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Abstract: Heavy metals, also known as trace metals, are btleanost persistent pollutants in wastewater. diseharge
of high amounts of heavy metals into water bodéesl$ to several environmental and health impatis.ekposure of humans
to heavy metals can occur through a variety ofagutvhich include inhalation as dust or fume, vajsation and ingestion
through food and drink. Some negative impacts Gfviiemetals to aquatic ecosystems include deathgo#te life, algal
blooms, habitat destruction from sedimentation rdeincreased water flow, other short and longitéwxicity from chemical
contaminants. Abundant amounts of heavy metalseptdna soils cause reduction in quality and qugrdit food preventing
plants’ growth, uptake of nutrients, physiologieadd metabolic processes. Severe effects on animaysinclude reduced
growth and development, cancer, organ damage, ugersgstem damage, and in extreme cases, deatlelgoariitigate the
negative impacts of heavy metals on the healthuofidns, animals and the environment, a variety wietkation processes
exists. These remediation processes are broaddgifital into chemical and biological, although tha#er is advocated in
recent years. Biological remediation processesrfhial remediation and phytoremediation) are inidato be very effective
in the treatment of heavy metal pollutants in waster. Microbial remediation is the restorationtloé environment and its
quality using microorganisms, such as bacteriagifuprotozoan and algae while phytoremediationhis tise of plants to
degrade or accumulate toxic metals, thereby leamirsgreduction in the bioavailability of the camiaant in the soil or water.
This paper was therefore aimed at reviewing thecs®, impacts and remediation processes for heat@ snin wastewater.
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of direct or indirect human activities, such as idap
industrialization, urbanization and anthropogeiarses.

Heavy metals are elements with an atomic densiptgr The persistence of heavy metals in wastewater éstdu

than 6 g/cri they are one of the most persistent pollutants if{1€ir non-biodegradable and toxicity nature (Je2a06).

wastewater. They are also referred to as traceesiyrand S°Me Of the negative impacts of heavy metals ontgpla
are the metallic elements of the periodic tablde@at al., nclude decrease of seed germination and lipid ertnby

2000). The most common toxic heavy metals in wastesy Ccadmium, decreased enzyme activity and plant grdwth
include arsenic, lead, mercury, cadmium, chromicagper, ~chromium, the inhibition of photosynthesis by copped
nickel, silver, and zinc. The release of high aniswri heavy ~Mercury, the reduction of seed germination by riiekel the
metals into water bodies creates serious health argduction of chlorophyll production and plant gravity lead
environmental problems and may lead to an upsurge ‘Gardea-Torresdeyet al.,, 2005). The impacts on animals
wastewater treatment cost. Heavy metals also docsmall ~ nclude reduced growth and development, cancerarorg
amounts naturally and may enter into aquatic systeough ~damage, nervous system damage and in extreme dass,
leaching of rocks, airborne dust, forest fires amdetation (Canada Gazette, 2010).To prevent the negativeeteffef

(Fernandez and Olalla, 2000; Ogosii al., 2011). Their heavy metals toxicity in wastewater, there is nded
occurrence and accumulation in the environment issalt adequate treatment of effluents before dischargedeiving

1. Introduction



38

water bodies. The ultimate goal for treatment igliminate

any current or potential threat to human/animalltheand

the environment. Although chemical and biologicahtment
processes exist, biological processes are advodatestent

years because of the main drawbacks in chemicaintent

processes. Biological processes are classifiedtwbobroad

categories: microbial remediation and phytoremeéatiat
(USEPA, 2004).

Microbial remediation is described as the restoradf the
environment and its quality using microorganismectbrial,
fungi, and yeast). The technique uses biologicéviagc to
reduce the concentration or toxicity of a pollutant some
cases, the pollutants may first serve as a souraarbon
needed for the growth of the microorganism firsfobe the
microorganism can help in the breakdown. In sorstainces,
microbial remediation can occur without the implenagion
of any engineered step to enhance the processie@fto as
natural attenuation or intrinsic microbial remeitiat It can
also occur
microorganisms to enhance the naturally occurringgss of
degradation, referred to as engineered or enhamézrdbial
remediation. During  microbial  remediation,
microorganisms can be used at the site of contdimmén-
situ) or off site of the contamination site (exd}itfor
remediation. The microbial remediation strategmsHeavy
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presence of these heavy metals in water bodieadsik to
significantly deteriorate the quality of such wateGeveral
rocks and volatiles of volcanic origins are indézhtto be
responsible for the presence of metals in soils waters.
This is because the diffusion of acidic volcanisegmthrough
water permeable rocks contributes to the hydrokigic
material transfer in volcanic strata. The actigtiérom
volcanoes are reported to be responsible for tlease of
metals such as arsenic, mercury, aluminum, rubidiead,
magnesium, copper, zinc and a host of others (Anstia.,
2006).

Soil erosion is also indicated to be a source ai/jienetal
pollution in water.The two main agents of soil erosion are
wind and water. During rainfall, sediment-bound \hea
metals is distributed to the soil. Water containing
agrochemicals with toxic metal concentration drdps t
sediment bound metal in the soil even as it caesesion
(Kaizer and Osakwe, 2010). During run-off due tos@én,

by the addition of genetically engindere heavy metals, may be picked up and distributed hte t

environment. In some cases, during rainfall, soreavi
metal wastes are washed into poor drainage systerds

the subsequently into nearby rivers (Taietcal., 2011).

In addition, some aerosol (fine colloidal partictaswater
droplet in the air, in some cases they can be padjcles
may carry different kinds of contaminant; like sraoéloud

metal removal in wastewater include bioaugumentatio and heavy metals. These heavy metal containingsaksro
biosparging and biosorption (Igwe and Abia, 2006)usually accumulate on leaf surfaces in the formfiné

Phytoremediation is the restoration of the envirentnand
its quality using plants. It is described as anrging ‘green
bioengineering technology’ for environmental clearihat
use plants for the removal of pollutants (Pilon-8m2005).
During phytoremediation in water, plants may degraahd
accumulate a toxic metal or cause immobilizationthie
bioavailability of the contaminant. This review waisned at
reviewing the effects, sources and treatment psasegor
heavy metal polluted wastewater effluents.

2. Sources of Heavy Metalsin
Wastewater Effluent
The two main sources of heavy metals in wastewater

natural and human. The natural factors include esaikion,
volcanic activities, urban run offs and aerosolstipalate

while the human factors include metal finishing andsnvironment.

electroplating processes, mining extraction openati textile
industries and nuclear power.

Then main natural sources of heavy metal pollutamts (Wei et al.

wastewater effluents are volcanic activities, seibsion,
urban run offs and aerosol particles. It is repmbrthat
volcanic eruptions produce hazardous
environment, climate and health of exposed indigidu
Apart from the deterioration of social
conditions and the gases (carbon dioxide, sulphoxide,

and chemical

particulates and can enter the leaves via storGataléret al .,
2013).

Some of the human sources of heavy metals in wastew
effluents are metal finishing and electroplatingnimg and
extraction operations, textiles activities and eaclpower.
Metal finishing and electroplating involve the dsjtimn of
thin protective layers into prepared surfaces ofamasing
electrochemical processes. When this happens, togials
may be released into wastewater effluents. This loeegither
through rinsing of the product or spillage and dimgpof
process baths. It is also indicated that the clepof process
tanks and treatment of wastewater can generatdasiias
guantities of wet sludge containing high levels tokic
metals (Cushnie, 1985).

Similarly, mining activities can release toxic niste the
environment. Metal mining and smelting activitiese a
regarded as major sources of heavy metals in the
In environments where these activitigse
place, it is indicated that large amount of toxiectats
deposits are found in their water, soil, crops &adetable
2008). Additionally, textile industries are
indicated to be major sources of heavy metal patitg in
water. This is said to mostly originate from theeithyg

impacts {0 & ,cess, which is a major process in such indusstiiée

compounds used for these dyeing processes (caloyati
include copper, chromium, nickel and lead whichvésy
toxic and carcinogenic. In some cases, nuclear rgéng

carbon monoxide, hydrogen sulphide) released duringgjjities have also been described as sourcesshdige of
eruptions, various organic compounds and heavy 'metaheavy metals like copper and zinc to surface watethe

such as mercury, lead and gold are also releaskd. T,

nuclear plants, because large amount of water nswuoed
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for operation, after operation, the nuclear efflueontaining al., 2005). A long term exposure to cadmium in humaiay
heavy metals are discharged into surface watergaodnd lead to renal dysfunction; while high exposure Isweould
water bodies, which can pollute aquatic systemsglidey cause obstructive lung disease, cadmium pneumgphitise

and Lofgren; Begumat al., 2011). defects, osteomalacia, osteoporosis and spontaneous
fractures, increased blood pressure and myocardic
dysfunctions (Duruibet al., 2007). The level of exposure to
3. Effect of Heavy Metal Polluted cadmium compounds may determine the symptoms, which
Wastewater Effluent may include nausea, vomiting, abdominal crampspuya

and muscular weakness. Severe exposure may result i

Untreated ~or inadequately treated heavy metgl,imonary odema and death (McCluggage, 1991; INECAR
contaminated wastewater effluents cause a variehealth  54q0- European Union, 2002; Young, 2005, Durubal.
and environmental impacts, when released into vagi 20075_ ’ ’ ' ' ’

water bodies. In aquatic ecosystems, heavy metalatly
depress the number of living organisms. Heavy radialve
negative effect on the growth of aquatic organismd can
cause serious upsets in biological wastewater nrexait
plants. The presence of heavy metal pollutantsesasvgreat

With respect to copper, although copper is an disden
nutrient to humans, its presence in high concdotrain
drinking water is indicated to cause liver cirrtsosi patients,
anemia, liver and kidney damage. Exposure to water
contaminated with copper can lead to the developroén

threats to soil and plants growing on such soilgh whe anemia, liver and kidney damage and diarrhea, abdsm
consumption of such plants by animals and humarmestdu pain, vomiting, headache and nausea in childrerd@daet

their entry into the food chain through biomagrafion and 5 1990: Bent and Bohm. 1995: Salanal. 2000). In
bioaccumulation, leading to severe detrimentalatéf¢Saidi,  ,qgition ,although Zinc is a comp,onent of sévenﬂymes

2010). It is reported that the intake of toxic nitén  (;ikaline phosphatase, superoxide dismutase, alcoho

vege_tables_ and corn products accumulate ip the ekidn dehydrogenase, carbonic anhydrase) in humans, telken
leading to its dysfunction. Some reports have lkihkkeletal  ; high concentrations can lead to system dysfansti

damage (osteoporosis) in humans to heavy metath, 8 \yhich may result in growth and reproduction impanh

high levels of selenium (Abdullahi, 2013). The clinical signs of zinc toxicosis include diazeh
The nature of heavy metals polluted wastewateueffis vomiting, icterus (yellow mucus membrane), bloodjne,

on humans may be toxic (acute, chronic or sub-68JOn anemia; kidney failure and liver failure (INECARQQD:
neurotoxic, carcinogenic, mutagenic or teratogéBiaruibe  Nojan, 2003: Duruibet al., 2007).

et al., 2007). Although it is reported that individuaktals
exhibit specific signs of their toxicity, the sigmassociated
with cadmium, lead, arsenic, mercury, zinc, copped
aluminium poisoning are gastrointestinal disorddiarrhea,
stomatitis, tremor, hemoglobinuria causing a rest-colour
to stool, ataxia, paralysis, vomiting and convuisio
depression and pneumonia, when volatile vapoursaeded
(McCluggage, 1991; Duruibet al., 2007)

Although heavy metals are natural components oédréh
crust that cannot be degradable, they are onlyctatien

they are not metabolized and synthesized by they oWl 45506 acrodynia (pink disease, characterizecagly and
when accumulated in the soft tissue of the body. afs desquamation of the hands and feet) and congenital

example, lead is considered the number one he@éattto  maitormation (Lenntech, 2004; Duruileeal., 2007; Simone

children, whose e,ﬁ‘?CtS can last a lifetime. Sorfeswh o 5 2012). Furthermore, exposures to high levelsreénic
effects include child's growth, damage the nerveystem, .o, cause death, since it is known to coagulateeiprdform

and cause learning disabilities, but also it is riowed to complexes with coenzymes and inhibit ATP production
crime and anti-social behavior in children (Salemal., during respiration (INECAR, 2000).

2000). It is indicated that the majority of ingektiead is
removed from an individual’s body through urineerth is
still the risk of buildup especially in childrerAlso, toxicity
due to lead accumulation may lead to a decrease

hemoglobin production, kidney, joint, reproductv@nd |ihiq content, decreased enzyme activity and phmotwth,
cardiovascular systems disorders and long-termyirfuthe  jnnibition of photosynthesis, reduction of seedngeation,

central and peripheral nervous systems (Nolan, 2003gqyction of chlorophyll production and plant grawivhich
Galadimagt al., 2010). may be caused by cadmium, chromium, copper or mercu

Another highly toxic heavy metal, even when present 1| and lead, respectively (Gardea-Torreseteg}., 2005).
humans at low concentrations is cadmium. It isdatid to The presence of large amounts of heavy metals &oia

be carcinogenic and persistently cumulative poifidn et .;.1d also lead to the prevention of plants’ growtbtake of

On the other hand, mercury is known as one of thetm
dangerous metals for human consumption, for it has
known biochemical function. It is reported that itity
symptoms of mercury are dependent on the chemicah f
ingested. The ingestion of its inorganic forms eaus
spontaneous abortion, congenital malformation and
gastrointestinal disorders while ingestion of itgamic forms
may lead to erethism (abnormal irritation or sewigjt of an
organ or body part to stimulation), gingivitis, statitis,
neurological disorders, brain and central nervoystesn

Heavy metals are also known to have impacts in soil
ecosystems. The impact of heavy metals pollutiorsa@his
mostly felt by plants that grow in such environngerome
Yt these impacts include decreased seed germinaiich
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nutrients, physiological and metabolic processérosis,
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degradation process of the contaminated environnieiig

and harm to root tips, minimized water and uptale omostly used in municipal wastewater to restartvatéd

nutrients and impairment to enzymes (Saedai., 2013)
Furthermore, the potential detrimental effects efvy
metal polluted wastewater effluents on the qualidf
receiving water bodies are numerous, although it depend
on the volume and composition of the effluent tlst
discharged (Owuli, 2003; Akpor and Muchie, 2011% &n

sludge bioreactor (Rajigt al., 2009). In biosorption, there is
the immobilization of metals by microbial cellss lechnique
involves the sequestration of a positively chardeshvy
metal ions to the negatively charged microbial
membranes and polysachharides, which is secreteta(&
al., 2009). The mechanisms of heavy metal removah fro

cell

example, in aquatic ecosystems, the concentratinod awastewater by microorganisms can be based on niidrob

availability of lead can lead to decreased disgblorygen,

precipitation, complexation, ion-exchange and utefhlar

which may make young aquatic organisms, such asg/ou accumulation (Volesky, 2000; Ademiluyi, 2009). Dhgi

fishes vulnerable to lead than the adult fish. phesence of
lead may also cause blackening of the tail regiaeh spiral

biosparging, also known as air sparging, therbasjection
of air by pressure to the water to enhance thevatain of

deformity to young fishes (Peplow, 1999; Europearoxygen concentration by the microorganism, whicm ca

Commission DG ENV, 2002).

4. Biological Remediation Processes for
Heavy Metal Pollutantsin Wastewater

Biological removal of heavy metals in waste water

involves the use of biological techniques for thienimation
of pollutants from wastewater. It is a selectivehtd@que that
utilizes the operational flexibility of microorgams and
plants. Microbial remediation may entail ex-situdan-situ
application. In phytoremediation, plants play aagrele in
the biological process as they break down, reddegrade
and remove these contaminants using various parth as
the root, leaves, stomata, cell wall and the sHOGEPA,
2000; Rajendranst al., 2003; Sharma, 2012).

In microbial remediation or bioremediation, micralbi
communities are of primary importance. The prodessost

increase biological degradation of contaminant. rAfiim
the promotion of aerobic bacterial growth, air gjirag also
leads to the volatilization of contaminants frore flquid to
the vapor phase (Sharma, 2012).

In phytoremediation green plants are employed tigcien
in the in-situ treatment of contaminants. Such tsldrave the
advantage of accumulating and degrading componehts
such contaminants. The commonest phytoremediation
processes are rhizofiltration, phytostabilization,
phytoextraction, phytovolitazation, phytodegradati@nd
rhizodegradation (Robert, 1997; Ana, 2009).

During rhizofiltration (phytofiltration), both agtia and
terrestrial plants are used to sorb, concentratepagcipitate
toxic metals and organic compound from wastewater
effluents. The technique involves the breakdowromfanic
contaminant by enhanced microbial activity in thenp root
zone and is absorbed by the root surface or bypltog root.
The technique is based on the effectiveness odiat pbot to

effective process, with non-hazardous end produci§nihesis chemicals. Both the root exudate andaagzhin

(Ahmedna et al., 2004). During pollutant removal, the
microbe(s) alter the metal chemistry and mobilityotigh
either  reduction,  accumulation, mobilization
immobilization (Faryal and Hameed, 2005). Accorditog
Guptaet al., (2000) and Diast al., (2002), the major groups
of microorganisms that have been implicated in heaetal
remediation are bacteria (such A&ghrobacter, Bacillus sp,
Citrobacter, Cupriavidus metallidurans, Cyanobacteria,

Enterbacter cloacae, Pseudomonas aeruginosa,
Sreptomyces sp, Zoogloe aramigera, Alcaligenes,
Sphinganonas, Rhdococcus, Mycobacterium and

Arthrobacter) and fungi (such asAspergillus tereus,
Penicillium chrysogeum, Candida utilis;, Hamsenula
anomala and Rhodotorula mucilaginosa). Beside bacteria
and fungi, certain protozoa, such Egplotes mutabilis and
algae, such adOscillatoria sp, Chlorella wulgaris and

or

pH of the rhizophere can cause a biogeochemicaliton,

which may result in the precipitation of this metal the
surface of the root (Vinita, 2006). In phytostatilion (in-
placed inactivation or phytoimmobilization), a plaoot is
used to limit a contaminant mobility and bioavailip by

providing a barrier mechanism against direct cdntaith

contaminated soil (Schnoor, 1997). It is indicatieat plants
that are best suited for phytostabilization inclt@es, which
transpire large amounts of water for hydraulic oonand
grasses with fibrous roots help to bind and holdt{&et al.,

20009).

In the case of phytoextraction, metal-accumulapiants
are used for the translocation and concentratiomefals,
radionuclides and non-metals in the root of thenplaefore
they are translocated to the shoots or leaves (Amith
Sandeep, 2013). The biological processes involved i

Chlamydomonas sp have been reported to possess metdy toextraction are metal acquisition and transpod shoot

reducing capabilities (Ramasamtyal., 2006).

The microbial remediation of toxic metals is sadotcur
in two ways: direct and indirect reduction (Sirdbal., 2009).
Microbial remediation can be in the form of bioawgation,
biosorption or biosparging. Bioaugmentation entdite
introduction of microbial strain, which has highgdadation
factor to assist the indigenous microbe in the vacti

accumulation. In some instances, some heavy mesalde
removed by binding to soils and root masses through
rhizofiltration, while others may require the adulit of
chelating agents, such as ethylene diamine tetedat®c
(EDTA) to the soil. Sunflower and mustard are exEsipf
plants that have been implicated to have phytoetitna
ability for heavy metals (Robe#t al., 1997). Similarly, in
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phytovolatilization, a contaminant is removed
transforming it from its original medium to the aisphere.
The technique entails the ability of a plant toetakp a

byin two ways: direct and indirect reduction (Sirétal., 2009).
Microbial remediation can be in the form of bioaiagrtation,
biosorption or biosparging. In phytoremediationegrgplants

contaminant that is water soluble and release ittt® are employed technique in the in-situ treatment of
atmosphere without the need of harvesting or dmpos contaminants. Such plants have the advantage of
Certain metals, such as selenium and mercury haem b accumulating and degrading components of such

reported to form volatile molecule, which may bkeased to contaminants. The commonest phytoremediation pseses

the atmosphere by some plants (Ghosh and Singhs)200 are
However, during phytodegradation (phytotransforovati

there is the breakdown of organic contaminantsrtaleby a

rhizofiltration, phytostabilization, Phytoexttian,

phytovolitazation, phytodegradation and rhizodegtiaah.

plant into simpler molecules. The breakdown is iedriout

by the plant enzymes, which metabolize the contantiand Refer ences
release it in the rhizosphere, which may then wléurther ) ' .
active transformation (Sinhaet al., 2009). Also, in [1] Abdullahi, MS (2013). Toxic effects of lead in humsa an

phytostimulation (rhizodegradation), the technigueolves
the release of natural substances by the plantghrds roots,
thereby supplying nutrients to microorganisms, \uhitay in
turn enhance biological degradation. In this teghaj the
plant may secrete exudate (amino acid, organic, daitly
acid, sterol, growth factors and other compountig} tan

(2]

lead to an increase in the number and activities of
microorganisms (Meers and Tack, 2004; Akpor and iiic [3]
2010).

5. Conclusion 4]

This review, which was aimed at discussing the cegjr
impacts and remediation processes for heavy metals
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applications. In phytoremediation, plants play eagrole in
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