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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Disinfection of treated wastewater (TWW) is a critical phase in the process of TWW use. Its purpose is
to reduce or eliminate major health risks to the wastewater treatment plant's operators and to anybody
who may come in contact with TWW or with crops that were irrigated with TWW.

This document provides a guideline for the available methods of disinfection, their effectiveness and the
factors impacting those methods, along with their advantages and disadvantages, regarding technical
and environmental aspects and effective inactivation or removal of various pathogens in wastewater
and TWW for use in irrigation.
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Guidelines for treated wastewater use for irrigation
projects —

Part 5:
Treated wastewater disinfection and equivalent

treatments

1 [Scope

Thif document provides a guideline for the application of various available methods |of treated
wadtewater (TWW) disinfection for an effective inactivation or removal¥of pathogens ffom TWW,

whi

Thi

Thd
con
und

ISO

3

3.1

ch is intended for irrigation purposes.

5 document deals with:

be applied, possible interferences, and technical guidangefor design and monitoring;
comparison of the advantages and disadvantages of ¥arious disinfection methods suitabl

potential environmental effects of the disinfeetion methodologies and ways to mini
impacts;

disinfection at different locations in the TWW use system, including in the wastewater
plant, within the distribution system afd at the point of use.
Normative references

following documents are-referred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the Jatest edition of the referenced document (including any amendmen

20670, Water reuse= Vocabulary

Terms, definitions, and abbreviated terms

Terims and definitions

drl o £.11

chemical and physical technologies, principles of operationfand establishment of effective doses to

b for TWW;

mize those

treatment

Pir content
pplies. For
[s) applies.

For

L. £l e tla ot A dafioass H H Ao raNeYaVale/a)
LIICT Pul }JUDCD UT LIS UUCTUITIUTIL, LIHIT LTT IILS dITuU UCTTIITILIUILS slVCll II'1TOVU 4UU /U dllu U11IT 1UITU

ving apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1.

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

1

advanced oxidation process
AOP
process that generates hydroxyl radicals in sufficient quantity to remove organics by oxidation

© IS0 2021 - All rights reserved
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3.1.2
ballast

unit inserted between the supply and one or more discharge lamps, which by means of inductance,
capacitance, or a combination of inductance and capacitance, serves mainly to limit the current of the
lamp(s) to the required value so as to convert and regulate incoming power to UV lamps to produce UV

light

Note 1 to entry: The ballast provides the proper voltage and current required to initiate and generate UV photons.

3.1.3
fouling

process led

ding to deterioration of membrane flux due to surface or internal blockage of the membr

Note 1 to enftry: See AWWA B130-13[1,

3.1.4
pore size
size of the

Note 1 to er]
of pm.

bpening in a porous membrane

try: Pore sizes are expressed either as nominal (average) or absolute (maximum), typically in te

Note 2 to enftry: See in AWWA B130-13[11.

3.1.5
reduction
RED
dose of UV

equivalent dose

in a given device which is determined by biodosimiétry

Note 1 to enftry: See UV dose (3.1.9) and “biodosimetry”

Note 2 to e7
after expos
same challe

3.1.6

try: This UV dose (3.1.9) is determined by méasuring the inactivation of a challenge microorgar
ire to UV light in a UV unit and comparingthe results to the known UV dose response curve o
hge organism determined via Bench scale-collimated beam testing.

ultrafiltration

UF
Note 1 to en

fry: pressure driven procéssemploying semipermeable membrane under hydraulic pressure grad

for the sepafation components in aSelution

Note 2 to €
solvent(s) b

ntry: The pores gf-the membrane are of a size smaller than 0.1um, which allows passage of
1t will retain neh-ionic solutes based primarily on physical size, not chemical potential.

Note 3 to enftry: See in-ASTM D6161-10.

3.1.7
UV disinfdg

ction'system

combinati

ane

ism
the

ient

the

nof UV disinfection units (3.1.8) with associated controls and instrumentation

3.1.8

UV disinfection unit
independent combination of single or multiple bank(s) in series with a common mode of failure (e.g.,
electrical, cooling, cleaning system, etc.)

3.19
UV dose
UV fluence

amount of UV energy given as the time integral of the fluence rate or irradiance (W/m?2)

Note 1 to entry: This is given in units of mJ/cm? or ]/m?

© ISO 2021 - All rights reserved
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3.1.10
UV intensity sensor
UV irradiance meter or radiometer instrument to measure UV irradiance

3.1.11
UV transmittance
fraction of photons in the UV spectrum transmitted through a material such as water or quartz

Note 1 to entry: It is preferable that an online UVT sensor be installed and used to verify UVT.

Note 2 to entry: The wavelength of the UVT (%) should be specified, often using a path length of 1 cm. The

MegSUTEITENt IS Talibrated Compared to uitra pure water t1SO-3696 grade torequivatent):

Note 3 to entry: UVT is related to the UV absorbance (4) by the following formula (for a 1 cm path lénpgth): % UVT
=100 x 104,

3.2| Abbreviated terms

A234 absorbance at 254

CT product of the total residual chlorine and contact time

DBR disinfection by-products

EPA Environmental protection agency

DOC dissolved organic carbon

DVGM German Technical and Scientific Association for Gas and Water (deutsher verieip des gas-

und wasserfaches e.v.)

LP low pressure

LPHO low pressure high output
LRV log removal value

MF microfiltration

MP medium pressure

MWCO molecular weight cut off
NOM natural organic matter

ONORM Austrian Standard (Osterreichisches Normungsinstitut)

QA/QC quality assurance/quality control
RED reduction equivalent dose

RO reverse osmosis

TDS total dissolved solids

THM trihalomethanes

TMP trans membrane pressure

TOC total organic carbon
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TWW
UF
uv
UVT
WWwW

treated wastewater
ultra-filtration
ultraviolet

ultraviolet transmittance

wastewater

4 Wast

4.1 Gen

The most d

To achieve

enviro

aesthe|

— ability]

To protect
pathogenic
to appropr

There are
the risk of
meet the w

In regular
pathogenig

the wi
susper

— thepr

4.2 Typ

Urban was
pathogenig

The type 3

lhmental protection,

ewater pathogenic contaminants and their imnactivation or removal

eral
ritical objective in a TWW reuse programme should be public health.

the main objective, other equally important objectives should be considefed, including:

tics (odour and colour); and
to meet irrigation requirements.

public health and prevent environmental degradation,;the TWW quality characteristics
microorganisms contained in the wastewater should be assessed and consideration g
ate treatment to reduce the risk of negative impacts.

h wide range of technology options available to meet the water quality goals and to red
disease transmission from pathogenic mi¢roorganisms that can be present in TWW an
ater quality goals.

wastewater treatment plants, thetwo main processes that reduce the concentration|
microorganisms in the water should be:

|stewater treatment processiitself, which is intended mainly to reduce concentration
ded and dissolved organic.matter;

cess of disinfection. of the TWW.

2 and occurrénce of pathogens in wastewater

tewater intended for agricultural irrigation or for other purposes contains a variet
microbial' contaminants that can pose a risk to public health.

nd_humber of pathogenic microorganisms in urban wastewater varies between count|

and
ven

uce
1 to

5 of

5 of

7 of

ries

and cities

ndAuzith hmn/cpacnn ﬁ/\mf and Hr\ﬂ thdﬂml{‘Q etc. When CD]P{‘fIhO’ disinfection mpfhnﬂfc

the

range of microorganisms that can be present should be considered, 1nclud1ng parasites eggs, bacterla
amoebas and other protozoa, Giardia and viruses. Common infectious agents, associated diseases, and
potential numbers of microorganisms found in domestic wastewater are shown in Table 1[2] (for the
complete table see Table A.1).

Ta

ble 1 — Infectious agents potentially present in untreated (raw) wastewaterl2l

Numbers in
Pathogen Disease raw wastewa-
ter (per litre)
Shigella’ Shigellosis (bacillary dysentery) Up to 104
4 © IS0 2021 - All rights reserved
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Table 1 (continued)
Numbers in
Pathogen Disease raw wastewa-
ter (per litre)
Salmonella Salmqn_ellosm, gastroenterltls (diarrhoea, vomiting, fever), reactive Up to 105
arthritis, typhoid fever
Vibro cholera Cholera Up to 105
Campylobacter Gastroenteritis, reactive arthritis, Guillain-Barré syndrome Up to 10
Enteroviruses (polio,
echp, coxsackie, new | Gastroenteritis, heart anomalies, meningitis, respiratory illness, nerv- Uorol106
entgroviruses, sero- ous disorders, others P
type 68 to 71)
Addnovirus Ze)spnatory disease, eye infections, gastroenteritis (serotype 40 and Up to|106
Rotavirus Gastroenteritis Up to[105
Entamoeba Amebiasis (amebic dysentery) Up to|102
Gialdia Giardiasis (gastroenteritis) Up to[10°
Crypptosporidium Cryptosporidiosis, diarrhoea, fever Up to|10%
Asdaris Ascariasis (roundworm infection) Up to|103
Andylostoma Ancylostomiasis (hookworm infection) Up to|103
Tri¢huris Trichuriasis (whipworm infection) Up to|102

The practical measurement of all pathogenic pollutants,in TWW is almost impossible.
Thg main reasons are:

— |low concentrations of the pathogenic contaminants in the TWW;

— |limitation of present technology, to detéct pathogens when they are present in low numbers;

— |testing for pathogenic contaminants in the laboratory is lengthy and expensive.

Consequently, the control and monitoring of pathogenic microorganisms should be done by
indlcator microorganisms, which are feasible and simple to measure as a result of their
numbers, and based on the‘premise that factors and treatment affecting their removal simi
the|pathogens of interest.

4.3 |covers the effectof the first process (WW treatment and the reduction of the conce
confaminants). 44 covers the effects of the disinfection of the TWW.

4.3| Reduction of pathogenic microorganisms in various stages of wastewater t

testing for
uch larger
arly affect

htration of

reatment

ed organic

lough wastewater treatment is mainly intended to eliminate suspended and dissoly

e dept-ef-disty 9 516 e tHRber-otpa

ogenic and

indicator microorganisms present in the wastewater. The degree of removal can depend (in part) on

the type of treatment process, as illustrated in Table 2[21,
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Table 2 — Indicative log removals of indicator microorganisms and enteric pathogens during

various stages of wastewater treatment(2l

Indicator microorganisms Pathogenic microorganisms

Escheri- | 01 cerid- - |PR99€  |gnteric bacteria < | e . |Crypto-

chia coli . (indi- Enteric |Giardia i Hel-

L. ium per- (e.g., Campylo- . ." |sporidium -
(indicator , cator viruses |lamblia minths
. fringens . bacter) parvum

bacteria) virus)
Bacteria X X X
Protozoa
and hel- X X X
minths
Viruses X X
Indicative[log reductions in various stages of wastewater treatment
Secondary | , 3 0,5to1 [05t025 |1to3 05t02 [72% 105647 |oto2
treatment 1,5
Dualmedig | ¢y 0tol 1to4  |0tol 05t03 [1to3 ~15t025 |2t03
filtration?
Reservoir 14,5 N/A 1to4 |1t05 1to4 |[3fo4 |1t035 |1,5t0%3
storage
Key
N/A not available
NOTE 1 Redjiction rates depend on specific operating conditions, such as retention time, contact time and concentratjons
of chemicalqd used, pore size, filter depths, pretreatment, and other factors.'Ranges given should not be used as desigh or
regulatory hases—they are meant to show relative comparisons only.
NOTE 2 See [lable 3.
a2  Including coagulation.
As the redfiction presented in the table for each type of treatment is only indicative, the exact vajues
of pathogen reduction should be determined for each situation taking into account both the typg of
treatment [and the environmental and operating conditions such as temperature, organic matter,
turbidity, gH, ammonia, alkalinity, of each system.
4.4 Redfiction of pathogenicmicroorganisms by different disinfection methods
The purpdse of disinfectingCFWW should be to remove or inactivate pathogenic microorganipms
that remaipn in the TWW atythe end of the standard treatment process. As complete inactivati;)lr is
not alwayg feasible or inyolves investment in methods which could make the required treatnpent
unpractical, pathogenic‘microorganisms should be brought to low levels that will not cause signifi¢ant

and indicator microorganisms are used (see 4.2).

The reduction of indicator and pathogenic microorganisms in TWW by different disinfection methods
is indicated in Table 3[2],

© ISO 2021 - All rights reserved
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Table 3 — Indicative log reductions of indicator microorganisms and enteric pathogens by

various methods of disinfecting TWW!I2]

Indicator microorganisms Pathogenic microorganisms
Enteric Crvpto-
Escherichia L. Phage bacteria . Lo ypro-
L Clostridium | . "% Enteric |Giardia |sporidi- .
coli (indica- , (indicator |(e.g., Cam- | . . Helminths
. perfringens | . viruses |lamblia |um par-
tor bacteria) virus) pylobac-
vum
ter)
Bacteria X X X
Protozoaamd
helminths X X X
Virpises X X
Indicative log reductions by various disinfection methods?
Membrane
filtration (UF, |4 >6 >6 2>6 >6 2>6 > 6 4>6 > 6
NF,|and RO)P
Ozq@nation 2to6 0to 0,5 2to 6 2to6 3to6 2to4 1to2 N/A
pviisinfec: . 6 N/A 356 256 156" [3>6 (356 |N/A
Adyanced | o N/A >6 >6 S 6 >6 >6 N/A
oxiflation
C . 0,5 to

Chlprination [2>6 1to?2 0to 2,5 226 1to3 15 0to0,5 |0to 1
Key
N/A not available
a  |Reduction rates depend on specific operating conditions, such as retention times, contact times and copcentrations
of chemicals used, pore size, filter depths, pretreatment, and other factors. Ranges given should not be used|as design or
regplatory bases—they are meant to show relative’comparisons only.
b [Removal rates vary dramatically dependiigon the installation and maintenance of the membranes.

Ap
the

AT
itis

NO'I
but

Dis

Disinfection

main process for micreorganisms’ inactivation or removal from the TWW.

WW reuse forirrigation scheme should include disinfection to reduce pathogenic micro
one of the mainrbarriers, compulsory for some uses and an option for others.

E
Hoes not.eliminate them. Complete destruction can only be done by the process of sterilization.

irtial removal of microorganisms may be obtained in various treatment stages, while dis

the _process of disinfection reduces the number of microorganisms to the analytical det

nfection is

prganisms;

ection limit

nfection of TWW may be achieved with the use of a variety of methods presented in Cla]

1ses 6 to 8,

incl

uding:
chemical disinfection,
ultraviolet light, and

membrane filtration.

The action of disinfectants on microorganisms is a result of various mechanisms occurring

sim

©IS

ultaneously or separatelyl3]:
changes in DNA structure that thwart reproduction and thus infectivity,

damage to cell wall,
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— alterat
alterat

— inhibit

ion of cell permeability,
ion of the colloidal nature of the protoplasm, and

ion of enzyme activity.

An exception is the use of membrane methods; in this case, none of the mechanisms detailed in the
previous bullets work. In this case the membrane separates the microorganisms from the TWW and
concentrates in the reject brine.

When applied, the chemicals used as disinfectants should be available in large quantities, reasonably

priced, nor
should be 1

The schen
biofouling

6 Chem

6.1 Gen

The functi
use of hal
protecting

Various chlemicals may be used for disinfection of TWW. The two most common are halogend

oxidizing
TWW chen

effecti
solids

unifor
solublg

having

nontox

toxict

6.2 Disi

unads¢rbable by organic matter other than bacterial cells,

: d PRI A1 : + A ol ioal dicio o b ooy 1
CLUTTUSIVUO dllu TIUII DLGIIIIIIS- ITUvveveld, \,blull,llll\,lll. UOSTU 1IT CIITCIIIIC Al UIosIIrfettalit GlJlJll\,a

esistant and/or adapted to these chemicals - when concentrated or diluted.

e may also include some types of disinfection as a means to prevent the formatiol
n the water distribution pipelines and irrigation equipment.

ical disinfection

bral

bn of disinfectants in the use of TWW for irrigation is welldescribed in ISO 16075-2[4]
genated chemicals in water transportation and distribdtion systems has the purpos
irrigation systems from biofouling which means slime growing in pipes and tubes[=l.

hemicals (chlorine and bromine and its compounds) and ozone, as described in 6.2 and 6}
nical disinfectant should have the following gharacteristics[3l:

e with minimum alteration of the waterrcharacteristics such as increasing the total dissol
[ TDS) or changing the pH,

m in composition and low loss of germicidal action during storage or idle periods,
in water and pass throughecell tissues,

a capacity to penetratée.through particle surfaces,

ic to humans.and other animals and safe to transport, store, handle, and use,

b target migroorganisms and effective at high dilutions in the ambient temperature rang

hfection by chlorine/bromine compounds

fion

1 of

The
b of

ted
3.

ved

6.2.1 Ge

neral

The disinfection of water and TWW by halogenated based chemicals is extensively used and is
considered to be an effective as well as an easy to use method for disinfection. The addition of these
types of chemicals into water results with 2 reactions: hydrolysis forming hypohalous acid Formula 1
and dissociation to hypohalite ion Formula 2,6l while X= CI, Br.

X, +H,

O > HOX+H*"+X

M
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HOX & H* + 0X- (2)

Dissociation of the hypohalous acids is a function of pH, as shown in Table 4 and Figure 1. Hypohalite
anions are up to 2 orders of magnitude less effective biocides than the acid form [6l,

Table 4 — Distribution between hypohalous acid and hypohalite anions as a function of pH [6]

Chlorine Bromine
pH % HOCI % OCI- % HOBr % OBr-
75 58 56 04 &
8,0 24 76 83 17
8,5 9 91 60 40
9,0 3 97 33 67

The dissociation curve of the hypohalous acids is given in Figure 1:

Y

! gg -_:\\\ == TN
80 \\
60 N\ X
50 N
10 1 AN AN
30 \ h
20 ~

0 —_—

6 6,5 7 75 8 8,5 9 9,5 10 X

pH

% of active acid
HOCI

HOBr

N P X

Figure 1 — Dissociation curves of the hypohalous acids

6.2)2 _,Reactions of chlorine/bromine with ammonia

Unticeated WA and TV contain different concentrations of ammonia that cause difficultibs in water

disinfection. The reaction of the ammonia with the added chlorine or bromine creates compounds with
a much lower disinfectant ability than free chlorine or bromine.

The possible reactions between HOX and ammonia are presented in Formula 3 to Formula 5,[3] while
X=Cl or Br.

NH; + HOX H,0 + NH,X — (Monochloramine/bromamine) 3)

NH; + 2HOX 2H,0 + NHX, — (Dichloramine/bromamine) 4)

© IS0 2021 - All rights reserved 9
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NH; + 3HOX 3H,0 + NX; — (Nitrogen Trichloride/Tribromide) (5)

These reactions occur essentially instantaneously and are pH dependent. For instance, for chlorine
compounds at pH levels above 8,5, only monochloramine is formed; below this level mixtures of mono
and dichloramine exist; and below pH 4,2 only nitrogen trichloride exists.

6.2.3 Definition of the halogenated disinfection residuals

The chlorine in chloramine compounds is defined as combined available chlorine. Combined available
chlorine has a lower disinfection capacity than free chlorine, however the combination of free chlorine
and combined available chlorine (chloramines) that are present in the water create the ability to
disinfect the water.

The residupl chlorine is available in three forms:

— chloramines: a form of combined chlorine,

— chloroforganic compounds: a weak form of combined chlorine, and
— free chlorine: the strongest form of residual for disinfection.

Chlorine d¢mand should be calculated as the difference between total chlorine added into the water pnd
residual chlorine. It is the amount that reacts with the substances in-water, leaving behind an inacfive
form of chlprine.

The sum of the chlorine demand and the residual chlorine should determine the chlorine injected |nto
the water.

Added Chlorine = Chlorine Demand + Residual Chlorine
Residuyial Chlorine = Combined Available Chlorine + Free Chlorine

The same dpplies to bromide.

6.2.4 Brpakpoint reaction

A reaction|between chlorine and amimonia causes a unique phenomenon, which has a great effect on
chlorine disinfection process. Whern chlorine is added to TWW (that contains ammonia) a stepwise
reaction odcurs, as described bélow (Figure 2).
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B Combined residual

D Free and combined residual

Chlorine dose, mg/1
Chlorine residual, mg/1

Breakpoint

Destruction of chlorine residuals by reducing compéunds

Formation of chloro-organic and chloramine compounds

Destruction of chloramines and chloro-orgaic compounds

Formation of free chlorine and presence.of thloro-organic compounds not destroyed
free residual

Combined residual

Figure 2 — Breakpoint chlorination[3]

Step one: destruction of residual chlorine by reducing compounds. Inorganic reducing materials
commonly found.jmwastewater that take precedence in reacting with chlorine can be: hydrogen
sulfide (H,S),fetrous iron (Fe?*), manganese (Mn?2*), nitrite (NO,). These reducing materials
consume atthefirst step the residual chlorine added to the water, up to point A.

Step tw©) formation of chloro-organic and chloramine compounds. As described in 6.1 ammonia
(NH3)sis*found in wastewater and is the second level of reaction with chlorine. It confbines with
chlorine to form one of three forms of chloramine. Organic compounds are the last to|react with
dvailable chlorine in the wastewater and form chlororganic compounds (chlorine demand between

points A to B). In this range, the mole ratio of chlorine to ammonia is equal to 1, and increases
toward point B.

Step three: destruction of chloro-organic and chloramines compounds. Between point B and the
breakpoint (point C), some chloramines will be converted to nitrogen trichloride, the remaining
chloramines will be oxidized to nitrous oxide (N,0) and nitrogen (N,), and the chlorine will be
reduced to the chloride ion. The mole ratio at the breakpoint is equal to 1,5 to 1.

Step four: formation of free chlorine and presence of chloro-organic compounds not destroyed.
Continued addition of chlorine past the breakpoint (C), resulting in a directly proportional increase
in the free chlorine. At this stage, combined and free chlorine (residual chlorine) are present in the
water.
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The breakpoint can be described as the point at which the demand for chlorine has been fully satisfied
(i.e. the chlorine has reacted with all of the reducing agents, organics and ammonia). Ammonia nitrogen
can disappear completely at the breakpoint, or be reduced to only a trace, especially at neutral pH
values; but in practice an “irreducible minimum” residual chlorine (also referred to as a “nuisance
residual”) remains, typically a few tenths of a milligram per litre as Cl,.

6.2.5 CT values of chlorine/bromide and their compounds

The factors that determine the efficiency of disinfection include the type of disinfectant, its
concentration in water and the time it acts on the pathogens in water.

The disinf¢ction efficiency for each type of disinfectant is calculated by CT value. CT value is obtained
by multiplying the residual concentration of the disinfectant (C) after a given contact time, (T] by
the contack time. CT values should be used for the calculation of disinfectant dose needed for|the
disinfectiop of TWW, and be expressed in units of mg.min/I.

6.2.6 Chlorinated compounds for TWW disinfection

6.2.6.1 (hlorine (Cl,)3

Chlorine dfisinfection is the most common method for disinfection of #water and TWW due to|the
simplicity ¢f the method, equipment and operation.

Chlorine (d1,) can be present as a gas or aliquid (in pressure tanks). When added to water, two reactjons
take place,|as explained generically in 6.2.1 for halogenated oxidants: hydrolysis to form hypochlorous
acid (HOCI) Formula 6 and ionization to hypochlorite ion (OCH) Formula 7:

Cl, + HL0 — HOCI + H* + CI (6)
HOCI - H* + OCI (7)

The two rdactions can decrease the pH ofthe'water and change the solubility of salts affected by|the
water's pH| These can cause problems when the ions concentration of the ion is close to the solubjlity
limit in thg water.

The relatiyely distribution in the\water of the two species (Formula 6 and 7) is important as|the
germicide efficiency of HOCl is.significantly higher than that of OCI-.

—e

Dissociatidn of HOCI in watep has been shown to be temperature dependent, and the pKa (dissociation
constant) for HOCI is in-the range of 7,49 to 7,82 between 0 2C to 30 2C. At 20 °C and pH = 7,58 thefe is
50 % of ea¢h species (see Figure 1 and Table 4).

The OCI- and HOClcompounds are commonly referred to as free chlorine, (see 6.2.3), which is extremely
reactive wlth.Aumerous components of the bacterial cell.

6.2.6.2 Sodium and calcium disinfection agent hypochlorite (“liquid bleach” and “chlorine
powder”)

Sodium hypochlorite and calcium hypochlorite are chlorine compounds formed by the reaction of
chlorine with hydroxides. The application of hypochlorite to water systems produces the hypochlorite
ion and hypochlorous acid, Formula 8 to Formula 11:

NaOCl - OCI- + Na* (8)
OCI + Na* + H,0 —» HOCI + Na* + OH" 9)
Ca (0Cl), —» 2 OCI + Ca?* (10)
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2 OCIl- + Ca%* + 2 H,0 - 2 HOCI + Ca2* + 20H- (11)

While a slight contribution of alkali when a hypochlorite is added cannot make a big difference in the
final pH of the water, due of the buffering capacity of the TWW, some pH increase could contribute to
the precipitation of insoluble salts.

6.2.6.3 Chlorine dioxide (Cl0,)

Chlorine dioxide is an efficient disinfection agent. Its advantages include efficiency in a wide range of
pH values and elevated temperatures. It is effective against a wide range of organisms (including cysts
and protozoa) and virus.

Anqther advantage of the use of chlorine dioxide, compared to chlorine, is that chleyine dioxide does
notjform compounds with ammonia, which reduces the chlorine disinfection efficiehcy.

Chlprine dioxide is an unstable and explosive gas and should be generated on’site by react|ng sodium
chlgrite (NaClO,), Formula 12:

2 NaClO, + 2 Cl, - 2 Cl0, + 2 NaCl (12)

6.2)6.4 Chlorine production on site

When small quantities of wastewater are to be disinfected in_remote areas, the transportatjon costs of
the[disinfectants sometimes exceed the price of the disinfectant.

In this case solid chlorine tablets may be used or.seVeral methods exist to produce relatjvely small
amounts of active chlorine (sodium hypochlorite) on-site, such as chlorine production from dalt or from
solytion of salty water.

Thip process is based on the production of hypochlorite by running an electric current through salt
watler. When this happens, sodium hypachlorite, as well as hydrogen gas (H,), are produged on site.
Only sodium chloride (NaCl) is added-to-the water, or sea or saline water are used.

Thg reaction is described in Formula 13:

NaCl + H,0 + Electric cyrkent - NaOCI + H, (13)

Forlefficient operation‘the system should be fed with softened water.

For|safety operating reasons, a dedicated system should be operated to control and treat the hydrogen
gas|concentratioh.

Chlprine ecan'also be produced by on site electrochlorination (OSEC) of sodium hypochlorite solution
at cpncentration of 0,8 % to 1 %. Hypochlorite solution is always available at stable concenfration and
avojds-the need for handling dangerous chemicals.

One of these methods should be used especially in areas where TWW is used for irrigation in a location
remote from the wastewater treatment facility, for example when it is necessary to disinfect the TWW
at the point of use.

6.2.7 Advantages, disadvantages and technical considerations of chlorine biocides-based
disinfection method

Chlorine is a powerful oxidizing agent and therefore presents a higher rate of microorganism removal
in the water. Chlorination is a well-established technology, easily accessed all over the world with the
ability to maintain residual chlorine in treated waters. However, the use of chlorine and its compounds
may increase the chloride content of the TWW; chlorine residuals are unstable in the presence of
high concentrations of chlorine-demanding materials, thus requiring higher doses to achieve the pre-
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required level of disinfection; and some parasitic species have shown resistance to practical doses
of chlorine, including oocysts of Cryptosporidium parvum, cysts of Entamoeba histolytica and Giardia
lamblia, and eggs of parasitic worms.

Chlorine compounds can react with constituents in the treated water to produce carcinogenic by-

products.

The handling and storage of chlorine and its compounds may be challenging, as summarised in Table 5.

Table 5 — Advantages, disadvantages and technical considerations of chlorine and its

Stored as alliquid in pres-
sure containers

enables the storage of a large
quantity in a relatively small area.

— Gas in containers does not change
its properties over time and
therefore can be stored for a long
period.

— Concentration of chlorine in
solution is 100 % and therefore its
use is economical.

— Equipment needed for water
chlorination and dosage *is
relatively cheap and simpte to
operate.

compounds |
Compound Advantages Technical considerations and/or. Disdd-
vantages
Chlorine (C],) — Gas storage in pressure tanks|— The gas is poisonous toVhumans and

animals, to both skin,and breathing.

— As leakage of tankered gas creatds a
high environmental risk, tanks arleas
need to be-scrubbed or need to| be
stored away-from residential areas gnd
concentrations of people.

— Disinfection by-products, such as THM,
fnay be hazardous for environment,
and may bioaccumulate on crops.

Sodium Hypochlorite (lig-
uid bleach)|(NaOClI)

Formed by [the dilution of
chlorine inwater

— Storage of the  solution at
acceptable concentrations for
disinfection of -water and TWW
(11 % to 12 %),is not dangerous
and therefore does not require
distancing\from population.

— Matérial price is relatively cheap.

— (Equipment needed for water
chlorination and dosage is
relatively cheap and simple to
operate.

— Considered a hazardous oxidjzer
at high concentrations (over 40| %
chlorine).

— Considered a moderate hazardous
oxidizer at low concentrations.

— Supplied for domestic use aff a
concentration of about 3 %.

— Storage requires greater volumes
than those required for chlorine ggses
(depending on the concentration offthe
material in water).

— Solution in water loses its strength
over time, and therefore should| be
stored before use for no longer thdn a

weeK o' TWO.

— Solution is transported multiple times
from its production site.

— Disinfection by-products, such as THM,
may be hazardous for environment,
and may bioaccumulate on crops.

14
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Compound

Advantages

Technical considerations and/or Disad-

vantages

Calcium Hypochlorite
(chlorine powder) (Ca(O-

D7)

Can be applied for specific uses.

Can be used in areas where TWW
is used for irrigation in a distance
far from the location of the
wastewater treatment facility, for
example when it is necessary to

TYALYAL

diaiiat, Vs Ll s £
UTSTITCCTTIICT T vy vy dat Crc PpOTITC OT

Contains only 68 % chlorine.

More expensive than the

forms of chlorine (gaseous chlorine

and sodium hypochlorite)

Low solubility in water, therefore use

as a disinfectant is more di

other two

ficult than

use.

With additives of stabilizing
materials, long storage is possible.
In storage in a dry, cool place, it is
almost non-disintegrating.

in the other two forms offeh

lorine.

Chlprine Dioxide (C10,)

Stronger oxidizer than chlorine.

Greater disinfectant efficiency
with respect to the destruction of
viruses and parasites compared
with disinfection by chlorine.

Less affected by changes in pH and
temperature compared to chlorine
disinfection.

Creates fewer harmful side
compounds compared*to chlorine
disinfection.

Needstobeproducedatthed
site. karge amounts of matg
be stered.

Production of Chlorine Dig
is more expensive than that

Disinfection by-products, such as THM,

may be hazardous for en
and may bioaccumulate on

lisinfection
rial cannot

xide (ClO,)
of chlorine.

vironment,
Crops.

6.2{8 Chlorination process

To be efficient, the chlorination process should have two elementary conditions: a rapid mi
chlgrine in the applied form with.the TWW and a sufficient contact time (retention time) of the Chlorine

with the TWW, as follows:

Initial mixing: rapid-injtial mixing of the chlorine and the TWW should be accomplished
immediately (in secands). Different mixers for the addition of Chlorine may be used[3l: in-line turbine
mixer, injector pulp type, pumped flash mixing and in-line static mixer.

1) “Flowing the TWW with the disinfectant through a container of suitable volume

xing of the

practically

Contact time:the time elapsed between the injections of the disinfectant to the TWW and until the
TWW isuséd (or entered a reservoir with no disinfectant residuel#!). To ensure suffici
time, ene-or both of the following ways should be used:

ent contact

according

fashion to

improve the actual retention time.

to the disinfected TWW:'s rate of flow. The container could be built in a serpenting

2) Flowing the TWW with the disinfectant through a pipeline of suitable volume. The flow time of
the TWW in the pipeline should not be less than the required contact time, given the diameter
of the pipe, the length of the pipe and the flow velocity of the TWW in the pipeline.

6.2.9

Brominated compounds for TWW disinfection

6.2.9.1 Sodium Bromide activated with hypochlorite

Sodium bromide (NaBr) after activation with hypoclorite (12 %) is an efficient disinfectant used in
formulating liquid sodium bromide microbiocides for the control of algal, bacterial and fungal slimes
in industrial water treatment as well as for TWW disinfection. It is a fast-acting biocide, efficient over a
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wide pH range. NaBr can be stored and transported as a non-hazardous material - either as solid or as a
water based formulation. The active disinfection material is produced onsite following a reaction with

hypoclorite (12 %), as described in Formula 14:

NaBr +NaOCl - Na* OBr- + NaCl

(14)

The presence of water results with the following equilibrium of hypobromous acid partially
dissociates to give hydrogen ions and hypobromite ions, as described in Formula 15:

HOBr < H+ + OBr

(15)

The ertio of hypobromous acid to hypobromite ions is dependent upon the temperature,' pH

alkalin

When
living

HOBr H

Where

L, is

D,, is

6.2.9.2 A

Ammoniun
water disir
biocide ma
conditions
(bromide 4

NH,Br

6.2.9.3 S

Stabilized
oxidizing b
sodium hy
like bacter
disinfectio
solution is

ity of the water.

acting as a disinfectant, hypobromous acid functions by oxidizing the organic matte
brganisms and in doing so it is reduced to the bromide ion as described in Formula 16:

L,—-Br-+D,

ive microorganisms

lead microorganisms

immonium bromide activated with hypochlorite

n bromide (AmBr; 35 % solution) activatedwith hypochlorite (12 %) is a technology
ifection treatment with excellent biocidal-and anti-biofilm properties. The production of
de on site by using proprietary dosing machines, mixing ammonium bromide in the requ
and appropriate oxidizer (bleach) leading to the formation of a unique disinfectant -
ctivated chloramine). The reactionwith bleach is described in Formula 17:

+ NaOCl - Br - [NH,CI] + + NaOH

tabilized bromine solution

bromine solutiof(~16 % as Br,) is a single component solution. It is a biocide based on
ehaviour of byomine with improved results in alkaline water systems especially compare
bopchlorite; It controls the microbiological growth and eliminates existing micro-organig
ia, fungiiand algae. Once dosed into the water it releases the active bromine for effic
h of the.water. It needs a single dosing pump and is easy to use. The stabilized brominz
A strong oxidative solution and therefore should be handled with caution.

and

I in

16)

for
the
red
BAC

17)

the
d to
ms,
fent
ted

6.2.9.4 Bactebrom

Bactebrom (ag. solution of Urea+HBr) activated with hypochlorite (12 %) is a technology for industrial
water disinfection, wastewater delivery systems and TWW. An effective biocidal treatment against
biofilm accumulation. The active biocide is produced on site following the reaction with bleach at the
proper ratio Formula 18:

[CO (NH,), + HBr] + NaOCI - [H,NCONHBr < HOBr] + NaCl + (CO (NH,), + HBr) (18)

Bactebrom is effective against all types of biofouling caused by bacteria, fungi and algae, with excellent
activity against biofilm prevention and removal. A mild oxidizer that is able to work in highly loaded
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systems (TOC and organics) and across a wide pH range (pH 6-9). It is an acidic product that will not
contribute to scale. Equipment for dosing is simple to use.

A further bromine compounds advantages and disadvantages is given in Annex C and Table C.1.

6.2.10 Advantages, disadvantages and technical considerations of brominated biocides-based
disinfection method

Bromine based biocides belong to the class of halogenated biocides and are extensively used as
disinfection agents for water and wastewater treatment. Brominated biocides are fast - acting broad
spegtrum hiocides for control nfn]gnp bacteria and ﬁmgi Some are also highlv effective against biofilm.
An pdditional advantage of the brominated biocides is their high efficiency at both neutrahapd alkaline
pH.

Nevertheless, it should be taken into account that brominated biocides and biocidatprecurgors should
be handled with caution while avoiding direct contact with the skin. The storage of such ¢gompounds
shopld be in well ventilated places. At elevated temperatures some compourids‘might have|the risk of
relgasing bromine - which is a toxic highly irritating gas. The application.6f any halogenated biocide
including brominated biocides could lead to the formation of hazardousicempounds that might be toxic
to the environment or even carcinogenic by-products.

Table 6 specifies some examples for brominated biocides includifig guidelines for their handling and
stoffage.

Table 6 — Advantages, disadvantages and technical considerations of brominated bidcides and
its compounds

Commpound Advantages Technical considerationq and/or
disadvantages

NaBr - Activated with hy- — can be stored-and transported as a|— Needs to be activatefl on site -

podhlorite (12 %) non-hazardaus solid. using hypochlorite.

— aqueous’solutionsarenon-hazardous
having good storage stability.

—«Dosing equipment is relatively cheap
and simple to use.

— Monitoring can easily be done by
Halogen sensors.

AmBr (Fuzzicide, 35%/AmBr |— Superior bactericidal effectin a short|— Requires the instdllation of
S(S:Iltion)- Activaredwith time and in small concentrations. dedicated dosing equipment near
hypochlorite (12-%) the intended system of treatment
— Effective against bacteria and a wide site.
range of microorganisms such as
fungi and yeast. — Requires to be actiyated with
hypochlorite.

— Little r‘nncnmpfinn hy dissalved
organic matter which furthers
osmosis into slime and inhibits its
growth.

— Norisein corrosion of metals such as
stainless and carbon steels because
of slight oxidation.

NOTE: In the past, farmers were deterred from using bromine for fear of workers safety considerations.

The new materials are safer for farmers and are recommended for use in the irrigation systems for protection of the
distribution system and irrigation equipment.
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Table 6 (continued)

Compound

Advantages

Technical considerations and/or
disadvantages

Stabilized bromine solution
(~16 % as Br,)

Controls the microbiological growth
and eliminates existing micro-
organisms, like bacteria, fungi, and
algae.

Compared to conventional treatment
for alkaline cooling systems (Sodium

— Itisan oxidizer and should not be
stored near reducing agents or
strong acids.

Bl Ulll;dc \A ;th Blca\,u) thcl C 15 11U
need for an expensive mixing station
(including two dosing pumps) but
just a single dosing pump.

Monitoring can easily be done by
Halogen sensors.

BacteH

rom (aq. solution

of Urep+HBr) -Activated

Excellent activity against biofilm -
prevention and removal.

— The precurSer Bactebrom i a
concentrated acid. Considered

The new m{
distribution

terials are safer for farmers and are‘\recommended for use in the irrigation systems for protection of|the
system and irrigation equipment.

with hypochlorite to bé&~3a hazardous solufion
(12 %) The presence of Urea and acidic pH (coxrosive liquid).
can be compatible with a wide range
of fertilizers. — SRequires the installation | of
the dosing equipment near [the
A mild oxidizer that is able to work in intended system.
highly loaded systems (organics) and
across a wide pH range (pH 6-9). — Requires to be activated with
hypochlorite. Important to mpke
An acidic product that will not sure that the 2 concentrdted
contribute to scale. precursors  (Bactebrom  hnd
. ) - Hypochlorite) do not mix hon
Equipment for dosing' is simple to diluted.
use.
NOTE: In the past, farmers were deterred from using bromine for fear of workers safety considerations.

6.3 Ozo

6.3.1 Ch|

Ozone, a h
strong odd
discolorati

Ozone is

e

lemistry of ozone'disinfection

ghly toxic, exidizing gas, composed of three atoms of oxygen (0O3) and characterized by a
ur, may be~used in water treatment for disinfection and oxidation (e.g. odour confrol,

stable in water and its reaction is not straightforward, as many chemical reactions

b1, inactivation of micropollutants, etc.) or a combination of both.

occur simultaneously with some water matrix components.

can

Ozone can react with substances in two different ways: directly with a compound, see 6.3.2, or it can
produce hydroxyl radicals, which are the strongest oxidants in water that then react with a compound,
see 6.3.3.

6.3.2 Direct ozone reaction

The mechanism involved in the direct ozone reaction pathway is a selective reaction where an ozone
molecule reacts with an unsaturated bond due to its dipolar structure and leads to a splitting of the
bond, see Formula 19:

18
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O
O, [l

——> —C—CH

(19)

To generate OH*, which has a higher oxidation potential than molecular ozone and can attack organic
and inorganic molecules rapidly and non-selectively, advanced oxidation processes are used.

Ozone has greater disinfection effectiveness against bacteria and viruses compared to chlorination and
bromination.

Ozdne is unstable, and it will degrade over a time frame ranging from a few seconds to 30,m

rate

Dus
the

6.3

Thd
init

of degradation is a function of water chemistry, pH and water temperature.

water at the end of the disinfection process!Zl.

3 Indirect ozone reaction

mechanism involved in an indirect ozone reaction can be divided into three diffe
ation, chain propagation and termination. On the first step, ozone (053) in water (H—OH)

hydroxyl ions (OH-, initiators), to form secondary oxidants, the hydroxyl radicals (OH®), d

For

mula 20 and Formula 21:

0, + OH = 0,* +HO,"

HO,* < 0, + H*

Typlical initiators are: OH-, H,0,/HO,- or Fe2*,

On
des

The
HO,
pre
des

the second step, the superoxide anion"0,°*" reacts with ozone to form an ozonide a
Cribed in Formula 22 to Formula 24¢

O3+ 07> 037 +0,
0, + H* & HO,*

HO5*- — OH* +0,

nutes. The

to the high level of ozone disinfection and its instability, all ozone residues should.be renhoved from

'ent steps:
reacts with
bscribed in

(20)

(21)

hion (03*),

(22)

(23)

(24)

substances-that promote the chain reaction, i.e., that convert OH* into superoxide ra
°), act aS. chain carriers (promoters). Some organic molecules, R, can also act as pro
sence-of certain functional groups leads to the reaction with OH® and form organic 1
Cribed in Formula 25:

i

cals (0,°/
oters. The
adicals R,

Typ

H,R + OH* > HR* +H,0

ical promoters are: humic acid, aryl-R or primary and secondary alcohols.

(25)

Some organic and inorganic substances react with OH® to form secondary radicals that do not produce
superoxide radicals, acting as inhibitors (or scavengers) that terminate the chain reaction and inhibit
ozone decay. e.g. described in Formula 26 and Formula 27:

042 + OH® — OH" +C0,"
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HCO," + OH* - OH- +HCO,* (27)

The chain reaction can also terminate through the reaction of two radicals, described in Formula 28:

HO,* + OH* - 0, +H,0 (28)

Typical scavengers are: HCO5", CO52-, PO,3-, humic acids, alkyl-R and tert-butyl alcohol.

Thus, the decay of ozone initiated by the hydroxide ion leads to a chain reaction, producing fast reacting
and nonselective OH-radicals, which due to their reactivity have a very short half-life, thus they react
as soon as fhey come into contact with organic compounds. The reaction combination shows thatin|the
overall reaction three ozone molecules produce two OH*, described in Formula 29:

303+ QH" + H* - 20H"* + 40, 29)

Bicarbonatle and carbonate play an important role as scavengers of OH-radicals in natural systems since
they can adt as inhibitors in conventional ozonation[Zl,

6.3.4 Advantages, disadvantages and technical considerations of Ozone disinfection method

Ozonation |is very efficient technique for the removal of bacteria, viruses, and protozoa (including
Giardia angl Cryptosporidium) and a wide variety of inorganic, orgahi¢ problems and odour problgms
can be alsq eliminated.

However, other technical aspects of ozonation may be considered taking into account the characteridtics
of each water reuse project. For example, the formation of\0xygen-rich compounds, such as aldehydes
and carboxylic acids that may increase biodegradability,.and therefore, in some cases a biological plost-
treatment ftep may be required after ozonation, to reniove biodegradable oxidation by-products and to
control biofilm growth.

For advantpges, disadvantages, technical considerations of disinfection methods of ozone, see Tablg 7

N

Table|7 — Advantages, disadvantages, technical considerations of ozone disinfectionl2l,

Advantaggs Technical considerations and/or disadvantages

— Ozone|is effective over a wide pH range, rapidly|— Ozonation does not provide germicidal | or
reacts| with bacteria, virusés, and protozoa disinfection residual to inhibit or preyent
and has stronger germticidal properties than regrowth.
chloripation. It has a yvery/strong oxidizing power
with a|short reactiontime.

Ozoneislesssoluble in water, compared to chlorjne,
and therefore, some gas-liquid mixing techniques
are needed.

— The trpatment process does not add chemicals to
the water.

— Ozone|can eliminate a wide variety of inorganic,|.
organi av\r] w\;r‘wr\]ﬂn'n]nrrir‘f\] nrablame 20 d - adaur
problems. The microbiological agents include
bacteria, viruses, and protozoa (such as Giardia
and Cryptosporidium).

6.3.5 System configuration

Ozone can be produced in a modern ozone generator. The passage of a high voltage, alternating electric
discharge (A.C.) through a gas stream containing oxygen will result in the breakdown of molecular
oxygen to atomic oxygen. Ozone is produced when oxygen (0,) molecules are dissociated by an energy
source into oxygen atoms and subsequently collide with an oxygen molecule to form an unstable gas,
ozone (03), which is used to disinfect wastewater. Most wastewater treatment plants generate ozone
by imposing a high voltage alternating current (6 kV to 20 kV) across a dielectric discharge gap that
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contains an oxygen-bearing gas. Ozone is generated onsite because it is unstable and decomposes to
elemental oxygen in a short amount of time after generation.

Ozone produced commercially for oxidation reactions is always produced as a gas, from extremely dry
air at concentrations between 1,0 % and 2,0 % by weight, or from oxygen at concentrations greater
than 2 % and up to 8 % (or greater) by weight.

After generation, ozone is fed into a down-flow contact chamber containing the wastewater to be
disinfected. The main purpose of the contactor is to transfer ozone from the gas bubble into the bulk
liquid while providing sufficient contact time for disinfection. The commonly used contactor types
are diffused bubble (co-current and counter-current), positive pressure injection, negative pressure
(Vehturi), mechanically agitated, and packed tower. Because ozone is consumed quickly,. it should be
confacted uniformly in a near plug flow contactor.

Bio
scaj

ogical nitrification being followed by ozonation should be controlled carefullysinte NQ
renger of ozonel8l.

» is a good

6.3/6 Monitoring of ozonation

To d
told
sho
the

To

ontrol the efficiency of an ozonation system the critical microbiological parameters, such
rant coliforms or other indicators (e.g., virus and protozoa) for high quality water dema
1ld be monitored before and after disinfection, to assess the removal capacity and to d¢
compliance of the water quality with the intended use requiréments, i.e., usually national

ensure that the disinfection system is running preperly in terms of disinfection b

as thermo-
hd systems
monstrate
standards.

y-products

formation control, the monitoring of the major or hazardous by-products may be performeg
thelsystem configuration.

according

Singe ozonation is starting to be used to remove some pollutants of emerging concern, such as
pharmaceutical compounds, specific monitoring programs may be displayed according the intended
purposes.

For|details of system monitoring and control, see ISO 20468-3[21.

6.4/ Environmental impacts of chemical disinfection

6.4]1 Environmental impacts of chlorination/bromination disinfection

Duiling water disinfection, secondary reactions can occur and disinfection by-products
be formed. Some of(tthese DBP can pose a threat to the environment due to their intrinsic
namely they cap-present a significant risk to -- or via the -- aquatic environment, with thg
perpistent charatteristics, potential to bioaccumulate or to be an endocrine disruptor.

(DBP) can
properties,
Pir toxicity,

Duijing water“disinfection, chlorine and bromine are likely to react with natural organic ma
which is a heterogeneous mixture of organic macro- molecules that varies both temporally an

fter (NOM)
d spatially,
ohydrates.

' THM) that
include chloroform (CHCl ) dlchlorobromomethane (CHBrCl ), dlbromochloromethane (CHBr,Cl),
and bromoform (CHBrj3). In lower concentrations haloacetic acids, haloacetonitriles, haloketones and
chloropicrin can also occur. Other important DBP are the N-nitrosamines which present toxic effects;
this type of compounds is carcinogen to humans[11.12],

Trihalomethanes are the major group of DBP, namely chloroform which presents a risk to human health,
risk of cancer and also present a risk to benthic communities.

NOTE The characteristics of NOM, chlorine/bromine dose, contact time, pH and temperature seem to
influence the DBP formation. The determination of the chlorine/bromine demand can be used to adjust the
disinfection procedures, such as chlorine/bromine dose and the reaction time, to minimize DBP formation.
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6.4.2 Environmental impacts of ozonation disinfection

Similar to other chemical disinfectants for water treatment, ozone is unstable in water and undergoes
reactions with some water matrix components. However, its decomposition into unselective hydroxyl
radicals (OH®) has a wider range of action on the oxidation of many organic contaminants such as
pesticides, pharmaceuticals and personal care products and natural and synthetic hormones. During
this process some DBP can also occur, however the current knowledge on its environmental behaviour
is still limited.

The DBP formation is very complex and highly dependent on water characteristics (e.g., TOC, bromide,
ammonia, carbonate alkalinity) as well as on the treatment processes and operating conditions used
(e.g., pH, tgmperature, ozone dose, contact time). Hence, seasonal variations can occur at one logatfion.
Then, ozonation DBP results in a complex mixture and can cause synergistic or antagonistic interactjons
with other[substances, i.e., 0zone treatment can either increase or decrease toxicity and mutagenicity.

The oxidatjon of chlorine and bromine can also lead to the formation of chlorates and bromates which
present toyic effects. Bromates is a potential carcinogen.

DBP formation should be controlled using one of the following treatments:

— removjng precursors that react with the disinfectants to form the unwanted DBP (reducing NOM
concerjtration),

— optimizing the water treatment to control the DBPs formation, e{@) through the control of pH and/
or disdolved ozone concentration, and

— removng DBPs that are formed (advanced treatments).

This also applies to chlorine/bromine in 6.4.1.

7 UV disinfection

7.1 General

Microbicidpl UV light is the portion ofi\the light spectrum from 200 nm to 415 nm that penetrates
and damages spores, cysts and vegetative cells. UV light has been proven effective against bactdrial
and protoZoan pathogens, viruses/and algae as well as biofilm forming microbes that are resistar]t to
commonly|used disinfectants like-chlorine. It is safer in an agricultural setting because an overdose
of UV on water has no effect. While an overdose of chemicals in water can have a negative effect on|the
irrigated produce.

Different target organisims require different UV doses. UV can inactivate pathogenic microorganipms
without fofming cafeinogenic disinfection by-products (DBPs) or leaving residuals that can havg an
ecological |mpactoh Teceiving streams.

The mechgnism of disinfection by UV light differs considerably from the mechanisms of chentical
disinfectants—HV llsht ts-absorbed 1A the-ceHandinactivatesmicroot sauialuo b_y C‘laulasius theirnueleic

acid and proteins, thereby preventing them from replicating or, in some cases, repairing damages. A
microorganism that cannot replicate or repair cannot infect the host or spread.

Design, operation, and maintenance for UV disinfection systems also differ from those of traditional
chemical disinfectants. Aspects like temperature and pH that are critical to chemical disinfection
efficacy have little influence on effectiveness of UV disinfection.

As UV doesnotleave aresidual that can be monitored to determine if the dose was provided correctly, UV
disinfection systems should be validated so that they can be sized to achieve the required disinfection
in each specific situation. UV systems should be validated in accordance with published protocols. A
validated UV system can replace chemicals for primary disinfection of wastewater for irrigation since
it can disable both typical and chemically resistant bacteria, viruses, fungi, algae, moulds and yeasts,
while avoiding carcinogenic DBP formation.

22 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=cda22ec8776b4bda24fb66d76a907ad8

ISO 16075-5:2021(E)

Appropriate validation practices are discussed in 7.7.

Since periodic residual testing is not relevant for UV, once a UV unit has been installed, only continuous
monitoring of key variables should be used to evaluate and verify UV performance. Key variables
include:

UV intensity,
flow rate, and

UV transmittance (UVT).
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rational variables like fouling, lamp aging and power should also be considered in UV/pg
uation [13],

UV light technologies and how they work

1 General

light is generated in a lamp by applying a voltage across a gas mixture, resulting in 2
hotons. The specific wavelengths of light emitted from photon discharge depend on the
position of the gas and the power to the lamp. UV lamps designed for water treatment ge|
jxture containing mercury, which emits light in germicidalwavelengths. Depending on th
voltage applied, as well as the constituents and amounts-of various elements inside {
brent mixture of wavelengths will be generated.

basic disinfection mechanism involves absorptionef'a UV photon by pyrimidine bases (|
mine) where two pyrimidine bases are next to &ach other on the DNA chain. This create
links the two bases together, inhibiting replication. UV light can also damage cell meml
\ and microbial proteins that can trigger repair mechanisms, particularly in viruses.

le wavelengths from 200 nm to 415 nniare germicidal, the specific response of a microbg

dose required to inactivate an(organism so that it cannot be repaired. The specific d
brent when only one wavelength is applied (by LP or LPHO, or amalgam lamps) versus v
felengths are applied (by MP-lamps).

v rate is a critical parameéter that expresses how long the water is in the UV disinfectid
exposed to UV light.\Itiis generally linear with dose. It also impacts the hydraulics and do

systems should/provide real time performance monitoring to document that they are
hin specified" conditions. On spec performance should include the correct dose, floy
nsity asimeasured by a calibrated UV intensity sensor and current water quality (UVT)
recording should be used to assist the grower, in conjunction with pathogen sampling 4
racing any disinfection lapses and determining whether a field can be harvested.

rformance
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UV in agriculture is often used in greenhouses and growing houses for the treatment of the drainage

water for reuse of this water for irrigation. Due to the concern of contamination of the water from the bacteria
or other pathogens, farmers invest in disinfectant systems and UV is used as one of the important components in
disinfecting water and preventing the distribution of diseases to healthy plants.

7.2.

2 UV disinfection system components

A UV disinfection system may include:

©IS

UV source,
disinfection chamber (sometimes called the “reactor”),

ballasts that provide the power that the lamp converts to UV photons (energy),
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sensors that measure the UV light generated by the lamp,

sensors that measure the quality of the incoming water the UV will treat,
lamp protection sleeves,

cleaning/wiping mechanisms,

software that runs the process, and

software that tracks the process and provides verification and documentation.

An externd
control.

The UV dog
of total sus
interact to

7.3 UV Source

7.3.1 Ge

The UV light output depends on the concentration of mercury and theinercury vapor pressure inside

lamps. In1
pounds pe
(one wavel
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ength) germicidal UV light at 253,7 nm. In mediumspressure (MP) UV lamps, a higher v

| flow measurement device or flow assumptions should be used to provide flow data fox g

eachieved and the amount of energy needed for disinfection is impacted by the eoncentra

affect UV transmittance (UVT).

neral

w-pressure (LP) UV lamps, mercury at low vapor pressure [near vacuum; 2 x 105 to 2 x
 square inch (psi)] and moderate temperature [40 ?C}jproduces essentially monochrom

P psi to 200 psi] and higher operating temperature (600 °C to 900 °C) are used to incrg
hcy of collisions between mercury atoms, which produces UV light over a broad specti
hatic) with an overall higher intensity.

ng types of lamps are currently commexéially available for UV disinfection of TWW:
ressure (LP) Lamp

Cury-vapor lamp that operates- at an internal pressure of 0,13 Pa to 1,3 Pa (2 x 10-
4 psi) and electrical input.ef 0,5 watts per centimetre (W/cm). This results in essenti
hromatic light output at 253,7 nm at a lower operating temperature with higher per v
sion efficiencyl1el-

ressure high-output(LPHO) Lamp

pressure méreury-vapor lamp that operates under increased electrical input (1,5 W
W/cm), resulting in a higher UV intensity than low-pressure lamps. It also has esser
hromaticlight output at 253,7 nm. Monochromatic lamps are also affected by influent w
rature:
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An amalgam lamp is low pressure lamp based on an alloy of mercury (bismuth often) that is in
blobs rather than liquid form. It is monochromatic and has a power density that is higher than other
types of LP lamps. The mercury blobs act as a pressure regulator and extend the working life of the
lamp. However, Amalgam lamps run much hotter than traditional LP lamps and are less stable in
hot climates and where the water is not always flowing.

Medium-pressure (MP) Lamp

A mercury vapor lamp that operates at an internal pressure of 1,3 Paand 13 000 Pa (2 psi to 200 psi)
and electrical output of 50 to 300 W/cm. This results in a polychromatic (or broad spectrum) output
of UV light at multiple wavelengths, generally between 200 nm to 400 nm, covering UVA, UVB, UVC
germicidal spectrums. Medium pressure lamps are not affected by influent water temperature.
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Low-pressure lamps are not as effective for secondary TWW with TSS levels above 30 mg/L. The higher
these concentrations, the less UV light penetrates and can be absorbed by the organisms.

Polychromatic Medium-pressure lamps use more energy than low pressure lamps and have a lower
proportional energy conversion, but they generate approximately 15 to 20 times the germicidal
UV intensity of low-pressure lamps and have a smaller overall footprint. Polychromatic Medium
pressure UV photons destroy the proteins that trigger repair mechanisms so that the inactivated
microorganisms cannot repair downstream, overcoming dark and light repair mechanisms that can
play a role particularly in irrigation water exposed to sunlight.

Water temperature affects the start-up and restart times and the UV output of low-pressure UV lamps,
butnot medium pressure UV lamps. Lamp temperature will affect the start-up of MP lamps.

NOTE Some systems also need a cooling process to keep the lamps at their correct operating temperature
and|keep the ballasts and related power devices from overheating.

7.3{2 UV source protector

UV Jamps should be housed in protective lamp sleeves. Any deposits on.the'sleeve can absofb UV light
and compromise efficiency.

Slegves that encase and protect the lamps can be vulnerable to fractures, which can occur fr¢gm internal
strgss and external mechanical forces such as wiper jams, water hammer, resonant vibfation, and
impact by objects within the flowing water.

Slegves should be handled properly when removed [for~'manual cleaning, to avoid fragtures and
conkequent water leakage.

The temperature difference between the hot lamp” and cooler water can cause the lamp to break.
Therefore, lamp sleeves should be thick enougho'decrease their vulnerability to fractures 4nd protect
thellamp. Thick sleeves should be used.

7.41 Disinfection chamber

The following factors should be considered:

— |upstream and downstredm impact of piping on hydraulics in the chamber,
— |lamp configuration impact on hydraulics,

— |short circuiting;

— |dead zoneg;‘and

— |other factors that compromise dose uniformity and need more energy to achieve the required dose.

UV units should be configured within an installation so that the disinfection chamber is entirely filled
with Water, with no air at all inside it.

7.5 Sensors

7.5.1 UV intensity sensors

UV light in a system should be measured by a dedicated sensor. UV lamp intensity is affected by lamp
age and lamp sleeve fouling.
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Optimally each lamp should have a UV intensity sensor to measure actual UV intensity to determine
if the required dose has been achieved in the disinfection chamber. UV intensity sensors should be
calibrated and checked regularly for accuracy.

NOTE Some UV systems use UV intensity sensor data to automatically adjust the power to the lamp and thus
the UV intensity to compensate for lamp age and other factors affecting intensity to produce the correct dosage
based on water quality and flow rate.

UV intensity sensors should comprise the following:

optical components,

a photpdetector,

an amplifier,

its housing, and

an eledtrical connector.

The optical components may include monitoring windows, light pipes, diffusers, apertures, and filt¢rs.

uce
uv
y to

Monitoring windows and light pipes deliver light to the photodetector. Diffusers and apertures red
the amounft of UV light reaching the photodetector, thereby reducing the-sensor degradation that
light causep. Optical filters modify the spectral response such that UV intensity sensor responds onl
a specific set of wavelengths (e.g., 250 nm to 280 nm).

UV intensify sensors may be classified as dry or wet, as follows?

dry sensors monitor UV light through a monitoring wihdow outside the flowing water, and

wet se

hsors measure UV light directly in contact with the water flowing through the unit.

windows and the wetted ends of wet’sensors can foul over time and should be cleaned|in a

nner to lamp sleeves.

Monitoring
similar ma

UV intensity sensors can serve one of two functions:

duty UV intensity sensors: online'senhsors that continuously monitor UV intensity,

reference UV intensity sensors: off-line sensors used to assess the duty UV intensity sensor
performance. A reference-UJV intensity sensor should be calibrated at least once per year at a
qualified facility (e.g., mahufacturer) to confirm that it is calibrated properly[13,

Accurate U
and should|

V intensity ‘sensors should be used to verify adequate UV dose delivery during opera
have aneestablished calibration check regime to assure that the UV intensity sensors alw
in a 20-%tolerance or less. If UV intensity is reported higher than the actual, the system

fion
ays
will

report witﬂl
be instructed to'deliver less energy and may not provide enough energy for correct disinfection.

7.5.2 UV transmittance sensors

UVT (UV transmittance) functions as an index of UV demand. It has a strong effect on the dose delivery
of a UV unit. As UVT decreases, the intensity throughout the unit decreases, which reduces the dose
the unit delivers. UV systems should be sized to deliver the required UV dose under specified UVT
conditions.

Based on the physical and chemical constituents of the influent, the UVT measures the transmittance
of specific wavelengths of UV photons through the water. Germicidal UVT sensors generally measure
between 250 nm and 280 nm, focusing on 253,7 nm.

UVT should be measured as often as needed, as TWW quality fluctuates and changes the amount of UV
light needed to achieve disinfection. Some units have on-line real time UVT measurement where UVT is
part of the UV dose calculation, and, the lamp output changes to maintain appropriate UV dose delivery.

26 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=cda22ec8776b4bda24fb66d76a907ad8

ISO 16075-5:2021(E)

UVT may be measured with a bench-top spectrophotometer or continuously measured by an
or external on-line UVT sensors/analyzers.

integrated

UVT sensors should be calibrated regularly (according to manufacturer's instructions) and compared
to values for the same water from a bench top or alternate spectrometer. Tolerance for UVT error should
be + 2 %. If UVT is reported higher than the actual, the system will be instructed to deliver less energy

and will compromise disinfection.

7.6 Ballasts

gnetic ballasts operate at line frequency which can vary, and only allow step adjustmsg
nsity. Electronic ballasts operate at frequencies higher than line voltage and prov|
confinuous incremental adjustment of lamp intensity.

NOTE UV lamps that are powered by magnetic ballasts tend to have more lamp end-dar
elecftrode sputtering) and have shorter lives compared to lamps powered by eleetronic ballasts due t
frequencies used by electronic ballasts.

7.7 UV validation

UV junit performance should be rated through a UV validatiénrprocess. Dose delivery in a

flow UV disinfection chamber is fairly complex. The path that an organism takes determines
of UV it will be exposed to before leaving the disinfection chamber and will determine in
Sonpe microorganisms travel close to the UV lamps-and experience a higher dose, while

trayel close to the chamber walls can experience alower dose. Some microorganisms mo
dirgctly, while others travel a more circuitous path. The result is that each microorganism c3
unit having received a different UV dose. The more uniform the dose distribution, the more e
unif and the less energy it will consume to.dchieve the required dose.

To ¢
bas
coll

nable proper UV disinfection system’s, a measured and reliable dose rating is required. |
bd on full scale validation testingwith a known challenge organism that has been quan
imated beam dose response testing, using published and accepted protocols.

While UV validation for drinking water disinfection has a number of acceptable protoc
ONORM, EPA), the recommended protocol to establish the reduction equivalent dose (RED
watler was published ir2012[17],

uv
ass
sho
sup
var

validation canbe’performed by an independent 3rd party with expertise in the scieng
ire that the{dese rating will provide reliable treatment and public health safety. UV
1ld consider an operational envelope that describes ranges of flowrate, UV transmittancg

ety.ofconditions.

The

basic components of the reuse validation prnfnr‘n] include me‘ifir‘ prnrpdnrnc for:

equired by

nt of lamp
ide almost

kening (i.e.,
p the higher

Continuous
he amount
activation.
bthers that
e through
n leave the
fficient the

It should be
tified with

Is (DVGW,
) for reuse

e of UV, to
validation
, Electrical

ply voltagé, power input to the lamps and correlates them with the microbiological results under a

challenge microbe preparation,

collimated beam testing,

full scale unit sampling and testing, including water quality matrix,
data analysis,

dose calculation methods,

specific QA/QC limits,

instrument calibration, and
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documentation.

An equation can be developed to fit the validation data and assign the RED, and can take a similar form

to Formula (30):

R =102

where

x A254b x (S/Sg)< x (1/Q)4

is RED (reduction equivalent dose) UV dose units in m]/cm?;

(30)

Q

a, b,
c,d

However, t
QA/QC par]

x=[y(
where

X
i

Full scale
interpolate
lowest UV
MS-2 as the

Variability
are comm
substantia
performan
it is expec
These argy
numbers o

is the Absorbance at 254 nm;
is the measured UV intensity sensor reading;
is the UV intensity at 100 % lamp power;

is the flow;

he standard MS-2 equation, developed specifically for TWW, for reuse, is based on speci
ameters for MS-2 and can be used to assign the RED (14) ‘see Formula (31):

og [i]-0,5464)]/0,0368

is UV dose
is inactivation

hnd scale up parameters and-implementation limits provide that while dose ratings
d, they should not be extrapolated. They should be based on the highest flow tested,
[ tested, sensor criteria,.accuracy, QA/QC quantification and dose response curve limif
e challenge testing orgahism.

in lamp output represents a potentially serious issue for UV system scale up. UV la
nly assumed te be identical, however when measurements of lamp output are conduc
variations drevobserved. These variations can have a substantial effect on the sizing
ce of UV systems, particularly when small numbers of lamps are involved. In larger syste
fed thatJdamp output variability will have a less profound effect on process performa

Flamps are the norm) to full-scale systems. In some cases, computational fluid dynamic (Q

are model coefficients that are obtained by fitting the equation ta:the validation datal1¢l.

—

fied

31)

are
the
s of

mps
ted,
and
ms,
hee.

mentspoint out another level of uncertainty in scaling up from pilot-scale units (where siall

FD)

models ard

has

used to guarantee system pprfnrmqn(‘p where the full range of npm‘nfinnn] parameters

not been validated.

To eliminate concerns regarding scale-up, a spot-check bioassay practice should be conducted, whereby
the actual performance of the full-scale facility is investigated and documented.

The system should be designed for UV dose based on regulatory requirements, type of wastewater
reuse application and the maximum daily flow. The required dose will vary based on pretreatment type
(e.g. porous membrane filtration, microfiltration and or semi-permeable membrane filtration). The
dose achieved should be continuously reported, as well as lamp intensity, UV transmittance, and flow

ratellZ],
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7.8 The effectiveness of a UV disinfection system

Different system configurations (e.g., open channel, closed channel, various lamp orientations, etc.)
define the hydraulic profile and dose distribution. Thus, UV facilities have different scale-up, layout,
and mechanical redundancy requirements, which determine the efficacy of a UV system.

A UV disinfection system's flow should be as uniform as possible, with enough motion and mixing to
maximize exposure to UV. The more uniform the dose distribution the lower the energy demands to
achieve disinfection. An UV unit should be designed to eliminate short-circuiting and/or dead zones,
which could result in a broad dose distribution and thus poor performancel2l.

Thd effectiveness of an installed UV disinfection system generally depends onlI=I:

— |the intensity of the UV light and the wavelength profile compared to the chardcteristics of the
influent and the target organisms,

— |the types and concentration of organisms in the influent and their action speetrum,
— |the amount of time the microorganisms are exposed to UV,

— |the UV source configuration and the hydraulic properties,

— |the dose distribution/uniformity inside the unit,

— |the quality of the influent water in terms of chemical;,characteristics, colour, dissolved solids,
particles and organic content,

— |the UV transmittance of the water compared to the amount of UV light in the disinfection chamber,
and,

— |biofouling and fouling from magnesium, iron,;and calcium.

7.9 Cleaning

Inaflequate cleaning and deposits on~lamp sleeves are the most common challenges to UV system
effdctiveness. Some methods prevent'deposits and some remove them. Ultrasonic cleaning may be used
to prevent lamp deposits. Physieal lamp sleeve cleaning can remove deposits by one of severgl methods:

— |removing the protection components and treating them with chemicals and returning them to their
place;

— |an off-line chernical cleaning where the unit is shut down, drained and flushed with|a cleaning
solution;

— |on-line mechanical cleaning methods with mechanical wipers that physically remove fquling from
the lamp sleeve surface and do not require draining the unit, which can remain on-linel Some just
usé€ the scraping action of the wiper and some work with food-grade chemical solutions.

Cle uiug fr cqUTnTYy shoutde bitc-apr:\,ifit,, assonresystenrs shoutdbecteamredmoreoftenrthan others.
Chemical cleaning should be done with citric acid. Other cleaning agents may include mild vinegar
solutions, sodium hydrosulfite or phosphoric acid. A combination of cleaning agents may be tested
to find the most suitable agent for the TWW characteristics without producing harmful or toxic by-
products.

7.10 Environmental impacts of UV disinfection

While conditions vary under which UV disinfection is used, the risk for negative environmental
consequences is minimal. In general, longer wavelengths are less likely to produce disinfection by-
products (EPA 1997)[18]. Higher doses (over 100 mJ/cm?2) may, in nitrate-rich waters, produce some
nitrites, though usually below the WHO recommended limits. The guideline value for nitrite in
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drinking-water is 3 mg/L as nitrite ion (equivalent to 0,9 mg/I as nitrite-nitrogen)[12l. Discharges of UV
disinfected water to the environment do not pose pollution risks.

7.11 Advantages, disadvantages and technical considerations of UV disinfection method

Advantages, disadvantages, and technical considerations of disinfection methods by UV are listed in
Table 8:

Table 8 — Advantages, disadvantages and technical considerations of UV disinfection

Advantag

v

- - : :
FTechmicat comsiderationsand/or disadvamntages)

Effectilve over a wide pH range, rapidly reacts with
bacterja, viruses, and protozoa and has stronger
germididal properties than chlorination.

Does not provide germicidal or disinfect
residual to inhibit or prevent recontamjnation.

ion

Short feaction time.

UV light inactivates microorganisfns by damag
their nucleic acid and proteins.

Preventing them from _replicating, but sq
damages caused by monochromatic UV can
repaired through photoreactivation and d
repair.

ing

me
be
ark

The trpatment process does not add chemicals to
the wdter.

Require high duality of TWW (appropriate
Transmittanee-UVT)).

uv

No formation of by-products hazardous to health

Power consistency and reliability required.

No ecdlogical damage.

There iS\a'need to safely dispose of used lamps

Methof with low maintenance and easy handling.

Requires computer tracking to verify

8 Remg

8.1 General

Removal of

jval of pathogens by membrane methods

pathogens by membrane is principally performed by filtration of water through membrg

of defined pore diameter which is smallerthan pathogens cell size. Membrane filtration process remc

pathogens
through th
pathogens
barrier” en

8.2 Membrane system

and viruses from water-but does not inactivate them. The concentrate that has not pas
e membrane should be‘safely treated or removed, as it can contain high concentration
Combined application of membrane process with other disinfection processes as “m
ables effective disinfection to achieve the most stringent standards.

nes
ves
sed
s of
hti-

A membrape filtration unit usually consists of screen, membrane modules, tanks, pumps, cleafing
device and auxiliary equipment. MF/UF membranes are made up of polymeric or ceramic mater
which hav¢ a&porous structure.

ials

MF/UF membranes are classified by pore size as shown in Table 9.

Pathogen concentrate effect is produced by the “sieve mechanism" and depends on the size of pores
present in the porous structure and size of the separating substances.

NF/RO membranes are applicable for TDS and Boron removal.
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Table 9 — Membrane types and targeted contaminants [21]

Type of Membrane |TMP, approx- |Contaminants targeted for removal MWCO
Process imate range (kDa)
(MPa)

Microfiltration MF <0,2 0,05 pm to 2,0 pm diameter particle: TSS, >5000
membrane pro- Turbidity, at least 4-log reduction in protozoan
cess oocysts and cysts & bacteria, but not viruses
Ultrafiltration UF 0,2to1 0,008 pm to 0,05 pm: TSS, turbidity, macromol- |5to 5000
membrane pro- ecules, colloids, at least 4 to 6-log reduction in
ces, protozoa and bacteria, and 1 to 6-log reduction

in viruses
Nanpofiltration NF 0,5to3 0,001 pm to 0,02 pm: Pesticides and other 0,1to5
m(inbrane pro- macromolecules (high molecular weight), color,
ce colloids, all pathogen groups and polyvalént cat-

ions. NF has been used in place of RO Wwhen only

softening or partial deminera,lization is needed
Reverse osmo- RO 0,5to7 0,0001 pm to 0,002 pm: used to remove dis- <0,1
sismembrane solved salts and colloidal /dissolved solids,
prqcess including trace organicsj-by means of size exclu-

sion and solution-diffusion
8.3| Pathogen removal by membrane filtration

Meinbrane equipment and system should be designed.and selected according to the ce

redjiction value (LRV) for each class of pathogen. MF systems are effective to remove

ooclysts and cysts, most bacteria (but not all), butifiet viruses, while UF systems are able
t protozoa, bacteria and viruses. The degree of removal for the different pathogens in t}

mof

meinbrane systems is presented in Table 10, Aniex B and Table B.1.

Cryptosporidium oocysts are not inactivated.by chlorination disinfection but can be effective

by membrane filtration.

NF

RO Membrane systems are less/commonly applied for pathogen removal purpose,

Ftified log-
protozoan
to remove
e different

y removed

since their

pathogen log removal rate doesmot significantly exceed those of MF/UF membranes systenis in terms

of LJRV credit.
The

conpbination of other disinfection processes as "multi-barrier".

8.4

Considerations for operation and maintenance

In the use ofmembrane systems, the following items should be taken into consideration:

feedwater characteristics,

advantage of membrane filtration process is the high level of pathogen removal achlieved with

ol s i
lllallasclllcllt Ul CUITICTCIILI AL,

control of membrane fouling,

proper monitoring of the system.

A complete description is given in Annex D.

8.5 Monitoring

Key monitoring items in membrane filtration should be water quality and membrane integrity. The
performance of the membrane and integrity test are described in ISO 20468-1[20] and I1SO 20468-5:2021

[21] in detail.
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In relation

to water quality, there are two aspects that should be controlled and monitored:

a. Quality of the feedwater (input): the first tests of the TWW quality at the entrance of the membranes

are carried out in the pre-design stage. The pretreatment strategy should be determined
accordingly:
During the use of the membrane system, the factors listed in item 1 in Annex D should continue
to be monitored. Unlike a natural source of water, the quality of TWW can vary temporarily or
permanently, especially when wastewater of industrial origin flow to the treatment plant.
The frequency of monitoring for part or all of the parameters should be in accordance with the
variability found during the time.

b. Qualit}y of the product (output): this monitoring should be performed to establish if the) TYWW
treatedl in the membrane process meets the requirements required by the local regulatienyand for
which [the system was designed. The parameters that should be measured are those fequired by
the lodal regulation as indicator microorganisms or some specific pathogen.

8.6 Environmental impacts of membrane systems
Special attention should be paid as concentrate with a high concentration of ¢é6nitaminants is produfed.
The concentrate can be discharged to sewer or evaporated for minimizing the concentrate amdunt
as Zero Llquid Discharge (ZLD) system. Membrane modules/elements-’are composed of diffefent
types of plastic or ceramic materials which are difficult to recycle~Fhe amount of the solid waste
may be calculated based on the lifetime of membrane modules/eleménts. For residual chemicals pnd
neutralizedl wastes generated in cleaning that require industrialiwaste collections, the volume/wejght
of the chemicals will be used for disposal evaluation.

8.7 Advantages, disadvantages and technical considerations of pathogens removal by

membrarje systems disinfection method

The advarltages, disadvantages and technical ‘considerations of membrane removal by filtrafion

systems arje summarized in Table 10.

Table 1p — Advantages, disadvantages and technical considerations of membrane systemp

Advantaggs Technical considerations and/or disadvantages

— Efficiept removal of bacteria and.protozoa. — Partial removal of viruses depending on typ¢ of
the membrane system.

—  Removal of Cryptospogte{@h oocysts — Requires treatment of concentrate and liquid
waste.

— No badterial regrowth.

— No chgmical reaction.

— No by-produet:

— Automjated operation possible.
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