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Introduction

Relevance of wastewater disinfec-
tion

Wastewater disinfection is becom-
ing constantly more important since poor
environmental hygiene directly affects the
health of millions of people globally. Addi-
tionally the water scarcity in many areas
forces to reuse treated wastewater in for
example agricultural irrigation, industrial

uses and as potable water. In all these ap-
plications the hygiene of treated
wastewater is crucial. Finally, also recrea-
tional uses of water resources (swimming,
fishing, fountains etc.) put pressure to en-
sure sufficient water quality.

Typically the wastewater treatment
processes are capable of reducing microbe
amounts up to 98 % without specific disin-
fection processes (table 1).

Table 1

Bacteria removal or destruction by different treatment processes [1]

Process Percent removal [%]

Coarse screens 0-5

Fine screens 10- 20
Grit chambers 10-25
Plain sedimentation 25-75
Chemical precipitation 40 - 80
Trickling filters 90 - 95
Activated sludge 90 - 98

However, due to large initial amount
of microbes present in the effluents this is
not often enough to meet quality require-
ments. The requirements are expressed in
terms of bacterial indicators such as total
coliform bacteria, fecal coliform bacteria,
Escherichia coli or Enterococci. Sometimes
also viruses such as coliphages are used
as indicators of microbial quality.
Coliphages are a group of viruses infecting

E. coli bacteria. They are approximately
same size as pathogenic viruses (such as
polio) and are thought to behave similarly
in wastewater treatment processes thus
being a good indicator. There are two types
of coliphages: male (F*) specific and so-
matic. Male (F*) specific coliphages are
DNA based viruses and they infect only E.
coli with pili. Somatic coliphages are RNA
based viruses and they attach directly to
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the cell wall. Practical difference is that
male (F*) specific coliphages are recom-
mended as enteroviral indicators instead of
somatic coliphages [2,3]. This is because
male (F*) specific coliphages are thought to
only be found in feces [1].

Examples of quality requirement
standards include European parliament di-

rective 2006/7/EC [4] about bathing water
quality and Russian Federation Water
Code 2010 [5] about  sanitary-
epidemiological requirements for the pro-
tection of coastal sea waters from pollution.
Table 2 summarizes these two standards.

Table 2
Comparison of water quality standards in EU and Russia for coastal waters.
Standard Indicator organisms
Intestinal Total coliform E. coli Coliphages
Enterococci bacteria

EU Directive . .

2006/7/EC 185 cfu/200 ml 500 cfu/100ml -

R.F. Water 1000 cfu /

Code 2010 - 100 ml 100 cfu/100 ml 10 pfu/100 mi

Disinfection technologies

Currently, the selection of available
wastewater disinfection methods is large.
Widely used chemical and physical meth-
ods include chlorine (gaseous and hypo-
chlorite salts), chlorine dioxide, ozone and
ultraviolet radiation (UV). In addition there
are also many methods which are being
studied but are not yet commercially avail-
able: for example the use of high energy
gamma rays [6]. Although the disinfection
methods employed currently are generally
successful in reducing the amount of path-
ogens there are some drawbacks. Chlo-
rine, ozone and chlorine dioxide are known
to produce harmful disinfection by-products
(DBPs): for example trihalomethanes [7],
bromates [8] and chlorates [9], respective-
ly. Gaseous chlorine is also associated with
safety risks. UV on the other hand is a safe
technology from DBP and occupational
hazards points of view. However, the disin-
fection efficiency of UV is very dependent
on the water quality: UV transmittance (the

amount of UV light passing through water)
must be high and it is affected by turbidity,
particulate matter and organics (COD and
BOD). Low quality wastewaters also accu-
mulate fouling materials on the sleeve-
water interface in UV systems [10]. These
foulants can be difficult to remove with me-
chanical and chemical cleaning systems. In
addition UV disinfection can be highly en-
ergy intensive.

Peracetic acid (PAA) is relatively
new wastewater disinfection method. How-
ever, PAA has been used as a disinfectant
for a long time in beverage, food, pulp and
paper industries as well as in hospitals.
First studies employing PAA as a
wastewater disinfectant were published in
the 1980s [11 -13]. Since then PAA has
become an accepted alternative to chlorine
compounds, UV or ozone. There are cur-
rently full scale wastewater treatment
plants (WWTPs) implementing PAA as a
disinfectant operating in Finland and Italy.

PAA (chemical formula
CH3sCOOOH) is an organic peroxide with
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high oxidation potential. It is available as a
ready-to-use equilibrium solution containing
also hydrogen peroxide (H20), acetic acid
(CHsCOOH) and water (see equation). As
such, there are no safety hazards related to
the on-site generation of chemical like with
ozone or chlorine dioxide.

CH;COOOH (aq) +
CH3COOH (aq) + H20: (aq)

PAA has been shown to be effective
in disinfecting especially secondary or ter-
tiary wastewaters [14]. US EPA recom-
mends PAA as one method for combined
sewer overflow (CSO) disinfection as well

H.O «

vantage of PAA compared to more tradi-
tional disinfection methods is the lack of
DBP formation [16-18]. Another advantage
is that no re-growth of bacteria typically
takes place after the application of PAA
[19]. This is due to the disinfection mecha-
nism of PAA: release of active oxygen and
subsequent oxidation of metabolites [20].
As a comparison, the disinfection mecha-
nism of UV has been shown to be some-
what reversible since bacteria can partly
repair their damages caused for DNA struc-
ture [21, 22]. Table 3 presents a brief
comparison of PAA, chlorine, chlorine diox-
ide, UV and ozone.

[15].

Perhaps the most

important ad-

Table 3
Comparison of alternative wastewater disinfection methods
Peragetlc Chlorine Ch'OT'”e uv Ozone
acid dioxide
Low Low High High High
Contact Contact tanks | On-site gen- | UV lamps | On-site
Investment costs | tanks eration and cham- | generation
Contact tanks | bers Contact
tanks
Moderate Low Low Moderate Low
Chemical Chemical Electricity Electricity | Electricity
Operational costs | consumpion | consumption | Chemical Cleaning
consumption | and lamp
replace
High High High High High
Toxicity to Re-growth
microorganisms may be
take place
No harmful Significant Formation of | None Formation
Disinfection by- DBPs problem DBPs can of DBPs
product (DBP) detected Chlorinated take place can take
formation organics Chlorates, place
chlorites Bromates
Relatively Serious risks | Toxicity No serious | Toxicity
Safet ) safe with gaseous | Explosive risks
alely aspects | oxidizing chlorine
Corrosive Toxicity
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Practical aspects of peracetic acid
disinfection

PAA disinfection system requires
the following components: chemical stor-
age tanks, dosing pumps, on-line meas-
urements, appropriate automation and a
contact tank. Chemical storage system
should have a ventilation system to allow
release of pressure in case of emergency:
if peroxides decompose as a result of e.g.
catalysis by impurities they liberate oxygen
gas which increases pressure. Dosing can
be done with a regular diaphragm pumps.
Tubing should be acid resistant steel,
PTFE or PVC. PAA chemicals are corro-
sive as concentrated solutions but after
dosing the concentration is diluted so that
no corrosion or pH changes in wastewater
takes place. On-line measurements are
used as a basis of dosing. PAC-Solution
Ltd has developed a disinfection system
(PACSB8) which utilizes flow and reduction-
oxidation potential (ORP) in a novel way to
regulate the chemical dosing constantly to
the actual need. This allows to safe chemi-

cal. Finally, a contact tank is required to
ensure sufficient contact time with
wastewater and chemical. If WWTP has
existing contact tanks for e.g. chlorine dis-
infection they can be used also with PAA.
In addition, a discharge pipe can be used
as a contact tanks as well. In some cases
the time which wastewater spends in a dis-
charge pipe can be 30 - 60 minutes which
is sufficient.

Disinfection efficiency of peracetic
acid

Comparison of peracetic acid and
chlorine

Experimental set-up involved a
bench scale batch reactor in which tertiary
wastewater was treated with PAA. Contact
times were simulated by stopping the disin-
fection reaction with sodium thiosulphate
after specific time. E. coli was used as an
indicator of microbial quality after treat-
ment. Sodium hypochlorite and PAA were
compared and results are shown in Fig. 1.
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Fig. 1 — The comparison of hypochlorite and peracetic acid in disinfecting
tertiary municipal wastewater.

50 WATER: HYGIENE AND ECOLOGY Ne3-4(1), 2013



BOMOA : TUTMEHA N OKOJIOTUA  Ne3-4(1), 2013

As can be seen the disinfection effi-
ciency of PAA and sodium hypochlorite are
almost similar. However, when applying
small doses and contact times PAA reach-
es almost 1 log better E. coli reduction.
Both EU and Russian standards can be
reached already with relatively small doses
and contact times (see Table 2).

Peracetic acid in achieving Russian
hygiene standards.

Figures 2 and 3 show the results for
male (F+) specific coliphages, E. coli and
total coliforms. As can be seen the
coliphage limit (when considering the male
(F+) specific coliphages) can be reached

relatively easily. Similar results were ob-
tained also for bacteria showing that the
limits can be reached. The actual required
dose and contact time are dependent on
the water quality.

It can be concluded that PAA is
suitable disinfectant for both secondary and
tertiary wastewaters. Russian and Europe-
an hygiene limits for coastal areas can be
reached. PAA is also similarly effective
when comparing to chlorine. However, the
actual chemical requirement should be al-
ways determined at each site.
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& WWTP in northern Finland,
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secondary wastewater

IS

o

=

= 100
.

=

a

y =29,332x70:303
A
R?=0,8941
10 "--0-- --ﬁ------- R EDER R D ED  ——————-
A
< R? =0,8016
1 o< o . <
0 50 100 150 200

C *t [mg/1* min]

Figure 2 — Male (F*) specific coliphage virus amount at different C- t values of PAA.
There are results from two WWTPSs in Finland. One is using tertiary filtration
and the other sedimentation as a final unit process.
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Figure 3 — E. coli and TCB results from a Russian WWTP

BbiBOAbI

MepykcycHas kucnota (PAA) obna-
JaeT Takon xe 3dPdEeKTUBHOCTbIO, Kak U
Xnop, npwu obe33apaxmBaHUN CTOYHbIX
BOJ, nocrie BTOPUYHON N TPETUYHOW OYMUCT-

KW.

CTtouHble BoAbl nocne obessapaxu-
BaHna PAA cOOTBETCTBYHT POCCUNCKUM U
€BPOMNENCcCKMM HopmaTuBam Ansi Npubpex-
HbIX BOA.

CpaBHEeHME SKOHOMUYECKMX MOKa-
3atenen (CyMMbl MHBECTULMNOHHBIX U 3KC-
nnyaTaumMoHHbIX 3aTpaT) pasfuyHbIX Me-
TopoB obes3zapaxuBaHmsa Onst OYMCTHbIX
COOpPYXXEHUI pasfM4yHON NpPOoU3BOAUTESb-
HOCTM CBUOETENbCTBYET O , peHTaberibHO-

CTU  MNPUMEHEHUSI MEPYKCYCHON KMUCMOTbI
Mo Mepe yAopOoXKaHWsl 3EeKTPOIHEPTUM.
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WASTEWATER DISINFECTION WITH
PERACETIC ACID:
BACKGROUND INFORMATION
AND EXPERIMENTAL RESULTS

Tero Luukkonen

PAC-Solution Ltd, Pasilankatu 2,
FI-00240 Helsinki, Finland

Nowadays there is a great choice of
methods of waste water treatment. Physi-
cal and chemical methods such as chlorine
(gaseous or hypochlorite), chlorine dioxide,
ozonation and UV disinfection are widely
used. Despite that applying methods are
quite efficient against pathogens, there are
still some disadvantages. Peracetic acid
(PAA) is a quite new method of waste wa-
ter treatment. The article presents the
comparison of the new and current meth-
ods. Carried out in Finland results of inves-
tigations on waste water after tertiary
treatments are shown, comparison of cur-
rently applied sodium hypochlorite dose
and Peracetic acid is presented. Data on
pilot testing at waste water treatment plants
of Russia and Finland which helped to
clarify the efficiency of the treatment pro-
cess with use of RAA as a disinfectant is
presented.

Key words: waste water, disinfec-
tion, disinfectants, peracetic acid

OBE33APAXMBAHME OYULLEHHON
CTOYHOWM BOAbI NEPYKCYCHOM
KMCNOTOMN

Tepo JlyykkaHeH

PAC-Solution Ltd, Pasilankatu 2,
FI-00240 Helsinki, Finland

B HacTosiwee Bpemsi cywiectByeT
fOonbwon BbIGOP pasnMyHbLIX cnocobos
ob6e33apaxnBaHusa CTOMHOM BoAbl. Lnpoko
NCNonb3yTCst PU3MYECKNE U XMMUYECKME
mMeToabl, BKNto4Yas xnop (ra3oobpasHbin
WNn TUNOXIIOPUT), OBYOKUCH XJ10pa, O30HU-
poBaHue 1 ynbTpaduoneToBoe obnyyeHve
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(Y®O). HecmoTpsa Ha TO, YTO MpUMeEHse-
Mble MEeTOAbl AO0CTaTOMHO 3GGEKTMBHDI
NpOTMB MaTOreHOB, BCE OHW MMEIOT HEKO-
Topble HepocTaTku. epykcycHas kucnoTa
(PAA) pocTtaTo4yHO HOBbIM MeToA oGes3a-
paxuBaHusA CTOYHOM BoAbl. B cTtatbe npu-
BOANTCSA CpaBHEHWE HOBOrO MeToda C Cy-
wecrteytowmnmun.  okasaHbl  pesynbTathbl
ucnbiTaHun B PUHNAHANM HA CTOYHOM BoAE

nocne TpeTMHHOVI O4YNCTKMN KN npeacTtaBsieHo

CpaBHeHMne [o3bl NPUMeEHAEeMOro
rMNOXIiopuTa Hatpusi U NEPYKCYCHON
KWUCIOThI. MpuBeneH.i JaHHble no
OMbITHbIM  UCMBITAHUSIM  HA  OYUCTHbIX
coopyxeHusax Poccum n duHNaHaun,
NO3BOMMBLUNE YTOYHUTL IPPEKTUBHOCTL
npouecca obe33apaxmBaHus c
NPUMEHEHNEM PAA B Kayectee

nesvHekTanTa. onyyeHbl 3aBUCUMOCTU
NO KOMWYECTBY KMLUEYHbIX ManodYek wu
o0LWmMX KONMMAOPMHBIX GakTepun, a Takke
(F*) cneumndmyeckux konudgaros npu pas-
FNINYHOM 3HAYEHUN NPOM3BEAEHUS KOHLIEH-
Tpauun PAA Ha BpemMsa ero [OeuncTBus.
O6o6uieHbl pe3ynbTaTtbl  UCMLITAHUA Ha
OYUCTHBIX CTaHuMaXx B PuHnaHaum (Tpe-
TUYHas oumnctka) u B Poccum (BTOpUYHOE

ocaxgeHue).

KnioueBble croBa: CTOYHbIE BOAbI,
obes3sapaxuBaHue, [Oe3uH(eKTaHTbl, ne-
pyKCycHas kucroTa

3HE3APAXXEHHSA OYULLEHOI CTIYHOI
BOOW NMEPOLTOBOIKO KMCJTOTOKO

Tepo JlyykkaHeH
Pac-solution Ltd, Pasilankatu 2,
FI1-00240 Helsinki, Finland

CborogHi icHye Benukuii Bubip pis-
HMX CNocobiB 3HE3apaXXeHHA CTiYHOI BOAM.

LLnpoko BUKOPUCTOBYIOTLCA Ri3UYHI i XiMi-
YHi MeToaM, BKOYatum xnop (rasonopit-
HUI abo rinoxnopuT), ABOOKMC XIOpY, 030-
HyBaHHS i ynbTpadionieTtoBe ONPOMiIHEHHS
(Y®O). Hesaxatoum Ha Te, WO Ui MeToaM
AocnTb emeKTUBHI NPOTU naToreHiB, YCi
BOHM MaloTb Aesiki Hegoniku. [MepouToBa
kucnota (PAA) [ocCuUTb HOBUA METOA 3He-
3apaxeHHs CTiYHOT BoaW. Y cTaTTi NpuBO-
ONTBCA NOPIBHAHHA HOBOro MeTofy 3 iCHY-
toummun. [lokasaHi pesynbTatv BUMNPOOY-
BaHb Yy ®iHNAHAIT Ha CTi4yHin Boai nicns
TPETMHHOIMO OYULLEHHS | MpeacTaBnNeHo
MOPIBHSAHHA O03W TINOXIOPUTY HaTPilo |
nepouToBol Kucrnotn. HasepgeHi padi no
AoCnigHMM  BUMNPOOYBaHHAX Ha OYUCHUX
cnopygax Pocii i ®iHnaHgii, wo 4o3sonuno

YTOYHUTH edeKTUBHICTb  npouecy
3He3apaxeHHs i3 3acTocyBaHHAM PAA B
AKOCTi Ae3NHEKTaHTY. OTpumaHi

3aneXHOCTi LWOoAO  KiMbKOCTi  KULLKOBUX
nanuyok i 3aranbHUX  KOMiOOPMHMUX
bakTepin, a Takox (F*) cneumdivyHmx koni-
doaris Npn pi3HOMY 3Ha4YeHHiI JOBYTKY KOH-
ueHTpaudii PAA Ha yac gil. YsaranbHeHi
pesynbTatu  BUMNpoOyBaHb Ha OYMUCHUX
cTaHuisax y PiHNAHAiT (TPETUHHE OYULLEH-
Hs1) i B Pocii (BTOpUHHE OCaXXeHHs).

Knro4yoBi cnoBa: cTiyHi BOogn, 3He-
3apaXeHHsi, [Oe3unHeKTaHTK, nepouToBa

Kncnota

BnepBble nocTynuna B pegakuuio
07.10.2013 r. PexkomeHngoBaHa K ne4aTtu
Ha 3acedaHun pedakuMOHHOW Komneruu
rnocre peLeH3MpoBaHus.

WATER: HYGIENE AND ECOLOGY

Ne3-4(1), 2013 55



	3-4_final 47
	3-4_final 48
	3-4_final 49
	3-4_final 50
	3-4_final 51
	3-4_final 52
	3-4_final 53
	3-4_final 54
	3-4_final 55

