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Abstract

ZnO nanoparticles (nanZnO) and a zeolite-ZnO nartigpes composite (Ze-nanZnO) were
prepared and characterized. These materials wetefasthe removal of tartrazine from
aqueous solutions by an adsorption-photocatalysipled process.

The adsorption using nanZnO showed a rapid decrddbe concentration of tartrazine
and the adsorption by using the composite Ze-nanZa®©slower. The degradation of
tartrazine by using both materials in the preserfadtraviolet light seems to be a highly
efficient process for both materials, 87 and 81%raéation were observed for nanZnO

and Ze-
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nanZnO respectively, although the first materigmse to be more efficient than the second,
this first material is difficult to remove from tlagueous solution after the process. The
mineralization was monitored by measuring the totghnic carbon at different contact and
irradiations times. The degradation of the dye high between 85 and 90 %, higher
degradation was observed using Ze-nanZnO as catafysnanZnO.

"Lactuca sativa” species suffer "low toxicity" wherey are in contact with solutions

containing the dye and solutions that were in adntath nanZnO
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1. Introduction

The dyes are important contaminants from the &xiilod, paper, paint, pharmaceutical
industries, among others, since in many cases,afreeglischarged directly to the effluents,
causing environmental and aesthetic pollution Thiy are classified as anionic (azoic,
acid, direct and reactive dyes), cationic (basiesjlyand nonionic (disperse dyes)
according to their dissociation in agueous medimAzo dyes are more than a half of the
dye species in textile wastewater [3]; its treatmenery difficult because the sulphonic
acid groups makes the dyes polar and more soloaier. Therefore, these dyes are not
easily adsorbed on an activated carbon with nonpoidace. Then, dyes should be
degraded and their degradation products (aromatioes) removed by adsorption [4].
Tartrazine dye is a typical azo dye, commonly wsedn additive in the food industry; such
as, moisturizing and energizing beverages, bréagdscsweet ice cream, chewing gums,

gelatins and yoghurt, in addition it is used instdp in the pharmaceutical industry [5].
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Some reports indicate that tartrazine can causegglland asthma, hypersensitivity,
mutagenic and carcinogenic effects, skin eczemamminosuppressive effects [6]. In
general, there are several methods to remove dyes\ater, such as biological,
membranes, coagulation, adsorption and photoc&abmong others processes [1].
Adsorption is one of the most promising methodsgesiit is efficient, simple to design,
economical and does not have toxic effects [7]iMer adsorbents have been developed
for the removal of dyes from wastewater with falaeaesults, among them zeolites [8].
Photocatalysts are semiconductors, which respoadigit stimulus with an energy equal
or higher than their band gap interval, produciotidw-electron pairs. Some of these
charges migrate to the surface of the crystal wtrerg participate in oxide-reduction
reactions of the adsorbed species, like mineradimgtarbon dioxide and water) of the
polluting organic molecules [9,10]. T¥ZnO, FgO3 or V,0Os are considered to be the
most important photocatalysts in the environmeiiééd and ZnO is an important direct
broadband semiconductor 1I-VI with a band interwfB.2 eV [11]. Recently ZnO of
nanometric size has received important attentiantduts low cost and high photochemical
activity, due to its high surface area derived fribve particle size, this material was used in
the degradation of the rhodamine dyes type with kificiency [12]. The removal of

AB92 azo dye was achieved by using ZnO/Mordenitaq@tatalyst [13]. 80%
photodegradation of methylene blue by ZnO in 180utds was also reported [14]. On the
other hand, it is important to consider the toyiat both the nanoparticles and the
degradation products of the dyes. In America, tiesgnce of ZnO nanoparticles has not
been reported, while in Europe, concentrations.@f @ L have been reported in surface
water and 0.432 g'tin wastewater, specifically in Switzerland, andther effluents a

concentration of 0.441 g'Lhas been detected [15]. A study of ZnO nanopesiri
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contact withProsopis juliflora-velutinancreased the antioxidant activity of catalase TCA
and ascorbate peroxidase (APOX), mainly in the vdwre the highest absorption of
nanoparticles was observed [16]. On the other hiwedeffect of ZnO nanopatrticles of size
17.4+4.9 nm on maiz&ga mays Lexfand cabbageBfassica oleraceae var. Capitata)L.
was negative, the maize cells of the roots showedtsral damage but did not affect the
germination in cabbage (the elongation of the didtnot change) [17]. The toxic effects of
nanoparticles of ZnO and Znwere also evaluated lmactuca sativawith concentration of
2000 mg L, the presence of these materials reduces the mgtion and growth rate of the
plant [18].

In a previous paper [19], both nanZnO and Ze-nange@ used as adsorbents for the
removal of tartrazine from aqueous solutions aedgithisorption was higher for the
nanoparticles of ZnO than the composite. Theretbeepurpose of this research was to use
a hybrid photocatalysts formed by nanometric Znodéed on a zeolite, this composite
can combine the adsorption and photocatalytic disgi@n processes on the removal of
tartrazine dye from aqueous solutions and to coentbea degradation behavior with
nanZnO. Furthermore the toxic effects of the Zn@apearticles on the seed germination of

lettuce (Lactuca sativawere studied.

2. Experimental
2.1. Materials

The zeolite from the Etla zone in the State of @axMexico was crushed and sieved, the
particles between 0.85 and 0.60 mm were selectesl (THCOO)Zn 2H,O and NaOH
were from Merck and tartrazine (CAS 1934-21-0) Bassient Food Colors brand.
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2.2. Samples preparation

ZnO nanoparticles-zeolite composite was prepared@sted elsewhere [19] by the
chemical precipitation. Clinoptilolite type zeolieas left in contact with a zinc acetate
solution, then a NaOH solution was added (1 mL/ptimg mixture was stirred for 2 hours
and refluxed. The precipitate was washed with deexhwater and ethanol, dried at 80°C
and calcined at 300°C to obtain the ZnO nanopasgizkolite composite (Ze-nanZnO). The
ZnO nanopatrticles (nanZnO) were prepared in theesaay without adding the zeolitic

material.

2.3. Characterization

The ZnO nanopatrticles (nanZnO) and the zeolite-Aafoparticles composite (Ze-
nanZnO) were analyzed by powder X-ray diffractiatt@rns (XRD), using a D500
diffractometer with radiation of &line of Cu anodel(= 1.54 A) in the range of 20 ° &2
<90 with a speed of 2°/ min. The samples were aedlypy using a scanning electron
microscope (JEOL JSM-5900-LD) coupled to a Zond&HEX-4. The TEM images of the
ZnO nanoparticle samples were obtained by usimgresinission electron microscope
(JEOL-2010). The band gaps energy of the nanZnZananZnO materials were
determined from the UV-Vis (DRS) spectra by usimg Kubelka-Munk function, the
spectra were acquired in the diffuse reflectancdengsing a sphere of integration in a
Perkin Elmer Lambda 35 spectrophotometer. The cheniatic binding vibrations were
determined by infrared spectroscopy (IR), with ak&r model TENSOR 27 equipped with
a total attenuated reflection accessory (ATR)hmrange of 400-4000 chwith a

resolution of 3 crit and 300 scanning. The nanZnO material was placedlioidal
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suspension and sonicated for 15 minutes to displeessample and then the spectrum was
obtained in diffuse reflectance mode (DRS), inrgeaof 250 - 500 nm using a UV / Vis
Genesys 10s spectrophotometer. The total orgarordTOC) was measured in the
samples (Filters Millipore-Miliex-GN Nylon 0.2 mnby using a Shimadzu-5050A TOC

analyzer.

2.4. Evaluation of the adsorption photocatalysepss

100 mg of nanZnO or Ze-nanZnO materials, used atphtalyst, were left in contact
different times with 10 mL of the tartrazine dydumn with a concentration of 10 mg/L,
then the mixtures were irradiated with ultravidight using a Tecno Lite lamp that radiates
energy of 3.35 eV and a power of 20 W, the degradafter 15, 30 min, 1, 3,5, 7, 12, 14
h was evaluated by measuring the absorbanoeak = 426.7 nm in the remaining
solutions by using an UV-Vis Genesis 10S spectrapheter.

The degradation percentage was calculated by tisesngquation 1:

% Degradation = % * 100 Equation 1
where:

Ci = Initial concentration of the dye in solution (g)

C; = Concentration of the dye in solution at timeng(L™)

Mineralization of tartrazine dye was monitored bgasuring the total organic carbon

(TOC) in each sample by using a Shimadzu VCSN/CRIM&MTOC analyzer. All plots

were generated by the help of Origin Pro 8.

2.5. Bioassay on the speciésttuca sativa



Lactuca sativgseed germination > 90 %) were used in the custmly. This bioassay

was performed using the remaining aqueous soldtam the treatments of the dye
solutions with nanZnO and following the US EPA mdare (1996) [20, 21], germination

of seeds for acute toxicity and elongation of hygigicand radicle for toxicity subacute.

The toxicity is related to the solubility in watefrthe contaminant and reflects the behavior
of a contaminant, the high risk of dispersion al a&the solubilization and bioavailability
of the contaminant in the environment. 20 seedsaofuca sativavere placed on filter
paper in 90 mm diameter Petri dishes, four midliit of the following samples were
deposited in each recipient; control (-): distilledter, control (+): 10 mg/L of tartrazine
solution, nanoparticles in agueous medium: remgiagueous solutions after treatments
and diluted (100, 75, 50, 25 and 12.5%), subsetutrgy were placed in an incubator
(40050-1P-20 Memmert, Bundesrespublik Deutschi@etmany) for 120 h at 22 + 0.1 °C,
all experiments were done in triplicate. Finallgeds that germinated were counted, and
the lengths of the radicles and the hypocotyl®iefgerminated seeds were measured. The
data were used to establish two toxicity indexes:

Seed germination (SG) was calculated by using Emuat In statistical terms, it represents
the normalized residual percentage of seed gerimmafter the experiment.

_ (Germsample(i)_Germcontrol)

SG = Equation 2

GerMcontrol

where:

GerMmgampieiy= The average number of seeds germinated for edictios ()

GerMmeontroi= The average number of seeds germinated for thieatd-)



Root and hypocotyl elongation (RE and HE) weredated by Equation 3 and 4
respectively: In statistical terms, they represkatnormalized residual elongation of the
radicle and hypocotyl of the seeds germinated #fieexperiments.

_ (RElOTlgsample(i) —Relongcontrol)

RE Equation 3
Relongcontrol
_ (Helongsample(i)—Hewngcontrol) i
HE = P pm— Equation 4
where

Relongsampieiy= Average length of the radicle for each solutiom()
Helongsampie(i)= Average hypocotyl length for each solution (mm)
Relong..niroi= Average length of the radicle for the negativatom (mm)

Helong ..niroi= Average hypocotyl length for the negative confmin)

2.6. Statistical analysis
The elongation results are presented as meatandard error of the mean values (SE) of

the eight independent treatments. Differences etveéongation means were evaluated for
significance by one-way analysis of variance (ANOQ\&hd Dunnet test for multiple
comparisons using Minitab 17.2.1 statistical sofeM@JSA). Differences were considered

statistically significant when p < 0.05.

3. Results and discussion
3.1. Characterization

3.1.1. X-Ray diffraction analysis



X-ray diffraction patterns of nanZnO obtained bwtical precipitation is shown in Fig.
1(a), reflection peaks correspond to the crystaktire of ZnO in hexagonal wurzite phase
for nanZnO according to the JCPDS 36-1451 as regatsewhere [19]. The diffraction
patterns of Ze-nanZnO is shown in Fig. 1(b), tmactire of zeolite corresponds to
clinoptilolite [JCPDS No. 39-1383] and ZnO to tharzite phase. In addition, other phases
are present, such as quartz and heulandite zedliteptilolite is associated with the series
of zeolite tectonic-silicate minerals named heul@ndgith a varying Si/Al ratio of 4.0 to

5.3, they have been describe elsewhere [22]. Tmge size of the nanZnO particles was
around 42.7 nm and the distribution of the sizéhefnanoparticles was similar as reported
elsewhere [19]. The average size was determinagiog the width at the mean height of
the most intense peak of the diffractogram andSitteerrer equation (Equation 5). A size of

28.28 nm was reported elsewhere [19].

K
¢ Bcos®

Equation 5

3.1.2. Scanning electron microscopy and elemengllyais by X-rays dispersive energy
(EDS).

Fig. 2 (a-d) shows the images of nanZnO and Ze-n@nizefore and after the coupled
adsorption-photocatalysis process, the images giaws of heterogeneous morphology
and different sizes and shapes for both materralsize presence of smaller particles
agglomerated on the surface of the material (2+h In general, there are not any
important morphological differences in the mateaifsér the deposition process of the ZnO

nanopatrticles on the surface of the zeolite (Fig))2The surface of the materials after the



treatment of the aqueous solutions of the dyelaers in Figs. 2(b) and 2(d), a non-
uniform layer on the surface of the materials iseshed.

The composition percentage of the synthesized ratioles was evaluated by EDS
analysis. The EDS patterns of the nanZnO and Z&marshow that the content of zinc
was 76.4 and 9.3%, respectively. Other chemicahetes (Al, Si, and K) are also present
in the Ze-nanZnO sample, they correspond to theralateolite and may be important in
the removal processes. It is important to note shgatificant amounts of carbofg.2t6.7
and 21.52.5 innanZnO and Ze-nanZnfaspectivelyappear in the materials after the
removal process, this indicates that a part ofifreeis fixed on the surface of the material

by adsorption and other part is mineralized byphetocatalysis process.

3.1.3. Transmission Electron Microscopy (TEM)

In many cases, the behavior of the nanZnO and A&m@ depends on their shape and
size, the nanZnO material was characterized by Tiebtder to have a more accurate
estimation of the size and shape of the ZnO padicThe corresponding images are shown
in the Fig. 2(e-f), the main ZnO particles haveuasi-spherical shape and an average size
of 68 £ 6.74 nm. However, these particles tendyifi@amerate, which can reduce their
efficiency as adsorbents and catalysts (Fig. Z{he mean size is similar to the one
reported for ZnO nanopatrticles (75 nm) obtainedudgpension method in basic medium
[23]. ZnO nanopatrticles synthesized by poly acrytenpyrolysis showed a mean diameter
of 58 nm and demonstrated that these nanopartisleglly tend to aggregate at high

calcination temperature [24].

3.1.4. UV-Vis Spectroscopy
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Fig. 3 (a-b) shows the adsorption spectra of naniingdispension and commercial ZnO
(Baker) in bulk, both materials show a charactersbsorption edge of the ZnO
semiconductor located below 400 nm. Adsorptionspldced to the blue zone of the
electromagnetic spectrum compared to commerciala@xide in bulk, this effect is
attributed to the particle size, since it is in tfuantum regime. The average particle radius
of nanopatrticles in colloidal suspension can berd@hed by using the effective mass

model in eV and the Equation 6 [13]:

2 3 -1
(E)® = Eulk 4 h ( LI )_ 1.8e 0.124¢ ( ¢1 ) ¢1 ) Equation
mgmo  my

2er? mg’mo m;‘:mo 4meggr  h2(megg)? mg

6

whereE2"* pulk is the band gap energy of ZnO in bulk (3.2,éVjs Planck’s constant, r is

the radius of the particlm‘fandmf are the effective mass of the electron and gap,
respectivelym, is the mass of the free electron, e is the chaftjee electrong, is the
permissiveness of the free space. Using the effeatiass model, a particle radius of 32 nm
was determined for nanZnO. According to the calouhs, the average crystallite size of

nanZnO was lower than the value obtained by TEMaxtarization.

3.1.5. Analysis of nanZnO and Ze-nanZnO by UV-\fisdroscopy in diffuse reflectance
mode (Kubelka-Munk function)

The UV-Vis spectra of nanZnO and Ze-nanZnO are shiowrig. 3 (c-d). The absorbance
spectra (Fig. 3(c)) evidenced the characterisflectance of nanZnO located between 375
and 400 nm. UV-Vis spectral data in the diffuséa@tince mode were transformed to the

Kubelka-Munk function (B to separate the extent of light absorption fraattering [25].
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The values of band gap of nanZnO and Ze-nanZn@oarel to be 3.21 and 3.23 eV,
respectively (Fig. 3(d)), these values are sintdasther reported elsewhere [25,26].
Values similar of band gap between nanZnO and Ze-Zomposite indicate that the
cations from the zeolite were exchanged b$/'Zand their presence enhances the
photocatalytic activity due to the enhanced fororatf the photo-electrons and photo-

holes [9].

3.1.6. Infrared spectroscopy (FT-IR)

The FT-IR spectra of nanZnO and Ze-nanZnO compaséeshown in the Fig. 4(a-b).
Vibration bands at 3349 and 1648 tare assigned to O-H stretching due t®Hocated
within the pores of both nanZnO and zeolite. Bametsveen 400 and 500 &hare assigned
to Si-O-Si bending vibrations [27]. Comparing thE-IR spectra of the nanZnO and Ze-
nanZnO composite shows that, the small decreaite imtensity, widening and
displacement of the peaks between 400 and 50bazmdue to the presence of nanZnO on
the porous system of crystalline structure of thelize; this behavior has been observed
elsewhere [28]. On the other hand the IR specttheomaterials after the adsorption
process show bands at 1176, 1124, 1035, 1006 winich are related tog8ls- N = N-, -C-
C-, -C = C- respectively, which overlap and thegni@ single peak between 900 and 1400
cm™. Between 500 and 700 &nthere is an increase in the intensity of the péla&sare
related to GHs- SO-, -CCO, S = O, R-S@Na’ and groups £Hs-, R-GH4-R1. Typical

bands related to -N = N, are observed at about 2660500 cril [29].

3.2. Evaluation of the adsorption-photocatalysispted process
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The characteristic absorption peaks of the tarimwiere used to monitor its adsorption and
degradation over time. The successive decrease gfdak intensity of the most
representative peak of the dye molecule duringttserption and degradation processes
indicates its removal from the aqueous solutiomtr@iaine is a cationic dye, the most
intense peak is at 426.7 nm (Fig. 5), in the fustirs of the process, a large amount of the
dye is removed, and this is because initially memtve sites are available for the
adsorption of dye molecules. It was also obserkatithe degradation of the dye was
intense at the beginning of irradiation with diratttaviolet light and the equilibrium was
reached in almost 24 hours. After 12 hours of adntashoulder was observed at 370 nm,
which may indicate the photodegradation reactiaregetes byproducts.

Fig. 6(a, b) shows the results on the adsorptiahpdiotocatalytic degradation of tartrazine
in solution by using nanZnO and Ze-nanZnO, respelsti The adsorption using nanZnO
showed a rapid decrease of the concentration wéatame and the adsorption with the
composite Ze-nanZnO was slower and the equilibmas reached in 24 hours. The
degradation of tartrazine by using nanZnO and Z€n@® in the presence of ultraviolet
light after adsorption seems to be a highly effitigrocess for the two materials, 87 and
81% of degradation were observed for nanZnO andate“nO respectively, the shape and
the size of the particles of the materials are irigwd in this kind of processes. Although
the first material seems to be more efficient tthensecond, this first material is difficult to

remove from the aqueous solution after the process.

3.3 Total organic carbon (TOC)
The total degradation of a dye can be determineguiaytifying the total organic carbon

(TOC) present in the treated remaining aqueougisakl The mineralization of the
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organic compound produces €énd HO, the degradation kinetics of the dye was
monitored by measuring the total organic carbaifédrent contact and irradiations times
(Fig. 7). The degradation of the dye was high (8% @0 %), it is important to note that the
degradation process by using the nanZnO materiakier than Ze-nanZnO, however

higher degradation was observed using the lastriahte

3.4. Bioassay on the speciésttuca sativa”

Zn is an essential micronutrient that plays a vibéé in maintaining cell membrane
integrity and cell elongation, protein synthesisj atress tolerance in plants [30]. The
statistical analysis of the data was adjusted tanabdistribution. Seed germination and
elongation (root and hypocotyl) b&ctuca sativaare influenced by the contact with
nanZnO. The results obtained when 10 mg/L of taimesolution, and aqueous solution
treated by the adsorption- photocatalysis couptedgss and diluted (100, 75, 50, 25 and
12.5%) were left with seeds béctuca sativdor 120 hours are shown in Figs. 8 and 9, the
results were compared with the control (-).

The results show a decrease in hypocotyl and naett of the Lactuca sativathat was
put in contact with the nanoparticle. There weresigmificant differences for all treatments
(10 mg / L of tartrazine solution, treated and @itbaqueous solution (100, 75, 50, 25 and
12.5%) except for the nanZnO exposure (p < 0.0B)paved with the control (-).

Similar results were obtained for ZnO engineeratbparticles (500 - 1500 mg/L) on the
growth ofBrassica junceavhich might be due to the dose and tolerabilityhaf plant
species [31]. Therefore, the toxicity of nanZnO elggs on the extent of dissolved Zn that
is bioavailable to plants [30]. The toxicity of lanand nano-ZnO has been reported for

different plants, such as radish, rape, ryegra#side, corn, and cucumber, a significant
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inhibition of seed germination and an inhibitionrobt growth of most plants were
observed, resulting in a decrease in the biom&s [1

All data were statistically analyzed by one-way AX®with post-hoc Dunnett test. It can
be observed that with the remaining aqueous solutithout dilution (100%), there is not
any significant difference in the growth of radieled hypocotyl with respect to the control
(-), which indicates that the treatment decredsesensitivity of thel’actuca sativato

the contaminant.

Fig. 9 shows the growth of plants (%) with resgedhe control (-). It can be observed that
the initial 10 mg/L tartrazine solution showed awrincrease of 20% in comparison to the
control (-) and in both radicle and hypocotyl grbwrthibition was observed when the
seeds were in contact with nanZnO.

In addition, it was found that the majority of th@mples that contained the highest amount
of the dye in solution showed a stimulation ondgh@awvth of hypocotyl and radicle, this is a
phytotoxic effect known as hormesis [21]. Some nigaompounds (antibiotics) such as
tetracycline and norfloxacin at 0.01 mg/L exhibitemtmesis (growth of different plants)
[32].

An study on the effect of ZnO nanoparticles on vilpdant (Triticum aestivuhin
hydroponics media shows that ZnO nanoparticle®ntentrations between 50 and 100
mg/L have positive effect on seed germination,s@wtd biomass in comparison with the
negative control (distilled water) [33].

In contrast, a study reported that ZnO nanopastibbere more toxic effects on bread wheat
and rye than ethylenediamine disuccinic acid (EDD®)le barley is positively affected

by ZnO nanoparticles and EDDS. This behavior caocdmradictory and therefore the
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effects of ZnO nanopatrticles varied depending amfsl species and other factors, such as
concentration, size, etc. [34].

Table 1 shows the toxicity indices of nanZnO irusioh, the distributions of toxicity
indices for RE are different, RE shows a greatalality from -0.45 to -0.06 which
indicates that they are sensible to the composdfdhe pollutant and SG varies from -0.26
to 0.12. The individual toxicity indices for SG aRé& show that the toxicity is higher in
root than in hypocotyl. These indices are designesich a way that their values can vary
from—1> 0. In addition, if there is a 50% reduction e tvariables studied (SG or RE) in
relation to the control (-), this is consideredchsonic toxicity, the term chronic is used to
the long-term influence of these pollutants ongheironment. The results did not show
SG and RE elongation, the percentages were lower30% for both radicle and
hypocotyl. Bagur-Gonzélez et al. [21] establishguhgtotoxicity scale: 0 to —0.25 low
toxicity, —0.25 to —0.5 moderate toxicity, —0.5-t0.75 high toxicity and —0.75 to -1 very
high toxicity and values >0 would indicate stimidatof the growth of the seed (hormesis).
The results suggest that tHeattuca sativaspecies is suffering "low toxicity" when they
are in contact with the solutions containing the dpd the remaining and diluted aqueous
solutions (75 - 12.5 %) and the values obtainethftioee nanZnO and the remaining
aqueous solution (100%) with thedctuca sativasamples showed a growth inhibition in
the seeds and a moderate index of toxicity.

ZnO nanoparticles added to natural soils can cdasgge to germination, growth and alter
the content of photosynthetic pigments due toifleence of soil pH, since in an acidic
environments, the metals are more soluble andrttrg ef metals through the root and

movement through the shoots is easier [35].
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4. Conclusions

NanZnO and Ze-nanZnO were used for the removalrafizine from aqueous solutions by
an adsorption-photocatalysis coupled process.

The tartrazine adsorption kinetics shows that tioegss is faster by using nanZnO than the
composite Ze-nanZnO. The degradation of tartrairiee adsorption-photocatalysis
coupled process is efficient, 87 and 81% degradatiere observed for nanZnO and Ze-
nanZnO respectively, it is important to note thanzanO is difficult to remove from the
agueous solution after the process. The mineraizaff the dye was determined by
analyzing the total organic carbon and it was betw&s and 90 %.

NanzZnO affectsllactuca sativaspecies, the results indicate that the materadlpces

"low toxicity" to this species.
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Table 1. Toxicity indices fotactuca sativebioassay.

Samples SG RE Toxicity
Control (-) 0 0 -
Control (+) -0.05 -0.10 low

nanZnO -0.26 -0.45 moderate

100% -0.05 -0.27 moderate
75% -0.05 -0.20 low
50% 0.12 -0.19 low
25% 0.01 -0.06 low

12.5% -0.01 -0.12 low
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Figures and tables captions

Fig. 1. X-ray diffraction patterns of (a) nanzZnO dar{b) Ze-nanZnO composite
(Cli=Clinoptilolite).

Fig. 2. SEM images (R0O0OX) of (a) nanZnO (b), nanZnO-tartrazine, (c) r&aZn0O, (d)
Ze-nanZnO-tartrazine and (e) and (f) TEM imagesasfZnO particles.

Fig. 3. (2) UV-Vis spectrum of Baker commercial Zn®) UV-Vis spectrum of NanZnO,
(c) Diffuse reflectance spectra of nanZnO as atfan®f wavelength, (d) Energy band gap
of NanZnO and Ze-NanZnO composite calculated byetkd>Munk function.

Fig. 4. (a) IR spectrum of tartrazine, nanZnO drertanZnO treated with tartrazine and (b)
IR spectrum of tartrazine, Ze-nanZnO and Ze-nan#e@ted with tartrazine.

Fig. 5. UV-Vis spectra of tartrazine during the@gsion-photocatalytic dye degradation at
different time intervals by using a) nanZnO and4bj)nanZnO.

Fig. 6. Concentration of tartrazine during the aggon-photocatalytic degradation by (a)
nanZnO and (b) Ze-nanZnO.

Fig. 7. TOC abatement by the adsorption-photocataprocess as a function of time for
the mineralization of tartrazine by using nanZnpag@ze-nanzZnO (b).

Fig. 8. Mean elongatioh SE (root and hypocotyl) dfactuca sativdor the eight solutions

(*indicates significance at the p < 0.05 level camgal to the negative controls).

Fig. 9. Percentages of root and hypocotyl elongatio

Table 1. Elemental analysis of the nanZnO and Z&n@ before and after tartrazine
removal by EDS.

Table 2. Toxicity indices fotactuca sativébioassay.
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Highlights
» Tartrazine was removed from aqueous solutions bgdsorption-photocatalysis
coupled process.
» Degradation of tartrazine by both materials in phesence of ultraviolet light is
efficient.
« The degradation of the dye was high between 83artb.

» "Lactuca sativa” species suffer "low toxicity" whencontact with nanZnO
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