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2 Departmen

dvancement in industrialization a_nd urbanizaFion has ¢

T into the environment polluting ﬂ]c 501_1, water, anq air. e
contaminants 1 in various forms and structures, including heavy metag o these
contaminants C(')mde lstrial dyes, pharmaceutically active compounds D‘L‘:t,i p.C‘_"Oicum
hydrecarbions; -Ecmicals. The presence of these pollutants in the cnivir(;|1|le‘cs’ ang
many Oth?r o things, including humans. Various conventional ‘nun poses
a serious threat to living things, ace, thoupl effective. are | al methods gy,
been developed to ta.cklc this mcnau,_,' 1.1()LIEII'L u,ﬂ.‘c: Idl‘(’. m‘wcvcr O safe for
ccosystem. ~Interestingly, bioremediation u’t? ] L‘I"Ll( & cheap, cllective, ypq
environmentally safe mcthogi for the remova of rc,(,.llut_rdpl pollutants from {he
environment. White-rot fungi (WRF), belf)nglllg to the bz'mfllomycclcs, have showy,
class and proven to be an excellent t(')ol in l.hc bmr‘emc'dlatlon of the most diffiey
organic pollutants in the form of lignin. White-rot fungi posscss extracellular ligniy
modified enzymes (LMLEs) made up gf laccase.s (Lac), manganese peroxidase (Mnp),
lignin peroxidasc (LiP), and versatile pcroxgdns:e (VP) that are not specific (o 4
particular substrate, causes opening of aromatic rings and cleavage of bonds through
oxidation and reduction among many other pathways. The physiology of WRF, nop-
specificity of LMEs coupled with varying intracellular ecnzymes such
P450 removes pollutants through biodegradation, biosorption,
biomineralization, and biotransformation, among many other mechanisms. The
application of WRF on a laboratory and pilot scale has provided positive outcomes:
however, there are a couple of limitations encountered when applied in the ficld, which
can be overcome through improvement in the genome of promising strains.
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e L ing, ST l[‘!«’:- ave cavsed and 5 sUILeausing deleterioy, .. [
>"C,1' ' ..t !"'n’ rarnrem '
o7k "these anthropogeniv xnull\l/|'|l;,,," ',‘f"*“"‘- Bittintug oy, g
Y ' ] AR t 3
~co%)’5t°m ol et (tlil" soil ﬂpd water), \"VIIL |(|l ,'.m‘ Properly o, anied |
cc0% cnvlro!jl biotic activitics In the qumynlun 161, These hurm | ',ul,',l;.,,(.,','
" ed of effee e compounds |71, papers and pulp 141, heayy oo o
disp> ers, Cyaniae 1A " y nctals [
|()]"“ - qustrial dyes, pl'mrn'mccuuc,uIIy active compounds (., )
n i ¥ l ; " A’ l *(* e " [ y { 1] b

”]’pgst:I ' carbons [13, 14], chlorendic acids |15 ] amongy, miuny oty .

el as hed metals (Le, mercury, cadmi ,
pollutﬂnl.s .suc!l as 'W“YY i ( o e Iy, ¢ :'«!mmm, A
clenium, and lead), when present in the environment in fugoe
Jmounts impair the mctuhollsm ol llVlng.orL,';:‘u-!|.~;|ln,fs mg:ludm;c man | |'|, 101, Somme
df these heavy metals cause cancer, skin inflammation, nawsca, dizzine,, w
gcadachc [17]. Other pollutants such as pesticides have causcd chronic illne, e,
leading t0 the global loss of about 1 million lives annually [ 18] This cvent of 1o,
of lives and resources is no cxccption.,u.) petroleum pollutants, which arise, s
esult of oil spills during drilling ol oil wells, leakape of underground tanke,
vandalization of storage tanks among many Imore occurrences. Thiy cventually
affects the diversity of biological niches, deaths of aquatic organism, alfect, the
sroductivity of plants and causes starvation in man |14,
f

ey
it

mnd

The debilitating cffects of pollutants in the environment cause a man Lo e
rapidly through conventional methods in a bid o alleviate the damages it cates
il (ushing,

[19, 20]. Some of these conventional methods developed include; 5ol '
land filling, ,b“ming, vitrification, electroreclamation/clectrokinetics, solidifica-
E&"d":)“gosltz?llgga’ti'cfn, removal and containment among, many ,"’t},‘crf’,’ lli(}wt"”h fl :{::
g :n l(;;l]l‘(, thc Pf’”,‘“”‘?‘“‘,’ ratl}cr thcy charlgt:: their l()(‘,dtll()llJI;:L””;J’, o
they are ot en'(\)/irgqu rl:’ lt')i l), I‘!.' I'he disadvantage of C.(-)"YC;SKJ;':C methe o and
X5 more suroen o oo EY 0 G onal chumicals 0 16

po”Uth environme ; ; .p() utants. e Ll'b'LQ ?OHVL n |2| Some O e
* methods gy ‘dl}%nt also has adverse effects in thc'long run | 2 iy o

the cfﬁcicng 3 1,-'," the trftatmcnt of soils affect the soil s'truqulf 2.9 9] A
result of a“yt(!) '*"()mc of the methods s limited to certain _dipls'”[(:,t ([eviate U
0Vitonmeny| 1es¢ setbacks, man has scarched lor @ '?',}Ld?'gulnuicu rncxlxwfj
4V¢ proven ¢ gmblc.‘”s posed by pollutants, out of whltlldi/crsc“C fiects OF l“’t
“MVironmeng |Q2' ¢ environmentally friendly, with little OF 10 55 ° i the clean]
4 20]. A process where biological materials arc t

()fp()"
| s from the environment is known as bioremediation 1=
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. moal pioremedial’®” I transformation or degradation OF hayy
Fung . involves “eto a less toxic absorbable form 12]. m;nrdoux
cdiallo i ; : v 2atd ’ 2 the

joremedia! form . ‘ remediation has s £ the

Bl nts from @ t.xlc -0CESSES; microbial bl0< fr | d‘\ Stood 1o e the

pollulf’{ b}(,rcmgdiatlon pt il of pollutant.s rom the CNVironmeny 14
- i et her iodegradation, bioace L8
’ 5(; pollutants either b.y b"Od(‘%O‘] Bi n, ‘b“()if‘“_umu\a\mn,
et 0 onism /emo H ot OF biomineralization [10]. T oremediation stragegy

Mict tfon i transformdt atraent of pollutants in the site of comarmnmion) oF
10S0rI ’ ‘ . y 2. r [ . . §on oo e s

biosorpt® (I'Tlutants away from the contamination sites for lreatmeny)

-, taking the pO the former is safe and cheap unlike the latter, which is

'7. ] 20; 22]. Howcvc_f,l hreat to the health of laborcrs in.vo.lvcd and exposes the
C:pcnsivc and a }i)otcnt.;:jlccq 2, 4]. Among the bioremediation technologies, the
atants to more suriatds L -

sollutants

: - ularly those belonging to th; basidomycc}es has distinguished
use of fungi, partict ,d.rt'}\,/c (ool in the remediation of an environment polluted by
(hemselves as an c.f f°_°~l a technology known as mycoremediation [2, 23, 24)).
recalcitrant xc'.wt?lo.uiis,body structurcs coupled with thg: fact that they can
Their mcwbo!lteb . ounds and still. perform in an environment depleted of
With'smndh:l(zlzlfn:c(i)gnlrl?lcm cheap and effective for a safe and sustainable stratepy
lilr:narlll(:\llti?iting polluted cnvironmcnt 23, 23]

VoL 1y

Pollutants and Their Classiﬁcdtion

There are diffcrent types of pollutants that‘arc.gcn_cra.ted by Val'iOL’lS‘) in_dustrics.
These pollutants could come in the form of solid, liquid, or gascs. lheir nature,
chemical composition and structure could vary from simple monomers 10 a
complex polymer of aromatic rings. They include petroleum l‘\ydl'()cm‘l)()lm,
chemical compounds (i.e. industrial dyes and pesticides), and heavy metals [206].

“ Petroleum Hydrocarbons

The use of petroleum based products is almost inevitable in the world we live
todgy. Aside from being used as a form of energy to power machines, vehicles,
gf:g:l’ci;rl"gl‘:“zl“: 80r10:1at-0rs, heating m'fmtles,‘ and cookers; some components of
rubbers, fibber Lf?)r'u:ginfl:rg?g prt)dlll?gllon‘ol various forms of pl.asucs, _chzurs,
cutlerics, among iy ofhe lcn‘ ‘0 concretes, ‘iltt111gs in clectric appll.anccs,\
petroleum (o it Siatalon (rrru§cs [13, 27]. .nght from }hc exploration ol
environment one ) S ag (il mmg)', down _to s transportation and storage, t}}c
petroleum [13, 7 29) Pt l‘mr gets polluted by harm_{ul substances present in
hydrocarhons I28] W}.li b roleum is composed of a various complex mixture of
Saurated hydrocarbo valia distinguished mainly into aromatic hydrocarbon,
ydrocar hand non-hydrocarbon compounds |30, 31]. Aromatic
Iting and boiling point due to the presence

ons are .
o Sr;‘r:Z(C())mplcx with high me
(s s
em difficult to degrade away from the

» Which makes th
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[32] Thesc fcatures arc howevél' a-bsun:] “(]j ot i hydmCarbon
| :ul'dr structure is made up of ca_lbon- y r‘ogcn bon_d and carbyoy,.
cc bonds could cither be stralght., blanc-hcd, or in circle, yh
lscccular ;tl'ucturcs (i.e. bcn_zcnc ring) WI.th, lower melting ar;d
hydrocarbons arc easily degraded as such do not persjg in

cnvironment
which their mo!
carbon bond. The
lack complex mo ;
boiling point. Saturatc

the environment [31]

) e (POPS) in the cnvironment ¢Xist among the

Persistent 0rgantc ‘p(})]llglrzl)llt;.bgn(s)l’(sg/\}gs)’ which are made up of cor%]ptt;
polyeyelic aroma‘tlc} 3 )3/4] The European Community (EC) and the United States
SCHESIS strU(:(t:lI';:O[l-ccation» -Agency (USEPA) have prioritized the control of 16
};;1\\;;2011';1::3 are: .acenaphthene, anthracenc, lpy;ic‘nc‘, fluc;rjcn?c, .n:dpllll.m.al}:n%’
(Tuoranthenc, phenanthrene, bcnzo(b)ﬂuoran} fcnc,'l _ il’lf(}(c})clﬂ l.l‘d;(:nL‘,
benzo[k]fluoranthene, benzo(a)pyrene, bcn/,%n(?((jgﬂ)p.uy .u-]g(’) 34'“ %l}L,
diphenyl(a,h)anthracenc, acenaphthylene and (I,'2,3-(,‘). P?{'ep("ll- J: i i ).
PAHs get into the environment through the burning of fossil fuc (z.‘c. premium
motor spirit (PMS), diesel, kerosene), incineration of pctro_leum products (ie.
synthetic plastics, tyres), oil spills, untreated effluents from chemical an_d
petroleum industries, among many others rcleasc. these _hqrmful. and.toxw
substances into the environment affecting the vitality of living things in the
ecosystem [13, 28, 31, 33, 37, 38]. Sulphur compounds such as thiols, sqlphidcs,
disulphides, naphthobenzothiophene  cyclic sulphides,  benzothiophene,
dibenzothiophene; oxygen compounds such as alcohols, ethers, esters, carboxylic
“acids, furans and ketones; and nitrogen compounds such as pyridine, indoline,
carbazole, benzo(a)carbazole, benzo(f)quinolone, indole, and nitriles arc all part
of non-hydrocarbon compounds present in petroleum as well as some metals,
which most times are contained in the nonvolatile part of petroleum hydrocarbon
[26, 33, 35]. When compared to the three groups of petroleum hydrocarbon,
maximum carbon numbers are seen among the non-hydrocarbon compounds (i.e.
!’d)'(])(rjplrlg;ril:). In water, non-hydrocarbon compounds are insoluble with high boiling
ston point. Thus, they persist in the environment alongside PAHs and arc

?212'03‘:)]; to remove causing delcterious effects to live things such as mutagenicity

Ilcavy Metals

Ef)cl(';lls and metalloids that exhibit
nauctivity, ductiligy, ligand specifici

metallic features such as mallcability,
relatj : . .
vely high atomic weight, densit

ty, malleability and cation stability with a
alkaline carf, |, ; y and an atomic number > 20 excluding
metal 11y Illl?m’:]/;mlz(i)cs’ ’d”(il}lr.lc metals, and actinides are regarded as h ‘av;
metals iy g Spuuh 40] Seiyaboh and' Izah [41] simply define 1IM to be

© Bravity greater than 5 ¢cm’. Some [IM (f.e. copper
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: inute quantity and _ -
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concentration mcre ' - of 1M pollutdn : ming & : : iq
»exposed to an influx o lating, bu . biosolids,
e s el al forging, electrop st burning, d
ivitics such as mining, metal fo ging, ivitics. forest > W00
activitics such as n g, me e al activitics. iy ‘
smelting, sewage sludge. dycing, dg“cull_ur‘ ‘waslc coal Combl.l ;olids wastc
e mining, electronic waste, battcr}?f .1ch as cosmetics, bioso ological
oucer\"}ti\';; personal care products (P(’LS.) Zulzlri'l‘l cffluents zlmoﬂ% 8"? varted
o nt. tar her untrcated industriz ) all release
: ' . ' i d 1or
treatment plant. ldnnu)l' dn.d 010f rocks e volaails CruP“?n;Q 5 Biologlcdl
ivitics such as weatherine 1 l ) - ’ ven
acuvities such as weathe go W 9, 10, 16, 3. .
- ton of 1M to the environment (Table 1) [9, 10, 2 persistent in th
concentration o . ensib] 82 rnal they remain p
degradation of 1IM is not feasible >

» 42].
environment taking onc form or the other [9, 40, 42]

enic

Table 1. Some heavy metals and their various sources [16, 17].

Heavy Sources
Metals .
: : : et ing industry.
Zn Mining, refining, biosolids smelting, electroplating i Y
- ‘ i i f metalliferous ores,
y Sti aded gasoline, municipal sewa 2e, mining and smelting o .
Pb Combustion Orlefldtd g‘?sollllu, n'llllllCIp‘ll S . !, lementoil with D1, foad batteries, X-ray
glass manufacturing, paints, and mdus?rlal waste su[.)j.) s 18
shields, ammunition,
;-7 : N al refining and
Cd Sewage sludge, application of phosphate fertilizers, geogenic sour ces, mcl'dl rchl}m_g, an !
: i . - . N - - p S 5 y ¢
smelting, anthropogenic activities, burning of fossil fuel, production of batteries, we ding, alloy
pigment.
Hg Wood and peat burning, volcano eruptions, forest fire, emissions from industries producing
caustic soda, coal, mining, clectrical industries, bat[erlcs, dcnustly.
\ . - . -
Ni Automobile batteries, forest fire, kitchen appliances, land [ill, industria] effluents, surgical
instruments, steel alloys, volcanic eruptions, gas exchange in ocean and bubble bursting,
weathering of geological materials and soils,
and smelting, voleanoes, petroleum refining, wood preservatives, herbicides, animal
ced additives Semiconduclors, coy] power plants,
plating, solid Wasle, tannerics, sludge, metallurgy, leather tanningg,
—— electroplalmg industry, unlx-corroswcs, 'dyemg, cooking systems ang boilers,
\(L_J Smelting ang refining, biosolids, elect
\

roplating industry, Mining,

Upconlrollcd release of iy in
differeny eports of the
hf:allh disorders
1olog|cal SYSlems such 44 plants ang animalg
trophijc level (g another Since L
conccntralions, MOst HIM  (leaq

’ to lhg Cnvironment hyq gained globy| attention wigh
e ”j pmcnfc In the food we ¢qy causing Varying degrees of
mans (Tap|e 2) [11]. HM can be accumulated by a
Sterred from gne

| Even g low
ury, silver, cadmium, arsenje
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Jmong Many olhcr.s:) cause ncurotox.ic anﬁd cytotoxic effects, which could N
mutagenic and carcinogenic to the bloln;;lca{l system |10, 34Z 40, 41]. Several
reports of [IM pollution have been made in the past. An incidence of 1M
poisoning was recorded in Mmamzfta Bay, Japan in 1963 where lots of lives were
[ost as a result of consuming shellfish that have accumulated a high concentration
of mereury in their system [11]. M pollutants pose a serious threat o all forms
of life directly or indircctly with no method so far suitable for total elimination
[16].

Table 2. Some heavy metals and their toxic effects on human health [10, 17, 44].

Heay EPA
ea o ts AR
“ﬂ:; Regulatory Foxic EAfects
: Limit (ppm)
Ba 70 Elevated blood pressure, respiratory failure, cardiac arrhythmias, pastrointestinal
) dysfunction. and muscle twitching.
Diarrhoca, liver diseases, reproductive toxicity, renal failure, lung cancer, hair
Cr 0.1 loss. chronic bronchitis, bronchopneumonia. irritation of the skin and the
respiratory tract, liver discasces, nausca, headache.
Ag 0.10 Exposure may cause dermal tissues to turn grey or blue-grey. irritation of the
o respiratory tract and the lungs, breathing problems. stomach pain.
Cu 13 Kidney, liver and brain damage, metabolic disorders, headache. chronic anaeniia,
— | vomiting, abdominal pain, nausca.
Ni Dry cough, chest pain, itching of the skin. headache. cancer of the sinuses, nose,
. 0,2 !)
T A lungs; dermatitis, kidney discases, ncurotoxic, immunotoxic, genotoxic.
Iy ia Brain damage, impaired vision, insomnia, sclerosis, memory loss, autoimmune
? H . . . . . . . . -~ -
& discasces, gingivitis, depression, dysphasia, alaxia, drowsiness, deafness, kidney
| — and lungs lailure.
Cd 50 ”f:aduche, coughing, vomiting, lymphocytosis, hypochromic anacmia, endocrine
o] disruptor, testicular atrophy, itai itai, kidney diseases, emphysema, prostrate and
o ———— lung cancer.
7, ~yy - e . ,
" 0.5 ) Fatigue, impotence, dizziness, lethargy, depression, macular degencration,
[\ Ieterus, hematuria, vomiting, liver and kidney failure, seizures, gastrointestinal
" ) e Irritation, ataxia, prostate canccer, macular degencration.
) .
5 /\rnufc’xm, hyperactivity, insomnia, reduced fertility. renal damage, reduced
\\ ertility, chronic nephropathy, elevated blood pressure. impaired ncurons,
Ag e R learning deficits, shortened attention.
0.0 : -
[g\c . Brain damage, conjunctivitis, skin cancer, dermatitis, respiratory and
s s cardiovascular impairment. [P
Hepy: . 2 : . o
ato . L e, : . T sturbance.
Patotoxicity, dysfunction of natural killer cells, gastrointestinal ﬂ'jﬂbj_‘—-—i
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