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1. IftRODUCTIOB 

Indian tanning industry is one of the oldest and f aatest 
growing industries. There are aore than 2son tanneries located 
in different centres with a total processing capacity of 600,000 
tons of hides and skins per year. The total wastewater discharge 
froa these tanneries is about so,ooo cubic aetre per day. More 
than 90t tanneries are in saall and aediua scale sector with 
processing capacities of less than 3 tons of hides/skins per day. 
They follow traditional practices, aostly unorganized and 
unplanned on environaental pollution control aspects. 

Tannery waste aanaqeaent has beco.. a matter of increasing 
concern in India. Setting up of an effluent treataent plant is a 
difficult tas~ in view of the coaplex nature of the tannery 
effluents. Main constraints are unpredictable seasonal and daily 
variations in quality and voluae of tannery effluent discharge, 
selection of appropriate technology, finance for high capital 
investaent, high operational and maintenance cost, frequent power 
failures and breakdowns, inadequate trained aanpower for 
operation and aaintenance, sludge disposal probleas, difficulty 
in aeetinq pollution control standards and absence of an 
acceptable formula in sharing the operation and aaintenance costs 
of Common Effluent Treatment (CET) plants. 

Larg• and aediua scale isolated tanneries with sufficient 
land area and financial capacities have set up independent 
effluent treataent plants. Tanneries located in clusters and not 
having enough land and financial capacity to put up individual 
effluent treataent units need to set up COllllOn Effluent Treat .. nt 
(CBT) plants. It ha• been organized to set up 30 CET plants 
covering 1500 tanneries and they are under various stages of 
iaple .. ntation. UHIDO aponaored CET plant is being set up for a 
tannery cluster in ~allavaraa near Madras city. 
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2. LOCATIOH or TAIDIBRIBB ABO CllARACTBRI8TIC8 or BPPLUBll'f 

The tanneries in India process sheep and goat 
and buffalo hides. They practice both vegetable 
barks, nuts and vegetable tan extract and chroae 
Basic ChroaiUll Sulphate (BCS) and other cheaicals. 
easily draw large quantity of water required for 

skins, and cow 
tanning using 
tanning using 
In order to 
the tanning 

processes, most of the tanneries are locat~d near the river banks 
(i.e Ganges river systea in North India and Palar river systea in 
South India) as shown in Fig 1. 

Voluae and characteristics of wastewater discharge vary 
froa process to process, tannery to tannery and tiaa to tiae. 
The operations in a tannery are done in batches ~nd discharge 
of wastewater is also intermittent. 

The characteristics of sectional and composite tannery 
wastewater are given in Table 1. The spent soak liquor is olive 
green in colour and contains soluble proteins like albuain and 
bas an obnoxious smell. Suspended aatters like dirt, dung -and 
blood adhering to the hides and skins are discharged 
with the soak liquor. Since large quantity of salt (i.e. 100\ 
on bide/skin weight) in the form of sodiua chloride is used as a 
preservative, the salinity of soak liquor is very high and the 
chloride content varies fro• 15,000 to 30,000 ag/l (as Cl-). 

Wastewater fro• other beamhousa operation• naaely liaing, 
daliaing, bating ate., is alkaline and contains decomposable 
organic matter, hair, lime, suspendad/di•solvad impurities, 
sulphide and high BOD in the range of 2000-sooo aq/l. Thi• i• 

aainly due to the poor quality of calciua hydroxide and other 
cbaaicals used in excess quantity without proper control in th• 
baaa house op•rations. 

I 

• 
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Table 1: Characteristics of tannery wastewater 

Parameter Soaking Liming De:&.iming .Pickling Chrome · Dyeing Composite 
Tanning Patliquorl (including 

Wet finish washing•) 
---------------------------------------------------------------------------------------------------Vol of effluent 6-9 3-4 11-2 0.5-1 1-2 1-2 30-40 
in a3/ton of 
hides/skins 

pB 7.S-8.0 10.0-12.8 7.0-9.0 2.0-3.0 2.5-4.0 3.5-4.5 7.0-9.0 . 
BOD 1100-2500 5000-10000 1000-3000 400-700 350-800 1000-2000 1000-3000 Q\ . 
COD 3000-6000 10000-25000 250,0-7000 1000-3000 1000-2500 2500-7000 2500-8000 

Total solids 35000-55000 30000-50000 4000-10000 35000-70000 30000-60000 4000-10000 15000-25000 

Dissolved 32000-48000 24000-30000 2500-6000 34000-67000 29000-57500 3400-9000 13000-21000 
aoilds 

suspended 3000-7000 6000-20000 1500-4000 1000-3000 1000-2500 600-1000 2000-4000 
solids I 

Cblor.1.des 15090-30000 4000-8000 1000-2000 20000-30000 15000-25000 500-1000 6000-9500 
as Cl 

Total Chroaiua - - - - 2000-5000 40-100 100-250 
•• Cr 

----------------------------------------------------------------------------------------------------Rote: All Yalues ezcept pB are expressed in ag/l. 

.. ... ' 
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Wastewater froa tan-yard 
veqetable tanning, chrome tanning, 

operations na.aly 
fatliquoring etc. 

pickling, 
is acidic 

and coloured. The wastewater fro• vegetable tanning process 
contains highly polluting organic matter since many tanneries 
use barks and nuts for tanning in pits. The wastewater froa 
chrome tanning contains large amount of chromiua since only 50 to 
70t chromiua applied in the fora of Basic Chroaiua Sulphate (BCS) 
is taken by leather and the balance is discharged as waste. It 
is estiaated that 40,00~ tons of BCS is used in Indian tanneries 
per year and about 15,000 tons of chroaium in terms of BCS is 
discharged as waste in the effluent. This causes difficulties in 

effluent treatment and sludge disposal. Pollutional loads in 
tannery wastewater per ton of hides/skins process are given in 
Table 2. 

Table 21 Average pollution load• in taDDery vaMtevater 
per to~n• of hi4ea/a~in• processed 

------------~-----------------------------------------
Sl. Pollutional 
No. parameter 

Pollutional load 
in kilograms 

------------------------------------------------------
1. Biological Oxygen Demand (BOD) 70 

s days @ 20°c 

2. Chemical Oxygen Demand (COD) 180 

3. Chlorides (as Cl) 270 

4. Dissolved solids 600 

5. suspended solids 100 

6. Sulphides (aa S) 4 

7. Total chromium (as Cr) 6 

------------------------------------------------------
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3. llOLLU'l'IOM conaoL 8TUIDAIU>8 UID BRLUBft JIUIAGBDft 

According to the present Indian environaental pollution 
control regulations, the tanneries are obliged to set up 
effluent treataent systeas either individually or collectively 
and the treated affluent shall aeet the pollution control 
standards (i.e. BOD 30 ag/l, COD 250 ag/l, Total Dissolved 
solids 2100 ag/l, Chlorides as Cl 1000 ag/l, Chroaiua as Cr 2 

mg/l, Suspended Solids 100 ag/l etc for discharge into inland 
surface w~ters) as detailed in Table 3. 

The tanneries in India can be grouped into four major 

categories for effluent treataent manageaent. 

i. Large and aediua scale tanneries with adequate land, finance 
and aanagerial capacity to set up individual effluent 
treataent plants. 

ii. Tanneries located in clusters and do not have 
land to set up individual effluent treataent 
feasible to set up co .. on Effluent Treataent (CET) 

adequate 
units but 

plants. 

iii. Cluster of tanneries in cities like Calcutta, Jalandhar, 
Bombay etc where there is no scope even for CET plants due 
to non-availability of adequate land, public resistance fro• 
the surrounding area, other socioeconoaic aspects etc. 

iv. Scattered 
individual 
CET systea. 

small scale tanneries which neither can set up 
effluent treatment plants nor be included in a 

3.1 ID4ivi4ual Bffluent Treataent ~lant• 

Large and aediua scale isolated tanneries numbering about 
100 have already set up individual effluent treataent plants in 
their respective tanneries. The treatment capacities of these 
plants ranqe from 50 to 1,000 cubic ~etre/day. 

• 

I 
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Table 3 1 Bureau of In4ian stan4ar4 tolerance liaita for tannery 
ef f luenta 

(BIS : 2490 - PART 3 - 1985) 
-----------------------------------------------------------------Iaportant 
characteristics 

Tolerance liaits for industrial effluents 
discharged 

------------------------------------------------Into Inland 
surface waters 

Into public 
severs 

Onland for 
irrigation 

-----------------------------------------------------------------
Colour and odour Absent Absent 

pH 6.0 to 9.0 6.0 to 9.0 6.0 to 9.0 

Suspended solids 100 600 200 

Biochemical 30 350 100 
Oxygen Demand 
(BOD) s days@20°c 

Cheaical Oxygen 250 
Delland (COD) 

Total dissolved 2100 2100 2100 
solids 

Chlorides as Cl 1000 1000 600 

Total chromium 2 2 2 
as Cr 

Hexavalent chromium 0.1 0.1 0.1 
as Cr 

Sulphide as S 2 2 2 

Sodium, percent 60 60 

Boron as B 2 2 2 

Oil and Grease 10 20 10 

---------------------------------------------------------------------
Note : l. All values except pH and Sodium are expressed in IUJ/l 

2. Refer concerned Central/State Pollution Control 
Board for •pecific standards. 
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3.2 co .. on Bffluent Treataent Plant• 

Tanneries in clusters wherever feasible need to put up 
CET plants. It has been organized by various agencies to set up 
nearly 30 CET plants to cover the needs of about 1500 saall and 
aediua scale units. The treataent capacity of CET plants ranges 
froa 1,000 to 36,000 cubic aetre per day. The CET plants in 
Vaniyallbadi tannery cluster in Taailnadu State and Leather 
Coaplex in Punjab state have already been co .. issioned. The CET 
project at Pallavaraa near Madras city sponsored by UHIDO and CET 
plants at Allbur, Ranipet etc in Taailnadu state, Kanpur in Uttar 
Pradesh State and Bangalore in I<arnataka State are under various 
stages of iapleaentation. 

The CET plant co~cept envisage pretreataent of effluent at 
the individual . tanneries. The ainiaUJI requireaents of pre
treataent are screening and grit reaoval. In aany of the clus
ters, inadeq\iate land space is the main constraint even to pro
vide pretreataent facilities in individual tanneries. Generally 
after screening, effluent froa the tanneries is collected 
through a common drain leading to the CET plant. 

Prerequisite to set up a CET plant is establishaent of an 
industrial co-operative society by the concerned tanneries of the 
cluster to be benefited. The co-operativ~ society is responsi
ble both for construction of the CET plant and also for its 
day-to-day operation and maintenance. The capital cost of the 
CET plant is shared by the tanneries based on their average 
production capacities. Financial assistance to the extent of 20 
to 25' from the Central Government and 20 to 25' from the con
cerned State Governaent on capital investment is provided as 
grant to the CET plants. Tanneries contribute 10 to 20' of the 
capital investment and the balance is borrowed as loan fro• bank• 
at an interest rate ranging from 16 to 22' per annum. 

, 
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3.3 soatt•r•4 saall scale Unit• 

There are few important tannery clusters like in Calcutta 
city where there are more than 500 units in number but land 
space is often inadequate even to lay a coaaon drainage and 
central priaary treataent systea. In aany towns public sever 
systea is not available. Even if available, the public sewers 
are not designed to carry the large volume of tannery effluent 
with high pollutional load. Further, the tanneries in few towns 
like in Jalandhar City are scattered and surrounded by 
residential and other coaaercial units and often face public 
objections for the continued exiatence. In case of these 
tanning centers, the only environmentally satisfactory solution 

is to re~ocate the tanneries to a coamon industrial site at a 
satisfactory distance from the city area with combined drainage 
facilities for tannery effluent and CET plant. The new 
location need be planned as an exclusive industrial estate 
for tanning · with grouping of different processes. However, 
relocation of this traditional industry is an enormous and tiae 
consuaing task. An industrial estate with CET plant in 

Jalandbar has been recently established for tanneries and: ~ther 
leather units. A aajor industrial estate is proposed for the 
relocation of tanneries in Calcutta. 

4. 'l'RBA'l'llBHT 'l'BCJDIOLOGIZS ADOP'l'BD IM IllDIA 

Treataent technologies coamonly adopted under Indian 
conditions comprises of four steps naaely: 

i. Segregation of certain sectional waste streaas like 
soak liquor, chrome liquor etc or aixing of suitable 
sectional wastewater fro• different processes; 

ii. Primary treatment in individual tanneries or in a 
centralized place wherever CET plant is established; 
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iii. Secondary biological anaerobic/aerobic treatment; and 

iv. Disposal of solid wastes froa the treataent plant. 

The priaary treataent units are aostly siailar, eitber 
equalisation cua settlir.; tank with sludge drying beds or 
separate equalisation tank and settlinq tank with sludge drying 
beds. Few tarneries in Kanpur have iapleaented chroae recovery 
and reuse systea. A full scale chroae recovery system, sponsored 
by UNIDO is being iapleaented in Pallavaraa tannery cluster near 
Madras city. Secondary biological treatment combinations depend 
upon the location, availability of land and final mode of treated 
effluent disposal. 

The following three secondary biological 
combinations are widely adopted in India. 

i. Anaerobic lagoon followed by aerated lagoon; 

treataent 

ii. Anaerobic lagoon fQllowed by extended aeration; 

iii. Two-stage activated sludge process or extended aeration 
system. 

A typical combination of various treatment processes ~re 

shown in Fig 2. 

Upflow Anaerobic Sludge Blanket (UASB) system for a CET 
plant in Kanpur, Upflow Anaerobic Contact Filter for a CET plant 
in Ambur town, Dissolved Air Floating syctem in a few tanneries 
in Tamilnadu State are also being adopted. 

f 

, 
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s.1 Treataent Plant capacitiea 

The volume of wastewater discharge and characteristica vary 
from process to process and tannery to tannery. Hence, detailed 
inventory and survey of the tanneries including their future plan 
are required before designing every plant. Kost of the effluent 
treatment plants particularly CET plants in India are either 
under utilized or under designed. For instance, the CET plant at 
Vaniyambadi in Tamilnadu State is designed and set up to treat 
3,000 cubic metre/day of effluent froa 80 tanneries. currently 
about 50 tanneries are connected to the CET plant and the other 
30 units would be connected in future. But the effluent 
discharge from the 50 tanneries itself is about 2,500 cubic 
metre/day and would be more than 4,000 cubic aetre/day when all 
the so tanneries are connected to the CET plant. This excess 
discharge of about 1,000 cubic aetre/day of effluent is due to 
increase in production by about 50' during the planning and 
implementation period cf about 6 years. 

Near Jalandhar town in North India a leather complex has 
been set up recently. A CET plant with 4,500 cubic metre/day has 
been designed in three modules. The first aodule with treatment 
capacity of 1,500 cubic metre/day was constructed and 
commissioned by the end of 1992 but only about 200 cubic 
~etrG/day of effluent from 2 to 3 tanneries is discharged to the 
CET plant due to delay in the development and relocation of the 
tanneries to the complex. The CET plant is being operated for 
less than 20' of its capacity for the past one year, causing 
operational problems and financial crises. 

5.2 consultancy Firm• an4 D••iCJD ot Treataent Plants 

Many environmental engineering consultancy f iras are 1 

involved in the design and setting ot tannery effluent plants in 
India. Most of these firms have experience only with the design 

• 
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and execution of drainage and treataent ayatea for 
sewage. As the tannery effluent is coaplex in nature, 
in quality and quantity, knowledge and experience in the 

doaestic 
variable 
tanning 

process, effluent characteristics and treataent technology would 
be necessary. ror instance, one of the CET plants in south India 
was designed and constructed without an equalization aystea. 
Tbia caused shock and over lo3ding of the priaary clarifier, 
accuaulation of sludge ln the anaerobic lagoon, over loading in 
the aerobic biological treataent unit etc. The CET systea baa 
been reviewed and an equalization cua aixing tank is being 
constructed as an additional activity. 

5.3 8eleotlon of elte an4 Appropriate Treataent TecbDol097 

Selection of site and treablent technology need thorough 
study on tecbno-econoaic aspects including topography, capital 
investaent, final aode of treated effluent, operation and 
maintenance cost, land requirement, availability of skilled 
manpower, influence of the treataent cost on the production of 
leather etc. 

Anaerobic lagoon treataent baa been recoaaended in South 
India as first stage biological treataent for the segregated 
effluent discharged fro• isolated tanneries located outside the 
cities and processing aostly vegetable tanning in pita and 
partly chroae tanning. The segregated tannery effluent streaa 
excludes soaking and pickling liquors to ainiaize the 
concentration of chlorides and sulphates. But anaerobic lagoons 
are adopted indiscriainately for treating effluents froa all 
types of chroae tanneries without proper study and segregation of 
aalt containing streaaa. For exaaple, an anaerobic lagoon with 
a huge capacity of 40,000 cubic .. tr• in a land area of 15,000 
sq.aetre was designed and conatructea in one of CET plants for 
treating th• effluent discharged aostly fro• cbro.. tanneries. 
The problems of conversion of sulphate into sulphide in the 
anaerobic lagoon, contribution of COD load and increase in oxygen 
requireaent in the post-aerobic treat .. nt have not been taken 
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into account in th• err plant design. In addition, thia anaerobic 
lagoon ia constructed aa a &inql• coapartaent and will likely to 
cause probleas in operation and aaintenance particularly in 
desludging, eaptying the lagoon etc. 

Highly aopbisticated treataent unit• like diaaolved air 
flotation ayatea bave been ••t up in few unite. Though tbi• 
ayatea ha• got certain aerita like le•• land area requir ... nt, 
i11Proved dissolved oxygen content in tba affluent ate, bigh 
operational and aaintenance coat, frequent replaceaent of the 
aechanical part&, corrosion probl ... , non-availability of 
skilled aanpower ate led to its discontinuance in certain caaea. 

1.4 coat l•tiaate aa4 ~iDaDolD9 

The capital coat of an effluent traataent plant depends upon 
the type of traataent technology, location, final aode of 
diaposal etc. Capital cost for iapleaentinq 1,000 cubic 
aetre/day capacity effluent treataent plant would range froa o.5 
to 1.0 aillion us Dollars aa per April 1993 rates. Traataent 
coat of 1,000 cubic aetre effluent including operation and 
aaintenance coat, financial cos' etc would range froa 250 to 750 
us Dollars. coat eatiaata for tba effluent planta are aade on 
capital investaent of the plant• and annual operation and aainte
nanca for utilization of it• designed capacity without provision 
for escalation, repayaent of loan, depreciation, tiae and e<1st 
involved in initial standardization of the process, actual utili
zation of the plant etc. In view of thi• llO&t of th• project• 
coat eatiaatea have become unrealistic and ended with reviaiona. 
The interest rates tor the loan for aetting up CE'r plant• are in 
the range of 16 to 22t per annua. Th• high intereat rate reault• 
in high treataent coat and conatrainta in repayaent of loan. 
Proper techno-econoaic studies were not carried out in aany of 
the CET plants taking into account of the long tera survival of 
saall scale unit• particularly the units proce•sing raw 
hidea/skin• into aeai finished leather. 

• 
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1.1 SquipaeDt• i .. terial• of COD9truotioD 

Selection of suitable equipaents and aaterials for 
• construction is an iaportant factor. Though aost of th• 

aechanical and electrical it- for th• setting up of effluent 
plants are manufactured in India, few i~ need improved dellign 

and quality in view of th• special requir-.ata in the treatment 
of tannery effluenta. so- of the identified it- are 

i. Special aecbanical rotary screens/sieve arrange1181lta. 

ii. Mechanical sludge devatering systeas. 

iii. Efficient aeration systeaa for biological treatllant. 

Due to unsuitable selection of equipaents like conventional 
bar screens, fixed type aerators etc the desired perfonance 
efticiencies eould not be achieved in soae of the treataent 
plants. 

5.6 OperatioD i KaiDteD&Dc• •robl ... 

The iaportant probleas faced in the operation and 
aaintenance ef fluant traatllant ayat... are 

* Many tanneries use hard water available fro• their own open 
or bore wells, poor quality li.. with higb aaount of 
suspended solids and otbar chaaicals which adversely affect 

the effluent quality particularly in tal"ll8 of TDS, chloride• 
and suspended solids. 

* Major variation• in the production eapacity and af fluant 
discharge which reault• in under utilization or over loading 
of the treat .. nt ayataa. 

* raw tannari•• totally modify th• proca•• 
iapleaentation ot the effluent treat .. nt ayst•• 

after 
(i.e. 
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fro• vegetable tanning to cbro .. tanning, proceaaing froa 
vet blue to finishing instead of rav to f inisbinq and vice 
versa) and resulted in major change in the quality and 
quantity of effluent and aaintenance of effluent treataent 
plant. 

* Use of toxic and excess non-biodegradable cbeaicala, 
preservatives and other inorganic cbeaicals supplied under 
co-ercial naae, often vary the quality of effluent and 
affect the biological treataent systema. 

* Discharge of solid waste like fleshing, vegetable tan barks, 
leather pieces in the wastewater drain leading to effluent 
treataent plant without proper control. 

* Choking and overflowing of the sever are coaaon 
occurrences. These are due to poor pretreataent 
arranqeaents in the individual tanneries and in soae cases, 
the design of drainage systea vaa not properly done 
considering the peak flows and other variations. 

* Mixing of rain water with tannery effluent often cause- over 
loading of treataent ·units in the absence of by-pass . 
arrangeaents. 

• 

• 

• 

Non-segregation of certain apecif ied 
liquor, pickle liquor, chroae liquor etc 
stream which are originally designed for 

atreaas liJte soak 
troa the aain waste 
separate treataent. 

Improper equalisation of the vaatewater f roa various 
sectional operations, cheaical dosing, priaary 
clarification, reaoval of sludge, operation of sludge 
dewatering systea ate cause often over loading of biological 
treatment units. 

Insutf icient nutrient supply, iaproper aaintenance in 
recirculation of active aludqe and control of MLSS in the 



• 
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extended aeration/ac:tivated alud9e proceasaa often affects 
perforaance efficiency. 

• operation and aaintenanca of tbe treataent units with un
akilled aanpower vbo haa no knowledge and experience in 
the tannery effluent aystea • 

• Supply of uninterrupta4 power •upply to the affluent 
tr .. taent pluat. 1• one of th• Nila conatrainta. Tbougb few 
CIT plante are baving alter1.ative power supply arrang-.it 
uaiQCJ di ... l ven•ratora, providi1119 continuous power is often 
faced with probl... wban 9Ain power aupply breaks down for 
a long period of aore than 4 to 6 bours. In addition, th• 
energy aupplied froa diesel generators is costly. 

• Disposal of cbroae containing aludge which accuaulates 
in large quantities in the effluent treataent area i• 
another ·aajor problea in the absence of proper 
utilization/disposal aethoda. It is estiaated that about 
100,000 torua of partially dried aludge would be generated 
per year when all the CET plants started functioning. 

• constraints in the sharing of coat towards the operation 
and maintenance of CET plants by th• tanneries in the 
absence of auitabla and acceptable foraula. 

• soae of the pollution control standards like paraaetera for 
Total Dissolved Solids (2100 119/l), Chlorides (1000 119/l) 
etc are unrealiatic. For instance, th• quality of ground 
water in aoae of the tannery area i• •o deteriorated that if 
the ground water is direct·ly puaped and discharged outside 
the tannery without usift9 for th• process it will not aaat 
th• pollution control standards in taraa of dissolved solids 
and chloride•. 
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Tannery effluent is coaplex in nature. The treataent and 
disposal of tannery wastewater to aeet the pollution control 
standards is a difficult task and require specialized 
technological input from experienced and knowledgeable experts. 
Lack of participation, involvement and awareness aaong the 
tanners on the overall planning, selection treataent technology, 
iapleaentation, operation and maintenance aspects etc. Tne 
setting up of treatment plants for tannery effluents were under
estiaated in aany cases resulting serious problems in operation 
and aaintenance. Considering the design efficiencies, the field 
performance efficiencies of aost.of the treataent plants are low. 

The tanners are mostly conservative in nature and they 
believe what they see and do not disclose what they do. Though 
soae of the cleaner technologies like chroae recovery and reuse, 
solid waste utilization etc are developed and adopted by few 
units, they are yet to become popular. Major progra .. es for 
deaonstration and wide dissemination are considered necessary. 

The tannery effluent treatment plants are either under 
utilized or under designed with aore than 25\ difference between 
the designed capacity and utilizati0n. organized planning, 
proper techno-economic feasibility study, continued training and 
deaonstration are necessary not only for tanners and technical 
staff in the operation and maintenance but also to the pollution 
control agencies Jn association with organizations like Central 
Leather Research Institute (CI.RI), United Nations Industrial 
Development Organization (UNIOO) etc. 

, 

• 
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