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ABSTRACT 

This study investigated the bio-kinetics of a meat-processing wastewater in an activated 

sludge system. The main pollutant loading of the wastewater under investigation was 

characterized as 1350 mgCOD/L, 70 mgNH.i-N/L, and 127 mgTKN/L in average. 

The respirometric method and aerobic batch methods were used to evaluate the 

biodegradability and the kinetics of carbon removal and nitrification of meat-processing 

wastewater in an activated sludge system. 

The readily biodegradable COD accounts for t 5- 17 % of the COD in meat-processing 

wast1~water, while the inert portion, including soluble and particulate, accounts for 

another 10 % of the COD. Approximately, 1/3 of the meat-processing wastewater 

composition is in soluble/fine colloidal form and the remaining 2/3 is in particulate form. 

For heterotrophos growing on soluble meat-processing wastewater, the determined values 

of kinetic constants for carbon removal were 0.63 mgcellCOD/mgCOD for the observed 

COD based yield coefficient (Y1-1), 0.40 mgVSS/mgCOD for the observed mass (VSS) 

based yield coefficient (Y 0 ), 1.4 for CODNSS ratio, 3.3 day" 1 for the maximum specific 

growth rate ( µ H ~ll.-t.Y ), and 10 mgCOD/L for the half-saturation constant (Ks). The death-

regeneration decay coefficient of heterotrophos (bH) was 0.38 - 0.49 d·1
• For 

heterotrophos growing on unfiltered meat-processing wastewater, the relationship 

between Sc/Xo and the observed corresponding specific growth rate ( µ, d.1
) was found to 



fit a Monod type function. The maximum specific growth rate of heterotrophos in 

unfiltered meat-processing wastewater was determined as 9 d-1
, while the half-saturation 

constant was found to be 22. 

In regard of nitrification, the maximum specific growth rate of autotrophos in soluble 

meat-processing wastewater was 0.56 - 0.71 d- 1
• 



ACKNOWLEDGEMENTS 

1 ·thank Professor Rao Bharnidimarri for providing me the opportunity to do this study 

and his guidance, supervision in the past two years. I am indebted to Mr. Ken Butler who 

made very helpful suggestions in this study and this thesis. I also thank Dr. Laurence 

Smith for his supervisions in this study. 

Many thanks to Mr. P.O. Bickers and Mr. Yoon-Seok Hong for their advice and 

corna tltation throughout the process. 

Thanks to Dr. M.K. Stenstrom for sending a copy of his PhD Thesis from USA for my 

rdcrence. 

Thanks also go to Dr. A.J. Englande Jr. at Tulane University in Louisiana, USA, Dr. Ken 

Milne, Mr. Ross Davis, and Dr. Graham Manderson at Massey University, for their 

encouragement and guidance in this study. 

Thanl<s to the Environmental Management Team of Manawa.tu Beef Packer in Feilding, 

n1y f1iends Mark Stevenson and Davie Dawson at EpiCenter of Massey University, and 

Ms. Glenda Withers, Mr. Mike Steven of the Institute or Technology and Engineering, as 

well as the staff of the Institute laboratory and workshop, for their assistance in this 

study. 

Thanks to my fellow postgraduates in the lab for their encouragement and companion 

during the course of this study. 

I am also grateful for the support of my family. Thanks to my husband Daryl for much of 

his time helping in the laboratory and computing. 



CONTENTS 

CHAPTER I INTRODUCTION ........................................................................................................... l 

I. I THE NEW ZEALAND MEAT INDUSTRY ...... .... . ... .. . ....... . . ....... . ........ . .. .......... ... .... ..... ....... .... .. .............. 1. 

1.2 ENVIRONMENTAL CONCERNS OF THE MEAT INDUSTRY ..... ... . ................................ ... .... ...... . ....... .... .. l 

1.3 TREATMENT OF MEAT-PROCESSING WASTEWATER .. ...... . ... .. . .. ... . ......... .......... ......... .. .................... ... I 

1.4 DESIGN AND MODELLING OF ACTIVATED SLUDGE TREATMENT SYSTEMS FOR THE MEAT INDUSTRY 

... ... .... .... ..... ......... ... ....... ... ........ .... ...... ...... .............. .......... ...... ... .... ............... ... ................ ....... .... ..... 2 

1.5 MAJOR ASSUMPTIONS ...... . .......... ... ............. .. . ......... ... .. ... . ..... .. ..... .................... .. . ..... ..... ... ... ... ... ....... 2 

1.6 OBJECTIVES ... .. ................. . .... . .... . ........ ...... . ... .... .... ....... ... . .. .. ... .... ... ... .. ............. . .. ... .. .... . .......... . . ....... 4 

CHAPTER 2 LITERATURE REVIEW ·················---··-····································································5 
2.1 CHARACTERISTICS AND TREATMENTS OF MEAT-PROCESSING WASTE WATER IN NEW ZEALAND ...... 5 

2.1.1 Characteristics of meat-processing wastewa1er ... .. ........... .... ..... .............. .... ... .... ...... ....... .... .. . 5 

2. 1.1.1 Sources and types of wastes .............. ... ... .. ........... ................... ........ ............................ .......... ... ....... 5 

2. 1. 1.2 Characters of m.::at-processing wastewater ............ ................ ........ ............ ....... .. ............ ... ... ........... 6 

2.1 . 1.3 Significance of meat-processing wastewater ... ... ... .... .................. ... .. ... ... .. ... ........... ...... .. ........ ..... .... 7 

2.1.2 Treatment lechnologies of meat-processing wastewa/er in New Zealand ........... ... .. ... ...... ... ... 9 

2. 1.2. I Primary Treatment ................... ..... .... ......... ....... ... .............. .. .. .... .. ............. ... ... ........ ... ............. ... ...... 9 

2. 1.2.2 Secondary Treatment ...... ......... ...... .. .... ............... .............. ... ... ... ..... .. ................. ..... ........... ... ... ...... I 0 

2 .2 BIOLOGICAL TREATMENT PROCESSES FOR CARBON REMOVAL AND NITRIFICATION .. ........ .... .. ..... . 11 

2.2.1 Microbial processes of carbon removal ............. ..... ... ... ... ... ... ............ ........ ... ................ ..... ... 11 

2 .2. I. I Anaerobic systems and anaerobic biological process .. ................ .. ...... ... ... .... .. .... .. .... ...... .............. 11 

2.2. 1.2 Aerobic treatment and aerobic biological process ............. .. ....... ...... .. ..... .. .. ........................... .... ... 14 

2.2.2 Microbial processes of nitrificalion ..... .......... ..... ... ... ....... ......... ..... ... ..... ..... ........ ..... ........ ..... . 16 

2.2.2. 1 Microbial conversion of organic nitrogen to ammonia ....................... .... .. ..... ..... ....................... .... 16 

2.2.2.2 Reactions involved in microbial nitrification ... ................................... ...... ..... ... ........ ............... .... . 17 

2.2.2.3 Regulating nitrogen discharges ..... ....... ... ..... .. .... ................ .................................... .. ....... .. ..... .... ... 18 

2. 2. 3 Oxygen requirement in an activated sludge sys I em for carbon removal .. ... .......... .. .............. 18 

2.2.3. 1 Oxygen uptake and influent COD fractions in activated sludge systems .... ................... ... .... ......... 19 

2.2.3.2 Oxygen uptake and the maximum sixcific gro,,th rate ofheterotrophs in activated sludge systems 

..... ......... ............... .. ................ ....... ......... ..... ............... ..... ........................................ .. .. ... ........ ....... 21 

2.2.4 Oxygen requirement in an activa1ed sludge system for nitrification ..... ..... ... .. ... ... ... ..... ....... . 22 

2.2.5 Summary .. .... ... ..... ... .. .... ........ ......... ................. .... ..................... .... .... ......... ................ ....... ..... . 23 

2.3 SUBSTRATE REMOVAL AND MICROBIAL GROWfH IN AN ACTIVATED SLUDGE SYSTEM ... . ...... .. .. .. .23 

2.3.1 Kinetics of bacterial growth in an activated sludge system ....... ...... .. .. .. ... ... ...... ...... ... ..... ... ... 23 

2.3.2 Modeling substrate removal in an activated sludge system .... ...... ...... .. ................................ . 24 

2.4 MULTI-COMPONENT ACTIVATED SLUDGE MODELS AND MICROBIAL RESIDUES IN AN ACTIVATED 

SLUDGE SYSTEM - A CONCEPTUAL BASIS OF Acnv A TED SLUDGE IN THIS STUDY .... ..... .... ... ........ 26 



2.4. I Development of multi-component activated sludge models ................................................... 26 

2.4.2 Decay in an activated sludge system ..................................................................................... 31 

2.4.3 Microbial products in an activated sludge system ........................ ......................................... 3-+ 

2.4.3.1 Particulate microbial residual. Xp, or x .. ...................................................................................... 34 

2.4.3.2 Soluble microbial residual products. Sp. or SRPs .......................................................................... 35 

2.4.4 Summary ................................................................................................................................ 36 

2.5 REACTOR CONFIGURATION IN ACTIVATED SLUDGE SYSTEMS ......•.•••••.•.•....................•..••••...•••...•.. 3 7 

2.5. I Reactor hydraulics ................................................................................................................. 37 

2.5.2 loading factor ....................................................................................................................... 38 

2.5.3 Sludge age ............................................................................................................................. 39 

2.5.4 Reactor configuration and nitrogen removal ....................................................................... .40 

2.6 BIO-KINET!C CONST ANTS FOR CARBON REMOVAL IN AN ACTIVATED SLUDGE SYSTEM •........•.•...• .40 

2. 6.1 Yield coefficient ()'.,or Y HJ and Sc!X~···················································································· 40 

2. 6.2 Carbon removal kinetic constants and temperature dependence ......................................... .41 

2.7 BIO-KINETIC CONSTANTS FOR NtTRJFICATION P ROCESS .•••.........•.•...•.•....•..•••••....•••••..••••.••.••.•....... .42 

2. 7. I Yield constants and microbial synthesis ............................................................................... .42 

2. 7.2 Substrate utilization constant and half-saturation constant in nitrification ......................... .43 

2. 7.3 Alkalinity consumption in nitrification process ........................ ............................................. 43 

2. 7. 4 Sludge relent ion time of nitrification ..................................................................................... 4.+ 

2. 7.5 Environmental factors associated with nitrification ............................................................. .4-+ 

2. 7.6 Evaluation of '1itrification kinetics ........................................................................................ 46 

2.7.6. I Measuring the rates of nitrification ................................................................................................ 46 

2.7.6.2 Evaluation of the maximum specific gro''th rate ofnitrifying microorganisms ............................ 46 

2.7.6.3 Estimating ammonia nitrogen utilization constant ( k_,H ). half-saturation constant ( K .vH ), and 

the rate of oxygen consumption in nioifica.tion ............................................................................. 48 

2. 7.6.4 The fraction of nitrifying biomass ................................................................................................. 49 

2.7.6.5 Yield coefficienL ~, . . the maximum specific growth rate. µs _w.r .. decay rate. b,, .. and half-

saturation constant utilizing ammonia-nitrogen. K ,\"H ................................................................ 50 

2. 7. 7 Experimental Jesigns in the literature for evaluation of nitrification constants -Batch tests 

and other approaches ........................................................................................................... 51 

CHAPTER 3 METHODS AND MATERJALS ................................................................................. 53 

3.1 SOURCE AND TYPE OF W ASTEWATER ............................................................................................. 53 

3 .2 STORAGE OF PRIMARJL Y TREATED MEAT-PROCESSING WASTEWATER .......................................... 5 3 

3.3 CHARACTERIZATION OF PRIMARILY TREATED MEAT-PROCESSING W ASTEWATER ......................... 53 

3.3. I Source of wastewater ............................................................................................................. 53 

3.3.1.1 Analyses of primarily treated m~·processing wastC\\ater ........................................................... 53 

3. 3.2 Evaluation of biodegradability for meat-processing wastewater .......................................... 56 

3.3.2.1 Parameters under investigation ...................................................................................................... 56 



3.3.2.2 Batch methods ............................................................................................................................... 56 

3.3.2.3 Source of biomass and \\aste\\ater ................................................................................................ 56 

J.3.3 £valuation of bio-kinetic constants of carbon removal/or meat-processing wastewater in an 

activated sludge system ........................................................................................................ 57 

3.3.3. I Batch methods ............................................................................................................................... 57 

3.3.3.2 Temperature control ...................................................................................................................... 57 

3.3.3.3 The source of biomass ................................................................................................................... 57 

3.3.3.4 Biomass and subStrate preparation for batch experiments ............................................................. 60 

3.3.3.5 Processes to evaluate carbon removal bio-kinetic constants ( Y.,.. 0,. µ H. µ H ,.\f..t.Y • K,) in an 

activated sludge syStem ................................................................................................................. 62 

3.3.3.6 Determining the death-regeneration decay coefficienL Ca~ ......................................................... 66 

3.3 . ./ £valuation of the maximum specific growth rate of nitrifying biomass/or meat-processing 

wastewater in an activated sludge system ............................................................................ 67 

3.3.4. I Batch approaches ........................................................................................................................... 67 

3.3A.2 Source of biomass and \\astewater ................................................................................................ 67 

3.3.4.3 Experimental procedure. sampling.. and analysis ........................................................................... 68 

3.3A.4 Temperature Control in nitrification .............................................................................................. 69 

3.3 . .J.5 Mass transfer ................................................................................................................................. 69 

CHAPTER 4 RESULTS AND DISCUSSIONS •...............•..............................................•................. 71 

4.1 CHARACTERISTICS OF M EAT-PROCESSING WASTEWATER ....•............•..................•..••..................•.. 71 

./.I. I Unfiltered meat-processing wastewater (Fas in Feed): ........................................................ 71 

./.1.2 GF!Cfiltered meat-processing wastewater (F-S as in Feed- Soluble); ................................ 71 

./.1.3 Quarterly variation ................................................................................................................ 7 3 

4.2 THE BIODEGRADABILITY OF M EAT-PROCESSING WASTEWATER.. ................................................... 75 

./.2. I Fraction of readily biodegradable COD ............................................................................... 75 

./.2.2 Fractions of inert matter and coefficients for microbial residues ......................................... 7 5 

./.2.3 Summary ................................................................................................................................ 76 

4.3 BIO-KINETICS FOR CARBON REMOVAL IN A.i'l A CTlVA TED SLUDGE SYSTEM ...•.•..•..•.........•............. 78 

./.3. I ~ and 0 r for heterotrophos growing on soluble meat-processing wastewater ................ 78 

./.3.2 The influence o/SjJ.:, on the value of yield coefficienr .......................................................... 8-1 

.f.3.3 The specific growth rate of heterotrophos growing on soluble meat-processing wastewater 

.............................................................................................................................................. 85 

./.3 . ./ Determination of maximum specific growth rate µ H _ius and half saturation constant Ks 
. ""(' . 

for heterotrophos growing on soluble feat-processmg wastewater ..................................... 88 

.f.3.5 Determination of decay coefficient ofheterotrophic biomass ............................................... 90 

./. 3. 6 Comparison of bio-kinetic constants of meat-processing wastewater ................................... 9 I 

./. 3. 7 Activated sludge growing on unfiltered meat-processing wastewater ................................... 92 

4.4 BIO-KINETICS FOR NITRIFICATION IN AN ACTIVATED SLUDGE SYSTEM ..•.......................•........•...... 95 



../ . ../.I Oxygen demand calculation .................................................................................................. 95 

./.-1.2 Mass transfer test ................................................................................................................... 96 

-I. 4. 3 Alkalinity control .... .................................................................................. ............................. 98 

./.-1.-1 Nonlinear /east-squares analysis ........................................................................................... 98 

-1.-1.5 The maximum specific growth rate of nitrifying biomass in an activated sludge system 

rreating meat-processing wastewater ................................................................................... 99 

4.5 MEASUREMENT ERROR OF EXPERIMENTS .................................................................................... 104 

CHAPTER 5 CONCLUSIONS AND SUGGESTIONS .................................................................. 105 

5.1 MEASUREMENT ERROR ................................................................................................................ 105 

5.2 THE COMPONENTS AND BIODEGRADATION OF MEAT-PROCESSING WASTEWATER ....................... l 05 

5.3 A CTIVATED SLUDGE T REATMENT PROCESSES AND 810-KJNETIC CONST ANTS .............................. I 06 

5.4 BIO-KINETIC CONSTANTS FOR CARBON REMOVAL IN AN A CTIVATED SLUDGE SYSTEM FOR 

PRJMARILY TREATED M EAT-PROCESSING WASTEWATER ............................................................ 106 

5.5 BIO-KINETIC CONSTANTS FOR NITRIFICATION IN AN ACTIVATED SLUDGE SYSTEM FOR PRIMARILY 

TREATED M EAT-PROCESSING WASTEWATER ............................................................................... 109 

5.6 LIMITATIONS AND SUGGESTIONS .................................................................................................. 109 

BIBLIOGR.APHY ................................................................................................................................ 110 

APPENOIX ........................................................................................................................................... 123 



Tables 

2-1 

2-2 

4-1 

4-2 

4-3 

4-4 

LISTS OF TABLES 

Page 

Representatives characteristics of primary treated meat-processing plant 

effluents ---------------------------------------------------------------------------- 7 

A list of methods for evaluating kinetics of nitrification------------------- 52 

Characteristics of primarily treated meat-processing wastewater (1)----- 72 

Characteristics of primarily treated meat-processing wastewater (2)----- 72 

Quarterly variation of COD of primarily meat-processing wastewater--- 73 

Results of biodegradability study on primarily treated meat-processing 

wastewater ------------------------------------------------------------------------ 7 6 

4-5 COD fractionation of meat-processing wastewater------------------------- 77 

4-6 The results of shake flasks experiments at 20°C----------------------------- 78 

4-7 Experimental data for evaluating yield coefficient, COD per unit biomass, 

and specific growth rate -------------------------------------------------------- 8 0 

4-7-1 Summary of results from 4 shake flasks of run 21-------------------------- 81 

4-8 Results of respirometric experiments ---·-------------------------------------- 8 8 

4-9 µH .. \tAx and K, for GF/C filtered meat-processing wastewater---------- 89 

4-10 Values of decay coefficient for meat-processing wastewater- by using the 

values of YH ==0.63 (obtained from yield experiments) and JP== 0.089 

(obtained from the experiment of biodegradability) for calculation------ 91 

4-11 Bio-kinetic constants of meat-processing wastewater for aerobic bio-

treatment system ----------------------------------------------------------------- 9 2 

4-12 µH •. llA.X .vrerall and K .... i .r. of activated sludge growing on unfiltered meat-

processing wastewater ----------------------··----------------------------------- 9 5 

4-13 The result of mass transfer test for nitrification----------------------------- 97 

4-14 Maximum specific growth rate of nitrifying biomass ---------------------! 02 



figures 

2-1 

2-2 

2-3 

3-1 

3-2 

3-3 

J-4 

3-5 

3-6 

J.7 

4- l 

4-2 

LISTS OF FIGURES 

Page 

Typical wastesteam of meat processing plants -------------------------------- 9 

Microbial process in anaerobic systems--------------------------------------- 13 

Concept of activated sludge decay models ----------------------------------- 34 

COD and SS by types of fil ter papers----------------------------------------- 5 5 

Biomass cultivation - lab. scale CSTR system----------------------------- 58 

Biomass (MLSS & MLVSS) in lab. Scale CSTR system----------------- 59 

Carbon (COD) removal in lab. scale CSTR system------------------------ 59 

TKN removal in CSTR system------------------------------------------------ 60 

Biomass preparation - se1ial dilution -----·------------------------------------ 62 

Processes of evaluating kinetics of µ 11.n and K, --------------------------- 64 

Ammonia nitrogen of primarily treated meat-processing wastewater---- 74 

Total Kjeldahl Nitrogen of primarily treated meat-processing wastewater -

--------------------------------------------------------------------------------------74 

4-J The growth of biomass in a shake flask - SK-040 of run 21 -------------- 82 

4-4 The growth of biomass in a shake flask -SK-060 of run 21 -------------- 82 

4-5 The growth of biomass in a shake flask -SK-080 of run 21--------------- 83 

4-6 The growth of biomass in a shake flask -SK-100 of run 21--------------- 83 

4-7 Parameter Y0 and SJX0 --··------------------··----------------------------------- 8 4 

4-8 An example for determining µ , day" 1
• Step 1 ------------------------------ 86 

4-9 An example for determining µ , day" 1
• Step 2 -------------------------------86 

4-10 An example for determining µ, day" 1
• Step 3 -------------------------------87 

4-11 Data of µH and S (GF/C filtered meat-processing wastewater) of Run 23 

curve fitting to Monod Equation----------------------------------------------- 8 9 

4-12 Data of SA and µH _,
11

..,,.011 of Run 4 for unfiltered meat-processing 

wastewater curve fitting to Equation 4-1 ( R~ =0.9117)--------------------- 94 

4-1 3 Increase of NO - N over time in the mass transfer test------------------- 97 .r 



4-14 Observed and modeled NOx - Nin Bag-IX-4----------------------------- 101 

4-15 Observed and modeled NOx - Nin Bag 2X-2----------------------------- 101 



CHARACTERISATION OF AEROBIC BIOTREATMENT OF 
M'EA T PLANT EFFLUENT 

Chapter 1 Introduction 

l.l The New Zealand Meat Industry 

Over three hundred thousand tonnes of New Zealand beef and veal are exported to 

eighty-five countries around the world annually. Th:s market including the Pacific 

Region, European Region. North America, the Caribbean, Middle East, South East 

Asia, Japan and Kore~ brings important contributions to the national income of New 

Zealand. <2l The inspected cattle slaughte1ing, including adult cattle, calves and vealers, 

was 2.5 millions carcasses in average (was 3.06 million and 2.86 million for the years 

1993 and 1994 respectively). <1.2> 

The New Zealand meat industry is under increasing pressure from environmental 

authorities due to the influence of the resource cons~rvation movement reflected in 

regulations made by local authorities. 

L2 Environmental Concerns of the M<:at Industr1· 

Envirorunental concerns that may be related to the meat industry include the 

eu trophication and depletion of dissolved oxygen in aquatic systems, ammonia 

1o:<ic1ty, contaminated drinking waster (due to the nitrification products, nitrate and 

ni11i te), odour release ( H 2S. NH3 and fecal mate1ial), and waste disposal. To meet 

domestic regulations as well as global trade guidelines and standards, such as 

Environmental Management and Auditing System. EMAS, ISO 09000 and ISO 14000, 

the industry management needs to act and address these issues now to achieve 

compliance with both forms of regulations. 

1.3 Treatment of Meat-processing Wastewater 

High level of organic nitrogen (protein), fat and large amount of organic matters 

characterize the quality of primarily treated meat-processing eftluent. With respect to 

pollution parameters, biochemical oxygen demand (BOD), chemical oxygen demand 

(COD), total Kjelda!1J nitrogen (TKN), total suspended solid (TSS) and fat are 



all (sedimentation) and dissolved air flotation (OAF) are widely used primary 

treatment techniques in the New Zealand Meat industry. Secondary treatment 

techniques include physiochemical treatment systems (PCTs, such as pH adjustment 

and/or addition of precipitants) and biological treatment systems (such as 

anaerobic/aerobic lagoons or tanks, irrigation, and artificial wetlands) are also 

commonly used in the New Zealand meat industry. <l.3A.5> Trickling filters and 

sequential batch reactors have also been employed in the recent decade. <
6

·
7

l In general, 

only about 50% of pollutants (COD and TKN) are removed by means of PCT 

techniques, and about 50% to 90% of COD and TKN is removed by the biological 

treatment systems. <3.4.5.
6
·
7

> Amongst these techniques, the activated sludge treatment 

system is considered to be the best option for simultaneous removal of carbonaceous 

and nitrogenous oxygen demand. <14
·
15

·
17

•
19

> 

1.4 Design and Modelling of Activated Sludge Treatment Systems for the Meat 

Industry 

Although the New Zealand meat industry has significant experience m biological 

treatment of the meat-processing wastewater, there is little literature on the kinetics of 

the biological treatment of meat-processing wastewater. On the other hand, engineers 

often find limitations of time and budget hinders their exploration of the potential 

solutions for design by testing a lab-scale reactor or a pilot plant. Hence, they 

frequently turn to mathematical models to define the best feasible design. Appropriate 

parameters and constants are essential to the reliability of their modelling. 

Consequently, the information of substrate (meat-processing wastewater) components 

and process kinetic constants are crucial to a successful design. 

1.5 Major Assumptions 

This study is based on an assumption that the activated sludge models and their major 

theories associated with domestic sewage can be applied to meat-processing 

wastewater, including the following: 

(1) The organic matter in a meat-processing wastewater can be subdivided into a 

number of categories: non-biodegradable organic matter, which includes inert 

soluble organic matter (Si) and inert suspended organic matter (Xi), and 

biodegradable matter, which includes readily biodegradable materials and 

2 



slowly biodegradable materials (Xs); · Amongst these, soluble inert organic 

matter contributes to the effluent organic concentration, while particulate inert 

organic matter becomes a part of the (volatile) suspended sol ids in the 

activated sludge system, and neither of them are involved in any conversion 

process; Readily biodegradable materials are mainly soluble matter, while 

slowly biodegradable materials are mainly particulate matter; 

(2) The growth of activated sludge in GF/C filtered (soluble) meat-processing 

wastewater follows Monod·s equation: (45
> 

where 

(2-1 3) 

µ = specific growth rate (day"1
), 

µ 11~x = maximum specific growth rate (day"1
), 

X = microorganism concentration {mg/L), 

S = growth-limiting substrate concentration, 

K, = half-saturation constant (mg/L); 

(3) The growth of activated sludge in the unfiltered meat-processing wastewater 

follows a modified Monod type equation (equation 4-1) - a modified 

Strenstrom's equation, 151
> which later was related to the rate expressions for 

hydrolysis of slowly biodegradable substrate in the Task Group Model No. I: 
( 19) 

µ 11,\IA.\',m•rull . (S,, I X ,, ) 
µ =-------- (4 - 1) 

where 

K , r + (S,, I X ,, ) .. , .. 

µ = specific growth rate of activated sludge growing on unfiltered 

wastewater 

µ H i tAx,,,....,011 = maximum specific growth rate of activated sludge 

growing on unfiltered wastewater 

S0 = initial COD concentration of unfiltered wastewater 

X0 = initial concentration of biomass, COD based 

K, 1 r = half-saturation constant for utilizing unfiltered wastewater ,. . ~· 

(4) Decay of activated sludge in meat-processing wastewater is a death-

3 



regeneration process: The death of biomass results in the release of slowly 

biodegradable substrate (Xs) that can be recycled back to soluble substrate 

used for cell growth. <
23

l 

1.Ci Objectives 

In order to meet the challenge of discharging effluents which comply with the 

strengthened environmental standards as cost-effectively as possible, information of 

biological treatment kinetics are crucially required. 

To assist the optimum design of activated sludge systems for meat-processing 

wastewater, it was decided this thesis to provide information as follows: 

(1) The characteristics and biodegradation of meat-processing wastewater; and 

(2) The kinetic constants of carbon removal and nitrification for meat-processing 

wastewater in an activated sludge system. 
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