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ABSTRACT

Background and Purpose: Tetracycline represents the most prevalent
antibiotic group in production and utilization and is extensively employed
for the prophylaxis and treatment of infectious diseases in both human
and veterinary medicine. The primary objective of this investigation was to
assess the efficacy of electro-activated persulfate (EC/PS/HR) for eliminating
tetracycline from aqueous solutions.

Materials and Methods: This study was conducted in a batch mode utilizing an
electro-activated persulfate (EC/PS/HR) system. All experiments were carried
out under constant temperature conditions. Response surface methodology
(RSM) in conjunction with a central composite design (CCD) was employed to
optimize the variables associated with the electro-activated persulfate and
hydrogen peroxide process, including pH, current density, and the persulfate/
hydrogen peroxide molar ratio, with the aim of tetracycline removal. Data
analysis in this study was performed using Data Designer 8.0.6 software.
Results: The results of this study revealed the use of a quadratic model to
predict the impact of independent variables on the efficiency of tetracycline
removal in the process. The exceedingly low (p<0.0001) and the high
correlation coefficient (R?) of the obtained model signify a robust correlation
between experimental and predicted data. The optimal conditions for
achieving maximum efficiency in the degradation of tetracycline through
electro-activated persulfate were determined to be a pH of 5.6, a persulfate/
hydrogen peroxide molar ratio of 1.1, and a current density of 31 mA. Under
these conditions, tetracycline degradation reached approximately 95.2%.
Conclusion: Based on the findings of this investigation, it can be deduced
that the advanced oxidation process relying on electro-activated persulfate
(EC/PS/HR) is capable of eliminating contaminants in aqueous environments,
influenced by various factors such as hydrogen peroxide dosage, catalyst
concentration (persulfate), and pH. The study highlights the capability of
the electro-activated persulfate (EC/PS/HR) hybrid process to decompose
recalcitrant pollutants like tetracycline from aqueous environments. Overall,
the electro-activated persulfate process demonstrates promise for the
degradation of tetracycline in aqueous solutions.

Keywords: Advanced oxidation processes, Wastewater treatment,
Tetracycline, Response surface methodology.

P> Citation: Gheitasian P, Tabatabaee M, Jonidi Jafari A, Farhadi M, Golshani asl
J, Valizadeh B, Meserghani M. Survey of Electropersulfate/H202 Efficiency for
Treatment Synthetic Wastewater Containing Tetracycline using Response Surface
Methology (RSM).Journal of Research in Environmental Health. Autumn 2023;
9(3): 255-268.



)f JJ '3 Qlo}&h ooliiwl lé Qwsu )g”;g‘ ‘sgﬁs ,3 Mg' }é ‘sg' )U ey )

GS"T Lo )‘ leﬂglw‘ i Sad gud GQT Sa> 39 U39 AR dawmS 3

o..L..S.,

a9 3y b5l g (B oo Jglate Sl G Olgis b oelSluls 1 Baa 5 adee)
Olos 5 §ufin sshie 4 (Kpeals 5 (Kijy )3 02,58 S35 30 Olez s
5 2abd @b e adlhs ol Ol Bas 58 e LS Brae sge Gk Slaglen
3 oSl Kasge 5T Bl 3 OigpiaainnSyy 5 LiSly Oleyes o3zl b lilgun g,
el il by

255 Sl eslial by aKilel elike L3 Atwgnl Sugo 4 Ghags cnl laghys g lge
Sigoare Sl pragsy onl yo b plosl e les )3 OigpdsasenS 5 GiasTy 5 Slidgan g5l
SiSly 5 AdguygyisUl aild Gl g Sl 350 cipels G2k Al sl b
iy Oigpdaddan s 4 Slgas s 0y astsls PH - la,uite 136 5 O39) du S
2S5 asllhe g0 oalSlul,

S oSty Oloon oolital 5 lilguyn, il anhs Lo ulluls Bis LDl laasl
Mgy s paal o ¥V Obyo wad PH : 0/5 lulid s £30/Y ply O3 duddnS
R?) Wby (Kinrat g 9 (P<-/ 1) Gy sl P-ValUE ol oy 1/ 0j9p 000 Sy 4
s Ohe slosls 5 e slassls @b (Ko 5 colis saias Olis sawl cows 4 Juw glp
ol Jos by ool

g S0l o iie 438 iy Ogamnl g ity Lansen b )5l (o055 (55905385 :(55aS Aoeas
sule galisee Jalge 51 3ke o Gladaise 55 laoadT i (gl (EC/PS/HR) 039y st 0umS 5
55 Al a8 sl olis addlhe ol el oy sld PH ¢ GBS e oais Jleb il
23l T Sladasma 31 alSolul, 5 a5le polio (slasaid Coyss 5 325 4 o6 (EC/PS/HR)
5 Dl ige suls K (H,0,) 5l eslizul b ons Jlas lidguy sls &5 oS Olyspe coles
el T ladslons 31 Sl o 5 0aiiS)ly sl

gy sy o9y (alKolul, 5 (BB duiuas dtd iy Ogal ST laojlgsals”

San o olily i ool 12l o 55layd | Gpher sasizr op aliblib i Olsllasd il 4
Do 3 Oigraud a5 GiSTy Oleyes oslitul b iy 9,38l (oS5 s b apps
YEA-YOO ((WANEY 50l . lomo cuiligs o iagis dolilas. ol busa 3l pdSolul,ss Ksga (ol

Olowllad Olass

b iy geaipe 05,8 ) uli)S
Sloas 5 Sy psle JBails ciliy Sisles
Ol ol ol Sl 23l

bbb dezes Ao

5 Sy psle il 250 b 05 ol
Ol e lyl Sleys milag Sleas

SR G A

pole oBils s i i 25 olad
B 3 A 0 i RT3 R VIR PR E PR S
S35 s

Syl ¢y Lme Culla 55,8 sl alia)lS
ol ol (S il olass 5 Sblag

J! S ols

pole o8ails ams Cilig maige 09,5 IS
Ol 0l @lnl loys 2alag Slaas 5 (Sa
oly oo Sl

Sl Sliles LS (6588 sl Gl e
Ol Sy G5l 5 olays «Sblagy

B ,man s

ol e Cllig waige 295 dSs %
by Slaas 5 Sy eole SRl il

H(Uste saissd) 0l Lt Ol oy
m_eserghany@yahoo.com

1Eol/ob/1§ 28l 2l

1o P/oV /oA :ybudg &)

sty :allio &’3

Yor

VEeov }ﬁb:‘rya;Jusrézj‘gé/k.:mwbﬁjb iy 51 dalilad



Yav

v 03l b O s 9 iSU) S 5 a3 21 ey / 0L 5 Olellad Lo s,

Wb bl b ol s anls ol 58 LS
Jolaze glaazld Lonl Jlu ss s S on s3ame |y basaz VT
b Coss el ) K Ssm 51 i s gsanie
Jod 5 plondsSosad soanl ol a8 S L3 s 350
aoys Vo b LaShas wilgs e (samlihid 5 g3le 4 5 sl
Jods gy ol 5l eaxS Bl o L 51 ) Sy ol
anlllan 550 guar gloanS Jslate gl by Gl LS
OelineS) anld L3l bdle s .(3) cl €3,8 )3
Soa¥l i s SO Slilse Sl L it iy
Jebs & ol sladamn 5 (Sisls asnd Jé 5 palin
oSz b 4 Slisn Sl (SauSu st Wb LUl
H,0,c slaasmSly (101 ,8) Cosl 48,5 415 455 350
Sy shls (Ker 5 s3p selin Jlxle Ll PMS 5 PS
82 SO, s 4 H,0, 53 Gisyes 3l S wazily s 0-0
15280, daws © H,0, L3 ayaee i’:\ 935 HS07 «Jy
By SO, b Juds & ol sud 30l 5,02 s
S dols .l o alS sussn g5, 5,5 $Ysb 0-0
V/§5e VY0 55 4 8,08 5H,0, HSOZ ,:0-0
S302 5 swism il asl e (A”) S RVA S\
H,0, 53 Sl 5 55800 05 cmed 5o 5o JaisleS W
ol o HSOG s 3531 a3bon Jpn 5 daishS TIY
Ul Sy ol 5o . (VF) 558 g0 035 Cpaads Jlade 3o
Jitens 5 45 g0 @ GJT S8y Oppmbionnst (gl (g290x0
iyl ol il andl ol 3l iz b W wils
b JemSanen 5 Slidse GladlSGsly wiil o 58 ooy 5
5 (s W/W-Y/0) s o b 5 osemtigeS] ol
SlaaVT 28T 1305 a1 U5 & sles a3 (Y/YY-1 /M)
Sl OA Y 5 ) wiyls Ml 5 Of agias sy T
LS5 gmmliaS (gl i Ul Ll ol Dl

s 453,800 Fo ¥ e aai U 5wl oo B 39 T

VRV
3,5 rass elSelals oS3y (T caliiue plsil s
3l gm0l s 5> e 5 0y s 51 S o5 e
G 3 Sl all sy (S5 31 etz (F-1)
Pt 9 Lleall iSOl (390> U 5 ite 5 oo 05 (gla 5,581
S e s 0 eSOl (5 50) s il LG
PRSP S ST I T SO L
Gaisis olos b @Sy sshia & @i g3l 5 Sl
A ols 53 gils al Bpan Gliee 35 e sl 525, Sm
S e Gl @ 05 o Ve - sk s e plsie il
Span 5 ey oelSQLls Qs gd 0 Bras 0 03
5035 e 5 Wbl chmd oy DUlsm 5 oLl by
Sl ol 0m 53 (£ 00 -A ) sais Dl SOl
s ol 3 g ashion @by (SS WS ¢ sats o5l
Sole (A 5Y) 53,5 e Bl 5 S e (S Sl e
ol ol sl Sl Ol 3o,k 3l Sy (5l ol
sheads gk 5l L 5 wads Gl 5 (B ok DLS 5 pds
b b o i 5 Sty oo 40 533lES 5 (ols sl
4 ot Sy baema 53 Soipn 5l 25z S e
o5l ysb 4 oS 5550 S 5T & polie lapyisily aness
(A5Y) wnleie aag b pladl Colas 5 s8> Shase
v s 4l Sl Gl plend oS5 S GG
o o a8l el (nS5S Jlb g8 S L sseer
3003 Gk 310l g 5l sl Y = £ s s Sl
(A) 352y 52 D30 b

SlaS5 onl a5z 5 LIS sl Bl & s b
SBix el wablS 5 e slaanld damsi 5 S Lama s
Sy Sk by Jilas 4 5 sssll el 5 LS ol
w03 (V1) Sl Ul iy Sgesl 1 T e
L sy o 53 Il o sl 8 (SeBslser (Lot

@L:..w.g (_;EJL Crson ol C.éJ JLSs.: @L..p A_JLa-ui dubnd s 0329



(FY,F5) 55,8
S0;" +H 0 —» S0~ +HO" +H* (A)
S,02~ . HO'—» HSO; +S0;" +1/20, @A)
S,02" . H*—» HSOj + SO ()

sUly JeSone 5 Sl (LG, IS 55k o
Syl by I glaea VT 5l armsy als (3 9ms aneST 5 w505
asb 4 BUGsh cal oy 4 bVl 55 058 4 5]
SISty Usonn sk o il S0, 5| Sglize oKt
‘.5\ 8,.;\ () r}:i&n aw 3 oslial U JeeSpus 5 Slilgw
GiSly el sl (Y odaaes 02958 (Y faaee
RS- )
S 0, sl gl 2aSTy 5o i Sl g JGo),
6{.&&‘..’5‘} B JL".:..:.g J:.,...g}).,\:.k d&:’}‘) 45 GJ\:- BL) ,\.ZSGA
Sl ol WS e S5 G SRl 5 b,
S S Dl JSGsh & S JonSyaee JIG0L
JL’J Ls ‘J O:‘lg'.’.\"""):"" 45 u\_;&.«b 9 998 (fA 7?;) .,\..inL.ouA

6&

o Fe,0, 5 ranld andl dowyy Slilgu 55 uSHp g3l
) ool sl s o(F) sl S e 3350 e US g
550 b Oy =S ald S ey B b anllas
Sl 4y GgrmeliannST anl3 G plste 4 (59000 2nS
Sy il pme ) Sl S 51 Bl 5 4z

Ry

S8 sy
Loy S Jols Sl 5,20l woly 4 bgye Sligs
J.JJA r» L: E) u’“K ‘s-ﬁmﬂiw;} J‘ JI»GKJL»\OX\' x e JLx.:‘
5l /YA slal U gasingll i sie 63 2 o /Y
J}‘J L ):.AG:JLM\/OMU L}M‘)J *A/audjl} 4.?).) L} J:.A
s LT U aiaddl Olio S 15 (b
MatrixLtd., MPS-4 s = Si b ilse Seo 4

(DC) peits ez < (AC) 6 Gt i3 <a7)30051

S VY e e b feSae b o
s ot e (3L e U Gl s gxin ooy S
b Dllg 4 GspmslananS) Sl Gy Dlilp oSGl
Ll 5 s Sl 655 g 0 oS 355 e e e
wtl asle il gloasS Jbs (08 V) sl sl
Sy (TPYF) Sl (XF) L (VY1) il
518 sl (1) sigl Byl ol (TAYY) iliaty
S b e (70) LS (FF) 55 (T SYA)
Sl iss o) glale s il 48,8 15 oskial 550 iy
Ol gy 325 Ers Sy oaS Jlad e 5l e S5
el 43S L8 4og 350 Sl Slidse JSG0] adys )l
il ((Y7) UV/Fe™ () liardisism slobay 5l osliza
(YA) osudy558 (YA) heat/UV/Fe™ (YY) ol 5 il
gyl 5 s axdl 5 (F4) Sl 5 il and
53 xS LB aos 50 sl S itees e, 5 (F)
IS5 4525 4t S3S ol @ldss sl sadslne
5 HO" Jerd 51 sy (2815 ol sl o IS sl a5 5 T

(¥ ) 53,5 o s Nolan L H

H,0 —» HO® + H (")
HO'+H —» H0 (¥)
HO® .HO"—> H0, ()
H'+ HiO —>HO" + Ha \
H" +0,—» HOy (0)

s gl Sl
s3ls QL&J B3] SYslas BE) J:..MS”J..::: K] QL&JP 6\.&@&5:\)

FOLFF,7Y) clous
S,0% + activator —» 250;"° (#)

Gl Jab ilSs

250;° + HLO—> HO" +S0} +H*

(v)

L sl 5 Vsl b H 5 HO® sladiSesl

QL&J‘,—» C;lsbb‘\sﬁl:b J.:.in' L e sals U.’I..Sb C)u.lng

YoA

\Fey ‘}ﬁb‘:tr}w ol sr.é‘ﬂ)})/kﬁﬁﬂ“‘%)b&ﬁjk asllad



Yo4

v 03l b O oo 9 S S 5 a3 21 ey / 0L 5 Olellad Loy

3358) Jiteas yodito iz bl fely pizeniz b G ey S
548 Sl gy el b (OV-F4) S o e (el
ol sl a sty glozel B ] s copal S5 g
HY) s sl bnasa 5 oo (2alS  uions Mgy Jogond Eusl )
5200 3 A I ST (555 m EispalS s, (OF50Y
5 a8 b a3 il s 5 (il g gl o> b Ul
poandlansge Jan soize ezt ga iy it Lo ally g
PH 5l s 55 Ojles o dSGLl,5 Bl lausly Bl (gl a0l
53 2S5 o3 e dransS g 0 Dl gy s Ol s
et aBa S a5 ysdly Jole oo S 25 i S s
3580 ol dm ospoat a8 slie gy s dlslae b (X)) Jizena
i day g sad guaS Jlade G X alilaa ol s (07-0F)
9L slie s Dglas AX 5 Sl X (65850 e Xo gy s
T 045550 uipgalS aslsd 5 Jsol s amsi b olnd it (6550
W iy L oS it 55 MBS s o 5
WSy 9V (S JygSU Blis 5 Y- 5 Y oS e o ol
Sl aiiasad guaS Huolie 5 lassgama . aisd so aiin—) o)
bbbzl (63,18 sleesgaos . Cadsad Sl Jsaz 53l
LY S sl asas Ol (gt gusy o 9 audsl Dladlas Ll s
Csboss oL

2X+ 2k + 6 replicates Jsa,b olul o larun slass
(OA SOV ,0F) el s s

F L iy alles ol s o ol Jizes clajeizo shaxs K
abais 50,7 ¢ (Zk) S JosgSBaais 55 oy V7 ol il oo
555 B S5 02 o 555 a3 S5 5 (2K) e
DS 5 palls glas i) ptaladl slas i i ¢
3930 Sl ymeito sagaza \ Jsaz 53 058 o0 sl Jue ZolaS
s gf S Bl (gt g8 sl s g

Josllisas b Gollao 039 sloymally 5T 5 (5,08 o5l

oKs J):.ib @; W r\;u\ IRHCW! LSL”JUJ oS s G

3. Central Composite Design

Ao 580 S Sl ole Dlakie o S aind fate
hea Voo b gsmn ialosl 5b Lo s i sslizuf Rogle Jlase s
Jolse 53U sy sshate & a5y Sl 5y50 WG 5 2]
6o 517,85 b @gas i oslizal N Jgaz 5l il s caliies
b sublito (pen G Sl 2aSTy olay 5o caad il ST,
Wnsg,=S3h e alasl 393 5o oL 51 e ot sslizal Yo orpm s
533551, 3 e S et Sy, 1S sl 3 4885\ e

bosa gles 5y Slaslol S .ol sad oyl ) olas IS

ol Spe &S558 51 Shpan soloand slse 28,8 Djso

Bgsedd gl
) A

’—‘ o Y
| ¥ 4485 gde )
T o] LY
H sl LY
R ¢
” le oblize als .0
CT"? bliie yen

f

29551, sl ) IS

S ead glus A&l LSSl 3 sl
osbte C)i\ &y A eslizd woys 44/44 u‘)l’ FESTY VIS SOYCK %
L (o g s o 45 52 3 rjf shen 00 Ssd Jsloea
! 4.:....:}.:#\.; QJH s AS}Ln 6[.%()}.1.790 W AS}L.AJ.E J)‘}AA;.B.L&
3B @lspdised Josaizd S )3 Qw)‘*‘fdz:&n "‘;"ﬁTJé 2R3
a3 gos danlnaly dls o L0 ijlw\}:em;rl?a\bﬁﬁj\w
Ot:..cvéwl.; CL:..JJ\J-B\(JJJ\MLL:MH{w%wljajktsajydua}g

ol 8L (ga iy 3 (Ghassazms ks mba (HLb 29 05,8

1. Batch
2. RSM



0SSl 5 B3> (510 02 (530 35 sl 9 qw) m 390 (S puitie 239320 ) U9z

b of J..;La}T:;,—o 039350 9 jurio AS

+Y +\ . -\ -Y — i

AO Y 0/0 f Y/0 x) aJsl pH

o- f. Y. v. \. xY (MA/cm?) oL > azwsls
o- f. Y. v. \. XY (Min) sy ol

/0 V/YO \ /YO -0

P Oias s p 4 Olidgw n cons

Jeloss 5 s b 5l SOl Qs Olias 2 iy
g_iﬂ.)_}.; J‘.\j./o Oreigad WD ..\.ﬁb 344 J‘:..; (ANOVA)leJ»)‘j

Slis < /AW 5 /REY 55 0 e b R

ra SR 2 4
st swlS (ealrdg e 53 (a8 saf Julse 45 amsga
Shils oedSGluls Gl planily i i sl Jie 5
(EY=521 50,0V ) el 8 colis

sbslas (adjusted) sus bt olebl gl e
(adjusted R?=+/43\Y) .S o w0l 1) Jae YL oo
Skl 5 YL 3y (CV=LY/YF) Slyss oy ¢S ool
S prvalue ool s sslle wams e sleniog 1) Sioleil oLl
pas o (0) wilgn fslins Jao o aas g gl o/ 000\ )
Jn s gyl s sline sl gl 4 3O/ YO 2l
p>Flack of fit Jluie ¢ st s (gl onlizul 5550 el i g
Jie baize 1S iy 5IUT s sl Jlolins il
Sper 51 Bi b8 s gylslina, 36 glls andllan s
il Sl
Jes 2 )y )
o 3 3y i3 ¢ 28Ty 5o < PH Lay586 51 S5 L3
e QLY 5 Yl gadys ) Gisaed deS sy 4 Sl gy
s a5 YU s silendl G L5 oS sl Lis Y s gad
s legdl 4dS oS waspn BLE3 4 WiEl e io a5 5 il
oS Olsn ot ol & g baiile Sio 4 S
i lewsly s bl o5 sl sial Cwds Jio &S 05,8

RS FES L VG P PPNt IRCR Je DY USRI L BN [C- YO D |0

Gaios opl 3 oslizul syg0' YU Laukis zb S 55ky,S
<l TEP(SHIMUDZE TEP-1600 spectrophotometer)
Slasis | VP-ODS-CI8 jyie < Y5O MM -y Job &
Olsre & sl SIS/ Lyzs szl 5 3 mm ¥/2xYO-
YV/PA sl Llse oz Comnnd wind slzal 56 Llse
Yeml g5 o> ¥ mi/min LB Lbse ob,a 25 caoys
ool B350 sl8s (b g 55 Y/YA 555 0LalS 5
3530 Syonte 5B Cecnd 5 55 0l o Jsb Blad & (3020
B 5 o5t 5 Bd @ Lld psne Wl 5 28,8 L )
Osen - 23,8 515 eslizal 3y90 Sl 5L g e

355 om s (V) sl ol o

CO — Ce
A%:T :) by

el Ce ymg/l oSGl oyl clhle Cogl s o
Ceolmg/laas) oo s - dSGL

x 100

aadl

& bl 0T

wasgn 0l |y Joe el 5JUTY 5 Y Jlsgas 5 Y 5 Jsas
Vo plisabd osd G s 0S5 Joa ¥ i ¢ 25 L
Cewlins ol 5 (RP=+/98FY) sl oo (dSO Ll 5 4525 (61,
GO CO W CS VRS SO PP IVINCH [V 1/ A L VA | RERVIPLY
ST JON bai 5555 o 03ls s Jitns (glayeaze dbowsy

Gl saal Ces 4 Jae ColiS s o ps Iy Olyunss

1. High Performance Liquid Chromatography

—
o
.

VEeov ‘}ﬁb’:#r}w ol srgﬁzj‘g.!/kzmwbﬁjbuh‘g}g asllad



Y9

e 03Lil b Sl SIS 5 il S s /0 5 ol ol

auld Bl gleadly pH 2elS' L 28 L 505 PH 4 s
ool s Cote 3l Ol adls R 5 Wb e falS
25b & 0l el i al8l a2 Shals SOl Gl
e ol 5.35,5 sad alyd Bl el Solidl el gl
VY s (55 oSy 42 iy Comn 5 ok ot
wld Sy iy ClLe 5 PH plases il oy
it JS8 o) 5 S shilen kst osls a5 ¥ S s
Sasily oWl O/F PH s s34 (ol i
seeiita dy late (o i 1Sl ey 5 Colails], Gl
s i o &S Sl o sl 5 sl e STy oo

33l Sl 5 g ol i S Ll Lt

(5 509) wtlin L3S s aeSy LS L2STy lajen
oAl 52 (55 ez BB 36 s PH Y saz b
seSy 5 Sy ason aslisal b iy 25U anT,3 s
235 o A2 Joo (adequacy) colaS .ol axils ¢yig s
aw gbylsges 28,8 J13 U5y 5yse (residuals) besasle3l
536 0ol Ol (gl srnlin (SIS iolad s 55 5 gam
MNO)PH closes ;36 .l unld LS 5 ekt 53 plojes
ke VT Y Fe 00 ) ol il (Y/0-F- 0/0-V-
V/YON/0) tshed S s 0 i gas s CLe s 5 (gl
(s VeoYoo¥omFem0n ) s glay 5 (/0 /YO )
sshilen .ol sa asls glas (a-0)f S s anld LS s
Ll S Sl Sl el jakine Sl s &S

oSOl Swgw 5T B3> Olesil) Use Sl (Simsod wul i ¥ U

remarks Predicted R* AdjustedR> R*  Std,dev. P-value F-value olo,.Ste DF Gilese Esoma oSl
ey SAYOA L /YSYPA Y/ /o< 05/YY SE/FY A V104/A b
—-/YOFF —NEYE YA ANY ERARS vov/as af/ov Y NYPEAA 2FI
Suggested SAANFL/a8FY vy ALY 24 - /VA A $/YA S
Aliased -/841 /8445 /vy -/04-4 /Ty L /oFA ) Al Ko

oSl 5 Sgw (5T B3> Olosily Uxe 51w ANOVA (90T ulis ¥ Jgaz

Prob>F MasF Ol pifSle 63T az)s Olae ggeme &
ey FEY/AN WENY q VOSV/N - Jae
e YA/YE Fa/YA \ Fa/YA A-pH
e ¥Y/4. VS/VA \ VS/YA B-CD
/e sEE/Y- FYANA \ FYANA C-time
/e av/as ¥i/ay \ ¥i/av D-PS/H,0,
/e £5/-¢ YF/YA \ YF/YA AC
e VY/A 05f/54 \ 05F/51 A,
e 005/11 YAY/YA \ YAY/YA B,
/e \E-/0 YV/YE \ YA/vE C,
e YES/YS \Y0/-0 \ \Y0/-0 D,
- /0 VA aNF oxsla 3L
AN o/Ys -/58 W A/BY ool Lais
Y 0 VA oAl slbs
18% VOVS/YE Js

R? adjusted =0/9913 R*= 0/9942

Adequate precision= 372/52

CV%=76/4




Perturbation -~
D
0
T
., .
- nr- M b
£ -
3 i
z
E
8
E a ."A
10 5% :::('J :-‘.!-.\: 1000
Deviation fom Reference Point (Codad Units)

OASGLul 5 B3> (S l3ges WSS

MNormal Plot of Residuals
1]
- -
a8 _E =
w0 -3 =
E| - -
B0 — -,
0 - o
i A
30 L
» ¥
0 -5 ="
5 o m
9 m
1
T T T T T T T
<300 200 1.00 0.00 100 200 00

TTC removal (%)

”'“\Vw«w '
C: time 2.9 25908 current density

20.00 20.00

TTC removal (%)
8

200 —
40.00
3600 ~——
30.00 "
P =t
C: time 00

“oss D: PS/H202 ratio

20.00 " 0.75

TTC removal (%)

S ey 115
" oss res

OASell 5 B3> Olesily 2 PH 5 0J90302 30 sy 4 Oldlgus py Cannns Oloj 3 F JS

glos s Dlilguyy 2Sly Sl & o b Lol gl oo by
Lol ST S S W ol S ey 28Ty U
lilgeny e 43255 Sy 395 g0 Sl it (glo i,
055 o ol ol & wnb o g3le Jlab |y Slidse JS05), &
5 s, PH (sl IS Sl ey il ST L

Gz ool s el (PO 5FF) 5,0 0 3500 aneS 03559

Cov
a5 18T S e 0 i3l sslizd 5] ol s
Sk 3l 4525 4 eslin T LS5 a3 5 Bl s (558
Mgy 31 ool ol wil 2l oSt sk
aedi e o eS8 Jemilty 40525 b (LS5 e i o
Sldsbu s o Wb cl il ST IS,
Sl Sl 5 LS bl b cools b shes

Yy

VEeov ﬁlg#r}‘w EJL&‘[..@SEJJ:/MQ&U.@J;M,Q asllad



Yy

v 03l b O s 9 iSU) S 5 a3 21 ey / 0L 5 Olellad Lo s,

LSty ol b sV 2Ty oy ol Esly JSin
g Dy Y goc bl it 30 LYs cplnl g
il e w155 oo al,d Bl el

Loy S b Sl bl gl 25,
ol b Sl sl oS SIS,
23 DYslao ulasl s Sl gy VL sloc el

(%)

k=4.0x10* M's!

(10)

k=1.0x10""M's!

S0, + S04~—»S5,0%~

so,” + HO—» HSO; +1/20,
JeSe5 5 8,087 by Sy SadSCsl, Lles (Y
{(VY550) o5 sl bl 2 8,08 Jlad 28 (s,
(%)
5,03+ S0,” + S,0%  k=6.1x10M's"!
o olideyy clle LU s 5 bt Slles
hasdlan s ol it ol bty gl S slaasld
Sl 536 3350 53 YO Jlo 53 San 5 ) lowss &S
oLl (PFPA) Sl 55508 sl g5 s Lo
il ot e e WY B o 5 Sl it oo lals
S 3l ot aalllas puls S 3 r syse alh LS
3> Dy sn shon T8 3503 6Ll L PFPA LIS Gis
A ooy San s Sidyas Jso oo WY L 5 aids Ve s
Ol 4 Dl sy gy CLE Ol ol Ly 558 0 olonil 4B
Ols e asle olay Lol LS sy el als (Koo al b e
(V) Sl by sl alS 1 5l syse Slidpy ol
S YT UL s ol 5 5n by sa oLl aalllas
PH = Y7V s o Slidiasy 5hoslizad b SOl i
(F) el s 158 5zl a 38 1Sl ooy e Sl
53 S,y cble S50 55 5 dlalin Sladlas
T[T PCN [V QP U S YUON RV P PR ES
iy 53l 350 53 YO Jlo s 0hlSan 5 d Loy oS

Sl 5 Jlad Gigsue a5 5leST SSTL Dlisnn
S ol ga 29,8 LB gy 2550wl oy s SIS
el i 55 500 PH € wesly anld SO 5580 anl)b
esSxe gy Jeds il e RalS anls Bl pledly LI L
55 a5 655 ol szenly PH il b oLl 5 s

92 528 pedaeeS) Sty L HO' < 807 e (0
(FA-55) N dols il s ol Ll

")

Sl 4525 Gk 5l Dl (Gl Sty ads (Y

S0, + OH™ —> HO" +S0%™ +H*

(\)
(\¥)

PO IR SOV SN L O =S L VS SO R o

S,0% + H*—> HS20;

HS20g5 +e~—> SO,” + SO}~ + H*

(OA) 35,5 oo Slilsm SadIsly i @lul 4 2
el s Lt s pH s g1,y NaOH 3l ssliza el
rl ode 33,5 oa Jsloe 03 OH™ Gloos i Ay
sUls 0o S bl s 31 gy @YU Sl el
Sl ol i 53 COD 5 ek omSpale SO Ll 25
i 6 S LS Slallls ol b bl ol ams e
3 Oehe o SpalecrlGlils Gl 5l 5 L pH 2ol
(VY 5V ) sl illas sl Lt Sligms s 3l eslizad LCOD
o Olpuyy CBL Cos AL T S Gl
Uil Sl G el ) s U (syaen oS
eSOl G el s it 30 28y Sl by e
Obeily s (5aded dmansS 5y 4 Sl gus y Cees S L3050
5 (VY ,89) st 308 5 s Sldlas s sandl Gl
15 il Jlab ool sl Gl s 4 Sl g
VO G )zt glacale Jite 50 558 auxgd ol
Il (S ulslbags o508 e 4 il o anld Lo,
23b93 oS5 Ol sy (Y Sl gl lale 55 il Dl
s GGl S5 L 5 K usG L olidyn s I,



(+/+* <) b Sl prvalue b ISOLlLs Gl wg
Cews & Jas gl (R? =+ /08FY) W (Saen oy 5
5 o sloesls Wb (Srecan 5 CQliS wtas olid sl
9 Flaed 55 bl Jos by sid i i glaesls
252l CCD Gl RSM s 400l i oy sl 46
025 Gl e gln gl & 88 un Glyie
RSM Lawss 35 533k LiShas Gl Cos 4 5 Sl
b Oy, sl wnld b Ll prlaneS) ol
352 5ol by (spied deeSy S (2iSly plazes saliz)
Sl

S ol

Sl sl S e ol T OIS oL S st
31es, S Coley dlie ol s 1y (g3l esls 5 baesls Ciy s ilSgs
el S S e i il A5 G i
AP I SN P R

12y S

SYATEEY b et b gy b 5l 4,5, s ol
oo Sty tagy Cislan e Coles b oS ol VY
il 33 48 LS s 5l iy i ol o) S

')}":6'& Gi\éjﬁjjm cJJ);S 6)&4& R U‘l‘

x ool (PFPA) iS5l 5k g ol g g st JUad
2 A dse e WY B vl Dlidgy Cilises oz lale
s ol wllas ls 23S S e sy5e ld IS
Sliyry Uy shon T8 3503 L3I L PFPA LolS Goir S
o5 S 5> Slilgry Jsa oo WY L 5 ids Ve glos s
F/Y s PH s sls ol Sllogs sy g ool 4ids A
Gzl Jseme b 4 o(VF) atln 502l Gis s
»a el st glisle 4320 sbly Sy <
LS il Game )15 1, CO, & oS g5l Same Coles
IS Sl ol (WU @l s & bSKse (=T )
23 S s g ot ol s (VY-Y0, 50, 5F) il o
OadepaenSyy KAty playes sslizal 5 Sligayyg,:8)
aibe 280/ iy a4 oSSl gl Sare Ul
Sls5 e anld opl byt SOl oS (gl ass pae
53 oSOl e 5l BU sl laesygl,d JoSCas SOl

(0) wsb anls Job
&=~ 655U ez 55550 S @19 S adlbs ol s
wld GBS skt @ pely mhe ey bl s e
O3arded dewS sy S Sy plased aslinal b iy 5,281
b shite .88 15 aalllas 5,50 SOl Gis s
ot ol ol St bl 5 T gildue 5 St
3,5 szl (65550 CuigmalS b <l 5 RSM S )
oelSLls i 3wl b b, penas 4 555 CCD 5l ssliza
S Sl a5y 5.8 85 Sliulagl 5L sl 4 3L g
b g 52olin e o s ssle 2238 Lo Jlzst s by i
(+/ 2N )Prob>F 5 F olye 5l Jols mliialed o S
e O3l ailso ol e (LT S 5 e oS 5 janta
s lSSlls Gl e Juw (lack of fit test) sl
S el ol Sk S wd ab e Gl plely oo s

Luld o sl gilyran Sialol sbasls b ole sls Jus

\fai

\Fey ‘}ﬁb‘:tr}w ol sr.é‘ﬂ)})/kﬁﬁﬂ“‘%)b&ﬁjk asllad



Yo

o o3l b O g 5 S S 5 018 oL s /0L 5 bl Loy

References

1. XieY,ChenlL, LiuR. Oxidation of AOX and organic compounds
in pharmaceutical wastewater in RSM-optimized-Fenton
system. Chemosphere. 2016;155:217-24.

2. Shaykhi ZM, Zinatizadeh AAL. Statistical modeling of
photocatalytic degradation of synthetic amoxicillin
wastewater (SAW) in an immobilized TiO2 photocatalytic
reactor using response surface methodology (RSM). J
Taiwan Inst Chem Eng. 2014;45(4):1717-176.

3. YazdaniM,NajafpoorA,DehghanA,AlidadiH,DankoobM,Zangi
R, Nourbakhsh S, Ataei R, Navaei fezabady A. Performance
evaluation of com-bined Ultrasonic/UV process in removal
of Tetracycline Antibiotic from aqueousSolutions using
Response surface Methodology. Iranian Journal of Research
inEnvironmental Health.Spring 2017;3 (1) : 11-20.

4. Devi P, Das U, Dalai A. In-situ chemical oxidation: Principle
and applications of peroxide and persulfate treatments in
wastewater systems. Science of The Total Environment.
2016;571:643-57.

5. Eslami A, Bahrami H, Asadi A, Alinejad A. Enhanced
sonochemical degradation of tetracycline by sulfate
radicals. Water Science and Technology. 2016;73(6):1293-
300.

6. Houl,ZhangH, Xue X. Ultrasound enhanced heterogeneous
activation of peroxydisulfate by magnetite catalyst for
the degradation of tetracycline in water. Separation and
Purification Technology. 2012;84:147-52.

7. Jeong J, et al.,. Degradation of tetracycline antibiotics:
mechanisms and kinetic studies for advanced oxidation/
reduction processes. Chemosphere. 2010;75(5):533-40.

8. JiY, ShiY, Dong W, Wen X, Jiang M, Lu J. Thermo-activated
persulfate oxidation system for tetracycline antibiotics
degradation in aqueous solution. Chemical Engineering
Journal. 2016;298:225-33.

9. Fakhri A, Rashidi S, Tyagi |, Agarwal S, Gupta VK.
Photodegradation of Erythromycin antibiotic by y-Fe203/
Si02 nanocomposite: Response surface methodology
modeling and optimization. Journal of Molecular Liquids.
2016;214:378-83.

10.Eslami A, Asadi A, Meserghani M, Bahrami H. Optimization
of sonochemical degradation of amoxicillin by sulfate
radicals in aqueous solution using response surface
methodology (RSM).
2016;222:739-44.

11.Yang S, Wang P, Yang X, Shan L, Zhang W, Shao X, et al.
Degradation efficiencies of azo dye Acid Orange 7 by the
interaction of heat, UV and anions with common oxidants:

Journal of Molecular Liquids.

persulfate, peroxymonosulfate and hydrogen peroxide.

Journal of Hazardous Materials. 2010;179(1):552-8.

12.Ahmed MM, Barbati S, Doumenq P, Chiron S. Sulfate radical
anion oxidation of diclofenac and sulfamethoxazole for
water decontamination. Chemical engineering journal.
2012;197:440-7.

13.Gao Y-g, Gao N-y, Deng Y, Yang Y-g, Ma Y. Ultraviolet (UV)
light-activated persulfate oxidation of sulfamethazine in
water. Chemical Engineering Journal. 2012;195:248-53.

14.Wang C-W, Liang C. Oxidative degradation of TMAH solution
with UV persulfate activation. Chemical
Journal. 2014;254:472-8.

15.Qi C, Liu X, Lin C, Zhang X, Ma J, Tan H, et al. Degradation
of sulfamethoxazole by microwave-activated persulfate:

Engineering

kinetics, mechanism and acute toxicity. Chemical
Engineering Journal. 2014;249:6-14.

16.0lmez-Hanci T, Arslan-Alaton |. Comparison of sulfate
and hydroxyl radical based advanced oxidation of phenol.
Chemical Engineering Journal. 2013;224:10-6.

17.Rodriguez-Chueca J, Moreira S, Lucas MS, Fernandes JR,
Tavares PB, Sampaio A, et al. Disinfection of simulated
and real winery wastewater using sulphate radicals:
Peroxymonosulphate/transition metal/UV-A LED oxidation.
Journal of Cleaner Production. 2017;149:805-17.

18.Wang J, Wang C, Tong S. A novel composite Fe-N/O
catalyst for the effective enhancement of oxidative
capacity of persulfate at ambient temperature. Catalysis
Communications. 2018;103:105-9.

19.5u S, Guo W, YiC, Leng Y, Ma Z. Degradation of amoxicillin in
aqueous solution using sulphate radicals under ultrasound
irradiation. Ultrasonics sonochemistry. 2012;19(3):469-74.

20.Dhaka S, Kumar R, Khan MA, Paeng K-J, Kurade MB, Kim S-J,
et al. Aqueous phase degradation of methyl paraben using
UV-activated persulfate method. Chemical Engineering
Journal. 2017;321:11-9.

21.Fang C, Lou X, Huang Y, Feng M, Wang Z, Liu J.
Monochlorophenols degradation by UV/persulfate is
immune to the presence of chloride: Illusion or reality?
Chemical Engineering Journal. 2017;323:124-33.

22.1zadifard M, Achari G, Langford CH. Degradation of sulfolane
using activated persulfate with UV and UV-Ozone. Water
Research. 2017;125:325-31.

23.Hyk W, Kitka K. Highly efficient and selective leaching
of silver from electronic scrap in the base-activated
persulfate—ammonia Waste  Management.

2017;60:601-8.

24.Chen X, Murugananthan M, Zhang Y. Degradation of

system.



p-Nitrophenol by thermally activated persulfate in soil
system. Chemical Engineering Journal. 2016;283:1357-65.

25.Manz KE, Carter KE. Investigating the effects of heat
activated persulfate on the degradation of furfural, a
component of hydraulic fracturing fluid chemical additives.
Chemical Engineering Journal. 2017;327:1021-32.

26.Zheng L, Wang X, Wang X. Reuse of reverse osmosis
concentrate in textile and dyeing industry by combined
process of persulfate oxidation and lime-soda softening.
Journal of Cleaner Production. 2015;108:525-33.

27.Bu L, Zhou S, Shi Z, Bi C, Zhu S, Gao N. Iron electrode

as efficient persulfate activator for oxcarbazepine
degradation: Performance, mechanism, and kinetic
modeling. Separation and Purification Technology.

2017;178:66-74.

28.Huang X, An D, Song J, Gao W, Shen Y. Persulfate/
electrochemical/FeCl2 system for the degradation of
phenol adsorbed on granular activated carbon and
adsorbent regeneration. Journal of Cleaner Production.
2017;165:637-44.

29.Song H, Yan L, Jiang J, Ma J, Zhang Z, Zhang J, et al.
Electrochemical activation of persulfates at BDD anode:
Radical or nonradical
2018;128:393-401.

30.LiY, Yuan X, Wu Z, Wang H, Xiao Z, Wu Y, et al. Enhancing the
sludge dewaterability by electrolysis/electrocoagulation

oxidation? Water research.

combined with zero-valent iron activated persulfate
process. Chemical Engineering Journal. 2016;303:636-45.

31.Duan X, Sun H, Tade M, Wang S. Metal-free activation
of persulfate by cubic mesoporous carbons for catalytic
oxidation via radical and nonradical processes. Catalysis
Today. 2017.

32.Matzek LW, Carter KE. Sustained persulfate activation
using solid iron: Kinetics and application to ciprofloxacin
degradation. Chemical Engineering Journal. 2017;307:650-
60.

33.Pu M, Guan Z, Ma Y, Wan J, Wang Y, Brusseau ML, et al.
Synthesis of iron-based metal-organic framework MIL-
53 as an efficient catalyst to activate persulfate for the
degradation of Orange G in aqueous solution. Applied
Catalysis A: General. 2018;549:82-92.

34.Wang S, Wang J. Trimethoprim degradation by Fenton
and Fe (ll)-activated persulfate processes. Chemosphere.
2018;191:97-105.

35.Criquet J, Leitner NKV. Electron beam irradiation of
aqueous solution of persulfate ions. Chemical Engineering
Journal. 2011;169(1):258-62.

36.De Luca A, He X, Dionysiou DD, Dantas RF, Esplugas

S. Effects of bromide on the degradation of organic
contaminants with UV and Fe 2+ activated persulfate.
Chemical Engineering Journal. 2017;318:206-13.

37.Goi A, Viisimaa M. Integration of ozonation and sonication
with hydrogen peroxide and persulfate oxidation for
polychlorinated biphenyls-contaminated soil treatment.
Journal of Environmental Chemical
2015;3(4):2839-47.

38.Shiraz AD, Takdastan A, Borghei SM. Photo-Fenton like
degradation of catechol using persulfate activated by

Engineering.

UV and ferrous ions: Influencing operational parameters
and feasibility studies. Journal of Molecular Liquids.
2018;249:463-9.

39.Peng L, Wang L, Hu X, Wu P, Wang X, Huang C, et al.
Ultrasound assisted, thermally activated persulfate
oxidation of coal tar DNAPLs. Journal of hazardous
materials. 2016;318:497-506.

40.Duran A, Monteagudo J,

Modeling the sonophoto-degradation/mineralization of

Exposito A, Monsalve V.

carbamazepine in aqueous solution. Chemical Engineering
Journal. 2016;284:503-12.

41.Asghar A, Raman AAA, Daud WMAW. Advanced oxidation
processes for in-situ production of hydrogen peroxide/
hydroxyl radical for textile wastewater treatment: a review.
Journal of cleaner production. 2015;87:826-38.

42.Monteagudo J, Duran A, Gonzdlez R, Expdsito A. In situ
chemical oxidation of carbamazepine solutions using
persulfate simultaneously activated by heat energy,
UV light, Fe 2+ ions, and H 2 O 2. Applied Catalysis B:
Environmental. 2015;176:120-9.

43.Exposito A, Monteagudo J, Duran A, Ferndndez A.
Dynamic behavior of hydroxyl radical in sono-photo-
Fenton mineralization of synthetic municipal wastewater
effluent containing antipyrine. Ultrasonics sonochemistry.
2017;35:185-95.

44.Mercado DF, Bracco LL, Arques A, Gonzalez MC, Caregnato
P. Reaction kinetics and mechanisms of organosilicon
fungicide flusilazole with sulfate and hydroxyl radicals.
Chemosphere. 2018;190:327-36.

45.Liu X, Yuan S, Tong M, Liu D. Oxidation of trichloroethylene
by the hydroxyl radicals produced from oxygenation of
reduced nontronite. Water Research. 2017;113:72-9.

46.Xie P, Ma J, Liu W, Zou J, Yue S, Li X, et al. Removal of 2-MIB
and geosmin using UV/persulfate: contributions of hydroxyl
and sulfate radicals. Water research. 2015;69:223-33.

47.Yang Y, Jiang J, Lu X, Ma J, Liu Y. Production of sulfate
radical and hydroxyl radical by reaction of ozone with
peroxymonosulfate: a novel advanced oxidation process.

\id4

AWeX Sl soled srégjjé/kww‘dﬁjbu;h_g}g asllad



—
o
<

ool b Sl 2 S 5 1B LIS s / 0K 5 bl oo,

Environmental science & technology. 2015;49(12):7330-9.

48.Yang Y, Pignatello JJ, Ma J, Mitch WA. Comparison of halide
impacts on the efficiency of contaminant degradation by
sulfate and hydroxyl radical-based advanced oxidation
processes (AOPs). Environmental science & technology.
2014;48(4):2344-51.

49.Myers RH, Montgomery DC, Vining GG, Borror CM, Kowalski
SM. Response surface methodology: a retrospective
and literature survey. Journal of quality technology.
2004;36(1):53.

50.Keshtegar B, Mert C, Kisi O. Comparison of four heuristic
regression techniques in solar radiation modeling: Kriging
method vs RSM, MARS and M5 model tree. Renewable and
Sustainable Energy Reviews. 2018;81:330-41.

51.Tan YH, Abdullah MO, Nolasco-Hipolito C, Zauzi NSA.
Application of RSM and Taguchi methods for optimizing
the transesterification of waste cooking oil catalyzed by
solid ostrich and chicken-eggshell derived CaO. Renewable
Energy. 2017;114:437-47.

52.Milani Shirvan K, Mamourian M, Mirzakhanlari S, Ellahi R.
Two phase simulation and sensitivity analysis of effective
parameters on combined heat transfer and pressure drop
in a solar heat exchanger filled with nanofluid by RSM.
Journal of Molecular Liquids. 2016;220:888-901.

53.Singh A, Garg H, Lall AK. Optical polishing process: Analysis
and optimization using response surface methodology
(RSM) for large diameter fused silica flat substrates. Journal
of Manufacturing Processes. 2017;30:439-51.

54.Ragavendran M, Chandrasekhar N, Ravikumar R, Saxena
R, Vasudevan M, Bhaduri A. Optimization of hybrid
laser—TIG welding of 316LN steel using response surface
methodology (RSM). Optics and Lasers in Engineering.
2017;94:27-36.

55.Soundararajan R, Ramesh A, Mohanraj N, Parthasarathi
N. An investigation of material removal rate and surface
roughness of squeeze casted A413 alloy on WEDM by multi
response optimization using RSM. Journal of Alloys and
Compounds. 2016;685:533-45.

56.Long A, Zhang H, Lei Y. Surfactant flushing remediation of
toluene contaminated soil: Optimization with response
surface methodology and surfactant recovery by selective
oxidation with sulfate radicals. Separation and Purification
Technology. 2013;118:612-9.

57.Trinh H, Yusup S, Uemura Y. Optimization and kinetic study
of ultrasonic assisted esterification process from rubber
seed oil. Bioresource Technology. 2018;247:51-7.

58.Salarian A-A, Hami Z, Mirzaei N, Mohseni SM, Asadi
A, Bahrami H, et al. N-doped TiO 2 nanosheets for

photocatalytic degradation and mineralization of diazinon

under simulated solar irradiation: Optimization and
modeling using a response surface methodology. Journal
of Molecular Liquids. 2016;220:183-91.

59.Charoen K, Sureeyatanapas P,

Suwannaphisit T, Wongamornpitak K, Kongkachuichay

Prapainainar C,

P, et al. Application of response surface methodology
to optimize direct alcohol fuel cell power density for
greener energy production. Journal of Cleaner Production.
2017;142:1309-20.

60.Malik D, Pakzad L. Experimental investigation on an aerated
mixing vessel through electrical resistance tomography
(ERT) and response surface methodology (RSM). Chemical
Engineering Research and Design. 2018;129:327-43.

61.0hale P, Uzoh CF, Onukwuli OD. Optimal Factor Evaluation
for the Dissolution of Alumina from Azaraegbelu Clay in
Acid Solution using RSM and ANN comparative analysis.
south african journal of chemical engineering. 2017;24:43-
54,

62.Morero B, Groppelli ES, Campanella EA. Evaluation of
biogas upgrading technologies using a response surface
methodology for process simulation. Journal of Cleaner
Production. 2017;141:978-88.

63.Sharma J, Anand P, Pruthi V, Chaddha AS, Bhatia J, Kaith
B. RSM-CCD optimized adsorbent for the sequestration
of carcinogenic rhodamine-B: Kinetics and equilibrium
studies. Materials Chemistry and Physics. 2017;196:270-
83.

64.Bu L, Zhu S, Zhou S. Degradation of artazine by
electrochemically activated persulfate using BDD anode:
Role of radicals and influencing factors. Chemosphere.
2018;195:236-44.

65.Cai j, zhou M, Liu Y, Savall A, Serrano K. Indirect
electrochemical oxidation of 2,4-dichlorophenoxyacetic
acid using electrochemically-generated  persulfate.
Chemosphere. 2018;204:163-9.

66.Bekkouche S, Merouani S, Hamdaoui O, Bouhelassa
M. Efficient photocatalytic degradation of Safranin O

solar-UV/TiO 2/Persulfate treatment:

Implication of sulfate radical in the oxidation process and

by integrating

effect of various water matrix components. Journal of
Photochemistry and Photobiology A: Chemistry. 2017.
67.Lu X, Shao Y, Gao N, Chen J, Deng H, Chu W, et al.
Investigation of clofibric acid removal by UV/persulfate
and UV/chlorine processes: Kinetics and formation of
disinfection byproducts during subsequent chlor (am)
ination. Chemical Engineering Journal. 2018;331:364-71.
68.Qi C, Liu X, Lin C, Zhang H, Li X, Ma J. Activation of



peroxymonosulfate by microwave irradiation for
degradation of organic contaminants. Chemical Engineering
Journal. 2017;315:201-9.

69.Feng Y, Song Q, Lv W, Liu G. Degradation of ketoprofen
by sulfate radical-based advanced oxidation processes:
Kinetics, mechanisms, and effects of natural water
matrices. Chemosphere. 2017;189:643-51.

70.Dong H, Zhang C, Hou K, Cheng Y, Deng J, Jiang Z, et
al. Removal of trichloroethylene by biochar supported
nanoscale zero-valent iron in agueous solution. Separation
and Purification Technology. 2017;188:188-96.

71.Liang C, Wang Z-S, Bruell CJ. Influence of pH on persulfate
oxidation of TCE at ambient temperatures. Chemosphere.
2007;66(1):106-13.

72.Ghanbari F, Moradi M, Gohari
2, 4, 6-trichlorophenol

F. Degradation of
in aqueous solutions using
peroxymonosulfate/activated carbon/UV process via
sulfate and hydroxyl radicals. Journal of Water Process

Engineering. 2016;9:22-8.

73.Duran A, Monteagudo J, San Martin |, Amunategui F,
Patterson D. Mineralization of aniline using hydroxyl/
sulfate radical-based technology in a waterfall reactor.
Chemosphere. 2017;186:177-84.

74.LinJ-C, Lo S-L, Hu C-Y, Lee Y-C, Kuo J. Enhanced sonochemical
degradation of perfluorooctanoic acid by sulfate ions.
Ultrasonics sonochemistry. 2015;22:542-7.

75.Caia C, Zhanga Z, Zhang H. Electro-assisted heterogeneous
activation of persulfate by Fe/SBA-15for the degradation of
Orange Il. Hazardous Materials. 2016;313:209-18.

76.Chakma S, Praneeth S, Moholkar VS. Mechanistic
investigations in sono-hybrid (ultrasound/Fe 2+/UVC)
techniques of persulfate activation for degradation of
Azorubine. Ultrasonics sonochemistry. 2016.

77.chen w, Huang C. Mineralization of aniline in aqueous
solution by electro-activated persulfate  oxidatin

enhanced with ultrasound. Chemical Engineering Journal.

2015;266:279-88.

Y#A

\Fey ‘}ﬁb‘:tr}w ol ‘r.g.‘a‘nu:/kw;«.zl%ﬁguj}g asllad



