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ABSTRACT

Water reuse and recycle is becoming important for conservation of water resources. Primary,
secondary and tertiary treatments with physical, biological and chemical techniques are
conventionally used for treatment. The physico-chemical treatments are widely used for water
treatment and removal of organic matter. Use of membrane separation can be done for water
purification. Many investigators have explored possibility of use of membrane separation for
wastewater and domestic water treatment. The membranes are prone to contaminate and undergo
fouling. The presence of natural organic matter affects the membrane performance. The current
review is aimed at reviewing research and studies on membrane separation for organic matter
removal.
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fouling.

INTRODUCTION

Water scarcity is one of the major
problems faced by the world. The
purification of domestic and potable water is
gaining importance as the water resources
are contaminated by industrial activities and
improper disposal practices. Water reuse
and recycle is becoming important for
conservation of water resources along with
rainwater  harvesting. ™ Primary,
secondary and tertiary treatments with
physical, biological and  chemical
techniques are conventionally used for
treatment. The physic-chemical treatments
are widely used for water treatment and
removal of organic matter. ©® These
methods include adsorption and ion
exchange. Also electro dialysis, coagulation,
flocculation are used according to the
requirements and water composition. [
Use of membrane separation can be done
for water purification. Many investigators

have explored possibility of use of
membrane separation for wastewater and
domestic water treatment. ***! Membrane
separation method needs selection of proper
membrane. The membranes are prone to
contaminate and undergo fouling. The
presence of natural organic matter affects
the membrane performance. The current
review is aimed at reviewing research and
studies on membrane separation and
pretreatment for natural organic matter
removal.

REVIEW ON MEMBRANE
TREATMENT AND NOM REMOVAL
Padmaja et. al. reviewed various
purification methods for drinking water
purification. ™ The methods include
conventional methods like activated carbon,
activated alumina, silica, and diatomaceous
earth. The new cutting age technologies like
use of nano-materials, carbon nano-tubes
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and nano-composites were also discussed by
them. Also few breakthrough techniques
like thin films, quantum dots and aero-gels
were also cited by them. According to them
Purification at the point of entry and point
of use is more effective than centralized
system. Silva-Medeiros et. al. used
microfiltration membranes and activated
carbon in a gravitational system for drinking
water treatment. ™71 Their focus was on
removal of chlorine, trihalomethanes
(THM) and natural organic matter. They
used acetate cellulose  microfiltration
membrane in their experiments. They
carried out experiments with membrane
working alone and with GAC as a
pretreatment. They observed that by using
microfiltration membrane, brominated THM
compounds were removed more
significantly than chlorinated THM ones.
Also it was seen that application of
activated carbon as pretreatment increased
the permeate flux and also increased the
rejection efficiency.

Mijatovicet. al. investigated ultra-
filtration and nano-filtration for removal of
natural organic matter. M In  their
investigation, they used method including
ozonation, flocculation and filtration. For
this method, they observed that efficiency of
the removal of natural organic matter was
relatively low. In an alternative method,
they used ultra-filtration (UF) and nano-
filtration (NF) membranes. By using this
combination, they were able to produce
water of high quality. Moreover, they
observed that process parameters remained
stable over the entire period of
investigation. Thekkedath studied fouling of
ultrafltration membranes by natural organic
matter. ! According to their discussion, for
low pressure UF/MF processes membrane
fouling is a major problem. Fouling due to
natural organic matter is major concern.
Schafer et.al. studied the effect of chemical
addition prior to the membrane separation.
(2% Their focus was on removal of natural
organic matter removal (NOM). In their
investigation, they used ferric chloride prior
to the MF. They obtained 95% removal of

NOM with 25 mg/l dosage. Hematite
dosages also were able remove NOM, with
higher dosage though. They concluded that
MF can be operated with chemical
pretreatment when the NOM concentration
is high. Halle employed biofilteration in
drinking  water  pretreatment  before
membrane separation. ! According to him,
the presence of pharmaceutically active
compounds (PHACs), personal care
products (PCPs) and endocrine disrupting
compounds (EDCs) in drinking water
sources Is increasingly becoming cause of
concern. He explored the possibility of use
of bio-filtration pretreatment without prior
coagulation for controlling membrane
fouling in natural waters. The bio-filtration
can also bring about removal of trace
organic matter. He found that bio-filtration
reduced both reversible and irreversible
fouling of ultra-filtration membranes. They
also found that along with biopolymers,
humic substances and low molecular weight
acids are also rejected.

According to Osterhus and Azrague,
Natural organic matter (NOM) is a direct
problem in drinking water. 2 It affects
colour and taste. NOM has a tendency to
react ~ with most commonly used
disinfectants. In the treatments such as
ozonation, formation of byproducts is a
concern. They suggested bio-filtration for
the removal of NOM in drinking water.
DiToro carried out work on use of ultra-
filtration membranes for removing taste and
odor causing compounds. ! They found
that negatively charged membranes were
able to effectively remove taste (T) and
odour(0). For maximum T and O
compound, their study indicated that the pH
value of 3.5 is desirable for maximum
removal. Also it is envisaged to have
minimum NOM and ionic strength. They
found that modification of membrane by
soaking in the 3-bromopropanesulfonate/
NaOH solution for 48 hours prior to use
showed better results than unmodified
membrane. Dual Membrane filtration along
with conventional lime soda softening was
used for NOM removal by Goss and
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Gorczyca. ! They investigated the removal
of dissolved organic carbon (DOC) fractions
by two water treatment plants. They found
that since DOC concentrations were
increasing after the GAC filter, the GAC
filter was ineffective at removing DOC.
They advocated a pre-treatment process be
implemented prior to the micro/nano
membranes.

Ostarcevic presented paper on removal of
colour of water by using nanofiltration. 1!
They carried out investigation without
chemical addition. According to them, in the
use of conventional methods like
coagulation, flocculation, sedimentation,
flotation, media or membrane filtration, the
limitation is formation of disinfection
byproducts due to limited removal of the
NOM. They achieved a 40% reduction in
DOC concentration. Garcia carried out
investigation for removal of natural organic
matter which further causes reduction of the
presence of Trihalomethanes in drinking
water. ) He used aluminum sulphateand
chitosan as coagulant. He also studied
Adsorption with activated carbon and
chitosan. His investigation suggested that
chitosan could be a good option as a
substitute for  aluminum sulphate
compounds. In dry season it is not available.
Hence they expressed need to explore
possibility of us of aluminumsulphate in
combination with chitosan.

Ibrahim and Aziz reviewed trends on
natural organic matter in drinking water. ")
They discussed adverse effects of NOM.
According to them, High NOM content in
water strongly impacts the water quality and
treatment in several ways. It acts as the
main precursor to disinfectant by products
(DBPs) produce from the reaction of NOM
and disinfectant. They discussed in detail
the properties and available treatment
techniques for NOM. According to them,
none of the discussed treatment methods is
successful in removing all NOM. They
expressed need for research for improving
the efficiency of existing methods and
exploring new methods.

Kabsch-Korbutowicz and
Urbanowska used polymeric and ceramic
ultra-filtration membranes for separation of
natural organic matter from water. 81 They
conducted experiments for removing natural
organic matter from water by ultra-filtration
process. Their study indicated that the
membrane material had significant effect on
its transport and separation properties.
Polymeric membranes showed highest
permeate flux. Also they found that
polymeric membranes are less prone to
fouling. Kabsch-Korbutowicz and
Urbanowska carried out investigation on use
of ion-exchange process in NOM removal
prior to water ultra-filtration. ¥ They
carried out comparative studies for the
efficiency of natural organic matter removal
achieved with various anion exchange
resins. They found that ion exchange
process was not effective to reduce
membrane fouling. According to them,
presence of NOM particles affects the
performance and is the reason for fouling.
The study carried out by Geluwe indicated
that ozone is able to efficiently change the
physico-chemical characteristics of natural
organic matter. B% In their review, they
presented state-of-the-art knowledge of the
reaction mechanisms between natural
organic matter and molecular O3 or _OH
radicals.

CONCLUSION

The current review is aimed at
reviewing research and studies on
membrane separation for organic matter
removal. Many investigators have explored
possibility of use of membrane separation
for wastewater and domestic water
treatment. Membrane separation method
needs selection of proper membrane.
Primary, secondary and tertiary treatments
with physical, biological and chemical
techniques are conventionally used for
treatment. The physico-chemical treatments
are widely used for water treatment and
removal of organic matter. These methods
include adsorption and ion exchange. Also
electro-dialysis, coagulation, flocculation
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are used according to the requirements and

water
separation can be

Use of membrane
done for water

composition.

purification. The membranes are prone to
contaminate and undergo fouling. The
presence of natural organic matter affects
the membrane performance.

REFERENCES

1.

Suraj Kumar, “Study On Waste Water
Recycling and Reuse”, International
Journal of Applied Engineering Research,
2014, 9(3), 329-334.

Sunil JayantKulkarni, “Recycle And
Reuse Of Water- A  Review”,
International Journal of Research, 2014,
1(11), 802-805.

Sameer Shadeed, Jens Lange, “Rainwater
Harvesting To Alleviate Water Scarcity In
Dry Conditions: A Case Study In Faria
Catchment, Palestine”, Water Science
And Engineering, 2010, 3(2), 132-143.

Kulkarni S J., “Review on studies,
research and surveys on rainwater
harvesting”, International Journal of

Research and Review., 2016,3(9),6-11.
Sunil J. Kulkarni, “Removal Of Organic
Matter From Domestic Waste Water By
Adsorption”, International Journal Of
Science, Engineering And Technology
Research,, 2013, 2(10),1836-18840.

Sunil J.  Kulkarni, Modeling For
Adsorption Columns for Wastewater
Treatment: A Review, International
Journal of Innovative Research in
Engineering & Multidisciplinary Physical
Sciences, 2014, 2(2), 7-11.
DjamelGhernaout and Ahmed Boucherit,
“Review of Coagulation’s Rapid Mixing
for NOM Removal. Journal of Research
& Developments in Chemistry, Vol. 2015
(2015), Article ID 926518, 1-32.

Sonja  Sostar-Turk,Irena  Petrinic,M.
Simonic, “Laundry wastewater treatment
using  coagulation and  membrane
filtration”, Resources Conservation and
Recycling,May2005,DOlI:
10.1016/j.resconrec.2004.11.002,1-21.

C. Peng, S. Song, S. Lu, A. Lopez-
Valdivieso, “Electroplating Wastewater
Treatment through Chemical Precipitation

10.

11.

12.

13.

14.

15.

16.

17.

KatarzynaMajewska-Nowak, Martyna
Grzegorzek, Matgorzata Kabsch-
Korbutowicz, “ Removal of Fluoride Ions
by Batch Electro-dialysis”, Environment
Protection Engineering, 2015,1(41),67-81.
Sunil J. Kulkarni, Ajaygiri K. Goswami,
“Applications and Advancements in
Treatment of Waste Water by Membrane
Technology- A Review”, International
Journal Of Engineering Sciences &
Research Technology, 2014,3(9),446-449.
Shreesadh EC, Sandeep Thakur, M.S.
Chauhan, “Treatment of RO Reject for
Tannery Industry-A Technical Review”,
Journal of Environmental Science and
Sustainability (JESS),2013,1(4),113 - 116
Jain Jyoti, DubeyAlka and Singh Jitendra
Kumar, “Application of Membrane-Bio-
Reactor in WasteWater Treatment: A
Review”, International Journal of
Chemistry and Chemical Engineering,
2013, 3(2), 115-122.

Kulkarni S.J., “A review on studies and
research on use of pervaporation as
separation method”, International Journal
of Research and Review., 2016, 3(1),81-
85.

W. Kujawski, Application of
Pervaporation and Vapor Permeation in
Environmental Protection, Polish Journal
of Environmental Studies, 2000,9(1),13-
26.

K.Padmaja, JyotsnaCherukuri, M. Anji
Reddy, “Conventional to Cutting Edge
Technologies in Drinking  Water
Purification - A Review”, International
Journal of Innovative Research in
Science, Engineering and Technology,
2014, 3(2), 9375-9385.

Flavia  Vieira da  Silva-Medeiros,
FlaviaSayuri Arakawa, Gilselaine Afonso
Lovato, Célia Regina Granhen Tavares,
Maria Teresa Pessoa Sousa de Amorim,
MiriaHespanhol Miranda Reisn and
RosangelaBergamasco, “Evaluation of the
Removal of Chlorine, THM and Natural
Organic Matter from Drinking Water
Using Microfiltration Membranes and
Activated Carbon in a Gravitational
System”, Chapter from the book
Ecological Water Quality-Water
Treatment and Reuse, Downloaded from:

and Electro-dialysis”, The European http://www.intechopen.com/books/ecolog
Journal of Mineral Processing and ical-water-qualitywater-treatment-and-
Environmental Protection, 2004, 4(3), reuse, www.intechopen.com, 2011, 1,
210-215. 274- 289.

International Journal of Research & Review (www.gkpublication.in) 17

Vol.4; Issue: 1; January 2017



Sunil J.

18.

19.

20.

21,

22.

23.

Kulkarni. Pretreatment of Water before Application of Membrane Separation: Focus on NOM Removal

I.  Mijatovic, M.  MatoSic, B.
HajdukCerneha, D. Bratuli, “Removal of
natural organic matter by ultrafiltration
and nanofiltration for drinking water
production”, Desalination, 2003, 1 , 1-8.
AnjuThekkedath, “Study of fouling of
ultra_ltration (UF) membranes by natural
organic matter (MON): Charcterizations
of humic acid cakes formed on the
surfaces of at-sheet membranes for
drinking water treatment”, Chemical
Sciences. University_ed'Angers, 20010, 1,
1-128.

Schafer, A.l., Fane, A.G.,Waite, T.D. ,
“Chemical Addition prior to Membrane
Processes for Natural Organic Matter
(NOM) Removal”,Chemical Water and
Wastewater Treatment V, Editors- H.H.
Hahn, E. Hoffman, H. @degaard (Eds.),
Springer, 8th International Gothenburg
Symposium, Prague, Sept 1998, 5, 125-
137.

Cynthia Halle, “Biofiltration in Drinking
Water Treatment:Reduction of Membrane
Fouling and Biodegradation of Organic
Trace Contaminants”, A thesis presented
to the University of Waterloo in
fulfillment of the thesis requirement for
the degree of Doctor of Philosophy in

Civil Engineering Waterloo, Ontario,
Canada, 2009, 1, 1-349.
Stein  W. Osterhus, Kamal Azrague,

TorOveleiknes and HallvardOdegaard,
“Membrane filtration for  particles
removal after ozonation-biofiltration”,
Water Science and Technology, 2007, 56
(10), 101-108.

Jessica Ann DiToro, “Removal of Taste
and Odor Causing Compounds Using
Ultrafiltration Membranes”, A Major
Qualifying Project submitted to the
faculty of Worcester Polytechnic Institute
in partial fulfillment of the requirements
for the Degree of Bachelor of Science in
Environmental Engineering to Professor
DiBiasio at Worcester Polytechnic
Institute, Co Advisor: Professor Shou at
Shanghai Jiao Tong University, April 27,
2012, 1-114.

24.

25.

26.

27.

28.

29.

30.

Charles D. Goss and BeataGorczyca,
“Removal of Natural Organic Matter
Fractions by Two Potable Water
Treatment Systems: Dual Membrane
Filtration and Conventional Lime Soda
Softening”,4th Annual IWA Specialty
Conference on Natural Organic Matter:
From Source to Tap and Beyond, July 27-
29, 2011 ,Costa Mesa, California, USA,
2011, 1, 1-19.

Eddy Ostarcevic, “Colour Removal
Without Chemical Addition Using
Nanofiltration”, 69th  Annual Water
Industry  Engineers and Operators’
Conference Bendigo Exhibition Centre 5
to 7 September, 2006, 1, 102-112.

Indiana Garcia, “Removal of Natural
Organic Matter to reduce the presence of
Trihalomethanes in drinking water”,
Doctoral Thesis School of Chemical
Science and Engineering Royal Institute
of Technology, Stockholm, Sweden 2011,
1,1-88.

Nurazim lbrahim, Hamidi Abdul Aziz,
“Trends on Natural Organic Matter in
Drinking Water  Sources and its
Treatment”, International Journal of
Scientific Research in Environmental
Sciences, 2014, 2(3), 94-106.
MatgorzataKabsch-Korbutowicz,
Agnieszka Urbanowska, Comparison of
Polymeric And Ceramic Ultrafiltration
Membranes For Separation Of Natural
Organic Matter From Water, Environment
Protection Engineering, 2010, 36(1), 125-
135.

MalgorzataKabsch-Korbutowicz and
Agnieszka Urbanowska, Advantages of
using the ion-exchange process in NOM
removal prior to water ultrafiltration, The
2012 World Congress on Advances in
Civil, Environmental, and Materials
Research (ACEM’ 12)Seoul, Korea,
August 26-30, 2012, 1, 388-395.

Steven Van Geluwe, Leen Braeken, Bart
Van der Bruggen, Ozone oxidation for the
alleviation of membrane fouling by
natural organic matter: A review, Water
Research, 2011, 45 3551 - 3570.

How to cite this article: Kulkarni SJ. Pretreatment of water before application of membrane
separation: focus on NOM removal. International Journal of Research and Review. 2017; 4(1):14-

18.

*kkhkikk

International Journal of Research & Review (www.gkpublication.in) 18
Vol.4; Issue: 1; January 2017



