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A B S T R A C T

Background: Pyrocatechol or 1, 2-dihydroxybenzene, or 2-hydroxyphenol is considered as apriority pollutant since it is harmful to organisms 
at low concentrations, and has been classified as hazardous pollutants.
Objectives: The objective of this study was to examine whether Azolla filiculoides, is able to remove Pyrocatechol from aqueous solutions.
Materials and Methods: This study is an experimental research. In this study, the aquatic fern Azolla with different biomass (0.3, 0.6, 0.9, 1.2 g) 
has been cultured in solutionwhichwas contained 5, 10, 25, and 50 ppm Pyrocatechol. Each exam repeated twice. Samples were collected every 
2 days from all of containers. The analytical determination of Pyrocatechol was performed by using DR4000 spectrophotometer by analyzing 
the color resulting with the wavelength of 600nm.
Results: The results showed that Azolla has high ability to remove Pyrocatechol from aqueous solutions. The Pyrocatechol removal was 60-
90%. The removal efficiency wasincreasing with decreasing Pyrocatechol concentration, and increasing biomass amount, and vice versa. The 
removal efficiency was more than 90% when Pyrocatechol concentration was 5 ppm, and amount of biomass was 0.9 gr.
Conclusions: It is concluded that Azolla is able to accumulate and remove Pyrocatechol from the aqueous solutions. Since conventional 
methods of Pyrocatechol removal need high cost and energy, Phytoremediation by Azolla as a natural treatment system can decrease those 
issues, and it can be a useful and beneficial method for theremoval of Pyrocatechol.
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1. Background

Nowadays, controlling of pollution is the prime con-
cerns. Discharge of minicipal and industrial wastewater 
to water resources may pose a serious problem to the 
environment (1-4). Phenolic compounds are the most 
common forms of organic pollutants among the organic 
chemical pollutants in industrial wastewater (5, 6). High 
concentrations of phenol and phenolic compounds are 
typically found in aqueous effluents of oil refineries, pet-
rochemical, ceramic, and steel plants, coal conversion 
processes, phenolic resin, and pharmaceutical industries 
(7). Catechol, also known as pyrocatechol or 1,2-dihy-
droxybenzene, is an organic compound with the molecu-
lar formula of C6H4(OH)2 (8).

Catechol is used as a topical antiseptic, and in photogra-
phy, fur dying, leather tanning, antifungal preservation 
of seed potato pieces, and in polymerization inhibitors 
as well as a chemical intermediate, and an antioxidant in 
many industries. It is also used in chemical laboratories 
for the detection and determination of many ions. Cat-
echol, therefore, frequently contaminates wastewaters 
generated by several industries including rubbers, chem-
ical, dye, photographic, pharmaceutical, cosmetics, and 
oil industry (9-12).

Catechol, as a phenolic compound has adverse effects 
on the quality of water resource, and it is strongly irritant 
to eyes, skin, and respiratory tract, and can cause DNA 
damaging, diminishing of liver function, vascular col-
lapse, coma, and death (13). The metabolites of catechol 
may start many cancers, and neurodegenerative diseas-
es. Thereforethe United States Environmental Protection 
Agency (EPA) has ranked phenols the 11th in the list of 126 
toxic chemicals which have been designated as priority 
pollutants, and stringent restrictions have been imposed 
by local authorities on levels of phenol contaminants in 
water and wastewater (10).

Small amounts of catechol occur naturally in fruits and 
vegetables, along with the enzyme polyphenol oxidase 
(6, 14). Thus, catechol removal from water and wastewa-
ter is an important issue to protect public health and 
environment. Many methods have been proposed for the 
removal of phenol and phenolic compounds including 
the adsorption, chemical oxidation, precipitation, dis-
tillation, solvent extraction, ion exchange, membrane 
processes, and reverse osmosis, chemical oxidation, and 
electrochemical processes (15-18). Aforementioned meth-
ods have some problems such as high cost, low effective-
ness and generation of toxic by-products (19). Recently, 
Biological processes such as phytoremidation have been 
considered (20). In the process of phytoremediation pol-
lutants are collected by the roots of plant, and either de-
composed to less harmful forms or accumulated in the 
plant tissues. Therefore, this process is environmentally 
friendly and inexpensive. Azolla is a small aquatic fern. 

In fact, it is a symbiotic pair of Azolla filiculoides and a 
heterocystous blue-green alga Anabaena azolla. Azolla 
has been used as a fertilizer in botanical gardens because 
of its nitrogen-fixing capability, therefore has been used 
for several decades as green manure in rice fields. Studies 
showed that this plant could decrease nitrogen and phos-
phorus from well water and surface water effectively and 
has the ability to remove acid dye from water (1, 21-23).

2. Objectives

The objective of this study was to examine whether Azol-
la is able to remove pyrocatechol from aqueous solution.

3. Materials and Methods

3.1. Cultivation of Azolla

This plant can be found in watery zones, especially in 
stagnant water or in low velocity water (24). In this study, 
living Azolla was collected from the surface of rice-field 
near the south shores of Caspian Sea in Sari County 
(north of Iran), and was cultivated and kept in aquarium.

3.2. Lab Studies

Alga growth may happen in aquarium which is used 
to azolla cultivation. The alga growth may be reduced 
pyrocatechol concentration because alga degraded the 
pyrocatechoal. Therefore, the alga growth, Annoying and 
interferer organisms must be inhibited from aquarium. 
There are two main methods to prevent algae growth: 
A) Use of copper sulfate, B) Covering aquarium from be-
sides that light can enter only from upside of aquarium. 
To dissolve the azollascurfing problem, temperature and 
light regulation was required, and it was performed in all 
stages (25).

The Pyrocatechol was purchased from Merck .CO. For 
this examination, 32 plastic containers were used with 
the height and width of 15 and 10 cm, respectively. The 
containers were used for the examination only, and 2 
aquariums were used to keep azolla. The capacity of the 
container was 200 ml. stock solutions (1000 ppm) of py-
rocatechol were prepared, and desired concentrations 
were made from the stock solution. In this study, desired 
concentrations of pyrocatechol solution were 5, 10, 25, 50 
ppm. In next stage, azolla wasused in known weight of 
biomass including 0.3, 0.6, 0.9, and 1.2 gr along with the 
pyrocatechol concentrations. Primary culture medium 
and solution were poured in plastic containers, and after 
that azolla with known weight was added to the contain-
ers, and then allowed to growth of azolla in container 
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to acclimatize with pyrocatechol in different times. All 
of 32 containers must be placed inside a large container 
which there is water and a heater inside of the container 
to fixthe optimum temperature of azolla growth. 4 con-
tainers of azolla were used for each concentration of py-
rocatechol. To ensure the validity and accuracy of experi-
ments, all steps were performed 2 times.

Pyrocatechol concentrations in each experiment were 
determined by DR4000 spectrophotometer by analyzing 
color with wavelength 600nm (26, 27). Concentration of 
pyrocatechol wasmeasured after 2, 4, 6, 8, 10, 12, and 14 
days ofexposure. Standard curve wasused to determine 
the pyrocatechol concentration. The standard curve was 
prepared by concentrations of Pyrocatechol of 0.1- 1ppm.

Measuring pyrocatechol by spectrophotometric meth-
od requires3 solutions including buffer solution, 4-ami-
noantipyrine, and potassium ferrocyanide. 100 ml of 
sample was taken, and 2ml of buffer solution was poured 
and shaken to mixing, then 2 ml of 4-aminoantipyrine 
was shed and shaken, and finally 2 ml of potassium ferro-
cyanide was poured and shaken to mixing. After 15 min-
ute, colorimetery was performed (26).

4. Results

4.1. Temperature Effect on Azolla Growth Rate
The results indicated that azolla grows at 25-35˚C, and 

the optimum temperature is 32˚C. The effect of tempera-
ture on growing of azolla is shown in Figure 1. This study 
was performed in 5 steps and by using 5 heaters. Initial 
concentration (0.3 gr) of azolla was added to whole con-
tainers, and temperature was regulated by heater. Bio-
mass of azolla was weighed every 4 days.
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Figure 1. Effect of Temperature onAzolla Growth

4.2. Effect of Temperature on Pyrocatechol Removal
The effect of temperature on removal efficiency of py-

rocatechol is shown in Figure 2. According to the results, 
the maximum removal percent of pyrocatechol can be 
observed in 25-30˚C, which is the optimum temperature. 

Removal rate reduced below and above the optimum 
temperature, significantly.  The amount of azolla growth 
in natural conditions, and at temperaturesabove 50˚C is 
low. The growth rate over time and by keeping constant 
the temperature above 50˚C is stopped. In this experi-
ment, 6 containers were chosen with the same condition.
The purpose of same conditions was existing 0.6 g bio-
mass, and 5 ppm of pyrocatechol in each container. Then 
temperature was regulated by using heater to desired 
temperature. 3 containers were to ensure the accuracy of 
experiments and reducing of errors.
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Figure 2. Effect of Temperature on Pyrocatechol Removal

4.3. Effect of Initial Concentration of Pyrocatechol
The results indicated that azolla has high ability to 

remove pyrocatechol in aqueous solution, and the 
removal efficiency is between 65% and 85% in various 
concentrations. Removal efficiency was increased by 
biomass increasing and decreasing initial pyrocatechol 
concentration. Removal efficiency was 85% in 
biomass amount of 1.2 gr, and initial concentration of 
pyrocatechol of 5 ppm. Also, there was no significant 
difference in removal efficiency in 5 and 10 ppm, and 
the removal rate was equal approximately. The result is 
shown in Figure 3. In this experiment, 4 concentrations 
of pyrocatechol including 5, 10, 25, and 50 ppm were 
chosen. 2 containers were used to each concentration, 
which one of the containers was due to the accuracy 
of experiments. Specific biomass amount of 0.9gr was 
added to containers. The measurement of pyrocatechol 
was performed in known days. Removal rate was higher 
in this biomass concentration.

4.4. Effect of Initial Biomass Concentration
The effect of initial biomass concentration on pyrocat-

echol removal efficiency is shown in Figure 4. The results 
show that when half of the surface of each container was 
covered by azolla, the best conditions can be achieved 
to remove pyrocatechol. Since all of containers surface 
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was covered by 1.2gr biomass, thus removal efficiency 
decreased more than lower weights. In this experiment, 
pyrocatechol concentration of 5ppm was chosen, and 4 
biomass weights were contacted with specific concen-
tration, and the removal rate was determined once a 2 
days.
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Figure 3. Effect of InitialPyrocatechol Concentration on Removal Effi-
ciency
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Figure 5. Effect of Initial Concentrations of Pyrocatechol on Inhibition 
Growth of Azolla

4.5. Effect of Initial Concentrations of Pyrocatechol 
on Inhibition Growth of Azolla

The effect of initial pyrocatechol concentration on inhi-
bition growth of azolla is shown in Figure 5. According to 
the results when initial concentrations of pyrocatechol, 
increased the growth rate and the growth stopped at con-
centrations above 50 ppm. Temperature and initial con-
centration of biomass werekept constant at 28 ° C, and 
0.9 gr, respectively.

4.6. Determination of Pyrocatechol Evaporation
The results of the experiments showed that about 15% 

to 25% of the pyrocatechol is removed by evaporation. At 
this stage, some samples that contain pyrocatechol and 
are without biomass were prepared to achieve pyrocat-
echol removal rates through evaporation. Finally, the re-
moval rate by biomass (actual removal rate by azolla) was 
achieved from the difference between total removal, and 
removal through evaporation (Figure 6).
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Figure 6. Evaporation of Pyrocatechol to Obtain Actual Removal Rates 
by Azolla

5. Conclusions

Contact time: the removal rate increased by increasing 
the contact time. The removal rate waslow at first days, 
due to plant adjusting with the new condition. The plant 
was adjusted from 4th day, and removal rate of pyrocat-
echol was increased. The result of this study is correspon-
dent tothe result of study that was conducted by Dianati. 
R and also, other survey performed by Li (28, 29). Effect 
of temperature: azolla is found in temperate regions and 
stagnant waters. Best growth temperature is 25- 35˚C, 
and optimum temperature is 32˚C. The result is consis-
tent with Nezamabadi. M survey result (30).

The pyrocatechol concentration: pyrocatechol removal 
rate decreased by increasing the Pyrocatechol rate, and 
maximum removal occurred in low concentration of 
Pyrocatechol. The removal rate was decreased with 
pyrocatechol concentration more than 10 ppm whichis 
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consistent with other researches (28, 31). Increasing 
pyrocatechol concentration can damage the azolla, 
and can decrease azolla growth. This plant cannot 
grow in pyrocatechol concentration above 50 ppm. 
Increasing the pyrocatechol initial concentration 
can increase damagesto plant, and decrease azolla 
growth. Azolla cannot adapt itself with condition at 
concentrationsabove 50 ppm, and major amount of 
biomass is lost. Maximum growth of azolla occurs in 
pyrocatechol concentration of less than 10 ppm. The 
removal is 90% in this concentration which this result is 
exactly corresponding to the result of other study (29). 
The growth rate of azolla in a concentration less than 10 
ppm was threefold compared to azolla growth rate in 
concentration of 50 ppm. Since azolla is found plentiful 
in our country, especially in Anzali,fen, and it is searched 
for finding some methods to remove this plant, so there 
is no worry about quantity of  this plant in the the natural 
ecosystems (32).

Mechanism of uptake of pollutants by plants through 
the mechanism  of phytodegradation (also known as 
phytotransformation) is the breakdown of contaminants 
taken up by plants through metabolic processes 
within the plant, or the breakdown of contaminants 
external to the plant through the effect of compounds 
(such as enzymes) produced by the plants. Also the 
Rhizodegradation Mechanism is the breakdown of an 
organic contaminant in soil through microbial activity 
whichis enhanced by the presence of the root zone (33).

Finally, the results of this study indicated that azolla is-
able to remove organic compound from wastewater, and 
since conventional methods such as AOP, adsorption and 
other methods, are costly, and need high energy meth-
ods, and since all countries are faced with energy short-
age problem today, thus natural systems, for instance the 
use of azolla, can be good alternatives to conventional 
systems to remove this compounds from wastewater.
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