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Introduction: In recent times, one of the most important purposes of sustainable
development has been defined as the protection of environmental health. Using
appropriate and innovative infrastructures such as nanotechnology is a solution
to walk along the path of sustainable development and solves many
environmental problems. The purpose of this study is to review the application
of carbon nanotubes in the removal of environmental pollutants, based on
conducted studies.

Materials and Methods: All scientific data related to the issue were collected
from scientific databases of Google Scholar, Scopus, Elsevier, and SID to
evaluate and conduct the study. Keywords such as carbon nanotubes,
environmental pollutant, sustainable development, and environmental health
were used. 85 articles were also used in this review research (1993-2016).
Results: Based on the evaluated studies, the results indicated that common
methods of sewage treatment are not enough to remove the mentioned
environmental pollutants completely. In the mentioned methods, despite high
decomposition, the amount of mineralization has been reduced and the toxicity
of wastewaters has remained unchanged or has increased. Adsorption has been
propounded due to its simplicity and lower energy consumption compared with
other methods. Carbon nanotubes (CNTs) are unique one-dimensional
macromolecules which have high thermal resistance and chemical stability.
Adsorption through CNT as the adsorbent in the treatment of drinking water and
sewage polluted with pharmaceutical, petroleum, heavy metal, and leachate
pollutants has been studied widely.

Conclusion: This study indicated CNT as effective adsorbents that have high
potential to protect the environment and promote sustainable development.

Citation: Dehdashti B, Pourzamani HR, Amin MM, et al. A Review of the Performance of Carbon Nanotubes in
Reducing Environmental Pollution. J Environ Health Sustain Dev. 2017; 2(2): 300-11.

Introduction

adsorbents, nano catalysts, bioactive nanoparticles,

Developments in science and engineering at the nanostructured  catalytic =~ membranes, and
nano scale have shown that many of today’s nanoparticles improving filtration, among other
problems related to environmental pollutants can products and  processes  derived  from
be solved or improved greatly through nano nanotechnology. Using new technologies to
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remove environmental pollutants is one of the
important purposes of sustainable development.
For example, innovation in developing the
new technologies to desalinate water has been
hopeful. Nanotechnology has also been able
to reduce the concentration of toxic compounds
below specified ppb levels in order to achieve
higher standards in health and quality of water.
Some new developments have been conducted
in the processes and materials at the nano
scale to treat surface water, groundwater, and
industrial wastewater polluted by toxic metal
ions, radionuclides, organic and inorganic
minerals, bacteria, and viruses. Innovative use
of nanoparticles in order to treat industrial
wastewaters is one of the potentially useful
and beneficial applications. Many factors
are involved in the production of high amounts
of wastewater. Removal of pollutants and
recycling of treated water lead to considerable
reduction in costs, time, and labor in industry
that result in improvements in environment
protection .

Carbon nanotubes (CNTSs), as new members of
the carbon family, have been one of the important
parts in nanotechnology in recent years. These
nanotubes were first discovered by lijima in1991
2, Later they were considered for research because
of their physicochemical characteristics. CNTs
have high thermal resistance and chemical
stability ®. They have a needle-shaped structure,
created as single lamella tubes because of locating
graphite; in this mode they make single-walled
CNTs and if a large number of single tubes with
various diameters around an axis are formed, they
make multi-walled CNTs. The size range of
single-walled CNTs is 0.4-3 nm and that of
multi-walled CNTs is 1.4-100 nm *. Because of
placing them as graphite lamellag, high
absorption power is one of the factors of their
application in environmental activities *. These
nano substances have a lot of layers of carbon
atoms due to their fullerene structure (ball-like).
Their surfaces have a strong tendency to react
with other molecules and atoms °. Adsorption in
CNTs occurs on four sites. These are:
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1. Adsorption in internal part of cavities of
nanotubes in cases when their ends are open.

2. Adsorption by surfaces between pores created
within a network, which is made between
nanotubes.

3. Adsorption by external surfaces of nanotubes.

4. Adsorption on branches existing in the border
of tubes °.

CNTs due to their large special surface, surface
functional group, and hydrophobicity ’, are used as
a kind of adsorbent to remove organic pollutants
such as dioxins and volatile organic compounds
from the gas phase of aqueous solutions °.The
adsorption method through CNTs as adsorbent in
order to remove organic (phenol) pollutants in low
concentrations by creating strong connection
between organic molecules and CNT, has been
studied °. Recent studies have indicated that CNTs
have high adsorption capacity for organic and
nonorganic pollutants *°. Many industries such as
pharmaceuticals, textile, paper, plastic, etc.
consume considerable amounts of water. The
purpose of this study has been a review of CNTs in
the removal of environmental pollutants such as
pharmaceutical, dye, petroleum, and heavy metal
pollutants based on conducted studies.

Materials and Methods

This review research has been written on the
basis of the evaluation of several studies that have
focused on using CNTSs in the removal of various
environmental pollutants. All scientific data related
to the issue were collected from scientific
databases of Google Scholar, Scopus, Elsevier,
Web of Science, and SID, while 85 articles have
been used in this research (1993-2016).

Results

Application of Carbon Nanotubes in Removal
of Pharmaceutical Pollutants

Documents of recent researches have shown
that both production and treatment of
pharmaceutical compounds are different in
various countries. The increase of population age
and improvements in the quality of life across the
world will also lead to increases in the
consumption of pharmaceuticals in future years **.
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During the 1990s, various drugs such as lipid
regulators, analgesics, antibiotics, disinfectants,
hormones, chemotherapy drugs, and beta—blocker
drugs have been identified in wastewaters, rivers,
and groundwater resources in European countries
12, Drugs are very important for life and are used to
treat diseases inhumane and animals. The existence
of this group of pollutants in the environment is
one of the basic problems in the world today.
Recently, some developed countries such as the
United States of America, England, Germany, and
Italy evaluated the effects and dangers caused by
these pollutants in the environment.

In recent years, several studies have been
conducted about the effect of these drugs, which
have entered the environment widely and with
thousand points of release and about their impact
on living beings and the environment **. Very
high solubility of drugs in water has led to their
adsorption in target cells in humans, animals, and
plants.  Drugs are very resistant to
biodegradability and that has led to their non-
degradability under normal conditions. As a
result, they need specific reactions under certain
conditions for degradation®®. In the 1990s, some
wide scientific researches were conducted on the
presence of drugs in local rivers and sewage
treatment systems. In some of them more than 60
pharmaceutical compositions have been reported
till 2002. Furthermore, several researches were
conducted about some specific drugs as
pharmaceutical pollutants in various countries and
they confirmed the results of each other **. The
entrance of these pollutants into the food cycle
and drug resistances have been the main reasons
for evaluating and controlling this pollutant in the
environment, which has a lot of effects
environmentally and medically. One of their
potential effects is the presence of antibiotics in
water resources and urban sewage, which causes
microbial resistance and increase of drug
resistance in humans and in the population of
pathogenic microbes in the environment (water,
soil, and air) *°. A significant correlation has been
reported between pharmaceutical pollutants and
microbial resistance by Goldman in1996 *°.
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According to reports, each year thousands of
tons of active pharmaceutical ingredients enter
the environment; all unconsumed drugs and more
than 90 percent of drugs that are consumed are
discharged in the environment unchanged, and
they are converted to active ingredients again
during metabolism  processes, which are
conducted by microorganisms, especially bacteria
7 As a result, urban sewage is polluted by
pharmaceutical pollutants that change with
differences in time, location, and type of
pharmaceutical pollutants. QOutbreak of certain
diseases, climate, and topography of a region lead
to the entrance of drugs in water resources
which directly (drinking water) or indirectly
(plants and animal products) enter the food
cycle.  Besides, pharmaceutical  industrial
activities generate considerable amounts of these
compounds in the environment, while water, soil,
air, wind direction, topography, and precipitation
perform basic roles in the distribution of
pharmaceutical pollutants *®. Studies conducted in
European countries have confirmed this issue,
and even their high standards of conventional
water treatment have not able to remove
pharmaceutical  pollutants’® %,  Castiglione
reported that pharmaceutical pollutants in the
scale of gram per liter or milligram per liter are
observable in most of the surface waters (river,
lake, and sea). Eating, drinking, breathing, and
skin absorption are some of the ways that
pharmaceutical pollutants enter the body.
Drinking water is one of the most important direct
ways for pollutants to enter the human body *.
Another important effect of drugs on the
environment is the impact on wildlife and lives of
living beings and birds. Real examples of this
impact are the cases of ethinyl estradiol
compound, a derivative of estrogen that led to
sexual changes in male fishes; and the death of
many vultures in Asia who fed on carcasses of
cats that had received diclofenac as an anti-
inflammatory drug *°. Therefore, efforts in the
way of an efficient and logical pharmaceutical
system is considered an important goal for all
healthcare centers in the world, and improving
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methods of drug consumption and trying to make
society safe with rational, and quality
consumption of drugs are considered the basis of
the measures and recommendations of the World
Health Organization (WHO) .

Unsuitable technology of urban wastewater
treatment systems to remove this group of
pollutants has not been effective mostly #.
Traditional methods such as activated sludge are
not enough to remove pharmaceuticals and other
sewage compounds completely. As a result,
advanced oxidation %, membrane filtration 2
reverse osmosis *°, and activated carbon ** #' have
been used as complementary treatment methods %.
Adsorption is a very effective method to remove
pollutants from water and wastewater even in low
concentrations (lower than one milligram per liter),
besides being cheap and executable compared with
other simple methods *°. In 2015, Hu et al. used
CNTs in order to remove diclofenac and achieved
a removal efficiency equal to 93 percent *. In
another study in 2015, antiviral pharmaceutical
removal with an efficiency higher than 90 percent
by nanotubes was conducted *. Efficiency of these
nanoparticles in the removal of triamine with
efficiency between 80 percent and 95 percent was
evaluated in 2016 *. Some studies were conducted
by Samadi et al. which indicate high efficiency of
nanotubes in removal of amoxicillin **. The
removal of atenolol with efficiency equal to 94.8
percent was reported in 2016 which demonstrated
the high efficiency of this nanoparticle *.

The Application of Carbon Nanotubes in
Treatment of Leachate

After precipitation and entrance of waters in
landfill sites, various organic compounds and
minerals are produced during biological,
physical, and chemical processes which are
considered the basis of producing leachate. The
beginning of the leachate production process
is after exploitation of landfill sites *. The
quality and quantity of leachate is affected by
several factors such as disposal methods and the
compaction degree of wastes, moisture, the
amount of precipitation and evaporation,
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vegetation of the area, topography of landfill
site, and the quantityof waste materials .
Leachate includes 200 types of organic
compounds which have been placed in groups of
cyclic hydrocarbons, aromatics, alcohols and
ethers, ketones, acids, esters, nitrogen,
phosphorus, sulfur, and other compounds,
toluene, ethyl benzene, naphthalene, 3—phenyl
ester, dichlorobenzene, etc. that can be mentioned
as examples of its basic pollutants *’. Therefore,
due to the mentioned cases, leachate is considered
as a dangerous pollutant for the environment. Its
entrance into the soil and then into ground water
is very dangerous especially because of
hydrocarbon compounds and heavy metals, and
the improper exit of these from landfill sites and
entry into surface waters cause various diseases in
humans **. Treatment onsite by recycling and
physicochemical treatment and biological
treatment in refinery can be mentioned as
examples of conventional and usual methods of
managing leachate. Based on the studies, due to
presence of very dangerous toxic materials, the
conventional treatment is not enough and using
supplementary treatment methods have been
suggested ¥.

Nanoparticles are useful to treat this type of
pollutants due to their small size, high cross-
section and reactivity. CNTSs are durable and have
high thermal stability against mechanical forces;
it is also easy to clean and reuse them.
Membranes of the nanotubes have more current
than the other porosities due to the smooth inner
surfaces and these membranes can remove carious
bacterial, viral, and organic pollutants, and
opacity *. Due to the growth of population and
industry in the country, daily quantities of
leachate being produced and discharged into the
environment are increasing, which will lead to
health - and  environmental hazards; o)
management and required measures to control the
leachate are necessary. In 2012, Kashi Tarashi et
al. used CNTs as a new study in order to remove
trash leachate and obtained efficiency equal to
58.23 percent.
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Application of Carbon Nanotubes in removal
of Petroleum Compounds

Nowadays petroleum and its products are
considered as the sources of numerous
environmental pollutants. Benzene, toluene, ethyl
benzene and the three isomers of ortho—, para—,
and meta—xylene are generally known as benzene,
toluene, ethyl benzene, and xylene (BTEX) .
BTEX are volatile, organic, single loop, nonionic,
and nonpolar compounds which exist in
petroleum products. Due to relative high
solubility of BTEX compounds in water these
aromatic organic compounds have been used as
solvents in the production of paints, thinners,
adhesives, inks, and many pharmaceutical
products. BTEX are pollutants that cause major
concern because of their toxicity and the various
methods of producing them in the environment **.
Important pollution sources of waters with mono—
aromatic compounds have been mentioned as
storage tanks (which are distributors of petroleum
products) such as stations of gas sites, airports,
pipelines, paint industries, leachate of landfills,
partial oxidation of fossil fuels, and chemical
industries (pesticides, plastics, synthetic fibers)
due to leak, improper disposal of industrial waste,
and accidents during transportation in petroleum
industry (petroleum refinery and petrochemical
company). These compounds, especially toluene,
are produced naturally by anaerobic bacterial
species in anaerobic sediments of lakes due to
degradation of aromatic compounds such as
phenylalanine.

The United States Environmental Protection
Agency (USEPA) has classified BTEX as
prioritized pollutants and is trying to assert the
importance of their treatment in order to protect
people’s health *. BTEX are the most common
pollutants which have polluted groundwater
through leaks or accidents related to petroleum
materials (especially gasoline). Mono-aromatic
compounds have higher solubility compared with
other hydrocarbons existing in gasoline such as
aliphatic hydrocarbons so that when gasoline is
mixed with water approximately 50-60 percent
BTEX of gasoline enters the waters **. The volume
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percentage of benzene, toluene, ethyl benzene, and
mixture of xylenes in gasoline have also been
reported as 1, 1.5, lower than 1-1.5, and 8-10
percent, respectively therefore, the presence of a
low quantity of aromatic hydrocarbons in water is
an indication of the presence of petroleum
products. The ethanol existing in gasoline and
petroleum products also increases the solubility of
BTEX and simplifies its progress in water
resources. BTEX form approximately 18 percent
of the weight of gasoline. These compounds have
high tendency to accumulate in groundwater. But
in addition to groundwater they have been
responsible for air and soil pollution *. These
aromatic compounds are considered as serious
problems for humans due to toxicity and
carcinogenicity *°. The USEPA has determined the
safe levels of the pollutants in drinking water at
benzene 0.005 mg/l, toluene 1 mg/l, ethyl benzene
0.7 mg/l, and isomers of xylene 10 mg/l. These
compounds also cause many environmental
problems, of which the most important include
effect on global warming, ozone depletion in the
stratosphere, production of ozone caused by
chemical reactions, and creation of unpleasant
odors in the environment in terms of air pollution.

Based on guidelines of WHO, the maximum
allowable amounts of benzene, toluene, ethyl
benzene, and xylene have been suggested as 0.01
mg/l, 0.7 mg/l, 0.3 mg/l and 0.5 mg/l respectively
in drinking water “. These organic materials are
flammable, toxic, carcinogenic, and mutagenic.
The presence of these compounds in water is very
worrisome even in low concentrations. Therefore,
the removal of these compounds from water to
ensure its health is a necessary matter.

Benzene with molecular formula of C¢Hg and
molecular weight of 78.11 has been identified as
one of the pollutants of air, surface waters, and
groundwater *, which is used as a starting material
in the production of compounds such as styrene,
phenol, cyclohexane, aniline, and alkyl benzene
used in making plastics, resins, and detergents
“8 Exposure to high amounts of benzene over a
short time or small amounts over a long period of
time can lead toleukemia®. This substance enters
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the body through breathing or skin absorption and
causes damage to organs such as liver, kidney,
lung, heart, brain, etc. Epidemiological studies
have also confirmed the dangers of benzene for
humans. So the International Agency for Research
on Cancer (IARC) has classified benzene as
carcinogenic for humans (group 1) *.

Toluene has an extraordinary significance as an
intermediate and solvent chemical in various
industries. This substance with chemical formula
of C;Hg or Cs¢Hs—CH; and with synonyms of
phenyl methyl and methane benzene is a colorless
and transparent liquid and it is in the group of
aromatic hydrocarbons under the head of
benzene. One of important pathogenic effects of
toluene is the effect on the central nervous system
which is in the form of numbness, irritation at
feeling happy, and, associated with that,
imbalance, tremor, buzzing in the ears, blurred
vision, delirium, lack of power in controlling
voluntary muscles and seizures, and eventually
coma ™.

Ethyl benzene (CgHy) is a colorless liquid,
flammable, and smelling like gas oil, which is
found in natural products like coal and gasoline.
This substance exists in manmade products like
insecticides and paints. Chronic exposure to ethyl
benzene has destructive effects on the respiratory
system and the kidneys. The IARC Chas classified
benzene in group 2B °'.

Xylene is a transparent, colorless, flammable
and hydrophobic liquid which has a pungent and
burning smell that is widely used as solvent in
paint, rubber, leather, typing and proliferation
industries, making insecticides, and coating
industries >,

Those methods which are usually used in order
to remove these pollutants include biological
treatment, membrane filters, or adsorption with
activated carbon or synthetic zeolite. The
adsorption method is widely used due to its
simplicity, effectiveness, and easy use. Among
the adsorbents used, activated carbon has been
used more than others to remove organic
compounds due to its high adsorption capacity.

The Performance of Carbon Nanotubes

High adsorption capacity of organic pollutants by
CNTs is mainly due to its porous structure and a
wide variety of surface functional groups. To treat
such wastewaters, a treatment system is required,
which can remove BTEX compounds and should
have economic justification, too. Most of the
treatment methods such as chemical oxidation,
biological treatment, aeration, and adsorption are
successfully used to remove BTEX from water
and wastewater >*. Adsorption is one of the best
treatment methods for there moval of these
pollutants from the liquid environment due to its
capability of revival of both adsorbent and
adsorbate **.1t is also a process which can be used
both in polluted environment and outdoor
relatively simply.

Using nano substances to remove pollutants
from the environment is a new method which has
been considered a lot in recent years due to the
special properties of the compounds. Most of the
atoms placed on surfaces of these nanoparticles
have not been saturated so they can bond with
other atoms simply. Also, these nano substances
have very high adsorption capacity. Having the
two important properties has led to their easy
exploitation, which has increased operation of the
pollutant adsorption and velocity of their removal.
Therefore, the application of these nano
substances as adsorbent in  controlling
environmental pollutions has grown dramatically
in recent years. One of the important parts of
nanotechnology which has been considered by
researchers in recent decades is CNTs ". In a
research which was conducted by Pourzamani et
al. in order to remove benzene by the nanotubes,
efficiency obtained was at 33.3 percent *’. In
Taiwan, modified CNTs were used to remove
benzene, toluene, ethyl benzene, xylene, and
BTEX and the respective efficiencies of removal
were equal to 91.44 percent, 97.8 percent, 98.2
percent, 98.9 percent, and 98.7 percent °. These
nano substances were also used in order to
remove  phenol > bisphenol A %
trichlorethylene®®and other organic materials with
high efficiency.
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Application of Carbon Nanotubes in Removal
of Heavy Metals

Heavy metals such as iron, zinc, copper, and
iodine are essential for human health and have a
basic role in the metabolic processes, but some
others such as cadmium, chromium, lead, arsenic,
etc. are toxic and dangerous and do not have an
effective role in the physiology of the body
> Their increasing use during the past years and
their entrance into surface waters and
groundwater have caused some dangers for the
environment and the health of living creatures ®
®* One of the important features of heavy
metals is that they are not disposed from the body
and accumulate in fat tissue, muscles, and bones
that can cause neurological disorders and cancer.
For example, one of the most important
heavy metals is hexavalent chromium which
enters through wastewaters of plating, tanning,
or dyeing activities. Trivalent chromium is
necessary for ~metabolic processes while
hexavalent chromium is toxic and dangerous and
causes lung cancer, destruction of kidney tissue,
and hole and wound in the nose ®* ®.Cadmium as
another common heavy metal that leads to
damage to the kidneys, respiratory system,
disorders in the absorption of calcium, and rickets
% Conventional methods to treat this type of
pollutants are chemical precipitation, ion
exchange, electrical precipitation, and biological
and membrane processes, which include high
energies and costs, according to studies. CNTs
were used to remove heavy metals such as lead
cadmium, cobalt *°, copper and zinc ° ° and
arsenic °% the efficiencies obtained were 85
percent for lead, 94.26 percent for cadmium, and
higher than 50 percent for cobalt. Also, CNTs
were very effective in the removal of copper and
arsenic.

Application of Carbon Nanotubes in Dye
Removal

Dye is the first recognized pollutant in
wastewater and the existence of very low
guantities of dye in water is observable and
unfavorable. Many of these dyes include aromatic
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rings which are carcinogenic and mutagenic.
Therefore, dye removal is very important to restore
the environment. The production of dye in the
world has been estimated at approximately
700,000 to one million tons ®® % Various industries
use dyes, such as in the production of cosmetics,
leather, paper, and textiles. Dyes are classified
into azo, anthraquinone, xanthine, acridine, etc.
based on chemical structures " and practically
they are divided into reactive, acidic, direct,
curved,etc.”".Azo compounds are the most
important dyes which are synthesis organic and
reactive is from their group due to high solubility
and low degradability. The complexity of
structures and the hydrophilicity of reactive dyes
lead to inefficiency of biological methods in the
treatment process since they reduce the dye
adsorption on biomass "> ". Reduction of water
clarity and light transmission, reduction of
dissolved oxygen, and increase of chemical
oxygen, are some disadvantages of the existence of
dyes in water, which are hazardous for aquatic life;
besides, they are toxic, mutagenic, and allergenic.
Coagulation and flocculation, advanced oxidation,
and membrane processes are conventional
processes of removal but the adsorption has a
faster, more efficient and more economical
performance. In this regard, attention has been
drawn to nanoparticles due to their capability of
revival and reduction of costs " ™. CNTs used in
the removal of Methyl Orange and Methyl Blue,
which was conducted by Jie et al., had high
adsorption capacities respectively equal to 149 and
399 mg/gr . Many studies have been conducted
on the removal of dyes by CNTSs, especially on the
wastewaters of the textile industry ' &,

Conclusion

The overall impressions from the findings of
this research are that as the quantity of pollutants
existing in the environment increases with the
growth of population and development of
industry, easy, fast, high efficiency, and
economical methods should be used to manage
pollutants. Based on the conducted researches,
CNTs have high efficiency in the removal of
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various pollutants and even their modified mode
can be utilized as a new method. It is also
possible to reuse them and they are considered
eco-friendly materials.

Acknowledgements

The authors are grateful to the Department of
Environmental Health Engineering and Research
Center for Environment, and the Health Faculty
of Isfahan Medical Sciences University and
Shahid Sadoughi Medical Sciences University in
Yazd.

Funding
The work was unfunded.

Conflict of interest
the authors have no conflict of interest to
declare.

This is an Open Access article distributed in
accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) license, which permits others
to distribute, remix, adapt and build upon this work, for
commercial use.

Reference

1. Savage N, Diallo MS. Nanomaterials and water
purification: opportunities and challenges. J
Nanopart Res. 2005; 7(4): 331-42.

2. Popov VN. Carbon nanotubes: properties and
application. Materials Science and Engineering:
R: Reports. 2004; 43(3): 61-102.

3. Lu C, Su F, Hu S. Surface modification of
carbon nanotubes for enhancing BTEX adsorption
from aqueous solutions. Applied Surface Science.
2008; 254(21): 7035-41.

4. Augusto F, Carasek E, Silva RGC, et al. New
sorbents for extraction and microextraction
techniques. J Chromatogr A. 2010; 1217(16):
2533-42.

5. Fontanals N, Marcé R, Borrull F. New
materials in sorptive extraction techniques for
polar compounds. J Chromatogr A. 2007,
1152(1):14-31.

6. Upadhyayula VK, Deng S, Mitchell MC, et al.
Application of carbon nanotube technology for

The Performance of Carbon Nanotubes

removal of contaminants in drinking water: a
review. Sci Total Environ. 2009; 408(1): 1-13.

7. Rahmani A, Mousavi HZ, Fazli M. Effect of
nanostructure alumina on adsorption of heavy
metals. Desalination. 2010; 253(1): 94-100.

8. Pan B, Xing B. Adsorption mechanisms of
organic chemicals on carbon nanotubes. Environ
Sci Technol. 2008; 42(24): 9005-13.

9. Li S, Gong Y, Yang Y, et al. Recyclable
CNTs/Fe 3 O 4 magnetic nanocomposites as
adsorbents to remove bisphenol A from water and
their regeneration. Chin J Chem Eng. 2015; 260:
231-9.

10. Wang Q, Li J, Chen C, et al. Removal of cobalt
from agueous solution by magnetic multiwalled
carbon nanotube/iron oxide composites. Chemical
engineering journal. 2011; 174(1): 126-33.

11. Verlicchi P, Al Aukidy M, Zambello E.
Occurrence of pharmaceutical compounds in
urban wastewater: removal, mass load and
environmental risk after a secondary treatment—a
review. Sci Total Environ. 2012; 429: 123-55.

12. Stackelberg PE, Furlong ET, Meyer MT, et al.
Persistence of pharmaceutical compounds and
other organic wastewater contaminants in a
conventional  drinking-water-treatment  plant.
Sci Total Environ. 2004; 329(1): 99-113.

13. Metcalfe CD, Koenig BG, Bennie DT, et al.
Occurrence of neutral and acidic drugs in the
effluents of Canadian sewage treatment plants.
Environ Toxicol Chem. 2003; 22(12): 2872-80.

14. Sayadi M, Trivedy R, Pathak R. Pollution of
pharmaceuticals in environment. | Control
Pollution. 1970; 26(1): 89-94.

15. Kimmerer K. Pharmaceuticals in the
environment. New York: Springer; 2004.

16. Goldman JD, White DG, Levy SB. Multiple
antibiotic  resistance (mar) locus protects
Escherichia coli from rapid cell killing by
fluoroquinolones.  Antimicrobial agents and
chemotherapy. 1996; 40(5): 1266-9.

17. Carballa M, Omil F, Lema JM, et al. Behavior
of pharmaceuticals, cosmetics and hormones in a
sewage treatment plant. Water Res. 2004; 38(12):
2918-26.

JEHSD, Vol (2), Issue (2), June 2017, 300-11

Jehsd.ssu.ac.ir

307


https://dor.isc.ac/dor/20.1001.1.24766267.2017.2.2.7.3
https://jehsd.ssu.ac.ir/article-1-64-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2025-09-01 ]

[ DOR: 20.1001.1.24766267.2017.2.2.7.3 ]

A1°08°NSS DSy

308

The Performance of Carbon Nanotubes

18. Abrahams P. Soils: their implications to human
health. Sci Total Environ. 2002; 291(1): 1-32.

19. Zuccato E, Castiglioni S, Fanelli R, et al.
Pharmaceuticals in the environment in ltaly:
causes, occurrence, effects and control. Environ
Sci Pollut Res Int. 2006; 13(1): 15-21.

20. Schuster A, Hadrich C, Kiimmerer K. Flows of
active pharmaceutical ingredients originating from
health care practices on a local, regional, and
nationwide level in Germany—is hospital effluent
treatment an effective approach for risk reduction?
Water, Air, & Soil Pollution: Focus. 2008; 8(5-6):
457-71.

21. Ghosh S, Teck QJ, Uddin M, et al. Surface

functionalized magnetic  nanoparticles  for
separation of beta-blocker Propranolol from
aqueous  solution. Journal of Chemical

Engineering. 2014; 28(1): 14-21.

22. Brown KD, Kulis J, Thomson B, et al.
Occurrence of antibiotics in hospital, residential,
and dairy effluent, municipal wastewater, and the
Rio Grande in New Mexico. Sci Total Environ.
2006; 366(2): 772-83.

23. Veloutsou S, Bizani E, Fytianos K. Photo-
Fenton decomposition of B-blockers atenolol and
metoprolol; study and optimization of system
parameters and identification of intermediates.
Chemosphere. 2014; 107: 180-6.

24. Homem V, Santos L. Degradation and removal
methods of antibiotics from agueous matrices—a
review. J Environ Manage. 2011; 92(10): 2304-
47.

25. Urtiaga A, Pérez G, Ibafiez R, et al. Removal of
pharmaceuticals from a WWTP secondary
effluent by ultrafiltration/reverse  osmosis
followed by electrochemical oxidation of the RO
concentrate. Desalination. 2013; 331: 26-34.

26. Asgari G, Dargahi A, Mobarakian SA.
Equilibrium and Synthetic Equations for Index
Removal of Methylene Blue Using Activated
Carbon from Oak Fruit Bark. Journal of
Mazandaran University of Medical Sciences.
2015; 24(121): 172-87.

27. Sotelo J, Rodriguez A, Alvarez S, et al.
Modeling and Elimination of Atenolol on

JEHSD, Vol (2), Issue (2), June 2017, 300-11

Dehdashti B, et al.

Granular Activated Carbon in Fixed Bed Column.
Int J Environ Agric Res. 2012; 6(4): 961-8.

28. Deegan A, Shaik B, Nolan K, et al. Treatment
options for wastewater effluents
from pharmaceutical companies. Int J Environ Sci
Technol . 2011; 8(3): 649-66.

29. Madrakian T, Afkhami A, Ahmadi M.et al.
Removal of some cationic dyes from agueous
solutions using magnetic-modified multi-walled
carbon nanotubes. J Hazard Mater. 2011; 196:
109-14.

30. Hu X, Cheng Z. Removal of diclofenac from
aqueous solution with multi-walled carbon
nanotubes modified by nitric acid. Chin J Chem
Eng. 2015; 23(9): 1551-6.

31. Wang WL, Wu QY, Wang ZM, et al.
Adsorption removal of antiviral drug oseltamivir
and its metabolite oseltamivir carboxylate by
carbon nanotubes: Effects of carbon nanotube
properties and media. J Environ Manage. 2015;
162: 326-33.

32. Ghaedi A, Ghaedi M, Pouranfard A, et al.
Adsorption of Triamterene on multi-walled and
single-walled carbon nanotubes: Aurtificial neural
network modeling and genetic algorithm
optimization. J Mol Lig. 2016; 216: 654-65.

33. Samadi MT, Shokoohi R, Araghchian M, et al.
Amoxicillin Removal from Aquatic Solutions
Using Multi-Walled Carbon Nanotubes. Journal
of Mazandaran University of Medical Sciences.
2014; 24(117): 103-15.

34. Dehdashti B, Amin MM, Pourzamani H, et al.
Atenolol Absorption by Multi-wall Carbon
Nanotubes from Aqueous Solutions. Journal of
Mazandaran University of Medical Sciences.
2017; 26(144): 152-70.

35. Gotvajn AZ, Tisler T, Zagorc-Kon¢an J.
Comparison of different treatment strategies for
industrial landfill leachate. J Hazard Mater. 2009;
162(2): 1446-56.

36. Bodzek M, Surmacz-Gorska J, Hung YT.
Treatment of landfill leachate. In: Wang LK,
Hung YT, Lo HH, et al. Hazardous Industrial
Waste Treatment. New York: CRC Press; 2006: p.
441.


http://www.crcpress.com/product/isbn/9780849375750
https://dor.isc.ac/dor/20.1001.1.24766267.2017.2.2.7.3
https://jehsd.ssu.ac.ir/article-1-64-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2025-09-01 ]

[ DOR: 20.1001.1.24766267.2017.2.2.7.3 ]

Dehdashti B, et al.

37. Renou S, Givaudan J, Poulain S, et al. Landfill
leachate treatment: review and opportunity. J
hazard mater. 2008; 150(3): 468-93.

38. Reinhart D, Berge N, Batarseh E. Long term
treatment and disposal of landfill leachate. Florida
Center for Solid and Hazardous Waste
Management, Report. 2007: 0532022-07.

39. Yalili M, Kestioglu K, Yonar T. Landfill
leachate treatment by the combination of
physicochemical methods with  adsorption
process. Journal of biological and environmental
sciences. 2007; 1(1).

40. de Oliveira LI, de Oliveira Loureiro C.
Contaminagdo de aquiferos por combustiveis
organicos em Belo Horizonte: Avaliagdo
preliminar. Aguas Subterraneas. 1998(1).

41. Yang Z, Liu J, Yao X, et al. Efficient removal
of BTEX from aqueous solution by -cyclodextrin
modified poly (butyl methacrylate) resin.
Separation and Purification Technology. 2016;
158: 417-21.

42. Jo M-S, Rene ER, Kim S-H, et al. An analysis
of synergistic and antagonistic behavior during
BTEX removal in batch system using response
surface methodology. J hazard mater. 2008;
152(3): 1276-84.

43. Lovanh N, Hunt CS, Alvarez PJ. Effect of
ethanol on BTEX biodegradation Kinetics:
aerobic continuous culture experiments. Water
Res. 2002; 36(15): 3739-46.

44. Lee C-K, Chao H-P, Lee J-F. Effects of organic
solutes properties on the volatilization processes
from water solutions. Water res. 2004; 38(2): 365-
74.

45, Ribeiro R, de Nardi IR, Fernandes BS, et
al. BTEX removal in a horizontal-flow
anaerobic immobilized biomass reactor under
denitrifying conditions. Biodegradation. 2013;
24(2): 269-78.

46. Sarafraz-Yazdi A, Amiri A, Es’haghi Z. BTEX
determination in water matrices using HF-LPME
with gas chromatography—flame ionization
detector. Chemosphere. 2008; 71(4): 671-6.

47. Pourzamani H, Hajizadeh Y, Fadaei S.
Efficiency enhancement of multi-walled carbon
nanotubes by ozone for benzene removal from

The Performance of Carbon Nanotubes

aqueous solution. Int J Environ Health Eng.2015;
4(1): 29.

48. Lillo-Rddenas M, Cazorla-Amoros D, Linares-
Solano A. Behaviour of activated carbons with
different pore size distributions and surface
oxygen groups for benzene and toluene adsorption
at low concentrations. Carbon. 2005; 43(8): 1758-
67.

49. Amin MM, Bina B, Majd AMS, et al. Benzene
removal by nano magnetic particles under
continuous condition from aqueous solutions.
Front Environ Sci Eng. 2014; 8(3): 345-56.

50. Bina B, Amin M, Rashidi A, et al. Benzene and
toluene removal by carbon nanotubes from
aqueous solution. Archives of Environmental
Protection. 2012; 38(1): 3-25.

51. Bina B, Pourzamani H, Rashidi A, et al.
Ethylbenzene removal by carbon nanotubes from
aqueous solution. J environ public health. 2011.

52. Pourzamani H, Bina B, Rashidi A, et al.
Performance of raw and regenerated multi-and
single-walled carbon nanotubes in xylene removal
from aqueous solutions. Int J Environ Health Eng.
2012; 1(1): 4.

53. Nourmoradi H, Nikaeen M, Khiadani M.
Removal of benzene, toluene, ethylbenzene and
xylene (BTEX) from aqueous solutions by
montmorillonite  modified  with  nonionic
surfactant: Equilibrium, kinetic and
thermodynamic study. Chem Eng J. 2012; 191:
341-8.

54. Aivalioti M, Pothoulaki D, Papoulias P, et al.
Removal of BTEX, MTBE and TAME from
aqueous solutions by adsorption onto raw and
thermally treated lignite. J hazard mater. 2012;
207: 136-46.

55. Asgari G, Feradmal J, Poormohammadi A, et
al. Taguchi optimization for the removal of high
concentrations of phenol from saline wastewater
using electro Fenton process.
Desalination Water Treat. 2016; 57(56): 27331-8.

56. Heo J, Flora JR, Her N, et al. Removal of
bisphenol A and 17B-estradiol in single walled
carbon nanotubes-ultrafiltration (SWNTs-UF)
membrane systems. Separation and purification
technology. 2012; 90: 39-52.

JEHSD, Vol (2), Issue (2), June 2017, 300-11

Jehsd.ssu.ac.ir

309


https://dor.isc.ac/dor/20.1001.1.24766267.2017.2.2.7.3
https://jehsd.ssu.ac.ir/article-1-64-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2025-09-01 ]

[ DOR: 20.1001.1.24766267.2017.2.2.7.3 ]

A1°08°NSS DSy

310

The Performance of Carbon Nanotubes

57. lravani E, Dehghani M, Mahvi A, et al
Removal of Bisphenol A from agueous solutions
using Single walled carbon  nanotubes:
Investigation of adsorption isotherms. Iranian
Journal of Health and Environment. 2013; 6(2):
257-64.

58. Naghizadeh A, Yari AR, Tashauoei HR, et al.
Carbon Nanotubes Technology for Removal of
Arsenic from Water. Arch Lebensmittelhyg. 2012;
1(1): 6-11.

59. Rao RAK, Kashifuddin M. Adsorption studies
of Cd (II) on ball clay: Comparison with other
natural clays. Arabian Journal of Chemistry. 2012.

60. Wang FY, Wang H, Ma JW. Adsorption of
cadmium (11) ions from aqueous solution by a new
low-cost adsorbent—Bamboo charcoal. J Hazard
Mater. 2010; 177(1): 300-6.

61. Gutiérrez-Segura E, Solache-Rios M, Colin-
Cruz A, et al. Adsorption of cadmium by Na and
Fe modified zeolitic tuffs and carbonaceous
material from pyrolyzed sewage sludge. J environ
manag. 2012; 97: 6-13.

62. Reddy DHK, Lee S-M. Application of
magnetic chitosan composites for the removal of
toxic metal and dyes from aqueous solutions.
Advances in Colloid and Interface Science. 2013;
201: 68-93.

63. Zazouli M, Yousefi Z. Removal of heavy
metals from solid wastes leachates coagulation-
flocculation process. J Appl Sci. 2008; 8(11):
2142-7.

64. Priss-Ustiin A, Corvalan C. Preventing disease
through healthy environments: towards an
estimate of the environmental burden of disease.
World Health Organization. 2006.

65. Mirghami ME, Alam M, Noorahayu Yahya
NAK, et al. Kinetic adsorption of application of
carbon nanotubes for Pb (II) removal from
aqueous solution. J Environ Sci. 2009(4).

66. Pyrzynska K, Stafiej A. Sorption behavior of
Cu (1), Pb (1), and Zn (1) onto carbon
nanotubes. Solvent Extraction and lon Exchange.
2012; 30(1): 41-53.

67. Zhao X-H, Jiao F-P, Yu J-G, et al. Removal of
Cu (I1) from aqueous solutions by tartaric acid
modified multi-walled carbon nanotubes. Colloids

JEHSD, Vol (2), Issue (2), June 2017, 300-11

Dehdashti B, et al.

and Surfaces A: Physicochemical and Engineering
Aspects. 2015; 476: 35-41.

68. Mahmoodi NM, Arami M, Limaee NY.
Photocatalytic degradation of triazinic ring-
containing azo dye (Reactive Red 198) by using
immobilized TiO 2 photoreactor: Bench scale
study. J hazard mater. 2006; 133(1): 113-8.

69. Hameed B, Ahmad A, Aziz N. Adsorption of
reactive dye on palm-oil industry waste:
equilibrium, kinetic and thermodynamic studies.
Desalination. 2009; 247(1-3): 551-60.

70. Mostafavi S, Mehrnia M, Rashidi A.
Preparation of nanofilter from carbon nanotubes
for application in virus removal from water.
Desalination. 2009; 238(1-3): 271-80.

71. EMAMI F, TEHRANI BA, Gharanjig K.
Influence of operational parameters on the
decolorization of an azo reactive dye (CI reactive
red 120) by Fenton process. 2010.

72. Soares GM, essoa Amorim M, Hrdina R, et al.
Studies on the biotransformation of novel disazo
dyes by laccase. Process Biochem. 2002; 37(6):
581-7.

73. Mezohegyi G, Kolodkin A, Castro Ul, et al.
Effective anaerobic decolorization of azo dye
Acid Orange 7 in continuous upflow packed-bed
reactor using biological activated carbon system.
Ind Eng Chem Res. 2007; 46(21): 6788-92.

74. Ghanizadeh G, Asgari G. Removal of
methylene blue dye from synthetic wastewater
with bone char. Iranian Journal of Health and
Environment. 2009; 2(2): 104-13.

75. Lima EC, Royer B, Vaghetti JC, et al.
Application of Brazilian pine-fruit shell as a
biosorbent to removal of reactive red 194 textile
dye from aqueous solution: Kkinetics and
equilibrium study. J hazard mater. 2008; 155(3):
536-50.

76. Ma J, Yu F, Zhou L, Jin L, et al. Enhanced
adsorptive removal of methyl orange and
methylene blue from aqueous solution by alkali-
activated  multiwalled  carbon  nanotubes.
ACS Appl Mater Interfaces. 2012; 4(11): 5749-
60.

77. Wu C-H. Adsorption of reactive dye onto
carbon nanotubes: equilibrium, kinetics and


https://dor.isc.ac/dor/20.1001.1.24766267.2017.2.2.7.3
https://jehsd.ssu.ac.ir/article-1-64-en.html

[ Downloaded from jehsd.ssu.ac.ir on 2025-09-01 ]

[ DOR: 20.1001.1.24766267.2017.2.2.7.3 ]

Dehdashti B, et al.

thermodynamics. J Hazard mater. 2007; 144(1):
93-100.

78. Mishra AK, Arockiadoss T, Ramaprabhu S.
Study of removal of azo dye by functionalized

The Performance of Carbon Nanotubes

multi walled carbon nanotubes. Chemical
Engineering Journal. 2010; 162(3): 1026-34.

JEHSD, Vol (2), Issue (2), June 2017, 300-11

Jehsd.ssu.ac.ir

311


https://dor.isc.ac/dor/20.1001.1.24766267.2017.2.2.7.3
https://jehsd.ssu.ac.ir/article-1-64-en.html
http://www.tcpdf.org

