[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Oy e clilogy (oole pozil
VOA B VFY Slxao Vel e Jgl o)les co20 )loz 050

&

Available online: https://ijhe.tums.ac.ir

(@

“
@
£

o vewell gy /J»
&
/’ ’
s \
%,
9 £
% (1AEH) \f.‘d(‘

‘,f‘f‘“Jj’:’, Jle

o
&F
7

&2y90 axlllao) (4g08-938 winl 3 5l ool b ooy o ol 5 gl 9 o (s B (o) 2
(el iy ulg (conniig iy
Y6l sl M golslas alll #g ) M gdgame Loyl T Slad dmallae ST L L sggls
Olnleleal Gleal els sas Sig pale olKuils coaiilage ouSiils clase Cllagy (owiige 09,5 =)

Ol e )8 ol 005 50l (S pole oRidle slilags coglas -
Ol e0,5 54 00,8 4l (S g pale oRiils ciiiilags oaSisls clase cudlagy (owdige 09,5 -V

clm—S>  :all do el S bl
599551 g (oo Sleogas L9 8 Jle Pl SO (padgrm Jiemplidud gdsaw)  (Fee/o¥/of el o &b
el 0 S o (cor g2 g (sond lio )0 (g 9 )8 (LYo 4 S )b, L jlas VFel /YR T B
4 05 I8 Al o 890 ¢ S iolom il (sLaby, 5 o ml Loty Ve /2T et @)U

26,5 oLl s ey e ol i Gan b aslllas o
ST OLY ol Sl oG sals il slaJslne (og; ml 5ty OP9)
goad adlal hade s sl ol 5 an 19581 9,0 e Of 5 mudw 35 50
dbeal (51 (s5elniipe s5-b 4y wlioed g al B aS ols plas poliiladidl g auds ey Sl s aelS o5l
S 5 a0lgs o ygid- g8 a8 LalLog, JSau NMP g5l o iVl (5,8 LB JISRSPURNCIE AT
e ) ML g 50 LH O, clale o olidlass o 55 5 g5l Soxe |, NMP
23,5 (0o, FYN) COD ials g (ao,0 AF) o y55 o 5YL s
Wl oo Hgbgid (S Ty Lasg aidy iy (gl ST a5 S (55 e 15 S A
S9l> LS abai iy 5 425 slp iFuaeel 48 )dy el (5558 S0
29, o &y (S5slee amial o, NMP
1 o 0 W g5 (S g SISy
D jalili225@gmail.com

Please cite this article as: Jalili Naghan D, Fadaei A, Mahmoodi A, Khodadadi R, Razazi Sh. Removal N-Methyl Pyrrolidone from petrochemical effluent
using photo-Fenton process: a case study of Mahshahr port petrochemical unit. Iranian Journal of Health and Environment. 2021;14(1):147-58.

Copyright © 2021 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@ @ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

@35k 4 aly el g sl LI wle 2 Y Y
Sl SleS LSis Jds 4y JToanVT g5le Sone 3500
O5id SUB Sew 5l wlgs o a5 el by Fe¥t Ji

(O Q) asS (65 gl
Fe’* + H O, —> Fe’* + HO- + HO® ")
Fe** + H O, —> Fe’* + H' + HOO )
Fe** + HO® —> Fe’* + HO- )

Slge il by oy5 angl 3 lawsgs JT clooars¥T 455 om0
e slogge s 1) il b 558 L o5id
o jphailen Lol nl o s oo il o 4 (Y- - )
55b o0 FE 51 Fe™ o )Lgo algs el 5J5u8 ooy ala>dlo

Q) (F aoles)
Fe,OH, + hv. —> Fe** + OH° )

55 o poSLeaS 3l sn UV (2l 3 aslisd
a3 o ojll Fe?t gla g a0 g ol 4 jo0 4y ,0l8 a5 amo
oS oo o (V) WS S, b SB[ o
2 4 sy 2 Vo) Jl o olSes 5 Ayodele
YIS b oas 3ol S pind sl Jansgi (b 28 a9
s wisls alol SISy 8 CandllS b o olos

Y el sa] Cawss Ba> Sz o oelke
slagleail, Y10 Jlo yo 56 o Ken g Alalm b o
H,0, Sl b opisb s g, b o 25281 Gis
Sl oty Sl o 2S5l 4z iSTa Loged loy oL )|
clale o mldlacs mee 0/) g/L 5 H O, 5l5e0 a5
coli, b 45 ols Ltals 1) aiS ol aps HO,
Glasdlas b oK s Ramirez .(\Y) cosl ooy ido
o Joone 5558 4 pmlinnS] 55, 1 Y+ Y 85
Cnrte PH=Y o cascils candBlS 5l solaswl L Orange
oty Plos Copat] & 455 b .OF) W) oS |, ol
Slye aisSil cls elaadlols 5 3l olyhs 5 e
ot (o aslllas (nl )3 eudg s Jeite o) aile (olent

abl> LSl jo ek gd g b oy, 25 aS

YFA

09y et o)l Bdo g

doddlo

la LS 5l (S ol a5 cnS 3l lale o
sk polie 5, 2 Celond o ez vy Lol
OS¢l oo o3gl] o g S @l sleoo¥T alwg O
a4 oo sl Lo bl 3l o b jo ailawlis ()
Sl e a5 0ol adss o slas] 4 et Hob
Soo g5y Cenl 03 )5 (Ll (S35 g ST 4 (Ane
achal ) (il S se 9l | roan VT 5l ool S 5
Y e )l a5 5 (Y) all Sglaie b Gt £93 y2 Sl
S5 SyeS 055 4 e Sy smle (NMP) oty
5 sl U LBl o Pl 5 ST o 48 sl el ppdle
(5 ) cd CHNO Gl Jg0 3 1l

Sl shes (sorBo iy 5 o mbio glaawl B 5l A6 slacley
oS Ced NMP alax 5l Sl P g i JT bS5 ¢l
Lo ylsdl (o 9 Sy aors cowlio Aal pae O jg0 4o
o9y Mol liml (B) wisS o o Cal |,
Ll 5l oS eng Swladl 5 Sley,] olaS s Juls
Vi laclal 15 45 (it o 5 o b o,
sl B (F) s Siglen abal sla by, odylssl
JU )8 (ol Cda aiile (oleand 95058 9 (S5
352 ool b eadly Sl wlgiso (ol ol L
Ll 0,25 a5l ashai o laanld cnl obj Brae 4 5L
ol e Rl Jooly ileee Jeol 8 g oollasli |,
slaanl B o) 50 wlg oo B)laie abal slagiglesS
OypmslonnST glaazy s opl (V) 55 il (AOP) i iy,
Slr s slplie [0 &5 03 fse SlasidesSS
bl ol oo aniar ( JT laosnVT o 55 5 uals
Loy ¥T5 Sooo 55 epslie S Slse (S3slms (s iy
S by G 5o 8 S (50 18 ooliiul 5 )90 50 9 S5, Bi>
(Fe* UV IH0,) (Fe* H;0))la AOP il o
UV 05UV 0; H:0,) (H20,03) (UV H0»)
g Sl s ol yon 40 THO, (05 L0, (Ti05 (s
oot ly (Sl g ol baws a3 58 slaanyl 8
O ¥olas 5l a8 jshilan (A) Spd e g oyl s

%ﬁ yﬂy
Voo Jlgs /gl ojladh /an,lg2 0595 o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

ool Slidgw woyn Yo (H)0)) 50aSsy 05)00e oo
a>,0 L (H,SO,) < 5850 2l ((FeSO,.7H,O) &l Y
(NaOH) (0w 0 3,002 5 00,0 A9/39 51 s ogls
Sliole;l caled jo iy [bgs Ol Lied 050,85 ays
5 Aol Gubiie ;o adlllas ol 285 18 oolinl 350
5 gk e pite (n Y 005 plodl dwgnl O )jg0n
Wl QL] dige polie 5 oy p ol 0 Shoe » Foe

iloads ools lid asds b 4 ) Jgu> o a8

ol B3> 5 (NMP) (g0 Lo of polie oS 5 (S5
L1y ooedsry ool 9y o (255 oy o SleS 5
9 i 210,805, b (So3sdom s pdua i Ll bl Goa

85 )18 (o) 990 feS solatdl glaaiyje

L o9y 9 olge
o&dl,glaj‘fo/}a_

A9 5l i esls 45,0 LNMP (oS 5« udios ol 5o

iz ) YL 890 (o)l S0 g p3lio 6 s (b piio - Jgu

mg/L O jY"~~‘\~~ QTJJJ_,JQMNMPC,.H& \

mg/L 0 [XEAEAT Fe+2 BEL v

min qv e

Ok 0

551y 99 52 slp 48, 4 (508 Joe 55 oo ol B rond
ol wiged V L L o ,5551,528 l 9,0 05 TKA -RCT
UVl a8l «ygud 9551, j0 andlas b 5 )8 Fe?*
slaw 4 ALLOW Juo UV wssl oass b slacwY o5
o0 Jsb b il b axtl oaisS gblu Vo V 5tlg L oae ¥
S axmio S sy 2 &S O F)leS ez 5l YOF nm
P ¥ 8515 )50 jee jslaie 4,955, (VL o o] g
bgte JL3 L il B 55 p 9 5l sk cnl ps oud axd S s
S (Yl o ol S 2 Lgie 53 L (slacasY Loy
Voogas 3l i) Vb cd b L il anar gl cai)ls
2 gyl ppal ais Sowle Gy o I8 ke
il g nl Goyb 5l Ceioran el 0ol ools lis VIS

"‘\'l‘)Jf Pbu‘ pH fV'ﬁ‘Ia"’ 9 Fe? 9 HZOZ &y

® ﬂﬁ%
_‘/%ﬁ J Voo Jlas /sl o et /o3 lg2 033

ijhe.tums.ac.ir

V¥4

OFgtd g (g 48 g GgealenST )55,

5S1y 09 g gid g g )9S, 9o ) S adlllae )l
Wizl Ol b slated JSO gl ,9251, SG g
57955 9 5999 e DENCh (uliiio 10 5am 4 5o
IS 59 ] Silais 4 09 (29,5 ol 00t oz ooy 325
S5 (5‘)“5 5 yud SO )3.’;5‘) C)] pz ol 00l ools obas )
IPVRY PR VELA Y RSOV

S lalginl j9551, Sy g anl g 9551, ioren
dbench ulis o ed 4 jomme dwgnl b, b glades
NS rez ey 5 (T 9 6095 e UV lagsY
oz 55 9 VL xS, (IS oo () JSK2) 052 (o795 Sl
LYsl ioles] b pason VL o SIS e S ooy
e Az B @ie g baiged lls LIS slaiea | 3
WL g p0ep senSTy 3 56 eads adys of5T el IS,


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

09y et o)l Bdo g

Stirrer
Influx Reactor
-3 < —
=
= Uy Lamp
5 2
o
X
—
|
Discharge
58 aiglyB 59 03liiusl 350 53551 (AR ylo] Silads ) S5
WoIf s, aus,8 Ve mE/L cdalé L Seinl Joloes ibojl ploil _

Sleg,S 60 L COD yws sl (VAYY) Nordmann 4
Jslore 55 08 apuST Jale lsie 4 (K.Cr,0)) ol
<, 54 Closed reflux g, buwg H.SO, ol
4 AgSO, ls(Fr nm o s 5, o lsbinl s )
3loolatwl b Jelore wdz )l .ol oolaiwl 43U leie
‘_;‘).1 S el )SJ aQ r:)y W) s./j‘)S )...99.._‘35).&,.@‘ Ko
3l 5l COD T (61, 5o 3,50 sla Jslons plos s

(OVF) ol eola 5220C o)Lo...i': KoY

Lasly

0¥ dd

o8 wld bawgs NMP (6 50a500 o6l o)) e
Sloy o3b 50 Ll den a5 o 3 bl Slesie wlivle;l
55 VIAD plyy sle cas pH .aias plowl #+ min
28,5 oulats ¥ ooogusme yo ol PH cawl 10,5 aslal L 13
3,90 0+ 90+ mg/L 55 wFe* s NMP lacdale
L ptalojl al>yo ez legazme clolys ;5 .28)5 )3 oolarl
slaol ;5 ¥ 5 ¥ ) /0 mE/L H O, Gl slaclile
oS woby las isbesl mli ol el £+ min b
b, HO, Fe?t NMP osl 3 o5l some 5 420

Sigl S 0gd po a8 S Al (plpls g Lhgeds LB

VO

alo e on o sl sla e clle 36 aoles] s,
NMP oS5 ool Jsbme i S polie sl
oo it eS|, 90 FEX an slaciili ol en 4
GuF 5SS Jslre 90 HLO, 5l (e clale s
H18 WS 550 00ls i sloley o (b oo )5
2 PH jlade .l Jon (6525 aigei ;5500 55551, 5l 5 azs 8
JS H SO, s NaOH (sla Jsbmo baugs LiiSTy Jsbo
VY Jge lasie b IS5 L 9o b olislesl aes .aus 8
oolaiul S50 aools ‘J.SJLA.A 9 u.‘i).n.b ‘Bl.‘}u‘ A.Al.v).' gﬁ,Ja
5 o5 slagisy sl eRale] Jole plas o851 8
39 0y alie UV CaV ol eolaul piite 5l s ygud-gu8
Jade ¥ Jgom b NMP aJgl cilisee slacdale aps
a Veee mL b e Aol g 595 LS 9,50 NMP
Mol )‘Qs.,uin DR &S) 4.1.“.»54.: e W) o.\.;Lw) >
STlbosS S prms (295 oy BT Grzes
2o, Ve HO, Glise glacdale (pman .ol oglad
Clle o (gl e W0l 51,5 551,508 4 pHEY 5o
Sz 38 Gylepene A min was & HO, &5
w4y a3l oz Fe? a gl oo glacle L Jolowo dngs

%ﬁ yﬂy
Voo Jlgs /gl ojladh /an,lg2 0595 o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

shls (iSly goyi 514 min 4 £+ X glacley b oo g NMP S5 i dals oSl jo b
5 AOIYY AABIYD s say COD ala>de LB Bas> polis il iBge anl 8 Wl cod o] (g5lw e
7o lagley ;o aSul gy . Cawl ouis odmlie duoyo YY/YY Orgiisgid apls
CanSs 0o )0 AY 5 VO o 5 4y 2iSTs g9, 51 4+ min 4 PH ;1
ool BB g Ll a5l a5 oolidl 3last NMP 50 asl> Bl 5l eolazl L NMP a 525 6l ool ooty s
BL) uj—uﬁ'}d k}“_“_ﬂj COD RS ).n)La.a \ )“35_‘” ] uJWw‘ ol odlo uLA.MJY de})\)pH )JOLQ.AM)O Fe2+

223 oo ylid ey i ol o a1 Calizes sl pH 4S5 ek ol oolidl 51 ¥ L ol pH o NMP o0 ol

aslllan 3350 oo 3INMP i Cugr (538 gl s PH =Y Jgoor

VA/NE I ) o v Y \
OV/YY O ) o T Y Y
A AZAN o ! o A \ v

AN O ) o v 3 \
4y/\v O \ o 7 : Y
qF 5 \ ot q ¢ v

35
30

25

=== pH= 2
20

= pH=3
15

(Ao y3) Bl Ol

e pH=4
10

O T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

(min) ol

(H,0,(30%) =Y mL .Fe*'= 8+ mg/L. NMP= 8++ mg/L) lizeo pH p5lio ;5 COD Bi> ol 5mo =) jl0g0

® gﬂ%
_—/%g J Voo Jlas /sl o et /o3 lg2 033

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VO


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

BB sgge en b &V mL 5 H O, polie 5 ol
Ams e &y o] dils St s NMP Gis s slalisde
ol adlal polie 2asly el HOO, ol ) iy )55 oLy
S5ige Jlolga b (13515 sl & S5 000 sla S50, L
anld opl o HO, angy cbile flgea joSae cbile 13

OF) 55,5 oo Sl
OH + H,0, —> OH°, + H,O ®
OH,°+°0H —> H,0+ O, *)

S5l S 59,008 a0 5l s jga> (adly 5o
g g Ol o 0 ]y LSy 0 sla JGol, Lsias
L eol) ol B b azeis 1o 09,5 oo w8 ool oS
s @2 s (guid-gs anl s s Lol bl oS
=51y 5l o HYO, Gllas oen S on oy 8

7 N0 w38l 1) COD olie ygus-gus

v 090dgm Jue ()l Bl )

H,0,iliss slaclilé

o sl JI5 0590 (IS5 4 (g aenSTy S
STy oS wites Lo o 3g29e I Sl 5 ple il
e ol el il Sl T oS3 SIS,
e b a5 ol pge Sl el o ssw HOO,
S e Gl sael Cansts @l 00,5 s ol a
3 ey Ve anSly g jlead &5 slacdile
bl OU 30V Joged il sals ool las ¥ Jgo
Slade ;0 aas oo plas anld L 2 1) Ojgaee STy
£YIV+ 5 COD Gi> il ‘HZO2 (do,o Y+) 6 mL
o) FYIVY & STy g9, 51 ¥ min L) 0 sy
YmL polie o a5 cadl> o opl o, o0 4+ min o
2bowd 5L 8550 ST B> il H O, (as o Y0)
Sley ;0 aod YYIYY 4 ¥ min lej 40 ao,0 ADIYO
23,5 COD G )5 sgugy el a5 o, 4+ min
ol anlllas uls (o 0 & 5 0 SYolee 5l a5 jshilen

Fe* Gilica Sl 1Y Jpur

A/ > \ > v . \
VA/FY o \ 5 . . Y
.
. \r/or o \ 5 . ,

AFY e
vV b
8 \/FY o

\ o Y. \
v

\ 1) & v ¥

\ o q. v ¥

% ) 2 ﬂy
1Eoo lgs /Jgl o)loih /ads,lg2 095 o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

2 o2 NMP S5y adls cnSis Glie 5 ouy00 o0
aulyd 4 Fe? man 5,5 09 weye ) anl ol
COD _alS so,s dgp cel lien F- mg/L b
Oley 40 do 0 AYIYY 5l Bis lewil) aS 5 6bas cas0 S
Ol38l b Bd> ylie ol oo, doys V/FY 4 ¥ min
cdale ol plyas e oS 0 mE/L G ol iy
(Ogiid- g8 ol 8 b g NMP Gds> ol Fe?t a g,

b s S ki o F mg/L

Fe** 0. mg/L 4 f ¥+ ¥+ slacdale 5l adllas opl 4o
O mL)H O, 5 pH=-Y) pH aryg, joie 5 o oolisl
5590 Limlidl (ST jebay ol lias s cal solasal
Sene el Fo mg/L 5 ¥+ b ¥. ;I FeSO,.7H O
SAYL legliss po i Jl nl b oo S0 NMP 4y 320
s NMP Gi> olewsly 7H20 ‘FeSO4 slp ¥+ mg/L
2l 4 arg L.(V0) sl o SL <ol Ly a5 COD
VYYD 4 COD Gis lasl, Fet? 51 ve mg/L clale

45 -
40
35 -
o
3 30 -+
3
A 25 >
2 20
a === Fe2+= 20 mg/L
Y 15
~ e=fil=Fe2+= 30 mg/L
10 Fe2+= 40 mg/L
5 =y Fe2+= 50 mg/L
0 3¢ T T T T T T T T T \
0 10 20 30 40 50 60 70 80 90 100
(Min)ok

(pH=Y .H,0,=YmL NMP= &+ mg/L) ygi- 938 wul 5 COD Bdo 1,5 (g9, Fe?' ciliso glacdilé 130 -Y ,log0

FeSO, 7H,O 1 0 g/L 5 ¥ 51 5YL slig0 0 5 o8
L 5395 lo ol 2 COD 5 la Sl Gis S
Fe* clags 5l 5y 8 pas a5 bgy e FeSO, 7TH O (WL
g S 10 3920 3y Blro )3 slaxil jo

NMP Liliseo slocLilé il

iliee CBLE s wiond o0 o)l T Jsaz 0 a5 jshiles
o9y (0 mg/L 4 Y-+ mg/L -+ mg/L) NMP
Femin gloy (b o UV il (oyme o gud-gid 25T,
e min g £+ ¥ alize Jloj slaosl jo g ol a8 5 18

235 (510 piges

® gﬂ%
yégg ‘J 1Foo lg /Ul oloih /3 lg2 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VOY

s Ayl Sl aly o (ST LS 5 il ST e
OgeliamnST 3o )3 (Slair Dglil SG B 9,8 S 90392 9,8
FURCTIOR RVORLS RS o] 5 (0I5 R C IR TSN SRVL g N Eo
WsS o 599,50 ciliss o PH 10 9,8 (150 odsi 5ee
S Jslore 5 658 s g8 gl PH o w005 (s o8
YN Jlo o o )Ken g Alalm a5 i 0 .(V8) el
ahai sly oyidsid s TIO, U928 anglio 1o (o33ke
oSS ()10 0 el (90l Lo S 8l s LS
399 ilidla S a_Soaal i sasoly sl o sllaa 5 a4
b asedl ayios )0 50 <l Y g/L L Y 51 FeSO, 7H,0


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

A¥/¥A Voo
VY Voo
ay \/8Y Yoo

\ £ 2 ¥ \
) £ 5t ¥ Y
\ .

¢ q ¥ ¥

ag cbale o LS olejl G o Fer jlaie als L
L ool polie o3le aige b as wsls olis bl Y-+ ppm
b oo ialpsl i yleal, Fe?=Y e mg/L Cgllas clale
NMP ol slacile [ a5 sas e b dlae ol o5
s 005 o COD iy B> el Fe?' ials
a5 NMP o+« mg/L cbale lp ¥ Jgax 5l ol e
L 5 o i I 5y o alad ity slocBle D Sy
olis pgd-gd wnld abss 4 |, NMP= ¥- . mg/L
S0 0Vl a i3m0 a5 8,5 aml g oo (S jebods .oms e
Sl @l b adlg o)l g oglhae SIS S slacdale

OY) o)l Slsdran asy cpl jo Olalllas

Sy w328 oleddly akal Gy Rl b &S cul poo
Voo mg/L adyl clale LNMP oS oo ol el oo
2o, OVIA 1 COD Ga> SIS 0,5 oo 3oy55 5555958 4
Oleey 3 0oy YVIYA & anl)d g9,0 51 Ve min loj o
Okl o 5 ik sl o 55 liee sy o0 3+ M
O+ mE/L ENMP jis 09580 b .ol o yo O+ 2aSTy
¥ Glagle; )0 cud i ar g wlioe Gl lagions Gl
Sy oo oy VY o VIYY AYYY olie 4 4+ min 4 7+
@.dwy s0 00,0 AV & 5 NMP S sledils> o 50 s
oS Sl 35 e s Gl sl Sone e (S 5kee

S el alydl 55 NMP
oS e S eunYT ly laclile o ap BL

NMP Gis> ey ‘_,9.».»3—9.’»‘3 ol yd oy o @LQ; ot polio -0 Jouo

éfp ) 2 ﬂy
1Eoo lgs /Jgl o)loih /ads,lg2 095 o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

H,O, (talfil b opisbrsid iy b lgiSs] Bis
Sl Cewods Sloj o 25 cdl 4y po iSTas 0gad oy <L)
clile iy ot i o g/L I HL O, $lies a5
G5 onl Wl o g ol 2ol 1) o i8S cél 4y H O,
‘) 0H02 9 L)AA.AS‘} C)I_IO La aslsl H202 as »)9»...: 4.;.>9)
Slyan ol aalllas b gz onl 51 ams o LS
AY) 5l

YooV o o &5 sladllas b o See 3 Ramirez
L Orange laJslne (528 ad (sl (5, 5
) mlo ue PH=Y o casly cllJBlS 5l solau!
alS () 5,15 cllae axlllae ol glis b 45 53,5 oS
@ Yoors (PH<S Y) 5oml sl pH o anls o Shee
by wlasly g0 5 P 1Sty (Saijlojl
N pams yie &) cibyb d 0] sl SLaS Sy
25 oml b adsl sle PH o a8 o 2l (ol
b 3l el Joloal S50 4 ol csapnl (s bl
pH=Y 0 a5 0,5 o )13 pH 36 cov H O, s 0l
GYL g ¥ ol pH 30 el (§5eS oy a0 glyls
55 e 5 oS5 0m sla ),

Comd NMP a5 0 1) (6596 o]y (pgidgd ol 3
OH® pglowe odg JJo & Ylis! a5 ols olad g &
&S Sy s> 1Sl pae g COD ol pals ool
Coplo 51 Bl cunl San sl Cawsts s anld o
oS Gl ok 5l s NMP oS5 s pdya o co
w5 P OgelaenST S o yied 50 JeSg e SIS0,
Olee s COD B az o 0 VL 4 az g Lol by il
s polie WNMP (oS 5 Sy dils> o 55 9 CanSls
PH Lo 5l ogb-gi anl b 50 fse Jelse 51 S p0 0ns
Ot Ol oo dnte bl o Fe?' (H O, slaciale

® gﬁ/
yégg J 1Foo lg /Ul oloih /3 lg2 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VOO

aad ly Oydgid g 5 laanlp o)l asllhas oyl
2obgs 9l S 5l b NMP L oo sogll o558 oML
w2 Soyp I Gl Seled 5008 IS (eentie
Silwgane 5 (GC) 555l 5 55 laglesl b 5D
35 o3 giidmgid anlyd 5l soliw] NMP (COD als)
PH (e 5l s ol ooz 4 (S 0l 8 planily 0,8
M aial o Hlass 5| (S o5l NMP 4 (H,0,)
S w3 4 pslie 5 oo I SlaS i jpa> mlio
VY (Ve 0ged dpay | LQ,ST Jslaie

by JoSoien GlaJsl; Gl on Sl oszy cnl b
s ,F absdle B HO, oW slecdkile s HO,
w7 Ol 2ol 4 PH Galidl 5 lagseil jgam Jale 50
2eomlpl .0, S S NMP 55 COD Gi> 4
dedo @ ilegane 5 6y a VL Gl pH= Y
S PHU Aelin 3 JoncS5 000 Jad sl S5 2t oS0
¢ Oygii g8 Al 8 Ao ol 5 (oo ael cewoas 5L
NMP-=¥.- mg/L,HO,/¥-=y mL .Fe**=Y-mg/L
ol Sy

S9y 2 VoV Jlo o o5 g Ayodele a5 i o
ol SGad sl dawgs (giid-gnd wil s 0 i e
VST -5 5 candBS b osds Colas 5d¥TsS L ous
N ppm )l ool slacdale o as aszsl o wssls plxl
Voo ppm i slacdald b anslis jo a5es pleadl,
Le 5 JTosle cale (s YU adly 43 .00)) ol YL
4oal |0L>u‘ OL") w.a‘)s‘ 9 u‘m‘ oole prevae d).m 90
oloaily NMP agl cdale 21380 b ol s oo JolS
3,50 PH=OIVF (izmen 5 j00 ooyl oo pois plos
03,50 Jol> (glazmt Bacls Jg wid )5 )3 (ow)
slagledsly Y10 Jlo o 5 o5 9 Alalm im0


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

bl HeewlanS| a5 S 4lg e VY LIRS
ad i 5yl S Gl e gdmgid STy awgs
Sl GOl whal fon 5 s Glp it el

2l ks 5eem atas gl NMP

S ol
slaasle ool Cd s pae ol B OIS 4l B g
Cole, dlie ol o 1) (gilwosls 5 eools (ay o (ailS g0

.J.J‘co;

References

1. Romero V, Acevedo S, Marco P, Giménez J,
Esplugas S. Enhancement of Fenton and photo-
Fenton processes at initial circumneutral pH for
the degradation of the B-blocker metoprolol. Water
Research. 2016;88:449-57.

2. Segura Y, Martinez F, Melero JA, Fierro JLG. Zero
valent iron (ZVI) mediated Fenton degradation of
industrial wastewater: treatment performance and
characterization of final composites. Chemical
Engineering Journal. 2015;269:298-305.

3. He D, Guan X, Ma J, Yang X, Cui C. Influence
of humic acids of different origins on oxidation of
phenol and chlorophenols by permanganate. Journal
of Hazardous Materials. 2010;182(1-3):681-88.

4. Lee KP, Chromey NC, Culik R, Barnes JR, Schneider
PW. Toxicity of N-methyl-2-pyrrolidone (NMP):
teratogenic, subchronic, and two-year inhalation
studies. Fundamental and Applied Toxicology.
1987;9(2):222-35.

5. Zolfaghari A, Mortaheb HR, Meshkini F. Removal
of  N-methyl-2-pyrrolidone by photocatalytic
degradation in a batch reactor. Industrial &
Engineering Chemistry Research. 2011;50(16):9569-
76.

6. Ravanchi MT, Kaghazchi T, Kargari A. Application

w09y et o)l Bdo s

S50 G pdia e bl g gl Saxe o 1) LIS
Sl (Sl aaal slanld jo mews wbde yo )
o PH ml3l 5 lagsdl joa> Jle g0 ,a .ol
NMP 55 COD Gis> 5 o555 ol ials
aps YL Olee PH =Y o nlpbiy 08 S

sl ol, piw JSa Jdo 4 gilegore 9 )9
Cossty YL gl PH L aslin jo Sy 0 Jld

Jels ygud-g8 ol s angs bl s ol jo ol
NMP = Y-« mglL s HO, /¥-=) mL.Fe**=Y-mg/L

of membrane separation processes in petrochemical
industry: a review. Desalination. 2009;235(1-3):199-
244.

7. Saien J, Nejati H. Enhanced photocatalytic
degradation of pollutants in petroleum refinery
wastewater under mild conditions. Journal of
Hazardous Materials. 2007;148(1-2):491-95.

8. Gogate PR, Pandit AB. A review of imperative
technologies for wastewater treatment I: oxidation
technologies at ambient conditions. Advances in
Environmental Research. 2004;8(3-4):501-51.

9. Tarr MA. Fenton and modified Fenton methods for
pollutant degradation. In: Tarr MA, editor. Chemical
degradation methods for wastes and pollutants. Boca
Raton: CRC Press; 2003. p. 165-200.

10. Bigda RJ. Consider Fentons chemistry for
wastewater treatment. Chemical Engineering
Progress. 1995;91(12):62-66.

11. Ayodele OB, Lim JK, Hameed BH. Degradation of
phenol in photo-Fenton process by phosphoric acid
modified kaolin supported ferric-oxalate catalyst:
optimization and kinetic modeling. Chemical
Engineering Journal. 2012;197:181-92.

12. Alalm MG, Tawfik A, Ookawara S. Comparison
of solar TiO, photocatalysis and solar photo-Fenton
for treatment of pesticides industry wastewater:

operational conditions, kinetics, and costs. Journal

%ﬁ yﬂy
Voo Jlgs /gl ojladh /an,lg2 0595 o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

of Water Process Engineering. 2015;8:55-63.

13. Ramirez JH, Costa CA, Madeira LM, Mata G,
Vicente MA, Rojas-Cervantes ML, et al. Fenton-like
oxidation of Orange II solutions using heterogeneous
catalysts based on saponite clay. Applied Catalysis
B: Environmental. 2007;71(1-2):44-56.

14. Kavitha V, Palanivelu K. The role of ferrous
ion in Fenton and photo-Fenton processes
for the degradation of phenol.

2004;55(9):1235-43.

Chemosphere.

15. Sahunin C, Kaewboran J, Hunsom M. Treatment
of textile dyeing wastewater by photo

oxidation using UV/H,O /Fe*" reagents. ScienceAsia.
2006:32;181-86.

16. Santos A, Yustos P, Rodriguez S, Simon E, Garcia-
Ochoa F. Abatement of phenolic mixtures by catalytic
wet oxidation enhanced by Fenton's pretreatment:
Effect of H,O, dosage and temperature. Journal of
Hazardous Materials. 2007;146(3):595-601.

17. Malato S, Fernandez-Ibafiez P, Maldonado
MI, Blanco J, Gernjak W. Decontamination and
disinfection of water by solar photocatalysis: recent
overview and trends. Catalysis Today. 2009;147(1):1-
59.

18. Papoutsakis S, Miralles-Cuevas S, Oller I, Sanchez
JLG, Pulgarin C, Malato S. Microcontaminant
degradation in municipal wastewater treatment
plant secondary effluent by EDDS assisted photo-
Fenton at near-neutral pH: An experimental design
approach. Catalysis Today. 2015;252:61-69.

19.Liu N, Sijak S, Zheng M, Tang L, Xu G, Wu M.
Aquatic photolysis of florfenicol and thiamphenicol
under direct UV irradiation, UV/H,0, and UV/
Fe(Il) processes. Chemical Engineering Journal.
2015;260:826-34.

20. Palma-Goyes RE, Silva-Agredo J, Gonzalez I,
Torres-Palma RA. Comparative degradation of
indigo carmine by electrochemical oxidation and
advanced oxidation processes. Electrochimica Acta.

® gﬁ/
yégg J 1Foo lg /Ul oloih /3 lg2 )93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

oV

2014;140:427-33.

21. Gates DD, Siegrist RL. In-situ chemical oxidation
oftrichloroethylene using hydrogen peroxide. Journal
of Environmental Engineering. 1995;121(9):639-44.


https://ijhe.tums.ac.ir/article-1-6538-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-25 ]

N
o, o
" of Environ™

3 Al
-J \\\ / Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2021, Vol. 14, No. 1

HETH AND EXVIRONMENT

Orginal Article

Removal N-Methyl Pyrrolidone from petrochemical effluent using photo-Fenton
process: a case study of Mahshahr port petrochemical unit

Davood Jalili Naghan'?*, Abdolmajid Fadaei®, Alireza Mahmoodi?, Rouhollah Khodadadi', Shahnaz Razazi?

1- Department of Environmental Health Engineering, School of Public Health, Ahvaz Jundishapur University of Medical Sciences,

Ahvaz, Iran

2- Deputy of Health, Shahrekord University of Medical Sciences, Shahrekord, Iran
3- Department of Environmental Health Engineering, School of Public Health, Shahrekord University of Medical Sciences,

Shahrekord, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 25 May 2021
Revised: 19 June 2021
Accepted: 21 June 2021
Published: 21 June 2021

Keywords: N-Methyl Pyrrolidone,
Fenton, Photo-Fenton, Mahshahr

*Corresponding Author:
D jalili225@gmail.com

Background and Objective: N-methylpyrrolidine is a highly potent solvent
with toxic and adverse ecological properties that has historically been widely
used in the chemical and petrochemical industries. Due to the health and safety«
toxicity and environmental effects of effluents containing NMP« these effluents
should be pre-treated before biological treatment methods. The aim of this study
was to remove N-methylpyrrolidone by photo- Fenton process.

Materials and Methods: For testing, solutions such as sulfuric acid, iron
sulfate 7, oxygenated water, sodium hydroxide and distilled water were added
to N-methypyrrolidine compounds in the reactor. Then, the removal process was
investigated in two stages: complete mixing and adding solutions.

Results: The results revealed that the Fenton process cannot be used successfully
to treat the hypothetical refinery effluent containing NMP. However¢ the photo-
phanton process mineralized and degraded the NMP composition. Increase in
30% H,O, concentration to the optimal dose of 1 mL led to the highest degradation
(94%) and decrease in COD level of solution (42.1%).

Conclusion: It can be concluded that advanced oxidation by photo-phanton
reaction can be a promising advanced oxidation technology for decomposition and
pre-treatment of NMP-containing wastewaters for further biological treatment.
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