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Study Response Surface Subtype Randomized
Type
Design Box-Behnken Runs 17
Type
Design Quadratic Blocks No Blocks Build Time (ms) 157.00
Model
Factor Name Units Type Subtype Minimum Maximum Coded Values Mean  Std. Dev.
A Triclosan Numeric  Continuous 0.055 20.005 -1.000=0.055 1.000=20.005  10.03  7.05339
B Catalyst  g/L Numeric ~ Continuous 0.1 0.25 -1.000=0.1 1.000=0.25 0.175  0.053033
C Time min Numeric  Continuous 1 15 -1.000=1 1.000=15 8 4.94975
Response  Name Units  Obs Analysis Minimum Maximum Mean Std. Dev. Ratio Trans Model
R1 Removal % 17 Polynomial ~ 29.7827 96.3636 61.6198 14.8951 3.23556 None  Quadratic
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Factor 1 Factor 2 Factor 3 Response 1
Std Run A:Triclosan B:Catalyst C:Time Removal
g/L min %
12 1 10.03 0.25 15 67.6152
13 2 10.03 0.175 8 63.9232
10 3 10.03 0.25 1 36.324
4 4 20.005 0.25 8 67.5606
16 5 10.03 0.175 8 59
2 6 20.005 0.1 8 57.7528
17 7 10.03 0.175 8 63
15 8 10.03 0.175 8 59
7 9 0.055 0.175 15 96.3636
3 10 0.055 0.25 8 79.9091
14 11 10.03 0.175 8 60
1 12 0.055 0.1 8 67.2727
9 13 10.03 0.1 1 29.7827
8 14 20.005 0.175 15 64.5791
11 15 10.03 0.1 15 47.7069
6 16 20.005 0.175 1 64.3839
5 17 0.055 0.175 1 63.3636
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Removal % = -4.56555 - 2.97725 Triclosan +

652.19717 Catalyst + 3.42617 Time - 0.94522

Triclosan * Catalyst - 0.11745 Triclosan *

Time + 6.36521 Catalyst * Time + 0.17062
Triclosan® - 1748.99577 Catalyst? - 0.11815

Time?

M
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Analysis of variance table [Partial sum of squares - Type III]

Sum of Mean F P-value
Source Squares df Square Value Prob>F
Model 348431 9 387.15 4136  <0.0001 significant
A-Triclosan 346.27 1 346.27 36.99 0.0005
B-Catalyst 298.83 1 298.83 31.92 0.0008
C-Time 84894 1 848.94 90.70  <0.0001
AB 2.00 1 2.00 0.21 0.6579
AC 269.04 1 269.04 28.74 0.0011
BC 44.67 1 44.67 4.77 0.0652
A? 1213.59 1 1213.59 129.65 < 0.0001
B’ 407.53 1 407.53 43.54 0.0003
C’ 141.12 1 141.12 15.08  0.0060
Residual 65.52 7 9.36
Lack of Fit 43.98 3 14.66 2.72 0.1789 not significant
Pure Error 21.54 4 5.39
Cor Total 3549.83 16
Std. Dev. 3.06 R-squared 0.9815
Mean 61.62 Adj R-squared 0.9578
CV.% 4.97 Pred R-squared 0.7923
PRESS 737.31 Adeq Precision 27.687

-2 Log Likelihood  71.18
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0.055 20.005

ATriclosan = 0.487192

C:Time = 14.8977

Desirability = 1.000

e b glwgls (655 (65956 55

R

0.1 0.25

B:Catalyst = 0.205231

29.7827 96.3636

Removal = 97.5423
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Constraints

Lower Upper Lower Upper
Name Goal Limit Limit  Weight Weight Importance
A:Triclosan 1is in range 0.055  20.005 1 1 3
B:Catalyst  is in range 0.1 0.25 1 1 3
C:Time 1s in range 1 15 1 1 3
Removal maximize 29.7827 96.3636 1 1 5

Solutions

Number Triclosan Catalyst Time Removal Desirability

1 0.487 0.205 14.898 97.542 1.000 Selected

O Cpizmad g oo i Jele b oo VT uled g1,
Sl £o50 90 ;0 4 S sad o zals | ol5T sla JIGol,
Ol Ll 38l K0 sgw 3l clils wualgs ol eaas |, lendl,
e i Ll ] e s 53 S 33ealS 5l (TS
oS 31 Sl o, wdsi g ouds SiGres glaciea—d 4 (535

Do o pals 1) cul ean¥T o 58 Lol Jele
as ols lis e 39 olwe p ooVl cdale S6 glaaisl
SlsslS (65 ] e b s San gboss i oot
as osl Jdo ol wilgs oo ,L3, ) s 2o le LLG )|
olaslS 55 sl JsSga slast sorzy¥T eyl il tl3dl

Loy

sanliwe +/Y g/L 590 b e undBIS 590 Liol38l b ooy
5033 b b8 Sds pleaily SYL lajes po (g o
IR L g S 5l CndBLS 590 alidl ol ol cole o
1 ol Jled Lo Jool; adg ol as Jad sladlSl>
L oaia¥1 (395 2) oled s al 38 gma 5550515 350
Iy oleasly ial58l bewdine o83 1 iuli8l .l B> Jule
Co5elS U YL Sl sl jgo jo il salgs ol an 4
o gozd 98,5 o0 05— 4 laSolS Cllo o0 b i

o %g yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

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


https://ijhe.tums.ac.ir/article-1-5959-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

O 5 liloss ;luals

201y 536 i by a5 oo e oyl F-value 4
(ack of fit) Golas pae jal)b .ol s o 50 o,
)‘OG;M R ) S0 JJ.A L9>5)'> 6Lmo|e )_iio )‘
bl Jae caslie ol)5 salgs S0 5l el ol ais
)‘bs.o_; R Qi Cono » LS'P J.:J.b 9 Lmoolo)..ﬂmé‘).: R
I, osls Jlos s a— 345 (F ,los—s3) normal probability
IREX PP ERYL W P CONON - SURV-N VU o Oy e
(e 990 Syl o bwgd w58 w8 (S e -
e 38 00 (S G @S s 5o (aRles)
Oliee Al oo (s AS A5 led b ool Caillas pa L g
4 S35 o o8 ol e 5 | Jol> Rosquare
L ol @ls Gt =UIF o)lge woyd Ar )3 ()
dls vl

890 Loyl oy bwwgi 5 a8 (g 5Lty -
e

d9e5 (OIS Olgee T gz 9 Ta Vo) (slajloges ulwl
polie ;o ol 5w ea¥T e bale g yloj cnndBlS 590 a5
Lyl lgieas «/FAY mg/L ¢ VF/AA min .+ /Y-0 g/L
aalllas 3550 i basogs (lawglS (65 a5 0 e
3,90 Jow smliles B0 ) jshaie 4 dalol jo o
Ja...uy od.,o] Cawdy G‘L"’ ‘BLQJ ‘.‘asl)_w (_5)1...44.....@‘) 90 R
s g od S5 ((aBly Loyl 2) olKiulosl o loaza L1380 0 5
Jol> leaily g Loyl i oo s Jols (S0 b
o 2Eiolosl liae g a0, AVOEY Ll 158l 0 5 Lo gy
A Jol> AFOFY Jolee

=

Olyea As AM B Y+ o bwgte ojlail L TIO,@GO
ooliiwl 8,90 HlwglS (65 0,58 50 1 Sge Cunn bl g
2 Xe/ TIO, @GO i Bi> L]y 8,5 I, 3

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0)losds /2> 0)9.

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

Loy

uwsowwwwé)yfwblsela_mbds
bl 55 9 y90 58 (6l (5 it Ol3T Lo IS0,
b jlade o VT cdale aol38l Llie jo aSul a asgs
Mg (bl Y game (olwslS 5 w5 Sl s Sk
A jo abb i san VT adgl cdalé ax e o salgs
anlgs iy 1 o 50 5l ol bl DY game aJg
ol s ¥T Ba> L suily 5 00 59250 ol31 sl SIS0,

Bl wales rals )
a5 Ceol g5d50 (il age 0aia VT 2 30 oy I (o) 2
asl oliel gladasde LB S b lendly ey roli8l L
9 Sl s (090 030 a5 g5 o 1y e ol iy
Oley cdS Lols caus ol ofT sla JGol, o5 Lilaie
sleJlesly s ln 1) 955 (g5 o5 0 Ul mlas

NN

Oloy mddS b oo ialS o]y g ools &
b (il DY game adgi Gl 4y i (izan
Sals @ ol3T JK ol B e b aS soi san YT o 50 )
S o S 55 lend

o 55 Wl b ety 86 (g bel (g -
R-squared= -/aA\o

"Al)li N )|\ S

las - IR
[, >

,30 Adj R-squared=-/40YA 4

e e Sl (95 (o) 29590 0 55 Sl B el
S Fevalue ol oliee S oo 08 aslllas <l
Laools Girogi o 1, ;b Jos culin —sllgs F1/¥F
355 @S 5 Slet ca o il Ol o000 Ol
Adequate yl,l os— SYL &S0 40 .08 oo 9l |,
b, aS d 5 ams olgs oo F (goae laie ;I precision
oS el 18 1 oads dwlre g aBislej] s o comwlio
ol Gl s 56T s . iz ol ol anlllas 4o
@ Sl Hlo cme leaily (65, L i solad 36 ols
sum of squares .l )L 30 BC § AB Jliwe Sl 5 >


https://ijhe.tums.ac.ir/article-1-5959-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

35213 S (g Sy i b 5 ol allie
15 Xe/UV/TIiO ~GO 5 Xe/TiO GO (oulS 35
39 OIS (S pale slB il s aise 00S gy ol
ol Coles LS cwl AV Y-FP-YPYAZ 05T LAY Jw

&bw

1. Chen X. Triclosan removal in wastewater treatment
processes [dissertation]. Alborg, Denmark: Sektion
for Bioteknologi, Aalborg Universitet; 2012.

2. Matozzo V, Devoti AC, Marin MG. Immunotoxic
effects of triclosan in the clam Ruditapes philippina-
rum. Ecotoxicology. 2012;21(1):66-74.

3. Bedoux G, Roig B, Thomas O, Dupont V, Le Bot
B. Occurrence and toxicity of antimicrobial triclosan
and by-products in the environment. Environmental
Science and Pollution Research. 2012;19(4):1044-
65.

4. Braun P, Schmidt S, Crouse M, Dean A, DuPre E,
Palenske N. Triclosan Effects on Zebrafish Heart
Rate. Proceedings of The National Conference on
Undergraduate Research (NCUR); 2013 Apr 11-13;
La Crosse Wisconsin, United States.

5. Brausch JM, Rand GM. A review of personal
care products in the aquatic environment: environ-
mental concentrations and toxicity. Chemosphere.
2011;82(11):1518-32.

6. Gao R, Kong X, Su F, He X, Chen L, Zhang Y.
Synthesis and evaluation of molecularly imprinted
core—shell carbon nanotubes for the determination of
triclosan in environmental water samples. Journal of
Chromatography A. 2010;1217(52):8095-102.

7. Krishnan K, Gagné M, Nong A, Aylward LL, Hays
SM. Biomonitoring equivalents for triclosan. Regu-
latory Toxicology and Pharmacology. 2010;58(1):10-
17.

8. Li X, Ying G-G, Su H-C, Yang X-B, Wang L. Si-
multaneous determination and assessment of 4-non-

got

e b glwgls (655 (65956 55

oS Sl Geogi (llg asta Vb He 55 po
Codia il CancdBS 590 ¢ oy ols i |, lawelS (65

RLI N PO PWIUICSPV IR CE) (U R SO sanVl cdalé 4

llgy a8 0t Lol xdly digas 5l ylosslS 65 i (sl

ylphenol, bisphenol A and triclosan in tap water,
bottled water and baby bottles. Environment Interna-
tional. 2010;36(6):557-62.

9. Ramaswamy BR, Shanmugam G, Velu G, Rengara-
jan B, Larsson DJ. GC-MS analysis and ecotoxico-
logical risk assessment of triclosan, carbamazepine
and parabens in Indian rivers. Journal of Hazardous
Materials. 2011;186(2-3):1586-93.

10. Murugesan K, Bokare V, Jeon J-R, Kim E-J, Kim
J-H, Chang Y-S. Effect of Fe—Pd bimetallic nanopar-
ticles on Sphingomonas sp. PH-07 and a nano-bio
hybrid process for triclosan degradation. Bioresource
Technology. 2011;102(10):6019-25.

11. Bokare V, Murugesan K, Kim Y-M, Jeon J-R, Kim
E-J, Chang YS. Degradation of triclosan by an inte-
grated nano-bio redox process. Bioresource Technol-
ogy. 2010;101(16):6354-60.

12. Zhang R, Zhang G, Zheng Q, Tang J, Chen Y, Xu
W, et al. Occurrence and risks of antibiotics in the
Laizhou Bay, China: impacts of river discharge. Eco-
toxicology and Environmental Safety. 2012;80:208-
15.

13. Jimmy CY, Kwong T, Luo Q, Cai Z. Photo-
catalytic oxidation of triclosan. Chemosphere.
2006;65(3):390-99.

14. Rahmani A, Samadi M, Enayati Moafagh A. In-
vestigation of photocatalytic degradation of phenol
by UV/TiO2 process in aquatic solutions. Journal of
Research in Health Sciences. 2008;8(2):55-60.

15. Morales-Torres S, Pastrana-Martinez LM, Figueire-
do JL, Faria JL, Silva AM. Graphene oxide-P25

o %ﬁ yﬂy
1195 Glisoj /po,lg2 o)lads /mas oy | ¢
i -

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


https://ijhe.tums.ac.ir/article-1-5959-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

O 5 liloss ;luals

photocatalysts for degradation of diphenhydramine
pharmaceutical and methyl orange dye. Applied Sur-
face Science. 2013;275:361-68.

: 1195 Gliws /olg2 6 loss /> 6,95
. J /g2 0 lous /o3 0 9.

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

$00


https://ijhe.tums.ac.ir/article-1-5959-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-22 ]

% e
" Of Environ™®

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

Iran. J. Health & Environ., 2018, Vol. 10, No. 4

0

&>

HERLTHAND ENVIRONIHENT

Original Article

Catalytic degradation of Triclosan by using xenon light/GO @ TiO,
combination system: optimization of initial parameters

N Golchinpour!, N Rastkari’>, R Nabizadeh Nodehi®>, M Abtahi*, A Azari**, E Iravani’, K Yaghmaeian'**
1- Center for Water Quality Research (CWQR), Institute for Environmental Research (IER), Tehran University of Medical Sciences,

Tehran, Iran

2- Center for Air Pollution Research (CAPR), Institute for Environmental Research (IER), Tehran University of Medical Sciences,

Tehran, Iran

3- Department of Environmental Health, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran
4- Department of Environmental Health Engineering, School of Public Health, Shahid Beheshti University of Medical Sciences,

Tehran, Iran

5- Department of Environmental Health, School of Public Health, Kashan University of Medical Sciences, Kashan, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 15 October 2017
Revised: 2 January 2018
Accepted: 9 January 2018
Published: 7 March 2018

Key words: Nanophotocataly-
sis, Triclosan, Graphene oxide,

Titanium dioxide, Xenon lamp

*Corresponding Author:

k_yaghmaeian@yahoo.com

Background and Objective: Triclosan is one of the substances as anti-
microbial that is used in many of these pharmaceutical products. This
compound can affect human such as reduction of thyroid hormone levels,
antibiotic resistant, and increasing skin cancer. This study evaluated the
performance nanophotocatalysis process UV/Xe/TiO,-GO on triclosan
removal from aqueous solutions.

Materials and Methods: Synthesis of TiO,@GO and its structure was
analyzed by SEM, EDX and FTIR. The effects of pollutant concentration,
catalyst dosage, and contact time on the removal of Triclosan were studied
by DOE software according to response surface methodology. Analysis
of variance test was considered for the influence of parameters. Optimum
process condition was determined by desirability factor.

Results: Optimum conditions regarding concentration of pollutant, contact
time, and catalyst dosage were determined as 0.205 g/L, 14.898 min, and
0.487 mg/L, respectively. Maximum removal efficiency in optimum condition
was 97.542 percent. The catalyst dosage was the most effective parameter in
removal of Triclosan.

Conclusion: Using of TiO,@GO and xenon lamp had acceptable efficiency
for the removal of Triclosan. The use of Xenon lamps alone was economically
affordable.
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