness (mg/g) 2080± 0.64 790±0.35
5. Organic matter (%) 0.35± 0.44 7.2±0.11
6. Nitrogen (available) 50.0±0.25 89±0.19
7. Phosphorus (available) 5.5±0.52 12.0±0.49
8. Potassium (available) 105± 1.12 225±0.25
9. Sodium (ppm) 190±1.12 50±0.14
10. Calcium (ppm) 171±1.42 42±0.71
11. Chloride (ppm) 30± 0.91 5.58±0.49
12. Zinc (ppm) 4.65± 0.96 3.10±0.65
13. Iron (ppm) 13.45±0.46 3.40±1.25
14. Manganese (ppm) 11.05± 0.51 7.45±0.26
15. Copper (ppm) 2.90± 0.21 2.20±0.89
16. Magnesium (ppm) 12.10± 0.21 4.10±0.71
17. Sodium adsorption ratio 26.45± 0.45 12.50±0.16
18. Exchangeable sodium percentage 28±0.21 13.8±0.54

All the values are averages (mean± S.D) of 5observations (CFU) – Colony Forming Unit

Figure 6: Physical characteristics of soil
samples

or into close by water bodies, causing gigantic natu-
ral pollution. Tannery wastewater are positioned as
potential pollutants among every single industrial
waste Eye and Liu (1971). The salts of the released
efϑluent discover their way into water system repos-
itories, polluting the water by a waterway reach-
ing out from the industries to the reservoir mouth,
extending for separation of around 5 kilometres.
Tannery wastewater likewise contains tremendous
measures of organic and inorganic mixes, which
are dangerous to aquatic plants or living organ-
isms (Banerjea and Motwani, 1960). Rajagopalan

Figure 7: Chemical characteristics of soil
samples

and Davies (1967) reported that the productivity of
soil diminished when tannery wastewater was con-
nected and the horticulture land wound up not ap-
propriate for farming. Ahamed et al. (1977) stud-
ied the contamination impact of tannery wastewa-
ter and revealed that the salts in tannerywastewater
release through the dirt, along these lines causing
high-value saltiness of the land. In and around 324
hectares of agriculture land in Dindigul district have
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Figure 8: Chemical characteristics of soil
samples

Figure 9: Chemical characteristics of soil
samples

Figure 10: Chemical characteristics of soil
samples

been genuinely harm because of tannery wastewa-
ter and ripe land has now turned out to be not suit-
able for agriculture farming (Baskar, 1992). Jogdan
(1995) reported that the 2161cottage industries
which are process about 5,00,000 tons of skins and
hides annually. About12140 hectares of land was
moderately damaged in Dindigul, Ambur, Vellore,
Vishram, Vaniyambadi, Ranipet, and Timur town-
ship territories and 4000 hectares of farming land
was seriously damaged by the tanneries of NorthAr-
cot District (Sastry, 1980).

Alexander (1961) observed that the plant’s root sys-
temhave caused nitrogen uptake is reduced because
of tannery efϑluents. The results of the present study
on the chemical and physical characteristics of tan-
nery wastewater are discussed hereunder. The tan-
nerywastewater contains high values of EC, TDS, an-
ions and cations. The high values of chloride, sul-
phate and sodium, present in the efϑluent interferes
with and inhibit the uptake of other elements by the
plants.

During the tanning process, the tanneries use a
number of chemicals, viz. Lime, chloride, sodium,
sodium bicarbonate sodium carbonate, sodium
sulphide, ammonium sulphate, sulphuric acid,
chromium sulphate, ammonium chloride, oxalic
acid, fat, liquors and dyes Apparao and Karthikeyan
(1990). The organic impurities in tannery wastew-
ater are the cause for its bad odour. The use of salts
during the processing of leather (soaking, picking
and liming) increases the hardness of the tannery
efϑluent. Composite tannery efϑluent has a high
value of chloride. When it is thoroughly discharged
into a river, it seriously affects the quality of the
water. ChromiumandArsenic renders the water not
suitable for domestic uses and drinking (Trivedi
and Raj, 1992). The authors also pointed out that
the discharge of tannery efϑluents on land would
adversely affect the groundwater quality due to
the presence of excessive amounts of chlorides,
chromium, boron and arsenic.

The major pollutants in tannery wastewater are a
high value of TDS, sulphate and chlorides. Besides,
vegetable tannery wastewater is highly coloured
while chrome tannery efϑluent is highly toxic Ob-
served high pH, EC, hardness, sodium, chloride, an-
ions and cations in the present study coincide with
these ϑindings. The Water Quality Index was ob-
served to be very high. Hence, it is concluded that
the extent of pollution of this wastewater sample
waswell above the BIS (Bureau of Indian Standards)
permissible limit and itwas not at all suitable for any
use by human beings.

The analysis results of the chemical and physical
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characteristics of polluted soil (tannery soil) with
reference to garden soil are discussed below. Tan-
nery soil was analysed and was found to have high
values of EC, sodium, chloride, micronutrients and
macronutrients and low values of organic matter.
Higher concentrations of sodium and chloride in the
soil inhibit the uptake of other ions from the soil
by plants. The chemical and physical characteristics
such as EC and pH of the tannery-polluted soil was
usually high because of the addition of lime, caustic
soda, common salt and other chemicals during the
tanning process. The soil PH is dependent on Ex-
changeable Sodium Percentage (ESP). So higher the
ESP, the more will be the PH. Alkali soils have low
permeability due to which air and water movement
is reduced.

The nitrogen and phosphorus availability decreased
in the tannery efϑluent affected the soil. This re-
duction caused the withering of maize (Raniperu-
mal, 1996). Further, it was observed that in the tan-
nery efϑluent affected soil, chloride, sodium, calcium,
manganese, iron, zinc and magnesium were higher
when compared to those in the garden soil, and it
was due to the addition of various chemicals during
the processing of hides (Baskar, 1992; Apparao and
Karthikeyan, 1990). The electrical conductivity of
the soil also increased considerably, and this is due
to the deposit of salts in the soil with the addition of
tannery efϑluent. Salt affected soil, due to its exces-
sive salt content and high sodicity results in slightly
adversely physical condition of soil, low and unsta-
ble nutrient availability (Baskar, 1992). Raniperu-
mal (1996) reported that, when tannery efϑluent is
used for irrigating crop plants, the salts in the ef-
ϑluent get accumulated in the surface soil, which,
in turn, affects the germination and yield of crops.
Saline soils are characterized by the high osmotic
pressure of soil solution. The presence of a high con-
centration of salts reduces the vegetative growth by
increasing the osmotic pressure of soil solution, thus
producing a physiological drought for the plants.

CONCLUSIONS

Nature is able to copewith certain amounts ofwaste,
via a variety of natural cleaning mechanisms. The
manufacturingof animal products forhumanutiliza-
tion likemeat anddairy products or for other human
needs for leather drives unavoidably to the genera-
tion of wastewater. Under conventional conditions,
the amounts of items prepared in a speciϑic zone
used to be small and by-products were better uti-
lized. Normally, small scale home handling activities
produce generally limited quantities of waste and
wastewater. The high concentrations of TSS, TDS,

BOD, COD, salt and oil and grease in tannery waste
water inϑluences the nature of water and may cause
terrible taste and odour. Materials like lime, hair,
ϑleshing’s made the surface water turbid and settles
in the end on the base. A superiormethodology than
the customary strategies is to totally destroy the pol-
lutants if conceivable, or possibly to change them
to harmless substances. Bioremediation is a choice
that offers the possibility to pulverize or render dif-
ferent innocuous contaminants of tannery wastew-
ater at Tiruchirappalli district utilizing regular nat-
ural action
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