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Abstract

|t is more important to improve and complete the wastewater process in order to reuse and return it to the

production line. In this study, the hydrogen peroxide/ozone process (Peroxone) was investigated as a
supplementary step in paper mill wastewater treatment to reduce the amount of chemical oxygen demand
and remove E. coli. In this regard, using the Box-Behnken Design method based on the response surface
method to optimize and investigate the effect of three variables governing the ozonation process,
including the amount of hydrogen peroxide consumed (ml), the amount of ozone input (mg/min) and
ozonation time (min) were used. The results showed that the amount of 0zone and hydrogen peroxide had
the greatest effect for reducing COD (up to about 75%). Also, all three variables have played a significant
role in increasing the efficiency of the Peroxone process and even completely eliminating E. coli. In
determining the optimal conditions, the amount of ozone (146 mg/min), the amount of hydrogen peroxide
(2ml) and the duration of ozonation (23 min), the lowest amount of residual COD (73 mg/L) and the
highest efficiency (75% removal of E. coli) are predicted. The results showed that due to the interaction
of ozone and hydrogen peroxide, the peroxone process performance was less efficient than the ozonation
process alone.
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Optimization of the peroxone process for ...

1. Introduction

Ozone directly interacts with micropollutants or
indirectly through the formation of highly
oxidizing hydroxyl radicals, it has the ability to
remove micropollutants and destroy wastewater
microorganisms. Ozone gas and its combination
with hydrogen peroxide!, peroxone, have the
potential to remove persistent organic compounds
in wastewater. H,O, increases the rate of ozone
decomposition in water by producing more highly
reactive hydroxyls, and this process may be more
effective than ozonation itself. As an advanced
oxidation, peroxone process is sensitive to several
factors such as pH, ozone level, H,O, level,
temperature, type of micropollutant and
especially, the omlurrence of side reactions that
can consume hydroxyl.

According to the investigations, there is no
report on the final treatment of papermaking
effluent to reduce and remove COD and E. coli
using the Peroxone process with the BBD test
design method. In this article, the optimal
conditions of the Peroxone process tests to
evaluate the effect of variables (amount of H,O5,
amount of ozone and duration of ozonation) on
the amount of reduction of COD and E. coli in the
papermaking effluent were investigated using the
BBD test design method based on RSM.

2. Materials and method

Ozone is produced by a generator (with high
voltage ionization of pure oxygen) and enters the
ozone reactor on the spot. All experiments have
been performed in a semi-continuous reactor with
a volume of 700 ml. The ozone generator
produces up to 20 grams of ozone per hour. In
each experiment, different volumes of H,O, are
added with the effluent in the reactor, and after
mixing for a few seconds, the ozonation process
is performed with different amounts of ozone and
for different periods of time.

When the ozonation reactor is filled with
wastewater to the volume of 500 ml, ozone gas
enters the reactor in the form of small bubbles
through diffusers. The schematic of the
equipment used for the experiments is shown in
Fig. 1. To check the effect of ozonation process,
determination of remaining COD and
E. coli reduction rate were used as peroxone
efficiency. All experiments were performed at
room temperature.

1 Hydrogen Peroxide (H,0,)
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Fig. 1. Schematic of waste water ozonation

3. Result and discussion
The conditions of experiments designed using the
BBD method and its results are shown in Table 3.
In Fig. 2, the graphs of the 3D response levels
obtained from the results of the response of the
residual COD amount and peroxone efficiency
(E. coli removal) in the effluent after ozonation
are shown. According to Fig. 2, increasing the
amounts of ozonation has had an effect on the
reduction of COD, but with the increase in the
concentration of H,O,, the ozone effectiveness
has decreased. In other words, increasing the ratio
of ozone to H,O; increases COD removal.
According to the results of this research, it
was expected that with the presence of H,O, (low
pH), ozone in molecular form and direct attack,

Table 3. Conditions of experiments designed
using BBD method and related results

Resppnse 1 Re;p.)izlsie 2
B T 0; H20:2 residual removal
(mln) (mg/min) (mI) COD _
(mg/L) efficiency

(%)
1 5 100 2 150 50
2 5 150 6 250 70
3 15 100 6 250 80
4 15 100 6 230 80
5 5 50 6 250 50
6 25 50 6 280 70
7 15 150 10 300 100
8 25 100 10 350 100
9 15 50 2 150 40
10 5 100 10 350 100
11 15 100 6 190 80
12 15 150 2 100 70
13 25 150 6 200 80
14 15 50 10 350 100
15 15 100 6 270 80
16 15 100 6 250 80
17 25 100 2 100 70
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chemical compounds could be broken down,
ultimately reducing the amount of COD in
wastewater. But here, by increasing the amount of
H,0, (decreasing the ratio of ozone to H;0;), the
amount of ozone decomposition has also
increased, and the opposite effect has been
shown, and the oxidizing power of ozone has
decreased.

According to Fig. 2, with the increase of time
in high amounts of ozone or low concentrations
of H;0, (high ratios of ozone to H,0,), a relative
tendency to remove more COD can be seen. It
can be said that the presence of H,O, and the
speed of diffusion reactions in the peroxone
process have hindered the effectiveness of COD
removal in the same duration as the ozonation
process alone.

In most of the similar works, the ozonation
process has been shown to be more effective in
removing contaminants and microorganisms at
high pH. Therefore, in this study, it can be said
that ozone, in the presence of H,O. (acidic
conditions), was effective in  removing
microorganisms and was able to act more
effectively in molecular form with direct and
selective oxidation.

4. Conclusion

In this research, the Peroxone process was
investigated as a supplementary step in the
treatment of paper factory effluent. To find the
main and reciprocal effects of independent
variables (amount of H,0,, amount of ozone
input and duration of ozonization) on the amount
of responses (removal of COD and E. coli), the
experimental design by BBD method based on
RSM was used. The results showed that the
amount of ozone and H,0; had the greatest effect
for reducing COD (up to about 75%). Increasing
the amount of all three variables has played a
significant role in increasing the efficiency of the
Proxone process and even the complete removal
of E. coli.

In determining the optimal conditions by the
design method (BBD), to minimize the remaining
COD and maximize the efficiency of the
ozonation process, the amount of ozone (146
mg/min), the amount of H,O, (2ml) and the
duration (23 min) predicted the lowest amount of
residual COD (73 mg/L), and at the same time,
the highest efficiency (75% removal of E. coli).
Therefore, compared to similar works as well as
our previous research, it can be concluded that the
presence or increase in the amount of H,O; in the
Peroxone process had little effect on COD
removal, a it showed a significant effect for 100%
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E. coli removal (Abdolkarimi-Mahabadi and
Bayat, 2023).
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Fig. 2. 3D response surface diagram for COD and E. coli reduction as a function of a) ozonation duration
and ozone amount (amount of H,O; at central value), b) amount of H,O, and ozonation duration (amount
of ozone in the central value), ¢) amount of ozone and amount of H,O, (ozonation duration in the central
value), d) ozonation duration and ozone amount (amount of H,0, at central value), €) amount of H,O,
and ozonation duration (amount of ozone in the central value), f) amount of ozone and
amount of H,O, (ozonation duration in the central value)

Water and Wastewater oMb 5 of

Vol. 35, No. 1, 2024 VR Jlo ) oyl F0 5558



dx.doi.org/10.22093/wwj.2023.416748.3371

f¥
Fe-OV taxmio ) oyl (FO 090 (DSBS 4 gT
GIHWAEL Ol 4ldai Sl Ogus 9 Nl 8 (SHlwdng
Box-Behnken Design g9 3f ealaiw! b
"Olo et 7 gobTan oy Sase e
Ol ey o505 olKLIS o gond (guige 09,5 ylobinsl -
Abdolkarimi@Tafreshu.ac.ir (Jstus oo g)
Ol e ¢85 olAS o gonid (gutige 09,5 ¢yyolil =¥
QEYNNY 3l VYUY il )
W lo s PIS! 3 Dyge 4 dlio ool 4 £l 5l (ST p
-Box-Behnken Design o ; 3t osthitet & (5 3LwieS Glasy 4uuas (515 o 9asS9 33 Sl sd (53 wdings ) F o ¥ el Ol e (s30T s (o ySlase
https://doi.org/10.22093/wwj.2023.416748.3371 .¢ . —aV «(\ )Y« 5 o
o.,\.ti?_:-
Agld (gt ol 400,00 (0L Caedl gl bad as 13,5 5L g duse salikwl jelikods Cluw dnial wiuld JaoST g dgut0
QST Gl (AL (15t (g 5luwdblS a5 Ol cpiand (JoST s go (lgicds ((ogmS9 ) 031/ 059,42 oSy
Tobw w9y 4L 5 Box-Behnken Design ofyb (yigy 3l cbiwly cpf 33 0ok ow gyt (IS Ly il Bl 5 ot boand jLD 590
(mg/min) (539,9 &33! jlado H202 (B pas poes Jold (35051 313 2 oS uiie dwr 51 (o) 2 9 (65l (512 Gl
U 25140) COD il gl 1, ,.3;13 O ywions H202 9 O3 jladle 31 Wi gealis oo o3l&uw! ot (min) J5005! ol jose 9 O3
liwds G5 E. coli JoS Blo g g fygmSgy Sulsd 21y Liul38] o pakie dw p2 Cpiseed Llaidls (o0 YO 3900
oS YY min 5050 oljase 9 ¥ ml Jolze H202 jlade ) F# mg/min Joleo O3 ladle cding Jaslpnd comard 15 L5141
angi b ol Wi gl ol sy (B, coli g0 yd YO Qds) 15 (0 s loje2 9 VY mE/L ouilewdly COD ,lude
Cowl 83,5 Jos WS (305! alyd 5l s ewS g Al id (H202 § O3 (W3S pd 30 &
ilwdels su.wl.n)T b coluy aias () s 9 p0 15345 slac)ly
Karimi et al., 2022, Shokri et al., 2022, Shokri and doddo —

Abdolkarimi, 2021)

sie b s 2S5 030 o 3l 03 S305 b s S
J=6 5 a5 S slad s ol sz LS 5 (Og) ol
.(Gupta et al., 2019, Kumar et al., .S . 4325 5 =S

G moiyg e Jomily S 0y 15 0l 0l gr rinan 2022)
(Hanetal., 5,5 3, g3luitlS con CMSL wins 6l
2021, Tripathy et al., 2022, He et al., 2016)

Water and Wastewater

Vol. 35, No. 1, 2024

ol s (Suss sles,lutind lil 5 oler Somen Sl 58l
\_)T)\ ).x_zmo.)u.’:_m‘ Lf:".’-‘J_e\ QJL ‘U’»'«Jﬁ_“" UTJ;’_.I.:.: dj_.a.n
S bt snd sl sl s (O Sl ,23L) b
Sl plsean ol Yo s oumme salizal 5 230 5L 52k S
(Karahan o sud aslis oMb 5 T Co e sl el

et al., 2023)

e slaolay 5 e VT wias gl il sla 2,
.(Dawi et al., 2023, Kakaei et al., 2023, <ufoas 5,

y)h.bléj &,JT
Q
Vo Jlo o) o,les FO 055


mailto:Abdolkarimi@Tafreshu.ac.ir
https://doi.org/10.22093/wwj.2023.416748.3371

fo

dx.doi.org/10.22093/wwj.2023.416748.3371

b 5Ll Gluy 40has (gl GguTyy ol b (siluding

33 o sbaiady o3 b g walinl 55 g e 5050 glaas)
L0s S5 5o m 2loiies sy (505 gloan) 5 Shes
0555 Jab S W kb s ST () iz sl 5o ant
(Ekblad et al., ool sas oLl asls sla ;5561 5 HoO;
2019, He et al., 2016, Li et al., 2023, Rekhate and

Srivastava, 2020, Zou et al., 2023, Sevimli, 2005)
JemeS5 00 o Sesl, o JT OS5 350 0 gl 12
Jsan lard s b 28Ty 6o b 5l Joee s (J‘M ssba wl
S5 L Y game OH w5 i w5 0F (o lard (5L
sUV il H0; O3 asle suSu SV Ll ge 51 5

wsle b éhﬁ Lo g s 5 (Fe™ 5 Fe'?) U.;J sSs
2 55sn om0l 631 5 (st B S e e gl
.(Covinich et al., 2014)
Gics Jeeily 10 5Ss 5 5 H202 L o S5 505 58
(Ribeiro et al., 2023)s,ls |, bolay 55 ol JT bS5

el 50 Jlod 5 534 00 gmaS 5 53 O el tonnST il e
2058 i HoO2 3 b 5105 o S5, G LS
SalS S e e O3l K ol gea S H02 VL clale
(Liu_et al., 2015, 555 o Jo>03 553 53 =5 )
Hubner et al., 2015, Oturan and Aaron, 2014)

Ed LOH® 405 a5 ez 5 16 5 sbay 8l 50 H200
53 el gbasany VI Eals Sz sy () dolas) w8
a5 233U (Fischbacher et al., 2013) aas 2s1;811,03
OH* Jss r:—’) Sl o33 00 50> 53 JouSga JIG01,
0 3l e (IS5 sbe S (a0 03 Use G sl gl 5
(s asle) ST 55 Jslone JTsle 5,801 51 26 (51321 L O
.(Wang et al., 2018) <..|

*2H,0, + 205 - H,0 + 305 + HO3 + OH (")

S gl S5 Sl iy sl w5 L HR0,

3 s e il T s 1503 4525 Sk e (OH®) Ly 281
aul bl e s S5050 5 anl bl S5 el (Sea
Joolse 0 b iy O gelacaSl anl 3 SO Ol e 0555
UK g5 s H202 ol 50 O3 ol PH sl (g3s2s

Water and Wastewater

Vol. 35, No. 1, 2024

oalial 5 (655 a5 slainy 5o Crio 2 S ol |

b 58 esledsl Cato 5 Eals a jamie oled sl e
NG INE W SIS N S N USRIy v
oot slo szl sl bt lasl (g m S bl 55 ol
(Heetal., 2016, Hubbe et al., s s 55050 4l
2016, Ekblad et al., 2019, De Azevedo et al., 2019,

Kesalkar et al., 2012)

sp2gdm g lis,gl CewsaPCOD #BOD . 5 S
RAE 3l S gl o Ol pasamy OS5

55 o=l A whad gl LS sl plasil 5 ol e 2l
.(Covinich et al., 2014, Gomes et al., 2013, <l oLy

Gupta et al., 2015, Sevimli, 2005)
U035 jsae Wbl o ol s ¢ snlanSt sla g, 5L

i 53 (O3 (g gewlinS] 5 (H202) 0 gsae a8l
el s sslizad SV slge 51 s cib Juli s ol ooy
3 e Lo Solay wihal ¢l 05855 5 03 slaunl 8
Gl S S 5 0, B gl ool LIS gleisls
e (§ 7 033k O gaS g a2l 3 aiz o cilazils COD B~
i (gl s 4 sl Lt o, en 5 S .l el Lis Og 4
AeisSs 5 4015 (COD Bl (5ludels o axly Oliy
a8 iy
5 805 B 555 e g s (Ko et al., 2009)
A S 0 samlish 2 Shy ol 3 HaO2 555 5 45 5l Lis COD

{(Sevimli, 2005) s 34 s COD (sa 3 £F Coi> sl 5 sl

Sl e il 5L 405 3l eslax

Gk 3l it b b Uy it 22815 6y b 5103
(OH3) 5l saiSucecSl Sl oS5 500 sl S5

95 e 35 bea VT 5, i > LSl 5 (OH®)

(Altmann et al., 2014, 5,1, Lol (5Lmr_w,;l§)\b§:ﬁ

Demir and Atguden, 2016, Deshpande et al., 2020,
Irshad et al., 2022, Wei et al., 2017)

3103 VL pbist od b 2 e Jls o

1 Total Suspended Solid (TSS)
2 Biochemical Oxygen Demand (BOD)
3 Chemical Oxygen Demand (COD)

oMo 5 of O
VEF Dl ) oyled ¥ ops



dx.doi.org/10.22093/ww;j.2023.416748.3371

Ol wexl g goblae oy Shase iie

A ey RSM

Lo,y 95lse-Y
HACH 8,5 &3 Lu COD o ol&s 31 a5 ol 0o
LT Lonibond ¢S -5 csLLE. coli iow oS 1Sl
5380 ohlag sl oS s colu (Yegrrhr) sl sl o&aws
S eslanal ol gl csle ws s YO ekl LHO, fines

4 Do A ) A g o 5515 S s Lot lesT olas
e ol 0 e ml Dl o b (Dl & Cod 2 506 5 Os
OLmMin s 5 YU o sds U o5t shaslinad b W g0 o8
2S5, Sud s Y smgimin s 5 &4 L1,0s
Sl L H202 5l ke glaonr s 2T o s s 505
sl gl as bost 5l g g as wlsl [, oSl 0 )s
oS rl.za\ Sslize bl sne 53 903 calisa Jlada b 55005
o sleols O pot Sl a2y 3 b 5105 58
Ln slas 53 gl i gai 5 bl sT wan a5 581,505
sbatalosT ol gl a; S Sl Siled o oLl
sty 3T 5 flail 5l ey el sal Y (5 s 5051
(Wei et s Juslew! 5L COD Slade 5oui gl pts ges 650,
(2 sare oS LE. coli oyl 50 5al., 2023, He et al., 2016)

(He et al., 2016, Covinich et L3 ¢la inys b alin

Sl 3o iy oml s LatalesT Ly Gsaial, 2014)
2 o Slasiie b) 43 4 @ 5ledelS 6l S (s4d i)
O G55t keSS o n Olsis s 5S4l 3 6 () s

2 5d Siales!

R H
Sl 3t ol Jlos 5 L oot (b sl
s sl BBD CNL CLM 59,3 VY 455 Design Expert
8l st (LT (Lo sSS 5GilasT ol i o
(Uialasl g shass ool L) Lol b g 5lmacer 5 ol

4 Methodology Response Surface (RSM)

Water and Wastewater

Vol. 35, No. 1, 2024

.(Ribeiro et al., 2023) el ol caiS

sl (g 4_<4,.9J_.~..“; QH\W\L;L»L;.AJ};J:
sAS 6\o)u‘ E C0|i d:}.} 4 R n.bu.’.‘...»\ (5)L...\J$KS 6\.&7\_)%
.(Balabani¢ et al., 2012, Catalkaya and Kargi, 2007, <.

sl g3lwisls s Ol wias Mounteer et al., 2007)
CYSEREVI PO tED P T RSO SN WO PO
UV (H202/Fe*2) 55 Ho0p sloasl b Jols ass iy
&) 0 3S55 O3 (UVIH02/FE™2) (423 5 45 UVIH,0,
s i BB T o3l o) IS T 80K, Gl
S ao s Sl § Sy a4l plis s 5 sad
il 10,390 5 ¥V AN 550 3 3 54 AOX s TOC (K5,

.(Catalkaya and Kargi, 2007) <!
S oad o050 b (5ludelS Clug adad ¢l ol 5 bes

Osen 4 Wl i o 3 5 1, AOX 5 K5y 2ol H207 ¢33 533)
et sl 2025 TOC 5 COD alS Esly g 5
Culos g O3S0 5l A Os g pdmeu A5 S
Sl b iy ¢ swlinSt 55 (Salokannel et al., 2007)
an b e s o I 5 ol cdl S s LS

ol ae 3 PA G olg s ndica 59 Can 500585
U H0, i i 58 4y s O3 ylacie 2l 380 5 usls
LS COD 2alS (g pin 55 S S 2 e 2 S5
.(Mounteer et al., 2007 ) et sals lis Ky 5 S Bl

P b b el Ol wias iy, o a5 s
.(Salokannel et al., s,ls Koo ol slo 2l 4 g5b 5
2007)

al b ot lasl g byl 5 a5 ol 5o cnl b

503 slaie Ho0p Jluie) Ln poize 3L bl (sl 0355
s s3E. coli COD ialS oyl e = (3050 Olosose
4 »"BBD (lail (b b5 6 ~S55e L gsleisls

1 Total Organic Carbon (TOC)
2 Adsorbable Organic Halids (AOX)
3 Box-Behnken Design (BBD)

\
VEF b ) oles FOoyps

\td



fy

dx.doi.org/10.22093/wwj.2023.416748.3371

by G5Bl lay b (6l 9Ty 9l g5luait

sad ols (Balabani€ et al., 2012) slaj 4l > 5 2007)

O3 laciie L iabo3T Lol 8 i a5 U ity cpl s e
.(Van Leeuwen, 2015).é 45 5 k5 53 (Mg/min) &, o
3 BBD Ui)) )\ sl l_J bl L’;‘"J‘L’ C;ud’..:lﬁj], LJ\J.&

ol s a3 o W PRV QT@L;;
3Ll COD i s Jols ey 55 (51 (05055.2) Lotsle 5
saal 35Sy 2lolS olse L E. coli [2alS o s ol

2 e n Vsl G 0 5uS5 anl 3 S e

E = (Co — Co)/Co X 100 (Y)

ol s &S
w‘.@a )‘J_&o E. coli 4.;.]}‘ J\qu owbouﬁ oS S E }Co, Ce
O3S 3 sl b 21,8 5 (CFUIL) s » E. coli

.Ca.u\ S22

Sy oY

COD s Al 3585 5 Xl 3 G-V -

1 il (sl eiza 5 omm otn (sl 2 il Jobos s
332y COD (5o [2alS 1 5855 w13 530 s
4S a3 or GLEANOVA s ol s ssls oLt ¥ o
by sl i 2SS et e e Ji—s
Gebe b ite el 5 sael Sy Jue 5 (P-value=0.0005)
Ol =ae (P-value<0.05) weo ;540 ol os game Lsui
Toad Bt pad e 6l ) 4 SO e s
Al = CIAAT) Toas oy e a2 5 (4140 YY)
LS b lotie cppimed a0l SV e Jie e
Sl s 255 (V0 /¥) Jlaie LOO ot s 5 (VY/YA)
by it ey Jhaie s e LS La bl Cos
s 5l st sl s ¥ ISE s gadly e s
L rmlio U5l (ool (oo se oo S s oo 0L s 500

1 Analysis of Variance (ANOVA)
2 Adjusted R?

3 Predicted R?

4 Adequate Precision

5 Coefficient of Variation

Water and Wastewater

Vol. 35, No. 1, 2024

03 - 3
O Fd
2
ﬂ Ozone
Generator
H

Ozone Reactor
Fig. 1. Schematic of waste water ozonation
Sl o5 anl b Soles - S8

bl 55 leielS sl Gl Slaria - Jous

Table 1. Waste water specifications of paper industry

E. coli
COD (mg/L) pH (CFEJO/II_)
400 6 5x10°

.(Takashina et al., 2018, Shamskilani et al., 2023) ..l
s 3 sl sinn 5l oiie el et bt bl s
s Lad cp s Eomn 50 e ol 18 s
(Ekblad et al., 2019, Hubbe et al., 2016, i slo jin g3,
i Floade sla2ylesl oLt ; Demir and Atguden, 2016)

Clay 53 Ho02 lie s aseia il o5 0mmn 5 ol slauiie

H(min) =505 pleyoas 5 (Mg/min) gs5,503 Jlads (ml)

st aals 2 les Y sur 3 plaS e bt bl sla iz
!

Ho0z2 4 O3 (5o ald Cod vailin sla g3y (om0

s (Mounteer et al., 2007 ) ¢l sus a8 8 b ;5 ¥ Jslas

ez St 5 e Ly S0l O3 lade K05 5l g0 oo
(Mounteer et al., 2007, Catalkaya and Kargi, ok a>ty

Gl m sla ke 3 5 e =Y Uz
Table 2. Level and type of tested variables

Level and limits

Variables

Level 1 Level 2 Level 3
t (min) 5 15 25
H20, (ml) 2 6 10
O3
(mg/min) 50 100 150

oMo 5 of O
VEeE Jlo ) sled ¥O o5



dx.doi.org/10.22093/ww;j.2023.416748.3371

Ol desl g goblae oo Slase ptin

by ST s 5BBD 55, 5l salinal Lsas > b ot byl Y Jur
Table 3. Test conditions designed using the BBD method and related laboratory results
RuUN t (min) Os H202 Response 1 residual E%%slfggf]%sal
(mg/min) (ml) COD (mg/L) e cy (%)
1 5 100 2 150 50
2 5 150 6 250 70
3 15 100 6 250 80
4 15 100 6 230 80
5 5 50 6 250 50
6 25 50 6 280 70
7 15 150 10 300 100
8 25 100 10 350 100
9 15 50 2 150 40
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1 15 100 6 190 80
12 15 150 2 100 70
13 25 150 6 200 80
14 15 50 10 350 100
15 15 100 6 270 80
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17 25 100 2 100 70
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Table 4. ANOVA results for predicting COD value with peroxone process
Source Sum of squares df Mean square F-value P-value
Model 98033.24 9 10892.58 18.35 0.0005 Significant
A-time 612.50 1 612.50 1.03 0.3435
B- O3 4050.00 1 4050.00 6.82 0.0348
C- H,0, 90312.50 1 90312.50 152.15 < 0.0001
AB 1600.00 1 1600.00 2.70 0.1446
AC 625.00 1 625.00 1.05 0.3390
BC 0.0000 1 0.0000 0.0000 1.0000
A2 400.26 1 400.26 0.6743 0.4386
B2 31.84 1 31.84 0.0536 0.8235
C? 442.37 1 442.37 0.7453 0.4166
Residual 4155.00 7 593.57
Lack of fit 475.00 3 158.33 0.1721 0.9100 Not significant
Pure error 3680.00 4 920.00
Core total 1.022E+05 16
a) b)
§
] ;
'; !‘I
i 3
2
£
Fig. 3. 3D response surface diagram for COD reduction as a function of a) ozonation duration and ozone amount
(amount of hydrogen peroxide at central value), b) amount of hydrogen peroxide and ozonation duration
(amount of ozone in the central value) and c) amount of ozone and amount of hydrogen peroxide
(ozonation duration in the central value)
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Table 5. ANOVA results for predicting the efficiency of the peroxone process (reducing the amount of E. coli)

Sum of

Source df Mean square F-value P-value
squares
Model 5163.24 9 573.69 160.63 <0.0001 Significant
A-time 312.50 1 312.50 87.50 < 0.0001
B- O3 450.00 1 450.00 126.00 < 0.0001
C- H20, 3612.50 1 3612.50 1011.50 < 0.0001
AB 25.00 1 25.00 7.00 0.0331
AC 100.00 1 100.00 28.00 0.0011
BC 225.00 1 225.00 63.00 < 0.0001
A2 105.26 1 105.26 29.47 0.0010
B2 236.84 1 236.84 66.32 <0.0001
c? 105.26 1 105.26 29.47 0.0010
Residual 25.00 7 3.57
Lack of fit 25.00 3 8.33
Pure error 0.0000 4 0.0000
Core total 5188.24 16
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