                                              Chapter-1 
                                          INTRODUCTION
India has the world’s largest population of livestock, with nearly 191 million cattle. 70 million Buffaloes, 139 million Sheep and Goat, 10 million Pigs and over 200 million poultry. About 36.5% of Goat, 32.5% of Sheep, 28% of Pigs, 1.9% of Buffaloes and 0.9% cattle are slaughtered every year. The reported per capita availability of meat in India is about 1.4 kg per annum, which is rather low compared to 60-90 kg in European countries. 

According to the Ministry of Food Processing, as a total of 3616 recognized slaughter houses slaughter over 2 million cattle and buffaloes, 50 million sheep and goat, 1.5 million pigs and 150 million poultry annually, for domestic consumption as well as for export purposes. While the slaughter houses come under the animal husbandry division of Ministry of Agriculture mainly for the purpose of funding towards expansion and modernization activities, the respective local bodies are mainly responsible for day-to-day operation/maintenance of the slaughter houses. Most of the slaughter houses in the country are service-oriented and, as such, perform only the killing and dressing of animals without an onsite rendering operations. Most of the slaughter houses are more than 50 years old without adequate basic amenities viz. proper flooring, ventilation, water supply, lairage, transport etc. In addition to these deficiencies, slaughter houses suffer from very low hygiene standard posing a major public health and environmental hazards due to discrete disposal of waste and highly polluted effluent discharge. Unauthorized and illicit slaughtering has also increased manifold and thus the related problems.

The Municipal corporation of Delhi has setup a food processing complex comprising of a state of art slaughter house at Ghazipur , Delhi next to the existing poultry market near Delhi & UP Border.

In the slaughter to house, bovines i.e. large animals like cattle & buffalo and goat and sheep are slaughtered and meat is obtained from them. In a slaughter house the water is used for drinking by animals during lairage, washing of slaughtering and bleeding areas, washing of dressing halls, cleaning intestines, cleaning of knife , axis, tables & any other equipment in the slaughter house. Further a considerable amount of water is also consumed inside the premises of the factory for the toilets canteen (for employees of the slaughter house complex), drinking and hand washing of meat dealers, animal traders, butchers, and transporters. Except for domestic water consumption and drinking water provided for animals for lairage, the major portion of the water is discharge as waste water.

Slaughter house effluents have a characteristic brownish, blood like appearance and special repugnant odor .The organic compounds occur as suspended matter solution and colloids. The effluent of a slaughter house or meat packing factory/industry may also contain pathogenic microorganisms in edition to other pollutants like BOD, COD & TSS.

In the Gazipur slaughterhouse, the authorities have ensured that the wastewater discharge is treated to make the effluent quality according to the requirement of DPCC.  Main objective of the present work is to study the performance of the effluent treatment plant of slaughter house at Gazipur, Delhi.
 




  CHAPTER 2 
  LITERATURE SURVEY

2.1 INTRODUCTION
With growing annual per capita meat consumption, high meat export potential, large non-utilizations of potential meat animals, the development of meat industry in India is controlled not by the Government but the existing market forces. The unorganized nature of this trade is the main feature in this industry that has not been able to use state of the art of technology available in global meat market. 
 
Problems associated with SHW:
i. Subjects of slaughtering of animals and related activities are governed as State subjects under the provisions of Article 48 of the Constitution of India.

ii. There are religious and political controversies over the large animal slaughter particularly bullocks.

iii. A vociferous pressure group emerging out of religious feelings does hinder the modernization of slaughter houses.

iv. The Government’s policies do not permit slaughtering of younger animals. Therefore, illegal slaughtering of calves is done in every city.

v. Moreover the introduction of humane slaughter methods has proved unsuccessful due to certain religion constraints, whereas existence of powerful religious concern over cruelty to animals can not be ignored.

vi. Due to Government control, religious beliefs and some of the constraints as explained above the ante-mortem and post-mortem inspections cannot be done at inadequately equipped slaughter houses and also it leads to illegal slaughtering of animals at a very high level.

vii. Animals are often available for slaughter only when they are useless for any other purpose.

viii. Lack of care during the transportation results into cruelty to animals, weight loss and high mortality.

ix. Many of the animals are of poor breeds for meat production and suffer from malnutrition, endemic diseases and widespread parasitic infestation.

x. The meat industry is considered as unclean, unsocial and low caste occupation.

xi. Comparatively small number of rich butchers who exploit the local labour force presently dominates the entire meat industry.

xii. The long chain of middlemen results in high mark of prices between the farmers’ gate and the terminal market.

Because of the reasons stated above and the fact that most of the slaughter houses in the country are more than 75 years old and also there is a noticeable increase in illegal activities of slaughtering animals, the meat industry does not meet the standards for discharge of effluents as laid down and notified under the Environment (Protection) Act, 1986. Eating habit of non-vegetarian population is generally controlled by the prevailing market price of meat. It has been observed that meat from large animals is sold at one third of the price of mutton from sheep/goat or chicken and fish. The availability of large animals, i.e. bullocks and buffaloes has also increased over the years due to better breeding practices adopted in animal husbandry programmes, better veterinary care of animals and ever growing mechanization of agriculture. Since the requirement of bullocks for farming purposes has decreased over the years, the dairy farmers sell the male calves at a younger age. The calf leather also fetches a good price for the butcher. The facilities available at meat markets are not good enough to keep the meat fresh for longer time. The butchers are not ready to bear the transportation costs for transporting meat from the slaughter houses to the shops. Hence, most of the butchers prefer to slaughter animals next to their shops. This particular scenario of illegal slaughtering at the door-step of the shops poses a great hazard to the local governments not only from public health point of view but also for the disposal of wastes in a scientific manner.
The wastes from slaughter houses and packaging houses are similar chemically to domestic sewage, but are considerably more concentrated. They are almost wholly organic, chiefly having dissolved and suspended material. The principal deleterious effect of these wastes on streams and water courses is their deoxygenation. 

2.2 TYPE OF WASTE PRODUCED

Various types of waste produced and their sources from slaughterhouse activities are given in table 2.1 and their characteristics are discussed in table 2.2 below:
                                                            Table 2.1

    Type of waste produced by the separate operations
	Source   
	   Waste                                                                   

	Stockyard    
	Blood

	Dehairing
	Hair and dirt

	Insides removal
	Manure and liquor

	Rendering
	Stick liquor

	Carcass dressing
	Flesh, grease, blood ,manure

	By products
	Grease, offal


Following are the various parameters and their characteristics of the effluent coming out from the slaughtergouse.

Table 2.2

Characteristics of the effluent coming out from the
 Slaughter House
	Parameters
	Characteristic

	Quantity
	2000 cum/day

	Total solids
	4000-5000mg/l

	BOD
	4000mg/l

	COD
	8000mg/l

	pH
	6-7


2.3 CLASSIFICATION

At present there are no official norms for classification of slaughter houses. However, depending upon the type of animals slaughtered. The slaughter houses are classified into:

       1. Large animal (i.e. cattle, buffalo etc.) slaughter house

       2. Goat and sheep slaughter house

3. Pig slaughter house

4. Poultry slaughter house
In order to assess the variations in pollution load with respect to number of animals slaughtered, Bovines and Goat & Sheep slaughter houses are further classified into following categories:

Large Scale                              More than 200 large animals i.e. Bovines per day

                                                   or more than 1000 goat and sheep per day.

Medium Scale                           More than 50 and up to 200 large animals or    

                                                   more than 300 up to 1000 goat and sheep/day.

 Small Scale                              Less than 50 Bovines and 300 goat and sheep  

                                                   per day.
Large scale slaughter houses are located mainly in big cities, medium slaughter houses in district/towns while the small scale slaughter houses are scattered all over the country.

2.4 OPERATIONS DURING SLAUGHTERING OF ANIMALS

While the basic slaughtering operations are identical for large and small animals, variations are observed in case of pig and chicken slaughtering. Various operations involved in slaughtering of large animals and goat & sheep are as under:
1. Ante-mortem: animals are required to be given sufficient rest, fodder and water, approximately for twenty four hours before slaughtering, in order to avoid glycogen depletion, which generally occurs during transit. These animals are then inspected by a veterinarian. This is known as ante mortem health inspection and the non-confirming animals are rejected for slaughter.

2. Lairage : after ante mortem , the animals are given enough quantity of water but no fodder for 12 hours prior to slaughtering, in order to flash out the pathogenic microorganism. However it is observed that only very few slaughter houses (less than 1%) have liarage facilities.

3. Slaughtering & bleeding: In India mostly slaughtering of animals is done either by way of halal or jhatka method. Halal is the method preferred by Muslims and jhatka by the Hindus/Christians/Sikhs, etc. To slaughter the animals in a humane way stunning of the animals is prescribed, but in most of the cases stunning before slaughtering has yet not been adopted due to certain religious feelings. In both the above methods of slaughtering, blood collection is not done immediately on slaughtering and most of the blood goes down into municipal drains causing pollution. Blood of the animals, which can be collected for making use in pharmaceutical industry, is thus by and large lost. Due to inadequate facilities at the slaughter houses and scattered illegal slaughtering of animals, a very few slaughter housed collect blood. 
Large animals are slaughter as per the Islamic rites by Halal method. The animal is first on the floor and the butcher cuts out the jugular vein manually to drain out blood. In majority of the slaughter houses the blood is allowed to spill over the floor 
and join the waste water drain. Only in a few large slaughter houses blood is collected by some agencies for the manufacture medicine and hemoglobin tonics.

4. Dressing: The operation of dressing consist of; sticking of heart to insure complete bleeding, removal of horns and legs, head trimming and de-masking, flaying of abdomen and chest removal of hide.
5. Evisceration: the operation of dressing is followed by evisceration, where edible and non-edible offals are segregated. While the edible offlals are cleaned with water and sold, the non-edible offals are disposed off as solid waste. Care is taken not to puncture the intestine during evisceration to avoid contamination of carcass with intestinal contents.

6. Carcass splitting: the next operation is splitting of carcass. Before splitting, the carcass is washed with water. Normally the carcass splitting is done manually by the axe; however in some large-scale slaughterhouses the carcass is splitted with an electrically operated circular saw. The split carcass is transported to processor unit by meat delivery vans or in dealers’ own transport. In modern slaughterhouses the split carcass is washed with high pressure water before transportation.

2.5 Wastewater quantity and characteristics
Wastewater quantity
 

The water in slaughterhouses process water is required for the activities such as for lairage. Washing of slaughtering and bleeding areas, washing of dressing hall, cleaning of intestines, cleaning if knife, axes, tables & any other equipment in the slaughterhouse. Apart from this domestic water is required for employees of the 
complex, meat dealers, animal traders, butchers, and transporters. Batting the wastewater generated as a consequence of domestic water consumption and drinking water provided for animals for lairage, the major portion of the water is be discharged as wastewater. The total water requirement for the complex has been estimated to be 
about 1925 m3/day day including the domestic water requirement .The total amount of the wastewater generated is expected to be 1750 m3/day.
Wastewater Characteristics
Wastewater generated from slaughterhouse operations has characteristic brownish blood like appearance and special repugnant odor. The wastewater generated contains high suspended solids fats, oil & grease. The organic compounds in slaughterhouse wastewater occur as suspended matter solution and colloids. The effluent of a slaughterhouse may also contain pathogenic microorganism in addition to other pollutants like BOD, COD & TSS:

Characteristic of composite samples of wastewater collected of months are displayed in table   5.4 & 5.5. On comparing the characteristics of wastewater with the effluent standards for disposition on inland surface water (table 5.3) .It can be seen that  BOD5  , COD , Oil & grease , suspended solids & dissolved solids  are  far  in  excess  than  their  permissible  limits  for  disposal  on  land therefore waste water needs treatment before being disposed. As suspended solids  and  BOD5    are  quite  high  in  the  wastewater  needs  treatment  for  the improvement of the characteristics of wastewater.
2.6 Work done in the field of slaughter house waste disposal

ANAEROBIC TREATMENT OF SLAUGHTER WASTEWATER IN AN EXPANDED GRANULAR SLUDGE BED (EGSB) REACTOR (BY L.A.NUNEZ AND B.MARTINEZ)

Expanded Granular Sludge Bed (EGSB) : the performance of an EGSB reactor for treating slaughterhouse under mesophilic conditions (35degrees) was investigated the reactor was inoculated with granular sludge from an anaerobic reactor. The averaged COD removal was 67% for total organic loading rates. Fats were 85% removed and no accumulation of fats on sludge was observed. The specific methanogenic activity of the sludge after 140 days,was about 3 times higher than the sludge inoculated into the
reactor. The sludge activity did not significantly change after one year of work. These findings indicate that the anaerobic treatment of slaughterhouse waste water in an 
EGSB system appears to be feasible option. (1999IAWQ Published by Elsevier Science limited. All rights reserved).
ANAEROBIC PROCESSING OF SLAUGHTER WASTEWATER IN A SEQUENCING BATCH REACTOR (SBR) BY D.I.MASSE,L.MASSE,N.BOURGEOIS):

Anaerobic processing in a sequencing batch reactor (SBR) as developed by Agriculture Canada, could be an interesting alternative for an efficient and economical treatment or pre- treatment of slaughter house waste water.  This new technology, which had been successfully applied in the laboratory to the treatment of swine manure slurry, can operate with limited capital cost,, energy and manpower. This technology has good potential to substantially reduce the pollution load of slaughter house waste water. The digester effluents were almost odourless when compared to the raw slaughter house waste water.  Also, the SBR was efficient in retaing the biomass. It provided good solid liquid separation. The proposed process show good potential to provide the slaughter house industry with a more environmentally sound waste water management alternative. It will eliminate the need for expensive air floatation and sedimentation processes currently used at some slaughter houses. It will also substantially reduce the high treatment cost at plant where the wastewater is discharged to the municipal wastewater system. Finally the above process will recover a significant quantity of energy (methane) that could be used to heat or produce hot water at the slaughter house plan.
  Chapter – 3
     MATERIALS AND METHODS
3.1
INTRODUCTION

A  treatment  plant  based  on  conventional  design  scheme  was  selected  for  performance  evaluation  study. Extensive preparation was under taken to delineate the plan & the logistics for field survey and evaluation. A Performa was designed for the collection of detailed information and other relevant data. The design data  &  other  details  for  the  plant  were  obtained  from  the  plant  authorities. This information’s firmed the basis for review of design & evaluation of the plant performance.  The monitoring was done to  assess  the variation
in wastewater
quality
&plant performance. In this chapter methodology followed for investigative studies is described.
3.2 Wastewater generation
           
Waste  water  is  defined  as  a  combination  of  liquid  and  solid  carrying waste from slaughterhouse. Waste water contains hair, blood, manure etc.

           3.3 Monitoring of inflow

A water level measuring system is installed in front of screen for automatically activate the screen when top water level is reached and to stop the screen when bottom water level is reached. This level switch will be displacer type. Electrical control panel has been provided to take feedback from level sensing mechanism and operate the screen.

3.4 Collection of samples
The collection of a representative sample is the most important function of an analyst. The samples were collected from various points:

· influent coming from slaughter house DAF inlet

· DAF outlet

· Equilisation tank outlet

· UASB reactor outlet

· Final clarifier.

       To  determine  average
characteristics  of  wastewater,  samples  of wastewater  were  collected at different stages of the treatment plant.  This  procedure  was  done
at  monthly  intervals  over  a  period  of six months.   Collected   samples   were   stored   at   around   40C   to   preserve   its characteristics.
3.5 Selection of characteristic parameters for analysis of wastewater

      While selecting the parameters for characterizing the wastewater, its pollution potential  was  primarily  considered  and
temperature  ,oil  &  grease  ,  BOD5, COD  ,  were  included.  In addition to these parameters like total solids , suspended solids ,dissolved  solids  ,  pH  were  included  as  they  are  necessarily  considered  for disposal of  effluents on surface water and on land for irrigation. Thus the parameter selected for analysis needed for characterizing wastewater at a glance  are as under,

Temperature  ,oil  &  grease  ,  BOD5,  COD  ,  total  solids  ,  suspended  solids, dissolved  solids, pH.  
           3.6 Analytical methods for analysis of wastewater samples
Analytical  methods  selected  for  analysis  of  wastewater  samples  to  obtain values  of  selected  parameters  described as under.  Samples  were collected  and  preserved  as  per  standard  procedure  described  in  standard methods.  Wastewater  sample  analysis  was  done  as  described  in  detail  in standard methods.
           





Table 3.6
ANALYTICAL METHODS FOR ANALYSIS OF WASTEWATER
	Sr. No.
	Parameters
	Analytical methods for analysis of wastewater
Standard methods 

	1
	Total Solids
	  Total solids dried at 103 – 105 OC

	2
	Dissolved

Solids
	Dissolved Solids dried at 180  OC

	3
	Suspended

Solids
	 Suspended Solids dried at 103 – 105 OC

	4
	PH  value
	Ph  meter

	5
	BOD5
	Biological Oxygen  Demand

( 5 days at 20 OC )

	6
	COD
	 Closed  reflux  method


   CHAPTER 4
TREATMENT OF WASTE AT GAZIPUR SLAUGHTER HOUSE
4.1 INTRODUCTION

The slaughterhouse complex has a well designed and installed influent treatment plant system for the combined effluent from the sources mentioned as above within the slaughterhouse complex. The effluent treatment plant has been designed and installed on the basis of physicochemical treatment. The treatment plant has been designed on the basis of continuous operation. The treatment process of slaughterhouse wastewater provided at the site consists of collection of entire sewage in a collection/equalization tank after allowing it to pass through fine Bat Screens, for the removal of fine floating impurities, followed by Dissolved Air floatation system, and thus also functions as Equalization tank to some extend.

4.2 Characteristics of slaughterhouse wastewater
The wastes from slaughter houses and packaging houses are similar chemically to domestic sewage, but are considerably more concentrated. They are almost wholly organic, chiefly having dissolved and suspended material. The principal deleterious effect of these wastes on streams and water courses is their deoxygenation. 
Following are the various steps involved in treatmanet of slaughterhouse waste:
4.3 Level Sensing Mechanism 
A water level measuring system is installed in front of screen for automatically activate the screen when top water level is reached and to stop the screen when bottom water level is reached. This level switch will be displacer type. Electrical control panel has been provided to take feedback from level sensing mechanism and operate the screen.
4.4 Screen: 

Screen Mechanism consist of perforated plate acting as filter media on which screw mechanism rotate and remove screenings as control by level switch. Provision for water wash has been provided. The mechanism is mechanically operated by hydraulic system and is suitable for automatically for operation controlled by a level sensor. The fine bar screen is capable of being tilted out of the sewage flow up to horizontal position for the purpose of cleaning maintenance. The screen mechanism is manufactured from stainless steel for long life in the aggressive sewage environment.

Fine –screened wastewater is colleted in raw wastewater collection sump this also helps in equalizing the wastewater in terms of both flow strength of waste components; thus providing consistent wastewater . Two no’s submersible mixers are provided in this tank for keeping tank contents in mixed stage. As the wastewater generated from slaughter house shall contain high suspended solids fats,Oil & Grease, it is proposed to provide fine screen for removing fine floating impurities followed by raw wastewater collection & pumping, Dissolved air floatation & finally Wastewater Equalization. These operations shall remove floating impurities, suspended solids, Fats, Oil & Grease from wastewater & hence reduce organic load on the biological treatment system. Equalization shall equalize the flow in terms of both Flow & strength, hence provide uniform flow to downstream biological treatment section & hence improve its performance. From inlet chamber raw effluent enters mechanically cleaned channels. For this project, 2 nos. rotary bar screens (1W+1S, each designed for handling 100% Peak flow) + 1 no. manually cleaned screen (designed to handle 100 % Peak flow) shall be provided.
 4.5 Dissolved Air flotation (DAF)

The equalized effluent from collection sump is pumped to the dissolved air    

floatation system (DAF) for the removal of fats, oil grease.

In Dissolved Air flotation (DAF) air is dissolved into water, mixed with waste stream and released from solution while in intimate contact with the contaminants. Air bubbles form, attach to the solids, increase their buoyancy and float the solids to the water’s surface. A percentage of the clean wastewater is recycled and super –saturated with air, mixed with the wastewater influent and injected into the DAF separation chamber. The dissolved air comes out of solution, producing millions of microscopic bubbles. These bubbles attach to the solids and float them to the surface where they are mechanically skimmed and removed from the tank. Prior to DAF, pre-treatment is given to effluent for improving the efficiency of the DAF system. The pre-treatment consists of the chemical treatment with use of chemical flocculants viz. alum. Attachment of most of the bubbles to solid particles is effected through surface energies while others are trapped by the solids or by hydrous oxide flocs as the floc spreads out in the water column. Colloidal solids are first coagulated by a chemical such as the aluminum and then absorbed by the hydrous mental oxide floc generated by these compounds. A coagulant aid is added in combination with the flocculent to agglomerate the hydrous oxide floc, increase particle size and improve the rate of flotation. Two no’s  DAF have been provided each handling one stream of capacity 75% of Nominal flow i.e. each stream handling 75 m3/ hr nominal flow. Each DAF has been designed for 50% of peak flow i.e. 90m3/hr. Electromagnetic flow transmitter has been provided to measure flow to each DAF. This transmitter displays flow to DAF digitally which can then be controlled manually by throttling isolation value. Reaction tanks for mixing alum (coagulant ) with raw effluent has been provided. Alum treated effluent is fed to DAF unit by gravity, where PE also added  to aid in flocculation. Two nos. of air compressors and one common air receiver has been provided to provide compressed air to each DAF. 
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Figure 1
Dissolved Air Floatation
Four nos. of high-pressures recirculation pumps have been provide to recirculate  a part of clarified Effluents for mixing with compressed  air  inject it into the DAF Separation chamber. The dissolved air comes out of solution, producing millions of microscopic bubbles. These bubbles attached to the solids and float them to the surface where they are mechanically skimmed and removed from the tank. Oil & Grease is removed upto 98% and TSS is removed up to 90% using our dissolved air flotation systems. Chemical pre-treatment can often help to improve the performance of contaminant removal.
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Figure 2
Dissolved Air Floatation
4.6  Equalization tank
As the wastewater contains high Organic load (COD & BOD), it is proposed to treat this wastewater with up flow Anaerobic sludge blanket Reactor technology before aerobic treatment. All the persons who are attempting to operate & maintain the effluent treatment plant must go through, all drawings &manual of the equipments/instruments,which are installed in the effluent treatment plant. DAF treated / clarified wastewater is collected in two nos. equalization tanks, which are operated on fill draw basis. This equalizes the wastewater in terns of both flow strength of waste components; thus providing consistent wastewater to
 downstream biological treatment units. Two nos. of submersible mixed are provided in these tanks for keeping tank contents in mixed stage.
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Figure 3
Equalization tank
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Figure 4
Equalization tank
4.7 UASB REACTOR
The effluent from equalization tank goes for biological treatment. The effluent is first fed to UASB conditioning tank provided separately for each UASB reactor to enhance the treatment efficiency. Here, fine –tuning of pH is taken up. Nutrients required if any for the process & ph adjustments is added up in this tank. This tank accepts the raw wastewater flow from the equalization tank and the treated wastewater return flow from the UASB reactor. The tank contents are mixed with a slipstream from the UASB reactor feed pumps added via jet mixer. pH is checked manually by collecting sample, and  NaOH/ HCI are added manually as required to attain desired pH. In the event the pH goes out of desired set range, the open close valves on UASB reactor feed is shut manually and if still abnormal condition persists, feed pump to the UASB reactors of the wastewater pumped to UASB reactors. Wastewater temperature in UASB reactor is maintained between 25 to 37oc. On top of UASB conditioning tank, a specially designed tee pipe/separation plate is installed to split the actual anaerobic wastewater from the recycled wastewater. The actual anaerobic wastewater leaves the system towards aerobic treatment system while the recycled wastewater is be used to operate the UASB reactor at optimum loading rates and up flow velocities. Electromagnetic type flow indicator cum transmitter is provided at each UASB reactor feed line to measure the quantity of wastewater flow to each UASB reactor.
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Figure 5





     UASBR
Conditional wastewater from UASB buffer/conditioning tank is feed to UASB reactor for treatment under anaerobic conditions for the reduction of compounds contributing to COD & BOD. Three nos. of UASB reactors have been provided operating in parallel, with a capacity to treat 50% nominal flow in 2 reactors in case 1reactor is under shutdown, is provided. The wastewater is be pumped to the UASB reactors at a constant rate through the specially designed influent distribution system. In this reactor the biomass is present as a dense granular material which is expanded and production of biogas takes place. Wastewater passes through anaerobic granular sludge blanket bed where organic compounds contributing to COD and BOD are reduced to products like CO2, Energy, water & other easily degradable compounds. When the feed contents/ UASB conditioning tank contents are out of desired process specs (too low/too high pH, temperature etc.), the valves provided  on feed line are closed manually to protect reactor from any processes upsets and to save the biomass within the system . 

The top of reactor contains special and patented three phase’s gas liquid solid /sludge (GLS) separators that separate the gas, biomass and water. The treated wastewater leaves the UASB reactor through piping back to the Tee pipe in the UASB conditioning tank. The gas is collected in the gas box provided on the settler and piped out to the gas holder. The biomass is allowed to settle and returned back to the reactor. Total 9 settlers have been provided@ settlers for each UASB Reactor. Thermal mass type biogas flow transmitter is provided on biogas line header from all 3 UASB reactors to measure the generated biogas. The UASB reactor is equipped with safety blow off arrangement which protects the reactor from over/vacuum pressure. The treated wastewater from above reactors is returned to UASB conditioning tank where part of treated wastewater is recycled to maintain the desired up-flow velocity required for mixing purpose. The treated wastewater is separated from recycled wastewater via a tee pipe provided at top of UASB conditioning tank.

4.8  Biogas holder
The biogas generated as a by-product is collected in a gasholder from where it is flared off. Excess sludge from UASB in case of any process upsets. A floating roof type gasholder is provided for collection of the biogas from the UASB Reactors. The biogas Intel & discharge line to Biogas holder is provided with adequate low point drains and seal pot assemblies/ moisture, Condensate traps. The biogas holder is equipped with Vacuum Relief valve with Flame arrestor, which shall protect the unit from over /vacuum pressure.
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Figure 6

Gas holder & Flare off
An anaerobic sludge holding tank having the capacity of 170 m3 has been provided to store the excess a anaerobic biomass sludge generated from the operation of the anaerobic treatment facilities. To keep this  anaerobic sludge active, the anaerobic sludge in holding tank is frequently ;replaced through appropriate  recirculation .bidirectional flow,  screw type sludge pumps are provided on  anaerobic sludge holding  tank to pump sludge from the sludge tank  to the UASB and vice versa. As well as to tankers for off-site disposal / sale as the case may be.

Anaerobically treated wastewater from USAB reactors via USAB buffer/conditioning tank is lead to common distribution chamber provided for three stream anaerobic streams. These 3 streams are designed in such a way that if any 1 streams/tank gas out of operation. Remaining 2 streams/tanks can handle 100% flow, with each streams/tank handling 50% of the flow. Three nos. of aeration tanks have been provided operating in parallel based on anaerobic adsorption process. The process is a two stage suspended growth activated sludge process with first stage designed for maximum organic/sludge load (F/M) & second stage designed for low organic/sludge (F/M) load with secondary clarifier after each stage. Sludge is recycled from these clarifiers to dedicated aeration tanks for maintaining the desired MASS/VASS levels in the aeration tanks. Preparation tank, aeration tank, stage-I & stage-II is supplied by a system of fine bubble diffused aeration system & air blowers. Six nos. of blowers have been provided. 
4.9 Pre aeration tanks
Three no’s of pre-aeration tanks have been provided, operating in parallel. Anaerobically treated wastewater is aerated in pre aeration tank to strip off gases formed by sulphides, Ammonia in USAB & to generate basic facultative microorganisms which will provide a easy transition from anaerobic to anaerobic reactors.
[image: image7.jpg]



Figure 7
     Buffer tank

4.10 Aeration tanks & clarifiers
Three nos. of aeration tanks have been provided, operating parallel. Stage-I aeration tanks are operated at high organic load. This stage is operated at high organics/sludge (F/M ratio). This permits the fluctuations in concentration & peak loads which are rapidly compensated & negative influences are quickly overcome. This stage is operated at limited oxygen concentration, high organic load & high microorganism’s concentration sorption or organics into the biomass & high organics removal in a relatively low hydraulic volume suspended growth aerated bioreactor. Aerobically treated wastewater from stage-I aeration tank is clarified in secondary clarifier. This separates the solids/sludge from treated water & clarify it. Clarified wastewater lead to down stream second stage aeration tank. Sludge from these clarifiers is recalculated back to aeration tanks, stage-I to maintain desired MLSS/VSS level in the tank. Any excess sludge is wasted to wasted sludge collection sump or fed to USAB reactor to act as seed sludge. Clarified wastewater from stage-1 secondary clarifier or intermittent clarifiers is lead to second stage aeration tanks. In this stage removal of residua l& difficult to degrade organic components, which could not be removed on stage –I is taken place. Second stage I designed to operate at relative low organic load & standard extended aeration microorganism’s concentration level & high oxygen concentration .aerobically treated wastewater from stage-II aeration tank is clarified in final secondary clarifier. This separates the solids/sludge from treated water & clarifies it. Clarified wastewater is lead to down stream chlorine contact tank for wastewater disinfection prior to filtration & reuses. Sludge from these clarifiers is recirculated back to aeration tanks, stage –II to maintain desired MLSS/VSS level in the tank. Any excess sludge is wasted to wasted sludge collection sump or fed to USAB reactor to act as seed sludge. Clarified wastewater from second stage clarifiers is collected & lead to chlorine contact tank provided for mixing sodium hypochlorite sol . with wastewater. This tank is provided with baffles (serpentine channel with short channels) for proper mixing of sodium hypochlorite solution with wastewater.  Chlorinated wastewater is collected in treated/clarified &chlorinated wastewater collection tank for further utilization or disposal. Excess sludge wasted from USAB reactors, intermittent &final secondary clarifiers is collected in a wasted sludge collection sump. 
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Figure 8
Aeration tank      
From here, sludge pumped to sludge thickener for thickening the sludge before feeding it to sludge dewatering equipment. Mild agitation is provided in this tank to keep sludge in suspension. Excess sludge wasted from USAB, Intermittent & secondary clarifier contains about 1-2 % w/v sludge and is to dilute for dewatering &disposal. Hence this sludge is pumped to sludge thickener for further thickening before pumping it to dewatering unit. 
This increases the solids contents in thickened sludge & increases the efficiency of sludge dewatering & reduce  dewatering sludge volume. Thickened sludge from bottom is pumped to mechanical sludge dewatering system.  Supernatant from thickener is lead by gravity, back to equalization tanks. Thickened bio-sludge sludge from sludge thickener is pumped to solid bowl centrifuges (SBC) for dewatering & final disposal.
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Figure 9
Final Clarifier   
[image: image10.jpg]



Figure 10

Final Clarifier  
  CHAPTER-5 
MEASURES PROPOSED TO IMPROVE THE SLAUGHTERHOUSE                    

                                WASTE MANAGEMENT

Following measures are proposed for the management of slaughterhouse waste:
5.1  Odour Control
The tropical climate of our country enhances the process of degeneration of any tissue material remaining as a waste in the premises of the slaughter houses. Therefore, the slaughter house premises always give a particular stink. In order to avoid this stinking odour proper ventilation of slaughtering halls, washing of the floors with non-poisonous disinfectants and if need be use of aerobic deodorants must be provided at each slaughter house.

5.2  Modernization of Slaughter House
The slaughter houses are normally controlled by local bodies, which should follow the standards prescribed, but due to non-existence of modernised slaughter houses, environmental pollution arising out of the slaughtering activities cannot be controlled. The local bodies must, therefore, take up modernisation of slaughter houses and achieve the pollution control norms.

5.3 Curbing Activities of Illegal Slaughtering of Animals
The places where illegal slaughtering is taking place should be carefully identified and the illegal activity should be curbed by the local body with the help of local police to ensure that slaughtering takes place at the slaughter house only under hygienic conditions and meat eating population gets fresh and disease free meat. This will also prevent clogging of drains due to illegal dumping of animal waste into the drains. Till the activity of illegal slaughtering is not brought under control, the waste generated out of this illicit practice needs to be managed by the urban local bodies by putting community bins for collection of this waste so that the waste does not get mixed up with the domestic waste and can be disposed of separately.
5.4 Provision of Dry Rendering Plants 

In most of the cities the animals dying of natural death are carried away to outskirts of the city limits by the people who perform the job of dehiding of the carcasses. After dehiding these carcasses are left in open. Vultures and other animals feed on meat of these carcasses. This entire activity is a nuisance to the aviation industry and a hazard for public health. The carcass utilization plant which is run by adopting dry rendering proce`ss plants should be provided at all the major towns to process the dead animal carcasses in a scientific manner. These plants should process the solid waste generated from the slaughterhouses as well as the places of illegal slaughter. The products of the rendering plants are widely used as meat meal/bone meal, etc. The slaughter house waste can also be subjected to bio-methanation as resources recovery. Department of Animal Husbandry, Ministry of Agriculture, Government of India is providing substantial financial assistance for setting up of slaughter houses and carcass utilization centers. The Supreme Court of India, High Courts in States and Lower Courts have taken serious view on environmental pollution and have in several cases ordered closing down of existing slaughter houses and flaying units and other such highly polluting industries. Therefore, it is the right time for the State Governments and Urban Local Bodies to chalk out plans for modernization of slaughter houses. Central Pollution Control Board (CPCB) has brought out “Draft Guidelines for Sanitation in Slaughter Houses” during August, 1998. The Bureau of Indian Standards has also brought out the Indian Standard, IS : 4393 : 1979, as basic requirement for Abattoir (First Revision).

                                           Chapter 6 
RESULTS AND DISCUSSION
6.1 INTRODUCTION:
Performance  studies  of  each  unit  of  slaughter house  treatment  plant was  done through   the samples collected from influent and effluent from  each  treatment  unit  . Observations taken during these studies are displayed in the form of tables and represented through various graphs and figure.
6.2 Wastewater characteristics:
Characteristic of samples of wastewater collected of each unit are displayed in tables 6.2 to 6.7. On comparing the characteristics of wastewater with the effluent standards for disposition on inland surface water ,It can be seen that  BOD5  , COD , Oil & grease , suspended solids & dissolved solids  are  far  in  excess  than  their  permissible  limits  for  disposal  on  land therefore waste water needs treatment before being disposed. As suspended solids  and  BOD5    are  quite  high  in  the  wastewater  needs  treatment  for  the improvement of the characteristics of wastewater.

6.3 Performance studies of sewage treatment plant

Waste  water  generated  from slaughterhouse  taken  through treatment  plant  consists  of  bar  screen  and  grit chamber, Dissolved air floatation (DAF), Equalization tank, UASB reactor, pre aeration tanks, aeration tanks and clarifier. 

Treated effluent from clarifier is taken to nearby Nala, which leads to river. Performance studies were under taken for each unit of treatment plant separately. Here samples of wastescreening water were taken from influent to effluent from each unit and for the detailed description of that, chapter – 4(Materials & Methods) can be referenced. Observations taken during these studies are displayed in various tables and figure convenient for discussion. Various concerned design parameters were evaluated for different units of ETP for observed influent wastewater flow rate. Design parameters evaluated and displayed in various tables are discussed as under.

6.4.1 Screen  
Screen removes floating material such as bones, flesh, cloth n wood pieces etc. Screenings are removed by screw conveyor and conveyed and disposed off in collection trolley. This operation is regulated by interlocking conveyor motor with level switch. Gates are provided at inlet of these screens to control/divert flow to these screen channels. Screen Mechanism consist of perforated plate acting as filter media on which screw mechanism rotates and remove screenings as controlled by level switch. Provision for water wash has been provided. Perforation in screen is 5 mm which will facilitate removing particles size above 5mm.

6.4.2 DAF 
Two no’s  DAF have been provided each handling one stream of capacity 75% of Nominal flow  i.e. each stream handling 75 m3/ hr nominal flow .Each DAF has been designed for 50% of peak flow i.e. 90m3/hr. A coagulant aid is added in combination with the flocculent to agglomerate the hydrous oxide floc, increase particle size and improve the rate of flotation. A reaction tank for mixing alum (coagulant) with raw effluent has been provided. Alum treated effluent is fed to DAF unit by gravity, where PE also added to aid in flocculation. Two nos. of air compressors and one common air receiver has been provided to provide compressed air to each DAF. Four nos. of high-pressures recirculation pumps have been provide to recirculate  a part of clarified Effluents for mixing with compressed  air  inject it into the DAF Separation chamber. The dissolved air comes out of solution, producing millions of microscopic bubbles. These bubbles attached to the solids and float them to the surface where they are mechanically skimmed and removed from the tank. 

Table 6.1
Characteristics of effluent coming from DAF

	S.No.
	Date
	Characteristics

	
	
	Flow (m3/d)
	PH
	COD (mg/l)
	BOD5
(Mg/l)
	TSS

(mg/l)

	1.
	20/01/09
	47
	7.5
	1795
	38
	645

	2.
	13/02/09
	150
	7.5
	1822
	30
	750

	3.
	16/03/09
	176
	7.2
	2562
	35
	880

	4.
	21/04/09
	50
	7.0
	1800
	32
	715

	5.
	15/05/09
	123
	7.8
	1654
	35
	750

	6.
	17/06/09
	140
	8.0
	1754
	39
	830


Efficiency o f DAF

Characteristics of effluent coming from DAF after alum treatment when compared to the influent characteristics it is found that the DAF treatment considerably reduces the BOD5 COD values by more than 95% and 90% respectively. Whereas TSS are removed by 60% similarly due to alum treatment oil and grease is removed by 98%.There is not a considerable change in the pH value. This shows that DAF is working efficiently giving the acceptable results.

6.4.3 Equalization tank

Equalization tank is providing to reduce the fluctuation of waste strength. This equalizes the wastewater in terns of both flow strength of waste components; thus providing consistent wastewater to downstream biological treatment units. Two nos. of submersible mixed are provided in these tanks for keeping tank contents in mixed stage. This works on the Fill and Draw basis.
Table 6.2
Characteristics of effluent coming from Equalization Tank

	S.No.
	Date
	Characteristics

	
	
	Flow (m3/d)
	PH
	COD (mg/l)
	BOD5
(Mg/l)
	TSS

(mg/l)

	1.
	20/01/09
	47
	7.5
	1790
	38
	645

	2.
	13/02/09
	150
	7.2
	1522
	40
	750

	3.
	16/03/09
	176
	7.4
	2562
	45
	790

	4.
	21/04/09
	50
	7.6
	832
	41
	690

	5.
	15/05/09
	123
	7.6
	1800
	54
	650

	6.
	17/06/09
	140
	7.7
	1788
	45
	770


Efficiency of equalization tank

Here the comparison is done between the effluent coming from DAF and from equalization tank which shows a considerable small change in the various characteristics of effluent as the wastewater is equalized in terms of flow and strength and provide consistent wastewater to the next unit. It reduces the fluctuations of waste strength. So it is seen that considerably small changes are there in BOD, COD and pH values. Hence this shows equalization tank is working efficiently.
6.4.4 UASBR

Conditional wastewater from UASB buffer/conditioning tank is feed to UASB reactor for treatment under anaerobic conditions for the reduction of compounds contributing to COD & BOD. Three nos. of UASB reactors have been provided operating in parallel, with a capacity to treat 50% nominal flow in 2 reactors in case 1reactor is under shutdown, is provided. The wastewater is be
 pumped to the UASB reactors at a constant rate through the specially designed influent distribution system. In this reactor the biomass is present as a dense granular material which is expanded and production of biogas takes place. Wastewater passes through anaerobic granular sludge blanket bed where organic compounds contributing to COD and BOD are reduced to products like CO2, Energy, water & other easily degradable compounds. When the feed contents/ UASB conditioning tank contents are out of desired process specs (too low/too high pH, temperature etc.), the valves provided  on feed line are closed manually to protect reactor from any processes upsets and to save the biomass within the system . 

Table 6.3
Characteristics of effluent coming from UASBR

	S.No.
	Date
	Characteristics

	
	
	Flow (m3/d)
	PH
	COD (mg/l)
	BOD5
(Mg/l)
	TSS

(mg/l)

	1.
	20/01/09
	47
	7.4
	548
	21
	250

	2.
	13/02/09
	150
	7.4
	548
	24
	244

	3.
	16/03/09
	176
	7.3
	714
	30
	341

	4.
	21/04/09
	50
	7.5
	632
	37
	311

	5.
	15/05/09
	123
	8.0
	340
	37
	225

	6.
	17/06/09
	140
	7.7
	714
	30
	341


Efficiency of UASBR

When effluent coming from equalization tank is compared to the effluent coming from UASBR, it is observed that very small change is there in pH value.BOD is reduced by 50% approximately, COD is also reduced by 50% whereas TSS is reduced by more than 60% sharing the efficiency of UASBR.
6.4.5 Aeration tank and Clarifiers

This stage is operated at limited oxygen concentration, high organic load & high microorganism’s concentration sorption or organics into the biomass & high organics removal in a relatively low hydraulic volume suspended growth aerated bioreactor. Aerobically treated wastewater from stage-I aeration tank is clarified in secondary clarifier. This separates the solids/sludge from treated water &clarify it .Clarified wastewater lead to down stream second stage aeration tank. Sludge from these clarifiers is recalculated back to aeration tanks, stage-I to maintain desired MLSS/VSS level in the tank. Any excess sludge is wasted to wasted sludge collection sump or fed to USAB reactor to act as seed sludge. Clarified wastewater from stage-1 secondary clarifier or intermittent clarifiers is lead to second stage aeration tanks. In this stage removal of residua l& difficult to degrade organic components, which could not be removed on stage –I is taken place. Second stage I designed to operate at relative low organic load & standard extended.
Table 6.4
Characteristics of effluent coming from Clarifier

	S.No.
	Date
	Characteristics

	
	
	Flow (m3/d)
	PH
	COD (mg/l)
	BOD5
(Mg/l)
	TSS

(mg/l)

	1.
	20/01/09
	47
	8.2
	25
	17
	34

	2.
	13/02/09
	150
	7.5
	32
	19
	35

	3.
	16/03/09
	176
	8.0
	29
	17
	34

	4.
	21/04/09
	50
	8.0
	25
	16
	34

	5.
	15/05/09
	123
	7.9
	30
	14
	22

	6.
	17/06/09
	140
	8.0
	28
	17
	38


· The value of BOD5, COD, TSS are nearly same as the permissible limit.
Final clarifies

The effluent coming from aeration tank to the final clarifiers shows noticeable results (as proposed to the effluent treatment plants for the final effluent).It shows that COD is reduced by 90%, BOD is reduced by 65%.

Also the TSS is reduced to considerably large values. There is not a big change is seen in the pH value of final effluent as compared to the effluent coming from the USABR.This shows that the plant is working efficiently.

6.5 Comparison between the characteristics of influent and effluent

Table 6.5

Characteristic of the wastewater after Treatment
	Sr.


	Parameter
	Unit
	Inlet

Characteristics
	Outlet Characteristics

	1
	Flow
	M3/day
	1750
	1750

	2
	Ph
	· -
	6.5 – 7.5
	6.5 – 8.5

	3
	COD
	ppm
	12000
	< 250

	4
	BOD
	ppm
	6500
	<30

	5
	TSS
	ppm
	800-1000
	<30

	6
	Fats, Oil & Grease
	ppm
	300 to 500
	<10


· Total Suspended Solids (TSS) /Volatile Suspended Solids (VSS) level in raw wastewater is 60-65%.

· Total Nitrogen & phosphorus concentration in wastewater is 400 and 50 PPM respectively.

· Wastewater temperature is assumed to be between 25-35 Deg C.

· It is assumed that no Toxic substances are present in wastewater.

· It is assumed that all required micro nutrients like Fe, Ca, S Mg, K, Cu, Zn. Mn, Ni, Co, Mb, Se, Al are present in required quantity; hence No External dosing is considered.

· From inlet chamber raw effluent enters mechanically cleaned channels. For this Project , 2 nos. rotary bar screens (1W+1S, each designed for handling 100%  Peak flow) + 1 no   manually cleaned screen (designed to handle 100 % Peak flow) shall be    provided.

From the above results, it is clear that the plant is operating according to the design requirements as it is producing the desired outlet characteristics. From the tables 6.2 to 6.7 and comparing them with the table 6.8 it is clear that the outlet characteristics for all the parameters are almost same as required.
Table 6.6

Characteristics of the final effluent for Gazipur Slaughterhouse ETP
	S.No.
	Parameter
	Units
	Results

	1.
	Ph
	
	7.5

	2.
	TSS
	Mg/l
	12

	3.
	BOD3 at 20 C
	Mg/l
	8

	4.
	COD
	Mg/l
	19
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