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Evaluation of Applicability and Economical Efficiency of Peroxone
Process for Removal of Micropollutants in Drinking Water Treatment

Hee—Jong Son*, Sang—Goo Kim, Hoon—=Sik Yeom, Jin—Taek Choi
Water Quality Institute, Busan Water Authority, Kimhae 621-813, Korea

Abstract

We compared the applicability and economical efficiency of peroxone process with those of ozone process in the existing
water treatment plant on downstream of Nakdong River. After comparing the peroxone process for removing geosmin with the
ozone process in lab scale test, peroxone process showed much higher removal efficiency than the ozone process at the same
ozone dosage. Proper range of H,O,/Os ratio were 0.5~1.0 and the half-life of geosmin was about 5.5~6.8 min when the
H>0,/05 ratio was set to 0.5 during 1~2 mg/L of ozone dosage. Peroxone process could reduce the ozone dosage about 50 to
maximum 30% for the same geosmin removal efficiency compared to the ozone process in the pilot scale test. In case of
1,4-dioxane treatment, peroxone process could have 3~4 times higher efficiency than ozone process at the same ozone dosage.
The results of estimating the economical efficiency of ozone and peroxone process for treating geosmin and 1,4-dioxane by
using pilot scale test, in case of the removal target was set to 85% for these two materials, the cost of peroxane process could
be reduced about 1.5 times compared to ozone process, and in the same production cost peroxone process could have 2~3
times higher removal efficiency than ozone process. The removal efficiency by peroxone process showed a large difference
depending on the physicochemical characteristics of target materials and raw water, therefore detailed examination should be
carried out before appling peroxone process.
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< Eo, FAAIA
WiH A Foeds 502 daut &5 o]8alA
ojefgt 2EES R o7 AS} A|ASL ol A
7} cKEsplugas -5, 2007; Klavarioti 5, 2009). A5}
£g FAS 918 Aok Qo] Fle ejgta
B} e 2ERARS BctelA A4
sfeher 2E]le] Few WEAHolc,

2| Y5Adol A= 1,4-dioxane T} 242 ZH2 ¢
Atz Qls] 1% AFSkgA(advanced oxidation
process, AOP)2] &S FXI5l= B&717} 2A =L
UKSon , 2006a). &7l FIAIRE = A%
O] A e ST 3AS 2= e A &
A& stk Q7] witoll L&A AAZE 41
AOPE A Zof 9lat, 714 #-8o] go]gk AOPE
peroxone (03/H,0,) 3740 =11 Qlti(Stachelin
2} Hoigné, 1982).

Peroxone 3742 1970 dthe] sl 2572l
A8 ZHL 9J510] ATEY] AR50 vi(Nakayama
5 1979), 1980t R El= FrA ] 88 53 &
Hog AE]7] A&Fstod(Brunet 5, 1984; Duguet
5 1985; Glaze 5, 1987), GA] “rA]2]of|A] &AIA]
=H geosmini} 2-MIB -2 o]3E4, 2H7 okt
trihalomethane (THMs)3} -2 g4 AEHAMNEE9]
AReE AA B o= =9jo] Eir(Ferguson 5, 1990;
Roche 5, 1994). 3L X5k o] $-7-% trichloro-
ethylene (TCE)%} perchloroethylene (PCE)3} -2 &
27 f71eRtEEAEe] A AlA 8ERE ERlo] &
ATHGlaze2} Gang, 1988; Aicta 5, 1983).

Peroxone 5782 73t Algtelg 7kl OH izt
O] e festol 4leh AES wole 39 C= OH
2 A (electrophiles)©] 7] wize] 7] <]
HE 7155 viAEd o R ufe W= dhgLit)
759 7] L9=47 OH Sz $5ollA vk
sto] S APEES Aok S A== OH
o Z=e ohA] Wgste] B3 oA R 2F &
8[| =l tiMarhaba®} Bengraine, 2003).

2 Aol A= 3Rl o]Fw] &<l geosmin}
e =22 gHA Qe 1.4-dioxaneo] 3|
ozone 57 % peroxone F7FolA 2] AT HE HlWE

E3}o] A4 2|04 9] peroxone FA] H8A U

AAAE H7}5}31AF lab scale 3 pilot scale]
peroxone A¥-S 35140t} Lab scale A oA =
A% e/ IRl =9 A ) oo whE Wk
S 7Bt TS Pilot scale AES F510]
lab scale AF oA AAE &/ aHibslpa 48]
A19] geosmini} 1,4-dioxane®] Tk A ATE S
7 peroxone 374 ol whE A B7HE 9
sto] FAle] 3749 as P A2 e7ke] E3
= BASIAIA} STk

>.
X ok

2. M=z 3 Uy

2.1 & M=

H A0 41 99% oAk2] geosmin} 1,4-dioxane &
&= 2)(Sigma-aldrich, USA)& Ag5}o] F<s Rafjoxt
Aol Flsto] A s & ZASE ¥ lab scalext
pilot scale 2 L] peroxone &2 A5k

Lab scale 9] A9 Gamejoint Helg
AY4=51o] geosminS 500 ng/Lo] L2 £ A5t
T 3E4] lab scale LEHF20) FQlsto] AHEG
204, pilot scale 482|791 T mefojz} 22l
7h 3o FExe olfHe Hjwel| geosminit
1,4-dioxaneS EQlsly] T oE HE2XZ 9QE=
geosmin®} 1,4-dioxane 2] &=} 22} 372 ng/L2} 30
ug/L7} FIEE slo] 1§tk Table 104 A1
ARG pilot-plante] 4 wefelzt Helne] S
Lk gic

Table 1. Characteristics of rapid sand-filtered water samples
used in this study

Item Sand Filtered Water
DOC (mg/L) 1.55~1.63
UV-254 (em™) 0.0191~0.0197
Temp. (0) 18~21
Turbidity (NTU) 0.12~0.15
Alkalinity (mg/L CaCOs) 32~36
pH - 7.1~7.4

22, 43 4Y

2.2.1. Lab scale 2! Pilot scale Peroxone A
Alglo]| AREHE lab scaled} pilot scale LEFHEZ
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9] BAIEE Fig. 19 YEFJQIL] Lab scale L&
2= 10 L 879 ofmd AR A ETE P & 2
Z3} A A E A45F 0 7 FFF= semi-batch
Alo|t}, JFH2= 217 10 cm, 0] 150 cmo]w, s}
ol ¥% diffuserE HA5to] Y= LIS A4
o2 gaAH 9 WgA)= OZAT” CFS-1A
(Ozonia, Switzerland)& o]835}9 o, & Es
=5 =243l 98t 2& HYFE(PCI Ozone &
Control System Inc., USA)E AX|5l3tt HEZX2
99l A ake | Uiminost AR5 21519
o, IBlpaes AFHIE 0]85te] 5 mL/min
faon FeEwE MASAL, APadel] Het
Taskes Golo] T 2USKITE 9X/THISH
e FEAIRE 20802 s}l Anisielck
Pilot scale 2 EHZ2= 1 24 100 m® %2]&
Folr, 3tto = Aol A glom, AHE Q1
2 Aolek HIJARES 2080w, @& Ame
count current HHA] © & HZ3|== A|2kE]QIc) Geosmn
I} 1,4-dioxane %! T}ARS}RA O] F2912 < Ko

I} A gt o HEXE o]fE =it A &

dstalon, £el 5 29o] §o|sH=S in-line mixer
E AAsgith oF YA OZAT” CFS-1A
(Ozonia, Switzerland)E o|-&3}g o, & B9

£ =437 Y5t o2& HYE(PCI Ozone &
Control System Inc., USA)E A x| 5}t

A0 AGE Mg e F o ReE
2 A 7517] 918l Na:S,05 (Junsei Chemical, Japan)S
20 mg/L o]5}e] Fev} B s FQsHl om, ERk X
Sh= IPABIEA 0] BAJL HER|E}7] 25l 0.5% catalase
(79% protein, Sigma-Aldrich, USA)E A|& 1 Lo 0.5
mLE sl TMIskeAe] BHL WIS
(Suh2} Mohseni, 2004).

2.2.2, Geosmin 2 1 4-dioxane 24

Geosmin 418 polydimethylsiloxane (PDMS)©]
FEEo] Q)= i’_‘,ﬂ_}‘:—',PEH(TWisterTM, Gerstel, Germany)
of| geosming F2HAA oA Eefdhs Rkl
S22 W (stir bar sorptive extraction, SBSE)2 A
e Wos ARgEle] GC/MSD (6890N, Agilent,
USA/5973N, Agilent, USA)& E A5}t Leeo}
Gang, 2009). 1,4-dioxane 42 purge & trap 5=
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(a) Lab scale ozone contactor

(b) Pilot scale ozone contactor

Fig. 1. Schematic diagram and photograph of lab- and pilot-scale contactors.



908 E3% - YT

Table 2. Analytical conditions of the GC/MSD

Geosmin

1,4-dioxane

GC
- Column
HP-5MS, 30 m (L)x0.25 mm (ID)x0.25 ym (film thickness)
- Oven Temperature
Initial Temp. 50 C, Hold 1.6 min, 1st rate: 20C to 100C,
2nd rate: 10°C to 140°C, 3rd rate: 5C to 160 C

GC
- Column

DB-624, 60 m (L)x0.32 mm (ID)x1.8 ym (film thickness)
- Oven Temperature

Initial Temp. 40C, Hold 5 min,

Ist rate: 10°C to 230 C, Hold 5 min

MSD
- SIM mode
- Selected ion: 111, 112, 125

MSD
- SIM mode
- Selected ion: 58, 64, 88, 96

A2 71 F2FE GC/MSD (6890N, Agilent, USA/5973N,
Agilent, USA)E 0]-85}%t(Son 5, 2006b). Table 29]|
geosmin} 1,4-dioxane 42 9J3f A8 GC/MSD2]
A0S UER Sl

3. Zut & nH

3.1. Lab scaleOlMQ| 2Z/utitaleA FeH| MH

a5 Zefjoi Ao 1942 500 ng/Lo
FEg 59Uk geosminof thof] &} wpAFSbpA: =
Pseol tE AAEA 2APETE Fig. 30 Y
At} Fig. 304e} o] e Thgggolx 0.5
mg/L A geosmin A|7E&0] 14% Hre= Lelyt
o, 9F Eolkyl 12,5 9 10 mg/LE 2713k
= geosmin A|AE E3F 212 27%, 31%, 44% 2 48%
HER et Qe Haol o) AAE
W Hof 02 FEEE AAETOR B 1) 25
mg/LE 215HA] gk=t} webA 5 mg/L 2 10 mg/L
of 2:e Wiro] o FATE A A4l
28517 o & AFtolAl= TA| geosmino]| T
et AAE W AAE B7HE S8l 10 mg/Lo] Al
& BT AEE askelch

T3, &3 A I ISkraE FIRE peroxone
349 45 o FUEE 0.5 mg/LY uf yASk
2 EAETE02~1.0 mg/LE HIA|AH FYUF9S
79, geosmin A AEL 67%~77% A= AAES
el Qich 22 B9l =71 1.0 mg/L U 2.0 mg/L
o] wf TSI A EQIE S 0.2~1.0 mg/LE ¥}
AA F=A8HE 78-F- geosmin AIAE-2 69% ~89%

Ao A S-S Hep o, B3] s F
AEr/2% EQW-%7}0.5 (mg/L)/1.0 (mg/L)Y uj
2} 1.0 (mg/L)/2.0 (mg/L)Y 2] geosmin A|AE-0]
717} 88.7%2} 89.3% = Z{th A|AES Hof ISk
2/ QE FQJuE0] 0.5 Ho A Zof AAES Ut
Wigieh =3 @F Fols=rES mg/L ool A= it
AR/ 0 B 1 oA 99%~100%2)
A2 ko] Ze) A7 82 BT

500
—@— O, only

—— O;+H,0, 0.1 mg/L
—a— O,+H,0, 0.5 mg/L
—@— O,+H,0, 1.0 mg/L
—O— 0,+H,0, 5.0 mg/L

Geosmin concentration (ng/L)

0 2 4 6 8 10

Ozone dosage (mg/L)

Fig. 2. Influence of ozone and hydrogen peroxide concentration
on geosmin oxidation by lab scale ozone and peroxone
process.

Fig. 20]) UPeh chopet 0. 2ah mhakslsd: £ol
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913 A1 (1) o185to] geosmine] Tl 2.2 F4s
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% 0.5~2.0 mg/Lof|A] 9] @E3} IpAkshaas Q)&
(H20,/05)0]| w2 7}7+2] ¥hg- &&= k& Fig. 30|
e Slt}. 3t 22Fe] whg-27do] wE geosmin
9] 50% AAAR] RE7 (L) E A Q)= IS
], Table 3¢ & BEQxE g TASKEA 9
Lol thgt geosmin®] ¥EF7|E YERH QL. Fig. 30
A B 4 Qo] o S eE] IS
o] FJH|E0] F7FE Wk e k7 54 9]
S7Fhe AL o 4= 9o, e} IARSREA9 1
Eo] TAFSRA9) © 2 HIE(H0,/05) 2] -1 o]
ol A= HkS S (k) 9] ml s F7h= /Al

C/Co=exp(-k * t) (1)
tiz = 0.693 /k (2)
016 T—m—T——T——T—T—T—T—
)
0.12 -
[ o N - |
§=
g o008/ ' o
x
0.04 O 0,0.5mg/L (*=0.977) -
O 0,1.0 mg/L (r*=0.953)
® 0,2.0 mg/L (r*=0.958) i
0.00 L 1 L 1 L 1 L 1
0 2 4 6 8 10

H,0,/0, (mg/mg)

Fig. 3. Geosmin removal rate constants (k) as a function of
various hydrogen peroxide/ozone ratios.

9% U H(0.5~2 mg/L) 2 IASREA F9
552(0~5 mg/L)o]| Tt geosmin©| A| A == HHt7]
(tin)E Table 3o UEFHGIEE @& 0.5~10 mg/L=
FUBFHE 75 geosmin®] HH7}7]4= 86.8~15.6 min
O yehd vhd .F o} Itelea BolEe
7} 7K845 geosmin®] WY 43| Fojis

A& 4 4 9on, 2&0 2 mg/L F£]5}Ho] geosmin

S ARsAZ] A-ETE 0 2
mg/LE 7 TS 497 it 7F 38.9 8 0f| 4] 5.5
Eo2 7.1 Y= TAEE AR LT

Table 3. ti» values of geosmin for various experimental

conditions
O3 H>0, dosage (mg/L)
dosage 10.0
(mg/L) 0 0.5 1.0 5.0 mg/L

0.5 86.8min 12.0min 9.8 min 88 min 9.5 min
1.0 433min 6.8min 73 min 6.5min 6.7 min
20 369min 64min 55min 49min 4.6 min
50 195min 44min 40min 3.6min 3.1 min
100 156min 35min 32min 29 min 2.5 min

3.2. Pilot scale0llA{2| peroxone 2X°| ZXIM TI}

57 9rE HPAEBHE pilotplantS 0]§5
o] 4ol Al peroxone 542 A& U FAIE
B71el7] Slel Thakst 0% W e EE

.{

Z& Fig. 49} Fig. 5of| UefiSlty. 2&
geosmin®] 27| =5 372 ng/LE 5}
TEHR(1~7.5 mg/l) IASerA/ 2 2& BEQHIE 052
aste] AR AakE Uehd Fig 45 2 &t
E915t 74 9-0f geosming 20% A A5}7| A= 5
22 HEAZF20E 50 222 0.5 mg/LY 52
Edsfjortt 310, 50% L 85% A|AE Y= 1.5
mg/L 4 6.4 mg/Le] L& 2ZE& EQlsfort 71
sioh Wi IRy 0 FYHIE 052 g
peroxone 349 H9= ZF7F 0.2 mg/L, 0.65 mg/L
19 mg/lLe T2 &2 FAT 733 20%, 50%
9 85%9] geosmin o] A| A7} 7Fe3t A o & UEpyith
3l 50 =E FAO|A 1,4-dioxanel] 7] =5
30 ng/LZE sto] 229 1~3 mg/Le =2 A3t
Aool 0F Eolarg | mgLe Tyste] AlsH
A B9 EEE 0.35~1 mg/LZ H3SFAZ] peroxone
570l 419] 1,4-dioxane A|AES LERH Fig. 50 Lt
eliich Fig. 55 2 2F BT 1~3 mg/LE
£ oF T304 14-dioxane AL
21%~41%2 YEGOoY, & B9 EE 1 mg/L
2 Al TSR A EQE RS 035~1 mg/LE
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Fig. 4. Influence of ozone and hydrogen peroxide concentration on geosmin oxidation by pilot scale ozone and peroxone
process (Initial geosmin conc.: 372 ng/L, H,0,/03=0.5).

1.0 |-

0.8 |-

0.6 -

60%
04 |

1,4-Dioxane, C/C,

0.2 |-

0.0

68% N
84% ]

21%

32% 4
41%

1:0.35 1:0.70

Influent

1:

1 O, 1 mg 0O, 2 mgi O, 3 mg1

O, : H,0, (mg/mg)

Processes

Fig. 5. Influence of ozone and hydrogen peroxide concentration on geosmin oxidation by pilot scale ozone and peroxone

process.

H3IA) 7] peroxone F7J 0|41 9] 1,4-dioxane A| A&
60%~84%2] AARE Uehfol Fig 4ol Liehd
geosmin®] 99} 7 IA R 9% SEgAo| ]3|
peroxone 342 -89t F9-7) B} AL ofo] o=
FYomE 453 2 AlAES Stk

Geosmin} 1,4-dioxane®] A A5 $J3f pilot-plant
= 0]&3ste] & 577 peroxone 378 2] A
d& B3 Z& Table 4 (a)2} (b)oll YERH AT 73
A B7HE S8l AR D Aago] aka o
Y8 Au| 5 o] 8-8fo] ToE AefgAdollA o] A
A1 m’ 1 mg/Lo] FE R ©F Felof WashA

2ulg AP

A} 0.70 ¥ 02 FALE|GAL, TARS}
0] 749 ALedu| et AR drefsto] Ak |
m’ 1 mg/LO| & & TpARSGA BQlof Badt 7
HIE APYS 23} 1719082 AR QI

Table 4 (a)ol|:= Fig. 40]] LFElH pilot-plantS 0]-&
Sko] 322 FA ol 4] geosmin A AA] 2E T4
I} peroxone 5752 485 29| geosmin A| A&
9 @& IASkpA Boo whE A vlal
sto] YRl QAT 50% o]ste] AjAEol A ] ikt
7 BlasEH @FE Wil 79 0.35¢(20%
AA) T 1.054(50% A|A) &= LEfsE S 1, peroxone
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Table 4. Evaluation of economical efficiency of ozone and peroxone process

(a) Geosmin removal

O3 process

Peroxone process

20% removal 50% removal

85% removal

20% removal 50% removal 85% removal

Dosage 0; 0.5 1.5 6.4 0.2 0.65 1.9
(mg/L) H,0, 0 0 0 0.1 0.325 0.95
Cost (Won/m’) 0.35 1.05 4.48 0.31 1.01 2.95
# 03 1 mg/L : 0.70 Won/m®, H;0, 1 mg/L : 1.71 Won/m’
(b) 1,4-dioxane removal
O; process Peroxone process
Dosage 05 1.0 2.0 1.0 1.0
(mg/L) H,0, 0 0 0.35 0.7
Removal efficiency 21% 32% 60% 68%
Cost (Won/m”) 0.7 1.4 1.3 1.9
% O3 Img/L : 0.70 Won/m’, Hy0, Img/L : 1.71 Won/m®
FHE M Aol 0312020% AT 1019 o W Ehbe) ok 2 Q1A Eo] B e u)A)
(50% A|A) o2 et 2 2o 7F §181o 1, geosmin o, 53], Y5 et =2 A= ol &
Ashz bt ghakglo] @ &t ahatEa

= 85% AAsH7] 913t Bfolle e =34l A
APA717} 4.48 1 750l Bl peroxone 375 A
83 A Qo= 29590 el peroxone &7 0]
92 Sh=T Ao v 1.58 H=o] MArekr}7} Mgk
&= Ao & UEith 3L 1,4-dioxane A|AE 2I5h
@& T=37 7} peroxone 37 O] AAIH7 S v gk
Table 4 (b)ollAl= 02 =40 79 YAkHm’)
T 0.793} 1.4 2n|5HE e 22} 1 4-dioxane A
A&0] 22} 21%2} 32%21 HFH peroxone 3782 4
£ 79 1.392 7R T §-9) == 1,4-dioxane
£ 60% F= AATL 7hsE Ao R e 0 T
57gef vl Fx ZE2 0 Ao R Ve
Pisarenko -5-9] $15-AH2012) 0] A= A| 3= Foll
T H718 e dEd AAE H8l e ¥4
3} peroxone 374 ] R EAE2] AAET} oY
A ZulEko]| it H7loll A nitrosodimethylamine
(NDMA)S vI5g 2 5450 diajawt &2 5
2ol H]&l peroxone F4o] G2|gt Ao g W sl
Utk webA] peroxone 578 Z|-8-A| target EA O]
g AES ARV} WEEA] 28iE]oAof gt E3,
peroxone 3749 A-gAlolli= pHet L] w(FEA

= =

Y57t aloll YIRIgt ol nEkRsiEd
AAE 1%k peroxone T4 2] A8 D HAGS H
7kt A ohah FE AE2S IS 4= Ut

1. Lab scale A3]o)|4] geosmin A|AE ¢l &=
574} peroxone 54 2] A|AAES H|wsf 2 A,
peroxone 3782 A-83t 97t 2E FA O vld &
At oE FYErolA €535 =2 AlAES vE
welem, £t 24 dAeEAY @ 1= 0.5~ 10]
Rom, &F FQFE 1 ~2 mg/LojA| ditslpay/ @
EH|= 0.5% 8ho] geosming A2 49,
o] Bk (t12) 7} 5.5 ~6.8 min .2 LElyITY.

2. Pilot scale X34 geosmin A|AES L3}

TAL A8 A4S o 3ol H3)

geosmin

peroxone
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L& FYFEE 50%A Hd 30%7H4] Zolt et
FUT AAES €= 5 UNeH, 1,4-dioxane A7
Aol FYE o BEskoA o FAHETY
peroxone 5782 2-85F9& 797 3 ~4ul A= A
ABEES A 5= Uk

3. Pilot scale A3-S 0]85}] geosmin} 1,4-dioxane
of| thalf @& 5743} peroxone 578 9] AAd= B7F
o & A1}, o5 =4=0l el 85% FEo =2 A
AeE S3E= S 7ol peroxone 50| & ¥4
of w3l 1.5u) A= Aty Azl Fd
A4tz ol A o] A| A& peroxone 5782 283k 7
$7F2~3u) = =2 Ao & et
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