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Abstract

Background and Objective: Malachite green is an extensively used biocide in the aquaculture industry,
and is highly effective against important protozoal and fungal infections. It is also used as a food coloring
agent, food additive, and medical disinfectant as well as a dye in the silk, wool, jute, leather, cotton,
paper, and acrylic industries. Therefore, the elimination of malachite green in wastewater of aquaculture
and textile, paper and acrylic industries is essential in order to prevent its adverse effects on aquatic
organisms. In this study, degradation of malachite green with titanium dioxide nanoparticles (TiO, NPs)
under UV light was investigated.

Method: For this reason, the effects of parameters such as different concentrations of malachite green
(3.5, 7 and 14 mg L™ and the Nano-catalyst concentrations (1.30, 2.60, and 5.20 mg) in constant
temperature (25°C) and constant UV intensity (12 W, 230 V, 50 Hz) during 180 minutes were studied.
Findings: The best degradation rate of malachite green was found in the concentration of 3.5 mg L™
malachite green, pH: 9, and 2.60 mg of TiO2 NPs. Although with an increase in titanium dioxide
nanoparticles the efficiency and removal rate of malachite green increased, the increase in the photo
catalyst had no effects on increasing the efficiency of photo degradation. An increase in pH (9) may
improve the removal rate of malachite green through increasing free radicals. An increase in the initial
concentration of malachite green decreased the efficiency and removal rate of malachite green.

Discussion and Conclusion: Therefore, the photo degradation of malachite green in the presence of TiO2
NPs photo catalyst could be a function of pH, the initial concentration of malachite green and
concentration of TiO2 NPs.

Keywords: titanium dioxide, malachite green, photo degradation, photo catalyst, UV.
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Table 1- Physical and chemical properties of Nano-titanium dioxide (Adapted from catalogs of

Iranian Nanomaterials Pioneers Company)
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Figure 1- The standard curve concentrations of malachite green light absorption at a wavelength of

618 nm
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Figure 3- Removal rate of malachite green at a concentration of 3.5 mg L™, and pH: 7

doyd AFIYA 5 AO-F SANE by 4 gl awnSTss 2 p e Sl YO chile b S eVl Bds o8
el Oyd gl a)S e OIY 5 YIEe A glacdale o PH Y
‘. pH: 9
A
N
J
A —
3 e
1
3
hos.
1
‘. —4—1.30 mg Nano-TiO2
2.60 mg Nano-TiO2
5.20 mg Nano-TiO2

Y- \& #- A- y-- Y- VF- \f- YA- Y-
(addo) lo)

PH 18 555 3 oS lon V10 Gl 53 (5 caniilo Bl 5= F S

Figure 4- Removal rate of malachite green at a concentration of 3.5 mg L™, and pH: 9



e 00liiasl b o 31 3105 ComdVlo B 9 599 & 525

fv
doyd AT 5 AYVE AUBF i 4 peslis anSTlss 2 i S s YIO clale b 5 cuaVle Bis ol
O ald gl S e OIV 5 YIE AYe slackle 3 pH A
Yoo pH: §
4‘.
A-
Iy
Y-
]
e
z
3o
2, o
I >
3 Y- P g
T /,/" ~4—1.30 mg Nano-TiO2
i = sl —m-2.60 mg Nano-TiO2
v h 5.20 mg Nano-TiO2
Y- f- - A- \e. \Y- \¥F- \$- VA I
(aids) yloj
PH 0 g pd g o5 oo ¥V Cdalé jo (9,5 Cod¥Wlo Bdo ¢ 5 -0 JSi
Figure 5- Removal rate of malachite green at a concentration of 7 mg L™, and pH: 5
s, FINY 5 YAUYS YNV oy 4 pglis awnSTlss 2 eSS Yokl b S cuaVle Bi> cubls
O ol g e, S e OIY+ 5 VIFe VY slackle 3 pH 0
Voo pH: 7
q.
A+
1
M
3 v
)
3
E
} 1
X
kI P
j\ Y- - —‘—/*—M
= — —4—1.30 mg Nano-TiO2
¥ / 2.60 mg Nano-TiO2
\- 5.20 mg Nano-TiO2
Y- - I A- \-. Y- \F- V5. VA- Y-
(ai3s) ylej

PH:Y 552 o Sslon V SBle 3o (05 conilo B -5 S

Figure 6- Removal rate of malachite green at a concentration of 7 mg L™, and pH: 7



ol g oLy QA obo (60 (AR 0;lodt s ) buzxo (55919550 g pale A

doys OFIFY 5 FY/Fe VISP iy & poslis aenSls o S Vol b S cesYle B ool
oW s gl S e O/ Yo g Y/Fe MY sacdale o PH Y
\e- pH: 9
A
]
A
)
i
e
2
:1 1.30 mg Nano-TiOQ2
Y. 2.60 mg Nano-TiO2
5.20 mg Nano-TiO2

(a:39) olaj
PH:R g pd pr oS oo ¥V Clile 55 (2 )5 candi¥lo Sdo £ 5 -V JSS

Figure 7- Removal rate of malachite green at a concentration of 7 mg L™, and pH: 9

doys ADIDF 5 AYIVY WEIVF iy & posibis anSlgs o g S Vol b S cesYle Bis ool
O 3 gl S ke O+ 5 Y/Fe AFe slackl 5 pH A
a- pH: 3
fo

(hoy2) o5 Ceri¥lo B> £ 5
-
>4

1.30 mg Nano-TiO2

v 2.60 mg Nano-TiO2
o 5.20 mg Nano-Ti02
+ + + + + Tt + + T + {
Y ¥ - A \ Y- VvF \t4 A Y
(adB0) o)

PH 0 5 et 1 o5 koo VF CLE 50 05 CondVlo Bl ¢35 —A S

Figure 8- Removal rate of malachite green at a concentration of 14 mg L™, and pH: 5

Qo0 FVIAY 5 FYIYY YO/ sy 4 peslis awnSTlss 2l g S e VF chale b S cetVle Bds el
ol Sl gl p S e & IV g YIEe AV slacdale o pH 0



e 00liiasl b o 31 3105 ComdVlo B 9 599 & 525

4
Ay pH: 7
'S
_——
_g——4
-, Fe
W
EEN
2
3T
%
B
é Yo —4—1.30 mg Nano-TiO2
| 2.60 mg Nano-TiO2
Y- 520 mg Nano-Ti02
Y- - e A Yoo Y- V- \6e A- Yoo
(add) o)
PH ¥ g i 30 0,8 oo 1P il )0 o )5 condWlo Bl 55 -9 S
Figure 9- Removal rate of malachite green at a concentration of 14 mg L™, and pH: 7
doyd PN g VYV SYIVE (i) 4 el anSTss 2 o pp S e VF clile Lo 8 cuaVle Bl el
O Sd gk e S e OV g Y/Ee MY Glackile g pH Y
yo pH: 9
A+
N 4 e
2y b
:2 ’/
%
3
3
—+—1.30 mg Nano-TiO2
¥ 2.60 mg Nano-TiO2
5.20 mg Nano-TiO2
Y- - e A- ye- Y. V¥ 5 A- Y-
(adedo) ey
PH 19 g yid 5 005 ono 1F lile 4o (9 )5 conitWlo Bd> £ 55 Ve S
Figure 10- Removal rate of malachite green at a concentration of 14 mg L™, and pH: 9
doys MO g YVIVE YEIYS 5 @ pawlis aunSlgs 2 i g e VF clale b op S ceaVle Bis ol

O L3 gl S e OV 5 YIFe A slacdale o PH A



OHSer g oLy

QA olo (60 (AR o losds (s § buxo (55919555 g pole "

CaiVlo (FIVO) PH @ a5 L a5 ols )lis odwlcewsdy gl
2 oS el (o S5, Bl 23 A B PH Gl L e S
STlgo ‘63'1 bow jo .l i adds YA lejoae
S Olsear Wigie o8 st )l S gbsel Sl poili
LOF) 058 pleard (2S5 0)ls 5L o lsrear o2 g ]
s Ti0; S0 iSUlgp) abais 4 Cond e PH il
PH mals b a8 oo 095 o o LI pasilis awnSTso
S L e S 5 Wgd oo Aigign 9,5 laoy S
TiO; mhaw (S0 Sl sla Fhg ol plo b oo ial33] coe
Sl a8 ulyd s (V) aS e e PH i L
e al s b dwolie jo 1) loggsls el aie TIO, mlan
Ll o oS Jbys oS e i Sohay he S sl
55 valy Cix 1) lagss IO, (ol PH o 5 uSe
OH oljT sla sl adgs amaw sowwl PH Lylys 40 .(VY)
RS eVl 69 Wi e dmdl e sl Sl e
JSis g5 PH Gl b &S Jlo s 005 o0 050 05
Sl ) ey e ol ol &5 sl Gal3¥ OH IS0,
P R N T SLREIEN L PRRW
—0 Ol by Sy xS adl> (TI10; maw (So S
abee Gl 5 (5 CadVle lapyssls 5 pasilis s

AY)
$b cdale uldl b 8 coldVhbe Bds £y aoye (il
PGk V1P o8 ke VY 5l pasilis wSles ol)d
eVl b 3 g oles e alidl s & ol e
i Sl Ll el o )98 sz oIS Gualidl s 08
aeSles oy gl cble il LS etV )y
Jo 4 (Sew oS e DIV 05 (e VIl psiilis
Sz Slesd &8 al e GNaS6 L ol gl iiSen

Oy5098 Wilgh oo CanedblEgd Sl yin ioldl asdl ogis snnlive

slocdbale ;5 peslis arnSles @i gl 5t anlhas ol 5o
§| Gl glaclile Bis s p) S Le OY 5 V/F- Y
1295198 50 S S e VF 9V VD (5 etV
YO el sles 59 5V b calisee sla PH jo s Lo Ve e
285 B omrp 0590 UV 550 il o g ol 5 il a2y
po SeSgpe Jlog NN Jsbre 5 PH s ol

A eolazl (NAOH)
loyially j%o0 (28 CondiVlo oyl clile b ) sl
Coi¥lo Clale (alS b aS ol (Lt gl 5 o aniloass el
=50 o3 gl bl Ll o0 (28,5 5o uli by oS
& 2 Sl PGk (8 CedVle Bl 3 gl als]
polis slapsl pgulis waSle 13 il bawg UV Cix
ol il a o s gl (e 5 058 00 WSSl
aile ST sl JSGol, wdsi geizmen 5 O3S 5 sy
s O bpgsl sl psw (OH) - JouSs o
-ty ! 01 35300 (OOH) oISl ST 05,000
O @ o 5 w3 oe STy etV b Sl sl
Er Sl OS2 SVl cile (WS e
) pssles senSles @3 5l 5 ()5 cotVlo (o iSen
O F) 098 (695 4328 £ 8l comn ol oo g 0l 205
CetVle G S sy v lacdplie GIBIL risen
“g0 Sl g b o Sen o ol glecdnlie 5 )5
CetiVlo B> 5 (5,95 4575 £ p Sl (e poillss s
adgl (08 cetVlo cbale (Al L g cnlil )38 51 )8
S @S Ep pRels il mals o] Bas g Wi gy
b eposilis wnSlies 9l (bl 38 j9 )5 Slind S5 5
Er omlP s a4 s oland 5 65 adgl clale gl
slalosl, b 2Ty w2 o Codglbio g adglools (o 26,
ool 00555 pasili daSlgs allst oadady ol

(\0)



o)

e i) 0Ll b O 31 3,5 CaitWlo Bio 9 )99 4325

BilandZi¢, N., Varenina, 1., Kolanovig¢,
B. S., Orai¢b, D., and Zrn¢i¢, S., 2012.
Malachite green residues in farmed fish
in Croatia. Food Control: 26(2): 393-
396.

Hashimoto, J. C., Paschoal, J. A,
Queiroz, S. C., Ferracini, V. L., Assalin,
M. R., and Reyes, F. G., 2012. A Simple
method for the determination of
malachite green and leucomalachite
green residues in fish by a modified
QUEChERS extraction and LC/MS/MS.
Journal of AOAC International. 95(3):
913-922.

Parshetti, G., Kalme, S., Sartale, G., and
Govindwar, S., 2006. Biodegradation of
malachite green by Kocuria rosea
MTCC 1532. Journal of Acta Chimica
Slovenica. 53: 492-498.

Pourreza, N., and Elhami, S., 2007.
Spectrophtometric  determination  of
malachite green in fish farming water
samples after cloud point extraction
using nonionic surfactant Triton X-100.
Analytica Chimica Acta, vol. 596(1), pp.
62-65.

Khodabakhshi, A., and Amin, M. M.,
2012. Determination of malachite green
in trout tissue and effluent water from
fish farms. International Journal of
Environmental Health Engineering. 1:
51-56.

Fallah, A. A., and Barani, A., 2014.
Determination of malachite green
residues in farmed rainbow trout in Iran.
Food Control. 40: 100-105.

Lee, J. B.,, Kim, H. Y., Jang, Y. M,
Song, J. Y., Woo, S. M., Park, M. S,
Lee, H. S, Lee, S. K, and Kim, M.,
2010. Determination of malachite green

38kee uals 53 UV S5ii nals’ 4y cpl a5 (2l3dl 1) Laes

OA) 0l salgs e Candlls g8
ax 514 0o 8 jasie oadplxl slo ol ey agl
Bl 25 5 obeoudly pesilid apSles )3 gl Gl L
CadllS g iy il Ll il il o casYe
o (O PH b3 0I5 (5595 4228 pleowily (3B
CeiVlo adyl clile s S eVl Bis gy bl
by cudls )F CodVlo Bio g5 50 gl 5l 08
Oil38l 8 Cei¥le Bis #5 g leond]) gl clale alS
Bl 528 51 onliiul EHSe 3,5 5 o Ll il
oyl YA J8a S5 o) Vo (5,5 455 52
Sl ol (S a5 ol 955 (Gl Jiaiso)- ¥ aloz
o5 @i 5l o sl WO 03l o Sl (3]
Bl gz cle ool L o e S el

oxib 5 o1 slecad gl

d"é)”ﬁ 3 S & e
Sl Solex by oog cieghy ikl g dlie ()

Ot (2) Le¥leils snio oBils iyl p iome o pie

@‘%‘-\5 w‘)‘a e ‘).)‘ ulf..\...msﬁ.a 4\.1.....45&..\.: ] c.\“J‘bLz.:]

1000 plel Loy 63 el gns 55 095 el

&l
1. Singh, G., Koerner, T., Gelinas, J. M.,
Abbott, M., Brady, B., Huet, A. C,,
Charlier, C., Delahaut, P., and
Godeffroy, S. B., 2011. Design and
characterization of a direct ELISA for
the detection and quantification of
leucomalachite green. Food Additives
and Contaminants. Part A, Chemistry,
Analalysis, Control, Exposure and Risk
Assessment. 28(6): 731-739.




olHSer g oLy

QA olo (60 (AR o Lol (s § buxo (55919555 g pole oY

15.

16.

17.

18.

19.

degradation of phosphamidon on
semiconductor  oxides. Journal of
Hazardous Materials. 102(2): 217-229.
Arbab, P., Seedi, M., and Fakhraie, H.
2012., Photocatalytic degradation of
triethyl phosphate using nano TiO2.
Water and Wastewater. 3(83): 103-111.
Zhao, J., Hidaka, H., Takamura, A.,
Pelizzetti, E., and Serpone, N., 1993.
Photodegradation dation of surfactants.
1. Zeta-potential measurements in the
photocatalytic oxidation of surfactants in
aqueous titania dispersions. Langmuir.
9: 1646-1650.

Li, X., Liu, G., and Zhao, J., 1999. Two
competitive primary processes in the
photodegradation of cationic
triarylmethane  dyes under visible
irradiation in TiO2 dispersions. New
Journal of Chemistry. 23: 1193-1196.
Wu, R. J., Chen, C. C., Chen, M. H., and
Lu, C. S., 2009. Titanium dioxide-
mediated heterogeneous photocatalytic
degradation of terbufos: Parameter study
and reaction pathways. Journal of
Hazardous Materials. 162(2): 945-953.
Pérez-Estrada, L. A., Aguera, A,
Hernando, M. D., Malato, S., and

Fernandez-Alba, A., 2008.
Photodegradation of malachite green
under natural sunlight irradiation:

Kinetic and  toxicity of  the
transformation products. Chemosphere.
70: 2068-2075.

10.

11.

12.

13.

14.

and crystal violet in processed fish
products. Food  Additives and
contaminants: Part A. 27(7): 953-961.
Yong, L., Zhangi, G., Yuefei, J.,
Xiaobin, H., Cheng, S., Shaogui, Y.,
Lianhong, W., Qingeng, W., and Die, F.,
2015. Photodegradation of malachite
green under simulated and natural
irradiation:  kinetics, products, and
pathways. Journal of Hazardous
Materials. 285: 127-136.

Devipriya, S., and Yesodharan, S., 2005.
Photocatalytic degradation of pesticide
contamination in water. Solar Energy
Materials and Solar Cells. 86(3): 309-
348.

Konstaninou, I. K., and Albanis, T. A.,
2003. Photocatalytic transformation of
pesticides in aqueous titanium dioxide
suspensions using artificial and solar
light. Applied Catalysis B:
Environmental. 42(4): 319-335.

Kabra, K., Chaudhary, R., and Sawhney,
R. L., 2004. Treatment of hazardous
organic and inorganic compounds
through aqueous-phase photocatalysis:
A review. Industrial and Engeneering
Chemistery Research. 43: 7683-8696.
Chen, C. C,, Lu, C. S., and Chung, Y.
C., 2007. UV  light  induced
photodegradation of malachite green on
TiO2  nanoparticles.  Journal  of
Hazardous Materials. 141: 520-528.
Rabindranathan, S., Devipriya, S., and
Yesodharan, S., 2003. Photocatalytic



