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Introduction
Environmental pollution, which increased exponentially during 

the past several years, is considered one of the main problems facing 
humanity. Phenol is the primary hazardous pollutant found in the 
wastewater many industries.1 Phenol compound consists of a hydroxy 
group attached to a benzene ring. It is a colorless compound, soluble 
in both organic solvents and water, and enters the environment 
naturally or artificially as a major pollutant. It is a basic structure unit 
used in several industries, and it is produced from the combustion 
of coal wood and municipal solid waste, and from oil refineries and 
pharmaceutical and coke industries.2–4 In nature, the sources of phenol 
include forest, plants, and rangeland fires.5 Phenol has harmful effects 
on aquatic life and ecosystems, and has been noted in surface water, 
groundwater, drinking water, rainwater, waste sites, sediments, and 
industrial runoff. The presence of phenol in ground water is related to 
its rapid filtration through the soil and poor adhesion to soil particles. 
Phenol could be fatal by ingestion, inhalation, or skin absorption, 
since it quickly penetrates the skin and may cause severe irritation 
to the eyes and the respiratory tract. It is listed among the priority 
organic pollutants by the US Environmental Protection Agency.6 
Phenol is also considered to be potentially carcinogenic to humans 
and may be lethal to fish at concentrations of 5-25gm-3.7 It is essential, 
therefore, that phenol concentration in water effluents be reduced to 
environmentally acceptable and harmless levels. Several techniques 
were used to remove phenols from wastewater, including thermal 
decomposition, adsorption, advanced oxidation method, and electro 
coagulation. These methods either suffer from low efficiency, or 
have other disadvantages, such as producing secondary pollutants.8 
Biological methods, using bacteria, have also been tested for the 
removal of phenol from wastewater, which showed very promising 
results.8 Nevertheless, the release of these bacteria could cause diseases 
in plants and depletion of fish stocks, and may also have the potential 
to cause diseases to humans.9 It would be advantageous therefore to 
use other types of microorganisms, which are less harmful, if they 
show comparable performance. In addition, the grown bacteria do not 

have any obvious value. If phenol can be removed by microalgae, the 
produced biomass in this case can be readily used to produce lipids 
that can be used for biodiesel production.

Results and discussions
Two strains of microalgae, namely Chlorella sp. and Tetraselmis 

sp., obtained from a local marine research center in Umm Al-Quwain, 
UAE, were grown in Bold Bassel medium (3N-BBM)10 containing 
different concentrations of phenol (150-350ppm), as the sole carbon 
source. The growth mixtures were placed in shaking water bath (La-
bTech, DaihanlabTech Co. ltd., Koreas) set at 30°C and 70rpm and 
subjected to high illumination by four LED lights. At regular inter-
vals, aliquots were withdrawn, and the biomass content was deter-
mined from the optical density measured at 680nm using UV-spec-
trophotometer (UV-1800, Shimadzu, Japan). The biomass was then 
removed by centrifugation at 6000rpm for 10min using multispeed 
centrifuge (IEC CL31, Thermo Scientific, USA), and the phenol con-
centration in the supernatant was determined using a calibrated high-
-performance liquid chromatography, HPLC (Shimadzu, Japan). All 
experiments were carried out in duplicates, and the results presented 
are the average values. To eliminate any other reason which could 
also contribute to the drop in phenol concentration, the experiment 
was repeated at identical condition, except with absence of microal-
gae. A negligible drop in phenol concentration was observed, which 
proves that the drop was mainly biological by the microalgae. The 
drop in phenol concertation and the biomass growth were determined 
for both strains, and the results were used to determine the rate of 
phenol removal and specific growth rate, as shown in Figures 1 & 2, 
for Chlorella sp. and Tetraselmis sp., respectively. The performance 
of both strains was very close, both growing well in media of high 
concentrations of phenol, with a good ability to degrade the phenol. 
It was found the growth rate of microalgae, and the phenol drop rate, 
increased as concentration of phenol increased until the latter reached 
250ppm. After that, both growth degradation rates decreased sugges-
ting the effect of substrate inhibition of phenol. 
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Abstract

Phenol is one of most hazardous and toxic pollutants found in industrial wastewater. 
Biological methods, using bacteria, have been successfully used for the removal of phenols. 
However, the produced biomass in this case does not have any obvious economic value, and 
in most cases the bacteria used are pathogenic. By utilizing microalgae instead, the biomass 
can then be used to produce biodiesel and other valuable products, such as proteins and 
pigments. In this work, two strains of microalgae, namely Chlorella Sp. and Tetraselmis 
sp. were used for the removal of phenol from synthesized wastewater. Both strains were 
effective in removing the phenol, with optimum performance at initial phenol concentration 
of 250ppm.
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Figure 1 Phenol removal rate and specific growth rate of Chlorella sp.

Figure 2 Phenol removal rate and specific growth rate of Tetraselmis sp.

Conclusion 
The ability of two strains of microalgae, namely Chlorella sp. and 

Tetraselmis sp., to grow in phenol containing media and to degrade 
the phenol have been tested at different concentrations in the range 
of 150 to 350ppm. Both strains were equally capable of growing and 
degrading the phenol, with optimum growth and phenol degradation 
taking place at initial phenol concentration of 250ppm. Using the 

microalgae for the degrading phenol combines the advantage of 
using benign microorganisms with producing biomass of important 
industrial applications.
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