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Abstract. The application of membrane technology in water and wastewater treatment is increasing due to
stringent water quality standards. Nanofiltration (NF) is one of the widely used membrane processes for water
and wastewater treatment in addition to other applications such as desalination. NF has replaced reverse osmo-
sis (RO) membranes in many applications due to lower energy consumption and higher flux rates. This paper
briefly reviews the application of NF for water and wastewater treatment including fundamentals, mechanisms,
fouling challenges and their controls.

1 Introduction The article also covers the challenges of NF fouling and their
control mechanisms adopted to mitigate fouling. Finally the
Membrane filtration is a pressure driven process in whicharticle concludes with a brief summary.
membrane acts as selective barriers to restrict the passage
of pollutants such as organics, nutrients, turbidity, microor-
ganisms, inorganic metal ions and other oxygen depleting2 Fundamentals of membrane process
pollutants, and allows relatively clear water to pass through
(Mulder, 1997). With technological advances and the ever-There are many types of membrane processes in use. RO
increasing stringency of water quality criteria, membranemembrane is essentially non-porous, and it preferentially
processes are becoming a more attractive solution to thpasses liquid and retains most of the solutes including ions.
challenge of quality water, and water reuse (Shannon et al.The RO is characterized by high operating pressure (20 to
2008). Several studies have been done on the applicatioh00 bar). NF has pore size 1-5 nm and it can retains ions, and
of microfiltrationyultrafiltration for wastewater treatment and low molecular weight organics. It has significantly higher
reuse (Vigneswaran et al., 1991; Seo et al., 1996, 1997water permeability than that of RO membrane and operates
Snoeyink et al., 2000; Visvanathan et al., 2000; Ben Aim andat lower pressure (typically 7 to 30 bar). Similarly, UF mem-
Semmens, 2001; Kim et al., 2001; Matsui et al., 2001a, b). brane has pore size typically 5 to 20 nm and retains fine col-
The membrane process has been classified into four broalbids, macromolecules, and microorganism. The UF operates
categories as depending on their pore sizes as: microfiltrawith pressure range of 1 to 10 bar. The other membrane pro-
tion (MF), ultrafiltration (UF), nanofiltration (NF) and re- cesses that are used in liquid separation process are micro-
verse osmosis (RO) membranes. This paper briefly reviewdiltration (MF), electrodialysis (ED), liquid membrane (LM),
the application of NF for water and wastewater treatment in-pervaporation (PV), vapour permeation (VP), and gas per-
cluding for water reuse. This article begins with the brief meation (GP). The types of membrane processes, the parti-
fundamentals of membrane process followed by discussiortle size typically removed by the membrane, and the driv-
on the mechanisms of NF process and its few basic modeldng force of the processes are illustrated in Fig. 1. The major
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demineralization in the dairy industry, and metal recovery
from wastewater and virus removal (Bowen et al., 2002).

NF is one of the promising technologies for the treat-
ment of natural organic matter and inorganic pollutants in
Dialysis surface water. Since the surface water has low osmotic pres-
AC Liquidmeinbmne sure, a low-pressure operation of NF is possible. There is a
' high rejection of organic substances such as disinfection-by-
products precursors by the NF process. In the NF of surface
waters, natural organic compounds, which have relatively
large molecules compared to membrane pore size, could be
removed by sieving mechanism, whereas the inorganic salts
by the charge féect of the membranes and ions (Thanut-
tamavong et al., 2001, 2002). The past studies on NF are
summarized in Table 2 (Ernst et al., 2000; Xu and Lebrun,
1999; Tsuru et al., 2000; Seidel and Elimelech, 2002; Van
der Bruggen et al., 2002; Lee et al., 2002; Choi et al., 2002;
nm - +———— 0.1 1 10 100 Trebouet et al., 2001).
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Figure 1. Effective range of membrane processes.
4 Separation mechanisms in NF

difference between these membrane processes is shown 8ince NF membrane exhibits properties between those of ul-

Table 1. trafiltration (UF) and reverse osmosis (RO), both charge and
size of particle play important role in NF rejection mecha-
nism. Simpson et al. (1987) has described NF as a charged

3 Nanofiltration UF system whereas Rohe et al. (1990) has referred it as low
pressure RO system. However, NF has advantages of lower

NF is the most recently developed pressure-driven membran@Perating pressure compared to RO, and higher organic re-
process for liquid-phase separations. NF has replaced reverdgCtion compared to UF. For the colloids and large molecules,
osmosis (RO) in many applications due to lower energy conPPhysical sieving yvould be the dominant reject_|on mechanism
sumption and higher flux rates (Cadotte et al., 1988; Gozawhergas fprthe ions and !ower molecular weight substances,
Ivez et al., 2002). The properties of NF membranes lie be-Selution difusion mechanism and chargéset of membrane
tween those of non-porous RO membranes (where transpoRIay the major role in separation process. Macoun (1998)
is governed by a solutioniiusion mechanism) and porous presented the NF rejection mechanisms into following five
ultrafiltration (UF) membranes (where separation is usuallySt€Ps-

assumed to be due to size exclusion and, in some cases,

charge €ects). Commercial NF membranes possess a fixed — Wetted surface — water associates with the membrane
charge developed by dissociation of surface groups such as through hydrogen bonding and the molecules which
sulphonated or carboxyl acids. The properties of NF mem-  form the hydrogen bonding with the membrane can be
branes, therefore, allow ions to be separated by a combina-  transported.

tion of the size and electricaftects of UF and the ion inter-

action mechanisms of RO (Bowen and Welfoot, 2002). — Preferential sorptigi€apillary rejection — membrane is

The NF membrane is the relatively newly introduced tech- heterogeneous and microporous, and electrostatic repul-
nology in wastewater treatment system. The size of pores in ~ sion occurs due to fferent electrostatic constants of so-
NF membranes (nominally 1 nm) is such that even small lution and membrane.

uncharged solutes are highly rejected while the surface elec-

trostatic properties allow monovalent ions to be reasonably — Solution difusion — membrane is homogeneous and
well transmitted with multivalent ions mostly retained. These non-porous, and solute and solvent dissolve in the active
characteristics make NF membranes extremely useful in the  layer of the membrane and the transport of the solvent
fractionation and selective removal of solutes from complex occurs due to the ffusion through the layer.

process streams. The development of NF technology as a vi-

able process over recent years has led to a remarkable in- — Charged capillary — electric double layer in the pores
crease in its application in a number of industries such as  determines rejection. lons of same charge as that of
treatment of pulp-bleachingfuents from the textile indus- membrane are attracted and counter-ions are rejected
try, separation of pharmaceuticals from fermentation broths, due to the streaming potential.
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Table 1. Difference between MF, UF, NF, and RO.

49

Particular MF UF NF RO
Membrane Porous isotropic Porous asymmetric Finely porous Nonporous
asymmetriicomposite  asymmetyicomposite

Pore size 50 nm—Im 5-20nm 1-5nm -

Transfer Sieving and adsorptive Sieving and preferential ~ Sigsfectrostatic Difusive (solutes migrate

mechanism mechanisms (the solutes  adsorption hydrdiffursive by difusion mechanism)
migrate by convection)

Law governing Darcy’s law Darcy’s law Fick's law Fick's law

transfer

Typical solution Solution with solid Solution with colloids

lons, small molecules

lons, small molecules

treatment particles ajfmk macromolecules
Typical pure water 500-10 000 100-2000 20-200 10-100
flux (Lm™2h)
Pressure 0.5-5 1-10 7-30 20-100
requirement
(atoms)

Table 2. Past studies of nanofiltration.

Membrane PretreatmeReed solution Remarks

— Four types of flat sheet membranes: DK3PAC adsorption, Tertiary wastewatdile-
(polysulfone + polypiperazinamide), PES10 ent for ground water recharge
(polyethersulfone), C5F (cellulose), and MP 36

(modified PVDFK) with MWCO 200, 1000,

5000, and 1000, respectively

Cut-of characteristics of membrane play impor-
tant role to remove smaller molecular weight
substances

— Two types of flat sheet membranes: NF7ONo pretreatment, Electrolytic solutions The transport of solute through NF depends on

(negatively charged), NF45 (hydrophilic, pore(NaCl, NaS0O,, and polyethylene glycol)
size 2-5nm)

— Three inorganic stirred cell membranes withiNo pretreatment, élierent electrolytic
MCO 200, 600, and 2000. solutions

— Thin film composite, flat sheet membranes No pretreatment, NOM solutions

— Flat sheet membrane NF70 No pretreatment, 14 chemical solutions

— Polyamide TFC flat sheet membrane witiNo pretreatment, dlierent NOM solutions
MWCO 250 Dalton

— Cellulose acetate hollow fibre submergedNo pretreatment, synthetic wastewater
membrane, aerated.

— MPT-20 and MPT-31 made of polysterFerric chloride coagulation — filtration
with polyacrilonitrile support and polypropy- (10pum polypropylene mesh), Landfill
lene with polysulphone support, respectivelyleachate

MW(C 450 Da and negatively charged

— Polyamide, negatively charged, 200 DaMillipore filtered (10um and lum) feed,
MWCO Secondary sewagéfrient

sieving mechanism and surface force interaction.

The rejection of solutes decreased but the perme-
ate volume increased with an increase in temper-
ature.

NOM fouling of NF membranes is governed by
the combined fects of initial permeate flux or
applied pressure, crossflow velocity and divalent
(calcium) ion concentration.

Flux decline is caused by the molecules that fill
the pores of the membrane and adsorption of
molecules on the membrane surfaces which is
enhanced by the hydrophobicity of the solutes.
Mass transport is morefected by diference in
NOM structure than solution chemistry, and is
dominated by dfusion.

Low pressure NF bioreactor can be used for long-
term without fatal fouling and cleaning.

Presence of Fé ions may change the surface
charges, ionic force of solutions and the struc-
ture of membrane surface, and thus may reduce
the organic retention capacity of the membrane
Fouling due to colloids (such polysaccharides
or proteins) are more severe than the hybropho-
bic and transphilic fractions of organics in the
sewage fluent.
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— Finely porous — membrane is a dense material puncthe rate of mass transfer as the slowest step. Mass trans-
tured by pores. Transport is determined by partitioningport through NF can be described adtukion-controlled
between bulk and pore fluid. processes. The fiérent mechanisms and models used to

describe the transport of solutes through a semi-permeable

The characteristics of NF membranes lies between théNF membrane are Donnan equilibrium, extended Nernst-

non-pores reverse osmosis membranes (where the rejection&anck, hindered transport, and irreversible non-equilibrium
due to solution-dfusion mechanism) and porous UF mem- thermodynamics model. The use of the extended Nernst-
branes (where the rejection is by size exclusion and elecPlanck model in conjunction with the Donnan equilibrium
trostatic charge féects). Thus, the rejection of uncharged condition suggests the possibility of characterizing the ef-
molecules is dominated by size exclusion, while that of ionicfective membrane pore size andfegtive charge density
species is influenced by both size exclusion and electrostatito predict the separation of mixtures of electrolytes at the
interactions. Electrostatic characteristics of NF membranesnembrangsolution interface. Secondly, the non-equilibrium
have been known as playing an important role in rejectionthermodynamic model provides a real description of ion
anions, namely, negative zeta potential on the membrane sutransport through membranes even though the membrane
face varies with dferent pH and concentration of an elec- is treated as a black box and the model gives little insight
trolyte solution (Choi et al., 2002) . into the physico-chemical processes involved in solute and
solvent transport across a membrane. Thus, the thermody-
namic model can be accepted especially when the param-
eters used in the model are experimentally measured. The

steric-hinderance pore (SHP) model is the modification of

NF is a cort?plex pher:lomenfog.oThe NE membrageerxhlli:‘Eore model where the gradient of mechanical pressure across
Eropertlesditweenr: osel o _mem rar?eg an h MEMS membrane is taken into account. Summary of the previ-
ranes, and hence the solutio ion mechanism, the size study on NF modelling is given in Table 3 (Lee and

exclusion, and chargdfects need to be considered in mod- Lee, 2000; Yoon et al., 2002; Thanuttamavong et al., 2001;
eling the governing phenomenon of NF process. The bas“haténatarr,nskul et al. i998). ’ ' '
equation to describe the transport of i@mdutes through the ’

membranes is given by the extended Nernst-Planck equation

5 Mathematical modelling of nanofiltration process

(Eq. 1). 6 Membrane fouling in the NF process
dc zc dyr
J= Dp& - R_[T)pF& + KecV (2) Like any other membrane processes, NF is also suscepti-
ble to membrane fouling. Membrane fouling is one of the
where,J = lon flux based on membrane area (mofrer?), significant challenges in any membrane process and there-

D, =Hindered ditusivity (m*s™), c=lon concentra- fore understanding the fouling mechanism and identifying
tion in the membrane (molm), x=distance from the a suitable control option is one of the essential components
membrane (m),z=Valence of ion, R=Gas constant of the membrane applications (Hong and Elimelech, 1997;
(ImofrtK-1), T =Absolute temperature (K)F =Faraday Mulder, 1997; Lee et al., 2010; Phuntsho et al., 2011b). The
constant (Cmott), K. =Hindrance factor for conversion, solutions to fouling issues require a multipronged approach
= Potential diference, an® = Solvent velocity (mst). involving the membrane properties, operational conditions,
The terms on the right hand side of the equation rep-feed characteristics, etc. (Chapman et al., 2002; Shon et al.,
resent transport of solutes due tdfdsion, electric gradi- 2005, 2009; Phuntsho et al., 2011a). The NF membrane foul-
ent, and convention respectively. Thus the equation can preing could be due to inorganic precipitation or scaling, col-
dict solute rejection as a function of feed concentration, ionloidal fouling, organic adsorption afat biofouling. While
charge, convection across the membrane, and solffie di biofouling is important in long term, most likely, biofouling
sion (Braghetta, 1995). It can be used to calculate ffece  occurs only after organic or inorganic or colloidal fouling.
tive pore size (which does not necessarily mean that poreSince interactions between solutes and the membranes are
exist), and to determine the thickness affé&ive charge of  poorly understood, it is possible thafects like charge in-
the membrane (Bowen and Mukhtar, 1996). teractions, bridging, and hydrophobic interactions may play
The mass transport through a membrane could have aan important role in NF fouling. Normally, membranes with
many as five steps such as (ijffdsion from the water phase larger pores exhibit a greater flux decline as filtration pro-
to the surface of the membrane, (ii) selective portioningceeds because of internal clogging. However, flux decline
into the membrane phase, (iii) selective transpoftifdion) is not necessarily due to fouling. Other phenomena such as
through the membrane, (iv) desorption from the permeateconcentration polarization or osmotic pressure or membrane
side of the membrane, and (iv)Xilision away from the mem- compaction can appear as fouling during the NF process.
brane and into the bulk fluid of the extracting phase. Among Reiss and Taylor (1994) compared three parameters, silt
these transfer operations, steps (i), (iii), and (v) may controldensity index (SDI), modified fouling index (MFI), and the
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Table 3. Summary of the mathematical modeling work on Nanofiltration

Modeling Types Remarks
d(z)
dos =3¢ Cross flow ams: the degree of concentration polarization

dme: deposition probability and the bulk

Tdt dt PUS
crystallization rate
[2/(t2-11) 2 Ls(Cm-Cp)dt] . .
=1- :1&% Stirred cell The measured rejection matches the model

([#/t2-t0) [ LuaPere] results quite well
Js = wAT + (1= 0)Caygdy Cross flow Solute flux is governed by convection for a
(non-equilibrium thermodynamic equation) relatively large pore size membrane
P= HDSDDS(Q—‘;) Cross flow %x: the ratio of porosity to membrane thick-
Hp=1 ness (value: 4 x 10° ~ 7.8 x 10 for NF)
Sp = (1-7)? P: solute permeability
n=rs/rp
(steric hindrance pore model)
J =-uy RT% - ZiciuiF?j;i +cJy Cross flow The dference in rejection between chloride
(the extended Nernt-Planck equation) and nitrate was well explained by introduc-

ing a new parameter

2.ZC; = 0 outside membrane
I
> ZCi + X =0 inside membrane

|
(2)4 = exp(Er®)
(Donnan equilibrium)

linear correlation of the mass transfer fio@ent (MTC) to  sons: (i) biological fouling which is the growth of biologi-
investigate the NF fouling. However, no correlation betweencal species on the membrane surface, (ii) colloidal fouling
these parameters was obtained indicating that the simple filwhich results in a loss of permeate flux through the mem-
tration laws might not be valid for NF process. DiGiano et brane, (iii) organic fouling due to the deposition of organic
al. (1994) found that the organic compounds with molecularsubstances, and (iv) scaling which is defined as the forma-
weight higher than 30 kDa was responsible for NF fouling. tion of mineral deposits precipitating from the feed stream to
They further noticed the change in fouling mechanism afterthe membrane surface (Duranceau, 2001).

20 h operation of NF, possibly due to the interactions of the
hydrophobic and hydrophilic fractions of organics. Thorsen
et al. (1999) recommended the use of highly hydrophilic NF

membranes with pore size of 1-2 nm and low operating prespembrane fouling is normally controlled either by oper-
sure to reduce fouling. They found that hydrophilic mem- ating the system within the critical flux range or adding
branes were more fouling resistant irrespective of the poreshemicals (especially to prevent inorganic scaling and foul-
size of the membranes. Membrane fouling would be very seing), angor by pretreatment. Pretreatment is emerging as the
vere in positively charged membranes which can attract thenost promising solution to control the fouling as it is simple
negatively charged organics easily (Nystrom et al., 1995). In-and easy to implement. Gusses et al. (1997) and Glucina et
organic ions such as calcium, phosphorus, aluminium and. (1997) found that conventionally used filter media was not
iron etc. were found to enhance the membrane fouling dUI’-SLfﬁcient to reduce the fou|ing of NF, and suggested a combi-
ing water treatment process (Baker et al., 1995). Hong anghation of coagulation, ozonation and biofiltration as a better
Elimelech (1997) showed that membrane fouling by NOM gajternative to reduce the NF fouling. Normally for coagula-
was increased in the presence of calcium ions, at lower pHijon as a pretreatment, iron or aluminium sulphate are com-
and higher ionic strength. They further noted that permeatiormonly used. However, Nystrom et al. (1995) observed that
drag and electrostatic double layer repulsion controlled theyhen humic acid was filtered alone, it was retained to 100 %,
membrane fouling. Chellam et al. (1997) found that colloidal but when filtered together with Feglhumic acid retention
materials could cause more fouling than organic in NF. Thedecreased. Thus, it requires to be wise on the use of physico-
NF membrane fouling can occur due to the following rea- chemical pretreatments before a NF module. Levenstein et

6.1 Membrane fouling control
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Responses to the reviewers’ comments

Reviewer #1

The reviewer’s comments are general and therefore there are no specific responses required.

Reviewer #2

1.

Some mistakes including typographical errors are also founded in the text.

Author’s response: The authors have corrected the typo errors in the manuscript revised. The
revised manuscript will be submitted after the DWES preparation and submission procedures.

Abstract Page 60, line 8 fouling challenges and their control mechanisms adopted. —> Please
revise the above sentence.

Author’s response: The authors have revised the sentence.

Introduction With technological advances and the ever-increasing stringency of water quality
criteria, membrane processes are becoming a more attractive solution to the challenge of
quality water, and water reuse (Shannon et al., 2008). The use of membrane technology in
wastewater reclamation is increasing as the requirement of stringent water quality is being
felt by the pollution control authorities around the world. Please revise the above sentences.
In my view, those sentences have the same meaning in a sense.

Author’s response: The authors have corrected the sentences in the manuscript revised.

Page 61, line 11 Similarly, Ultrafiltration (UF) _—> Please check the style.

Author’s response: The authors have corrected the style.

Page 64, line18 x=distance normal to —> Please check the style.

Author’s response: The authors have corrected the typo errors in the manuscript revised. The
revised manuscript will be submitted after the DWES preparation and submission procedures.

Referenes Page 72 Shon, H. K., Vigneswaran, S., Aim, R. B., Ngo, H. H., Kim, I. S., and
Cho, J.: Influence of Floc-culation and Adsorption as Pretreatment on the Fouling of



Ultrafiltration and Nanofiltration Membranes: Application with Biologically Treated Sewage
Effluent, Environ. Sci. Technol.,39, 38643871, 2005.

Author’s response: The authors have corrected the typo errors in the manuscript revised. The
revised manuscript will be submitted after the DWES preparation and submission procedures.

Page 73 Vigneswaran, S., Chaudhary, D. S., Ngo, H. H., Shim, W. G., and Moon, H.:
Application of a PAC-Membrane Hybrid System for Removal of Organics from Secondary
Sewage Effluent: Experiments and Modelling, Separ. Sci. Technol., 38, 2183-2199, 2003.
Please carefully check once again the reference style. Interactive comment on Drink. Water Eng.
Sci. Discuss., 6, 59, 2013.
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Review Process

The process of peer-review and publication in the interactive scientific journal Drinking Water
Engineering and Science (DWES) differs from traditional scientific journals. It is a two-stage
process involving the scientific discussion forum Drinking Water Engineering and Science
Discussions (DWESD), and it has been designed to use the full potential of the internet to foster
scientific discussion and enable rapid publication of scientific papers.

Initial access review by competent editors assures the basic scientific and technical quality for
papers published in DWESD. Subsequent interactive discussion and public commenting by the
referees, authors and other members of the scientific community is expected to enhance quality
control for papers published in DWES beyond the limits of the traditional closed peer-review. Also
in cases where no additional comments from the scientific community are received, a full peer-
review process in the traditional sense, but in a more transparent way, is assured before
publication of a paper in DWES.

The individual steps of the DWES process of peer-review, publication and interactive discussion
are described below, and complementary illustrations are given in the following Elow Chart [=.

1. Submission of Original Manuscript and Editor Assignment

An original manuscript is submitted electronically and assigned to a Topical Editor covering
the relevant subject areas (for details see Editor Assignment).

2. Access Review

The Topical Editor is asked to evaluate whether the manuscript is within the scope of the
journal and whether it meets a basic scientific quality. The Topical Editor can suggest
technical corrections (typing errors, clarification of figures, etc.) before publication

in DWESD. Further requests for revision of the scientific contents are not allowed at this
stage of the review process but shall be expressed in the interactive discussion following
publication in DWESD.

3. Technical Corrections

The authors have the opportunity to perform technical corrections, which may be reviewed
by the Topical Editor to verify requested corrections and prevent further revisions, which
are not permitted at this stage.

4. Publication of Discussion Paper in DWESD

After final acceptance the manuscript is typeset by the Copernicus Publications Production
Office, proofread by the authors, and published as a discussion paper on the DWESD
Website. Public accessibility, archiving and citability are guaranteed from this moment on
(usually about 2-8 weeks after submission).

5. Open Discussion (6 weeks)

Upon internet publication the paper is opened for public review and discussion, during
which interactive comments can be published by designated referees (anonymous or
named) and all interested members of the scientific community (named). Normally, every
discussion paper shall receive at least two Referee Comments; for more information see
Interactive Public Di ion.

6. Final Response

After the open discussion the authors are expected to publish a response to all comments
(within 4 weeks, extendable upon request). The editor can also publish additional
comments or recommendations. Normally, however, formal editorial recommendations and
decisions shall be made only after the authors have had an opportunity to respond to all
comments, or if they request editorial advice before responding.

7. Submission of Revised Manuscript

Submission of a revised manuscript is expected only if the authors have satisfactorily
addressed all comments, and if the revised manuscript meets the high quality standards of
DWES (MS Evaluation Criteria). In case of doubt, the authors shall consult the editor if
she/he recommends preparation and submission of a revised manuscript or not. Normally
the revised manuscript should be submitted no later than 4 to 8 weeks after the end of the
open discussion. If more time is required for manuscript revision, the authors can request
an extension.

8. Peer-Review Completion

In view of the access peer-review and Interactive Public Discussion, the Topical Editor
either directly accepts/rejects the revised manuscript for publication in DWES or consults
referees in the same way as during the completion of a traditional peer-review process. If
necessary, additional revisions may be requested during peer-review completion until a
final decision about acceptance/rejection for DWES is reached.

9. Publication of Final Revised Paper in DWES
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DWES - Review Process & Interactive Public Discussion

In case of acceptance the final revised paper is typeset and proofread. Then it is published
on the DWES Website with a direct link to the preceding original paper and interactive
discussion in DWESD. All publications (original paper, interactive comments, final revised
paper) are permanently archived and remain accessible to the open public via internet and
the final revised paper is also accessible as print copy.

7, The timing indicated above is a guideline which may have to be modified according to the
availability and response times of editors, referees, and authors.

The submission of comments and replies which continue the discussion of scientific papers
beyond the limits of immediate interactive discussion is encouraged. Such peer-reviewed
comments undergo the same process of peer-review and publication as described above,
i.e. after publication and discussion in DWESD they may also be published in DWES if
sufficiently substantial.

If a manuscript that has been published as a discussion paper in DWESD is not accepted for
publication as a final paper in DWES, the authors have several options to proceed as
outlined under Frequently Asked Questions, Point 7.

Interactive Public Discussion

In the Interactive Public Discussion following the publication of a paper in Drinking Water
Engineering and Science Discussions (DWESD), the following types of interactive comments can
be submitted for immediate non-peer-reviewed publication alongside the discussion paper:

Short Comments (SC) can be posted by any registered member of the scientific community
(free online registration). Such comments are attributed, i.e. published under the name of the
commentator.

Referee Comments (RC) can only be posted by the referees involved in the peer-review of the
discussion paper. They can be anonymous or attributed (according to the referee's preference).

Editor Comments (EC) can only be posted by the Topical Editor of the discussion paper.

Author Comments (AC) can only be posted by the contact author of the discussion paper on
behalf of all co-authors.

All interactive comments are fully citable, paginated, and archived as a supplement to DWESD.

Figures and Supplements

Comments can be composed by using either plain text or LaTeX formatting. Complex content
without LaTeX commands can be uploaded as a *.pdf file and will be displayed as a supplement to
the comment. In any case, figures can directly be included in the comment.

The Interactive Public Discussion comprises two Phases

Phase 1: Open Discussion (6 weeks)

The referees are asked to publish one or more Referee Comments and every registered member
of the scientific community may publish Short Comments as defined above. The authors of the
discussion paper have the option (but no obligation) to reply by publishing their own Short
Comments individually, or by posting Author Comments collectively on behalf of all co-authors.
The authors of a discussion paper are automatically informed by e-mail about the publication of
comments in the Interactive Public Discussion of their paper. Publication alert services will also be
available to other members of the scientific community. The publication of interactive comments is
supervised by the Topical Editors, who have the option of censoring comments that are not of a
substantial nature and of direct relevance to the issues raised in the discussion paper or which
contain personal insults. Authors are advised to follow the discussion of their paper and to notify
the Topical Editor in case of abusive commenting. The DWES editorial board reserves the right to
exclude abusive commentators.

To participate in the interactive discussion of a paper recently published in DWESD, please locate
this paper on the DWESD Website and follow the appropriate links there.

Phase 2: Final Response

After the open discussion no more Short Comments and Referee Comments are accepted, but the
contact author and the Topical Editor of the discussion paper have the opportunity to publish final
Author Comments and Editor Comments, respectively. The final response phase is generally
limited to 4 weeks (expandable to 8 weeks) and automatically terminated upon submission of a
revised manuscript. Before submitting a revised version of their manuscript for publication in
DWES (second stage of publication), the authors are supposed to have answered the Referee
Comments and relevant Short Comments cumulatively or individually in one or more Author
Comments.
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residual management.
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