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Abstract

Lavender (Lavandula angustifolia Mill.) and rose (Rosa Damascena Mill.) industrial by-products were used as natural,
biodegradable, readily available and cheap bioadsorbents to remove the azo dye 2-naphthol orange from waste waters.
The influence of contact time, pH, adsorbent amount, initial dye concentration, temperature, sonication and adsorbent
particle size was investigated. The acidic medium favored the adsorption and at pH 1.5, 99% efficiency (for lavender as
adsorbent) was achieved. The results of the present study confirmed the successful application of essential oil industrial
lavender and rose by-products as bioadsorbents for efficient removal of 2-naphtol orange from waste waters as a new
method for valorization of the by-products from agricultural industry.
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INTRODUCTION

Azo dyes are among the most widely used
chemical class of dyes worldwide. They are
synthesized from aromatic amines by
diazotization (Crettaz et al., 2020). Azo dyes
have a toxic effect on humans, as well as, on
nature and aquatic life. Therefore, there is an
urgent call for wastewaters containing azo dyes
to be treated for their elimination or for their
conversion into safer products (Benkhaya et al.,
2020). Most of the dyes are mutagenic and
carcinogenic, they are stable to light, tempe-
rature and biodegradation, which makes them
risk-posing compounds. Therefore, effective
methods to remove these substances from
wastewaters are important. The methods used
for the purification of the wastewaters are
coagulation, flocculation, precipitation, mem-
brane filtration, electrochemical techniques and
conventional biological treatments (activated
sludge). However, these techniques are not 100
percent efficient nor are they financially viable,
as most of them require large land areas and are
quite expensive (Kumar et al., 2011).

Adsorption is a purification process that is one
of the most -cost-effective methods for
removing pollutants from wastewaters. It
requires little space and the process is not
affected by toxic chemicals. Adsorption
processes also allow regeneration, recovery and
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recycling of the adsorbents (Nascimento et al.,
2014). Besides, often by-products from agricul-
tural industry (essential oil industry for
example) could be used as natural, biodegra-
dable, cheap and readily available adsorbents.
Hence, the aim of the present study was
focused on utilization of by-products from the
essential oil industry (rose and lavender solid
residues) as  natural, renewable and
biodegradable adsorbents for removal of the
azo dye 2-naphthol orange.

MATERIALS AND METHODS

Lavender (L) (bio-certified  Lavandula
angustifolia Mill., 'Sevtopolis' var.) and rose
(RD) (bio-certified Rosa Damascena Mill.), by-
products from industrial steam distillation of
fresh plant material were provided by the
ECOMAAT distillery (Mirkovo, region of
Sofia, Bulgaria; crop 2021).
2-naphthol orange (Sodium
hydroxynaphthalen-1-yl)-diazenyl]
benzenesulfonate) was obtained from local
distributors.

The rose and lavender by-products were
collected from the still after the end of
industrial treatment. The solid residues were
inspected for impurities and dried. The dried
rose and lavender were washed with distilled
water (100 g with 1600 mL water; added in
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portions of 400 mL) on a Buchner funnel. The
residual solid mass was dried, milled and
sieved. The same conditions were used for
washing of the RD and L by-products with
acetone, 70% ethanol and 0.1 N hydrochloric
acid. For adsorption of the azo dye, fraction
with particle size 50-100 um was used.

The adsorption of 2-naphthol orange was
carried out as follow: 20 mL water solution of
2-naphthol  orange with the specified
concentration (20, 40, 60, 80 and 100 mg/L)
were added to 1 g of adsorbent in a 50 mL
centrifuge tube and the tubes were put on a
laboratory shaker MLW THYS 2 (VEB MLW
Labortechnik IImenau, Germany), placed in a
thermally controlled laboratory oven. The
shaker was started (100 rpm) and at a specified
time (2.5, 5, 10, 20, 30, 40, 60, 90, and 120
min) a centrifuged tube was removed from the
shaker and the mass was filtered first through a
paper filter and further through a syringe filter
CA 0.45 um (Isolab, Germany). Adsorption of
the filtrate was measured at 500 nm using
LLG-uniSPEC 2 UV-Vis spectrophotometer
(LLG  Labware, Germany) and the
concentration of the remaining after the
adsorption 2-naphthol orange was calculated
using a calibration curve, prepared with water
solutions of the dye with known concentrations.

RESULTS AND DISCUSSIONS

Influence of the contact time on the
adsorption of 2-naphthol orange

The first parameter investigated was the contact
time of the adsorbent with the 2-naphthol
orange. This parameter determines the dye
adsorption time equilibrium and is important
from economic and ecological point of view
(Figure 1). In the beginning of the contact of
the azo dye with the adsorbent, adsorption is a
fast process since there are a lot of unoccupied
sites in the surface of the L and RD adsorbents.
Sharp increase of the adsorbed azo dye was
observed until the 30" min, after that, clearly,
equilibrium was observed. At 120 min the
efficiency of the adsorption at pH 7.05 was
92% for RD and 85% for L as adsorbents for 2-
naphthol orange. Similar observations were
made by Wu et al. (2011) investigating
adsorption of 2-naphthol orange using spent
brewery’s yeast. The authors found that the

511

equilibrium of the adsorption was reached after
20-30 min contact time.
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Figure 1. Influence of the contact time on the adsorption
of 2-naphthol orange (initial concentration of the azo
dye: 0.8 mg/20 mL; pH: 7.05; amount of the adsorbent: 1
g; temperature: 20°C; shaking at 100 rpm)

Influence of the pH of the medium on the
adsorption of 2-naphthol orange
Furthermore, the effect of the pH of the
medium was investigated (Figure 2). The acidic
medium favored the adsorption process and the
highest effectiveness of the removal for both
adsorbents was achieved at pH 3.5. At pH 1.05,
however, the L residue was able to eliminate
99% 2-naphthol orange. At pH 10.75 almost no
adsorption of 2-naphthol orange was observed.
These results are supported by the findings of
Wu et al. (2011) and Pelosi et al. (2013)
investigating adsorption of 2-naphthol orange
on waste biomasses. However, in the work of
Wu et al. (2011) the effectiveness of the
adsorption lowered significantly after pH was
raised above 5. In our case both adsorbents RD
and L could be utilized at pH levels up to 7.
This observation is important because it is
much easier to operate industrially at neutral
pH than at acidic medium. Besides, further it
will be necessary to neutralize the spent
adsorbent and also treatment of the solution
will be necessary.

The effectiveness at lower pH might be related
to the net charge of the adsorbents. The main
functional groups which could contribute to the
adsorption are carboxyl and hydroxyl groups
(Hamzeh et al., 2012). At lower pH medium
these groups will be protonated and attraction
will favor retention of the 2-naphthol orange.
Due to its anionic character, at higher pH
(when the carboxyl groups will not be
protonated) electrostatic repulsion will lower
the effectiveness of the adsorption.
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Figure 2. Influence of the pH on the adsorption
of 2-naphthol orange (contact time 40 min; initial
concentration of the azo dye: 0.8 mg/20 mL;
amount of the adsorbent: 1 g; temperature: 20°C;
shaking at 100 rpm)

Influence of the amount of the adsorbent/re-
adsorption on the adsorption of 2-naphthol
orange

The amount of adsorbent plays important role
and usually contributes to the better effective-
ness in the percentage removal of the pollutant.
The best results were achieved (Figure 3) using
1.5 and 2 g RD adsorbent (single adsorption;
almost 99% removal was achieved). For the L
residue these amounts lead to retention of the
solution and it was impossible to separate the
purified water.
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Figure 3. Influence of the amount of the adsorbent/re-
adsorption on the adsorption of 2-naphthol orange
(contact time 40 min; initial concentration of the azo dye:
0.8 mg/20 mL; pH: 7.05; temperature: 20°C; shaking at
100 rpm)

Consecutive adsorption was also tested and it
was found that for both adsorbents doses of
0.5+0.5 g and 1+1 g adsorbents were highly
effective. One of the problems arising using
consecutive adsorption was related to the
higher water retention capacity of the RD and
L, having highly hydrophilic character. At
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doses of 1.5+1.5 g adsorbents no water phase
could be obtained after adsorption.

Influence of the initial concentration of the
2-naphthol orange on the adsorption

At all the investigated dye concentrations (0.02
to 0.1 mg/mL) the effectiveness of the
adsorption achieved was around 90%. The
highest percentage (92.74%) of adsorption of 2-
naphthol orange (at 0.04 mg/mL concentration)
has the RD adsorbent (Figure 4). This might
suggest that the capacity of the adsorbents RD
and L is much higher than 0.1 mg/mL per 1 g
adsorbent.
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Figure 4. Influence of the concentration of the 2-naphthol
orange on the adsorption (contact time 40 min; amount
of the adsorbent: 1g; pH: 7.05; temperature: 20°C;
shaking at 100 rpm)

Influence of the temperature on the
adsorption of 2-naphthol orange

In general the effect of temperatures above
20°C was negative on the effectiveness of
adsorption for both adsorbents and this was
more clearly expressed for L (Figure 5). This
effect might be due to the increased rate of
desorption with increase of the temperature.
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Figure 5. Influence of the temperature on the adsorption
of the 2-naphthol orange (contact time 40 min; initial
concentration of the azo dye: 0.8 mg/20 mL; amount of
the adsorbent: 1 g; pH: 7.05; shaking at 100 rpm)



Influence of the particle size of the adsorbent
on the adsorption of the 2-naphthol orange
In the next experiments the influence of the
particle size of the adsorbents on the adsorption
was investigated. Results presented in Figure 6
clearly demonstrated that for both adsorbents
particles with a size of 50 pum or below had
adsorbed most effectively the azo dye. This
result is not surprising having in mind that the
lower the particle size the more active surface
the adsorbent will have.
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Figure 6. Influence of the particle size of the
adsorbent on the adsorption of the 2-naphthol
orange (contact time 40 min; initial concentration
of the azo dye: 0.8 mg/20 mL; amount of the adsorbent:
1 g; pH: 7.05; shaking at 100 rpm)

Influence of the type of the adsorbent on the
adsorption of the 2-naphthol orange

In the following experiments the RD and L
were compared with several known adsorbents:
activated carbon, AO; and silicagel (Figure
7). The best results for adsorption effectiveness
showed the activated carbon. RD and L showed
better adsorption capacity than AlOs3 and
silicagel and the percentage of removal of 2-
naphthol orange was closer to that of the
activated carbon. The type of the initial
pretreatment of the rose and lavender by-
products was also assessed. Both by-products
were washed with 70% ethanol, acetone and
0.1 N hydrochloric acid (HCI), dried and used
as adsorbents. The results suggested that acid
washing was beneficial to the applicability of
the residues as adsorbents. The best adsorption
effectiveness showed both acid-washed rose
and lavender adsorbents, as L Res AE
adsorbed 0.7918 mg/mL of 0.8 mg/mL 2-
naphthol orange (almost 99% removal of the
dye). This corresponds well with the results
obtained for the influence of the pH on the
adsorption of the 2-naphthol orange (Hamzeh
etal., 2012).
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Figure 7. Influence of the type of the adsorbent on the
adsorption of the 2-naphthol orange (contact time 40
min; initial concentration of the azo dye: 0.8 mg/20 mL;
amount of the adsorbent: 1 g; pH: 7.05; shaking at 100
rpm). AC - active carbon; Al,O3; Silicagel; AIS RD SD
- rose by products washed with 70% ethanol; UnRD/W -
dried rose petals (non-distilled) washed with distilled
water; RD - steam-distilled rose by-products washed
with distilled water; RD SD/A - rose by products
washed with acetone; L - steam-distilled lavender by-
products washed with distilled water; AISL _SD -
lavender by-products washed with 70% ethanol;

L Res AE - steam-distilled lavender by-products
washed with 0.1 N HCL; L_SD/A - lavender by products
washed with acetone

Influence of the ultrasound treatment on the
adsorption of the 2-naphthol orange
Ultrasound treatment has gained popularity
during the recent years with its simplicity and
effectiveness for many industrial applications
(Slavov et al., 2019). Ultrasound could be
successfully applied for adsorption/desorption
purification processes in the food industry (Wu
et al., 2018), pollutant removal (Hamdaoui, et
al., 2003), etc. Hence, in the next experiments
the influence of the sonication on the removal
of 2-naphthol orange was studied (Figure 8).
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Figure 8. Influence of the ultrasound treatment on the
adsorption of the 2-naphthol orange (contact time 40

min; initial concentration of the azo dye: 0.8 mg/20 mL;

amount of the adsorbent: 1 g; pH: 7.05)



Two treatments - at 35 kHz and at 40 kHz
frequency were investigated. It could be seen
that equilibrium was established after around
20-30 min and the percentage removal was
similar to the experiments for the contact time
(without sonication) (Figure 1). This suggested
that at the experimental conditions sonication
did not improved significantly the removal by
adsorption of the 2-naphthol orange. Similar
observations were made by Hamdaoui et al.

(2003)  while investigating  adsorption/
desorption process of p-chlorophenol on
granular activated carbon. One possible

explanation of the results obtained was that
along with the adsorption intensification from
sonication, the reverse process of desorption
also occurred with time, when the adsorbent
had already adsorbed its maximum azo dye.

The results from the experiments suggested that
RD and L by-products could be successfully
applied as a bioadsorbent for removal of the
azo dye 2-naphthol orange from water
solutions. The residues generated after
adsorption of 2-naphthol orange could be used
as a substrate for further higher fungi
degradation and production of mycelium based
biocomposites (Angelova et al., 2021). Due to
the phenolic nature of the 2-naphthol orange
the higher fungi, able to produce lignocellulosic
enzyme complexes, could successfully degrade
the azo dye and by this way completely
eliminate the hazardous threat for the nature.

CONCLUSIONS

The present study explored the application of
two industrially generated by-products of the
essential oil rose and lavender industry. The
by-products are cheap, renewable,
biodegradable and natural substances, which
could be successfully applied for biosorption of
organic pollutants, such as azo dyes. The
influence of contact time, pH, amount of the
adsorbent and 2-naphthol orange, particle size,
temperature, initial pretreatment of the
adsorbent and mechanical treatment were
investigated. It was found that equilibrium was
established after 20-30 min contact time, and
that the lower pH favors the adsorption process.
The increase of the temperature influenced
negatively the removal of 2-naphthol orange
and the best results were obtained at
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temperatures below 20°C. The adsorbents’
particle size below 50 pum showed the best
results for adsorption effectiveness. Acid
washing (with 0.1 N HCI) as a pretreatment
leads to the best results for removal of 2-
naphthol orange from the medium. The resulted
adsorbents had adsorption capacity higher than
that of activated carbon as a well-known
commercially available adsorbent. The best
adsorption effectiveness showed both acid-
washed rose and lavender adsorbents, as
lavender acid washed by-product adsorbed
0.7918 mg/mL of 0.8 mg/mL 2-naphthol
orange (almost 99% removal of the dye).

ACKNOWLEDGEMENTS

This work was financially supported by the
bilateral project KIT-06-Austria/4 funded by the
National Science Fund (Ministry of Education
and Science) of Bulgaria.

REFERENCES

Angelova, G., Brazkova, M., Stefanova, P., Blazheva,
D., Vladev, V., Petkova, N., Slavov, A., Denev, P.,
Karashanova, D., Zaharieva, R., Enev, A., &
Krastanov. A. (2021). Waste rose flower and
lavender straw biomass-An innovative lignocellulose
feedstock for mycelium bio-materials development
using newly isolated Ganoderma resinaceum GA1M.
Journal of Fungi, 7, 866.
https://doi.org/10.3390/j0f7100866.

Benkhaya, S., M'abet, S., & El Harfi, A. (2020).
Classifications, properties, recent synthesis and
applications of azo dyes. Heliyon, 6, ¢03271.
https://doi.org/10.1016/j.heliyon.2020.e03271

Crettaz, S., Kémpfer, P., Briischweiler, B.J.,
Nussbaumer, S., & Deflorin, O. (2020). Survey on
hazardous non-regulated aromatic amines as cleavage
products of azo dyes found in clothing textiles on the
Swiss market. Journal of Consumer Protection and
Food Safety, 15, 49-61.
https://doi.org/10.1007/s00003-019-01245-1

Hamdaoui, O., Naffrechoux, E., Tifouti, L., & Petrier, C.
(2003). Effects of wultrasound on adsorption—
desorption of p-chlorophenol on granular activated
carbon. Ultrasonics Sonochemistry, 10, 109—114.

Hamzeh, Y., Ashori, A., Azadeh, E., & Abdulkhani, A.
(2012). Removal of Acid Orange 7 and Remazol
Black 5 reactive dyes from aqueous solutions using a
novel biosorbent. Materials Science and Engineering
C, 32, 1394-1400.
https://doi.org/10.1016/j.msec.2012.04.015¢

Kumar, R., & Ahmad, R. (2011). Biosorption of
hazardous crystal violet dye from aqueous solution



onto treated ginger waste (TGW). Desalination,
265(1-3), 112-118.
https://doi.org/10.1016/j.desal.2010.07.040
Nascimento, G.E., Duarte, M.M.M.B., Campos, N.F., da
Rocha, O.R.S., & da Silva, V.L. (2014). Adsorption
of azo dyes using peanut hull and orange peel: a
comparative  study. Environmental  technology,
35(11), 1436-1453.
https://doi.org/10.1080/09593330.2013.870234
Slavov, A.M., Denev, P.N., Denkova, Z.R., Kostov,
G.A., Denkova-Kostova, R.S., Chochkov, R.M.,
Deseva, I.N., & Teneva, D.G. (2019). Emerging cold
pasteurization technologies to improve shelf life and
ensure food quality. In: C.M. Galanakis (Ed.), Food
Quality and Shelf Life, (pp. 55-123). London, UK:
Academic Press, Elsevier Inc.
https://doi.org/10.1016/B978-0-12-817190-5.00003-3

515

Tosi Pelosi, B., Lima, L.K.S, & Vieira, M.G.A. (2013).
Acid orange 7 dye biosorption by Salvinia natans
biomass. Chemical Engineering Transactions, 32,
1051-1056. https://doi.org/10.3303/CET1332176

Wu, Y., Hu, Y., Xie, Z.W., Feng, SX., Li, B., & Mi,
X.M. (2011). Characterization of biosorption process
of acid orange 7 on waste brewery’s yeast. Applied
Biochemistry and Biotechnology, 163, 882-894.
https://doi.org/10.1007/s12010-010-9092-z

Wu, Y., Han, Y., Tao, Y., Fan, S., Chu, D.T., Ye, X, Ye,
M., & Xie, G. (2018). Ultrasound assisted adsorption
and desorption of blueberry anthocyanins using
macroporous resins. Ultrasonics — Sonochemistry, 48,
311-320.
https://doi.org/10.1016/j.ultsonch.2018.06.016





