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1.0 INTRODUCTION
1.1 LIVESTOCK POPULATION
According to Food and Agriculture Organization Statistics (FAOSTAT), the world livestock
population is about 195 million buffaloes, 1428 million cattles, 924 million goat and 1093
million sheep. Asia is one of the major contributor continents as it contributes 97% of buffalo
population, 33% of cattle population, 59% of goat population and 43% of sheep population of
the world, and India ranks top among countries in the world in terms of number of cattle,
buffaloes and goat. According to the livestock census 2011, India has 113 million buffaloes,
211 million cattles, 157 millions goat and 74.5 million sheep populations, which is 58%, 15%,
17% and 7% of their world population, respectively. Profile of livestock population (cattle &
buffalo, and sheep & goat) as per all India Census Estimates during 1951 to 2007 are shown in
Figure 1.

Figure 1 Livestock population 1951-2007-All India Census estimates

Source: Livestock Census, Directorate of Economics &Statistics, and Animal Husbandry Statistics Division,
Department of Animal Husbandry, Dairying & Fisheries, Ministry of Agriculture

In India, livestock production during the period from 2001 to 2011, cattle population increased
by 11.2%; buffalo by 18.6%; sheep and goat by 23.9% and 26.8% respectively. Livestock
population of Asia and India in the world livestock population as per 2010 census is given
Figure2.

Figure 2 Livestock population census 2010 – Asia and India

Source: FAO Livestock Census 2011
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Top five countries in goat, sheep and buffalo meat production in the world are shown in
Figures 3, 4 & 5.

Figure 3 International production of Goat meat (Top 5 Countries in 2011)

Figure 4 International production of sheep meat (Top 5 Countries in 2011)

Figure 5 International production of Buffalo meat(Top 5 Countries in 2011)
1.2 MEAT PRODUCTION IN INDIA
India is second largest exporter of meat product. According to FAOSTAT (2010), India is
exporting about 14,49,100 tonnes of meat all over the world, which amounts to US$ 1511
million. The annual production of buffalo meat alone in India is more than 1.5 million
tonnes and accounts for about 30% of total meat production. The contribution in the meat
production by cattle, sheep, goats and poultry is 30%, 5%, 10%, and 11.5% respectively.
Most of the small animals slaughtered (goat & sheep) are sold in the local market. Hence, the
export of sheep and goat meat in terms of quantity is very small. Exports of value added meat
products are also insignificant. Export is primarily restricted to countries in the Middle East,
with large ethnic Indian population who prefer it. According to Agriculture and Processed
2

Food Products Export Development Authority (APEDA), the export of buffalo meat was
11,07,506.24 tonnes (Rs. 17,41,289.27 Lakhs) and sheep/goat meat was 16,046,91 tonnes (Rs.
42,565.86 Lakhs) in 2012-13. Meat exports have been growing at a rate of 25-30% per annum
in terms of quantity, which is largely driven by buffalo, sheep and goat meat.
The increase in per capita income and urbanization are fuelling the demand for meat and meat
products. While the population is expected to double in Asia and Africa by the year 2020, the
demand for meat and meat products is expected to triple. Per-capita meat consumption in
India is relatively low at less than 5 Kg/year as compared to other developing countries such
as Pakistan (13.7 Kg/year), China (38.6 Kg/year) and Brazil (58.6 Kg/year). Based on the
minimum requirement of 20 g animal protein per capita per day sourced from milk (10 g),
meat (4 g), fish (4 g), and eggs (2 g), the estimated demand for meat is 7.7 Million Metric
Tonnes (MMT) as against the present production of 4.6 MMT.
India’s exports are revised to 1.75 million tonnes higher to 1.5 million tonnes making it the
world leader. Expanding demand from importers, primarily in Southeast Asia, the Middle
East and Africa have bolstered an increase in the number of export orientated
slaughterhouses.
In India, domestic market is also growing with increase in number of fast food outlets. But,
the meat sector is still one of the poorly organized sectors. Though the consumption of meat
is on increase, the quality aspects have not been adequately addressed so far.
With enactment of Food Safety and Standards Act 2006, all the food items produced in the
country will have to meet the standard stipulated. Meat is probably one item, which had not
been paid adequate attention in this regard. Municipal slaughterhouses are under the control
of corporation / municipal authorities and no effort has been made to make meat production
as an important economic activity. Lack of awareness, poor private participation and
environmental problems are some of the constraints in providing hygienic meat and meat
products.
The effluents and solid waste generated from slaughterhouse are disposed without proper
treatment. Solid waste is disposed along with Municipal Solid waste in open dumping in most
of the cities and towns. Few slaughterhouses operated by municipal /corporation have
established treatment plants and some have also engaged services of private companies for
operation and maintenance of mechanized slaughter houses.
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1.3 REVIEW OF EFFLUENT STANDARDS FOR SLAUGHTERHOUSES
MINAS were prescribed by CPCB in 1990 and there have been considerable changes in the
effluent treatment technologies and hence there was a need for review and revision of effluent
standards for slaughter houses in the country. For this purpose, CPCB prepared the following
scope of work and engaged the services of CSIR-CLRI for review of effluent standards for
slaughter houses.
1.4 SCOPE OF THE WORK
Task 1: CLRI will collect basic information from industries / concerned organizations through
questionnaire survey and literature survey, and prepare database of the slaughterhouses
operating in the country covering the following:
a. Status of slaughter houses in India including number of slaughter houses, animal
slaughtered / production and other relevant statistical information such as size, year of
establishment, location, water consumption, effluent generation, it’s treatment and disposal,
compliance with standards, waste management aspects, treatment cost (Annual Burden /
Annual Turnover) etc.
b. Classification of slaughter houses based on type of animals slaughtered / processes /
capacity; and
c. Processes, pollution control technologies (Best Practicable Technologies (BPT), Best
Availability Technology (BAT)), environmental guidelines and standards followed in other
countries.
Task 2: Based on review of information from Task 1, CLRI shall identify upto 12 representative
slaughterhouses and carry out in-depth studies in consultation with CPCB. While selecting
the representative slaughterhouses for in-depth studies, different categories based on size,
process etc. will be taken into consideration. The representatives of large, medium and small
industries based on different processes / type of animal and capacity will be included for indepth studies. Also regional spread will be taken into consideration.
CLRI will inform the in-depth study/monitoring programme to CPCB in advance so that
representative of the CPCB, could be present during the in-depth study / monitoring
programme.
Task 3: In-depth studies in upto 12 identified / selected slaughter houses covering the
following:
a. Description of production process with flow diagram
b. Raw materials / animals, products etc.
c. Genesis of pollution and identification of pollutants / parameters in effluents and solid
wastes, their quantities and sources of generation; monitoring and analysis of pollution in
different waste streams and solid waste;
d. Preparation of overall water balance unit operation-wise including water consumption,
wastewater generated (quantity / quality), treatment and disposal;
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e. Analysis of individual process effluent streams, combined effluent and performance
evaluation of effluent treatment facility:
f. Measures taken to reduce water consumption including recycling / reuse etc.;
g. Measures taken for water pollution reduction and effluent treatment facilities including
recycling / reuse;
h. Measures taken for processing / disposal of solid wastes and byproducts;
i. Cost of treatment including annual burden (annualized cost of capital investment on water
pollution control measures + overall cost of water pollution control measures), annual
turnover of slaughter houses studies and
j. Disposal of treated effluents and likely impacts if any.
Task 4: CLRI will identify Best Practicable Technologies (BPT) for water pollution control and
best technologies currently available for different categories of slaughterhouses in India and
abroad.
Task 5: Review / development of effluent standards and guidelines:
a. CLRI will review the existing effluent standards for slaughter houses as notified under the
Environment (Protection) Rule, 1986 and recommend if they are to be amended;
b. CLRI will review the existing effluent standards / guidelines / norms being followed in
other countries;
c. CLRI will suggest revised effluent standards / norms and guidelines in line with the
principles followed by CPCB (Ref: CPCB publication No. PROBES/67/1996-97) for setting of
standards;
d. CLRI will suggest effluent treatment process / technologies and norms / guidelines for
disposal of the effluent; and
e. CLRI will suggest methods for treatment / processing of solid wastes and norms /
guidelines for proper disposal of solids wastes.
f. CLRI will suggest a schedule for monitoring the pollution level in the waste streams
indicating frequency of sampling, pollutants to be analyzed, parameters to be monitored,
sampling point etc. The standards will be reviewed / developed considering treatment
processes / technologies, pollution control cost, recipient environment etc. The standards are
desired in terms of concentration of various parameters and quality of effluent. Rationale of
suggested standards needs to be described elaborately.
Task 6: CLRI will prepare a study report in the form of a “Comprehensive Industry
Document” for slaughterhouse sector including various aspects given in the above tasks as
per approved format of CPCB.
Task 7: CLRI will make presentations up to 4 times at CPCB, Delhi during the study and after
submission of draft report / including presentations before the Peer and Core Expert
Committee of CPCB for finalization of the standards.
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2.0 INVENTORY STUDIES
All municipalities do establish slaughter houses, and appoint municipal engineer, health
inspector or veterinary doctor for operation and maintenance of slaughter houses. All states
are having municipal administration department which oversee the administrative activities
related to slaughter houses. Some of the slaughter houses in India have been upgraded or
modernized under up-gradation scheme of states/ central government. CLRI prepared
questionnaire for each state separately and circulated the questionnaire to all state
governments to collect current the status of slaughter houses in the states. Based on the data
collected through questionnaire survey and other secondary data, the status of
slaughterhouses have been complied and same has been presented in this chapter.
2.1 STATUS OF SLAUGHTER HOUSES IN INDIA
India has more than 1176 slaughterhouses and 75 modern abattoirs as per APEDA. State wise
registered slaughter house in India is given in Annexure I and presented in Figure 6. List of
slaughter houses and meat processing units registered with APEDA is given in Annexure II.
As most of slaughter houses are operated and managed by municipalities, investment for
improvement of infrastructure for slaughter houses is difficult. Slaughter houses in rural areas
are under the control of local bodies like Panchayats. The slaughterhouses maintained by
them get least priority as they have limited resources for this activity and hence no standard
practices are followed. Production of meat from these slaughter houses is consumed by
domestic retail market cannot be recognized as meat from organized sector.

Figure 6 Distribution of slaughter houses in India (Map).
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Schemes to improve slaughterhouses formulated by the Central and State government in the
past have been effective in improving the basic infrastructure like building / lighting / water
supply / drainage arrangement etc. but some of the slaughter houses which required
relocation under the scheme have not been effective mainly since the trader resisted the
centralized process of slaughter house. In the existing system, small and medium traders bring
their own animals for slaughter and they take back the meat and all by-products with them.
While in the modern slaughter houses, it will be difficult for them to get all the by-products
of their animals, distance to be travelled may be longer, will pay increased slaughtering fee,
there will be no control over method of slaughtering like Halal and Jatka etc., are the concerns
of the local meat traders. The number of animal brought by each trader varies from 1-15.
Therefore, centralized slaughtering became difficult and inconvenient for small traders. Many
slaughter houses which have been upgraded are not used properly to its full capacity or not
operational. The Ministry of Food Processing is having a scheme to support large modern
slaughterhouses for supply of meat to domestic and export markets. Therefore, all
stakeholders should be involved at the planning stage itself, so that the above issues are given
due consideration.
To make this sector dynamic, targeting large slaughterhouses will not suffice. Addition of
value at the local level will be more important, as it will limit and reduce transport of animals,
contain environmental pollution to local levels, and help animal owners to earn more income
by providing them direct access to local market. It is important to introduce private
participation. The slaughterhouses at industrial scale have been successful mainly in the
private sector, and very few government slaughter houses.
Municipal slaughter houses have not been self-sustaining, as the service charges collected by
local bodies do not meet even the running expenses and maintenance of units. Small
slaughterhouses have not been managed on commercial lines, except in few cases. Slaughter
houses are being leased, where hygienic meat processing procedure and environmental
related issues are not given adequate importance by lease holders.
Slaughter houses in the country are mostly service oriented units for serving the needs of local
people. Slaughter houses, besides catering to the needs of consumers, serve as source of raw
materials for a wide range of industries such as tanneries, bone mills, glue manufacturing and
livestock animal feed processing units. A large number of slaughter houses are very old and
operate with inadequate basic amenities such as lairage, proper flooring and water supply,
drainage arrangement and collection and disposal of solid waste.
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2.2 CLASSIFICATION OF SLAUGHTER HOUSES
At present there are no official norms for classification of slaughter houses. However,
classification were done depending upon the type of animal slaughtered, type of processes
for slaughtering of animal and capacity of the slaughter house where animals are slaughtered.
2.2.1 Type of slaughter house based on animal slaughtered
Classification of slaughter house can be done based on type of animal slaughtered:
1. Large animal slaughter house i.e. Cattle and buffalo
2. Small animal slaughter house i.e. Goat and sheep.

Figure 7 Classification of slaughter house based on type of animal slaughtered
From the data collected from various states, slaughtering of only small and only large animals
in India are 46% and 50% respectively, whereas 4% of slaughter house slaughters both small
and large animals together.
2.2.2 Type of slaughter house based on processes
Classification of slaughter house based on type of process adopted for slaughtering:
1. Manual slaughtering
2. Semi mechanized
3. Mechanized

Figure 8 Classification of slaughter house based on type of slaughtering process
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Most of municipal slaughter houses operated by municipalities / corporations are normally
manual, few are or semi-mechanized, very few like in New Delhi, Mumbai and Hyderabad
which are fully mechanised. Export oriented private slaughter houses are fully mechanized
for slaughtering of animals and processing of meat.
2.2.3 Type of slaughter house based on capacity of slaughter house
Earlier the slaughter houses were categorized based on tonnes of live weight of animals killed
per day (TLWK/day), but it is very difficult to quantify the live weight of animals killed per
day in municipal/corporation slaughter houses. Also linking number of animals with total
live weight is also difficult as there is considerable variation in live weight of animals killed
per day for both small and large animals in towns and cities. It is better, easy and convenient
to count number of small and large animals being slaughtered in slaughter houses. Many of
slaughter houses operated in cities and towns under control of municipal administration have
reported that the animals killed on festive days are about 2 to 3 times the daily average. Hence,
previous categorization based on live weight basis, needs to be re-categorized based on
number of animals slaughtered as below:
Based on the number of animals slaughtered, the slaughter houses are classified into small,
medium and large. The basis of classification is given below:
 Large: More than 200 large animal i.e. bovines per day, or more than 1000 small
animal i.e. goat and sheep per day (any day in a week).
 Medium: 50 to 200 large animal i.e. bovines per day, or 300 to 1000 small animal i.e.
goat and sheep per day (any day in a week)
 Small: Less than 50 large animal i.e. bovines per day, or less than 300 small animal i.e.
goat and sheep per day (any day in a week)
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3.0 WASTE MANAGEMENT IN SLAUGHTER HOUSES
3.1 TYPICAL PROCESS FLOW DIAGRAM OF SLAUGHTER HOUSE
Typical process flow diagram of slaughtering process in India is given in Figure 9.

Figure 9 Typical process flow diagram of slaughter house process
3.1.1 Animal holding
The animals are unloaded from the trucks and are allowed to stay in the holding area before
slaughtering. The fitness of an animal for slaughter by anti-mortem examination for zoometric
or epidemiological diseases is carried out by veterinary doctors. The rejected animals are
isolated from the healthy animals. The selected animals are given adequate care and attention
during this pre-slaughter session.
3.1.2 Lairage
The selected animals from the animal holding are moved into the lairage where they are held
for 24 hours without food. They are provided only water.
3.1.3 Abattoir / Slaughterhouse
The sheep/goat and buffaloes are slaughtered and processed separately. From lairage, the
animals are moved to abattoir and made unconscious with pneumatic gun or dummy bullets
/ guns. After it becomes unconscious, it is lifted and connected to conveyor arrangements.
During movement of the animals in the conveyor various operations are carried out. First,
slaughter is done as per halal/standard procedure as most of the products are expected to
10

West Asian Muslim countries. After bleeding of blood the head, legs, horns, hide or skins are
removed manually. Later the stomach paunch and liquor are separated and the carcass is split
with the carcass cutter. The carcass is then washed and transported through a conveyor to the
chilling room.
The wastes generated in an abattoir are blood, meat scrap, carcass washings, machine and
floor washings. In some slaughter houses blood is separated from other wash water, collected
and managed individually. The wash water of carcass, machines and floor contains blood,
meat scrap and fat.
3.1.4 Chilling room
In the chilling process, the carcass is hung to a conveyor which passes through a chilling
tunnel, when the carcass comes out of the tunnel its temperature is reduced to less the 70C.
There are no wastes generated in this process.
3.1.5 Processing
The chilled carcass is moved into the process hall where it is deboned and cut into pieces and
packed into cartons according to customers requirement. Bones, meat trimmings and fat are
the solid wastes generated during processing which are sent to the rendering plant. The
washing of tables, knifes, trays and floor contributes to waste water.
3.1.6 Freezing
Products are freezed in plate/tunnel freezer at -40OC so that core temperature reaches -18OC
3.1.7 Cold storage
The packed meat products are stored in cold storage at -20OC until products are dispatched.
3.1.8 Rendering
The waste meat and inedible portions of the animal bodies like cartilage, bones, fat etc. are
put into rendering process, where they are crushed and steam cooked to separate fat and then
decanted. The fat is sold as inedible tallow, which is used for manufacturing soaps. Rendering
process is a major source of effluent and contributes considerable organic load in the plant
effluent.
The (glue) water is generated and separated from fats. The glue water contains about 75
percent of the total protein content of rending input and therefore is a major source of BOD.
It has been estimated that the average BOD of glue water stream is 32,000 mg/L. The grease
is another component of glue water that is usually separated from water in grease traps. This
separated fat can be disposed on land after composting.
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3.2 EFFLUENT GENERATION FROM SLAUGHTER HOUSE
Slaughter houses require fresh and potable water for almost all washing and rinsing
operations. Water consumption details for slaughtering of large and small animal is shown in
the following Table1. All water used in slaughter is generated as wastewater. Sources of
wastewater generation from slaughter house are given Table 2. Quantity of water required is
more in the case of mechanized system as compared to manual slaughtering. The water
consumption also varies depending on the size of the slaughter house i.e. large slaughter
house require less water when compared to small slaughter houses for large animals.
However, the water requirement does not much vary in slaughterhouses for small animals.
Table 1 Water consumption details

Table 2 Sources of effluent generation

Typical characteristics of slaughter house wastewater are given in Table 3. Wastewater
discharged from slaughterhouse contains high BOD, COD and TSS concentrations and treated
fully or partially in effluent treatment plant depending upon the location, capacity and type
of slaughterhouses and the treated effluent is disposed into sewer system.
Table 3 Typical Characteristics of Slaughter house wastewater
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3.3 SOLID WASTE GENERATION FROM SLAUGHTER HOUSE
Carcasses are the main products of slaughter house. Other offals are by-products or wastes.
Generally, the terms by-products and offal are used to denote every part which is not included
in a dressed carcass. By-products can be divided into two groups namely, edible and inedible.
Organs such as kidneys, brain, liver, heart, gullet are examples of edible by-products. Hooves,
horns, hair, bristles, gall bladder, ears, skin etc. are among the inedible by-products. Byproducts can form a part of edible meat or can be converted to produce items for various
commercial usages. The components left unrecovered simply form the solid wastes. Sources
of solid waste generated from slaughter house are given in Table 4. It has been observed that
waste generation is largely influenced by the facility for recovery of by-products. Hence,
quantity of wastes varies from place to place.
Rumen, stomach and intestinal contents essentially form solid waste. Besides this, stomach
and intestine are also disposed of as waste in most of the slaughter houses. Soft meat parts
such as lungs and pancreas are collected in large slaughter houses for sale to poultry feed
processing units, whereas these offals are disposed as waste in medium and small slaughter
houses. Horns and hooves are generally collected for sale.
Table 4 Sources of solid wastes

There are various methods available for treatment and disposal of solid wastes. Composting
is usually adopted as treatment for disposal on land. But method has certain disadvantages,
which are as follows:
a)
b)
c)
d)
e)

Demands vast area for composting.
Extensive manual labour and drudgery in collection of wastes.
Requires longer time
Operation of composting facility during monsoon is difficult.
Fertilizer value is moderate.

The solid wastes generated from the meat processing plants viz. dungs, paunch content,
agriculture wastes, waste fat, waste meat etc. have large potential for biomethanation. Typical
characteristics of solid waste generated from slaughter house are given in Table 5.
Table 5 Typical Characteristics of Solid wastes
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3.4 ENVIRONMENTAL IMPACTS OF WASTE DISPOSAL
The most significant environmental issues associated with slaughterhouse operations are
water consumption, emissions of high organic strength liquids to water and the energy
consumption associated with refrigeration and water heating.
3.4.1 Water
The most significant environmental impact resulting from slaughterhouses is the effluent.
High water consumption and high BOD, COD and TSS concentrations arise during slaughter
and carcass dressing. Solids break down and releasing colloidal and suspended fats and solids
lead to an increase in the BOD and COD. Other key contaminants are nitrogen and
phosphorus from breakdown of proteins, feed residues, and chlorides from hides/skins
salting. The excessive use of water is an environmental issue in itself. Blood has the highest
COD strength of any liquid effluent arising from animal slaughter houses. The potential
contamination of water needs to be considered from the process and from all potential sources
ranging from small leaks to major technical and operational accidents. Municipal sewer will
be choked or over loaded if wastes from slaughterhouses are discharged without basic
treatment.
Waste water may be fully or partially treated in the treatment plant of the slaughterhouse. If
treatment is undertaken at a municipal treatment plant, then some pre-treatment must be
done at the slaughterhouse. The contamination of waste water can be minimized by collecting
by-products and waste as close to the source as possible, and by preventing their mixing with
water. Minimizing water use in slaughter and carcass dressing can also reduce the actual
contaminant load by reduced opportunities for the entrainment of organic matter such as fat
or faeces. If by-products are entrained in water, the opportunities for their re-use are limited.
The opportunities for eliminating or reducing water use need to be explored at each unit
operation.
In any slaughterhouse, an important factor affecting water consumption is the amount of floor
area used. For hygiene reasons, all process floor areas must be washed down at least once a
day. Water consumption is, therefore, dependent on the layout of individual slaughterhouses,
and also depends on the size of the animal, the method of slaughter, carcass dressing, carcass
cooling and the degree of automation. Large quantities of water are consumed in
slaughterhouses for evisceration, cleaning and washing operations.
3.4.2 Air
Most emissions to air from slaughterhouses are from the boilers used to raise hot water and
steam. There is also a chance of release of refrigerant gases from chilling and freezing plants
and CO2 from stunning equipment. These issues are common throughout much of the food
processing industries. Dust is emitted during unloading of animals in the slaughterhouse.
3.4.3 Solid waste
Solids waste generated from slaughterhouses such as cow dung, intestine, solids from effluent
treatment plant may be found unscientifically disposed of which attract flies, dogs and other
vermin, leads to leachates problem, contamination of surface and ground water thus causing
public nuisance and also accompanied by danger of spreading disease.
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3.4.4 Odour
Odours can emit from blood storage and handling, slurry, occupied lairages and inedible offal
storage are reported to be the most problematic. Yard areas, unwashed by-products containers
and treatment plants, including the initial screening of solids, are also reported to be potential
problem sources.
3.5 ENVIRONMENTAL GUIDELINES AND STANDARDS FOLLOWED IN OTHER
COUNTRIES
Discharge standards for slaughter houses adopted in various countries have been collected
and given in Table 6. It was observed that most of the countries have discharge standards for
important parameters like pH, BOD, COD, suspended solids, oil and grease. Few developed
countries like USA and Ireland has standards for total nitrogen and total phosphorous also
and few developing countries China and Ethiopia have discharge limit for total phosphorous.
Most of the countries have BOD discharge limit in the range of 20-80 mg/L except Australia
where it is 300 mg/L. Similarly, the COD limit varies from 60 – 250 mg/L in most of the
countries except Australia where it is three time of BOD discharge limit i.e. 900 mg/L. most
of the countries have discharge limit of Oil and grease in the range of 10-15 mg/L except
Australia (<200 mg/L).
Table 6 Standards adopted for slaughter house effluent in other countries
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3.6 BEST AVAILABLE TECHNOLOGY (BAT)
Best available technology (BAT) approach is used to limit pollutant discharges with regard
to the abatement strategy. This term constitutes a moving target based on technological
advancement and best practices, since developing societal values and advancing techniques
may change what is currently regarded as "reasonably achievable", and "best available". All
the best available technological units i.e., various treatment units adopted for the treatment of
slaughter house wastewater has been described below.
3.6.1 Primary treatments
Waste water from process areas at slaughterhouses is normally screened, to both remove
organic debris such as hairs, some fats, tissue, paunch and gross solids and to avoid blockages
in the Wastewater Treatment Plant (WWTP). Apart from the by-products of actual
slaughtering the wastewater generally contains primary solids produced during transport,
lairage and the washing of stomachs and intestines. These include straw, feces, urine and
intestinal contents.
3.6.1.1. Screening
Screening is the first unit operation used at wastewater treatment plants (WWTPs). Screening
removes objects such as rags, paper, plastics, and metals to prevent damage and clogging of
downstream equipment, piping, and appurtenances. Some modern wastewater treatment
plants use both coarse screens and fine screens.
Coarse Screens: Coarse screens remove large solids, rags, and debris from wastewater, and
typically have openings of 6 mm (0.25 in) or larger. Types of coarse screens include
mechanically and manually cleaned bar screens, including trash racks. Table 7 describes the
various types of coarse screens.
Table 7 Details of coarse screens

Fine Screens: Fine screens are typically used to remove material that may create operation and
maintenance problems in downstream processes, particularly in systems that lack primary
treatment. Typical opening sizes for fine screens are 1.5 to 6 mm (0.06 to 0.25 in). Very fine
screens with openings of 0.2 to 1.5 mm (0.01 to 0.06 in) placed after coarse or fine screens can
reduce suspended solids to levels near those achieved by primary clarification.
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The use of fine screens for grit removal and as a replacement (and a means of upgrading the
performance of) for primary sedimentation tanks is increasing. The three most common types
of screens used for this purpose are the inclined self-cleaning type, the rotary drum type, and
the rotary disk screen. From information on a number of full-scale installations, it appears that
grit removals of 80 to 90 percent, BOD5 removals of 15 to 25 percent, and suspended solids
removals of 15 to 30 percent can be achieved with the inclined and rotary drum screens.
Suspended solids and BOD removals of 40 -50 and 25-35 percent, respectively have been
achieved with the rotary disk screen. Where fine screens are used as alternatives to primary
sedimentation basins, the secondary facilities must be sized appropriately to handle the solids
and BOD5
As discussed above, most large facilities use mechanically cleaned screening systems to
remove larger materials because they reduce labor costs and they improve flow conditions
and screening capture. Typically, only older or smaller treatment facilities use a manually
cleaned screen as the primary or only screening device. A screening compactor is usually
situated close to the mechanically cleaned screen and compacted screenings are conveyed to
a dumpster or disposal area. However, plants utilizing mechanically cleaned screens should
have a standby screen to put in operation when the primary screening device is out of service.
This is standard design practice for most newly designed plants.
The use of fine screens in preliminary treatment has experienced resurgence in the last 20
years. Such screens were a common feature before 1930 but their use diminished because of
difficulty in cleaning oils and grease from the screens. In the early 1980s, fine screens regained
popularity because of improved materials.
Advantages
Manually cleaned screens require little or no equipment maintenance and provide a good
alternative for smaller plants with few screenings. Mechanically cleaned screens tend to have
lower labour costs than manually cleaned screens and offer the advantages of improved flow
conditions and screening capture over manually cleaned screens.
Disadvantages
Manually cleaned screens require frequent raking to avoid clogging and high backwater levels
that cause buildup of a solids mat on the screen. The increased raking frequency increases
labor costs. Removal of this mat during cleaning may also cause flow surges that can reduce
the solids-capture efficiency of downstream units. Mechanically cleaned screens are not
subject to this problem, but they have high equipment maintenance costs.
3.6.1.2 Dissolved Air Floatation (DAF)
Floatation is a unit operation used to separate solid or liquid particles from a liquid phase.
Separation is brought about by introducing fine gas (usually air) bubbles into the liquid phase.
The bubbles attach to the particulate matter, and the buoyant force of the combined particle
and gas bubbles is great enough to cause the particle to rise to the surface. Particles that have
a higher density than the liquid can thus be made to rise. The rising of particles with lower
density than the liquid is enhanced (e.g., oil suspension in water).
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In dissolved air floatation (DAF) systems, air is dissolved in the wastewater under a pressure
of several atmospheres, followed by release of the pressure to the atmospheric level. In small
pressure systems, the entire flow may be pressurized by means of a pump to 275 to 350 kPa
with compressed air added at the pump suction. The entire flow is holding a retention tank
under pressure for several minutes to allow time for the air to dissolve. The pressurized flow
is then admitted through a pressure-reducing valve to the floatation tank where air comes out
of solution in minute bubbles throughout the entire volume of liquid.
In the larger units, a portion of the DAF effluent (15% to 120%) is recycled, pressurized, and
semi-saturated with air. The recycled flow is then mixed with the unpressurized main stream
just before admission to the floatation tank, with the result that the air comes out of solution
in contact with particulate matter at the entrance to the tank. Pressure type units have been
used mainly for treatment of industrial wastes and for concentration of sludge.
Once the particles have been floated to the surface, they can be collected by a skimming
operation. Incoming effluent may require pre-treatment as necessary; for example the
addition of chemical coagulant(s) and/or flocculent(s) may be required with associated
mixing and coagulation/flocculation stages. Adjustment of pH may also be necessary to
ensure optimum operating conditions.
The incoming effluent enters the flotation vessel where it comes into contact with recycled,
treated effluent (sometimes termed ‘white water’). The percentage of the total effluent flow
into which air is dissolved under pressure and subsequently recycled will be determined by
several factors. Increasing the pressure within the vessel where the air is being dissolved
ensures that a higher concentration of air dissolves into the liquid phase than is possible at
atmospheric pressure.
Once this saturated effluent enters the flotation tank, the pressure is released back to
atmospheric pressure. This immediately results in the recycled flow becoming
supersaturated, generating micro bubbles as the dissolved air comes back out of solution.
These bubbles attach to, and form within, the solids or chemical flocculants entering the
vessel, causing them to float to the surface where they are retained and subsequently removed
by a mechanical skimmer. Within the rectangular flotation tank, the skimmer mechanism
consists of a series of paddles or ‘flights’ which run on a plastic corrosion-resistant chain, and
skim just below the surface of the tank removing the ‘float’ into a trough for recovery of the
sludge. To eliminate the risk of sludge build-up on the flotation tank floor, the design may
also incorporate a floor scraper. The DAF system is used in many industrial applications,
including dairy waste, process waters, food processing waste, wastewaters and abattoir.
Advantages
The principal advantage of floatation over sedimentation is that very small or light particles
that settle slowly can be removed more completely and in a shorter time. Other advantages
of dissolved air floatation process are described in the following:
High loading rate typically 10-20 m3/h.
Very thick float (sludge) product: Typically 2-3% total solids float can be achieved using
hydraulic or mechanical skimming devices. Float can be dewatered without intermediate
thickening.
Often, no polymer is required, as a DAF does not require a large, dense floc. Coagulant
dosages may also be reduced in some circumstances.
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Shorter flocculation times, as compared to gravity separation are possible, because a
smaller floc particle size is required.
Rapid start-up, typically <30-60 min to reach steady state, depending on size
Excellent algae removal efficiencies.
Excellent Giardia and Cryptosporidium removal efficiencies (~ 2- 2.5 log), depending on
temperature
Smaller footprint required as compared to conventional flocculation and gravity
sedimentation
Disadvantages
Requires a cover or housing to protect the float layer form wind and precipitation
Mechanically more complex than conventional gravity clarifiers
More power intensive as compared to conventional flocculation and sedimentation(2.5 –
3.0 to 0.75 – 1 kWh/103 m3.d)
Generally not well suited for clarification of high turbidity silt laden waters
Because DAF is more mechanically intensive, may not be suitable for locations where
equipment maintenance is likely to be neglected.
3.6.1.3. Oil & Grease Trap
Oil & Grease trap is one of the treatment units, built as a reservoir, to remove fats, oil and
greasy substances from the wastewater. Baffles in the reservoir retain the wastewater long
enough for the grease to congeal and rise to the surface. The grease can then be removed and
disposed of properly.
Flow from the wastewater tank enters the grease trap. An approved flow control or restricting
device is installed to restrict the flow to the grease trap to the rated capacity of the trap. An air
intake valve allows air into the open space of the grease trap to prevent siphon age and backpressure. The baffles help to retain grease toward the upstream end of the grease trap since
grease floats and will generally not go under the baffle. This helps to prevent grease from
leaving the grease trap and moving further downstream where it can cause blockage
problems. Solids in the wastewater that do not float will be deposited on the bottom of the
grease trap and will need to be removed during routine grease trap cleaning. Oil and grease
floats on the water surface and accumulates behind the baffles. The oil and grease will be
removed during routine grease trap cleaning or continuously through a launder placed inside
the baffle at a level little higher than that of the outflow weir. Air relief is provided to maintain
proper air circulation within the grease trap. Some grease traps have a sample point at the
outlet end of the trap to sample the quality of the grease trap effluent. A cleanout is provided
at the outlet or just downstream of the outlet to provide access into the pipe to remove any
blockages. The water exits the grease trap through the outlet pipe and continues on to the next
treatment unit.
Advantage
Separation of oil and grease from wastewater can improve the performance of
downstream treatment systems.
Disadvantage
Oil and Grease traps need to be emptied or pumped out periodically
3.6.1.4 Primary Settling Tank
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These are large tanks which are designed to allow the wastewater to flow slowly through in
a smooth motion, free from turbulence, enabling the solids to settle to the bottom. Retention
time in the primary tanks is two to three hours. The sludge is collected by two parallel, chaindriven flight scrapers. These move continuously along the sloping floors of the tanks, slowly
ploughing the sludge towards the end of the tank where a cross collector (also chain and
flight) moves the sludge into a deep hopper. From here, it is removed by new centrifugal
pumps to a sludge pump.
Scum, which rises to the surface of the tanks is lifted over a wall and into a trough by rotating
scum collectors and carried into the sludge sump. The sludge and scum from the primary
sedimentation tanks are pumped to the gravity thickeners. After the sludge has been
thickened in the gravity thickeners, it is sent to the gravity belt thickeners, for further
thickening before being sent to the digesters. At this stage, over 70 percent of the suspended
solids have been separated from the liquid waste stream with 40 percent of the BOD removed.
There are basically three types of settlement or sedimentation tanks: Upward flow, Horizontal
flow, and radial flow.
Upward flow tanks can be circular or square. Horizontal flow tanks are rectangular and
compact, but the length of the outlet weir is limited. Radial flow tanks are circular and then
occupy more land. They may have their performance affected by flow changes, but have a
long perimeter outlet weir. Both circular and rectangular tanks, when of medium or large
sizes, will be equipped with sludge and scum collection device. This device is generally made
of an overhead bridge, on which bottom and surface scrapers are fixed.
Rectangular (horizontal flow) tanks: Uniform flow should occur between the inlet and the
outlet. Settled material is removed either by a continuous belt scraper, or by an overhead
bridge scraper, which moves up and down the tank. The bottom of the tank is usually sloped
about 1 in 100 to assist sludge movement into the collecting hopper, which is usually at the
inlet end, where most deposition occurs. Transverse cross collectors are often installed in the
sludge collection trough or hopper, to scrape the sludge to the bled off point.
Advantages
Rectangular tanks are more compact than radial flow tanks, and are less susceptible to flow
disturbances.
Disadvantages
Disadvantage is the limited length of outflow weir available. Complicated weir arrangements
may be needed.
Circular (radial flow) tanks: Circular tanks can have diameters up to 50 m. The effluent enters
in a central distribution well in which this is designed to distribute the flow evenly in all
directions. Material which settles out is scraped down the tank bottom (usually sloped at
about 1:15) into a central sump. Scraping equipment is supported and operated from a central
pier in larger tanks (over 12m diameter), and often simply spans smaller tanks.

Advantages
They do have an advantage in the long length of outflow weir available around the perimeter
and consequently are more efficient.
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Disadvantages
o Smaller circular tankface constructional difficulties
o Longer circular tank are susceptible for flow disturbance.
3.6.1.5. Tube settler
Tube settlers have been developed as an alternative to shallow basins and are used in
conjunction with both existing and specially designed sedimentation basins. They are shallow
settling devices consisting of stacked off-set trays or bundles of small plastic tubes of various
geometries. They are used to enhance the settling characteristics of sedimentation basins. The
tube settlers are inserted in the sedimentation basins of sufficient depth. The flow within the
basin passes upward through the plate or tube modules and exits from the basin above the
modules. The solids that settle out within the tubes move by means of gravity counter
currently downward and out of the tube modules to the basin bottom. To be self-cleaning,
tube settlers are usually set at an angle between 45° and 60° above the horizontal. When the
angle is increased above 60° the efficiency decreases. If the tubes are inclined at angles less
than 45°, sludge will tend to accumulate within the tubes. To control biological growths and
the production of odours, the accumulated solids must be flushed out periodically.
Advantages
Higher slope facilitates gravity drainage of sludge
Suitable for higher capacity installations
Disadvantages
The principal problems are clogging and odours due to biological growths and the buildup
of oil and grease. The need for flushing poses a problem with the use of tube settlers where
the characteristics of the solids to be removed vary from day to day.
3.6.1.6. Electro-coagulation
The Electro Coagulation (EC) process operates on the base of the principle that the cations
produced electrolytically from iron and/or aluminum anodes, which is responsible for the
increasing of the coagulation of contaminants from an aqueous medium. Electrophoretic
motion tends to concentrate negatively charged particles in the region of the anode and
positively charged particles in the region of the cathode. The consumable metal anodes are
used to continuously produce polyvalent metal cations in the region of the anode. These
cations neutralize the negative charge of the particles moved towards the anodes by
production of polyvalent cations from the oxidation of the sacrificial anodes (Fe and Al) and
the electrolysis gases like Hydrogen evolved at the anode and oxygen evolved at the cathode.
Advantages
EC requires simple equipment and is easy to operate with sufficient operational latitude to
handle most problems encountered on running. Wastewater treated by EC gives palatable,
clear, colorless and odorless water. Sludge formed by EC tends to be readily settable and easy
to de-water, because it is composed of mainly metallic oxides/hydroxides. Flocs formed by
EC are similar to chemical floc, except that EC floc tends to be much larger, contains less
bound water, is acid-resistant and more stable, and therefore, can be separated faster by
filtration.EC produces effluent with less TDS content as compared with chemical treatments.
If this water is reused, the low TDS level contributes to a lower water recovery cost. The EC
process has the advantage of removing the smallest colloidal particles, because the applied
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electric field sets them in faster motion, thereby facilitating the coagulation. The EC process
avoids uses of chemicals and so there is no problem of neutralizing excess chemicals and no
possibility of secondary pollution caused by chemical substances added at high concentration
as when chemical coagulation of wastewater is used. The gas bubbles produced during
electrolysis can carry the pollutant to the top of the solution where it can be more easily
concentrated, collected and removed by a motorised skimmer. The electrolytic processes in
the EC cell are controlled electrically and with no moving parts, thus requiring less
maintenance. Due to the excellent EC removal of suspended solids and the simplicity of the
EC operation, tests conducted, it was that the most promising application of EC was found to
be as pretreatment to a multi-membrane system of UF/RO or microfiltration/reverse osmosis
(MF/RO). In this function the EC provides protection of the low-pressure membrane that is
more than that provided by chemical coagulation and more effective. EC is more effective at
removing species that chemical coagulation and other alternatives can remove and it removes
many species that chemical coagulation cannot remove.
Disadvantages
In some EC systems, an impermeable formation of oxides film form on the cathode, so
affecting the efficiency of electrocoagulation cell. High conductivity of the waste water
suspension is required. Gelatinous hydroxide may tend to solubilised in some cases. Due to
oxidation, sacrificial anode dissolved in the waste water, so need to be regularly replaced. The
use of electricity may be expensive in some cases.
3.6.1.7. Clariflocculator
The big advantage of this flocculator is the reduction in detention time and elimination of
mechanical equipment. The problem of occasional clogging of the flocculation can be
overcome at a nominal additional cost by providing arrangements for high velocity upwash
using wash water from filter. The cost of structures and equipment for dosing chemicals is not
considered here as this forms only a small percentage of the cost of the plant. Moreover, it is
possible to fabricate economically simple manually adjustable equipment locally.
3.6.2 Secondary Treatments
3.6.2.1. Upflow Anaerobic Sludge Blanket (UASB)
In the upflow anaerobic sludge blanket process, the waste to be treated is introduced in the
bottom of the reactor. The wastewater flows upward through a sludge blanket composed of
biologically formed granules or particles. Treatment occurs as the wastewater comes in
contact with the granules. The gases produced under anaerobic conditions (principally
methane and carbon di oxide) cause internal movements, which helps in the formation and
maintenance of the biological granules. The free gas and the particles with the attached gas
rise to the top of the reactor. The particles that rise to the surface strike the bottom of the
degassing baffles, which causes the attached gas bubbles to be released. The degassed
granules typically drop back to the surface of the sludge blanket. The free gas and the gas
released from the granules is captured in the gas collection domes located in the top of the
reactor. Liquid containing some residual solids and biological granules passes into a settling
chamber, where the residual solids are separated from the liquid. The separated solids fall
back through the baffle system to the top of the sludge blanket. To keep the sludge blanket in
suspension, upflow velocities in the range of 0.6 – 0.9 m/h have been used.
Advantage
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High reduction in organics.
Can withstand high organic loading rates (up to 10kg BOD/m3/d) and high hydraulic
loading rates.
Low production sludge (and thus, infrequent desludging required).
Biogas can be used for energy (but usually requires scrubbing first).
Disadvantage
Difficult to maintain proper hydraulic conditions (upflow and settling rate must be
balanced).
Longer start up time.
Treatment may be unstable with variable hydraulic and organic loads.
Constant source of electricity is required.
Requires expert design and construction supervision.
3.6.2.2. Trickling Filter (TF)
The trickling filter consists of a bed of a highly permeable medium to which microorganisms
are attached and through which wastewater is percolated or trickled –hence the name. The
filter media usually consist of either rock or a variety of plastic packing materials. In rock filled
trickling filters, the size of the rock typically varies from 25 to 100 mm in diameter. The depth
of the rock varies with each particular design but usually ranges from 0.9 to 2.5 m and average
1.8 m. Rock filter beds are usually circular, and the liquid wastewater is distributed over the
top of the bed by a rotary distributor.
Trickling filters that use plastic media have been built in round, square, and other shapes with
depths varying from 4 to 6 m. Three types of plastic media are commonly used:
1) Vertical flow packing
2) Cross flow packing and
3) A variety of random packings.
Filters are constructed with an underdrain system for collecting the treated wastewater and
any biological solids that have become detached from the media. Thus underdrain system is
important both as a collection unit and as a porous structure through which air can circulate.
The collected liquid is passed to a settling tank where the solids are separated from the treated
wastewater. In practice, a portion of the liquid collected in the underdrain system or the
settled effluent is recycled, usually to dilute the strength of the incoming wastewater and to
maintain the biological slime layer in a moist condition.
The organic material present in the wastewater is degraded by a population of
microorganisms attached to the filter media. Organic material from the liquid is adsorbed onto
the biological slime layer (0.1 to 0.2 mm), the organic material is degraded by aerobic
microorganisms. As the microorganisms grow, the thickness of the slime layer increases, and
the diffused oxygen is consumed before it can penetrate the full depth of the slime layer. Thus,
an anaerobic environment is established near the surface of the media.
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As the slime layer increases in thickness, the adsorbed organic matter is metabolized before it
can reach the microorganisms near the media face. As a result of having no external organic
source available for cell carbon, the microorganisms near the media face enter into an
endogenous phase of growth and lose their ability to cling to the media surface. The liquid
then washes or slime off the media, and a new slime layer starts to grow. This phenomenon
of losing the slime layer is called “sloughing” and is primarily a function of the organic and
hydraulic loading on the filter. The hydraulic loading accounts for shear velocities, and the
organic loading accounts for the rate of metabolism in the slime layer. In trickling filter, the
hydraulic loading rate is adjusted to a slime layer of uniform thickness.
Advantages
Simple, reliable, biological process.
Suitable in areas where large tracts of land are not available for land intensive treatment
systems
May qualify for equivalent secondary discharge standards.
Effective in treating high concentrations of organics.
Appropriate for small- to medium-sized communities.
Rapidly reduces soluble BOD in applied wastewater.
Efficient nitrification units.
Low power requirements.
Moderate level of skill and technical expertise needed to operate the system.
Disadvantages
Additional treatment may be needed to meet more stringent discharge standards.
Possible accumulation of excess biomass that cannot retain an aerobic condition and can
impair TF performance (maximum biomass thickness is controlled by hydraulic dosage rate,
type of media, type of organic matter, temperature and nature of the biological growth).
Incidence of clogging is relatively high.
Control is limited in comparison with activated-sludge processes.
Vector and odor problems.
Snail problems.
3.6.2.3. Rotating Biological Contactor
A rotating biological contactor consists of a series of closely spaced circular disks of
polystyrene or polyvinyl chloride. The disks are partially submerged in wastewater and
rotated slowly through it.
In operation, biological growth attaches to the surfaces of the disks and eventually form a
slime layer over the entire wetted surface area of the disks. The rotation of the disks alternately
contacts the biomass with the organic material in the wastewater and then with the
atmosphere for adsorption of oxygen. The disk rotation affects oxygen transfer and maintains
the biomass in an aerobic condition. The rotation is also the mechanism for removing excess
solids from the disks by shearing forces it creates and maintaining the sloughed solids in
suspension so they can be carried from the unit to a clarifier. Rotating biological contactors
can be used for secondary treatment, and they can also be operated in the seasonal and
continuous-nitrification and de-nitrification modes.
Advantages
Rotating biological contactors are quite reliable because of the large amount of biological mass
present (low operating Food/Microorganism). This large biomass also permits them to
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withstand hydraulic and organic surges more effectively. The effect of staging in this plug
flow system eliminates short circuiting and dampens shock loadings.
Disadvantage
Continuous power requirement
Maintenance requirement
3.6.2.4. Packed bed reactors
Passing wastewater over fixed or packed bed reactors supporting anaerobic micro-organisms
on plastic rings or balls or on sintered glass, can act as a pretreatment technique to reduce the
COD in waste water, prior to aerobic treatment. One particular technique operates in either a
down-flow or up-flow operation, incorporating recirculation. However, the technique is
unable to reduce the COD and nitrogen content sufficiently. It is reported to be capable of
removing 50 – 70 % of COD.
Aerobic packed bed reactor is also used for both the removal of carbonaceous BOD and
nitrification. Typically, an aerobic packed bed reactor consists of a container (reactor) that is
packed with a medium to which the microorganisms can become attached. Wastewater is
introduced from the bottom of the container through an appropriate under drain system or
inlet chamber. Air or pure oxygen necessary for the process is also introduced with the
wastewater.
Advantages
Partial removal of some of the organic load from wastewater, prior to further treatment
thereby reducing the energy demand of ETP.
Anaerobic backed bed reactors produce biogas which can be used for energy generation.
Sludge production is reduced.
Removal of nitrogen also occurs during aerobic process.
Disadvantages
The ammonia content released from organic nitrogen during anaerobic treatment exceed
the nitrogen fixation through new biomass formation, so the level of ammoniacal nitrogen
increases during the treatment.
3.6.2.5 Anaerobic digester
Anaerobic process involves decomposition of organic and inorganic matter in absence of
molecular oxygen. The major applications have been in stabilization of concentrated sludge
produced from treatment of wastewater and in treatment of some industrial wastes.
In anaerobic digestion process, organic material in mixtures of primary settled and biological
sludge is converted biologically, under anaerobic conditions, to a variety of end products
including methane (CH4) and carbon di oxide (CO2). The process is carried out in a reactor.
Sludge, introduced continuously or intermittently, is retained in the reactor for varying
periods of time. The stabilized sludge, withdrawn continuously or intermittently from the
reactor, is reduced in organic and pathogen content and is non-putrescible.
The two types of commonly used anaerobic digesters are identified as standard rate and high
rate. In the standard rate digestion process, the contents of the digester are usually unheated
and unmixed. Detention times for the standard rate process vary from 30 to 60 days. In a high25

rate digestion process the contents of the digester are heated and mixed completely. The
required detention time for high rate digestion is typically 15 days or less.
Anaerobic digestion in high-rate reactors represents an attractive alternative for wastewater
treatment at the slaughterhouse plant. First, slaughterhouse wastewater is particularly well
suited for anaerobic treatment. It contains high concentrations of biodegradable organics,
mostly from fats and proteins, sufficient alkalinity, and adequate phosphorous, nitrogen, and
micronutrient concentrations for bacterial growth. It does not include toxic compounds and
has a relatively warm temperature between 20 C and 30°C. Secondly, anaerobic digestion
provides high COD and suspended solid (SS) removal while producing a recoverable source
of energy in the form of methane. It generates very low quantity of sludge and does not
require aeration or chemical pre-treatment. Finally, anaerobic bacteria can survive unfed for
long periods of time, an important feature for smaller slaughterhouses that operate just a few
days a week or close down during slow or holiday periods.
Advantages
Recovery of energy in the form of biogas
Reduce pollution load to subsequent aerobic system, thereby reducing the energy demand
Removal of suspended solids in digester, thereby avoiding primary settling tank.
Disadvantages
Solids escapes the digester due to the absence of gas liquid solid separator
Scum formations leads to clogging of pipelines, interference with uniform biogas
production and reduction in effective digester volume.
3.6.2.6 Anaerobic lagoon
Anaerobic lagoons are used for treatment of high-strength organic wastewater that also
contains a high concentration of solids. Typically, an anaerobic pond is a deep earthen pond
with appropriate inlet and outlet piping. To conserve heat energy and to maintain anaerobic
conditions, anaerobic lagoons have been constructed with depths up to 4 m. The wastes that
are added to the lagoon settle to the bottom. The partially clarified effluent is usually
discharged to another treatment process for further treatment.
Usually, anaerobic lagoons are anaerobic throughout their depth, except for an extremely
shallow surface zone. Stabilization is brought about by a combination of precipitation and
anaerobic conversion of organic wastes to CH4, CO2, and other gaseous end products, organic
acids and cell tissues. Conversion efficiencies for BOD5 of upto 70% are obtainable routinely.
Under optimum operating conditions, removal efficiencies upto 85% are possible.
Anaerobic ponds are commonly 2 – 5 m deep and receive wastewater with high organic loads
(i.e., usually greater than 100 g BOD/m3.day, equivalent to more than 3000 kg/ha.day for a
depth of 3 m). They normally do not contain dissolved oxygen or algae. In anaerobic ponds,
BOD removal is achieved by sedimentation of solids, and subsequent anaerobic digestion in
the resulting sludge. The process of anaerobic digestion is more intense at temperatures above
15°C. The efficiency of anaerobic bacteria drops off rapidly at pH <6.2. Thus, acidic
wastewater must be neutralized prior to its treatment in anaerobic ponds. A properlydesigned anaerobic pond will achieve about a 40% removal of BOD at 10°C, and more than
60% at 20° C. Retention time of 3 - 8 days is commonly used.
Advantages
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More effective for rapid stabilization of strong organic wastes, making higher influent
organic loading possible.
Produce methane, which can be used to heat buildings, run engines or generate electricity,
but methane collection increases operational problems.
Produce less biomass per unit of organic material processed. Less biomass produced
equates to savings in sludge handling and disposal costs.
Do not require additional energy, because they are not aerated, heated or mixed.
Less expensive to construct and operate.
Ponds can be operated in series.
Disadvantages
Require a relatively large area of land.
Produce undesirable odors unless provisions are made to oxidize the escaping gases. Gas
production must be minimized (sulfate concentration must be reduced to less than 100
mg/L) or mechanical aeration at the surface of the pond to oxidize the escaping gases is
necessary. Aerators must be located to ensure that anaerobic activity is not inhibited by
introducing dissolved oxygen to depths below the top 0.6 to 0.9 m (2 to 3 feet) of the
anaerobic lagoon. Another option is to locate the lagoon in a remote area. Require a
relatively long detention time for organic stabilization due to the slow growth rate of the
methane formers and sludge digestion.
Wastewater seepage into the groundwater may be a problem. Providing a liner for the
lagoon can prevent this problem.
Environmental conditions directly impact operations so any variance limits the ability to
control the process, (e.g. lagoons are sensitive to temperature fluctuations)
Emit methane gas which one of the greenhouse gas responsible of global warming.
3.6.2.7 Activated Sludge Process (ASP)
Aeration tanks provide biological treatment of waste water. In these tanks, microorganisms
and waste water in various stages of decomposition are mixed, aerated, and maintained in
suspension. The contents of the aeration tanks, which require a right balance of food and
oxygen, are commonly referred to as the mixed liquor suspended solids (MLSS) or activated
sludge. The activated sludge converts organic substances into oxidized products and a
settleable floc which is settled in the secondary clarifiers. The aeration tanks have a great deal
of flexibility. Raw sewage can be introduced in various locations and be aerated and mixed
for varying lengths of time and intensity.
Diffused Aeration: Sewage liquor is run into deep tanks with diffuser grid aeration systems
that are attached to the floor. These are like the diffused airstone used in tropical fish tanks
but on a much larger scale. Air is pumped through the blocks and the curtain of bubbles
formed both oxygenates the liquor and also provides the necessary mixing action. Where
capacity is limited or the sewage is unusually strong or difficult to treat, oxygen may be used
instead of air. Typically, the air is generated by some type of blower or compressor.
3.6.2.8 Waste Stabilization Ponds (WSP)
Waste Stabilization Ponds (WSPs) are large, shallow basins in which raw sewage is treated
entirely by natural processes involving both algae and bacteria. They are used for sewage
treatment in temperate and tropical climates, and represent one of the most cost-effective,
reliable and easily-operated methods for treating domestic and industrial wastewater. Waste
stabilization ponds are very effective in the removal of faecal coliform bacteria. Sunlight is the
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only energy requirement for its operation. Further, it requires minimum supervision for daily
operation, by simply cleaning the outlets and inlet works. The temperature and duration of
sunlight in tropical countries offer an excellent opportunity for high efficiency and satisfactory
performance for this type of water-cleaning system. They are well-suited for low-income
tropical countries where conventional wastewater treatment cannot be achieved due to lack
of a reliable energy source. Further, the advantage of these systems, in terms of removal of
pathogens, is one of the most important reasons for its use.
WSP systems comprise a single string of anaerobic, facultative and maturation ponds in series,
or several such series in parallel. In essence, anaerobic and facultative ponds are designed for
removal of Biochemical Oxygen Demand (BOD), and maturation ponds for pathogen
removal, although some BOD removal also occurs in maturation ponds and some pathogen
removal in anaerobic and facultative ponds. In most cases, only anaerobic and facultative
ponds will be needed for BOD removal when the effluent is to be used for restricted crop
irrigation and fish pond fertilization, as well as when weak sewage is to be treated prior to its
discharge to surface waters. Maturation ponds are only required when the effluent is to be
used for unrestricted irrigation, thereby having to comply with the WHO guideline of <1000
fecal coliform bacteria/100 ml. The WSP does not require mechanical mixing, needing only
sunlight to supply most of its oxygenation. Its performance may be measured in terms of its
removal of BOD and faecal coliform bacteria.
Facultative ponds
Facultative ponds (1-2 m deep) are of two types: Primary facultative ponds that receive raw
wastewater, and secondary facultative ponds that receive particle-free wastewater (usually
from anaerobic ponds, septic tanks, primary facultative ponds, and shallow sewerage
systems). The process of oxidation of organic matter by aerobic bacteria is usually dominant
in primary facultative ponds or secondary facultative ponds.
It is estimated that about 30% of the influent BOD leaves the primary facultative pond in the
form of methane. A high proportion of BOD that does not leave the pond as methane ends up
in algae. This process requires more time, more land area, and possibly 2 -3 weeks water
retention time, rather than 3 - 8 days in the anaerobic pond. In the secondary facultative pond
(and the upper layers of primary facultative ponds), sewage BOD is converted into “Algal
BOD” and has implications for effluent quality requirements. About 70-90% of BOD of the
final effluent from a series of well-designed WSPs is related to the algae they contain.
In secondary facultative ponds that receive particle-free sewage (anaerobic effluent), the
remaining non-settleable BOD is oxidised by heterotrophic bacteria (Pseudomonas,
Flavobacterium, Archromobacter and Alcaligenesspp). The oxygen required for oxidation of BOD
is obtained from photosynthetic activity of the micro-algae that grow naturally and profusely
in facultative ponds.
Facultative ponds are designed for BOD removal on the basis of a relatively low surface
loading (100 – 400 kg BOD/ha.day), in order to allow for the development of a healthy algal
population, since the oxygen for BOD removal by the pond bacteria is generated primarily via
algal photosynthesis. The facultative pond relies on naturally-growing algae. The facultative
ponds are usually dark-green in colour because of the algae they contain. Motile algae
(Chlamydomonas and Euglena) tend to predominate the turbid water in facultative ponds,
compared to none-motile algae (Chlorella).
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The algal concentration in the pond depends on nutrient loading, temperature and sunlight,
but is usually in the range of 500 - 2000 μg chlorophyll-a/litre. Because of the photosynthetic
activities of pond algae, there is a diurnal variation in the dissolved oxygen concentration. The
dissolved oxygen concentration in the water gradually rises after sunrise, in response to
photosynthetic activity, to a maximum level in the mid-afternoon, after which it falls to a
minimum during the night, when photosynthesis ceases and respiratory activities consume
oxygen. At peak algal activity, carbonate and bicarbonate ions react to provide more carbon
dioxide for the algae, leaving an excess of hydroxyl ions. As a result, pH of water can rise to
above 9, which can kill faecal coliform. Good water mixing, which is usually facilitated by
wind within upper water layer, ensures uniform distribution of BOD, dissolved oxygen,
bacteria and algae, thereby leading to a better degree of waste stabilization.
Maturation Ponds
The maturation ponds, usually 1-1.5 m deep, receive the effluent from the facultative ponds.
Their primary function is to remove excreted pathogens. Although maturation ponds achieve
only a small degree of BOD removal, their contribution to nutrient removal can be significant.
Maturation ponds usually show less vertical biological and physicochemical stratification,
and are well-oxygenated throughout the day. The algal population in maturation ponds is
more diverse than that of the facultative ponds, with non-motile genera tending to be more
common. The algal diversity generally increases from pond to pond along the series.
Although faecal bacteria are partially removed in the facultative ponds, the size and numbers
of the maturation ponds especially determine the remaining faecal bacteria in the final
effluent. There is some removal of solids-associated bacteria in anaerobic ponds, principally
by sedimentation. The principal mechanisms for faecal bacterial removal in facultative and
maturation ponds are now known to be:
a. Time and temperature;
b. High pH (> 9); and
c. High light intensity, combined with high dissolved oxygen concentration.
Time and temperature are the two principal parameters used in designing maturation ponds.
Faecal bacterial die-off in ponds increases with both time and temperature. High pH values
(above 9) occur in ponds due to rapid photosynthesis by pond algae, which consumes CO2
faster than it can be replaced by bacterial respiration. As a result, carbonate and bicarbonate
ions dissociate, as follows:
2 HCO3-→ CO32– + H2O + CO2
CO32– + H2O2→ 2 OH- + CO2
The resulting CO2 is fixed by the algae, and the hydroxyl ions accumulate, often raising the
pH of values above 10. Faecal bacteria (with the notable exception of Vibrio cholerae) die very
quickly at pH values higher than 9. The role of high light intensity and high dissolved oxygen
concentration has recently been elucidated. Light of wavelengths between 425 – 700 nm can
damage faecal bacteria by being absorbed by the humic substances ubiquitous in wastewater.
They remain in an excited state sufficiently long to damage the cell. Light-mediated die-off is
completely dependent on the presence of oxygen, as well as being enhanced at high pH
values. Thus, the sun plays a three-fold role in directly promoting faecal bacteria removal in
WSP, in increasing the pond temperature, and more indirectly by providing the energy for
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rapid algal photosynthesis. This not only raises the pond pH value above 9, but also results in
high dissolved oxygen concentrations, which are necessary for its third role; namely,
promoting photo-oxidative damage.
Nutrient removal in waste stabilization ponds
In anaerobic ponds, organic nitrogen is hydrolysed to ammonia. Thus, the effluent from
anaerobic ponds usually has higher concentrations of ammonia than in wastewater. In
facultative and maturation ponds, ammonia is incorporated into algal biomass. At high pH
values, ammonia leaves the pond through volatilization. There is little evidence for
nitrification (and hence denitrification, unless the wastewater has a high nitrate content). This
is due to the fact that the population of the nitrifying bacteria is low because of lack of physical
attachment sites in the aerobic zone. Total nitrogen and ammonia removal from WSP can
reach 80 and 95%, respectively.
Phosphorus removal in WSP is associated with its uptake by algal biomass, precipitation and
sedimentation. However, both nitrogen and phosphorus must be removed in order to prevent
eutrophication in receiving water bodies. The common practice in the design of the WSP is
not based on nutrient removal; rather, it is based on BOD and fecal coliform removal.
Advantages
High reduction in pathogens.
Can be built and repaired with locally available materials.
Construction can provide short-term employment to local labourers.
Low operating cost.
No electrical energy required.
No real problems with flies or odours if designed correctly
Disadvantages
Requires expert design and supervision.
Variable capital cost depending on the price of land.
Requires large land area.
Effluent/sludge requires secondary treatment and/or appropriate discharge.
3.6.3 Tertiary treatment
3.6.3.1 Pressure Sand Filter (PSF)
A typical pressure sand filter consists of a pressure vessel - this could be either vertical or
horizontal-fitted with a set of frontal pipe work and valves, graded sand supported by layers
of graded under bed consisting of pebbles and silex, a top distributor to distribute the
incoming water uniformly throughout the cross section of the filter, and an under drain
system to collect filtered water.
In pressure sand filter raw water flows down wards through the filter bed and as the
suspended matter- which has usually been treated by addition of a coagulant like alum- is
retained on the sand surface and between the sand grains immediately below the surface.
There is steady rise in the loss of head as the filtration process continues and the flow reduces
once the pressure drop across the filter is excessive. The cleaning of the filter is effected by
flow reversal. To assist in cleaning the bed, the backwash operation is often preceded by air
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agitation through the under drain system. The process of air scouring agitates the sand with
a scrubbing action, which loosens the intercepted particles.
Advantages
Turbid water may be treated
Land required is less compared to slow sand filter
Operation is continuous.
Disadvantages
Requires skilled personnel for operation and maintenance
Less effective in bacteria removal
Operational troubles
3.6.3.2 Activated Carbon Adsorption (ACF)
In water and wastewater treatment systems, activated carbon is almost always used as an
independent treatment operation. In some cases, powdered activated carbon (PAC) is added
to the actual wastewater stream to adsorb contaminants, then removed later from the stream
and discarded. Because PAC has a faster adsorption rate, it was often used in the past, but
disposal and handling concerns have made granular activated carbon (GAC) a more popular
alternative for most applications. GAC is used in the adsorption process in water treatment,
then regenerated when it becomes less effective due to saturation with chemicals. GAC is also
usually much easier to handle and transport than PAC.
Three primary types of adsorption beds are used with GAC as medium. The differences
involve the method by which carbon is removed from the system as its capacity is exhausted.
All three require constant monitoring of effluent in order to determine when the
'breakthrough' occurs which is indicated by effluent with a high concentration of solute. This
breakthrough, of course, indicates that the carbon is no longer adsorbing effectively.
The simplest system involves a fixed bed column, in which the granular carbon remains
stationary in a cylindrical tank while the water flows downward through the granular
medium under the force of gravity and is removed from the bottom. With the fixed bed
column, the spent carbon is removed after breakthrough by shutting down and draining the
tank and new or reactivated carbon is added as a new batch. The trouble associated with this
replacement limits the use of this type of system only to situations involving very low influent
concentrations and usually relatively low flows.
For situations in which higher influent solute concentrations tend to deplete the carbon life
more quickly, a system of multiple beds is often used. This simply involves a sequential
arrangement of two or more fixed beds so that water flowing out of one bed enters the top of
the next bed or tank. Such a multiple-reactor series usually produces effluent of much higher
quality, as large concentrations of solutes are retained by the first bed in the series, while
subsequent beds achieve removal of even low levels of contaminants. With this type of
system, the beds can be rotated sequentially so that the second bed becomes the first in the
system when breakthrough occurs in the first. Of course, any of the beds must be emptied
when carbon replacement is necessary, but the presence of multiple filter beds allows more
flexibility in doing this.
Advantages
Highly effective at removing non-polar organic chemicals from water.
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Applicable to a wide variety of organic compounds
Very effective at removing colors from waste streams.
Effective at removing low levels (ppb range) of inorganic pollutants.
Thermal regeneration of the carbon destroys the adsorbed waste solute.
Very flexible system allows rapid start-up and shut down as needed.
System can be designed so that it is portable, to be taken to waste sites.
Disadvantages
Activated carbon effectively removes many chemicals and gases, and in some cases it can
be effective against microorganisms. However, generally it will not affect total dissolved
solids, hardness, or heavy metals.
Granular activated carbon can provide a base for the growth of bacteria. When the carbon
is fresh, virtually all organic impurities (not organic chemicals) and even some bacteria are
removed. Accumulated impurities, though, can become food for bacteria, enabling them to
multiply within the filter.
Chemical recontamination of granular activated carbon filters can occur in a similar way.
If the filter is used beyond the point at which it becomes saturated with the impurities it has
absorbed, the trapped impurities can release from the surface and re-contaminate the water,
with even higher concentrations of impurities than in the untreated water. This saturation
point is impossible to predict.
Granular carbon filters are susceptible to channelling. Because the carbon grains are held
(relatively) loosely in a bed, open paths can result from the build-up of impurities in the
filter and rapid water movement under pressure through the unit. In this situation, contact
time between the carbon and the water is reduced, and filtration is less effective.
Limited to wastes with low organic concentrations (< 5%).
Limited to wastes with very low inorganic concentrations (< 1%).
Unable to remove highly soluble organics, or those with low molecular weights.
Systems cannot tolerate suspended solids in the influent stream (due to clogging).
High operating costs due to carbon costs system requirements.
Disposal of contaminated carbon can be problematic if it is not regenerated.
3.6.3.3 Ultrafiltration (UF)
Ultrafiltration (UF) is one of the pressure-driven membrane processes. The ultrafiltration
process uses a membrane – a simple permeable material – which, in the case of ultra-filtration,
only allows particles smaller than 20 nm to pass through it. The pore size varies between 100
nm and 20 nm.
Ultrafilter membranes are offered in various configurations by suppliers, with each
configuration having a specific use and accompanying advantages and disadvantages.
Possible membrane configurations include:
Pipe-shaped membranes: capillary, hollow fibre or tubular;
Plate-shaped membranes: flat plate or spiral.
In addition to the specific membrane configurations, one can also identify a few set-ups. The
most commonly used methods are dead-end and cross-flow set-ups. The names refer to the
way in which the supply is sent to the membrane.
In dead-end UF, the supply is sent directly to the membrane. The pollution layer will thus
form on the supply side of the membrane surface. This layer contains all particles that have
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been separated on the basis of their size (sieve effect). This layer is periodically rinsed away
by briefly re-sending the produced liquid (permeate) through the membrane in an opposite
direction to the production flow. This helps to loosen the hardened layer, and makes it ready
for disposal. This is referred to as a semi dead-end set-up.
The re-rinsing may not be enough to remove the layer from the surface if the hardened layer
is too strongly compressed or if the bond with the membrane is very strong. In this case,
chemical cleaning must be implemented with, for example, bleach, peroxide, acid and alkali
or detergent.
In a cross-flow set-up, the liquid is passed along the membrane surface at a particular speed.
The permeate is able to pass through the membrane and the larger particles are left behind in
a concentrated flow (the retentate). The hardened layer in this set-up is continuously removed
by the cross-flowing supply flow.
Advantages
Low operating pressure required (higher than MF);
Lower energy consumption than nano-filtration or reverse osmosis;
Few manual actions required;
Relatively cheap;
Good permeate yield depending on the supply water and membrane choice;
Disinfection through removal of bacteria. To a certain extent, UF allows viruses, phage,
colloids and macro molecules to be removed.
Disadvantages
Only removes suspended matter and bacteria;
Sensitive to oxidative chemicals (e.g. nitric acid, sulphuric acid, peroxide and persulphate
in high concentrations); NaOCl exposure determines the life-span of the membrane and is
typically 150.000 to 500.000 ppmh and pH dependent;
Damage may occur when trying to prevent hard and sharp particles > 0.1 mm;
Membrane damage at pressure > 3 bar.
3.6.3.4 Disinfection / Ozonation
Disinfection is considered to be the primary mechanism for the inactivation/destruction of
pathogenic organisms to prevent the spread of waterborne diseases to downstream users and
the environment. It is important that wastewater be adequately treated prior to disinfection
in order for any disinfectant to be effective. Ozone is produced when oxygen (O2) molecules
are dissociated by an energy source into oxygen atoms and subsequently collide with an
oxygen molecule to form an unstable gas, ozone (O3), which is used to disinfect wastewater.
Most wastewater treatment plants generate ozone by imposing a high voltage alternating
current (6000 to 20000 volts) across a dielectric discharge gap that contains an oxygen-bearing
gas. Ozone is generated onsite because it is unstable and decomposes to elemental oxygen in
a short amount of time after generation. Ozone is a very strong oxidant. The mechanisms of
disinfection using ozone include:
 Direct oxidation/destruction of the cell wall with leakage of cellular constituents
outside of the cell.
 Reactions with radical by-products of ozone decomposition.
 Damage to the constituents of the nucleic acids (purines and pyrimidines).
 Breakage of carbon-nitrogen bonds leading to depolymerization.
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When ozone decomposes in water, the free radicals hydrogen peroxy (HO2) and hydroxyl
(OH) that are formed have great oxidizing capacity and play an active role in the disinfection
process. It is generally believed that the bacteria are destroyed because of protoplasmic
oxidation resulting in cell wall disintegration (cell lysis). The effectiveness of disinfection
depends on the susceptibility of the target organisms, the contact time, and the concentration
of the ozone. The components of an ozone disinfection system include feed-gas preparation,
ozone generation, ozone contacting, and ozone destruction. Air or pure oxygen is used as the
feed-gas source and is passed to the ozone generator at a set flow rate. The energy source for
production is generated by electrical discharge in a gas that contains oxygen. Ozone
generators are typically classified by:
•
•
•
•

The control mechanism (either a voltage or frequency unit).
The cooling mechanism (either water, air, or water plus oil).
The physical arrangement of the dielectrics (either vertical or horizontal).
The name of the inventor.

Ozone generators manufactured by different companies have unique characteristics but also
have some common configurations. The electrical discharge method is the most common
energy source used to produce ozone. Extremely dry air or pure oxygen is exposed to a
controlled, uniform high-voltage discharge at a high or low frequency. The dew point of the
feed gas must be -60EC (-76EF) or lower. The gas stream generated from air will contain about
0.5 to 3.0% ozone by weight, whereas pure oxygen will form approximately two to four times
that concentration.
After generation, ozone is fed into a down-flow contact chamber containing the wastewater
to be disinfected. The main purpose of the contactor is to transfer ozone from the gas bubble
into the bulk liquid while providing sufficient contact time for disinfection. The commonly
used contactor types diffused bubble (co-current and counter-current) are positive pressure
injection, negative pressure (Venturi), mechanically agitated, and packed tower.
Because ozone is consumed quickly, it must be contacted uniformly in a near plug flow
contactor. The off-gases from the contact chamber must be treated to destroy any remaining
ozone before release into the atmosphere. Therefore, it is essential to maintain an optimal
ozone dosage for better efficiency. When pure oxygen is used as the feed-gas, the off-gases
from the contact chamber can be recycled to generate ozone or for reuse in the aeration tank.
The ozone off-gases that are not used are sent to the ozone destruction unit or are recycled.
The key process control parameters are dose, mixing, and contact time. An ozone disinfection
system strives for the maximum solubility of ozone in wastewater, as disinfection depends on
the transfer of ozone to the wastewater. The amount of ozone that will dissolve in wastewater
at a constant temperature is a function of the partial pressure of the gaseous ozone above the
water or in the gas feed stream. It is critical that all ozone disinfection systems are pilot tested
and calibrated prior to installation to ensure they meet discharge permit requirements for their
particular sites.
Ozone disinfection is generally used at medium to large sized plants after at least secondary
treatment. In addition to disinfection, another common use for ozone in wastewater treatment
is odor control. Ozone disinfection is the least used method in the U.S. although this
technology has been widely accepted in Europe for decades. Ozone treatment has the ability
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to achieve higher levels of disinfection than either chlorine or UV, however, the capital costs
as well as maintenance expenditures are not competitive with available alternatives.
Ozone is therefore used only sparingly, primarily in special cases where alternatives are not
effective.
Advantages
Ozone is more effective than chlorine in destroying viruses and bacteria.
The ozonation process utilizes a short contact time (approximately 10 to 30 minutes).
There are no harmful residuals that need to be removed after ozonation because ozone
decomposes rapidly.
After ozonation, there is no regrowth of microorganisms, except for those protected by the
particulates in the wastewater stream.
Ozone is generated onsite, and thus, there are fewer safety problems associated with
shipping and handling.
Ozonation elevates the dissolved oxygen (DO) concentration of the effluent. The increase
in DO can eliminate the need for reaeration and also raise the level of DO in the receiving
stream.
Disadvantages
• Low dosage may not effectively inactivate some viruses, spores, and cysts.
• Ozonation is a more complex technology than is chlorine or UV disinfection, requiring
complicated equipment and efficient contacting systems.
• Ozone is very reactive and corrosive, thus requiring corrosion-resistant material such as
stainless steel.
• Ozonation is not economical for wastewater with high levels of suspended solids (SS),
biochemical oxygen demand (BOD), chemical oxygen demand, or total organic carbon.
• Ozone is extremely irritating and possibly toxic, so off-gases from the contactor must be
destroyed to prevent worker exposure.
• The cost of treatment can be relatively high in capital and in power intensiveness.

3.7 BEST PRACTICABLE TECHNOLOGY (BPT)
3.7.1. Primary Treatment
3.7.1.1 Screening
This is the first technique employed in primary treatment, which is the first step in the
wastewater treatment process. This step removes all sorts of refuse that arrives with the
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wastewater such as plastic, branches, rags, and metals. The screening process is used
primarily to prevent clogging and interference of following treatment processes.
Screens are considered coarse if their opening is larger than 6mm, fine if their openings are
between 1.5 and 6mm, and very fine if their openings are between 0.2 and 1.5mm
The functions of screening equipment as part of the pre-treatment works area – i) to protect
downstream mechanical plant from damage or obstruction due to large objects in the
wastewater flow; ii) to separate and remove larger material which might interfere with the
efficient operation of wastewater treatment processes; and iii) to ensure absence of unsightly
floating matter at outfalls or in receiving waters
In slaughter house wastewater treatment, there are a variety of rotary drum screens available.
In some systems the effluent is loaded inside the drum, but more commonly the effluent flows
over the external surface of the drum. Rotary drum screens have been reported to typically
have a mesh size of between 2 - 4 mm.
Treatment benefit
The rotary drum screen reduces the contribution from solids to the waste water BOD level. It,
therefore, reduces the wastewater treatment required. The proportion of the solid to the
soluble fraction of the BOD depends on how the water use and the slaughter, carcase dressing
and evisceration processes are managed in individual slaughterhouses. BOD reductions of 10
- 15 % have been reported
Economics
Mechanical screens are typically between 5 – 8 times as expensive as static wedge screens, but
they have the benefit of being self-cleaned and generally require less maintenance and
associated costs.
3.7.1.2 Dissolved Air flotation (DAF)
Flotation plants separate the fat and solids from the waste water. Certain metal salts such as
iron (III) sulphate, iron (III) chloride and aluminium sulphate, aluminium chloride and a
number of polymers are also used for precipitation and flocculation. The quantity and type of
flocculation agents and flocculation aids has to be determined after semi-commercial trials or
after construction of a plant. It has been observed that their use is not always necessary.
Application of sludge on agricultural land may be restricted after flocculation due to metal
salt residues. For this reason, flotation without flocculation and precipitation agents can be
selected. Achieving flotation of solid particles requires production of micro-bubbles.
Treatment benefits
Reduction of COD, BOD, nitrogen and phosphorus in wastewater and the production of
sludge, for use in biogas production. The cleaning requirements depend on the type of
equipment, the characteristics of the wastewater and how it is being operated.
Performance of DAF for slaughter house wastewater
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In typical slaughterhouse wastewater treatment, it is reported that COD (ranging from2900
mg/l to 3800 mg/l) can be reduced by a DAF system to less than 600 mg/l. Similarly, it is
reported that suspended solids can be reduced from about 1500 mg/l to less than 100 mg/l.
In case of Indian slaughter houses that SS and COD removal of 57% and 45% is observed.
Economics
It has been reported that in many cases, the capital expenditure of a DAF plant is justified by
reduced trade effluent costs.
3.7.1.3 Oil & Grease Trap
Traps can capture fat, oil and grease that have been allowed to enter the waste water, by
slowing down the flow of the wastewater through the trap, which comprises a tank. If the
water is hot, it is allowed to cool. As the water cools, the fat, oil and grease separate out and
float to the top of the trap. The cool water continues to flow out of the trap to the WWTP,
while baffles contain the accumulated fat, oil and grease. The fat, oil and grease may be treated
in a rendering plant.
Treatment Benefits
The removal of the fat reduces deposition in the receiving waste water pipelines and WWTPs
and also reduces the pollution load.
Performance of Oil & grease trap
The size of the fat trap can vary depending on amount of fat produced and on how often the
fat trap is maintained. Fat traps may be located inside or outside the building. If they are
located inside the building they tend to be smaller and they require more frequent
maintenance. Traps that are located outside the building will operate differently in winter and
summer and are more prone to clogging during cold weather.
If the separated fat remains in the fat trap for a long period it degrades and consequently its
usability decreases and odour problems may occur during storage and processing, which can
incur subsequent increased treatment costs. Automatic and continuous removal of the fats,
using a scraper, can minimise these problems
Economics
The investment required is reportedly compensated by the savings in wastewater treatment
costs and plant maintenance.
3.7.1.4 Primary Settling Tank & Clari-flocculator
PST can capture suspended solids in wastewater by settling the solids with or without
addition of chemicals. Removal of suspended solid s reduces the pollution load in term of
BOD and COD considerably. The sludge produced from the primary settling tank can be
digested in anaerobic sludge digester for generation of biogas. Clari-flocculator consists of
settling a flocculation zones in the same tank and the pollution load reduction are similar to
primary settling tank
37

Treatment Benefits
Reduction of suspended solids reduces the pollution load to the subsequent biological
treatment units thereby reducing the energy demand.
Performance of PST & Clariflocculator
The performance of PST and Clariflocculator varies depending addition of chemical or not.
Without chemical addition, suspended solids removal ranges from 50-65% and chemical
addition increases it to 70-80%. Due to the suspended solids, maximum BOD and COD
removal of 35 and 50%, respectively, in PST/Clariflocculator.
Economics
Investment requirements are very less and compensated by the performance of treatment
system.
3.7.2 Secondary Biological Treatments
3.7.2.1 Anaerobic digester
Recent advances in anaerobic digestion technologies have made it possible to treat an
increasing diversity of by-products and waste waters. Not only can slaughterhouse waste
water under go anaerobic treatment, but manure, slaughterhouse waste, including blood, fat,
and the contents of stomachs and viscera and residues can also be treated using anaerobic
digester.
The co-digestion of manure and slaughterhouse waste is sometimes undertaken with
industrial organic wastes.
Treatment Benefits
CH4 can be recovered and used in energy production, to replace fossil fuels and thereby to
reduce CO2 emissions. Most of the nutrients remain in the treated material, which can be
recovered/utilised for agricultural purposes.
Economics
Payback period for anaerobic digester plants have been reported as 5 - 6 years. The cost of
disposal is saved.
3.7.2.2 Upflow Anaerobic Sludge Blanket (UASB)
In the upflow anaerobic sludge – blanket process, the waste to be treated is introduced in the
bottom of the reactor. The wastewater flows upward through a sludge blanket composed of
biologically formed granules or particles. Treatment occurs as the wastewater comes in
contact with the granules. The gases produced under anaerobic conditions (principally
methane and carbon di oxide) cause internal circulation, which helps in the formation and
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maintenance of biological granules. The gas also causes the particles with the attached gas rise
to the top of the reactor.
Performance of UASB reactor
It is reported that this type of reactor was suitable for anaerobic treatment of slaughterhouse
wastewater and demonstrated a high COD removal of between 90.2 and 93.4% at organic
loading rates between 2.49 and 20.82 g COD l−1 day−1. At an HRT of 12 hour, the reactor
achieved a methane yield of 0.345 l (STP) per gram of COD removed.
3.7.2.3 Packed Bed Reactor
Treating wastewater from slaughterhouses or rendering plants through fixed bed reactors
supporting anaerobic micro-organisms on plastic rings or balls or on sintered glass, can act as
a technique to reduce the COD in waste water, prior to aerobic treatment. One particular
technique operates in either a down-flow or up-flow operation, incorporating recirculation.
However, the technique is unable to reduce either the COD or nitrogen content sufficiently
for it to be more than just a partial treatment. It is reported to be capable of removing 73–76 %
of COD in a rendering plant if 2 reactors are used, one operating in down-flow mode and the
other in up-flow mode
Treatment Benefit
Anaerobic packed bed reactors (APBR) etc., are sophisticated systems developed for
accelerating the treatment and reducing area requirement. APBR are high organic loading,
relatively small reactor volume and operational simplicity. They are stable under stressed
operating conditions like shock loads, very low hydraulic retention time or low temperature
and intermittent operation
Performance of the packed bed reactor
It is reported that, the slaughterhouse effluent responded well to anaerobic treatment in an
upflow APBR with more than80% COD removal efficiency. For OLR of 4-5 kg of
COD/m3/day and HRT of 24 hours, 87-88% COD removal was achieved. When the OLR was
increased to 5-6 kg of COD/m3/day, and at a reduced HRT of 18 hours, 82-85% efficiency
was observed. When the applied OLR was in the range of 7-8 kg of COD/m3/day, at 24 hours
HRT, the reactor showed signs of upset, but an efficiency of 82% in COD removal was still
achieved.
3.7.2.4 Activated Sludge Process (ASP)
The aerobic digestion process using activated sludge involves production of an activated mass
of micro-organisms, capable of stabilizing a waste aerobically in an aerated tank. During
respiration, bacterial cells react with oxygen to produce CO2, water and energy.
Treatment Benefit
Aerobic digestion is an effective technique for slaughterhouse waste water treatment. It
removes principal inorganic nutrients such as nitrogen, phosphorus and sulphur as well as
minor nutrients such as copper and zinc. In case of nitrogen it oxidises ammonia nitrogen to
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nitrate nitrogen, thereby dealing with the oxygen demand. Further de-nitrification to nitrogen
gas, under anoxic conditions is, however, required to remove the nitrogen.
3.7.3 Tertiary Treatment
3.7.3.1 Pressure Sand Filter (PSF)
In pressure sand filter raw water flows down wards through the filter bed and as the
suspended matter- which has usually been treated by addition of a coagulant like alum- is
retained on the sand surface and between the sand grains immediately below the surface.
There is steady rise in the loss of head as the filtration process continues and the flow reduces
once the pressure drop across the filter is excessive. The cleaning of the filter is effected by
flow reversal. To assist in cleaning the bed, the backwash operation is often preceded by air
agitation through the under drain system. The process of air scouring agitates the sand with
a scrubbing action, which loosens the intercepted particles.
Treatment Benefit
Turbid water may be treated
Land required is less compared to slow sand filter
Operation is continuous.

3.8 TREATMENT ADOPTED FOR SLAUGHTER HOUSES BASED ON THE SURVEY
The wastewater treatment scheme varies depending on the size, capacity and land available
for effluent treatment plant. Based on the data collected through State Pollution control boards
(SPCB) and Municipal Administration and visit by CLRI scientists, it is observed that different
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treatment processes are adopted in India for treatment of wastewater from slaughter houses
which are given in Figures 10 A- F.
Treatment scheme – I
In most of the small towns, the slaughter house are operated and maintained by municipality
where animals are slaughtered only for domestic consumption of meat. They operate
slaughter house by manual cutting of small animal in early mornings (only few hours). The
amount of waste generated is minimal as most of the components of the small animals are
consumed. Only floor wash water, partially digested food and dung from stomach is
discharged as waste. These units generally do not have any treatment unit except settling tank.
The supernatant after settling is conveyed to sewer line. The settled solids are removed only
weekly basis and disposed along with municipal solid waste. This scheme was observed in
Erode, Vaniyambadi, Ambur, Dindugul, Kolkata, Nagpur etc.

Figure 10A Treatment scheme – I
Treatment scheme - II
Most of the medium towns and corporations have organized slaughter house for small and
large animals separately. These units also operate during morning hours and use manual
cutting and lifting arrangements for the large animals. The units recently constructed with
financial support of central/state governments have established effluent treatment plant
which includes screen, equalization tank, and single stage biological treatment system. The
treated wastewater is disposed in to sewer/on land. This is scheme was observed in
Coimbatore, Kanpur, Chandigarh, Mumbai etc.

Figure 10B Treatment scheme - II
Treatment scheme - III
This treatment scheme is also adopted in medium towns and corporations where slaughter
houses have been upgraded with the financial support of central and state government. In
this scheme the energy requirement for effluent treatment is considerably reduced as
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anaerobic reactor reduces the organic load to the extent of 50 -70 % to the subsequent aerobic
biological treatment process. Anaerobic treatment requires very less operation and
maintenance. This scheme is adopted in corporations like Madurai and Hyderabad.

Figure 10C Treatment scheme – III
Treatment scheme - IV
This treatment is adopted in commercial slaughter houses where large animals are
slaughtered in thousands per day. As the wastewater contains considered amount of organic
load and volume, two stage anaerobic treatments followed by aerobic treatment is adopted to
reduce the energy consumption and also to meet stringent environmental regulations. The
biogas produced from the biological treatment along with biogas produced from solid waste
bio-methanation plant is used as fuel. Thereby, reducing energy demand and also cost
savings. This treatment scheme is adopted in commercial slaughter house at Hyderabad.

Figure 10D Treatment scheme – IV
Treatment scheme - V
This treatment scheme is adopted in commercial mechanized slaughter houses where large
animals are slaughtered in thousands per day where the quantity of wastewater to be treated
is considerable with high amount of organic load. Some of the units segregate high BOD waste
streams and low BOD streams. High BOD is subjected to UASB reactor to reduce the major
organic load without spending energy. The treated effluent from UASB is along with low BOD
stream is treated in subsequent aerobic biological treatment for further reduction of organic
load to meet the regulatory requirements. In some units the composite effluent is subjected to
anaerobic treatment in UASB reactor followed by aerobic biological treatment. This scheme is
adopted in Zaheerabad (Unnao).
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Figure 10E Treatment scheme – V
Treatment scheme - VI
This treatment scheme is adopted in recently upgraded treatment plant units in commercial
mechanized export oriented slaughter houses where large animals are slaughtered in
thousands per day. In this scheme DAF system is introduced to reduce the solid loads to the
subsequent biological treatment units. The dissolved organics are reduced by UASB and
aerobic biological treatment units. In this scheme, the operational cost is considerably
reduced. This scheme is adopted in New Delhi and Zaheerabad (Unnao).

Figure 10F Treatment scheme– VI

3.9 COMPLIANCE WITH STANDARDS
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The slaughter houses meant for domestic consumption of meat under the control of local
bodies, municipalities and corporations are being operated in existing locations which lacks
infrastructure facilities to meet the requirements of the discharge standards for effluent.
However, some of the modern slaughter houses upgraded under the financial assistance of
central and state governments have improved the infrastructure facilities including effluent
treatment plants. These units mostly outsource the operation of effluent treatment plant to
outside agencies as they do not have enough understanding and technical manpower to
operate and maintain the effluent treatment plant. Many of the units do not have consent and
their compliance with discharge standards is very poor. In some locations, modern slaughter
houses with good infrastructure facilities are not being utilised due to non-cooperation of
users in the existing locations.
However, some of modern slaughter houses under control of corporations are utilizing the
infrastructure facilities for producing meat for local consumption as well as export purposes.
These units have obtained consent and approval from the regulatory authorities for
production of meat for export purpose, and these units also meet the discharge standards.
These export oriented units are comparatively better in terms of compliance with the
discharge standards compared with units used for production of meat for domestic
consumption alone.
Commercial and export oriented units operating in various parts of the country have
established mechanized slaughter house with adequate infrastructure facilities and have also
obtained approval from regulatory authorities. These units have established effluent
treatment plant as per the regulatory requirements. The compliance with respect to effluent
discharge standards varies from plant to plant.
In states like Punjab, discharge of treated effluent is not permitted outside the premises of the
slaughter house. The treated effluent should be disposed on land and used for irrigation. In
some units, the treated effluent is used for landscaping and irrigation for developing green
belts in and around the industry. In such plants, the compliance level is high.
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4.0 IN-DEPTH STUDIES IN SLAUGHTER HOUSES
4.1 BASIC INFORMATION ON UNITS SELECTED FOR THE IN-DEPTH STUDIES
As per the requirements of the scope of the work, the detailed in-depth studies were carried
out in 12 Nos of slaughter houses all over India. Twelve slaughter houses have been selected
for in-depth study based on the scale of operation, geographical location, type of slaughtering,
different treatment scheme adopted etc. For detailed in-depth study, a questionnaire was
prepared and the information was collected from the slaughter houses.
The questionnaire prepared for the in-depth studies included the following details:
1. Details of the slaughter house which consist of location, type of animal slaughter, scale of
operation, designed capacity, quantity of animals slaughtered, details of manpower, water
consumption details, source of water consumption etc.,
2. Waste management aspect consists of liquid and solid waste generation, treatment system
adopted, size of treatment units, capacity of mechanical equipment, mode of disposal etc.,
3. Details of characteristics of inlet and out of the ETP, performance of the effluent treatment
plant.
Based on the data collected and field visit by CLRI scientist, the consolidated information of
12 slaughter house is given in Tables 8A & 8B.
During the visit, samples were collected from different stage of the unit in the ETP. Based on
the sample analysis result performance of each treatment units, overall performance of the
ETP have been estimated for all the twelve slaughter houses, and it is given in Table 9.
Based on the in-depth study data collection by questionnaire, field visit and sample analysis,
basic details, processing capacity, liquid and solid waste generation, treatment scheme with
sizes of units, performance of the treatment system, capital and operating cost of treatment
system for all the individual twelve slaughter house considered for in-depth study are given
in this chapter.
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Table 8A Consolidated statistics of slaughter houses based on in-depth Studies
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Table 8B Consolidated statistics of slaughter houses based on in-depth Studies
S. Slaughter
No.
House

Area,
Acre

Animals-L
per day

Animals-S
per day

Frozen
Meat Unit

1

Unit I

2.09

1500

13500

Y

2

Unit II

20.26

800

500

Y

3
4

Unit III
Unit IV

54
3.69

1500

2000
230+60

Y
N

5
6
7

Unit V
Unit VI
Unit VII

4
70.34

600
800
300

10000
3000

Y
N
N

8
9
10
11

Unit VIII
Unit IX
Unit X
Unit XI

0.2

1800
160

12

Unit XII

121

3200

3000
1000
1000

Y
N
N
N

1500

Y

Effluent treatment scheme
DAF, ET, UASB, ASP,
Chlorination
ET-2, UASB, CF, ASP, ASP,
CF, DMF, AC
ET, DAF, TS, ASP, ASP, SF,
AC
ET, ASP, ASP
ET-2, UASB-2, ASP, ASP,
ASP, Disinfection, PSF, AC
DAF, ET, ASP, ASP, PSF
ET, UASB, ASP
ET, UASB, ASP, Polishing
Pond, PSF, ACF
OT, ASP, SF
AnCT, ASP, PSF, AC
ASP, PSF
DAF, ET, UASB, ASP, ASP,
Polishing Clarifier
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Solid waste,
TPD

Rendering
Plant

SWM

15-25

Y

Landfill site

4 to 8

Y

Composting

6
0.4

Y
N

Biometahnation

6
15 to 20
10 to 20

N
N
N

Composting
Landfill site
Landfill site

8
2.5
0.25
0.2 to 0.8

Y
N
N
N

Biometahnation
Composting
Landfill site
Landfill site

12.8

Y

Table 9 Performance of ETPs of slaughter houses based on in-depth Studies
S. No.
1
2
3
4
5
6
7
8
9
10
11
12

Slaughter
House
Unit I
Unit II
Unit III
Unit IV
Unit V
Unit VI
Unit VII
Unit VIII
Unit IX
Unit X
Unit XI
Unit XII

ETP,
KLD
1750
600
600
30
1250
1200
600
1700
10
25
10
100

Effluent,
KLD
700 to 950
300
400 to 600
15
700
1000
600
1570
10
20
2 to 10
75

7.2

Raw effluent quality
BOD
COD
SS
4400
5500
5400

7.2
6.8

3700
1760

3900
2950

2200
820

7.8
7.4
7.1
7.2
7.5
7.5

2480
4250
3760
1730
1600
1650

2860
5600
5180
2460
2400
1960

1850
3420
3690
1200
1200
1200

pH
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pH
8.3
7.2
7.7
8.0
7.2
7.2
7.6
7.2
7.8
7.2
7.2

Treated effluent quality
BOD
COD
SS
23
246
124
230
35
40
25
90
39
26
175
70
25
240
30
24
230
50
240
50
140
22
230
45
20
180
30
30
240
75
25
192
45

4.2 TREATMENT COST ANALYSIS BASED ON IN-DEPTH STUDIES
Slaughter house effluent is highly biodegradable and organic in nature. Based on the
information collected from twelve slaughter houses, it is observed that the effluent can be very
well treated by the available and practicable technologies.
The effluent treatment in slaughter houses followed two major treatment schemes i.e.,
i)
primary treatment followed by anaerobic biological treatment using up-flow anaerobic sludge
blanket (UASB) and aerobic biological treatment using activated sludge process (ASP), and ii)
primary treatment followed by aerobic biological treatment using ASP.
The capital costs of effluent treatment plants have been estimated for all the twelve slaughter
houses, based on the capacity of the effluent treatment plant, the capital costs of civil units
(CPWD rates) and that of mechanical and electrical equipment and piping items of ETP (based
on market rates) and same is given in Tables 10 & 11. Similarly, the operation cost of ETP i.e.
energy cost, chemical cost, manpower and maintenance cost has also been estimated for all
the slaughter houses considered for in-depth study. The annualized cost of capital investment
considering 30 years for civil units and 10 years for equipment and same is also provided in
the Tables 10 & 11. Based on annualized capital and operative costs for ETPs, the effluent
treatment cost per cubic metre has been estimated.
From the Tables 10 and 11, it is observed that for treatment scheme consisting of primary
treatment followed by anaerobic treatment using UASB and aerobic biological treatment
using ASP the total cost of treatment varies from Rs.32 to Rs. 56 per m3 of effluent (2015). For
the other scheme consisting of primary treatment followed by aerobic biological treatment
using ASP, the total cost of treatment varies from Rs. 69 to Rs. 230 per m3 of effluent (2015). It
is clear that the first scheme is economical and the energy generated could be used as heat or
electrical energy in slaughter house itself.
It is also observed that out of 12 units, 6 units are operated by local bodies. For municipal
slaughter houses, the ratio of treatment cost to the slaughtering fee collected varies widely
from 19% to 227%. The ratio is less in case of large slaughter houses (19%) while it increases
to 218% and 227% in small slaughter houses. Thus, the cost of treatment is more than the
slaughtering fee especially for smaller slaughter houses where it is more than double the
slaughter fee, whereas in large slaughter houses the treatment cost is affordable. Hence, the
slaughter fee needs to be increased to match with the treatment cost.
Based on the techno-economic analysis, it is suggested that the slaughter houses may follow
the treatment scheme consisting of primary, anaerobic biological treatment, aerobic biological
treatment and tertiary treatment to meet the prescribed standards, both private and
corporation/municipal slaughter houses.
If the slaughter house is located in municipal area and the area is connected to the sewer,
which is connected to sewage treatment plant (STP), then slaughter house may be permitted
to discharge its effluent into the sewer after providing prescribed level of treatment. In such
cases also the slaughter houses will require the treatment scheme consisting of primary and
secondary aerobic biological treatment.
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Table 10 Treatment cost analysis for anaerobic followed by aerobic treatment system
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Table 11 Treatment cost analysis for aerobic treatment system
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5.0 REVIEW OF EFFLUENT STANDARDS
5.1 BEST PRACTICABLE TECHNOLOGIES (BPT) FOR CONTROL OF WATER
POLLUTION IN SLAUGHTER HOUSES

5.1.1 Large slaughter houses
Based on in-depth studies carried out with respect to pollution load generated in twelve slaughter
houses located all over India, it was observed that for large scale slaughter houses, the treatment
scheme shown in Figure 11 will be more an appropriate treatment to meet the prescribed
discharge standards. The treatment scheme consists of coarse & fine screen, Dissolved Air
Floatation (DAF) for removal of suspended solids, followed by two stage biological treatment i.e.
anaerobic and aerobic systems. DAF ensures at least 50% to 70% removal of the suspended solids
and corresponding organic load. Anaerobic treatment using UASB is a proven technology for
reduction of organic load from wastewater generated from slaughter houses. The remaining
organic load can be further treated in extended aeration system to meet the BOD discharge
standard of 30 mg/L. However, suspended solids concentration exceeds prescribed level of 50
mg/L occasionally due to escape of sludge from secondary settling tank which can be controlled
by having additional tertiary treatment unit like sand filter.
This treatment scheme is suitable for large slaughter houses to meet the prescribed discharge
standards. However, this scheme requires technical manpower to operate and maintain the
effluent treatment plant. In the absence of suitable technical manpower in the slaughter houses,
it can engage the services of environmental experts / consultants for operation and maintenance.

Figure 11 Schematic flow diagram of Best practicable technological option for wastewater
treatment in large slaughter houses
5.1.2 Medium and Small slaughter houses
The in-depth studies reveal that most of small slaughter houses are operated and maintained by
municipalities and corporations. For these slaughter houses, the treatment scheme shown in
Figure 12 can be adopted. This treatment scheme consists of screen, oil and grease trap,
equalization tank, anaerobic digester, aerobic treatment and tertiary treatment. Primary
treatment ensures removal of solids and oil & grease. In the anaerobic digester, removals of
suspended solids, BOD and COD in the range of 50-60%, 60-75% and 50-70%, respectively, can
be achieved subject to proper operation. Remaining organic load can be treated by the subsequent
aerobic biological treatment process. Tertiary treatment can be installed to control the solids
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escaping from secondary settling tank and thus meets the proposed discharge standards. This
treatment scheme is suitable for medium and small scale slaughter houses. This scheme also
requires technical manpower to operate and maintain the effluent treatment plant.

*If sufficient land is available, **SBR can be adopted if land is not available,
***Partially treated effluent can be discharged to sewer if sewer is connected to a STP

Figure 12 Schematic flow diagram of Best Practicable technological option for wastewater
treatment in Medium and small scale slaughter houses
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5.2 REVISION OF EFFLUENT STANDARDS
5.2.1 Pre-revision standards for slaughter houses
The pre-revision standards for slaughterhouses that were notified under the Environment
(Protection) Rules 1986 on 21.2.1991 which are is given in Table 12.
Table 12 Pre-revision standards for slaughter houses notified on 21.2.1991
under the Environment (Protection) Rules 1986

It is observed that the pre-revision standards for discharge of treated effluent have been fixed
during 1991 when there were few large commercial slaughter houses in the country. These
standards were fixed considering the treatment cost of wastewater generated from municipal
slaughter houses where slaughtering of animals was meant for domestic consumption alone.
During late 90s, the number of commercial large slaughter houses has increased considerably due
to export potential of meat and meat products. Hence, there was a need for revision of standards
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and accordingly CPCB took up this study considering the phase change in this sector and
environmental pollution potential from this sector.
5.2.2 Revised standards for slaughter houses
Based on the CPCB advice, the Central Government has revised the above standards and notified
the revised standards under the Environment (Protection) Rules 1986 on 28.10.2016, which are is
given in Table 13.
Table 13 Revised standards for slaughter houses notified on 28.10.2016
under the Environment (Protection) Rules 1986

For removal of nitrogen and phosphorous, additional wastewater purification systems, which are
based on either biological or physic-chemical processes are required. In the present standard,
nitrogen and phosphorous are not included as high investment in the current scenario where
proper treatment system for slaughter wastes as such doesn’t exist. It can be incorporated in the
future.
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The effluent generated from the slaughter houses should be treated professionally and the
discharge standards as given in the above Table 13 should be met with. For investment in this
sector, public investors may be called for developing infrastructure in different forms like Public
private partnership (PPP) or Build Own Operate and Transfer (BOOT).

5.3 SCHEDULES FOR MONITORING THE POLLUTION LEVEL
Treatment process monitoring and laboratory analysis of samples needs to be carried for efficient
treatment of wastewater. The following parameters are to be monitored:

All the above parameters are to be monitored on regular basis at least once in a week.
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5.4 METHODS FOR TREATMENT AND DISPOSAL OF SOLID WASTES FROM
SLAUGHTER HOUSE WASTES
Solids waste generated from slaughterhouses such as cow dung, intestines, solids from effluent
treatment plant are disposed of along with municipal waste which attract flies, dogs and other
vermin, leads to leachates problem, contamination of surface and ground water thus causing
public nuisance and also accompanied by danger of disease spread. Segregated organic fractions
of solids like slaughter houses should be treated in rendering plant and/or on their own site.
5.4.1 CLASSIFICATION OF SOLID WASTE
The solid waste of slaughter houses can be broadly classified into two categories i.e. vegetable
matter and animal matter as given in Table 14 below. These waste streams must be segregated
for proper treatment of waste.
Table 14: Classification of solid wastes

5.4.2 SOLID WASTE MANAGEMENT
Almost every by-product of slaughter house can be utilized. However, various circumstances,
especially the scale of operation, do not always permit by-product recovery. In such instances,
they form part of waste that needs to be treated properly before disposal. For the slaughter house
wastes treatments, composting, bio-methanation and rendering systems are suggested.
Selection of appropriate method depends on characteristics of waste and its quantity.
Incineration should be the last preferred option.
5.4.2.1 Composting
Practically, all slaughterhouse waste can be used for composing. The agriculture residue and
dung from the lairage, ruminal and intestinal contents, blood, meat cuttings, floor sweepings,
hair, feathers, hide trimmings can be composted.
For preparation of compost stack, it is suggested that alternate layers of type I and type II waste
should be built up to a height of 4-5 feet. The heap should be laid directly on the ground. It is
advisable to put about 6 inch of course of coarse material, such as maize or millet stalks, banana
stems, straw, grass, small twigs etc. underneath in order to achieve proper ventilation. In case
type II waste contains large organs such as kidneys and lungs or other similar wastes, then they
are minced or chopped to 2-3 inch pieces. It is advised to mix these pieces with the earth and
evenly spread out in the centre of the heap where the temperature is high. Higher temperature
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keeps rats, dogs and other vermin away. Water is not needed initially as the moisture from
ruminal and intestinal contents is sufficient for start of bacterial activity.
To achieve optimum conditions for the bacteria, moisture and proper aeration must be
maintained from start to finish. A gradual reduction in height will follow due to shrinkage of
decomposing matter. At least two turning s are required for a uniform compost material. The first
turning is advised after 2-3 weeks and the second after 3-4 weeks. The total time required is about
45 days. However, it can vary due to factors such as type of material, size of heap and ambient
temperature, etc.
When a clean, neat and tidy heap is required, compost bunkers can be constructed. Bricks or
cement wall may be used to build a wall, leaving open space between bricks. Brick walls are
preferred over wood as the latter tends to rot unless properly preserved. The size of the bunkers
depends on the raw materials required to be converted. Also it should facilitate easy turning of
material and removal of finished compost.
5.4.2.2 Bio-methanation
A biomethanation plant can be constructed in two ways i) digester with separate gas holder ii)
combined digester with gas holder. The gas is produced in one or more digesters and stored in
a separate gas holder from where it is drawn as and when required. In the other method the
digester and gas holder form a single unit. The gas is produced in the lower part of the structure
while the upper tank serves as a gas reserve. While the second option is extremely simple and
cheap in construction, it has a disadvantage that gas production is affected during recharge. On
the other hand, with a separate gas holder, continuous supply of gas can be assured even when
one or more digesters are being charged. It is therefore more practical for larger units to have
separate gas holders.

Figure 13 Schematic diagram of Conventional Biogas Plant
Conventional Biogas Plant has a floating drum type gas holder. An inverted drum with a diameter
slightly less than that of cylindrical digester serves as gas holder. The plant delivers gas at
uniform pressure and provided good seal against gas leakage. It is reliable and has proven
performance for cattle dung processing. The plant feed on slaughter house wastes, such as rumen
and paunch contents, dung etc. will also exhibit same performance when loading rate is
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maintained about 0.5-0.6 kg volatile solids/m3/ day. The waste should be suitably diluted before
feed. The plant can handle feed with solid content up to 8 percent.
The anaerobically digested sludge has higher nitrogen content than compost manure. The sludge
should be dewatered by filtration bed or filter press. The dried sludge can be utilized as manure
in agriculture/horticulture. The filtrate is recycled for preparation of feed slurry, which contains
microorganism. The biogas can be used for boiler or power generation.
The success of biomethanation plant depends on several factors, such as the quality of raw
material, temperature, ratio of water to solids, and also on the type of bacterial mass.
The economics of a typical biogas plant processing 1250 kg/day of waste is presented in Table
15. It can be seen that the plant can save up to Rs. 65,000/- per year on account biogas and
manure.
Table 15 Economics of a biogas plant

Note: * Savings can be improved by direct utilization of biogas for heating purpose.

High Rate Biomethanation: The essential elements of a high rate biomethanation are complete
mixing and uniform temperature with more or less uniform feeding of the substrate. Prethickening or dilution of the digester contents are optional features of high rate digesting system.
The benefits of high rate biomethanation are – reduced digester volume requirement and
increased process rate stability. In high rate biomethanation system, there is proper arrangement
for operation control and safety measures.
Complete mixing of substrate in a high rate digester creates a homogenous environment
throughout the digester. It also quickly brings the feed in contact with the microorganisms and
evenly distributes toxic substances if any, present in the wastes. The entire digester is available
for active decomposition, thereby increasing the solids retention time. Temperature is one of the
most important factors. In cold climate digester heating is beneficial because it increase the rate
of digestion and thereby biogas production. A schematic diagram of a typically high rate
biomethanation plant is given in Figure 14.
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Figure 14 Schematic diagram of a typically high rate biomethanation plant
Wastes consisting of rumen and paunch contents, dung, agriculture residue, fat and blood are
processed in the high rate plant. The solid wastes from different sections are collected in the
dissolution tank. The dissolution tank is used to adjust the moisture and solid ratio and for mixing
the waste thoroughly. The waste containing up to 12 % solids is passed through shredder, which
reduces solid waste size to required level. Waste will be pumped into the digester. Hydraulic
retention time is about 25 days. At organic loading rate up to 2.5kg/m3/day, the digester can give
up to 55 % efficiency in terms of volatile solid destruction. In digester optimum temperature of
about 36oC can be maintained with the help of heat exchanger. The digester will have all
accessories such as temperature and pressure indicators, overflow, safety valve etc. Specific
biogas production in high rate plant is about 0.8 m3/kg of volatile solids destroyed, which is
equivalent to 2.11 kWh/m3 of gas.
Economics of a typical high rate biomethanation plant catering to 60 tonnes/ day of waste is
worked out in the Table 16. The plant generates about 2600 m3 biogas and 7 tonnes manure in a
day which can give an income of Rs. 40 lakh per annum.
Table 16 Economics of high rate biomethanation plant
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5.4.2.3 Rendering
All animal mater i.e. type II wastes such as inedible offal, tissues, meat trimmings, waste and
condemned meat and bones, etc. can be processed in rendering system. The main constituents of
animal matter are fat, water and solids. The objective of rendering process is to physically
separate the fat, the water and the solids. This is effected by heating and rupturing connective
tissue of individual fat and muscle cells so that raw fat and other material bound within is freed.
In rendering, fat recovered is used for industrial purposes such as manufacture of soap and
greases. Fat recovered from fresh flesh and healthy eatable parts can be use for edible purposes
also. Solid portion which is known as meat meal or bone meal is utilized for the manufacture of
stock feed and fertilizers.
Rendering is carried out either in dry rendering or wet rendering plants. In both processes, large
pieces such as heads, bones etc. are reduced in size by shredders or other machinery. Large soft
offals are also cut to size before processing. Intestines, stomachs and similar soft materials contain
manure and therefore they are opened and cleaned before feeding to rendering plant.
Wet rendering: the name wet rendering is applied where the raw material is processed with added
water or condensate derived from steam. The wet rendering tank is usually a vertical, cylindrical
boiler, having a cone shaped bottom with a gate valve outlet.
At the top of the tank there is a manhole through which raw material is loaded, and also a valve
thru which obnoxious gases escape without reducing the pressure. Several draw off cocks on the
side of the tank at different levels; enable the fat and water to be removed. After the raw material
is loaded, the manhole is tightly closed and steam is injected into the mass from the bottom. The
steam pressure used will vary with the material. The higher the pressure, the quicker the
disintegration. For this reason, large plants often render offal at a pressure of 4 kg/cm2. However,
high pressure may reduce the quality of material, especially of the fat. For this reason, a pressure
of 3 kg/cm2 is usually maintained in the tank.
The time required to disintegrate the tissue and free all fat varies from four to six hours,
depending on the character of the offal. After cooking is completed, the contents of the tank are
allowed to settle for about two hours. After settling, a clean division is formed between the
digested material, water and fat. The fat, having the lowest specific gravity, will be on the top,
the sludge and solids having the high specific gravity will be at the bottom. The center will be
occupied by water. Gradually the pressure is reduced to that of the atmosphere, and then water
and fat are ready to be drawn off through the side cocks. If the fat level is below a cock, the level
can be raised as required by addition of water. After the fat and tank water have been removed,
the gate valve is opened and the digested mass of meat and bones is taken out. At this stage the
mass may contain up to 55 % moisture and about 15 % fat which can be dried in the dryer to
obtain meat meal or bone and meat meal.
For large operation, integrated continuous rendering plants are used. An integrated rendering
plant consists of pre-breaker, metal detector, fat separator, dryer and hammer mill. Total yield of
bone and meat meal by wet rendering system is about 30 percent of raw material weight and
tallow about 10 percent. A schematic diagram of the integrated wet rendering plant is given in
Figure 15.
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Figure 15 Schematic diagram of the integrated wet rendering plant
Dry Rendering: In this process, all the unwanted moisture is eliminated from type II wastes
without loss of any nutrient by using specially designed cooker. The dry rendering cooker is a
horizontal steam jacket equipped with a set of agitators, which keep the material in continuous
motion. The steam is applied to the jacket only and not to the material to be processed, as in wet
rendering.
The material remains in the cookers for about 4 to 5 hours in most plants. Steam pressure in the
cooker jackets usually ranges from 3 to 4 kg/cm2. The dry heat transmitted from the steam jacket
to the raw material converts the moisture present in material into steam, which gradually builds
up the internal pressure of cooker. This pressure, combined with agitation, disintegrates the
material and breaks down the fat cell. Dry rendering therefore works on steam pressure
developed from the moisture contained in the raw material itself, and not as in wet rendering,
from the pressure created by injected steam.
In dry rendering, the fat is released from the fat cells but is still dispersed throughout the material.
The fat in the solids may be removed by either a hydraulic press or by using a centrifugal turbine
fat extractor.
As seen from the above, the whole process, i.e., sterilization, digestion, and drying, take place in
cooker only. Therefore, there is no loss of nutrient. The dry rendering process allows
approximately 20 percent higher yield than the wet rendering, as the water containing water –
soluble extractives and proteinous suspended matter is not discarded.
The dry rendering plants comprise of units such as metal detector, pre-breaker, cooker, fat
extractor and hammer mill. A schematic diagram of a typical dry rendering plant is shown in
Figure 16.
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Figure 16 Schematic diagram of typical dry rendering plant
Economics of dry rendering plant installed in a mechanized slaughter house has been worked
out and presented in Table 17. On an average a typical plant renders 65 tonne/day of animal
matters to produce 20.25 tonnes bone & meat meal and 8 tonnes tallow in a day.
Table 17 Economics of dry rendering plant

5.4.2.4 Incineration
Incineration can be used for treatment of almost all types of wastes. In incineration, the waste is
burnt at temperatures between 850 0C and 1100 0C in specially designed combustion chambers.
An auxiliary fuel is required to start ignition and sustenance of combustion of wastes. The wastes
are converted to gaseous constituents and non–combustible residue. The gases are released to
atmosphere and the residue is disposed to landfill. Incineration does not require long residence
as in other methods. Proper temperature control, mixing and turbulence are necessary for
effective combustion. It requires skilled manpower for operation. Capital cost and recurring
expenses of incinerator are high. By using heat recovery system, through use of energy the cost
of operation can be reduced. Incineration technique is yet to be practised for treatment of
slaughter house wastes in our country.
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5.4.3 CONCLUSIONS AND RECOMMENDATIONS
Most of the slaughter houses in the country are very old and still in primitive condition. These
units operate with inadequate basic amenities such as lairage, proper flooring, water supply etc.
Further, many slaughter houses are much smaller and widely scattered. To equip such units for
effective processing of waste is a challenge. On reviewing various methods and the constraints,
the best practicable method for different categories of slaughter house are suggested in the
following paragraphs.
Large slaughter house are mostly in cities and located in congested areas. They generate
substantial quality of solid wastes, which have to be processed in environmentally acceptable
manner. For the large slaughter houses, biomethanation of Type-I waste and rendering for TypeII waste are suggested. Biomethanation requires less space, which is advantageous for the
slaughter houses with land constraints.
Biomethanation for Type-I waste and rendering for Type-II waste should also be considered for
medium size slaughter houses with an alternative of composting.
In case of small slaughter houses, sophisticated and capital intensive technologies is unviable due
to low volume of wastes and non-availability of other infrastructure facilities. For small slaughter
houses, a more pragmatic approach would be to make use of natural process such as composting.
This would be financially and technically viable and should be acceptable for the small slaughter
houses.
The best practicable methods currently available for processing and disposal of different wastes
for the slaughter houses are summarized in Table 18.
Table 18 Methods for processing, utilization and disposal of solid wastes from
slaughterhouse

*should be considered as provisional measures

All above methods facilitate recovery of secondary by-products such as manure, biogas, fat, bone
and meat meal etc. while disposing the wastes in an environmentally sound matter. Adoption of
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above methods for solid waste management will improve sanitation in and around slaughter
houses and it is beneficial to the slaughter houses in long run due to returns on account of
recovery and use or sale of the secondary by-products.
Composting facility requires no initial investment except land cost. Once the compost system
comes into operation, it produces manure, which is good soil conditioner. Bio-methanation is well
suited for the slaughter house waste to generate methane gas, which can be utilized for water
heating, boiler or power generation and the manure of much greater fertilizing value than
ordinary compost. Fat and bone and meat meal obtained from rendering of animal matter also
have several commercial usage.
There is a need to upgrade old slaughter houses on modern lines for overall improvement in
sanitation and hygiene and wholesome meat production. For modernization of existing slaughter
houses, the Ministry of Agriculture, Government of India provides assistance to the states.
Financial incentives are also provided by the Ministry of New and Renewable Energy for setting
up of biogas plants and high rate bio-methanation plants under its programmes on energy
recovery from urban and industrial wastes.
All slaughterhouses/ meat processing units shall ensure safe and proper disposal of solid waste
{Type I (Vegetable matter such as rumen, stomach and intestinal contents, dung, agriculture
residues etc) and Type II (Animal matter such as inedible offal, tissues, meat trimmings, waste
and condemned meat, bones etc.)} through suitable technology approved by SPCBs/PCCs.
***

65

Annexure-I

State wise Slaughter Houses in India
(as per information collected by CLRI)
S.No

State

No.of Slaughter Houses

1 Andhra Pradesh**
2 Arunachal Pradesh**
3 Assam
4 Bihar*
5 Chhattisgarh
6 Goa**
7 Gujarat
8 Haryana
9 Himachal Pradesh
10 Jammu and Kashmir*
11 Jharkhand**
12 Karnataka
13 Kerala**
14 Madhya Pradesh**
15 Maharashtra**
16 Manipur
17 Meghalaya**
18 Mizoram**
19 Nagaland
20 Orissa
21 Punjab**
22 Rajasthan**
23 Sikkim**
24 Tamil Nadu**
25 Tripura
26 Uttarakhand**
27 Uttar Pradesh**
28 West Bengal**
Union territory
29 Andaman and Nicobar Islands**
30 Chandigarh
31 Delhi
32 Dadra and Nagar Haveli
33 Daman and Diu**
34 Lakshadweep
35 Puducherry
Total
*List not provided to CLRI **as per information provided by SPCB directly

224
1
1
42
26
1
38
37
37
2
1
86
47
25
106
4
2
65
43
8
4
135
0
25
179
29
1
1
1
1
2
1
1
1176

Annexure-II
Slaughter houses-cum-meat processing plants and standalone slaughterhouses registered
with APEDA for export of meat from India

Meat processing plants registered with APEDA for export of meat from India

Annexure-III
Questioner for collection of Data from Slaughter Houses

