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Fotodegradacion del colorante tartrazina mediante fotofenton empleando lampara de luz ultravioleta

Foto-degradacédo do corante tartrazina mediante foto-fenton empregando a luz ultravioleta

Abstract

Introduction. All of the production systems demand
natural resources to make goods and services, and
therefore requires environmental services as inputs
and for the disposal of its waste. Food industry is not
the exception to this problem, the generation of waste
with dyes has a negative impact on all of the water
sources in the country, the presence of color in the
water deteriorates the aesthetics of water bodies and
also generates environmental misbalances because
color is an obstacle to the pass of sunlight in the water
surface, avoiding the photo synthesis of algae in rivers
and brooks. When photo synthesis is avoided, as it
is the first link of the food chains, a general misbalance
takes place in the ecosystems, because zooplankton
and fish species feed from algae, and the economy
of villages and towns located at water shores in the
country depend mainly on those fish species.
Objetive. To evaluate the degradation of the
Tartrazine dye using photo catalysis with iron (iii) and
an ultra violet light lamp. Materials and methods.
An experimental randomized factorial design was
used; for the experimental development, we used a
photo reactor system, which consists on an ultra violet
light lamp, a glass container to keep the sample to
be treated and a submersible pump that allows the
re-circulation of the solution through the photo reac-
tor system. The degradation of the Tartrazine dye was
determined by the use of ultraviolet/visible
espectrophotometry. Results. A good percentage of

the Tarzatrine dye removal (100,0%) was obtained
for the combination of chemical oxidation by using 0
mg/L of Fe ** and 0,4 % v/v of hydrogen peroxide as
oxidation agent, and also the experimental
combination of the photo chemical process of
homogeneous photo catalysis and the experimental
rehearsal of 50 mg/L of Fe ** and 0,2 % vivH,0O,; Itis
also considered that the combinations of 0 mg/L of
Fe **and 0,2 %v/v H,0, and 50 mg/L of Fe ** and 0,4
% viv H,0, reach very important removal percentages,
above 99,0 %, of degradation. Conclusion. Advanced
oxidation processes, as homogeneous photo
catalysis, are adequate for the removal and
elimination of the Tartrazine dye.

Key words: Photo degradation, Tartrazine, Azo dye,
Iron (1), Hydrogen peroxide, Food industries.

Resumen

Introduccién. Todo sistema productivo demanda
recursos naturales para la manufactura de bienes y
servicios, y de esta forma requiere servicios ambien-
tales como insumos, al igual que para los vertimientos
de sus desechos; la industria de alimentos no es la
excepcion a dicha problematica, la generacion de
vertimientos con colorantes impacta negativamente
los recurso hidricos en todo el pais, la presencia de
color en el agua incurre en un deterioro estético de
los cuerpos de agua, y de igual forma provoca
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desequilibrios ambientales debido a que obstaculiza
el paso de la luz solar en los espejos de agua super-
ficiales lo cual evita la generacion de los procesos
de fotosintesis que realizan las algas en los causes
naturales de los rios y quebradas, al impedir la foto-
sintesis, la cual es el primer eslabén en las cadenas
alimenticias o tréficas, se produce un desequilibrio
general en los ecosistemas, debido a que a partir de
las algas se alimentan el zooplancton y el recurso
ictico de las cuencas hidrograficas, de este ultimo
depende en gran parte las actividades econdémicas
de las poblaciones asentadas en las riveras de las
principales cuencas del pais. Objetivo. Evaluar la
degradacién del colorante Tartrazina empleando
fotocatalisis homogénea con hierro (1) y lampara de
luz ultravioleta. Materiales y métodos. Se empled
un disefio experimental factorial aleatorizado; para
el desarrollo experimental se utilizé6 un sistema de
fotorreactor el cual consistia en una lampara de luz
ultravioleta, un reservorio de vidrio para el almace-
namiento de la muestra a tratar y una bomba sumer-
gible que permitia la recirculacién de la solucién por
el sistema de fotorreactor. La degradacion del colo-
rante Tartrazina se determiné mediante
espectrofotometria ultravioleta/visible. Resultados.
Se obtuvo un buen porcentaje de remocién (100,0
%) del colorante Tartrazina para la combinacion de
oxidacion quimica mediante el empleo de 0 mg/L de
Fe 3+ y 0,4 %v/v del agente oxidante peréxido de
hidrégeno, ademas de las combinacion experimen-
tal del proceso fotoquimico de la fotocatalisis homo-
génea con el ensayo experimental de 50 mg/L de Fe
3+ y 0,2 %v/v H202; adicionalmente, se considera
que las combinaciones de 0 mg/L de Fe 3+y 0,2 %v/
v H202 y 50 mg/L de Fe 3+y 0,4 %v/v H202 alcan-
zar porcentajes de remocidn muy significativos, su-
periores al 99,0% de degradacion. Conclusién. Los
procesos de oxidacion avanzados, como es el caso
de la fotocatalisis homogénea, son adecuados para
la remocion y eliminacién del colorante Tartrazina.

Palabras clave: Fotodegradacion. Tartrazina. Colo-
rantes azoicos. Hierro (lll). Peréxido de hidrégeno.
Industria de alimentos.

Resumo

Introducéo. Todo sistema produtivo demanda recur-
S0s naturais para a manufatura de bens e servigos,

e desta forma requer servigos ambientais como
insumos, ao igual que para os derrames de seus
refugos; a industria de alimentos néo é a excecéo a
dita problematica, a geracdo de derrames com
corantes impacta negativamente os recurso hidricos
em todo o pais, a presenga de cor na agua incorre
numa deterioracao estética dos corpos de agua, e
de igual forma provoca desequilibrios ambientais
devido a que pde obstaculos o passo da luz solar
nos espelhos de agua superficiais o qual evita a
geracao dos processos de fotossinteses que realizam
as algas nos causes naturais dos rios e quebradas,
ao impedir a fotossintese, a qual é o primeiro elo nas
correntes alimenticias ou tréficas, produz-se um
desequilibrio geral nos ecossistemas, devido a que
a partir das algas se alimentam o z6o-plancton e o
recurso ictico das bacias hidrograficas, deste ultimo
depende em grande parte as atividades econdmicas
das populagfes assentadas nas beiras das principais
bacias do pais. Objetivo. Avaliar a degradacéo do
corante Tartrazina empregando foto-catalisis
homogénea com ferro (lll) e de luz ultravioleta.
Materiais e métodos. Empregou-se um desenho
experimental fatorial aleatorizado; para o
desenvolvimento experimental se utilizou um siste-
ma de foto-reator o qual consistia num de luz
ultravioleta, um reservatério de vidro para o
armazenamento da mostra a tratar e uma bomba
submergivel que permitia a recirculacdo da solugdo
pelo sistema de foto-reator. A degradacéo do corante
Tartrazina se determinou mediante espectrofotome-
tria ultravioleta/visivel. Resultados. Obteve-se uma
boa percentagem de remocao (100,0 %) do corante
Tartrazina para a combinagdo de oxidacao quimica
mediante o emprego de 0 mg/L de Fé 3+ e 0,4 %v/v
do agente oxidante perdxido de hidrogénio, além das
combinacdo experimental do processo fotoquimico
da foto-catalisis homogénea com o ensaio experi-
mental de 50 mg/L de Fé 3+ e 0,2 %v/v H20u2;
adicionalmente, considera-se que as combinagdes
de 0 mg/L de Fé 3+ e 0,2 %v/v H20u2 e 50 mg/L de
Fé 3+ e 0,4 %v/v H20u2 atingir percentagens de
remocao muito significativos, superiores ao 99,0%
de degradacdo. Conclusdo. Os processos de
oxidagdo avancados, como é o caso da foto-cataliss
homogénea, sdo adequados para a remogao e
eliminacéo do corante Tartrazina.

Palavras chaves: Foto-degradacdo. Tartrazina.
Corantes azoem. Ferro (lll). Peréxido de hidrogénio.
Industria de alimento.

Introduction

Dyes are one of the most used raw materials in
food, pharmaceutical and textile industries,
among others. In the world, there are about
10000 kinds of dyes and estimations say that,

ever year, 700.000 tons of dyes are generated.
From these, about 15% are expelled into the
environment with no treatment at all.

The presence of dyes in water bodies produces
very bad environmental consequences: They
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become an obstacle for the spreading of oxygen
and light* and, at the same time, they give water
an unaesthetic aspect. Besides, these
compounds, because of their chemical nature,
are considered as persistent in the environment,
and some of their precursors and sub products
are cancer agents.

Azoic dyes have a group (-N=N-) in their chemical
structure, with aromatic rings in both extremes.
They are the most used group of dyes in
industries?3; Recent research works have shown
that these dyes are cancerous. Tartrazine has
the E 102 (UE)* and yellow 5 (FDA-USA)® and
belongs to this dye family. Tartrtazine is widely
used in food industry and, though it is innocuous
in low concentrations, its ingestion in a high
guantity can produce allergic reactions, such as
asthma and hives. It is also related to children
hyper kinetic behavior and tumors in the thyroid
gland. This is why some countries, like Norway
and Austria, have forbidden its use.

This way, we can observe a potential risk of water
pollution with Tartrazine, which has to be remo-
ved from the waste water produced by food
industries. Therefore, this project looks for the
technological development concerning the
advanced oxidation processes (POA’s) in the
decontamination of waste water in Colombia. It
is then observed that Tartrazine is a synthetic
product with a wide spectrum of uses. In recent
works, it has been intended to produce
substitutes for this dye, looking for a reduction
of its use because of its secondary effects when
consumed, and this is why it is recommended to
the makers of products classified as food,
cosmetics and medicines that contain Tarzatrine,
to modify the sanitary registration®® and must
include in the information, the text “Contains
Tartrazine”. It can produce allergic reactions,
angioedema type, asthma, hives and
anaphylactic shock. This must be done following
the dispositions exposed by the specialized
board in medicines and biologic products of the
reviewer commission within the concept given
in the act No. 1 of 20078°.

At the moment, there are several Technologies
available for the treatment of effluents with dyes,
among which we have some physical-chemical
methods such as adsorption, coagulation-
flocculation, advanced oxidation and membrane
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filtration. These methods can be very effective,
though many times they are complex and difficult
to be applied in a high scale. Nevertherless, the
technological development concerning advanced
oxidation technologies seeks the implementation
and knowledge, national and internationally,
about the application of such technologies, which
have been used in the degradation of an endless
number of environmental pollutants such as
pesticides!0t141721 " dyes!®20 gnd waste from
laboratories®, among others.

The Fenton’s reaction'®¢17 is known as one
of the most classic and powerful oxidation
reactions in water. This reaction takes place
without ultra violet light, but its oxidation power
can be increased by using ultra violet radiation
or ultraviolet/visible (Photo fenton reaction), fact
that has generated studies to decompose a great
number of refractory compounds?®?'’. The
reactive of Fenton is a mixture of hydrogen
peroxide and ferrous ion (Fe?*) which produces
the free radical hydroxyl (OH') and the ferric ion
(Fe®).

The hydroxyl free radical is the primary oxidant
species made up by the decomposition of the
hydrogen peroxide catalyzed by Fe? in the
absence of quelating agents of the ferric ion. The
hydroxyl free radical is the second oxidation
agent after Fluor OH-, Eo=-2,8 V vs. Fluor, Eo=
-3,0 V), and is able to make not specified
reactions of some organic compounds (10-15).

When a sufficient concentration of hydroxyl free
radical and other radicals is generated, the
oxidation reactions of the organic compounds
can achieve, even, a total mineralization®52°,

Materials and methods

A photo reactor, made up by an ultra violet light
lamp, was used. The lamp has a chamber
through which the waste water circulates. There,
the irradiation of the contaminated water is done
with the ultra violet light, by the use of a mercury
lamp. The photo reactor system was comple-
mented by a glass container, which is used as a
recipient for keeping the sample to be treated.
Besides, there was a submersible pump, to
execute the re-circulation of the waste water
through the ultra violet light lamp. This system



was used with a flow of 0,05 L/s and a pH of the
solution of 3,0. An initial concentration of 100 mg/
L of Tartrazine dye was used. Its degradation was
determined by the use of UV/visible spectropho-
tometry, after two hours of experiment.

The concentration of catalyst (iron (111)) and
oxidation agent (hydrogen peroxide) was added,
corresponding to the concentration shown in
table 1. To achieve an appropriate experimental
development and the fulfillment of the assump-
tion of residuals, three random replicas of the
rehearsals were made.

Table 1. Experimental Combinations of Iron (lll),
H,0, and percentages of removal obtained.

Fe 3 (mg/L) H,0, (%viv) % Removal
0 0,0 3,4
0 0,2 99,9
0 0,4 100,0
50 0,0 2,6
50 0,2 100,0
50 0,4 99,8
Results

Table 1 and graphic 1 show the experimental
results obtained by the use of homogeneous

photo catalysis using iron (lll) and hydrogen
peroxide. According to this, it can be seen that
the azo tartrazine dye is a not very photo active
dye, because of its low degradation when ultra
violet light is applied to it. These rehearsals reach
a 3,4% of dye removal for two hours period of
irradiation of the solution to be treated at a wave
longitude of 254 nm by means of the ultra violet
light photo reactor using a mercury lamp. These
rehearsals correspond to the experimental
combination of 0 mg/L of Fe**and 0 %v/v of H,0,,.

In this same way, it can be obsrerved that the
addition of iron (lll) as a catalyst in the absence
of an oxidation agent (hydrogen peroxide) does
not contribute to the dye degradation. For the
combination of 50 mg/L of Fe * and 0%v/v of
H,O,, due to the fact that the removal percentage
achieved is 2,6%, a very low one when compared
with all of the other combinations, it can be seen
that the addition of the catalyst (Fe *) does not
help the degradation reactions of the dye. This
result can be corroborated by keeping into
account the data that appear in table 2, where
the ANOVA for the experimental design given for
the study of homogeneous photo catalysis of
tartrazine is shown, because the result of p value
is higher than 0,05 and, therefore, the presence
or addition of the catalyst (Fe *) does not have a
statistic significance in the response variable,
which is the removal or degradation of the dye.

4 N
100,0% - E— - -
90,0% - -
80,0% -
70,0% -
Fe 3+=0mgiL - H202=0%
E 60,0% - Fe 3+=0mgiL - H202=0,2%viv
g 50,0% - Fe 3+=0mgiL - H202=0 4%
& 40,0% - —— Fe 3+=50mgiL. - H202=0%w
s 30,0% - —=— Fe 3+=50mg/L - H202=0,2%w
2 20.0% - —e—Fe 3+=50mg/L - H202=0 4%
10,0% -
0,0% i T . .
0,0 0,5 1,0 1,5 2,0
Time (Hours)
o J

Graphic 1. Photo degradation of Tartrazine dye by the use of photo catalysis using iron (lll)
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On the other hand, in accordance with the results
obtained in table 1 and graphic 1, it can be
observed that the addition of the oxidation agent
hydrogen peroxide (H,0,) generates a high
increase in the degradation of the tarzatrine dye.
For the four combinations in which hydrogen
peroxide was used as oxidation agent, high
removal levels were obtained in the two (2) hours
treatment of the water sample containing
tartrazine dye to be degraded.

The combination of 50 mg/L of Fe ** and 0,4 v/v
of H,O,, reaches the lowest removal percentage
among the experiments that use hydrogen
peroxide, with a 99,8% of removal, obtaining a
good result in the degradation of the tartrazine
dye. By this same way, it can be observed that
the experimental combination of Omg/L of Fe 3*
and 0,2 %v/v of H,0,, reaches a removal similar
to the later combination, around 99,9%. These
results are meaningful, because they are high
and do not represent big differences in
comparison with the highest degradation
percentages. These ones correspond to a
degradation of a 100% for the experimental
combinations of 0 mg/L of Fe * and 0,4 %v/v of

H,0, and 50 mg/L of Fe ** and 0,4 % v/v of H,0,
and 50 mg/L of Fe * and 0,2 %v/v of H,O,.
Nevertheless, and analyzing the economic fac-
tor according to the addition of chemical reactive
and the high removal percentages obtained by
the advanced homogeneous catalysis oxidation
process, the experimental combination of 0 mg/
L of Fe * and 0,2 %v/v of H,O, is defined as the
best one.

Besides, a statistic analysis of the experimental
data was made, by the use of an ANOVA, as
shown in table 2, according to the values obtained
of P obtained (p<0,05), it can be seen that the
oxidation agent factor (hydrogen peroxide) has
a meaningful variation in the change of experi-
mental levels for the response variable (this
means the percentage of removal or
degradation) while that, for the concentration of
the catalyst factor (iron (Ill)) the value of P equals
0,0792, which is higher than it was expected (p<
0,05) and this means that the variation of the
experimental levels does not have a high
incidence in the removal percentage of the
Tartrazine dye.

Table 2. ANOVA statistic analysis of the experimental data

Freedom
degrees

Sources Square

sum

Square Coefficient

media

p value

A: Iron (111) 1 1,2675
247748
2,375
0,284167

24780,1

B:Hydrogen peroxide 2
Interaction A*B 2
Waste 6 1,705
Total (Corrected) 11

1,2675
12387,4
1,1875

4,46
43592,03
4,18

0,0792
<0,0001
0,0730

In graphic 2 the method used to identify the
meaningful Fisher differences (LSD) can be
seen. It is shown that for the interrelationship
between the catalyst iron (lll) there are no high
differences between the medias obtained by
experimentation between 0 and 50 mg/L of iron
(lN). Therefore, it is shown that there are no
statistically high differences at a 95,0% level of
confidence, between those levels.

In the same way, graphic 3 shows that for the
95% confidence intervals of the levels of the
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oxidation agent —hydrogen peroxide, with a level
of reliability of 95%, the variations of the media
rates between 0,0-0,2% v/v and 0,0-0,5% v/v of
hydrogen peroxide, have meaningful differences
between the experimental levels and the
response variable, this means, the removal of
the tartrazine dye, while in the variation between
0,2-0,4 %v/v there is no big difference between
the two levels.

100 |
90 |
80 ¢
70 |
60 |
50 |
40 |
30 ¢
20 ¢
10

Removal

0 02 0,4
Hydrogen Peroxide

Graphic 3. Measures and 95% confidence
intervals for the Hydrogen Peroxide

Discussion

As it can be seen in graphic 1, when the time of
irradiation of waste water containing Tartrazine
dye is increased, a higher removal percentage
is achieved, because the generation of photo
reactions and hydroxyl free radicals is favored,
and those free radicals make the degradation of
the dye.

In the results obtained from this research work,
it can be observed that the Azo dye can be
degraded by the use of Chemicals oxidation and
homogeneous Photo catalysis by using iron (lll),
because a dye removal percentage of 100 % is
achieved, except for the combination of 0 mg/L
of Fe 3 and 0,2 % v/v of H,0,, and 50 mg/L of
Fe 3" and 0,2%v/V of H,0,, which is an oxidation
by the use of hydrogen peroxide, For this latter
combination, there is also a high oxidation
percentage, above 99%, thus there is an
evidence of the fact that advanced oxidation
processes are efficient for the removal of the
Tartrazine dye for a 2 hours treatment time.

Conclusion

The implementation of advanced oxidation
Technologies (TAO’s), as in the case of
homogeneous photo catalysis by the use of iron
(I11) demonstrates its great number of
environmental applications, In this cased, it is
used to remove and degrade the Tartrazine dye,
commonly used in food industries (2), which is
an Azo dye, and this means that its molecule is
more stable and difficult to degrade in
environmental conditions. We, this way, are
advancing in the knowledge and application of
one of the TAO's at a local level, increasing the
technological offer to reduce or solve the negative
impacts in our immediate natural environment
and achieve a sustainable development by the
use of environmentally sustainable techno-
logies??, which can be used in cleaner production
programs for industries, in this case, for food
industries.
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