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Abstract- A study of Pharmaceutical wastewater treatmer¥lbynbrane technology (Reverse osmosis process)
as a tertiary treatment is been presented in thgep An effluent treatment plant operating on Gorional
Effluent treatment method with an average wastewiagy of 800 KLD has been considered for studyeTh
wastewater is analyzed for the major quality patenseof water, which includes Total Dissolved Ssl{@DS),

pH, Chemical Oxygen Demand (COD), Biological Oxydgemand (BOD), and Total Suspended Solids (TSS).
The composite samples were collected on an hoadisbfor one month. Reusable quality of treateldiefit was
obtained by introducing membrane technology. TwadRge Osmosis plants of capacity 700 KLD and 30@KL
were installed along with pre-treatment with MMFdddF. Performance of reverse osmosis plant was toreci

for 60 days. Parameters thus obtained for treaffibrt from RO plant was well under the limit auired.
The treated water was then used for cooling towdrather miscellaneous (non-potable) purposes.

Index Terms- Waste Water, Reverse Osmosis, Ultra-filtration, titubdia Filter, Cooling Tower water.

1. INTRODUCTION
Conti lati wih . wastewater treatment. There has been increaseein th
ontinuous popuiation growtn, mcreaseqlolume of wastewater to be treated with membrane to

mdustnahzinon fand (;etducmg ﬁva”abl't“ty ?{f WBIE b oduce high quality of water for reuse purposes.
resources have forced 1o searcn an afterna |ve:sou(§Vhen other technologies are unable to remove

of water supply. Attentions have peen diverte ?ntaminants membrane may be an option. They
towards reuse of wastewater as a reliable source

water. More and more contaminants are identifie quire less floor space, are more economical than
' ther competing technologies, easy in operation and

which are difficult to be removed or disinfect bythey may replace many unit treatment process with
conventional treatment methods. However most of tr‘gqngle unit

effluent treatment plants till present date were” study on Membrane separation technology

ﬁ%verse osmosis) used to produce a reusable grade
ater for cooling tower and other miscellaneoussuse
iS explained in this paper.

be discharged to the environment. Major deficieoty
these conventional treatment processes (Primary
Secondary) is high capital and operational cogt wi

ﬂnalr:ﬁlaile?naelﬂltation of recycling and reuse of2' OBJECTIVES OF WASTEWATER
P ycling TREATMENT ARE

wastewater concept is increasing in industries tdue
regulatory developments, growing financial pressure e«  stabjlization of organic matter
health and environmental concerns. Presently many
water reclamation and reuse projects have been
undertaken. Benefits of such concept include ,
decreased wastewater generation, savings of fresh ® Toreclaimand reuse wastewater.

water supply, reduction in treatment costs and
sewerage charges. This can be achieved By GENERAL DESIGN CONSIDERATIONS

introducing innovative membrane technology after  pregiction of Membrane performance in reverse

primary and secondary treatment as a tertiaysmosis (RO) processes is important both in designi

treatment. membrane systems and module arrangements. It is
Appearance of membrane technology fop g important in choosing appropriate operating

wastewater treatment came about 30 years aggnditions to obtain a desired separation with
Initially membrane was used only for desalting butyaximum water flux.

later development in technologies made it possdile

To produce safe disposable waste water in
the environment.
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The design variables include water characteristics COD 850 ppm
(solute concentrations and diffusivities, osmotic TSS 20 ppm
pressure, viscosity, etc.), module hydrodynamio$ an TDS 3500 ppm
flow rates, operating pressure, and fouling poéérats Total Hardness 362 ppm
a function of water recovery. Some of the paranseter
to be considered in design: Membrane treatment plant for tertiary treatment
a) Solution variables: include following units
e Suspended solids
» Dissolved organics Multi Media Filter
*  Microorganisms Ultra Filtration Plant
» Dissolved inorganics Reverse Osmosis Plant
e Sparingly soluble materials
«  Organic solvents, oxidizing chemicals Influent from wastewater plant of turbidigpout
«  Temperature, pH 20 NTU flows, under gravity from clariflocculatoo t
b) Minimum pretreatment requirements an intermediate feed tank from where it is pumpgd b
¢) Membrane variables: a centrifugal pump through Multi Media Filter.
«  Polymer type and module geometry Effluent coming out of multi-media filter has tudity

of about 10 NTU which is stored in a Ultra-filtrari
feed tank by passing through micron bag filterstét/a
with turbidity about 10 NTU is than pumped by a
centrifugal pump to Ultra-filtration system. Ultra-
filtration system consists of 12 no of hollow fiber
membranes with 0.90mm dia. fibers. It was operated

q M Cbleanm_gtrequir_emer_\:ﬁ h ) on in-to-out flow pattern. Feed was introduced from
) Membrane in egration with Other processes. one end of the hollow fiber and permeate was
For well characterized feed solutions, membrang

qul ; b dicted funct ollected from the central collection port. A sadiu
modu’e performance can be predicted as a funclion ﬂypochlorite dosing is provided in the feed lineUs.
operating variables. Many approximate calculatio

: . " U0Bermeate so produced by ultrafiltration containozer
methods exists for special conditions, but theraas

Wtical soluti I giti 0 h turbidity or less than 1 and are free from macro
exact analytical solution to all conditions. On @th 100 les with molecular weight about 10000 such as
hand, numerical solutions can be effectively utidizo

di b ‘ c | ¢ arbon black, virus, colloidal silica, albumin prit
pr? t'.Ct m_(ter:n hr_aﬂef F’l?f orma;nc?_.l f(:mp ex 1Rt permeate was collected in RO-I feed tank and a
solution wi Ign touling potential often requ'r_esprovision of SMBS (sodium meta-bi-sulfite) is
pilot plant experiments to obtain design informatio

: provided in permeate line to neutralize any free
for full scale plants. Fouling problems dependstan chlorine in order to prevent oxidation of RO
extent of pretreatment and module types.

membrane. In order to increase efficiency of UF an
additional mode of CEB (Chemical enhanced
backwash) is provided. After certain cycle of pisxe
operations when the flux is decreased to certaial le
M.e. about 15% of original flux, this CEB mode gets
activated followed by fast flush which regains flix
almost its original flux value. In this CEB process
hypo dosing was provided along with a rest timéd. of
min.
Slit Density Index (SDI) of water is consisty
reduced to less than 3 allowing reverse osmosis (RO
>. PROCESSDESCRIPTION membrane to be operated at approximately 30%
Wastewater from effluent treatment plant aft_eﬁigher flux than possible with a conventional lime
secondary treatment was analyzed and fOIIOW'ngoaguIation/sedimen'[ation/fiItration process.
parameters were obtained. Filtrate from the UF units is dosed, enroigtean
intermediate (RO-I feed tank), with hydrochloriddac
to reduce pH and hydrolysis of RO membranes. UF

e Pressure, flow rate, pressure loss/module

e Water recovery concentration levels

e Minimum tolerable flux and desired flux
level

* Module arrangements

4. MATERIALS

4.1. Chemicals:

Sodium Hypochlorite, Chlorine Reagent, Sodiu
Meta-bisulfite, HCI, Antiscalant, NaOH, etc.

4.2. Instruments:

Flow meter, ORP meter, pH meter, Turbidity meter
TDS meter, etc.

Table 1. Wastewater parameters after secondary

treatment. _ water is drawn from the storage tank by centrifugal
Parameters Readings booster pump, dosed with antiscalant and passes
pH 7-8 through a micron guard filter.
Turbidity 20 NTU A multistage centrifugal pump drives the Reee
BOD 20 ppm osmosis plant. The RO system comprises two stage
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trains in a 5:3 array of six element long vessél®e 6. RESULTS& DISCUSSIONS
membrane themselves are 7.9 in. dia. x 40.0 irg lon - .
. S The wastewater for analysis is collected at inlet
Polyamide-Urea membranes rated at 98.5% rejection, . :
: which is secondary treated and from outlet after
The water flows tangentially to the membrane s@fac

; : ; treatment by membraneThe results of monthly
Salts and organics are rejected allowing only wader . L
pass through. Permeate (product water) which is analysis of pH, turbidity, COD, BOD, TDS, hardness

and TSS were analyzed after treatment and compared
with the standard values.

virtually free of all salts and virus, is stored3B KL
reclaimed water tank.

Treated water, because of its low TDS, iduse 6.1. pH
cooling water and non-potable water applications The hydrogen ion concentration of wastewater is
around the plant. an important factor to be considered. Samples ed fe

The RO-I concentrate (reject or brine) issgalsto  and permeate from different points were collected t
RO-II feed tank. A certain amount of reject from archeck pH using pH meter. The pH of the influent was
existing RO-III plant is mixed with RO-I reject amgl  found to be slightly alkaline and that of treatedtev
fed to RO-II plant. RO-II feed water is drawn fradhe  was acidic. Treated water was neutralized later on
storage tank by centrifugal booster pump, doset wibefore it used for non-potable purpose.
antiscalant, acid and passes through a micron guard
filter. 6.2. Turbidity

A multistage centrifugal pump drives the Reee . . "
osmosis plant. The RO system comprises, singlestag 't IS @ measure of the light - transmitting
3 long pressure vessels of six elements each. TREPPerties of water which indicates the quality of
membrane themselves are 7.9 in. dia. x 40.0 irg lofvastewater with respect to residual suspended and
Polyamide-Urea membranes rated at 98.5% rejectiof!l0idal matter. Samples of feed and permeate fof U
The water flows tangentially to the membrane strfacPlant was collected to check turbidity using tutyid
Salts and organics are rejected allowing only wager Meter.  Turbidity ‘was —completely removed by
pass through. Permeate (product water) which pretreatment  with  Ultrafiltration, permeate  so
virtually free of all salts and virus, is stored3s KL Produced was found to be about 0 or <1 NTU.
reclaimed water tank. This water was used for ogpoli
tower and for non-potable uses around the plant. 6.3.BOD & COD

RO-II concentrate (reject) is sent to Mulffeet Samples of feed and permeate from different
Evaporator (MEE) and incinerator for furtherpoints were collected and sent to lab for BOD/COD
concentration and disposal. analysis. It was found that BOD removal efficierafy

UF was 99%. Permeate of Ultrafiltration was almost
glé6m*hr free from BOD. An additional CEB (chemical

228 mdhr RO-II enhanced backwash) was introduced which increased
RO.III f Reject the efficiency of the Ultrafiltration.
(Existing) ROII Similarly COD removal efficiency of RO was found to
Reject > be 90-95%.
—
3 - 7.84m¥ hr RO-II 6.4. TDS
Secondary Permeate
Treatment It is the amount of total dissolved solids in aevat
i * ) considered for analysis or treatment. Samples ed fe
'Nm"-"llr- ) §.75m"/hr RO-I and permeate from RO plant were collected to check
32m/hr Reject TDS using TDS meter. Initially TDS of influent was
UE Feed [pog about 3500 ppm and on treatment with RO it was
(UF " _l found to be about less than 500 ppm for RO-I plant.
. Permeate) And that for RO-II plant was less than 1000 ppnhwit
Sm/hr, 26.25m/hr inlet of 12000 ppm TDS wastewater.
UF Reject ROI
Permeate Out of 40 ni/hr. of secondary treated wastewater

it was possible to obtain approximately 34/hm

Fig. 1. Schematic process flow diagram of plant. g ) -
(overall) of water with following analysis.
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Table 2. Water analysis of ETP water & RO-I

Permeate. Table 3. Water analysis of RO-Il Feed & Permeate.
Parameters | Treated water RO-I Parameters RO-II Feed RO-11
from ETP, Per meate (RO-1 + RO-III Per meate
Secondary 26.25 m¥hr. Reject) 7.84 mhr.
treatment 14 m¥hr.
40 m*fhr.
oH 78 5 pH 6-7 5
Turbidity 20 NTU Nil Turbidity Nil Nil
BOD 20 mgll Nil BOD Nil Nil
CoD 850 mg/l <250 mgll COD 4,000 mg/l <500 mg/l
TSS 20 mgll Nl TSS Nil Nil
TDS 3500 mg/l <500 mg/l TDS 12,000 mg/l 600-/:||.000
mg
Total 362 mg/l <15 mgl/l Total 1383 mg/l <30 mg/l
Hardness Hardness

Physio-Chemical properties Physio-Chemical properties

RO-1 Permeate ETP Wastewater RO-Il Permeate RO-Il Feed

) o
Total Hardness st Total Hardness ™

TDS TDS

TSS TSS

COD CoD

BOD BOD

Turbidity ©

Turbidity =

LN

ok 0
((o]

pH in pH
~
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Fig. 3. Graphical representation of Physio-Chemical
properties for RO-1l Feed & Permeate.

Fig. 2. Graphical representation of Physio-
Chemical properties for ETP Wastewater & RO-I
Permeate.
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7. CONCLUSION [6] J. Lahnsteiner, F. Klegraf, R. Mittal, P. Andrade.

provide alternatives for better protection of pabli
health and the environment. It can be concluded
that, membrane technology can be successfully
applied for recycling and purification of effluenit
wastewater. The applications of this technology

will

because of its benefits. Values of physio-chemical (2011):
properties of water produced after treatment by :
membrane technology are well below the standard
values set by CPCB and are of reusable quality.
Recovery of about 85-90% (approximately) of

reusable quality water was achieved.

(2007): “Reclamation of wastewater for
industrial purposes — advanced treatment of
secondary effluents for reuse as boiler and
cooling make-up water”, Paper presented at the
6th IWA Specialist Conference ollyastewater
Reclamation and Reuse for Sustainability,
Antwerp, BelgiumOctober 9-12.
Craig Bartels, Rich Franks, and Keith Andes.
“Operational Performance  and
Optimization of RO Wastewater Treatment
Plants”, Hydranautics —-AWWA Membrane
Technology Conferenc&echnical Paper.
[8] H. Strathmann (auth.), P. M. Bungay, H. K.
Lonsdale and M. N. de Pinho, (Ed.) (1984):
Synthetic Membranes: Science, Engineering and

Membrane filtration holds great promise to

be increased at an unprecedented scale 7]
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