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ABSTRACT

This paper reviews the literature on uranium contamination and the removal of uranium from
wastewater stemming from mining activities and nuclear power generation. After reviewing the
applications of uranium in power generation, military, industry and scientific, this review discusses
uranium and rare earth elements in wastewaters and the toxicity of uranium on aquatic life and humans.
Further, various methods of removal of heavy metal contaminants including uranium are reviewed with
special focus on the adsorption process and carbon nanotubes as a superior adsorbent.

ABSTRAK

Makalah ini membentangkan sorotan karya tentang pencemaran uranium dan pengasingan uranium
daripada kumbahan hasil daripada aktiviti perlombongan dan penjanaan kuasa nuklear. Bermula dengan
kegunaan uranium dalam penjanaan kuasa, ketenteraan, industri dan saintifik, sorotan ini
membincangkan uranium dan elemen nadir dalam air kumbahan dan keracunan uranium kepada hidupan
akuatik dan manusia. Seterusnya, beberapa kaedah pengasingan kontaminan metal berat termasuk
uranium dibincangkan dengan fokus kepada proses penyerapan dan nanotiub karbon sebagai adsorbent
yang terunggul.
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INTRODUCTION

Most heavy metals are toxic and pose serious threat to humans, fauna and flora (Crini, 2006). These heavy
metals cause alterations to the biochemical cycles of living things when discharged into the wastewater
(Srivastava and Majumder, 2008). Large concentrations of heavy metals may accumulate in the human body
once they enter the food chain. As a consequence, serious health disorders like kidney or liver damage (Wang et

al., 2009) occur if the metals are ingested beyond the permitted concentration (Babel and Kurniawan, 2004).

Rapid development and growth of industrial, agricultural processes and mining activities have increased the
concentration of toxic contamination in water and wastewater around the world, thus increasing the amounts of
heavy metals directly or indirectly disposed into the environment (Shawky et al., 2005). Radionuclides such as
uranium possess high toxicity and radioactivity and exhibit a serious threat, even at small concentrations.
Treating the wastewaters by removal of contaminants before discharge is important to avoid pollution of natural

waters (Li et al., 2011; Zhou, Liang and Wang, 2008). Thus, the removal of toxic and polluting heavy metal ions
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from industrial effluents, water supplies and mine waters has received much attention in recent years. Uranium,
a toxic and weak radioactive heavy metal contaminates surface water and groundwater, where the concentrations
of uranium may increase above 2pg/L. Recent realization that uranium’s chemical toxicity is more dominant
than its radiation hazards makes decontamination a relevant topic from the environmental point of view. Of
particular interest is the projected global thrust for uraninm fuel based atomic power plants (Sheppard et al.

2006). Thus, this paper reviews the literature on uranium and the available removal technologies.

URANIUM DEMAND AND ITS APPLICATIONS

Power Generation

The major use of uranium in a non-military or civilian capacity is in nuclear power plants. It is used to fuel the
nuclear fission reactors.With the threat of climate change and volatility of oil prices, utilities worldwide are
reconsidering nuclear as an alternative and uranium is the main elements in nuclear power generation. Nuclear
Malaysia (2010) reported that the Asian countries are aggressively venturing into nuclear power with more than
half of the current reactors under construction are to be built in countries such as India, China, Japan and
Korea. In July 2009, Malaysia decided to include nuclear energy as part of an energy option for electricity
generation particularly in Peninsular Malaysia post-2020. As part of the Economic Transformation Programme
(ETP) framework, deployment of nuclear for power generation was one of the key Entry Point Project announced
(PEMANDU, 2010). According to the Ministry of Energy, Green Technology and Water (KETTHA), Malaysia
plans to build two units of nuclear reactors that will generate 1000MW each with the first plant ready for
operation by 2021 (Ting and Tengku Abdullah, 2010). Excessive amounts of uranium have reached environment
through the activities of nuclear industry. In most developed and developing countries, stricter environmental
regulations, with regard to contaminants discharged from industrial on-site or in-plant facilities to their own

effluents and minimize the contaminant concentrations to acceptable limits prior to their discharge (Banat et

al., 1996).

Military
The main application of uranium in the military sector is in projectiles (Arfsten, Still and Ritchie, 2001). Depleted

uranium is used to create high-density penetrators such as those projectiles used to piece heavily armored targets

(Giannardi,ZOO?)). Removable armor for vehicles such as tanks is made from hardened uranium plating. Depleted
uranium is used as shielding in containers that store radioactive materials despite the fact that it itself is
radioactive.Uranium is also used as the fissile explosive to create nuclear weaponry. Uranium is used to power

nuclear powered submarines and ships (Bem and Bou-Rabee, 2004).

Industry

Before people knew that uranium was radioactive it was used as yellow coloring for pottery and glassware. It
was also used to color kitchen and bathroom tiles.Uranium was used in photographic chemicals, lamp filaments,
to improve the whiteness of dentures and in the leather and wood industry as stains and dyes. Uranium is also
mined to isolate radium for use in glow in the dark paints for clock faces and aircraft dials. The radioisotopes
from uranium are used in smoke detectors. Uranium metal is used as ballasts in yachts and airplanes (VanHorn
and Huang, 2006).

Scientific

Uranium derivatives are used in biological science as stains to increase the contracts between virus and other
cells (Kalinich and McClain, 2001). Its long half-live has also led to it being used in dating the age of the earth.
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Uranium metal is used as a target for high-powered x-ray machines (Gall, Mikecz, and Papp, 1988).0n the other
hand, rare earth elements have become essential ingredients in the production of many industrial materials
including permanent magnet, catalytic cracking materials, luminescence materials, hydrogen storage materials,
magnetic refrigeration materials, optical fiber, magneto-optical storage materials, giant magneto resistance

materials, lasers, superconductor materials and dielectric materials.

URANIUM IN WASTEWATER

Evidently, many reports cite Malaysia as having reasonably substantial amounts of rare earth elements. In the
case of the Lynas operation in Gebeng, Pahang, the Lynas operation’s residues are expected to contain thorium
and uranium and their decay products at concentration of about 1600ppm (Th) and 30 ppm (U) depending on
minerals used in the process (IAEA, 2011). Any move to venture into rare earths would not be difficult since
mining is not entirely alien to the country. The implication of this development is the potential of wastewater
being affected by heavy metal such as uranium. With the increasing demand for uranium and rare earth elements,
mining activities will be on the rise and consequently the waste of mine tailings will become an issue. Large
quantities of uranium mill tailings have accumulated probably more than 938 million m® of uranium tailings
produced at more than 4,000 mines (Abdelouas, 2006).One example is the mining activities and ISL operations
in German severely disturbed ground water system. Approximately 2,650 million liters of mine water containing
sulphuric acid and uranium (levels up one to three orders of magnitude higher than German water quality
guidelines). They were circulated or trapped in the pore space of the rocks. The trapped waters have arsenic,
cadmium and nickel as well. While the mine was in operation, there was little ground water contamination
because the water flowing into the mine was pumped away from the acidified ore body. However, with the
cessation of mining, pumping of working areas ceased, and the ground water may become contaminated because
of the mixing of inflowing ground water with the remaining acid. It is dangerous as one of the water system
storage will lead to the consumer. During mining operation, large volumes of contaminated water are pumped

out of the mine and released to rivers and lakes, spreading into the environment (Filov et al., 1993).

Another source of environmental pollution by uranium is phosphoric fertilizers which have been reported to
increase the uranium content of top soil to between 30 and 300 mg/kg dry weight (Harmsten et al., 1980; Filov
et al., 1993). The main types of uranium containing liquid wastes are mine waters and effluents from
hydrometallurgical (uranium ore-processing) work. Such wastes were produced in quantities of 2-2.5 m® per ton
of processed ore and contained uranium in concentrations of the order of 1-3 mg/L. During mining operation,
large volumes of contaminated water are pumped out of the mine and released to rivers and lakes, spreading into
the environment (Filov et al., 1993). The poor technology of waste management leads to the contribution uraninm

exposure to the ground water system.

URANIUM TOXICITY

Naturally occurring radionuclides (NOR) such as uranium as well as its progenies that co-exist with rare earth
minerals and other valuable minerals is technologically enhanced during the separation process. These materials
posed additional health problems related to ionizing radiation or radiological risk (Ismail, 2001; Ismail, 2011).
Uranium series have progenies that are gamma, alpha and beta emitters and they are considered as internal as
well as external radiation hazards. Health risks related to radiation exposures from NOR are present in rare
earth minerals as well associated valuable mineral are dependent on the doses received. Levels of doses received

are dependent on activity of NOR in these raw minerals, rare earth concentrates and residues.

Aquatic organisms

The growth of saprophylic aquatic microflora was depressed at a uranium concentration of 0.5 mg/L and ceased

completely within 8-10 days at 100 mg/L. Algae showed slowed growth at 10 mg U/L and failed to grow
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altogether at 100 mg U/L. For daphnids (sea fleas), uranium was toxic at concentrations of 5 and 10 mg/L and
is lethal within 24 h at 100 mg/L. Guppies exposed to uranium at 50 mg/L all died within 84 days; with
exposures to 5, 10, and 26 mg U/L, stillbirths were frequently observed. The biochemical oxygen demand in
bodies of water began to decrease within 24 h when uranium was added at 5 mg/L and after 24 h when it was
added at 1 mg/L. The lowest uranium concentration than altered the sanitary condition of water bodies was
1mg/L (Filov et al., 1993).

Humans

Uranium (VI) is a human carcinogen and its concentration level in water should not exceed 0.002 mg/L (2 ppb)
according to the WHO, ( Wang et al. 2009).Uranium is a general cellular poison and can potentially affect any
organs and tissues. The two main hazards caused by uranium are damage due to its chemical toxicity and the
injury caused by the ionizing radiation resulting from the disintegration of uranium isotopes. Normally, it depends
on the solubility of the compound concerned, its route of entry into the body and isotopic composition. The
chemical toxicity of uranium compounds is directly dependent on their solubility in biological media. Therefore,
the rates of uranium compounds go into solution is proportional to its solubility. Disposed uranium is hazardous
once it reaches the top of the food chain and penetrates into humans. The critical organ for the chemical toxicity
of uranium and its soluble compounds is the kidney. Majority of uranium compounds are excreted through and
accumulate in this organ, causing structural damage to its tubules and glomeruli and thus impairing its function.
Besides, it brings effect like changes in pathologic and impair the function of many other organs and systems
including a gastrointestinal tract, liver, lungs, thyroid, adrenals, cardiovascular system and central peripheral

nervous systems.

In addition, uranium also causes disorders of water, lipid, and carbohydrate metabolism (Wang et al., 2009).
Particularly toxic are compounds soluble in water and body fluids (Tarasenko, 1983; Filov et al., 1993). The
staffs working at nuclear facilities or people living nearby face risks of radiation impact during normal operation
or accidents (Anke et al., 2009; Zoriy et al., 2010).

In a study involving 130 persons chronically exposed to soluble uranium compounds, seven of them were found
to have nephrosis as their urine contained uranium at levels up to 3.46 mg/L. Examination of 237 uranium mine
workers revealed anemia in 31% of them, marked leucopenia in 23%, and lymphocytosis in 14%. The similar
group uranium workers whom employed for about 10 years reduced body weight and pathological changes in the
lungs, kidneys, and blood due to radiation exposure. On the other case, the employees of a factory producing
chemical reagents from uranium salts such as uranyl nitrate, uranyl acetate, and uranium (VI) oxide were
diagnosed and having “vegetative dystonia and unstable parameters of peripheral blood with tendency toward
leuko-, lympho-, and thrombopenia” (Andreyeva, 1960, 1971; Filov et al., 1993). Uranium can enter the human
body by oral route, inhalation, skin and mucous membranes. The daily dietary intake of uranium by inhabitants
of three urban areas in the USA was estimated to be (1.3-1.4) x10%g. For the United Kingdom, an average daily
intake of about 1x10° g was recorded, while intakes of up to 4.55 x 10° g/day were reported for areas near
uranium mines in Japan. Normally, some 70% of dietary uranium is contained in meat, fresh fish, and bakery
products. Drinking water containing uranium in concentrations of (0.025-0.04)x 10 g/L contributes only 2-3%
of the daily intake. In contrast, drinking water was the major source of uranium intake in areas where it contained
high concentrations of this element (2x10*g/L), and in such areas the contribution of food was small (1-5%)
(Filov et al., 1993).

WASTEWATER TREATMENT TECHNOLOGIES

The removal of uranium from aqueous solution is a crucial step due to its extreme toxicity and environmental
concern (James et al., 2008). Therefore, wastewaters containing uranium are required to be treated in order to
prevent radioactive contamination of the environment (Wang et al., 2009). The removal of these persistent

inorganic pollutants (PIP’s) has become a vital and fertile area for the present day research (James et al. 2008).
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Technologies for treating industrial wastewaters can be divided into three categories: chemical methods, physical
methods, and biological methods. Chemical methods include chemical precipitation, chemical oxidation or
reduction, formation of an insoluble gas followed by stripping, and other chemical reactions that involve
exchanging or sharing electrons between atoms. Physical treatment methods include sedimentation, flotation,
filtering, stripping, ion exchange, adsorption, and other processes that accomplish removal of dissolved and
undissolved substances without necessarily changing their chemical structures. Biological methods are those that
involve living organisms using organic, or in some instances, inorganic, substances for food, completely changing
their chemical and physical characteristics. As a general rule, biological treatment is more economical than any
other type of treatment, when reasonably complete treatment is required, and whenever it can be made to work
successfully (Woodard, 2001).

Removal of toxic inorganic pollutants was accomplished successfully over years by various techniques like liquid—
liquid extraction (LLE), ion exchange, nano and ultra filtration, bio-sorption, co-precipitation, electro deposition
and solid phase extraction (SPE), imprinted polymers-SPE (James et al. 2008). A number of different methods
such as membrane process, coagulation, dialysis, adsorption, foam flotation, osmosis, photocatalytic degradation
(Li et al. 2011; Wang and Zhou, 2008) and biological methods have been used for the removal of toxic pollutants
from water and wastewater (Pontius, 1990).

Most of the available methods proposed cannot be used on an industrial scale for technological and especially
economic reasons. The proper disposal of the resulting sludge that contains high levels of the metal and other
contaminants is another major limitation for these processes. Conventional methods for removing metal ions
from aqueous solution have been studied in detail, such as chemical precipitation, ion exchange, electrochemical
treatment, membrane technologies, adsorption on activated carbon etc. However, chemical precipitation and
electrochemical treatment are ineffective, especially when metal ion concentration in aqueous solution is as low
as 1 to 100 mg/L, they also produce large amount of sludge to be treated with great difficulties. lon exchange,
membrane technologies and activated carbon adsorption process are extremely expensive, especially when
treating a large amount of water and wastewater containing heavy metal in low concentration, so they cannot
be used at large scale (Wang and Chen, 2006). Much has been discussed about their downside aspects in recent
years (Atkinson et al., 1998; Crini, 2006), which can be summarized as expensive, not environment friendly and

usually dependent on the concentration of the waste.

Several methods have been utilized to remove uranium from wastewater and process effluents. Among them are
chemical coagulation—{locculation (Gafvert et al., 2002), activated carbon (Coleman et al., 2003), ion exchange
(Barbette et al., 2004; Barton et al., 2004; Bryant et al., 2003; Gu et al., 2004), ultrafiltration assisted by
complexation (Kryvoruchko et al., 2004) and nanofiltration (Favre-Re guillon et al., 2008). However, many of
the available processes proposed cannot be used on an industrial scale for technological and especially economic
reasons. Another major limitation for these methods is the proper disposal of the resulting sludge that contains
high levels of the metal and other contaminants. Other viable technologies include chemical precipitation,
membrane filtration, ion exchange, liquid extraction, adsorption, etc. However, only adsorption method is the
most versatile and widely used because the other methods are high cost and low feasibility for small-scale
industries (Hu, 2009). It also considered to be very important due to its cost effective treatment, easy operation,
narrow space for building the plant, no chemical reagents needed and no sludge produced (Anirudhan et al.

2010).

ADSORPTION PROCESS

Adsorption process is considered most appropriate as it can remove both organic and inorganic pollutants and
the operation of the process is convenient (Bhatnagar and Sillanpaa, 2009). Over the last few decades adsorption
has gained importance as an effective purification and separation technique used in wastewater treatment and
low cost adsorbents are becoming the focus of many investigations on the removal of heavy metals from aqueous
solutions (Tran et al., 2010). Adsorption techniques are widely used to remove certain classes of pollutants from

waters, especially those that are not easily biodegradable (Crini, 2006). In accordance with the very abundant
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literature data, liquid-phase adsorption is one of the most popular methods for the removal of pollutants from
wastewater since proper design of the adsorption process will produce a high-quality treated effluent. This process
provides an attractive alternative for the treatment of contaminated waters, especially if the sorbent is
inexpensive and does not require an additional pre-treatment step before its application. Adsorption is a well-

known equilibrium separation process and an effective method for water decontamination applications

(Dabrowski, 2001).

Adsorption has been found to be superior to other techniques for water re-use in terms of initial cost, flexibility
and simplicity of design, ease of operation and insensitivity to toxic pollutants. Adsorption also does not result
in the formation of harmful substances (Crini, 2006). Many other factors can also affect the adsorption capacity
in the same sorption conditions such as surface chemistry (heteroatom content), surface charge and pore
structure. A suitable carbon should possess not only a porous texture, but also high surface area. Recently, Guo
et al. (2003) showed that the adsorption does not always increase with surface area. The adsorption capacity
depends also on the accessibility of the pollutants to the inner surface of the adsorbent, which depends on their

size.

Crini (2006) reported that the adsorption has advantages that make them excellent materials for environmental
purposes, such as high capacity and rate of adsorption, high selectivity for different concentrations, and also
rapid kinetics. The effectiveness of treatment depends not only on the properties of the adsorbent and adsorbate,
but also on the following environmental conditions and variables used for the adsorption process: pH, ionic
strength, temperature, existence of competing organic or inorganic ligands in solution, contact time and
adsorbent concentration (Crini, 2006). Despite the fact that industrial effluents contain several pollutants
simultaneously, little attention has been given to adsorption of pollutants from mixtures (Aksu, 2005). The
development of the adsorption process requires further investigation in the direction of testing. Adsorption has
been found to be superior to other techniques for water treatment due to low cost, flexibility and simplicity of

design, ease of operation and insensitivity to toxic pollutants (Tan et al., 2008).

Adsorbent

For adsorption of uranium (VI) from wastewater, many researchers have used various solids, which are natural,
organic and inorganic, for example, coir pith, zeolite, bentonite (Majdan et al., 2010) cork biomass, goethite,
activated carbon (Kutahyali and Eral, 2004), and cement (Yusan and Akyil, 2008). Recently, numerous
approaches have been studied for the development of cheaper and effective adsorbents. Many methods have been
developed and used to remove metal ions from wastewater such as granulated activated carbon (Sekar, 2004),
fly ash (Mckay, 1999), peat (Chu, 1999), resins (Arias, 2002), kaolinite (Sublet, 2003), manganese oxides (Biskup,
2004), zeolite (Li, 2004), and biomaterials (Ekmekyapar, 2007; Anirudhan et al., 2010). However, some of these
processes are often associated with many problems which make their use ineffective. For example, high
operational costs and the inability of these processes to remove the heavy metals to the acceptable levels are the
most common shortcomings of some of these processes. These methods have also not been very efficient for the

removal of low concentrations of heavy metals.

The adsorption processes are found to be the most promising techniques for the removal of heavy metals from
water with functionalized carbon nanotubes as superior adsorbents. However, apart from the study undertaken
by Dobrowolski and Stefaniak (Dobrowolski, 2000), most studies that have reported the uptake of metal ions by
carbon nanotubes and other adsorbents have focused on the uptake of such ions in the parts per million
concentration range (usually above 100mg/L) (Mohan, 2006) and not for trace concentrations, i.e. the parts per

billion concentration range.

Carbon nanotubes (CNTS) known as “materials of the 21st century” due to their unique properties such as
functional mechanical, thermal, electrical and optoelectronic properties which depend on atomic arrangement
(how the sheets of graphite are ‘rolled’), the diameter and length of the tubes, and the morphology, or
nanostructure (Avouris, 2002). Due to their surface functional groups and hydrophobic surfaces, CNTs show
strong interactions with both heavy metal ions and organic compounds. CN'Ts are relatively new adsorbents and

hold interesting positions in carbon-based adsorptive materials for many reasons. On one hand, they provide
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chemically inert surfaces for physical adsorption, and their high specific surface areas stand comparison with
those of activated carbons (ACs). On the other hand, CNTs are essentially different from ACs in the aspect that
their structure at the atomic scale is far more well-defined and uniform. Due to their highly porous and hollow
structure, large specific surface area, light mass density and strong interaction between CNTs and pollutant
molecules (Long, 2001), the applications of CNTs for the removal of hazardous pollutants from gas streams

(Agnihotri, 2005) and from large volumes of aqueous solutions have being studied extensively.

Recent advancements in the synthesis, processing and understanding of nanostructured materials have generated
considerable interest in the materials research community (Sandoval et al., 2005). Since, the discovery of carbon
nanotubes (CNTs), researchers has been investigating methods for exploiting their extraordinary properties
(Sandoval and Wicker, 2006).There is one promising methods to synthesis CNTs using castor oil under microwave
radiation at a comparatively low temperature. The characterized result is shown in the Fig 1. CNTs exhibit a
more compact stacking morphology due to cohesive force generated from the introduction of oxygen containing
functional groups.This method have several benefits due to the presence of inexpensive and natural oil serving
as raw material, causes no leakage and requires no vacuum conditions during synthesis. In addition it is free from
resource depletion and is friendly to the environment. Natural resources present in the natural world and recycled
raw materials will come to be employed from environmental considerations. In addition, oils that are consumed
via combustion are required to be fixed as CN'Ts, from the viewpoint of reduction in amount of carbon dioxide
emitted to the atmosphere (Ahmad Zaidei, Abdul Rashid and Normanbhay, 2011).

Figure 1: Philips EM 400 transmission electron microscope at an accelerating voltage of 40kV.

(Source: Ahmad Zaidei, Abdul Rashid and Normanbhay (2011).

DISCUSSIONS

CNTs include single-walled carbon nanotubes (SWCNTs) and multiwalled carbon nanotubes (MWCNTS)
depending on the number of layers comprising them. The methods for preparing of MWCNTs are easy and can
be produced in large scale. Multi-walled carbon nanotubes (MWNTs) consist of concentric cylinders around a
common central hollow with a constant separation between the layers close to the graphite interlayer spacing
(0.34 nm). Each individual cylinder can be characterised by a different helical angle and has a diameter ranging
from 2 to 25 nm and a length of several microns (Thostenson et al., 2001 and can reach diameters of up to 100nm

(Balasubramanian and Burghard, 2005). MWCNTSs are efficient and suitable candidate for the preconcentration
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and solidification of pollutants from large volumes of wastewater (Wang et al., 2005; Fugetsu et al., 2004; Chen
and Wang , 2006; Yang et al., 2006) .MWCNTs could be modified via acid (H2SO4/HNO3 = 3:1 in volume)
treatment at 608C for 4 h. Through acid treatment, carboxylic groups (-COOH) could be successtully introduced
onto the surface of MWCNTs (Jiang et al., 2011).

The oxidized MWCNTs exhibit excellent regeneration capacity, high sorption capacity with a wide range in pH,
recycle and environmental friendliness for the disposal of U(VI)-bearing wastewater. In particular, it is worth
mentioning here is that the toxicity of the MWCNTs occurred in air pollution-related cardiopulmonary diseases
due to its fine particle matter (Lam et al., 2006).

The removal of U{VI) by oxidized MWCNTs was strongly dependent on pH and ionic strength. The presence of
HA/FA enhanced U({VI) removal on oxidized MWCNTs at low pH while inhibited U(VI) sorption at high pH.
The mechanism of U(VI) sorption on oxidized MWCNTs was assumed to be cation exchange/outer-sphere surface
complexation in acidic pH and to form precipitation under circum neutral conditions. The oxidized MWCNTs

exhibit higher sorption capacity and stronger chemical affinity than pristine MWCNTs.

Table 1: The study of uranium uptake by different adsorbents

Uranium
Adsorbents Conditions uptake, Reference
gmax (pmol
/)
Hematite pH = 4.0, 1 = 0.1 M NaNOs 1.0 Bargar et al. (2000)
I Catalano  and  Brown

Montmorillonite pH — 7.0. T — 1.0 M NaNOs 5.0 (2005)
Goethite pH =45, 1=0.1 M NaNOs 8.0 Hsi and Langmuir (1985)
Ferrihydrite pH =45 1=0.1 M NaNOs 10.0 Waite et al. (1994)
Carbon nanotube | pH =5.0,1 =0.01 M NaClO4 80.0 Shao et al. (2009)
Oxidized 140.0
MWCNTs pH =5.0,1=0.01 M NaClO,4 Sun et al (2012)

Source: (Sun et al., 2012)

CONCLUSIONS

This paper highlights uranium contamination and the removal of uranium in wastewaters from mining activities
and nuclear power generation. This concern is very timely as the increasing demand for, and shift to nuclear
energy production worldwide increases uranium mining activities and may precipitate uranium seepage and leach
out of uranium ore. Even though the radiation level of uranium is not high, its toxicity is hazardous for aquatic
life and humans. The authors further review various methods of removal of heavy metal contaminants such as
uranium. Given existing adsorption techniques, carbon nanotubes can potentially be a superior adsorbent. It is
observed that the modified MWCNT, which is economical and environmental friendly, may prove to be a superior

adsorbent for the removal of uranium at trace levels.
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