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astewater Discharge™

Introduction

e Domestic wastewater from cities

e Industrial effluent
e Non-point sources A
_~ eg Stormwater run-offs

2 Sullage from restaurants




Water QualLy Issues

Point-sourge contaminalien can A poll ution spreads across the landscape
be traced to specific points of dis
discharge from wastewater

ource of pollution. Airborne nutrients and

treatmend plants and faciories or [ ) pes itides can be transporied far from their
from combined sewers. h area of erigin.

p _%‘@iﬂi\‘ *““r‘"ﬁ“&*"“ R

Eruded soil and sediment
dan transport considerable
amounis of some nutrients,
such as organic nitrogen and
phosphorus, and some
pesticides, such as DDT,

{0 rivers and streams,

SEEPAGE GROUND-WATER SREPARE
DISGHARGE
TQ STREAMS

Conflicting uses of river or
water body

= Potable water supply
= Fisheries

= Irrigation (agriculture)
= Transportation

= Power generation

= Recreation T




Stress in River Basin

* Rapid urban development
o Increase Pollution loads -sewage

« Poor water quality




INDUSTRIAL WAS TEWATER

Palm oil waste
—high in
oranic

Paper mill waste —
high in suspended
solids, metals

Y

TOXIC AND HAZARDOUS

« more stringent
laws to protect the
environment.

» The traditional
disposal options to
surface waters,
below ground or
ocean have all
been restricted.
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SENSITIVITY ISSUES

Protection of aquatie life

N

Anthropogenic stresses: ioduction f chemicals into water, affect

many species of aquatic flora and fauna.

Concern on ;

- dissolved oxygen (kill fish at low concentrations)

- phosphates, ammonium and nitrate (cause significant
changes in community structure).

- heavy metals and many synthetic chemical (ingested and
absorbed by organisms and, if not metabolised or excreted,
bioaccumulate in the tissues).

- pollutant (carcinogenic, reproductive and developmental effects.
10
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SENSITIVITY ISSUES

Anthropogenic stresses, introduction of chemicals into water, affect
many species of aquatic flora and fauna.

Concern on ;

- dissolved oxygen (kill fish at low concentrations)

- phosphates, ammonium and nitrate (cause significant
changes in community structure).

- heavy metals and many synthetic chemical (ingested and
absorbed by organisms and, if not metabolised or excreted,
bioaccumulate in the tissues).

- pollutant (carcinogenic, reproductive and developmental efﬁ]accts.




Pollution

Velocity, U —

Dissolved Oxygen
(DO)

X, Or
Distance or Time Downstream

[~}
[=]

What happen when pollutant gets into river -
Dissolved Oxygen Sag Curve

Targets of Environmental Laws:

Who or what gets regulated?

Products

Pollutants

Industrial Facilities
Government Agencies
Individuals

Land uses




Sources of Environmental Law

Legislation (federal, state, local)

Regulations (federal, state, local)

Court decisions (interpreting statutes and regulations)
Common law

Constitutions (United States, state)

International treaties

Foreign regulations

POLLUTION CONTROL

Principles:

Pollution should be control at source
Polluters must pay

W o =

Discharge or emission standards should be
uniform for a particular source, type of
industry or activity.




Regulations and Environmental
Standard

+ Planning stage of project:
- Environmental Impact Assesment
(EIA) — regulation during planning stage.

» Operation stage of project:
- Regulations for Pollution Control:
> Direct regulation (by DOE)
> Prohibition and zero discharge — Guideline
> Effluent standard — EQA (Sewage and industrial
effluent) Regulation 1979
> Water Quality Index — to regulate river quality

NATIONAL POLICY ON THE
ENVIRONMENT

Objectives:

» A clean, safe, healty and productive environment
for present and future generations.

- Conservation of the country’s unique and diverse
cultural and natural heritage with effective
participation by all sectors of society.

» Sustainable lifestyles and patterns of consumption
and production.




The National Policy on the Environment:

Scope:

« To integrate environmental consideration into
development activities and in all related decision-
making processes

« To foster long-term economic growth and human
development

+ To protect and enhance the environment

« Formation of Dept of Green Technology 2009
(RM1.5billion)
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Need for Environmental
Regulations
» Polluters pay principle:

- The polluter has to pay for the prevention,
abatement and remediation.

- Water was priced to cover the cost of
abstraction, production and distribution;
while the cost of sewer system, wastewater
treatment and disposal was covered by

property tax.




Organizing Environmental Laws with a Life Cycle Framework

laws that govern

disposal and damage DiSpOSQ’l
to the environment

Environmental Regulations

Water:

 To control discharge of wastewater entering water
bodies from point sources.

» To have sustainable development, a balance
between urbanisation, industrialization and
conservation.

» To provide guideline for environmental
monitoring and enforcement.




Classification of Rivers

Class 1

« No treatment needed for water supply, except
chlorination. Very sensitive aquatic species.

Class 2

« Standard treatment needed for water supply and
suitable for aquaculture and recreation (body
contact).
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Classification of Rivers

Class 3

» Intensive treatment needed for water supply. Non-
sensitive aquatic species.

Class 4
« Suitable for agriculture only.

Class 5
» Not suitable for all uses.

22




Beneficial Use of Water

Introduction:

« Rivers are rated based on their Water Quality
Index (WQI), defined as:

WQI =0.22 SIDO + 0.19 SIBOD + 0.16 SICOD +
0.16 SISS + 0.15 STAN + 0.12 SIpH

ST — subindex

« WQI combines 6 measurable parameters into one
value representing the state of the water quality.

23

Class of River based on Individual Parameter
(Class I —1II are acceptable)

Classes
Parameters 1 I I v v
Am-Nitrogen 0.1 0.3 0.9 2.7 =27
BOD 1 3 6 12 >12
COoD 10 25 50 100 >100
DO 7 5-7 3-3 <3 <1
pH 6.5-8.5 6-9 5-9 5-9
Color (TCU) 15 150 -
TDS 500 1000 - 4000
TSS 25 50 150 300 >300
FC(per 100ml) 10 100 5000 5000
TC(per 100ml) 100 5000 20,000 50,000 | =50,000




Beneficial Use of Water
Water Quality Index (WQI):

+ Clean river WQI = above 80
» Slightly polluted WQI = 60 to 79
« Pollutedriver ~ WQI = below 59

By calculation of WQI, the status of a river can

be determined.

25

Standard A: Ron- paip?
For discharge into river
located within catchment areas
(upstream of surface or above
sub-surface water supply
intakes, for the purpose of
human consumption including
drinking).

Standard B:
For discharge into municipal
drain or river — specified other |
than A above. Less stringent |
and apply for most industrial
estates.




Standard for Effluent Discharge into water
catchment areas (eg Standard A)

Parameter Unit Standard A
Temperature C 40
pH - 6.0-9.0
BOD5 at 20°C Mg/l 20
Ccob Mg/l 50
Suspended Solid Ma/! 50
Mercury Mg/! 0.005
Cadmium Mg/l 0.01
Chromium, Hexavalent Ma/l 0.05
Arsenic Mg/l 0.05
Cyanide Mg/l 0.05
Lead Mg/l 0.10

Standard for Effluent Discharge into water
catchment areas (eg Standard A)

Parameter Unit Standard A
Chromium, Trivalent Mg/l 0.20
Copper Mg/l 0.20
Manganese Mg/ G.20
Nickel Mg/l 0.20
Tin Mg/! 0.20
Zinc Mgy/! 1.0
Boron Mg/l 1.0
Iron (Fe) Mg/l 1.0
Phenol Mg/l 0.001
Free Chloride Mg/l 1.0
Sulphide Ma/l 0.5

| Oil and Grease Mg/l Not detectable




Malaysian Effluent Standard

Environmental Quality (Sewage And Industrial
Effluents) Regulations 1979 - PU. (A) 12/79

Environmental Quality (Prescribed Premises) (Raw

Natural Rubber) Regulations 1978 - P.U.(A) 338/78

Environmental Quality (Prescribed Premises) (Crude
Palm-Oil) Regulations 1977 - PU.(A) 342/77

Environmental Quality (Scheduled Wastes) Regulations
2005 - P.U.(A) 294/2005

Regulation do not apply: Flow < 60 m3/d
Load less than 6 kg BOD/d
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The effluent standard are required
to:

« Protect the river self purification (biological
processes)

» Ensure that the effluent is suitable for
discharge.

- Protect the health and safety of personnel
working in the sewers or at wastewater
treatment plants.

» Protect the structure of the sewers and
wastewater treatment plants

30




End of slides

+Q&A




2 0 Wastewater Treatment
Process

- Chemical Treatment
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bacteria are responsible for corrosion of
concrete.

. Grease !
: - term for fats and oily and greasy materials of,
animal, mineral and vegetable origin. Oily "’%3
waste problems usually emulsified.

Y
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'S when present in certain
-_‘ondltlons, are eaSIIy converted to
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Wastewater characterlstlc for
selected food industries

3% .'!rif:.;"
i)

Food Meat Palm Oil

\Volus me (lit/tonne) 10,000 12,000 600 100, 000"1‘5--
§pD 1,200 640 25,000 1, 200 :
\COD 2,000 1,500 50,000 2, 500‘
SS 700 300 8,000 400
PH 6.8 7 4 11
5Heavy metals V. low V. low V.low moderate




f’\J Vaneed

Ammonia
Nitrogen
,| N Removal

P Removal
Disinfection
Reuse
option

bar racks

mechanical screen

i Fine static
screen




to provide physical removal of
suspended particles

~+ Chemicals are often added to the waste :
. stream to form a precipitate or a floc (this &
' will assist suspended solid removal). '




mproves dissolve oxygen level in
~ effluent




Inlet zone
o i i SR R i

Sludge zone

Ye

Qutlet zone

.

in Type II settling

§éﬁling path of particles in an idealised settling tank,

Biochemical Oxygen
Demand

25% - 35%

Settleable Solids

90% - 95%

Suspended Solids

40% - 60%

Total Solids

10% - 15%




equire multiple
ows of weirs
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REGULATORY/

DEVICE

0&G Trap
At least

N

ACCUMULATION

using 2 tanks in series

0 minutes retenticn time

wastewater
Manual skimming of floating O&G

- ¥
RIS
e

| ACCUMULATION

PR =6 T T LT 8 e T

- effective for oily
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< One stage or 2-stage

Hydraulic retention time (30

AmmEr———

CLUD2E
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What are the methods used?

e pH adjustment
» Coagulation
» Flocculation
e Dissolved Air Flotation

~ eStrong acid or alkaline effluent
represent a hazard to sewer or pipe
structures, personnel and
wastewater treatment processes.

NEWTRALFZATFION
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S Mining ir drustrle-s

""s Acid battery industries

\cid Wastes - Sources

&



c waste neutralized with -
: stic soda, soda ash. :
~ Alkaline waste neutralized with - strong
mineral acid: sulfuric acid, hydrochloric
acid, and carbon dioxide.

- Neutralization of alkaline wastewater
with CO, usually consists of bubbling
CO, in the bottom of the neutralization
tank.

Lemohjuice
Vinegar

2 Soda
Rainwater
Milk
Pure water

Egg whites
Baking soda
Tums® antacid

Base 1x 101 Ammonia :
1x1012 Mineral lime - Ca(OH), S
1x 1013 Drano® o

4 1x1014 NaOH Source: http:/fwww.visionlearning, com

J
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10 —

~— 100

100 ——

— 1,000

1,000

10,000

F***]-‘_] %

10,000

:

100,000

100,000

i

1,000,000

1,000,000

10,000,000

10,000,000

Units:

in 10 mol/lit,

%* < [

Units:

in 10°¢ mol/lit.

S R T 1=
| Case of pH 2 L
81 Neutralise to pH 7
--a-:Q— 100 ———>
8] Need 10,000 :
T ———— 1,000 | == 1,000
\— 10,000 | == 10,000
e 100,000 [—%—| 100,000
1,000,000 |—2<] 1,000,000
- 10,000,000 |—=| 10,000,000 —
- 3




carbonate

: @ Caustic soda - NaOH

O Sulphuric acid — H2S04

~ Na2CO03 used in water softenin

www.germes-online.com

1 portable pH
meter

Q On-line pH
meter

O Litmus
indicator

L 5f RS On-line pH meter
o Source: www.dkktoa.net

Litmus paper
Source: www.funsci.com

On-line pH meter
Source: wwiv.lunsci.com
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ULATION

Colloidal particies (e},
usually with a negative
charge, are held apart

&13% jons (e) neutralise
the negative charges and
allow the particles o

: aggulate {flocculate
by mutual repulsion. cuagg ithen getile 0uat. )
e ¥
& -7 T T h?
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raw waste floc formation settled floc

. “Coagulants

. = Retention time (10 - 20
B minutes)

i » Mixing

. edose

34




ime (not true coagulant) ‘
olymer as coagulant aid eg cationic,
anionic, non-ionic.
: PAC - new types

Effectiveness in coagulation - gi
good flocs |

s Handling aspects eg hazards and
storage

o Relative cost of chemicals




(‘--'c r ment Dasag of coagulant
i @El;o "—[ iB § Small amount is needed (in ppm)

8 Follows typlcal curve below

% COD
removal

pH Coagulant dose)

3
37

‘ ‘g’ldfnerate into larger settleable particle '
Polymer is added to enhance floc build up

38




. Mormga ol era seed

'Flocculating chemicals

1 eigitation (if no stirrer is pr V1de
= Baffle or partitions "

From

ﬂqs.'h T R To

n?n. o) sedimentalion
chamber| ril:;}m ber

High  pedium Low
speed  speed speed

40




b R

wDissolved Air FI

Pt : [ B sk Ui ‘ i‘{?
separation of solid from
using fine bubbles.
/‘_————__—‘_———

&~

> Process air is injected under

pressure into the liquid.

» Under this pressure, a large
amount of air can be dissolved

in the sludge.

‘particles and float them to t

42




consideration

The process typically increases the sol
content for easy removal :
: TS 0.5-1 % HEEp 3 -6 %.

43

' DAF in operation j




TYPICAL WATER USE SCHEMATIC FOR BROILERS

PRODUCTION RATE
XB
16> EVAPORATION
56DAYSAWE 0.10 GFB

| 4
v

RECEIVING
¥

005 GE3

ECOVERY

WHOLE 3IRD WASH

200623 % L]
I swsceRatvG | SCREENING 3

[ =memime |
T |

¥ |
M FINAL BIRD WASH DAF'S — j
|

0.55G23 p————————y
TR e ‘

¥ TO WASTE TREAMENT
058GPB
7
030GFB C S
— PACKOUT KAGING AND
> T MOISTURS ADDITION .
. 9.36 GEB
o0 . CLEAN-UP _
. — 16
015623 SANITARY | . TOWASTE TREATMENT

0.13 GFD




EOD

TSS

TN

FOG

TYPICAL POULTRY PLANT
Unit Operation Performance

Screened DAF  DAFwith | Anaerobic
Wastewater | Effluent Chemicals | Efflueat

(mg/1) (me/]) (mg/)

Activzated
Sludge
Effluent
(mg/)

Filter
Effluent

48
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3.0 Biological System

- Aerobic
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Biological
Treatment of
Wastewater -

robic

¥
i et b

L

Course instructor; Prof Dr Azni Idris

STEPS IN WASTEWATER
TREATMENT PROCESS

i Ammonia
Biological N
Aeration ltrogen
= N Removal

Pond P Removal
system Disinfection
Reuse

— option




Biological Treatment System of
Wastewater

Why must we use biological treatment?

Very effective for removal of organics
Stabilisation of biodegradable material
Removal of heavy metals (less effective)?
Removal of colour (less effective)?

TYPES OF AEROBIC SYSTEM

Suspended growth:

° Stabilisation Pond (or oxidation pond)
| Aerated Lagoon

° Activated Sludge Process

° Sequencing Batch Reactor

Attached growth or biofilm:
° Trickling filter
° Biological Aerated Filter




What happen during biological treatment

Aerobic reaction:
Organic 0, — CO, +H,0 + new cells

Auto-oxidation — endogenous:
Cells + O, — CO, + H,0 + NH,

STABILISATION PONDS

» Ponds are used as low cost
solution for stabilising
wastewater

> Problems: Nutrient release —
accumulate in pond




Oxidation Ponds

- most conventional system
(normally called waste stabilization ponds)

- normally constructed in series

- most common in developing
countries

- low maintenance, no energy

WASTE STABILIZATION PONDS

Shallow, generally rectangular lakes,
usually arranged in a series of:

Anaerobic,
Facultative, and
Maturation ponds

Design of Ponds

Retention time : 5— 50 days (per pond)
Compared with WWTP: 1 day

Cheapest option for organic removal
High removal of pathogens

L]




Oxidation Pond Design

SURFACE BOD LOADING

A, kg BOD/haday | = influent BOD, mg/i

Q = flow, m?/da
A= 10L,Q/A y
A = pond area, m?
Important NOTE UNITS!! * = g/m3
equation!

0 Design loading is a fn of temperature:

MARA’S GLOBAL DESIGN EQUATION

A, = 350(1.107 — 0.002T)™25

\
Another important equation Note:
25°C

< Based on:

(a) T=8°C, A, =80 kg/ha day [experience in Europe & NZ]
(b) T =25 °C, A, = 350 kg/ha day [experience in NE Brazil]
(c) T =35 °C, A, = 500 kg/ha day [arbitrary upper limit]




Facultative ponds

Wind [wind action Sunlight

promatey misiity |
and roatretion) If oxygen |y not presant in upper leyers
of pand, odardus goses can ba redanted

0, 7
{during dayligh! /
haurt) F HySs
Mesy -;u-
Peoeratian celiy /’ \
A 0y’ AEROBIC ZONE

Waoviewolet

~ O zells o,

Setfleable  NHs, /4 HyS 4 20y + Hy50,
whdi  poy, 3,% ;
oft. Bucleia = New ceils FACULTATIVE
ZONE

S d
Eattain sl Beod ceily

T e ryaﬂ
¢ %ﬂﬁm
-lmf:tﬁa nﬁ.%,

ALGAE — BACTERIA
INTERACTION

Wastewater BOD




s

Fa a ’I:WE""a"nd maturatlon
poﬂds ar“_h 3
) "the fALGAE iha't grow in them

(Source: Mara, Univ, of Leeds UK )

Aerated lagoons

» better version of oxidation pond with
aeration devices




Activated Sludge Process

Aeration Sedimentation
Influent Tank Tank

Effluent
-

A

h

Diffuser Q2 xi?izlted

Return Activated Sludge (RAS) Sludge (WAS)

Activated sludge - Fine bubble aeration




Process Design

Parameters Conventional Notes

process

Y =mg VSS/mg BOD5 0.5 - 0.67 Biomass
yield
Volumetric loading, kg BOD5 [ m3 0.3 - 0.6 Ability of
bacteria to
consume
MLSS, mg/l 1500 - 3000 Biomass
conc.

HRT, hr 8-16 Food -

Longer HRT for BOD > 1000 mg/l (1-5days) |Bacteria
contactin

tank

Recirculation ratio 0.25-0.5 To maintain
biomass in
aeration

Sequencing Batch Reactor SBR

Fill-Aerate

o Decanter system




SBR for Wastewater Treatment

i i

Settling and
decanting

Aeration in progress




TRICKLING FILTERS IN TANK

Erasrae Coprdfarnall .
o - ProatecFrper

Fhiradrcenlic or
SmerynRoee Grafisasg

Ad e eerfzed DEisgribwrar

& remss
Filame
AT edver

hfemr F P caa i
Filaza
MoMaradra

Geiepa
VR arcfees

Breoer
Loy efoanlta

Froffarert At = Il eeererF

Suppoarks FReraapaciter

So

BOD
CcO2

/ L Alr
Waste

Bottom Microbial film

~ — Filter

bacteria medium
Settled sewage + oxygen — oxidised effluent + new bacteria cell

“— Depth, D—{5

22




Trickling Filter

« Trickling filters may be classified into two categories; Low
rate trickling filters and high rate trickling filters

* Recirculation is employed in high rate filters to improve

efficiency

« Recirculation dilutes a strong waste and may provide a

satisfactory operating rate for the rotary distributors

during low flows

23

Process Design

characteristics

Parameter Low rate filter High rate filter
Organic loading kg 0.11-0.37 0.37-1.85
BOD,/d
Depth 1.8-3.0 0.9~24
Recirculation None 1:1fo 4:1
Bed volume 5x 1%
Sloughing Intermittent Continuous
Effluent Nitrified fully Nitrification only at low

loading

Nuisance potential

Many flies and
chances of odour

Less odour and flies

24




Trickling Filter

| To digester i

PST =
Primary
Settling Tank |

Low rate TF J

TF = Altema{ive direct recirc%ulation
Trickling R — -
Filter

SST =
Secondary —— - .
Settling Tank| |Sludge Return and reci culation

High rate 1TF (for lower recircuﬁtion ratio)

25

Biological

= Aerated
' =~ Filter

(BAF)




Attached Biofilm - BioFil Technology

BistiiprocEss

Oxygen (air)
‘

T Ty S U L

Aerobic Process

27

Plastic media — Cosmo balls

System Principles

« Utilize the naturally
occurring micro-
organisms to convert
complex organics into
methane, carbon
dioxide

+ Up flow filtration




Components of Aeration

Aeration equipment
—air diffusers

29

Air diffusers
Purpose:

— to increase oxygen transfer
- to mix the bacteria-wastewater-oxygen

SUBMERSIBLE




Air headers — provide oxygen to
the bottom of tank




REMOVE ’
EXISTING Sy orgmst b
CERAMIC el
DOMES. SED DIFFUSER FIEXDISS DIFFUSER

(THREADED CONNECTION}
2
VARAIR DIFFUSER
INSIALL g i)
FLEXDDOME ALEXDONE DIFFUSER
2ASE WITH [CERAMC DOME REPLACEMENT)
MOUNTING SHAP-CAP DIFFUSER
SCREW,
AIRSEAL DIFFUSER
3
DUmR MEMBEANE &
CERAMIC DIFFUSER
INSTALL
FLEXDOME
DIFFUSER :
IMEMBIANE WIDERAKD STAINLESS STEEL CIFFUSER .
WITH LOCK /
G, s -
AIRBAND VWIDEBAND FLASTIC DHFFUSER FLEUINE TUBLLAR DIFFUSER
LEntire revi f instalsvion
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Fine bubble aeration




Mechanical surface aerators
— floating types

Excellent oxygen transfg
Low operating costs
Trouble-free performance

Unequaled resistance to the environmental
extremes

to which aerators are exposed.

35
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Mechanical surface aerators
—jet or tornado types

Typical TORNADO Acaror Inzigilzrion.

37

Hurricane aerator

Liouin _EVEL

TORNADQ Azralor
THEORY OF OPERATION




Brush aerators

39

MICROORGANISMS IN
WASTEWATER
TREATMENT

40




WWTP depends on healthy microbes

to degrade organic matter
s A

41

Microorganisms in Biological Treatment

The main types of micro-organisms:
» bacteria

* protozoa

* algae




An important basis for classifying
micro-organisms, relevant to the
study of wastewater treatment:

food
* energy
* oxygen

43

Aerobic organisms - need oxygen
Anaerobic organisms - require the absence of oxygen.

Facultative orgarusm - some organisms adapted to either
aerobic or anaerobic conditions.

* Such organisms are able to obtain a higher yield when
operating aerobically and thus prefer aerobic respiration.

44




ORGANIC
MATTER +
(CHON)

NEW BACTERIAL CELLS

BACTERIA ENERGY

0

2
DEGRADATION PRODUCTS

CO, + H,0 + NH;

Growth requirements of Aerobic Heterotrophic Bacteria

- Environmental factors
Affecting bacterial growtn:
d temperature,
(1 pH
L mixing intensity
[  presence of toxic agents.




The pH for optimum biological growth:
6.5t07.5

Growth will occur: pH 4.0 10 9.5

47

Types of microorganisms:

BACTERIA

" oreric ora singlecelled micreargenisms; on zesesiicl past of ach
sircs they degreda ergesic [ond some ingrgonic we
pezefiolly be exic to the savirenmast and humen heci.

hain

humcn being s cheut 107 Billen o the

"';. F7f =)
@ @ .
B I Becraric cre svanywhzn.
4 Fo ;
] i surces of his/her bodyl Tre ¢ icpas ara
1 0 - o 4 T
Z v Scharieal Jesez] o Reds hed) ¢ Sgirels froiril]
Soma becesa cito o Blameats or heirlite eppendeczs. Ofers hove &
cppencrges] or ol Jheidite oppendeges crowrd the )
Bacteria

Make up about 95% of the activated sludge biomass.
These single celled organisms grow in the wastewater by
consuming (eating) bio-degradable materials such as proteins,

carbohydrates, fats and many other compounds
48




Ciliated protozoa
Bacteria TSy s
’ 3 WL .. = Las _

\'L..:‘/ 3

e

’ AN
e e U h AN
EJames A Sullivan _ wwwisellsaliva.com

+  Pseudomonas sp & E. Colisp

OPERCULARIA SP

R G e o By s
VORTICELLA CONVALLARIA
49

% Nitrobacter sp

Protozoa

ctive predaters within an scuctie environment.

Pratezca cre fyplcaily unicelluler microsrgonisms which cre o
Thoy can be se=n swimming cbout, copluring end cunlummﬁ prey such cs bectaria, smeil elgas, fungh or
ather protazea. They existin many veriefies csmmonly clessitied in five groups:

A . 2. Fl llctes 3. Fros-swi ing ciliotes 4. Crawling cilizies 3. Stelked ciiicies

7T scempls Amoeba sp.
¢ fiengrh 30-400 wm)
Members of the genus Amesba have na
distinet shaps beczusn the fow of
7 4 toplosm canrinuclly chenges their shese.
S soiiliy oceurs by formation of psevdesedia which
L P cre cyreplcamic exiensions often reforred fo o5 fsisa
feat, They feed on becteria end protozea.

s Py Amoebeas are prasant in significont numbers during siart

= i up of o trectmont zlenr, end ciier a loxic overfocd, when

[ S distolved exygen is marginol or depleted. When Amoebce
ara the dominant presany, they indi poor Gvercil

Licmass health.

The presence of protozoans is related to effluent quality and plant
performance. Protozoan play secondary but important role in purification of
aerobic wastewater.

When amoeba are in large numbers in the aeration basin - indicates some sort
of shock loading occur to the plant (there is lots of food available). Their
presence indicate there is a low D.O. in the aeration basin, because they can
tolerate very low amounts of D.O.

50




Crawling Ciliates

— example ASPI!.diSCO' Jengh 30-50 pm)

Crawling ciliates differ from fres-swimmers by the lacation cf their
cilia, They typically heve cilia an only one sice of the arganism. These
profazoa ulilize cilia to seemingly crawl over bectarial foc for

selective feeding.

~ Crowling ciliates generclly prolifercte in environments rich in oxygen,
where organic levels are maderate, and becteria ure;lenﬁrul. These .
incicalors refizct a stable wostewater environment and healthy actvated sludge.

Ciliates feed on bacteria not on dissolved organics. While
bacteria and flagellates compete for dissolved nutrients,
ciliates compete with other ciliates and rotifers for
bacteria. The presence of ciliates indicate a good sludge,
because they dominate after the floc has been formed
and after most of the organic nutrients have been
removed

51

Filamentous organisms
— unwanted species

Found in many wastewater treatment systems.
| While existing in low concentrations, the
filamentous organism is benefecial in aiding to
| the development of biological floc; however,
while existing in higher concentrations,
extreme settling and bulking conditions may

«Low DO residuals
+Low NH3-N and PO4 residuals

exist.

Their appearance in wastewater can be caused by many factors:-

*Low food to microorganisms ratios

+Easily degradable compounds, etc.
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F/M ratio

f!}"'ﬁgmt 'm@ﬂm@gﬂ?ﬁrﬁﬁ%mﬁiﬂ
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Solids retention time (SRT)
(also call Sludge age)

Time of biomass or bacteria cell stay in aeration basin

Longer SRT: more effective bacteria contact with organic matter in
aeration tank

SRT = mass of solid in reactor
mass of solid removed/day from system

56
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Course instructor: Prof Dr Azni Idris
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3.0 Biological System

- Anaerobic



STEPS IN WASTEWATER
TREATMENT PROCESS

Prelimingry | Primary of | S

chemmical
Ammonia
Nitrogen

,| N Removal

B3 g AP Anaerobic P Removal
system Disinfection
1 Reuse

S— joption |
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Waste Treatment Option
Which route?
Anaerobic versus aerobic

Aeiobic treatmeant Anaerahic treatment

bioselids biosolids

- U,

&0




Anaerobic Process: 2 stages.

«The first stage is acid fermentation. In this
stage organic material is simply converted to
organic acids, alcohol and new bacterial cells, so
that little stabilization of BOD and COD is
realized.

In the second stage, the end products are
converted to gases (methane and carbon
dioxide). This stage is generally referred to as
methane fermentation.

61

How methane gas is produced?

complex organic matter
carbohydrates, proteins, fals
| e

P

drolysi Y
hydrelysis 7 1

=
]

IS

) fermentation soluble organic meleculss |
2ygars, aming acids, falty acids |

-~

acelogenesis

-y
Wy

methanogenesis

volatile fatty h
 acids \

/

[soato id] <~
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Estimation of gas from anaerobic

digestion

2:;:1[;?; :: Dry Biogas Energy
Feedstock ' Matter Yield(M3/t ' Value{(Ml/

produce 1 Content ) m3) Biogas

tonne/day . _Content , gas
CaRlE 20-40 12 25 23-25
Slurry
Pig Slurry | 250-300 9 26 21-25
Laying Hen |8,000- ) }
Litter 9,000 30 80-150 23-27
Broiler 10,000- }
Manure 15,000 &l R0-100 21-23
Food Waste | ~ 15 46 21-25
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Common Sludge
Digester

Egg shaped anaerobic digester

MATIN MIXING DEVICE} @

~9)
~

ADDITIONAL
MIXING DEVICE

¥ =200 n

Hol/cold waler

Raw Huke
RECYCLING PUMP
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Biogas to energy

Anaerobic Digestion Flow Chart
Storage and

Waste Feed |l
= 4 treatment
Material

4 takes place
T

11 initially

i ¥ Biogas Storage
Vessel

Liquor may be

marketabla = Biogas use
product. Sepa: ator | as fuel
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Transport use

Anaerobic Bioreactor System

« Anaerobic bioreactor consist of several tanks in
series

+ The anaerobic digestion is carried out in the
digester, then the facultative anaerobic and aerobic
ponds.

« In has been shown that a better reduction of BOD
can be achieved in a shorter time.

— 4
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Bioreactor System

This is a simple and innovative bioreactor
process that is capable of treating POME
efficiently.

The system is superior to the conventional
system as it operates with very short
hydraulic retention times, takes high

organic loading, requires less space and i IS
more environmentally frlendly ot

70

Design — Construction

« Digesters in Palm oil mills are
constructed of mild steel at various
volumetric capacity ranging from
600m? to 3600m3.

» The treatment using tank digester

normally range between 20 to 25

days, but modern high rate process

= 15 days HRT.

Hydraulic retention time 20 - 25 days

(HRT)

Leading , BOD kg/m?.day 0.8-1.0
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Anaerobic Pond Design -

Construction
Anaerobic| Facultative | Aerobic

‘ 7 | pond pond pond
Depth (m) 5-7 1-15 0.5- 1
Hydraulic
retention time 45 20 14
(days)
Loading, 10.2-0.35 ] -
BOD kg/m3.day

Between the different stages of the ponding system, no pumping is
required as the treated POME will flow using gravity.

The number of ponds is will depend on the production capacity of
each palm oil mill.

End of slides
«Q&A




4.0 Problem Related
to
Treatment System
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PROBLEMS OF
WASTEWATER
TREATMENT SYSTEM _

What are Common Problems ?

s Problems related to Waste Stream
» Problems related to Design

» Problems related to Operation

Who is responsible for IETS failure?




Problems related to Waste Stream

» Problems related to changing waste
characteristic, eg. Concentration

» Problems related to peak flows

» Problems related to large variation in organic
loading ( kg/d)

Variation in flow:

» Very wide fluctuation even from
similar industries.

. Fluctuation in waste strength is
common.
. Variation in waste stream depends

on diversity of products produced.




Variation of hourly flow in IETS

Flowrate

m3/h
Average
12 12 12
midnight noon midnight

S Time of day (hours)

Variation in Municipal Water
Demand and Wastewater Flow

100

Flow, m3/hour

12 12
noon midnight




Problems Related to Wastewater
Characteristic for Industries

Type | Food _Textic”™ Ruieat | Palm Ol Sewage

Volume 10,000 12,000 600 400,000 | 225 L/PE/
(Lit'Tonne) TN
BOD 1,200 1,200 640 25,000 250
coD 2,000 2,500 1,500 50,000 450
SS 700 300 8,000 400 300
pH 6.8 11 7 4 6.5
Heavy Very low Very low | Verylow | Moderate | Very Low
Metals

Degree of Biodegradability of Selected
Industrial Effluent

| Raw Effluent . | 'BOD | COD' 'BOD/CC
Pharmaceutical 3290 5780 0.6
Cellulose 1250 3455 0.47
Tannery 1160 4360 0.28
ABS detergent 1070 4650 0.25
Tobacco 2420 4270 0.59
Paper mill 380 686 0.58
Vegetable oil 3474 6302 0.55
Organic chemicals 3171 8597 0.56
Textile dyes 393 951 0.53
_ Hardboard 3725 5827 0.67
Domestic sewage 250 450 0.6




Problems related to Design

ACTIVATED SLUDGE SYSTEM

Common approach in design
» Rule of thumb
» Hydraulic parameters

» Kinetic method

Process Design

Parameters Conventional
Y, mg VSS / mg BODs 0.5-0.67

kd, d! 0.056 - 0.01
Oc,d 5-15

FM ratio (kg BODs / kg MLVSS)/d 02-04
Volumetric loading, kg BOD5/1000 m® 320 - 640
MLSS, mg/l 1500 - 3000
HRT, hr 4-8

RAS, recirculation ratio 0.25-0.5




Know the design - Establish Mass
balance

» Describe mass flow in a system
» Important for design and process evaluation

» Flow in = Flow out - established for all units
» BOD in & BOD out at all points in WWTP

» BOD load (kg/day) = BOD (kg/m?3) x Flow
(m3/d)

Assessment of Treatment Plants

Why Treatment Plants fail?

Possible cause:
» Process design - not suitable or effective for
treatment the type of effluent

- Under-designed cases - actual BOD load is
excessive, eg Q is higher than expected

> Settling tank fails - TSS is unsettleabie, tank
is too small, or tank geometry is wreng.




Problems related to Operation

» Dosing of chemicals - not adjusted

» Dead microorganisms

» Environmental conditions - upset

» Toxicity issues for MO - presence of
toxic chemicals

» Settleability of solids - unsettleable
or bulking sludge

» Increase flow - due to production or

wastage

Problems - Overloaded system

» Wastewater flow
- reduce hydraulic retention time
» Organic loading
— too much food for MO (FM ratio?)

» Shock loading - rapid dose of high BOD with
equalization




Problems - Sludge bulking

End of slides
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5.0 Selection of Suitable
Treatment System

- Design Consideration
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SELECTION OF SUITABLE
TREATMENT SYSTEM

Design Consideration

What is required ...
o Waste volume

o Waste load

0 Peak flow

o Average flow

O Regulatory requirement
o Cost limitation

0 Operational issues — skill or non-skill




. L
Developing options .
By preteciing
R R R D w7 .

ar water.

o Organic removal

o Nutrient removal
o Specific pollutants
0 Resource recovery — recycle/reuse
o Zero discharge

0 Carbon crediis

Process Options

Select from available processes:
o Physical

o Chemical

0 Biological

0 Combined (hybrid)

o Advanced or polishing




COD < 3000 mg/I

COD > 3000 mg/!

BOD < 1000 mg/I BOD > 1000 mg/I

LOW STRENGTH HIGH STRENGTH

Rapidly biodegradable |Slowly biodegradable

Mineralization of organic | Transformation of

organic

Case examples

A bRl

0Food processing
oEdible oil (palm oil)
O Tannery

n0Sewage

0 Aufomotive painting

o Electronic plating




End of slides

Plant Layout

Factors affecting layout
o Site topography
o Foundation — soil stability & geology

0 Access roads — need for servicing and
loading /unloading

0 Noise — isolated with sound barriers
o Odour sources — sited downwind

0 Lighting

0 Utilities




Plant Layout

v [puee
v =517

P







Facility Master Plan 13

i

Key issues

0 Serviceability of equipments

0 Access to machine parts/ IETS component

nHazop (safety issues)

o Storage of chemical

0 Storage of sludge (scheduled toxic wastes)

0Drains (surface vs effluent drainage)




Cost Estimation

i

Capex
Opex

Based on Arnd Wendland, Germany

http://fwww.tu-
harbure.de/aww/lehre/wbt/emwater/documents/ slides _c2.pdf




WWTP Cos’r Vs quacﬁy

Capacity (m3/d)

Capital cost (RM million) 17

WWTP Cos’r VS PE (Domes’rlc)

Capital cost (RM cost/PE)%

Population Size (PE) 18




Operation Cost in relation to Total
Annual Cost

lh- -Operation costs are the expensas related to the operation, maintenance and monitoring of the plant

E
.

- Operation costs can amount up o 50 % of the total annual costs.

. The evaluation of operation costs during the evaluation of of process alternatives is of crucial
importance.

17% 10% 30

Composition of total
annual costs for
wastewater systems

in Germany
[ATV, 2003] 26% 14%
20%
€ Maintenance M Pollution Charge B Disposal  Energy & Material
MW Personnet O Interest O Depreciation M Niscellaneous 19

Factors affecting Operation Cost

Size and load of the plant e nmm | T
Topography and geographical ‘
situation of the site (affecting mmwmﬁ
pumping energy costs) esessi oy

Characteristics of wastewaler
and the discharge norm
Technologies and the selected
treatment process

Type of sludge treatment and
way of disposal

Energy supply and energy
recycling

Degree of auiomation,

measurement and process Som et - Fesut

. i 7 ; 10 Sy MSIM L )
Organization of the plant and its - . T
management Comparison of operation costs O&M for different

types of secondary treatment options [Kampet, 2000]




the size of installation,

the treatment processes and systems,
the degres of automation,

productivity efficiency of person nel,
managerial efficiency and

others.

Personnel costs subject to the treatment capacity of wastewater treatment plants

[Reicherter, 2003},

227] the total operation costs.

Civil Canstructions

Renovations of Civil Constructions
Mechanical Equipment

Electrical and Electronical Equipment

b

esman A camt

Cunts ]

o Tox smprral'm
ol the e

\ . —
Lo EROD o ity

Presomrt sl prattte wanennce (L)

< 10.000 p.e. 35 — 40 % of total operation
costs
10.000— 100.000 p.e. 25 o4 of total operation costs
> 100.000 pe. 15 %, of tofal operation costs
21
Maintenance

The costs for maintenance of wastewater treatment plants usually amount up to 15— 25 % of

0.5 - 2.0 % of investment cosls per year
2.0 - 4.0 % of investment costs per year
2.0 - 5.0 % of investment cosls per year
2.0 - 8.0 % of invesiment costs per year

Costs and mainfenance seen
as a whole; the optimum s
achieved from the best
relationship between cosis
and availability (Mller, 2003}




. Pumping Stations 10 =15 Wh /m?

Screens 03-05kWh! pe &a)
Asrated Sand Traps 17 -22kWh! {pe.da)
Prel. Sedimeniation 0.4 -0.8kWh!{pe &z}
Tanks

Azration Tanks 172-258kKWh/(p.e &a)
Szc. Sedimentation 12-2.3kWh/{p.e. &2
Tanks

Thickener 07-1.1kWh!{pe &3} Bl = S s A S
. Sludge Dewstering 3.0 -4.0kWh/{p.e. &.2) ::’gc;fjfm it e

Devices
Digastion 24-29KWh{{pz2 &.a) Composition of energy demand for
different process components of

wastewater treatment plants [Bohn, 1893]

Disposal of sludge

The costs for disposal cons'st of the disposal of sewage sludge, screenings, sand and municipal
waste. The disposal cests can differ between 15 and 50 % of the total operation cosls.

Generally, disposal costs depend to a large degres on

the size of the treatment plant,
naticnal regulations for the disposal of organic materials like sewage sludge,
local conditions and market price conditions respectively.

Practical experience with sludge disposal in different European countries (S, DK, G, F, CH} can be
summarized as fcllows:
For the very largs number of small treatment plants {e.g. <20.000 PE) landspreading / agricultural
use of sewage sludge seems to be the most economical and sustainable solutions as leng a3
source abatement of possibly hazardous substances is successful. Landspreading of semi-solid
and landspreading of solid sludge entail on average the lowest total cost.
Landspreading of composted sludge, vse of sludge in land reclamaticn and use of sludge in
silviculture record intermeadiate iotal cosis.

Landfilling, mona-incineration and co-incineration of sludge with other wastes entall the highsst

caosls,




Chemicals and Material

The costs of chemicals and materials usually range between 57 % of the fotal operation costs.

The costs mainly depend on the characterisfics of wastewater and the discharge norm, the
selected chemicals, corect dosing, quantities keptin stock and purchasing deals.

The mariet situation and the price structure for chemicals differ strongly.

Polymers, alum and lime for sludge conditioning

NaCl, Cl,, O, for disinfection

FeCl, FeCly, AICI for precipitation of phosphorcus

Methanol, ethanol for denilrification

Reagents for laboratories

Oil and gas for machinery and vehicles

Othars s

End of slides

NQ&A

26




6.0 Operation of Wastewater
Treatment System

- Important Control
Parameter for Operation
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WAST EWATER
TREATM ENT SYSTEM ..

P Avza T

Successful Operation of IETS

Important control parameters:

» pH

» DO

» Coagulation dose

v Flocculation dose

» Healthy microbial population (biomass)

y Settleability in clarifiers




pH Calibration Check

# pH meter calibration to
be done once per week

Commercial pH probe for analysis

Effect of pH on Wastewater
Coagulation

pH drops causing poor pH is corrected to produce
coagulation — turbid colour




Coagulation dose:
Jar Test Procedure

o The formation of floc irsjshown below

Coggulant

Jar test

After 15 minutes, measure turbidity in all beakers, plot %
turbidity removal vs chemical dose. The chosen dose is
optimum dosage to give highest % turbidity removal

Examples of effective polymer
floc formation

Jewellery effluent

VA

Metal finishing effluent




Microbial Check for Normal healthy
foam

White crisp foam from y
sludge during'statt v

SV| Procedure for Aeration
system

4 Check settleability of aeration bigmass

using sludge volume index (SV30)

@ SVI procedure (next page)




SLUDGE VOLUME INDEX (SVI)

The sludge volume index (SVI) = the volume in mL occupied
by 1 g of a BIOMASS after 30 min settling.

SVI is used to monitor settling characteristics of activated
sludge.

Procedure

1. Determine the suspended solids concentration of a well-
mixed sample of the suspension

2. Measure the 30 min settled sludge volume

3. Calculations :
settled sludge volume (mL/L) X 1000

SVI (inmL/g) =

SVI ANALYSIS

Settled sludge volume

- S8V
Time e = N
Type of (mim (TEI \ 8
7 & 16
sludge O TN | ;

' 5 500 | g

Well 10 200 | S 12
- settling 15 | 325 [e®® 10
= T 20 290 400 N 8
25 260 200 < 8

|30 250 ey
4
e 40 220 - )
- Bulking 50 | 200 " 3
——— _—— 50 200 6 10 20 0 40 Ea)

TIME= MIN

L RON ]




After After After After After After
1 min 2 min 3 min 5 min 10 min 15 min
# SVI test

I M A = Y B S 2 B R L




& MLSS test using filter paper

End of slides
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PERFORMANCE MONITORING
OF INDUSTRIAL EFFLUENT
TREATMENT

What is Performance
Monitoring?

» Preventive or routine maintenance to
prevent failure of process during use.

» Pro-active monitoring of certain
parameters to provide diagnostic
indication of process operating
condition.




Why we need to monitor?

Objectives:
» Assessment of performance
» Protection of environment

» Regulatory requirement for Performance
Monitoring (DOE - Regulation 5 (2) SIER)

» Standard operating procedures (1ISO14000)

Issues in Monitoring of W’aste
Treatment Plants '

Compliance to Process Design

» Which unit is the critical path in IETS ?
Regulatory requirement - discharge
limit

Budget and cost elements
Minimization/recycling/reuse of
effluent

-

-

v v




What and
how to monitor ?

Monitoring Parameters

v Flowrates
v BOD

» COD

v TSS

& pH

v MLSS

v D.O. level in aeration

v SVI —sludge vol index
v Phosphate (PO,)

v/ Nitrogen

v Sludge rate — volume

v/ Pressure level

v' Conductivity

v TDS




Sampling and analysis

Sampling points

v Influent monitoring

» Effluent monitoring

» Frequency of sampling

» Flow measurement

» Where to take samples ?

Analysis of samples
What parameters to tesi
In-situ analysis
Lab analysis

21

RECORD KEEPING

+ To maintain the complete record of
performance monitoring data

v To record corrective actions taken

22




Components of Record Keeping

& Inventory listing of process data

& Format used for recording data

® Raw data (daily record on process)

® Analysed data (daily and weekly records)
@ Flowrate data

& Reporting — use of graph and table

@ File — to have suitable filing system

Table of Record Performance Monitoring Data

Daily Recard for Activated Sludge Process

24




Computation of Oxygen Uptake Rates

OUR =slope

of dissolved

oxygen vs

time graph

26




Table of Record Performance Monitoring Data

Daily Record for Chemical Precipitation

Table of Record Performance Monitoring Data

Daily Record for DAT system

28




Date Flowrate Heavy Pressure
méh metals Diff.

mgfl

{Fonsite name and address of Signature
company conduciing regeneration

Qo




Record of process
performance data helps to:

» Analyse trends in process upset

» Alarm level for bioreactors

» Diagnosis or trouble shoot
problems

Profile of COD
~ taken at all points in a treatment system

o00 . COD_reduction for Chemical Waste
—s—Day 34
—w—Day 37
10000 . Day 42
’ 3¢ Day 45
—¢— Seriesd
—s—Day 62
——Day 65
——Day 69
——Day 72
Day 76
Day 79
Day 84
Day 87

8000 A

COD (mgll)
5 8
& B




Loading Rate Data

Anaerobic Loading OLR
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Organic loading rate (kg/m3/d)

o
o
o

geformance can be observed on loading rate at high values

33

» BOD; loading rate
» COD loading rate
+ % BODs removal

» % COD removal

Sludge generation
(tonne/month)

v
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