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APPLICATION OF ULTRAFILTRATION TO AN ORGANIZED
INDUSTRIAL DISTRICT WASTEWATER TREATMENT PLANT
EFFLUENT FOR WATER REUSE

ABSTRACT

In this study, it is intended to investigate thesgbility of reusing the effluents
originated from Organized Industrial District (OlWastewater Treatment Plant as
process water after ultrafiltration. Secondary tirent effluent samples were taken
from an OID, which was selected as pilot plant, &rdp/Scale® Spiral Wound
Ultrafiltration Modules (Millipore) were chosen dsF membrane system. Three
different sizes of UF membrane cartridges with decuar weight cut-off (MWCO)
of 100 kDa, 30 kDa, and 1 kDa, which are made foggenerated cellulose material,
were used. The effect of ultrafiltration on poligl of secondary treatment effluent
of OID was evaluated in terms of chemical oxygemaled (COD), suspended solid
(SS), electrical conductivity (EC), and pH depegdon transmembrane pressure
(TMP), which varied between 0 to 2 baie results indicated that examined UF
membranes are very effective for SS removal; howesoval of organics is not
sufficient. After UF applications, maximum 67% CQ@&moval efficiency could be
obtained. Similarly, significant EC reduction couldt be achieved. Therefore, the
guality of permeates can not meet the requiremangeme industries located in the
OID and further treatment should be applied befetese depending on the required

process water qualities.

Keywords: reuse, ultrafiltration, membrane, organized indakttistrict



ORGANIZE SANAYI BOLGESI ATIKSU ARITMA TES 1Si CIKI $
SULARININ YEN IDEN KULLANIMI ICIN ULTRAFILTRASYON
UYGULAMASI

Oz

Bu calsmada, Organize Sanayi Bolgesi (OSB) Atiksu aritneaidinden c¢ikan
aritilmig  sularin  Ultrafiltrasyon (UF) sistemi kullanilarakeniden kullanimini
argtirmak hedeflenngtir. Pilot tesis olarak secilen OSB Atiksu AritmasIsi son
¢cOkeltim Unitesi cilgindan numuneler alingnive UF membran sistem olarak
“Prep/Scale® Spiral Wound Ultrafiltrasyon Modullu i{Npore)” secilmistir. UF
membran sisteminde rejenere sellloz maddeden yapmnolekuler girlik kesim
boyutu (MWCO) 100 kDa, 30 kDa ve 1 kDa olan u¢ hankhembran kartg
kullaniimistir. Membran sistemi c¢iki sularinin 6zellikleri K@, AKM, pH ve
iletkenlik parametreleri gz 6ninde bulunduruladakerlendirilmistir. Sistemde 0-2
bar aralginda membran gegbasinclari (TMP) uygulanstir. Elde edilen sonuclara
g6re, UF membran camalari AKM gideriminde oldukca etkili olngtur ancak KQ@
giderimi yeterli dgildir. UF uygulamasindan sonra maksimum %67 iKfiderme
verimi sa&lanmstir. Ayni sekilde belirgin bir iletkenlik dglsi gbzlenmenstir.
Deneysel cagmalarin sonuglarina gore; mevcut atiksu aritmasit€skis sularinin
denenen ultrafiltrasyon membran sistemine verilndagiumunda incelenen OSB
icerisinde yer alan bazi endustriler icin uygunitkde proses suyu elde edilengdi
busekilde daha iyi kalitede suya ihtiya¢ duyan endigsticin daha farkh ileri aritma

metotlarinin kullaniimasi gerekli oldugu sonucuna varilngtir.

Anahtar Sozcikler: yeniden kullanim, ultrafiltrasyon, membran filgistemleri,

organize sanayi bélgesi
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CHAPTER ONE
INTRODUCTION

The growth in industry and the changes in manufagjuprocesses have resulted in an
increase in the volume and complexity of wastewdtscharges to the environment. Many
traditional and novel treatment processes are bewgjfied and developed to try to eliminate
the release to surface waters of the diverse cla¢nsicbstances found in wastewater

discharges (Ustiin, Solmaz & Birgiil 2007).

Implementation and enforcement of stringent envirental regulations over the last two
decades has created opportunities for industrieedace and reuse wastewater from their
manufacturing processes. Even though the cost ibemédfreusing wastewater may not be
realized immediately, the intangible benefits afyanting contamination of the environment

on a short-or-long term basis can be significans{EEBraida, Chao & Ong, 2003).

Turkey is not a water-rich country; approximatelysd0 n? per capita is available
annually for consumption. It is estimated that wateailability in Turkey will fall below
1.000 ni per capita by 2025 (WHO, 2007). Therefore, in otdemeet water demand in the
future, the treated wastewater has to be reusethangays to reuse the effluent from several
wastewater treatment plants have to be develomellistry accounts for about 11% of all
water consumption in Turkey (www.dsi.gov.tr) ancclagmed water is ideal for many

industries where processes do not require watpotaible quality.

Turkey is a developing country and environmentalbfgms increase with increasing
industrialization and urbanization. To overcomesthproblems, some industrial facilities are
located in organized industrial districts. In Tuykéhe first organized industrial district (OID)
was established in 1962. Nowadays, although theuatraf planned OID is about 250, only
70 of them are in operation all throughout Turk&ome of them have a centralized
wastewater treatment plant and they must meet aigehstandards given in Water Pollution
Control Regulation (WPCR, 2008). However, some @iBnagers are willing to reuse of

treated water instead of discharge.



The suitability of reclaimed water for use in intfied processes depends on the particular
use. Thus, in investigating the feasibility of isthial reuse with reclaimed water, potential
users must be contacted to determine the speetjgirements for their process water (EPA,
2004). Since different industrial facilities areapéd in OIDs, quality of process water

required for each sector will vary.

In order to obtain high quality reclaimed waterpagcess water for some industries, such
as textile, pulp and paper, and electronic, mendbsystems can be evaluated as a superior
alternative. Membrane filtration systems, espécualrafiltration (UF), nanofiltration (NF),
and reverse osmosis (RO) have been widely usedvéstewater reclamation and reuse
purposes (Juanga et.al., 2007, Gozalvez-Zafrillal.e2008, Arévalo et.al., 2009). Among
these systems, UF appears to be more attractiaibechey promise high fluxes at relatively
low pressures (Kang & Choo, 2003).

Although, there are several reuse studies with nangbapplications to various industrial
effluents, such as textile industry (Bes-Pia et2009, Gozalvez-Zafrilla et.al., 2008, Arnal
et.al.,, 2008), food processing industry (Hafez let 2007), dairy industry (Vourch et.al.,
2008), tannery industry (Mendoza-Roca et.al., 20pd)p and paper industry (Pizzichini
et.al.,, 2005), there are limited studies with orged industrial district effluent in the
literature (Juang et.al., 2007, Lei et.al., 20T®)e aim of this study was to evaluate the reuse
possibility of the secondary effluent of an orgacizndustrial district (OID) as process water
at some industrial facilities located in the OIDpir@l wound ultrafiltration (UF) membrane
system was applied to improve existing central ex@ater treatment plant effluent qualities.
Permeate qualities were assessed depending on ER)[EC, and pH parameters.



CHAPTER TWO
AN OVERVIEW OF MEMBRANE SYSTEMS

2.1 Introduction

A membrane can be defined as a thin film separatwmgphases and acting as a
selective barrier to the transport of matter (Fegdrl). This definition includes the
definition of a perm-selective membrane and implieat a chemical potential
difference exist between the two phases. It is waortant to point out here that a
membrane is not defined as a passive material déttetrbas a functional material. In
other words, even if (perm-selective) membranes in@ycharacterized by their
structure, their performances in terms of fluxed aelectivity are mainly dependent
on the nature of the elements contained in thephases and on the nature of the
elements contained in the two phases and on thimgriorce which is applied. This
is why we choose to classify membranes accordirigedype of separation they are
able to perform rather than according to their cttrre, and only then discuss the
structure best adopted to improve the performamdethe separationgAptel &
Buckley, 1996).

CATEGORIES OF MEMBRANE OFERATIONS

PHASE 2 MEMEBRANE PHASE 1
PERMEATE ] FEED
- - © &
— -
A .
e o O O

Figure 2.1 Definition of a perm-selectivembrang Aptel & Buckley, 1996).



To be effective for separation membrane materilsulsl ideally posses the

following properties:

e Chemical resistance (to both feed and cleaningsui
e Mechanical stability,

e Thermal stability,

e High permeability,

e High selectivity,

e Stable operatio(Scott & Hughes, 1996).

A membrane operation can be defined as an operatimre a feed stream is
divided into two streams: permeate containing nterhich has passed through the
membrane and a retentate containing the nonpemgeapecies (Figure 2.2).
Membrane operations can be used to concentrate quutify a solution or a
suspension (solvent-solute or particle separatod)to fractionate a mixture (solute-
solute separation). Among the separation opergtionembrane offers basic
advantages:

e Separation takes place at ambient temperatur@wutitthase change, which
offers an energetic advantage compared to digiiafhis explains, for example the
success of reverse osmosis and electrodialysisdter desalination.

e Separation takes place without accumulation ofdpets inside the
membrane. Membranes are then well adopted to beceountinuously without an
elution cycle as in chromatography.

e Separation does not need the addition of cheraidditives, as is the case
with azeotropic distillation or in water clarificah by settlement or conventional
filtration. This gives advantages for the qualitly tbe product and leads to less
pollutant wastes and explains the success of peraapn for the fractionation of
azeotropic mixtures and ultrafiltration for watelardication (Aptel & Buckley,
1996).



FEED RETENTATE
— —
MEMBRANE
PERMEATE
—

Three-end modules

Figure 2.2 Principle of a membrane operatiaptel & Buckley, 1996)

2.2 Classification of Membrane Separation Processes

Improvements and advances in membrane technologl tbe last two decades
have seen applications expand in many industrigtose chemical, petrochemical,
mineral and metallurgical, food, biotechnology, phaceutical, electronics, paper
and pulp and water etc. Membrane separations amnmpetition with physical
methods of separation such as selective adsorpiosgrption, solvent extraction,
distillation, crystallisation, cryogenic gas sepiama etc. The feature which
distinguishes membrane separations from other agpartechniques is the provision
of another phase, the membrane. This phase, $igligl or gaseous, introduces an
interface(s) between the two bulk phases involvedhe separation and can give
advantages of efficiency and selectivity. The manbrcan be neutral or charged

and porous or non-porous and acts as a perm-sedxirier.

Transport of selected species through the membisrechieved by applying
driving force across the membrane. This gives adrdassification of membrane
separations in the way or mechanism by which nadtesi transported across a
membrane. The flow of material across a membrasedae kinetically driven, by

the application of mechanical, chemical or eleatrngork.



The driving forces are pressure, concentrationperature or electrical potential
in many cases the transport rate (permeation)oggstional to the driving force and
the membrane can be categorized in terms of aroppate permeability coefficient.
The use of driving force as a means of classificats not altogether satisfactory
because apparently different membrane processesbeaapplied for the same
separation, for example electrodialysis, reversmasss and pervaporation in the
desalination of water. From the view of applicasiprtlassification in terms of
suspended solids, colloids or dissolved solutes,igfpreferred (see Figure 2.3) thus
we see techniques of microfiltration and ultraéitton (and electro-osmosis and
electrophoresis) employed in the category of sudg@ersolid separation. All these
processes use membranes which are microporoustunendhese are the simplest
form of membrane regarding mode of separation amdist of a solid matrix with
defined pores ranging from 100 nm to p in size. A second classification of
membranes under homogeneous films encompassespgagons, gas permeation,
pervaporation, reverse osmosis (and ultrafiltrgtidBeparation in these cases is
related directly to the transport rate of spearethe membrane, determined by their
diffusivity and concentration in the membrane phdsese membranes are often in
the form of composites of a homogeneous film oni@aporous support as used in
hyperfiltration and pervaporation. These latter tprocesses are used for similar
separations, typically the removal of water to @miate solutions of ionic or
organic solutes. Gas permeation is clearly as a@iapease which again uses
homogeneous membranes which separate species s tef diffusivity and

concentration in the membrane.
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Figure 2.3 Application size range of membralieafion processes (Scott & Hughes, 1996)

The third and final general classification of mear®s is those that are
electrically charged. These membranes carry efiked positive or negative charges
and separate by exclusion of ions of the same ehasgcarried in the membrane
phase.

It should be already apparent that one is not meedtricted to a single type of
membrane process for a particular separation. ppeogriate method of separation
will be determined by a range of technical facwush as size, susceptibility of feed

to electrical work, etc. and, of course, relatiestqScott & Hughes, 1996).



2.3 Membrane Processes
2.3.1 Microfiltration

Microfiltration (MF) is the process of removing piales or biological entities in
the 0.025um to 10.0um range from fluids by passage through a microporou
medium such as a membrane filter. Although micriaees particles can be removed
by use of non-membrane or depth materials sucth@setfound in fibrous media,
only a membrane filter having a precisely definedepsize can ensure quantitative
retention. Membrane filters can be used for fifladation or prefiltration, whereas a
depth filter is generally used in clarifying apjlions where quantitative retention is
not required or as a prefilter to prolong the Ildé a downstream membrane.
Membrane and depth filters offer certain advantaged limitations. They can
complement each other when used together in a fitiabon process system or
fabricated devicéMillipore, 2004).

In membrane microfiltration (MF) the filter is gemaly made from a thin polymer
film with a uniform pore size and a high pore dgnsif approximately 80%. The
principle method of particle retention (Figure 2.8) characterized as sieving
although the separation is influenced by interagtibetween the membrane surface

and the solution (Scott, 1996).
00 SUSPENDED SOLID
Wﬂﬁllﬁp COLLOIDS
00

MEMBRANE \

\

WATER  SELECTED
MACROMOLECULES
SALTS

Figure 2.4 Separation using microfiltration memlasScott, 1996)



The irregular nature of the pores of the membramtkthae often irregular shape of
the particles being filtered mean there is not argtcut off size during filtration.
With symmetric membranes some degree of in-depffaraion could occur as
particles move through the tortuous flow path. Barderact this effect, asymmetric
membranes, which have surface pore sizes muchHassthose in the bulk of the
membrane, have been introduced. These entrap thelgmalmost exclusively at the

surface layers (the membrane skin) whilst stiledfig low hydrodynamic resistance.

Microfiltration is most widely applied in a deadee mode of operation. In this
the feed flow is perpendicular to the membraneaserfand the retained (filtered)
particles accumulate on the surface forming arfieke. The thickness of this cake
therefore increases with time and permeation raigespondingly decreases.
Eventually the membrane filter reaches an imprattic uneconomic low filtration
rate and is either cleaned or replaced. Typic&rsl come in the form of readily

replaceable screw-in cartridges (Aptel & Buckle99&).

Applications of microfiltration are varied and inde:
e Food, Sugar & Starch for wet corn milling, cornwgyrclarification, modified

starch filtration, fructose polishing, cane & beagar clarification, scums filtration,

caustic recovery, etc.

e Pharmaceutical/ Biotech for fermentation broth @riation & clarification,
protein separation & recovery, etc.

e Chemical for solvent recovery, catalyst recovehgnical clarification, etc.

e Textile for synthetic warp size recovery, dye resyy caustic recovery, etc.

e Nuclear Power for enriched uranium recovery, lowele rad-waste
concentration, etc.

e Waste Treatment for hazardous waste concentrasioge dewatering, hot
wash/ waste water recycle, waste oil recovery, etc.

e Metal Finishing for oil removal, alkaline degreasecovery, caustic recovery,

etc (www.ameridia.com).
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2.3.2 Ultrafiltration

Ultrafiltration (UF) is the process of separatingtiremely small particles and
dissolved molecules from fluids. The primary bdsisseparation is molecular size,
although in all filtration applications, the perrbéay of a filter medium can be
affected by the chemical, molecular or electrostgiroperties of the sample
(Millipore, 2004). Ultrafiltration is a separatigrocess using membranes with pore
sizes in the range of 0.1 to 0.001 micron. Ullnaiion can only separate molecules
which differ by at least an order of magnitudeizes Typically, ultrafiltration will
remove high molecular-weight substances, colloideterials, and organic and
inorganic polymeric molecules. Low molecular-weigitganics and ions such as
sodium, calcium, magnesium chloride, and sulfaterat removed. Because only
high-molecular weight species are removed, the tisrpoessure differential across
the membrane surface is negligible. Low appliezspures are therefore sufficient to
achieve high flux rates from an ultrafiltration memrane. Flux of a membrane is
defined as the amount of permeate produced perauedt of membrane surface per
unit time. Generally flux is expressed as galloes gquare foot per day (GFD) or as

cubic meters per square meters per dayr{he) (www.appliedmembranes.com).

2.3.2.1 Ultrafilter vs. Conventional Filter

Ultrafiltration, like reverse osmosis, is a croksaf separation process. Here
liquid stream to be treated (feed) flows tangelytialong the membrane surface,
thereby producing two streams. The stream of ligthdt comes through the
membrane is called permeate. The type and amouwspetfies left in permeate will
depend on the characteristics of the membraneppleeating conditions, and the
quality of feed. The other liquid stream is cal®whcentrate and gets progressively
concentrated in those species removed by the mambrim cross-flow separation,
therefore, the membrane itself does not act asllactar of ions, molecules, or

colloids but merely as a barrier to these species.
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Conventional filters such as media filters or ¢dge filters, on the other hand,
only remove suspended solids by trapping thesehm pores of the filter-
media. These filters therefore act as depositaiesispended solids and have to be
cleaned or replaced frequently. Conventional rBltare used upstream from the
membrane system to remove relatively large susperstdids and to let the
membrane do the job of removing fine particles asidsolved solids. In
ultrafiltration, for many applications, no prefilte are used and ultrafiltration
modules concentrate all of the suspended and dradlsi materials

(www.appliedmembranes.com).

2.3.2.2 Concentration Polarization

When a membrane is used for a separation, the otratien of any species being
removed is higher near the membrane surface thais ih the bulk of the
stream. This condition is known as concentrati@hafgzation and exists in all
ultrafiltration and reverse osmosis separationshe Tresult of concentration
polarization is the formation of a boundary layéisobstantially high concentration
of substances being removed by the membrane. Hitlness of the layer and its
concentration depend on the mass of transfer dondithat exist in the membrane
system. Membrane flux and feed flow velocity aothbimportant in controlling the
thickness and the concentration in the boundargrlajrhe boundary layer impedes
the flow of water through the membrane and the kgicentration of species in the
boundary layer produces permeate of inferior guaht ultrafiltration applications
relatively high fluid velocities are maintained agpthe membrane surface to reduce

the concentration polarization effect (www.applieanbranes.com).

2.3.2.3 Recovery

Recovery of an ultrafiltration system is definedfas percentage of the feed water

that is converted into permeate, or:

R=P/F*100
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Where;
R= Recovery rate
P= Volume of permeate
F= Volume of feed

The ultimate aim of ultrafiltration is to maximizecovery of solutes of interest,
but there are many membrane characteristics tifiettahat goal. Factors affecting
recovery include:

* Nominal molecular weight limit (NMWL)/nucleotidaut-off (NCO)

* Retention

» Concentration polarization

* Flux (Millipore, 2004)

2.3.2.4 Ultrafiltration Membranes

Ultrafiltration Membrane modules come in plate-draine, spiral-wound, and
tubular configurations. All configurations haveebeused successfully in different
process applications. Each configuration is splciglited for some specific
applications and there are many applications whesee than one configuration is
appropriate. For high purity water, spiral-wounad acapillary configurations are
generally used. The configuration selected dependse type and concentration of
colloidal material or emulsion. For more concetdta solutions, more open
configurations like plate-and-frame and tubular ased. In all configurations the
optimum system design must take into considerdherflow velocity, pressure drop,
power consumption, membrane fouling and module cost

(www.appliedmembranes.com).
2.3.2.5 Membrane Materials
A variety of materials have been used for commerdiaafiltration membranes,

but polysulfone and cellulose acetate are the mostmon. Recently thin-film

composite ultrafiltration membranes have been ntadke For high purity water
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applications the membrane module materials mustdmpatible with chemicals
such as hydrogen peroxide used in sanitizing thenlon@nes on a periodic basis

(www.appliedmembranes.com).

2.3.2.6 Molecular-Weight Cutoff

Pore sizes for ultrafiltration membranes range bketw 0.001 and 0.1
micron. However, it is more customary to categormembranes by molecular-
weight cutoff. For instance, a membrane that ressodissolved solids with
molecular weights of 10,000 and higher has a mddecweight cutoff of
10,000. Obviously, different membranes even witle same molecular-weight
cutoff will have different pore size distribution other words, different membranes
may remove species of different molecular weight® tdifferent
degrees. Nevertheless, molecular-weight cutofiveseras a useful guide when

selecting a membrane for a particular applicatiw\.appliedmembranes.com).

2.3.2.7 Factors Affecting the Performance of Ultrafiltration

There are several factors that can affect the pmadnce of an ultrafiltration
system. A brief discussion of these is given here.

Flow across the Membrane Surface: The permeate rate increases with the flow
velocity of the liquid across the membrane surfaédow velocity if especially
critical for liquids containing emulsions or suspems. Higher flow also means
higher energy consumption and larger pumps. Isangathe flow velocity also
reduces the fouling of the membrane surface. Gdlgean optimum flow velocity

is arrived at by a compromise between the pumpeporser and increase in
permeate rate.

Operating Pressure: Permeate rate is directly proportional to theliapppressure
across the membrane surface. However, due toasedefouling and compaction,

the operating pressures rarely exceed 100 psigaandenerally around 50 psig. In
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some of the capillary-type ultrafiltration membramedules the operating pressures
are even lower due to the physical strength linmtaimposed by the membrane

module.

Operating Temperature: Permeate rates increase with increasing
temperature. However, temperature generally is anaontrolled variable. It is
important to know the effect of temperature on memb flux in order to distinguish
between drops in permeate due to a drop in temperand the effect of other

parameters.

Operation and Maintenance: Ultrafiltration system operation and maintenarge i
similar to that of reverse osmosis systems. Daitprds of feed and permeate flow,
feed pressure and temperature, and pressure drogsathe system should be
kept. Membranes should be cleaned when the systemeate rate drops by 10% or
more. Feed flow is critical to the operation dfafiltration systems. A drop in feed
flow may be due to a problem in the prefilter (yg with the flow control valve, or

with the pump itself. When the system is shut ddanmore than two days, a
bacteriocide should be circulated through the mamds. At restart, permeate
should be diverted to drain until all the bactedec is removed

(www.appliedmembranes.com).

2.3.3 Nanofiltration

Nanofiltration (NF) is similar to reverse osmodi®J) and is a pressure —driven
process applied in the area between the sepamatticapabilities of reverse osmosis
membranes and ultrafiltration membranes that ighi separation of ions from
solutes such as small molecules of sugar. It hBsrenently achieved success due to
developments in thin film non-cellulose membrardembranes can be formed by
interfacial polymerisation on a porous substrate @blysulphane or
polyethersulphone. Generally this opens up theilpidiies for process efficiency
improvements and the production of new productdiqudarly in the food and

biotechnology industries. Nanofiltration systempitglly operate at lower pressure
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than reverse osmosis (e.g. 5 bar) but yield hidloevrates of water, albeit of a

different quality to reverse osmosis.

Nanofiltration is used when high sodium rejectitypical of reverse osmosis, is
not needed but where other salts such as Mg anfl.€alivalent ions) are to be
removed. The molecular weight cut-off the nanddiibn membrane is around 200.
Typical rejections are (5 bar, 2000 ppm solute) 6@oNaCl, 80% for calcium
bicarbonate and 98% for magnesium sulphate, gluaodesucrose (Scott & Hughes,
1996).

2.3.4 Reverse Osmosis

Reverse osmosis, also known as hyperfiltratiorthés finest filtration available
today. It is the most common treatment technologgduby premium bottled water
companies. It is effective in eliminating or sulpgtaly reducing a very wide array
of contaminants, and of all technologies used ¢attdrinking water in residential
applications, it has the greatest range of contantiremoval. Reverse osmosis will
allow the removal of particles as small as indialdions. The pores in a reverse
osmosis membrane are only approximately 0.0005amicr size (bacteria are 0.2 to
1 micron & viruses are 0.02 to 0.4 microns).

There are two types of reverse osmosis membramesoaly used in home water
purification products: Thin Film Composite (TFC)da@ellulose Triacetate (CTA).
TFC membranes have considerably higher rejectites riéthey will filter out more
contaminants) than a CTA membrane, however, they raore susceptible to
degradation by chlorine. This is one of the reaseimg it is important that a reverse

osmosis system include quality activated carborfifiess.

A typical RO system is composed of an array of gianactivated carbon (GAC)
pre-filters, the reverse osmosis membrane, a stdmatk, and a faucet to deliver the
purified water to your countertop. Reverse osmasistems vary in membrane

guality, output capacity, and storage capacity.
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Reverse osmosis uses a membrane that is semi-fgdenaliowing pure water to
pass through it, while rejecting the contaminah#g aire too large to pass through the
tiny pores in the membrane (figure 2.5). Qualityemse osmosis systems use a
process known as crossflow to allow the membraneotdinually clean itself. As
some of the fluid passes through the membrane ¢kt aontinues downstream,
sweeping the rejected contaminants away from thealtmene and down the drain.
The process of reverse osmosis requires a driargefto push the fluid through the
membrane (the pressure provided by a standarderggmtwater system is sufficient

- 40 psi+) (www.home-water-purifiers-and-filtersnap

RO Membrane
Contaminated

Water Wy W W i"’I » Pure Water
]

Pressure W * ¥

r
Contaminant L
l::-n:ar'nraﬂ'.s
To Drain

Figure 2.5 Mechanism of R@vw.home-water-purifiers-and-filters.com)

2.3.4.1 Application

Reverse osmosis is an excellent choice for almibstceme water purification
needs. It is the most recommended solution forviddals on a pre-treated municipal
water system. While reverse osmosis can be veeg®fe in removing bacteria and
viruses, it is not recommended that reverse osntmsikie only level of purification
for water that contains or may contain biologicahtaminants (untreated well or
lake water, for instance). For these applicatianssaer a combined reverse osmosis
/ ultraviolet system or the addition of a completaey whole-house ultraviolet
system for maximum effectiveness and protectionnagjdacteria and viruses. Since
membranes are subject to degrading by chlorin@, inmanganese, and hydrogen
sulfide, and to bacterial attack, sediment presfiind an activated carbon pre-filter
and/or post-filter should be included with your eese osmosis system. Water
softeners can be used in advance of the RO systhan wousehold water is

excessively hard to prevent pre-filter and membrémading. RO systems are
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generally the best choice for water contaminatetth Wigh nitrite levels as might be

found in agricultural areas (www.home-water-purgi@nd-filters.com).

2.3.4.2 \What Contaminants Does Rever se Osmosi s Remove?

Reverse osmosis (RO) units remove substantial areoah most inorganic
chemicals (such as salts, metals, minerals), mogtroorganisms including
cryptosporidium and giardia, and most (but not ialbrganic contaminants. Reverse
osmosis successfully treats water with dissolvedensils and metals such as
aluminum, arsenic, barium, cadmium, chloride, chuom copper, fluoride,
magnesium, iron, lead, manganese, mercury, nitsgienium, silver, sulfate, and
zinc. RO is also effective with asbestos, manyetasblor and odor-producing
chemicals, particulates, total dissolved solidsbitlity, and radium. When using
appropriate activated carbon pre-filtering, addiibtreatment can also be provided
for such "volatile" contaminants (VOCs) as benzeNd,BE, trichloroethylene,
trihalomethanes, and radon. Essentially, reversaoss is capable of rejecting
bacteria, salts, sugars, proteins, particles, dyesyy metals, chlorine and related by-
products, and other contaminants that have a mialeaweight of greater than 150-
250 daltons. The separation of ions with reversmasss is aided by charged
particles. This means that dissolved ions thatycarcharge, such as salts, are more
likely to be rejected by the membrane than thosd¢ #re not charged, such as
organics. The larger the charge and the largepdngcle, the more likely it will be
rejected (Table 2.1).

Table 2.1 Species separation during pressure-dmambrane processésww.home-water-

purifiers-and-filters.com)

Bad

Bacteria(Tastes
and & Hydrogen|Heavy
Arsenic|Viruses |Odors [Chlorine|Fluoride|Sulfide |Metals|Nitrates|Radon|Sediment{Iron(VOC's

[ [ e @ ® O e © o | ® O

- Effectively Removes 0= Significantly Reduces © = Minimal or No Removal
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Even though reverse osmosis is effective in rengwacteria and viruses, it is
not recommended that rely upon reverse osmosily/sbi@ur water is contaminated

with bacteria or viruses. Ultraviolet (UV) purifitan is also recommended.

2.3.4.3 Advantages and Disadvantages of RO

Advantages and disadvantages of RO systems ane lgelew:

Advantages:
» very high rejection rate for a wide array of contiaamts
» very cost effective in the long term, costing delias 5 cents per gallon of

pure water once maintenance and water costs amrdddn

Disadvantages:

* requires sediment and carbon pre-filtration (geheracluded as part of the
system) to prevent membrane fouling

* because reverse osmosis works against standardiogressure, the process
is generally fairly slow, producing roughly 15 gads of purified water per day, and
may require from 3 to 10 gallons of untreated wdtemake a single gallon of

purified water (www.home-water-purifiers-and-filsecom ).

2.4 Membrane Fouling

2.4.1 Type of Membrane Fouling, Water Quality I ndicators, and Control Measures
According to the type of fouling materials, foutegories of membrane fouling

are generally recognized. They are (a) inorganitirig/scaling, (b) particle/colloids

fouling, (c) microbial fouling, and (d) organic fimg. A brief description on the

nature of fouling, relevant water quality as indiza, and control measures are

summarized below for each type of membrane fouling.

a) Inorganic Fouling/Scaling
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Inorganic fouling or scaling is caused by the aaglation of inorganic
precipitates such as metal hydroxides, and “scalesinembrane surface or within
pore structure. Precipitates are formed when thearation of chemical species
exceeding their saturation concentrations. Scalkng major concern for reverse
osmosis (RO) and nanofiltration (NF). RO and NF robemnes reject inorganic
species. Those species form a concentrated lay@eiricinity of membrane-liquid
interface - a phenomenon referred to “concentratmarization”. For microfiltration
(MF) and ultrafiltration (UF), inorganic fouling éuto concentration polarization is
much less profound, but can exist most likely duénteractions between ions and
other fouling materials (i.e., organic polymers)a vchemical bonding. Some
pretreatment processes for membrane filtrationh sisccoagulation and oxidation, if
are not designed or operated properly, may intreduetal hydroxides on membrane
surface or within pore structure. Inorganic foulsgaling can be a significant

problem for make-up water of caustic solutions pref for chemical cleaning.

b) Particulate/colloid Fouling

Algae, bacteria, and certain natural organic matfal into the size range of
particle and colloids. However, they are differénoim inert particles and colloids
such as silts and clays. To distinguish the difiefeuling phenomena, particles and
colloids here are referred to biologically inerttpaes and colloids that are inorganic

in nature and are originated from weathering oksoc

In most cases, particles and colloids do not rdally the membrane because the
flux decline caused by their accumulation on themimeane surface is largely
reversible by hydraulic cleaning measures suchaagvash and air scrubbing. A
rare case of irreversible fouling by particles adloids is that they have smaller
size relative to membrane pore size. Thereforesehparticles and colloids can enter
and be trapped within the membrane structure madnxgl not easily be cleaned by
hydraulic cleaning.

c) Microbial/Biological Fouling
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Microbial fouling is a result of formation of bidins on membrane surfaces. Once
bacteria attach to the membrane, they start toiphltand produce extracellular
polymetric substances (EPS) to form a viscous,\slinydrated gel. EPS typically
consists of heteropolysaccharides and have highativegcharge density. This gel
structure protects bacterial cells from hydrauheaing and from chemical attacks

of biocides such as chlorine.

Severity of microbial fouling is greatly related tioe characteristics of the feed
water. Water quality parameters that indicate tbeemqtial of microbial fouling are
classified into three categories:

(a) Parameters indicating the abundance of microbes

(b) Parameters indicating nutrient availability,

(c) Parameters indicating environmental conditifmmsnicrobial growth.

d) Organic Fouling

Organic fouling is profound in membrane filtratiaith source water containing
relatively high natural organic matters (NOM). Swud water (lake, river) typically
contains higher NOM than ground water, with exaapgi For source water high in
NOM, organic fouling is believed to be the moshsgigant factor contributed to flux
decline. Microfilters usually remove insignificamimount of organic matter, as
measured by dissolve organic carbon (DOC). DOC radndicator for organic
fouling is probably neither proper nor adequatdoEs to identify the effects of
subgroups of NOM on membrane fouling have yet balele to draw definitive

conclusions (Liu, Caothien, Hayes & Caothuy, n.d.).
2.5 Membrane Cleaning
In order to operate membranes efficiently, appaipricleaning procedures must

be applied. Otherwise, the membrane life may betshed. The membrane cleaning

procedure must be specified by the vendor. Theee arnumber of cleaning
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techniques for the removal of membrane foulinghsas forward flush, backward

flush, air flush, and chemical cleaning.

2.5.1 Forward Flush

When forward flush is applied in a membrane, thgier that is responsible for
dead-end management is opened (Figure 2.6). Asdlhee time the membrane is
temporarily performing cross-flow filtration, withio the production of permeate.
The purpose of a forward flush is the removal cbastructed layer of contaminants
on the membrane through the creation of turbuledcdnigh hydraulic pressure

gradient is in order during forward flush.

Figure 2.6 Forward flushing (www.lencttecom)

2.5.2 Backward Flush

When backward flush is applied the pores of a mambiare flushed inside out.
The pressure on the permeate side of the memisdngher than the pressure within
the membranes, causing the pores to be cleanedciward flush is executed under
a pressure that is about 2.5 times greater thapribsuction pressure. Permeate is
always used for a backward flush, because the @enshamber must always be
free of contagion (Figure 2.7). A consequence afkbard flush is a decrease in

recovery of the process. Because of this, a backfash must take up the smallest
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possible amount of time. However, the flush musiaéntained long enough to fully

flush the volume of a module at least once.

Figure 2.7dRevard flushing (www.lenntech.com)

2.5.3 Air Flush or Air/ Water Flush

Fouling on the membrane surface needs to be remawedfectively as possible
during backward flush. The so-called air flush, anaept developed by Nuon in
cooperation with DHV and X-flow, has proved to bery useful to perform this
process. Using air flush means flushing the insflemembranes with an air/ water
mixture. During an air flush air is added to thenfard flush, causing air bubbles to
form, which cause a higher turbulence. Becausehisf turbulence the fouling is
removed from the membrane surface. The benefihefair flush over the forward
flush is that it uses a smaller pumping capacitginduthe cleaning process. Air or
air/water flushing is shown in Figure 2.8.

Figure 2.8 Air or air/water flushing (www.lemath.com)
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2.5.4 Chemical Cleaning

When the above-mentioned cleaning methods areffeattige enough to reduce
the flux to an acceptable level, it is necessargléan the membranes chemically.
During chemical cleaning chemicals, such as hydragroride (HCI) and nitric acid
(HNOg), or disinfection agents, such as hydrogen pemxitO,) are added to the
permeate during backward flush. As soon as theeemiodule is filled up with
permeate, the chemicals need to soak in. Afterctbaning chemicals have fully
soaked in, the module is flushed and, finally, patk into production. Cleaning
methods are often combined. For example, one canaugackward flush for the
removal of pore fouling, followed by a forward flusor air flush. The cleaning
method or strategy that is used is dependent ory feemors. In practice, the most
suitable methods are determined by trial and err@ractice tests)

(www.lenntech.com).

There are a lot of studies related with the chehalesmning of membranes. Avet
et al. (2009) reported the cleaning results witthiwm hydroxide for a 0.lum tubular
ceramic microfiltration membrane fouled with a 3vB% whey protein concentrate
suspension. Alkaline cleaning was also examined femoving oil from
contaminated seawater for polyethylene hollow fitmécrofiltration membranes and
it showed higher recovery of operating cycle tinu lower permeate flux recovery
than acid cleaning (Al-Obeidani et al., 2008). tidiéion to conventional cleaning
agents, enzyme cleaning is also used for membrianing purposes (Muioz-
Aguado et al., 1996; Arguello et al., 2003; Pewtisl., 2008). Petrus et al. (2008)
reported that compared to other typical cleaningnggy application of enzyme in
cleaning of membranes fouled with protein solutmmomised the high cleaning

efficiencies with lower environmental impact.

2.6 Membrane Applicationsin Wastewater Reuse

Natural water resources become insufficient andewatarcity problems are

widespread all over the world. Water reuse is aerseid as one of the supplementary
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solution to water shortage (Yarar, 2009). In seveaats of the world, water reuse is
becoming an important issue to satisfy future waemands (Reissmann & Uhl,
2006). Within the next fifty years, it is estimatétht 40% of the world’s population
will live in countries facing water stress or wassarcity (Aertgeerts & Angelakis,
2003). A continuously increasing world populatios well as higher quality
standards and expenses for drinking water leadutoenous efforts to apply water

reuse systems (Reissmann & Uhl, 2006).

Implementation and enforcement of stringent envirental regulations over the
last two decades has created opportunities forsinés to reduce and reuse
wastewater from their manufacturing processes. Biiengh the cost benefits of
reusing wastewater may not be realized immediatidly, intangible benefits of
preventing contamination of the environment on artstor long-term basis can be
significant (Ersu, Braida, Chao & Ong, 2003). Watesources in developing
countries in arid and semi-arid regions of the @avith rapidly growing populations
and limited economic resources need special abreipisano & Levine, 1998).

Wastewater reuse has become increasingly importantwater resource
management for both environmental and economionsasVastewater reuse has a
long history of applications, primarily in agricuie, and additional areas of
applications, including industrial, household, aodoan, are becoming more
prevalent. Of them all, wastewater reuse for adjuice still represents the large
reuse volume, and this is expected to increasd&duyriparticularly in developing
countries (UNEP, 2002).

Wastewater reuse cannot only help to maintain doeas) environmental quality
and reducing the demand for fresh water sourcelscéu also offer committees
opportunity for pollution abatement by reducingwedht discharge to surface waters
(Davis & Hirji, 2003). Wastewater reuse is an oppoity to shorten the
hydrological cycle until the water is used agaim aan be utilized when it offers
sufficient  environmental, social, economic, and itmal benefits

(www.watercorporation.com).
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The choice of the right wastewater treatment teldgmes is the most important
thing in planning the water reuse system becausg #ne the important way of
decreasing or eliminating the environmental riskhe Tenvironmental risk is
connected with the contamination that can be figdmthe upgraded wastewater and
generally risk can be divided into chemical and roblogical. The fundamental
purpose of water treatment is to protect the comsuftom pathogens and from
impurities in the water that may be injurious tartan health or offensive. Where
appropriate, treatment should also remove impasrittbich, although not harmful to
human health, may make the water unappealing, damipgs, plant or other items
with which the water may come into contact, or emndperation more difficult or
costly (Urkiaga, n.d.).

Membrane processes are thus increasingly popular wastewater reuse
applications, since they could play a key roleamoving the complex components
of dissolved and particulate matter contaminantsvastewater (Kang & Choo,
2003). On comparison with traditional physical/clheah treatment processes,
membrane processes have the advantages of appmaieg quality, saving space,
saving chemical dosage, and reducing sludge primiucAmong the membrane
processes, crossflow UF and RO are pressure degparation processes widely
used in concentrating and purifying or separatinglecules, colloids, suspended
particles, and salts from solutions in many indaktiields. Moreover, membrane
processes also is a better choice over the traditieeparation methods due to their
unique properties, such as no phase change, noiadieaddition, and simple
operation (Juang, Tseng & Lin, 2007). As advancesnaade in the technology and
science underlying membranes, it is proving feasital replace portions of the
conventional wastewater treatment train with memérgrocesses (Bourgeous,
Darby & Tchobanoglous, 2001).

Micro and ultrafiltration are used for both indistr and non-industrial
applications of water reuse. They can be utilisedtextiary treatments due to
microbiological retention (< 0.4hm). As physical barriers they can guarantee the

suitable microbiological quality without eliminagrother valuable compounds as for
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example nutrients or fertilisers. In the same wayhe industry they can be used for
process water recycling, for example in the casensing baths in order to recycle
or recover valuable substances (raw material, otedragents, detergents, heat, etc.).
These treatments can be used as single processas pre-treatment for other
processes as for example nanofiltration or revesseosis. Reverse osmosis as final
step will produce regenerated water of a very lgjgality. Reverse osmosis has been
extensively used for seawater desalination but sawmmbors have verified that
reverse osmosis from wastewater is more cost eféee¢han from seawater. The
improvements in the technology and the increasewwrse osmosis utilisation have

contributed to a very important decrease of the abthis process (Urkiaga, n.d.).

Industrial wastewater reuse is one of the importamhponents of water reuse.
The suitability of reclaimed water for use in intligd processes depends upon the
particular use. For example, the electronics ingusiquires water of almost distilled
quality for washing circuit boards and other elesic components. On the other
hand, the tanning industry can use relatively lawaiy water. Requirements for
textiles, pulp and paper and metal fabricatingistiermediate. Thus, in investigating
the feasibility of industrial reuse with reclaimedter, the potential users must be

contacted to determine specific requirements focgss water (Yarar, 2009).

Reclaimed water can be used for several purposed) as landscape and
agricultural irrigation, industrial processing, tieg and cooling, dust suppression
and soil compaction, flushing toilets in commerdialldings, wetland enhancement,
stream flow augmentation, and groundwater rechageng these, industrial usage
of reclaimed water is one of the important compdsei water reuse applications.
Reclaimed water for industrial reuse may be derifredn in-plant recycling of
industrial wastewaters and/or municipal water maelion facilities. The suitability
of reclaimed water for use in industrial procesdepends upon the particular use.
Some industries, such as electronics industry, ireduigh quality water. On the
other hand, the tanning industry can use relatil@lyquality water. Requirements

for textiles, pulp and paper and metal fabricatarg intermediate. Therefore, in
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order to determine specific requirements for preceater, the feasibility of reuse of

reclaimed water in any industrial facility mustdetermined with the potential users.



CHAPTER THREE

INTRODUCTION TO ORGANIZED INDUSTRIAL DISTRICT

3.1 Definition of an Organized Industrial District

Organized industrial districts can also be calledaa organized industrial zone
(O12) or industrial parks. In fact, industrial paskthe general term which is used for
the area zoned and planned for the purpose of tnalusevelopment. There are
mainly six types of industrial parks in Turkey (wwwkisheconomy.org.uk).

1) Free Trade Zones

2) Organized Industrial Districts/Zones

3) Technology Development Zones

4) Industrial Zones

5) Industrial Sites

6) Trade and production centers composed of wopsho

OIDs operate in line with Law No. 4562 dated 2080 eegulating establishment,
building and operation of OID's defines them aofos:

Organized Industrial Districts/Zones (OlZs): Theodoand service production
zones, which are formed by allocating the land @larcthe borders of which are
approved, for the industry in a planned manner\aiticin the framework of certain
systems by equipping such parcels with the necgss@ministrative, social, and
technical infrastructure areas and repair, tradecation, and health areas as well as
technology development regions within the ratiaguded in zoning plans and which
are operated in compliance with the provisionshefltaw no 4562 in order to ensure
that the industry gets structured in approved ardas prevent unplanned
industrialization and environmental problems, toidguurbanization, to utilize
resources rationally, to benefit from informatiardanformatics technologies, and to
ensure that the types of industries are placeddandloped within the framework of

a certain plan (Organized Industrial Zones Impletatgon Regulation, 2009).

28
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An OID is a production park and the followings targeted:

» Enabling the industry to be structured in apprdpraaeas in a sound manner,

» Managing the urbanization process in the country,

* Preventing the environmental problems,

» Benefiting from information and communications teclogies,

* Integrating the economic actors in the local areas,

* Facilitating the transfer of know-how among smatidamedium sized
organizations,

* Providing all necessary infra and supra struct@mises at very reasonable

costs (www.turkisheconomy.org.uk).

OIDs help prepare the industrial infrastructure iiavestment (roads, drinking
water, water for business use, electricity, commatons, waste treatment).
Industrialists thus move to these zones with iftec$ure to start up their operations

(www.yoikk.gov.tr).

OIDs are accepted a crucial industrialization aitygland region planning tool. As
a city and region planning tool, industrial parkse:acontrolling industrial
development, obtaining systematic urbanizatiora@hg regional development and
pioneering new cities establishment and improvema&satan industrialization tool,
industrial parks are provided great economic acged and encouragements for
entrepreneurs. Firms existing in industrial parkendfit from external and
agglomeration economies so their competition powerease. In addition to being
an effective means of practicing macro policieg policy of industrial parks, is
accepted as a considerable way of industrializatipn improving industry,
modernizing industry establishments according twaasing productivity and profit,
decreasing costs and improving quality of prod(ttsk, 2006).

OIDs offer many economic advantages to industtgliocal communities and
countries. The economic benefits of OIDs arise noiraportant degree from the

following:
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1. Economies of scale derived from the developmeth®park

2. External economies accrued largely from the aggi@yaf enterprises

3. Provision of certain services which become feasddea result of an
aggregation of a sufficient large number of firfmigirk, 2006).

3.20IDsin theWorld

In Hong Kong, industrial parks are usually knowniadustrial estates. In the
United Kingdom small industrial parks containingltiple units all of the same style
is known as trading estates. A more "lightweighetsion is the business park or
office park, which has offices and light industmgther than heavy industry
(http://en.wikipedia.org/wiki/Industrial_park).

OIDs began to appear just over 110 years ago irJiieed Kingdom and the
United States. Development of OIDs had been slotit the Second World War.
However, industrial parks have been used with esirey success since the Second
World War in Europe and other developed countfzg. some of Europe countries
like Germany, Austria, The Netherlands and Scamnin&equently, cities have
promoted industrial zones which in concept haver@gged what are called
industrial tract in the United States. That areaareave been set aside for industrial
use and municipalities have been taken the inigatb provide them with the utilities
required for manufacturing. In Italy and the Unitéshgdom, OIDs have been used

for promoting and guiding industrialization in unveééped regions (Turk, 2006).

OIDs in developing countries, which adopt plannedyaliopment as means of
development in developing countries have taken @wagement precautions in order
to have balanced development among regions, actgeurces in developing
regions, stop unemployment so that reduce the Iscash that emerged by industry

and relocate industry in undeveloped regions (T20K6)

In European Union, “Opinion of the European Ecormmemd Social Committee

on ‘The role of technology parks in the industtrainsformation of the new Member
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States (2006/C 65/11)” was published. Some examf&en from this document

are given below:

In the Czech Republic, 82 industrial zones wereupethrough Czech Invest, the
government agency to promote investment, in thenéraork of the governments
program to support the development of industriahezo In 2001 further sub-
programs on Regenerating industrial zones, Buildamgl regenerating leasable
properties and Accreditation of industrial zonesensdded.

There are several types of industrial park in Bstodenoted and defined in
various ways. Some of them have been set up wihstipport of local/regional
authorities and other organizations; primarily caned with research and

development, they operate in cooperation with majoversities.

Most ‘industrial parks’ in Poland were set up otlez past few years. At present,
their economic impact is negligible, primarily basa the main channels for
investment, and foreign investment in particulae, the 14 Special Economic Zones
(SEZ). These zones were set up by government mact995-97 for a period of 20
years in industrially underdeveloped regions oriaeg in need of industrial
restructuring, as part of support for regional depment. Initially they offered
investors 100 % exemption from corporate tax fer fihbst ten years, and 50 % over
the next ten years, together with full exemptioonir property tax. On 1 January
2001, these incentives were brought into line vth legislation. Given that the
special status of SEZs will expire by December 28tlthe latest, the quantity, role

and land area of industrial parks is likely to grow

In Latvia parks are referred to as ‘business padt they attract companies by
means of favorable infrastructure and administeateonditions. The Latvian

Innovation Act provides for a national research dadelopment program.

In Lithuania, decisive government efforts aimedsttnulating development of

labor-intensive, relatively high value- added indes (automotive electronics,
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electronics) and knowledge-based industries andcssr (biotechnology, IT, laser
technology) have significantly contributed to inttigd restructuring. The program,
launched in the late 1990s, to build ‘industriatiqgawith proper infrastructure near
cities, was designed to develop Lithuania's econdoousing as it did on industrial
development in the immediate vicinity of urban egstin view of the availability of

skilled labor there.

In Hungary, the government has been operating tersy$o develop industrial
parks since 1997. Individual parks submit theirgiderm development plans for
assessment by the Ministry of Economic Affairs, dnlbley are of a sufficiently high
standard, they are awarded the title of induspak. The objectives of industrial
parks are to enhance competitiveness, to creatg, jabd to put in place the
conditions for environmentally friendly industriattivity, as well as logistical and
other services which comply with EU standards. &€hare approximately 2 500
companies, both multinationals and Hungarian siatl medium enterprises, with
over 140 000 employees, in Hungarian industriakgar

In Malta, economic statistics from recent yearsnsttwat industrial manufacturing
makes a relatively substantial contribution to #@nomy. Malta Enterprise, a
company whose objective is to promote investmea,det up a Business Incubation
Centre to support pioneering projects in fieldshsas IT, telecommunications,
mechanical and electrical engineering design, imdlisdesign, renewable energy
sources and biotechnology. The Incubation Centogiges facilities for investment
or financing, together with a wide range of infrasture services, to companies

operating in the above sectors.

Support for industrial parks in Slovakia is regathby Act No 193 on support for
industrial parks, adopted in 2001 and amended @8 2Md 2004. This act defines an
industrial park as an area designated in the dppl#m in which one or more
enterprises is engaged in industrial manufactuoealand regional authorities can

set up industrial parks on land owned by them; Alo¢ also provides for joint
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establishment of industrial parks on the basis @oatract between two or more

authorities.

In Slovenia, parks are referred to as ‘technologrkg. Their purpose is to act as
a catalyst for business ideas making use of sfatieeeart technology and a high
degree of scientific know-how. In addition, theytgn place the physical and
intellectual infrastructure for such initiativestiwviparticular attention to the needs of
small and medium enterprises, and liaise betweeinesses and institutions of
higher education. The Ministry of Economic Affadsfines a technological park as a
legal entity which assists in the execution of potg, in contrast to incubators, which
are also legal entities, but only create the stgrtionditions for projects (EU, 2006/C
65/11).

According to studies made by the United Nationspfien-quoted estimate from
1996 puts the number of parks globally at more td&000. Growth in the
developing countries of Asia has been rapid andnteestimates indicate that there
may now be more than 20000 OIDs globally by 200Cimna and over 5000 parks
in other parts of the region. The numbers of indalsparks have been increasing

worldwide with a particular interest in the indislizing countries (Turk, 2006).

Another term, eco-industrial park (EIP), is alsedign the world. EIP is an
industrial park in which businesses cooperate \e#lch other and with the local
community in an attempt to reduce waste and poltytefficiently share resources
(such as information, materials, water, energyastfucture, and natural resources),
and help achieve sustainable development, withntieation of increasing economic
gains and improving environmental quality. An ElIRyralso be planned, designed,
and built in such a way that it makes it easierdosinesses to co-operate, and that
results in a more financially sound, environmentaltiendly project for the
developer (http://en.wikipedia.org/wiki/Eco-induatr park).
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3.30IDsinthe Turkey

In Turkey, the first organized industrial distrig@ID) was established in 1962.
Nowadays, although the amount of planned OID i2uaB860, only 70 of them are in
operation all throughout Turkey. To overcome sommirenmental pollution
problems, OIDs are considered as a good choicearirgd pattern of these
industrial zones is an advantage to the Turkismecwy as the country is rapidly
industrializing. Unless such incentives are giventtie financiers’ environmental
control costs to be added to the product costsnwiileasily let industries compete in
the interest rates, operating costs are not snmall with the influence of the
European Market subsidies must come down soon.efdrer, the only way out for
competing international markets is using the wisdand knowledge in better
industrial planning to optimize the use of commarfrastructure and minimize
pollution control costs. Among these costs sharedtsc of water supply and
wastewater collection/treatment systems make upaa groportion of the overall
investments (Filibeli, Sengul & Mlezzinoglu, 1996).

In Turkey, the OID policy has been constituted lie Five Year Development
Plans by State Planning Organization (SPO) sin@®.1Bhese objectives have been;
achieving balanced regional development, using stréd parks as an urban
development planning tool, directing industrial di®pment, decentralizing industry
and reducing unemployment by providing incentivesd adisincentives for
manufacturing firms. Nevertheless, they have nanbachieved yet. But on the
contrary, manufacturing firms have selected locatin the provinces of most
developed regions of Turkey, Marmara and AegeanidReg This practice was
contrast to the industrial park policy of SPT. Thius Ministry of Industry and Trade
became a law of industrial park in 2000. Aim of tlaev is to regulate location
selection, establishment and management of indugtarks as an urbanization and
industrialization planning tool. Just now the deyeld cities have too many
established and establishing parks that cause entg and uncontrolled urban
growth, social problems, less economic growth altel capacity. Thus, structure and

historical development of manufacturing industryeafch city should be analyzed
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and an industrial park planning should be madedasethe law and the objectives
of SPO (Turk, 2006).

Increases in the amount of OID will cause an ineeethe usage of water. The
State Statistics Institute has regularly perfornyeatiodical surveys on OIDs.
Depending on these surveys obtained from 70 OIlDssehsubstructures were
finished, the amount of discharged wastewater fthese OIDs was 75.315 Mm
and 107.577 Mrhin 2000 and 2002, respectively (Ustun and Solr2@97). Only
66% of all wastewater was treated but it was naluated for reuse possibility.
Reclamation and reuse of wastewater are of greateist and viable options for
many industrial sectors and countries which suffem water scarcity problems
(Solmaz, Ustiin, Birgiil, & Taemir, 2007). Ciner and Eker (2007) reported th#t 2
different scale unified (i.e. tanneries, textile)naxed OIDs have been planned up in
Turkey and more than 59 of them have been constiuemid activated by 2004. It is
the fact that 17 of them have their own construd¢tedtment plants and 9 of them
discharge the wastewater directly into the municgeaverage system or wastewater

treatment plants while the rest still discharge irgceiving waters without treatment.



CHAPTER FOUR

MATERIALSAND METHODS

4.1 Introduction of the Pilot Plant

In this study, an Organized Industrial District QIwas selected a pilot plant.

There are many companies here on the Zone théo#indeaders within their sectors

and stand among the largest companies of Turkeyli¥hof companies on this OID

is given in Table 4.1.

Table 4.1 The list of companies on an OID

Number of Number
Sector Sector Sector of
Sector
Automotive Sub-Industry 15 Bycyle Sector 1
Cement Industry 1 Chemistry Industry 2
Construction & construction _ _
) 1 Electrical Devices Industry 1
materials
Electrical Machinery Industry 2 Electronics Indystr 17
Food Industry 6 Forestry Industry 5
Heatproof Lining Materials
Glass Sector 1 _ 1
Manufacturing Industry
Heating Devices Industry 2 Machine Mould Industry 5
Iron & Stell Industry 5 Hardware Industry 10
Miscelleneous Manufacturring _
2 Moulding Industry 4
Industry
Non-ferrous Metal Industry 24 Packaging Sector 2
Paper & Paper Products Industry 2 Paper-Packagdustry 4
Petro-Chemical Industry 1 Plastic Industry 12
o Terracotta-cement-appliances
Printing Sector 4 1
Industry
_ _ Tobacco & Tobacco Products
Textile & Clothing Industry 9 1
Industry
White Goods Sector 5 White Goods Sub-Sector 14

36
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The OID have a central biological and chemical esster treatment plant with a
capacity of 6500 fiday that was completed in June 1993; it has beerking
efficiently to the present day.

The continued industrial development in the Orgadiizndustrial Zone has
resulted in an increase in the amount of wastewsdiry discharged. Over time the
capacity of OID existing wastewater treatment pla@tame insufficient to handle
the volume; therefore it was decided to constrt R of the wastewater treatment
facility. Wastewater treatment plant with a capacif 5.000 ni/day; the extended

facility came into operation in December 2001.

The infrastructure of the zone is still expandititgrefore the wastewater plant
has been developed to handle the anticipated vothatewill be created from the
development of Phases IV and V, to obviate the rieedny additional investment.
The plant extends over an area of 51.460amd has a total capacity of 21.500
m°/day. The OID wastewater treatment plant flow salésrgiven in Figure 4.1.
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Figure 4.1 Wastewater treatment plant flow schehtbeoOID

The quality of treated effluent of the OID’s wastdar treatment plant was
compared with the Regulation Standards (Water BotilControl Regulation, 2004).
This comparison can be seen in Table s data was taken from the plant.
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Table 4.2 The comparison of the quality of treagfftlient of the OID Wastewater Treatment Plant

with the obligated standard values in regulati@mgards.

Design Regulation Standards
Parameters Unit Concentration | Composite Composite Plant Effluent
Inlet Sample (2hr) Sample (24 hr)

COD mg/L 2700 400 300 100
SS mg/L 800 200 100 25
Oil & Grease mg/L 400 20 10 7
Total P mg/L 20 2 1 1
Total Cr mg/L 2 2 1 0.06
cr® mg/L 2 0.5 0.5 0.01
Pb mg/L 2 2 1 0.3
Total CN mg/L 1 1 0.5 0.03
Cd mg/L 1 0.5 - 0.03
Fe mg/L 2 10 - 1

F mg/L 2 15 - 1.25
Cu mg/L 2 3 - 0.25
Zn mg/L 2 - 0.1
Hg mg/L 0.05 - 0.05 -
SO, mg/L - 1500 1500 220
TKN mg/L - 20 15 3
Fish Bioassay - - 10 10 5
pH - 7.9 6-9 6-9 7.5

4.2 Laboratory Scale M embrane System

In this study, effluent of the treatment plant (EW8s subjected to the laboratory
scale membrane system (Millipore) using Prep/Sc&giral Wound Ultrafiltration
Modules. This system has a simple design for easys A peristaltic pump is used

for wastewater pumping to the membrane. Inlet arttebpressure is measured using

pressure measurement devices attached to the module

Ultrafiltration (UF) membranes are rated accordiogthe nominal molecular

weight limit (NMWL), also sometimes referred to aslecular weight cut-off
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(MWCO). The NMWL indicates that most dissolved nmawplecules with molecular
weights higher than the NMWL will be retained. Altrafiltration membrane with a
stated NMWL should retain (reject) at least 90% aofglobular solute of that
molecular weight in Daltons (Millipore catalogué).this study, three different size
of UF with a molecular weight cut-off (MWCO) of 1(a, 30 kDa, and 1 kDa
were used. Effective filtration area of this menmarasystem is 0.54 n The

membranes are made from regenerated celluloseialaterFigure 4.2, photo of the
membrane module and membrane cartridges are gilenretentate (concentrate)
and permeate collected after each run were analydednbrane cartridges were

cleaned with 0.1 N NaOH solutions.

Figure 4.2 Laboratory Scale Membrane SystemCarttidges

4.3 Analytical Procedure

In the experimental studies, chemical oxygen dem@MD), suspended solid
(SS), pH and conductivity (EC) analysis were takea consideration. SS and COD
analyses were done according to Standard Methaats pihblished by American
Public Health Association, American Water Works d@gation, & Water
Environment Federation (APHA, AWWA, WEF, 2005). @iid conductivity were

measured by WTW model 340i multi analyzer.



CHAPTER FIVE
RESULTSAND DISCUSSIONS

5.1 Characteristics of an OID Wastewater Treatment Plant Effluent

Experimental studies were carried out with the dampaken from the OID
wastewater treatment plant effluent. General priggseof the effluent are given in

Table 5.1. The measurements were done three times.

Table 5.1 General characteristic of the OID wastemseatment plant effluent

Parameter Value
Suspended solids (mg/L) 20+5
Chemical oxygen demand (mg/L) 100£20
Conductivity (mS/cm) 3.2:0.1
T-N(mg/L) 3.4+0.1
T-PO-P(mg/L) 0.3t0.01
TOC 78.5:0.5
pH 7.50.5

5.2 Deter mination of the Membrane System Properties

During Ultrafiltration, it is important to balancgpeed with retention to obtain
optimal performance. A membrane’s flux is definedtlae flow rate divided by the
membrane area. Using membrane with higher nominalecualar weight limit
(NMWL) ratings will increase the flow, but at thamse time lower the retention. A
membrane should be selected for required rejectiomssistent with desired flow
rate. This is determined by surface area, macrtsdype, solubility, concentration
and diffusivity, membrane type, temperature effeats viscosity and, to some
extend, pressure. When concentration polarizaoate-controlling, flux is affected

by solute concentration, fluid velocity, flow chahmlimensions, and temperature.

41
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In general, flux increases with increasing transimieme pressure (TMP). These
effects are most apparent when operating underaltad positive pressure, such as
when using a stirred cell. When the process is mangcontrolled (i.e., when the
resistance of the gel layer is much smaller that @i the membrane), the flux-
pressure relationship is linear. When the procesntrolled by polarization (e.g.,
when the resistance of the gel layer is much latig@n that of the membrane), flux
will reach a plateau and may actually decrease witiheases in pressure. When
concentration of the retained species is very Idiux is independent of
concentration. As solute concentration rises duoipgration, increased viscosity and

the polarization effect cause flux to decreaselipite, 2004).

Permeate flux is one of the most important opegaparameter during membrane
filtration. Flux changes were monitored dependimgtle various transmembrane
pressures (TMP) for each membrane cartridge. Trselltee showed that the
membrane with MWCO 100 kDa gave higher fluxes cambao the others (Figure
5.1). Almost linear relationship between TMP andpeate flux was obtained for 30
kDa (R = 0.98) and 100 kDa (R= 0.95) membranes. It can be observed that
permeate flux increases proportionally with TMRhese two membranes. However,
flux values were almost kept constant for 1 kDa foeme at all TMP. Recovery rate
and flux values are dependent variables. For thalmane 1 kDa, very low recovery
rates were obtained (2.5 % - 5.3%). Better resuméiee achieved with 30 kDa and
100 kDa membrane. The maximum recovery rate weg %6and 35.3 % for 30 kDa
and 100 kDa membrane, respectively.
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Figure 5.1 Fluxes versus TMP

5.3 Effect of TMP on Permeate Quality

5.3.1 Suspended solids

Required process water quality changes depend eedbh plant. For example;
SS concentration of process water should be lotan 1.0 mg/L, 5 mg/L, and 500
mg/L for pulp and paper, chemical and textile, aetnent industry, respectively
(EPA, 2004). In general, industrial plants needcpss water having less suspended
solids (SS).

SS content of the secondary effluent of the OIDtexaater treatment plant is
about 25 mg/L. In order to remove SS, severahtilbin methods, such sand filtration
(Mulligan et al., 2009, Healy et al., 2007) and rheame filtration (Li et al., 2008,
Viadero and Noblet, 2002) have been applied. Ultraion membrane system can

produce high quality water, free of suspended sphalloidal material and bacteria
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(Taylor and Wiesner, 1999). Suspended solids cdrateans after membrane
applications versus TMP are given in Figure 5.2.d&lomembrane MWCO sizes, SS
removal efficiencies decreased with increasing qanes The lowest SS removal
efficiencies were obtained at highest TMP for akmfbrane types and 100% SS

removal efficiencies were obtained at lower TMPdach membrane.

30
Influent SS concentration = 25 mg/L
25
= 20
2 —o- 1kDa
\% 15 - @ - 30 kDa
= —#+— 100 kDa
4 10
5 ,n o)
. ° -
0 n = - T T
0 0.5 1 1.5 2 2.5
TMP (bar)

Figure 5.2 Permeate SS concentrations dependifd/éh

5.3.2 Organic material

In general, process water must be low in organittenal herefore, good organic
substances removal is essential in reclamatiottitfesi For the selected pilot plant,
effluent COD concentration of the wastewater treatirplant is about 120 mg/L.
After UF applications, maximum 67% COD removal @éncy could be obtained.
This means that, the lowest COD concentration ofmpate was about 40 mg/L for
all tested membranes (Figure 5.3). The final leMelCOD is still high for some
industries and may require further treatment befetse depending on the required
process water qualities. This result was not arsepUF is very effective for the

removal of bacteria and suspended particles; howeemoval of organics is
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generally low. This is because organics that arallemthan the pore size can pass
through the membrane. Arnal et al. (2008) obtaitedCOD rejections in the range
of 35-50% with a 4-inch spiral-wound UF membranedaoie (IRIS 3028 10 kDa).
In another study, although almost 100% COD reme¥fatiencies were obtained
with NF, it was not possible to decrease COD withrdembranes of 5 to 100 kDa
MWCO (Bes-Pia et al., 2002).

140
Influent COD concentration = 120 mg/L

120
o
B
£ o —O - 1kDA

B .7 - @ - 30kDa
o L7 —&— 100 kDa
O
O
20
0
0 0.5 1 15 2 25

TMP (bar)

Figure 5.3 COD concentrations versus TMP

5.3.3ECand pH

Conductivity is used as an indicator of total diged solids (TDS) (Metcalf and
Eddy, 1991). Most of the industries require proogater with low EC, e.g. it must
be lower than 1.5, 0.16, and 0.94 mS/cm for chelnmchustry, textile industry, and
cement industry, respectively (EPA, 2004). EC ddskr water and wastewater
treatment plant effluent of the selected OID is20#4S/cm and 3.2 mS/cm,
respectively. Effluent EC value is very high forieais industries. As a result of the
experimental studies, significant EC reduction dombt be achieved. As it is seen
from Figure 5.4, permeate EC values were almosesaith feed water. Pores of UF

membranes are too large to reject significant ansohTDS. In order to reduce EC
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of treated wastewater until this level, nanofiitvat (NF) or reverse osmosis (RO)

should be applied.
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Figure 5.4 Conductivity versus TMP

In general, neutral pH is necessary for most ot@se water. pH of the feed water
is about 8 and after UF applications, slight inese=ain pH were observed (Figure
5.5). However, permeate pH was always below 8.2rd&fbre, reuse of permeates as
process water is not problem in terms of pH paramet
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Figure 5.5 pH versus TMP

5.4 Recovery Rate Values

While rejection is used to characterize membramopaance, it does not always
directly correlate with solute recovery from a s&npr volume. Actual solute
recovery the amount of material recovered afta@filiration is generally based on
mass balance calculations (Millipore, 2004). Highecovery rate is essential for
optimum membrane operations. For this aim, appatgrmembrane type should be

selected.

Avula, Nelson and Singh (2008) determined spiramim@ane modules were less
tolerant to suspended solids in feed streams ane@ susceptible to fouling than
hallow fiber modules. The result of concentrati@ars with two spiral membrane
indicated that the fluxes were lower and the flexlothe was sharper compared to the

characteristics with hallow fiber.

Among the other membrane systems, UF appears tade attractive because

they promise high fluxes at relatively low pressufiéang & Choo, 2003). In general
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high flux values can be obtained with UF membraystesns. However, in order to
achieve high recovery rate, the quality of feedeawanust be good. Some pre-
treatment processes, such as sand filtration, filication, should applied for this
aim. In this study, since wastewater treatmenuefit was used as feed water, any
pre-treatment process was not used. Therefore $outiag problems occurred and
maximum 35% recovery rate could be obtained (Figu. Avula, Nelson and
Singh (2008) reported that 20 and 80% recoveryaa® and 40 L/An flux values,
respectively, can be obtained with spiral membrandules.
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Figure 5.6 Change of recovery rate with TMP

The experimental studies results showed that thebrene with MWCO 100
kDa gave higher recovery rate compared to the stffeigure 5.6). Almost linear
relationship between TMP and recovery rate wasiodtafor 30 kDa and 100 kDa
membranes. It can be observed that recovery rateases proportionally with TMP
in these two membranes. However, recovery rateegaluere almost kept constant
for 1 kDa membrane at all TMP. For the membrand®a, kvery low recovery rates
were obtained (2.5 % - 5.3%). Better results waaieved with 30 kDa and 100
kDa membrane. The maximum recovery rate was 26a$8435.3 % for 30 kDa and
100 kDa membrane, respectively.



CHAPTER SIX

CONCLUSIONSAND RECOMMENDATIONS

6.1 Conclusions

In this thesis, the effects of ultrafiltration on the quality of secondary effluent of
an OID wastewater treatment plant have been investigated. Reuse possibilities of
permeates were evaluated as process water for some industries located in the OID.
Three membrane cartridges having MWCO of 1 kDa, 30 kDa, and 100 kDa were
examined.

According to experimental results, the conclusion remarks from this study could

be given asfollows:

» The experimental studies results showed that the membrane with MWCO
100 kDa gave higher recovery rate compared to 1 and 30 kDa membranes.
Almost linear relationship between TMP and recovery rate was obtained for
30 kDa and 100 kDa membranes. Recovery rate values were very low (2.5
% - 5.3%) and almost kept constant for 1 kDa membrane at all TMP. The
maximum recovery rate was 26.8 % and 35.3 % for 30 kDa and 100 kDa
membrane, respectively.

» For all membrane MWCO sizes, SS removal efficiencies decreased with
increasing pressure. The lowest SS removal efficiencies were obtained at
highest TMP for al membrane types and 100% SS removal efficiencies
were obtained at lower TMP for each membrane.

* All membranes completely removed suspended solids; but the final level of
COD after UF applications, maximum 67% COD removal efficiency could
be obtained. This means that, the lowest COD concentration of permeate
was about 40 mg/L for al tested membranes.

49
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» Thelevel of EC was still high for some industries and may require further
treatment before reuse depending on the required process water qualities to
produce a higher quality of permeates.

» pH of the feed water is about 8 and after UF applications, slight increasesin
pH were observed. Permeate pH was aways below 8.3.

* UF membrane system can be considered as pre-treatment steps of NF or

RO systems.

6.2 Recommendations

* In the experimental studies, sufficient permeate qualities could not obtained
for some industries located in the OID at applied conditions. Hence, other
membrane systems or different operational conditions should be examined at
further researches.

» Pilot plant studies should be done to evaluate the usability of membrane filter
systems.
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APPENDI X

Table 1. Flux and TMP Results
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Membrane
Filter Influent P Effluent P TMP () | Fiun (lez h)
WCO (bar) (bar) :
0.25 0.17 0.08 9.12
0.50 0.26 0.24 8.89
0.80 0.45 0.35 10.67
1kDa 120 0.60 0.60 9.78
160 1.00 0.60 14.22
1.90 110 0.80 1333
220 130 0.90 16.00
0.002 0.009 0 34.00
0.20 0.10 0.10 4567
0.40 0.18 0.22 68.89
30kDa 0.60 0.15 0.45 126.67
1.00 0.30 0.70 150.00
120 0.30 0.90 18333
140 0.36 104 200.00
0.10 0.08 0.02 4778
0.25 0.10 0.5 88.89
0.50 012 0.38 13333
100 kDa 0.70 0.19 051 213.33
0.90 0.24 0.66 200.00
1.00 0.27 0.73 260.00
125 0.32 0.93 273.33




Table 2. SSremoval efficiencies
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SS
Membrane | Influent | Effluent TMP Effluent SS Removal
Filter P (bar) P (bar) (bar) | concentration efficiency
MWCO (mg/L) E (%)
0.40 0.10 0.30 0 100
1.00 0.18 0.82 0 100
1 kDa
1.50 0.20 1.30 0 100
2.30 0.30 2.00 5 80
0.25 0.06 0.19 0 100
0.50 0.12 0.38 0 100
30 kDa
1.00 0.19 0.81 0 100
1.50 0.20 1.30 5 80
0.10 0.06 0.04 0 100
0.25 0.09 0.16 0 100
100 kDa
0.50 0.12 0.38 0 100
1.00 0.16 0.84 5 80




Table 3. Results of Experimental Studies for COD
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Membrane Effluent COD
Influent P Effluent P
Filter TMP COD conc. | removal eff.

(bar) (bar)

MWCO (bar) (mg/L) (%)
0.40 0.10 0.30 40 66.7
1.00 0.18 0.82 40 66.7

1 kDa

1.50 0.20 1.30 40 66.7
2.30 0.30 2.00 80 33.3
0.25 0.06 0.19 40 66.7
0.50 0.12 0.38 40 66.7

30 kDa
1.00 0.19 0.81 80 33.3
1.50 0.20 1.30 80 333
0.10 0.06 0.04 40 66.7
0.25 0.09 0.16 40 66.7

100 kDa
0.50 0.12 0.38 80 333
1.00 0.16 0.84 80 333




Table 4. Effect of UF on EC and pH

Membrane | InfluentP | Effluent P T™MP Conductivity pH
Filter (bar) (bar) (bar) (mS/cm)
0.40 0.10 0.30 3.14 8.20
1.00 0.18 0.82 3.18 8.09
1kDa
1.50 0.20 1.30 3.19 8.09
2.30 0.30 2.00 3.19 8.10
0.25 0.06 0.19 3.14 8.13
0.50 0.12 0.38 3.15 8.11
30 kDa
1.00 0.19 0.81 3.18 8.13
1.50 0.20 1.30 3.18 8.20
0.10 0.06 0.04 3.18 8.26
0.25 0.09 0.16 3.20 8.30
100 kDa
0.50 0.12 0.38 3.19 8.12
1.00 0.16 0.84 3.18 8.19




Table 5.Recovery rate

Membran Influent P Effluent P

Filter (bar) (bar) TMP (ber) ?e(:t:g\zf%

0.25 0.17 0.08 5.30

0.50 0.26 0.24 3.74

0.80 0.45 0.35 3.72

1kDa 1.20 0.60 0.60 2.78

1.60 1.00 0.60 3.24

1.90 1.10 0.80 2.99

2.20 1.30 0.90 3.05

0.002 0.009 0 17.31

0.20 0.10 0.10 14.47

0.40 0.18 0.22 17.13

30kDa 0.60 0.15 0.45 26.03

1.00 0.30 0.70 26.50

1.20 0.30 0.90 25.35

1.40 0.36 1.04 26.67

0.10 0.08 0.02 22.99

0.25 0.10 0.15 30.44

0.50 0.12 0.38 30.93

100 kDa 0.70 0.19 051 35.16

0.90 0.24 0.66 33.33

1.00 0.27 0.73 34.52

1.25 0.32 0.93 35.34




