\ &Lﬁg g\ °JL°'$ gd}' 092

EPSUD
V=Y Slmio N EY L g ety ol 15T o &ils

S5 RY a5 S gla S IT allad

n LS)}JA 4_‘\,2,0"

558 syl B i) bhow b Sodl Gl g sl by, p 60
UV/H20;

UVIH20z 5 5 66 sladul b law g b S 1 i

¥ oyl el
L{iJAT odle QVLJ LL\.)J.L:)[S su,.JwT u,.:}.s LL.))JY amlb LJW oj‘)§ )L':.Jl.iul
heskandarloo@laverne.edu : L5 J ytons oo 55*

QLYY ol Lo d D60 Y/00/YY lie 3L )

o AS>

bl s 5 pd e 3l T b s (glodlsh 5ok 4o 5 L ST pls SLS 5 1305 SLsS 5 JT glasa VT
S Glae VT Gl (gl Jae sy G Olpe a0 CAEl 4t iy O genlidinST glagg sl pd J a8 O wia 55 glagg, sl
e U’i\ BE) el enls OLES )}SJ.A LSLA""\";}N )\ P res) ;A,:b el BE) b L;j"; J;B c:”l.'l: UV/H202 ,\..iL,.e '\'JJ’“;'Lfd oalaial

sl 0dy3 8 218 Aol e b 5 4B S s S laedNT Gl 3 UVIH02 5 50 5558 sladol 3 LTS 0 g5,

1> el VT 555 slaotNT UVIHZ02 55 55 il b 1 g ddS slaesl g



o yhSul ol

UVIH20: 5 35535 sladsl b baw g5 L&uS/a_,ﬂ Bl

plol e 55w B L el T3 S galas|
(8) w3l Lol eS8 & genlinst S ojls

ey LA, Shglaws Sl gladle by
S sy s oS whiin LS gyl o
B A sy LS o g ol achad
S Olge g why GRlS] glaayl 3 blas S
U‘i‘ wlw‘ RSO0y LAaJ.A.lYT ‘-‘:{J’J BE JJ}A L.}:)J
A WG el 1SS bl p
4 0 &S g 4l S s sde GGl
(M) kb e baedoVT 51 ey ik 2LuS]
G dw 4 Ay OpeldenS] glado]
SollST Kaa Sl ST glad] b
Wiy OgeldenS| oS 5 slaanlp 5 Seal
L g 2 LSJ"‘-’('-:*-“-‘J

andl oS 5 51 Sen SamldnST sladul 5 s
03 L, 9 H202 J.Ja.- o.);.ls.l.:...s‘ & L: LI:"M ;‘J}LA
SameldenSl lannl B s 5 s e esliza
S5 o slsle el oS5l Sl
JJ.JL;G oslaul T|02 J:la.r Lst) 4.&.:.; JJJJULSJS}_%
Sl Ay OpllnS| oS5 laanl b
sshe a4 baanl B ol il Slbwes S S
(0) ")“"’L;“ 03 3 0 ¢ LAOMYTJ.!JS}A bl

oty OpldnS] gladl] b Sk
W s I sl basl sl b s
IS, b sty gk 5L s I eyl
Aol se s LS e A S
sl 05081 b s dlol> JIGol) ladavl su

PRV
Cople JalS s Ol o RIS
Sl O b o5ls 1) b SIS ¢ Sl
v Ol el 5yl glaysds 5L o5
Dl st 3 o Ol 55aS 5 el 0351 54
e kS o Wy Sl s S s sla S5
S g 3l 2 e O el el s
el s b sl Ol bl SNSES S
Dd 4t o &g, ol e (ST 51 L
g Ol o3 0 518 Slpa Laes a5 Ol 5e
s ool Slsb Ol &S el J= s ol
w2l 1 OSUS Gl gl b e Sy
5 SO G (Sos b 511 5yl el
@l ann s Gl siS 3 ek 4 e Sl
My ool glaskibe s 51 s BB lae
b LS 4 e oML )l S
b S dams 53 1 e UT 5 g e sl
St ol Ulsy el ans 53 L5l 2
5 e g, s pSatn e iy s o
Lesl o oV 15l (sl lajgd OAd i
A e (S s et sl s ()
olinl etV (Giluldr 5 pland A30 5w
PSS e 2l L S ol Sl
030zl 5 g0 LaodtiNT 03 5 o 51 6l 0 5 Jled
ol B iy ol el K ol 4 S 13
LOT B o 5 6555 Laediy VT oy 55 4 30 oS
dong 3 S o Jime 6,505 5B a4 UK Sl
kol Ui 5558 e A5 eV 1 it 56
5 eberd B a0 Wle e 3L ez >



\—Y' Q‘?s&.& s\i"ﬂ‘)\-e ‘\ gﬁ,“.ﬁ u\ GJL«; ud}‘ 092

SAS SIhL drmg  ames gla ST anlihaas

358 35 (Sl Vacuum-UV , UV-C B
S Sl 08 K sl 4 Sonp i elsbe 6
S Caanb 53 aS | ool 4 S5l 3 as 5 5 4
el b sk 4 pla3aS A, s8R
SR Sl p s Sl A slsle 55 s 0l s
B L P Y
Al o OF 3L 6551 e

i3y wiad 53 S UV slacsY s
Ty dsb o ocbb LS e Ll esla
osb a M sl S b e el YOt
53 &Bls 53 s sy P Ao s s b
Loy JRS 5 Seieds e el Canb
s a5 e ol o b ren 4 LS 515 S
Sl e Sk e DB LS Lo S
LS Gy ks 5 O 5,5 opimad 5 0l anand
DB Sl g s plte oS glaas b 51 S e s
Ml s ey 5P 55 03 B e 35y Al

2 S s LS ol e A
N g e e
oz b o S adss (S aeia
93 4 Sl wusll g jesie ib L U
shisle 55 axb 3 O eyl Y& 5 VA0 il
g Jsb XS e 13 S a b a5 i
Jsb o3 Cnd 1) S o 5t e sl YOU
sl Sy S ol Sl 5 iy Lag s
a5l as iy LS glannl b ST s ol by
spe oble UV-C sl 5l s iy ol
Uyo laced 3 pd o olinal 55 mie Olye w
Aty aw rd el o5

SLas oS slacaY )

5 =Sy sdsl, Gk sl s ekl el @
DS JelS Colg s s Sty 4 e LadST
AQUIRPR ISP S NP I

S 2 el adlle ol (g0 dlie s
Sl ae) L3 ekd el Dl S
5 s sl bug s sl sl
il 3 5 &, 50 UVIHL0;
oo 15 5 el lais

Olsisr 1 oRon iy O gplnS] slal
B N L
Al e 4 (V) IS8 55 5 508 Gl
25 5 Jsol 55 aebsl 53l el o)Ll sl
W gLl G p a8 e Sl
sl B slaatls o Sags 5l UVIHO:
Al et Ses 48 OS]

(V) LS sl sl

Ad d Oxidation Pr (AOPs):
Homogeneous Processes

IESI'“‘__ll | Photochemical [ | Chemical J

Ga;:;t::i‘;ion UV photolysis Ozonolysis (03)
UV/oxidant Fenton
UV/Ultrasound (US) US/oxidant
Photo-Fenton

Sad 43 iy O gl ST GladiyT 3 1 :()) IS
Sy el gl andl G b s -
zlsl 3l Slessame 4 (UV) ' i elsle axdl
S el o &S 558 0 MBI blisey S
Vormter e b edpdee L3 oy i

UV- UV-A 4l E a Llss o0 53005 13 2 5l

I Ultraviolet



o yhSul ol

UVIH20: 5 35535 sladsl b baw g5 L&uS/a_,ﬂ Bl

Sl e mlae 6 (S TSl s
dsb 53 05 S T3 T QIS o o
Gy 0S| CBlE 5 S S 2
V) 3505 J shoms

Sy o slsle andl N0 L 58 )
28 355 sl ge o IS 50 a1 il
035 K Dl 5o g e S ST ple 5 is
Sl S oS a5 el s
b tidbgn e Sl T 035 Jpheds Aslis
Sl Sl 035 Sl Aol S s ol
STl I slse Sse Bl 3B Ll @ b
A=) Ll
S g 53 iy elysle andl UL g g -
(UV/Oxidant) suS des'|

SO L s anlp LTS il e o
b glaodnVT Gl s min shsle axdl
LS 5 el 4 s eyl axdl Bl s
(H202) auSt,y Oyt b (658 sduSAS)
sy sslisad s (KeS208) Sl ol
Gladol 2 5l aul b oy 505 xe UVIHO, il 3
Jds 4 UVIHO; aul 3 .asl . UV/Oxidant
sy LB sl As s 03 OB
el (o a5 3550 JeuS 5 sder SIS,
oo S Ol s IS wns Jsb s 5 an S 18
23 G el el a8l (ol A g G adad
s plp oo opslie I Gl G

Loy 0 cdr il Jse s (S5

2 absorption cross section
3 quantum yield

¢

bge JLas L glac ey Y
SLad ey Y

S oeslid b Ol adal Glagteew ST
i slysle andl A5 (gl i slysle slag
oy b Gy b S glacsY I UV-C
UV il 5l doys A sy )5 355 e eslind
S5 Sn 03 3domn 3 gy Sl eds Wbl
05 UV ol el e gl Yoo s Jsb Py
BN ox e e b sl
Syie M e 8 S Ok 5l S
Vyare 5 Ly o arle 5,058 aind 3l lacwY
N T
Lo S L glageY 235l s e 4yl
G2 03 il e oS 0T b me (551 4 o
Sds bt 4 ol Sl eds able 5 358 LIS
£ (V) ol LS oS glacaY 51 5t ol VL
O L s aeyy JT Glaet VT Gl lae
UV-C glacasY 5l Ysems o hin shysle axd
SSly asl sl s spds eslitd
Sl Sl S b GalenSI 558
JUst aslsl s 5 358 0 3T (V) Wales) JI
I CF ol S pu Sl 51 0 S
sosls 35 (1) asban b Gillae S50 05081 il
S5 S pde S AnS s ISl 0]
il o (Il
C+hv—C* )
C*+0;, > C"*+0," (Y)



\—Y' C'Jl?sé.& s\i".’)\-e c\ gﬁ,“.ﬁ L\ GJL«; ud}‘ 092

SAS SIhL drmg  ames gla ST anlihaas

53 68 5305 sunil il 038 by il
V) el s o,L31 0T 4 anls]
I ks s bes JeS o oder adisl,
Js I sl 4 Ot 35 Gk
Aol e
OH’+RH — H.0 + R’ (\Y)
WSt LSty G s ST e dIKs,
A S e bl Ly STy Il
SISl S Sl Gl gl ks
534S Sosb adule o ST s
2l 5 CO2 oy JToaVT L 4 e cilys
Ly o235
R’ + O, — RO,;’ —— Products (\¢)
s 43 oS 5 oden IS0, s 2SI 53
A Sl S e (T Sls s
Al e g sl S|
R;C=CR; + OH’ — R,C’-CR;OH (\o)
23 Ll e oS LISl ioeen
5 oS oS Il 51050 Jl
das S5 1 JemS sk slao 50
OH°+RX > RX'*+0OH QRY)
clle LIl a8 cl sdd sdalie (el
Sl Aoy SRl e LLSTy OS50
b S ol chle 5l ae bl s e b
SV glackle cld Gy Sl chle
IR eVl Gl o e STy 05508
S PR e 2l S 3 s el
A Sl i sl e S OT) L e Sl
53 01 Salssl (i 51 50 LSty 035 4
3o ol Sl el S sdes GladlGsl, LSS

JeeSaoden I3l 5 4 1 of HeO2 I35
555 Gk ol WISl ol S e SSE
g Ll LB Waw o4 R L O3
Shles Ll b Lo 5 0350 e JT Gl S5
A Gl gt ol DY e Ll (i
) ale W5 1 Gdes gladesl 5 COz ol

Sy il GelSe als SV s
S oS sl 0l slgidy UVIHO2 il 3
Mg Jels ol edd B8 5 mbe i o
UV L5 b s S odes Jli sbadiGal,
Sl $3letn welSe A3l s HoOp sl
5 S Sty de e a3 1 UVIHO, i b
(\Y) 58 4D Ol 55 o

ol > e
H,0, + hv — 20H° ™)
Dlax! al>
H,0; + OH’ — HO;" + H.0 €3)
H,0; + OH' — O, + H,0 + H* (0)
H,0; + HO;” — OH ° + H,0 +0, Q)
H,0; + 0 — OH°+ O+ OH V)
iple 4>
OH’ + OH’— H.0; )
OH’+ HO;’ — H,0 + O3 CY)
HO;" + HO;" — H,0; + O3 QED)
OH’+0;" — 02+ OH ()
HO;’ + O, — HO, + 02 (Y)

DL ol JL}Q‘ Jt.ms_)‘).l.:.h LSLQJL{.:.}‘) LSLQUJMS‘}

A O b I Gl S s



o yhSul ol

UVIH20: 5 35535 sladsl b baw g5 L&uS/a_,ﬂ Bl

Wb opl 02 8 2 0 Al el YE
O8) el sl HO2 Cd s
ol s b g0 Olides RA RS9
UV/H202

e gl Bl 3 UVIHZO, Aol p ol
S, eVl s e glastNT
5o Oy b Slimie (sl gbeeYI
5 LIS B da i8S i s iSCile) L iS S
s JB w5 S S e e (o
RO PRSI

2T Lo 13555 (slaeti VT G o gt 53
ol 13 S Do (g3dane Slids UVIH202
2D OY) Yot Jle o 5L 5 (ool
(AO7) °V 5l 4l dul Gl 5 UV/IH02 4l 3
AOT . Lsls 13 s 3550 1y ol glad sloes 5
s w3 oS ol Sl sl S, K
abe Sl s Sl ekl el 5 4
LS5 5 S5l Gole s M sk
Al e Of wlie

G e sl LSS s SO s bl
g A el Sl Y 0l L UV-C Y S
o e YL s GBS Ced s 8
ajyclg..ﬂ;lui{l:jomwk}&,ﬁ 0
55 UVIHOz aslp Lls .cs 8 15 ealinad
DU 3 s ealin) sdiss Al LAOT oy 50
AeSTy O3ada Sl LS eslinad aul s 5 (UV
S50 UV il el 05d) Jlls) Cgr
R B L J- S PRI F 2

5 Acid Orange 7
1

33 oS Gl 4 Ll LLuST, OS50 e
Chle S I3 G ae sy O ples i S
0 UVIH0, aol 55 ST, Ojsien o sllas
IR & wlo¥T clale b gadaze gla el
why Slay A Gl Ll oy ey als PH
3,8 S o5V Glaslaag

S 305 sdes Coje gl UVIHO02 A
S0P 5 A le

S s Sl S aode Gl s A )
5 o kSAS] D3 s 3 Y HO2 IS5
£ oS oSl anpa ¥ OT Sl sl
Slbes S b ol e Dk sl
Vs oS 5 e 0l Tl LS5 e 0 sl
COD* ahrde LG sl

03 et (Ss8 slle sers L
5Vl syls ssms UVIHZO2 aul b 51 eslinad
g ol s 5 HO2 s ly sl
35S g dsb w0k JeSoodes sadiSol,
Jsb opor <Gl 51 5 2)ls s el YAS
O ke a4 S Al o5 0 alagse
o=l Co S e g s 8l b e
sla S5 Gl gl (Solar/Hy0z) Ak, 45 5
& e Dl el e DB e
s s HOy S Bt i b s
B H0, i axb js I olS 5 &S 635
sl sdes JSie G dnil UV andl Gl o
S Olse Bl o 3 sms al b AS e
STV el s b 25 as Xe-Hg sla 058

4 Chemical Oxygen Demand



\—Y' C'Jl?sé.& s\i".’)\-e c\ gﬁ,“.ﬁ L\ GJL«; ud}‘ 092

SAS SIhL drmg  ames gla ST anlihaas

sdalive .5 55 (AOT7) anlllan 5,50 0t VT &gl 2ale
LSl O5ooden 3l 20 2hle 5 a5 us
slowl Gl Ol s alS eV ke 253l
e S S A S 88 Gl B A ) s
Fopb Y 5l 56S mye dsb 53 AOT Jse ol
chle s Ll S sk 4 il e VUl
a3 b (JEIs A MG e e ADT
5 ookt Fadl 3,8 UV g 4 AOT J o
b e EalS e VT Gl gl

Il 4ol PH 36 s 250 S0 b
sy AOT Gis s UVIH0z aulp LTS s
b Ll 6 3l 0L s G ) s
Sl gl shel Ll Sl e 4 2
S UVIH202 ol p by 5 550 odVI
e

02 Jbl pam U raen Gl
b8 S s p 3550 UVIHO, il LTLlS
Olpe & s ssb o J5U1 Ll SLS 5
SLdlsly slSdle 8 5 S ol
OLS G (pl gl il e oolital oS 55000
sialsl Joms 3 Jgbl clale 2053 LS sls
e N L ASY RPN O SR
SES 5 S SE sl w4 ml ol ke
i oD s L St sl
Kb, 2L 4 UVIHL0,

S 53 o8 e Ol G amlie
sbols L UV-C N 55 UVIHO0p al
oslaiul (6,8 & Olge & (Slg A 5 T) sl
sy 53 AOT Gl Olpe oS 3l OLES il

5L eslizad Gl 5 UV 26 51 L eslizad
5SS, sVl clle 55 g5 LB 2als H0,
3 UV A0 Qlojen 508 (Js 0358 oad ol
S, etV clale s [ Kain 2als Esl HaO2
Sladbsly W5 4 Ll e fals (pl &8 0 p o0
555 oSl Jole S oS 2L by oo s
Sl 6 walsl s Gaim ol s Sl
Jed 3L UVIH20, il s LTS 55 jise Slles
axdlas 3550 0 VT 5 LSy 055500 ol Clale
Gl s B ke Ol 5 sl pH O (AQT)
25 5 s 2550 AOT oY

=L 53 HO2 sl chale 36 sy 3
chle il &S us jasis UVIH0z Al
ol oa AO7 ot VT Gl Olse 2153l LH20;
S5l YL H0, ke il b Jg oy dalet
LBl (Gl chle)  jasis chle
Ly gh s sdalie Gl Ol )3 s
LS oS axy Coso ol 4 ol sdalie
JeSsods I, HOp clle Ll
2 Solagl sl 4 de Sy 50
oo (7 sl U plas) 5y dalgt O3
G, Sl chle 51 YL glackle
sl HoO2 slad ;S50 b Jsn 55k 4 JouSsodn
L Sl ssdes GdSoly s 5 els STy
S (6 Wbl L plke) S e
JeeSoods LIl & Sl ST e
03 ey BB RIB e s ey e SeS
3 g gad edalie Bl Ol

wlp oDl Js o 86 & s b
S35 5 g Sose Geis ol > UVIHRO,

4



o yhSul ol

UVIH20: 5 35535 sladsl b baw g5 L&uS/a_,ﬂ Bl

2D QA YYY Jle s 5K 5 0 5l
NaHCOy/H,0; s UV/H0; g5 UV lae s
5 Fast Green FCF (FG) oS, Gi> s |,
e Lsls 513 w5, 5e Ponceau 4R (P4R)
A Ol 5 UVIHO, aol s &S sls olis Wl
Lol 5l sladlow 5l G IS, s VT 5
el o3 sl 554 NaHCOs/HO, 5 s UV
5 HPLC-MS  (sla T 51 eslacad b s
Gl ol o LS5 gladanl gt gLl
s S algdn K5 0 s

Slaass RS Pl CL" (V) Jsas= s
13505 slaed VT Gl 4y 53 o 4835 &) 50
ol byl ol gladle 53 UVIH202 aul b o s
Aol b das e 0L g 4 (1) o s
cilise gl JolS 1555 4 36 UVIHO;
S8 OB Ol Il L s e 1555, glaea NI
JB St b 4 5 e Ol
Gl 5 ek S e Bl ol Al
DL s 4 150, eVl Gl (6l st
S mslin Gl 5 Oeny sl oS s o
5 L® Al 15555 s VT clile 4 Ho0p il
Rl Glr omlie D5 e ALl 00 03 s
T dsb bl (S eser CY )5 e 0 TS
AL e el Yoi (g ST

8 Raducan
A

S B Sl 5 G ol ml Sl
5035 UVIHO2 a0l p LIS 55 g o Ol
Fot Ol L os mbe Sl cl g as sl 0L
b e an slan VT s S sl

e O Yol Jle s (galig 5 Ngd e
5H(MG) M ciVle Gl 53 UVIHZ02 Al 3
MG sls 13 ey 5550 1y ol (slad shoe
ook mlo s oSl S8 @b K
aS by Ol G ol @sz g o osliial g3
Sl Gris ssb & Llg e UVIHO, auf s
S5 ekl sy ol glakos 31 MG Gl
Oiasder wsdhe Chle s a5 LS
mgL*L 1, MG 31V mg Lt ¢l sty
rl o3 edd bl (S die s 5 518 e
VT o sl ol el 5 koS
Sy Gios ol i glagsssls 5 anllas s e

OV) YOy Jle s 5LKes 5 dlgd e
M sy dell Gl s UVIHO, il b LTS
0315 513 oy 3,90 |y ol lad ds 5l (ARBB)
Ll 6l 5l s S (6550 Slals
L35 oslS Ol s pes 215 5 a3l ol
Wb sl S e SISl s
pH 5 AR88 sl chle il L UV/H:0;
ol chle oIl b eSS s s b s SRl
e KU el b8 Al cud 5 HOs
Lalp 5l 2 A S5 Ol (s
AL e a8 UVIHR0,

6 Malachite Green
7 Acid Red 88



\—Y' C'Jl?séqﬁ s\i"ﬂ‘)\-e ‘\ gﬁ,“.ﬁ L\ GJL«; ud}‘ 092

SAS SIhL drmg  ames gla ST anlihaas
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o Sl Ll NUERPITIFT 1555 etV gl
= -1 %] = =
(\4) Decolorization = 100% [Dye] =100 mg L*, [H,0, 35%] = 4 ml:/6 L, Lamp power C.l. Reactive Red 120
1600 W, Irradiation time = 6 min
(Y9) Decolorization = 100% [Dye] =500 mg L, [H20,] = 90 mM, Lamp power = 150 W C.l. Reactive Black 5
(Wavelength = 200-280 nm), Irradiation time = 175 min
N Dye] =100 mg L, [H,0,] = 1000 mg L*, Lamp power =
Decolorization = 100% L S R Remazol Black B
AR =
(V) Mineralization = 100% 120 W (Wavelength 2_53.7_nm), l_)ecolorlzatlon irradiation (C.1. Reactive Black 5)
time = 20 min,
Mineralization irradiation time = 120 min
o a00s [Dye] =40 mg L%, [H,0.] = 565.8 mg L™, Lamp power =
(YY) ?%gkr);jzfg?gn _1:2%/A) 125 W (Medium pressure Hg lamp), Decolorization C.l. Direct Black 22
- oeh irradiation time = 35 min,
Mineralization irradiation time = 60 min
Decolorization = 100% [Dye] =100 mg L%, [H,0,] = 24.5 mM, Lamp power = 15 .
Yy
(¥9) TOC reduction = 58.48% W, Irradiation time = 60 min C.1. Reactive Yellow 84
a0 [Dye] =20 mg L%, [H,0.] = 116.32 mM, Lamp power = 560
(Y¢) Eg%)lrzgﬁittm _ 32;) W (16 low pressure Hg lamp, Wavelength = 253.7 nm, 35 C.1. Direct Blue 199
SR W/lamp), pH = 8.9, Irradiation time = 30 min
(Yo) TOC reduction = 80.2% [Dye] =20 mg L%, [H20,] = 10 mM, Lamp power = 125 W C.l. Reactive Blue 137
(Wavelength = 254 nm), pH = 5.5, Irradiation time = 60 min
— -5 —1Nn-3 P . .
1 ot~ 00 [Dye] =9x10" M, [H,0;] = 10 M, Output UV r':ad_latlon Indigo carmine dye
v Decolorization = 99% power = 23.37 W (Polychromatic UV lamp), Acidic pH, (C.1. Acid Blue 74)
Irradiation time = 10 min
(Yv) Decolorization = 74.48% [Dye] =80 pM, [H.0,] = 3.3 mM, UV lamp wavelength = C.1. Natural Red 4
254 nm, pH =10, Irradiation time = 30 min
o [Dye] =17.5 mg L%, [H,0,] =525 mg L%, Lamp power = 15
= 0,
YA) gggl?é:jzjéi?gn _15500//0 W (Low pressure Hg lamp, Wavelength = 253.7 nm), C.I. Acid Orange 7
T Decolorization irradiation time = 25 min,
Mineralization irradiation time = 120 min
(Ya) Decolorization = 73% [Dye] = 10 uM; [H,0,] = 1.67 mM, pH = 7, Lamp power = 6 © IRgggi?:n:;?c?Ig 10)
W (Wavelength = 254 nm), Irradiation time = 30 min o
[Dye] =5 x 102 mM, [H,02] =2.5x 1073 M, pH =3, Eriochrome Red 3B
¥+ COD reduction = 65% Irradiation time = 180 min, Lamp power = 20 W (Low (C.1. Mono sulphonic Mordant
pressure Hg lamp, Wavelength = 254 nm) Red 73)
[Dye] =20 mg L%, [H,0,] = 1000 mg L%, Lamp power = 30
V) Decolorization = 100% W (UV-C), Distance from UV lamp = 16 cm, Irradiation C.l. Basic Red 46
time = 14 min
vy o 0 [Dye] =10 mg L%, [H20,] = 1200 mg L, Lamp power = 30 .
AN Decolorization = 95.03% W (UV-C), Distance from UV lamp = 6 cm, Irradiation time C.. Basic Blue 3
=20 min
vy NN 0 [Dye] =10 mg L%, [H,0,] = 1200 mg L%, Lamp power = 30 .
AN Decolorization = 98.16% W (UV-C), Distance from UV lamp = 6 cm, Irradiation time C.I. Acid Green 25
=20 min
vy i 1000 [Dye] = 7.8 x 1075 M, [H,0,] = 0.046 M, Light intensity = Methyl Orange
) Decolorization = 100% 1586 pW cm? (Wavelength = 254 nm), Distance from UV (C.1. Acid Orange 52)
lamp = 2 cm, Irradiation time = 3 min
— -1 - -1 -
(re) Decolorization = 93.51% [Dye] =20 mg L, [H,07] = 2000 mg L, Lamp power = 30 C.I. Acid Blue 92

W (UV-C), Distance from UV lamp = 8 cm, Irradiation time
=10 min
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(1) Jsdor aals|
o S i, NUERPITIFT 1555, YT ol
v i [Dye] =20 mg L%, [H,0,] = 2000 mg L%, Lamp power = 30 .
e) Decolorization = 99.50% W (UV-C), Distance from UV lamp =8 cm, Irradiation time C.1. Acid Black 1
=10 min
(¥o0) Decolorization = 92.72% [Dye] =250 mg L%, [H;0,] = 0.25 M, Lamp power = 8 W © IAIII\;?JrrI(;]a;(teg(r)z\;\rI\Re 1)
(UV-C), pH = 4.95, Temperature = 50 °C " g
) Decolorization = 98.8% [Dye] =2.5 uM, [H20,] = 50 puM, Lamp power = 300 W Rhodamine B

(Medium pressure Hg lamp, Wavelength = 365 nm), pH =7,

(C.1. Basic Violet 10)

Irradiation time = 15 min
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Removal = 94%

TOC reduction = 35%

Removal = 98%

TOC reduction = 50%

TOC reduction = 40.65 £ 5.1%

TOC reduction = 72.06%

Removal = 98%

TOC reduction = 50%

Removal = 100%

Removal = 100%

Removal = 90%
TOC reduction = 43%

Removal = 100%

[CFA] = 1x10° M, [H,0,] =1 M, pH = 5, Lamp power =
17 W (Low pressure Hg lamp, Wavelength = 254 nm),
Irradiation time = 60 min

[CBZ] = 2x102 mM, [H,0,] =5 mM, pH = 5, Lamp power
=17 W (Low pressure Hg lamp, Wavelength = 254 nm),
Irradiation time = 4 min

[CTB] =10 mg L, [H20,] = 1000 uM, pH =7, Lamp
power = 700 W (Medium pressure Hg lamp, Wavelength =
238-334 nm), Irradiation time = 120 min

[AMX] =100 pM, [H,0;] = 10 mM, pH =7, Photon
fluence rate = 0.38 W L (Low pressure Hg lamp,
Wavelength = 254 nm), Irradiation time = 80 min

[CBZ] = 4.2 uM, [H,0;] = 10 mM, pH = 2-8, Lamp power
=30 W (Medium pressure Hg lamp - UV dose = 172 mJ
cm?), Irradiation time = 15 min

[CBZ] = 21.16 uM, [H,0;] =1 mM, pH = 5.74, Lamp
power =75 W (Low pressure Hg lamp — Light intensity =
153 pW cm?, Wavelength = 253.7 nm), Irradiation time =

240 min

[CAP] =20 mg L?, [H,0,] = 3 mmol, Lamp power = 30 W
(UVC, Wavelength = 254 and 290-390 nm), Irradiation
time = 90 min

[CAP] =20 mg L, [H20,] = 35 mM, pH = 5.5, Lamp
power = 6 W (Wavelength = 254 nm, Light intensity = 600
UW cm?), Irradiation time = 50 min

[SMX] =10 mg L, [H,0,] = 100 mg L%, pH = 4.8, Lamp
power = 200 W (Polychromatic medium-pressure Hg
lamp, Wavelength = 255-579 nm), Irradiation time = 10
min

[NFX] =15 mg L%, [H,0;] = 2.1 mM, pH = 7, Lamp
power = 6 W (Low pressure Hg lamp, Wavelength = 254
nm), Irradiation time = 100 min

[AMX] = 25 mg L, [H,0;] = 558 mg L%, Lamp power =
21 W (Low pressure Hg lamp, Wavelength = 254 nm, UV
fluence rate = 4.86 x 10°° Einstein m™2 s™!), Irradiation
time = 67 min

[SPY] =20 mg L%, [H,0;] = 700 mg L, Lamp power =
15 W (Low pressure Hg lamp, Wavelength = 253.4 nm),
Irradiation time = 180 min

Clofibric acid (CFA)

Carbamazepine (CBZ)

Cytarabine (CTB)

Amoxicillin (AMX)

Carbamazepine (CBZ)

Carbamazepine (CBZ)

Chloramphenicol (CAP)

Chloramphenicol (CAP)

Sulfamethoxazole (SMX)

Norfloxacin (NFX)

Amoxicillin (AMX)

Sulfapyridine (SPY)

)
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Removal = 72%

Removal = 85%

TOC reduction = 40%

Removal = 100%

Removal = 100%

Removal = 90%

Removal = 76%

Removal = 100%
TOC reduction = 58%

Removal = 100%

Removal = 96%

Removal = 94%

Removal = 99.94%

Irradiation time = 60 min

[NFX] = 150 mg L%, [H,0,] = 200 mg L*, Lamp power =
250 W (Low pressure Hg lamp, Wavelength = 365 nm),
Irradiation time = 210 min

[GFX] = 200 mg L, [H,0,] = 200 mg L, pH = 7, Lamp
power = 250 W (Low pressure Hg lamp, Wavelength =
365 nm), Irradiation time = 180 min

[TAP] = 50 puM, [H20,] =5 mM, pH = 7 with 1 mM
phosphate buffer, Lamp power = 20 W (Wavelength = 254
nm), Irradiation time = 120 min

[CIP] = 0.03 mM, [H,0,] = 100 mM, Lamp power = 6 W
(UV-C, Wavelength = 280 nm), Irradiation time = 40 min

[SMT] =5 mg L%, [H,0,] = 10 mM, Lamp power = 8 W
(2 low pressure Hg lamps, Wavelength = 254 nm),
Irradiation time = 10 min

[ACE] = 90 pM, [H.0;] = 11.8 mM, pH =5, Lamp power
=55 W (Wavelength = 253.7 nm), Irradiation time = 30
min

[AZM] =2 mg L, [H202] = 10 mg L, pH = 3, Lamp
power = 8 W (Low pressure Hg lamps, Wavelength = 254
nm, Light intensity = 1.02 mW c¢m), Irradiation time = 60

min

[CFT] =10 mg L%, [H,0,] =10 mg L%, pH =5, Lamp
power =9 W (Low pressure Hg lamp, Wavelength = 254
nm, Light intensity = 2.2 mW cm), Irradiation time = 120
min

[CPX]=2mg L?, [H,0,] =6.9 mg L, pH = 3, Xenon
lamp (Light spectrum similar to the sun, Light intensity =
500 W m), Irradiation time = 50 min

[LEV] =5 mg L?, [H,0,] = 150 uM, pH = 3, Lamp power
=25 W (UV Hg lamp, Wavelength = 254 nm), Irradiation
time = 30 min

[OFLO] =5 mg L%, [H20;] = 150 UM, pH = 3, Lamp
power = 25 W (UV Hg lamp, Wavelength = 254 nm),
Irradiation time = 30 min

[NIF] =5 mg L%, [H,02] = 0.52 mM, pH = 7, Lamp power
=25 W (Wavelength = 254 nm), Irradiation time =5 min

Norfloxacin (NFX)

Gemifloxacin (GFX)

Thiamphenicol (TAP)

Ciprofloxacin (CIP)

Sulfamethazine (SMT)

Acetamiprid (ACE)

Azithromycin (AZM)

Ceftriaxone (CFT)

Cephalexin (CPX)

Levofloxacin (LEV)

Ofloxacin (OFLO)

Nifedipine (NIF)
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A review of new methods of removing environmental pollutants: Photolysis
and UV/H202 processes

Removal of pollutants by photolysis and UV/H202 processes
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Abstract

Organic contaminants, such as dye pollutants, pharmaceutical compounds, pesticides, etc. are
increasingly found in water sources, and therefore need to be controlled by modern water treatment
technologies. Advanced oxidation processes are often used as an effective method to remove organic
contaminants. UV/H,0; process has shown acceptable results for removing a wide range of mentioned
pollutants. In this paper, the efficiency of photolysis and UV/H,0, processes in removing organic
contaminants were reviewed, and then, the significant results obtained were reported.
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Abstract

Sustainable development and the growth of green industries require the adoption of new solvents to
replace traditional ones. Conventional solvents are known to be toxic and volatile and pose significant
environmental challenges. In recent years, scientists around the world have extensively investigated
deep eutectic solvents. This article aims to provide an overview of the history and use of deep eutectic
solvents based on published literature in this field. Deep eutectic solvents consist of two or three
inexpensive and safe components that are combined to form a eutectic solution with a lower melting
temperature than each individual component. Consequently, these solvents typically remain liquid at
temperatures below 100°C. Deep eutectic solvents exhibit similar behavior and physicochemical
properties to ionic solutions but are more cost-effective and biocompatible. Due to their numerous
advantages, extensive studies have been conducted on their preparation, synthesis, as well as their
physical and chemical properties. Furthermore, deep eutectic solvents are being investigated for
various applications, and their use in fields, such as nanoparticle synthesis, electropolishing,
electrodeposition, and metal extraction, is rapidly increasing. Overall, the adoption of deep eutectic
solvents offers significant potential for sustainable development and green industry applications due
to their favorable properties compared to conventional solvents. Ongoing research continues to
expand our understanding of these solvents and explore their diverse applications in various fields.
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Removal of p-nitrophenol from aqueous environments by UV/S,0g*
process in a continuous photoreactor: Optimization by Taguchi method

Removal of p-nitrophenol by UV/S20g% process
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Abstract

The present research was an attempt to investigate the removal of an organic pollutant called p-
nitrophenol (PNP) using the UV/S,0s> process in a continuous annular photoreactor in order to
optimize the operating conditions effective in the efficiency of the process through the Taguchi
method. According to the results of the Taguchi method, the optimal conditions for initial
concentration of PNP was equal to 40 mg L* with pH equal to 3 and S;0s% concentration equal to 18
mM in a residence time of 17.24 min. In such conditions, the removal percentage is equal to 98%,
which is in good agreement with its experimental value of 95%. Furthermore, the Taguchi method
showed that the most effective parameter in the removal of PNP was the concentration of S,0g> with
a contribution of 43%.
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Keywords: Continuous annular photoreactor, p-nitrophenol, Taguchi method, UV/S;0s*
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Photocatalytic removal of Rhodamine B dye by SninsSs: Optimization of
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Abstract

In this study, the performance of stannum indium sulfide (SninsSg) was evaluated for photocatalytic
degradation of Rhodamine B dye (RhB) as an environmental pollutant. Response surface
methodology (RSM) was utilized to optimize the effective operating variables (initial RhB
concentration, SninsSg amount, solution pH, and irradiation time). Maximum removal efficiency of
81.15% was achieved under optimum conditions. This predicted result was confirmed experimentally
(78.96%). The kinetics study of photocatalytic RhB removal by SninsSg showed adherence to the
pseudo-first-order kinetic model with a rate constant of 0.047 min. The outstanding performance of
SninsSs originated from its flowerlike hierarchical structure, which enhances light photon absorption,
and increases pollutant adsorption.
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Keywords: Stannum indium sulfide, Rhodamine B, Photocatalytic process, Response surface
methodology, Kinetics
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Abstract

Air pollution poses a significant threat to many cities in Iran, with Tabriz the bustling metropolis,
being particularly affected. Factors such as rapid population growth, rural migration, industrial
expansion, vehicular density, topographical features and natural factors have collectively contributed
to Tabriz becoming one of Iran’s most polluted cities. Beyond human-related factors, geographical
factors including location, topography, and temperature inversions also play a crucial role in
exacerbating air pollution in Tabriz. In this research, descriptive research methods drawing from
meteorological and air pollution data sources were employed to investigate the spatial relationship
between climatic factors and air pollution in Tabriz. By collecting and analyzing information from
meteorological stations in Tabriz and air quality measurement stations related to Tabriz, we created
integrated maps using Geographical Information System (GIS) software. These maps visually
depicted pollution distribution and zoning. According to the results of the research, a significant
spatial relationship and correlation exist between meteorological parameters and air pollution
parameters. Additionally, the distribution of air pollution parameters across the surface of Tabriz city
reveals that the highest pollution levels, attributed to polluting gases such as SOz, NO2, Os, and CO,
occur in the western and central parts of the city. Conversely, suspended particles contribute to the
most pollution in the eastern side of Tabriz. Furthermore, the seasonal quality index indicates that
summer and spring experience the least air pollution, while autumn and winter exhibit the highest
levels.

Conflict of interest: None declared.

Keywords: Spatial relationship, Climatic factors, Air pollution, Significant correlation, Tabriz
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Abstarct

Sustainable development involves integrating social, environmental, and economic objectives
to enhance human well-being while safeguarding the capacity of future generations to fulfill
their requirements. The development of cities that are socially, environmentally, and
economically stable, capable of addressing the challenges posed by rapid population growth
and migration, stands as a central task in this century. Over the past few decades, the swift
urbanization and expansion of industrial activities have led to a decline in urban
infrastructure and an increase in environmental waste. The socio-environmental and
economic dimensions of sustainable urban development serve as valuable tools for enhancing
urban cohesion. Consequently, the study of sustainable development in Tabriz holds
significant importance. In this study, we conducted a comparative analysis of the socio-
environmental and economic dimensions of sustainable development in Tabriz city, focusing
on regions 2 and 6. Our investigation involved reviewing relevant literature, conducting field
observations, and administering questionnaires. The present study employed a descriptive and
field-based research method. Data were collected through a questionnaire administered to
various groups, including residents and experts from regions 2 and 6. The data analyses were
conducted using SPSS software. The results indicated that urban sustainability in region 2
was assessed on a scale of 5 to 105 points, categorized into three ranges: poor (5-38), average
(39-72), and good (73-105). In region 2, the evaluation of urban sustainability revealed the
following distribution: 0% poor, 57.77% average, and 42.22% good. Meanwhile, in region 6,
the distribution was 11.11% poor, 48.88% average, and 40% good. Notably, residents and
experts expressed greater satisfaction with the sustainability of region 2 compared to that of
region 6. Given that sustainable development is a crucial aspect of urban planning, it is
essential to incorporate forward-looking strategies tailored to the unique conditions of each
area within Tabriz city. This consideration should inform the planning of urban spaces,
aligning with the principles of sustainable development.
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