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1 Introduction

D ring he pa® 100 vea ° heg o Idy ide a ea of pollired

P4 Cowebponding anho_
E-mail: ningvi; ho @3 ved rcn

Soil hab S1b® an iallv inc ea Sed beca e of he i 1napp op i-
a e Peand a001den al leakage of enobio ic®. The 4 edence
X

of " enobio ic® in oil, incl ldmg a oma ic polln an S, ha®
become a ® e io® hear o he r Se of land © %0 - ced and he
Safe » of ag, ic il - al p.od ic ion. Mo® a oma ic pollivan ®

ae ecalci an, pe Si%en and emain ift “he enyi onmen
fo long pe 1odb of ime [1]. Xenobio ic® in he ¢ enm on-



2 F on . Enwi on. Sci. Eng. 2017, 11(2): 1

men can ca e ° e i0 |b damage; o h iman and animal
heal hbecal eof hel; o ic, m+agenic and ca_cinogene ic
p.ope. ie> a>gell a 5 hei abilix o bloacc miae [2].
The ¢'a e many me hod> of _emowing he®e polliran ® f om
011b 1n'v01w1ng phx® 1ca1 chemical o blolg(glcal
app oache Phy®ico-chemical me hod¥ end obee pen—
Siwe, & i ing high ene gv 1an| and con® imp ion of lo ®
of dlfferen chemical keagen D ving  ecen decade®,
many thic obial P a1n hage been sh(w n: o deg ade
0_ganic polln an ® (w ing o hei me abolic machme 3 [37
11] and abili o adapr o inho® p’l able enyri_onmen 5.1 48
gene albv mde_ #o0od ha, in a non-pollired enyi onmen ,
bac ¢ ia, f ngi, p.oi° > and o he mic oo ganlt’mb con-
S an v me abol ¢ ino_ganic and o g%mc md er o p owide
ene g+ fo g gy h. Wha occ 5 in" enobio icS-con ami-
nJa ed enwl onmen 5? Some mlc 00 gani SmS die, # hile
wlhx he abilix: o deg ade o @ih®and: he
enoblo icS. Th 5, biological app oaché® hape a ac ed
inc ea®ing & en ion in _ecen rea_ s
B10 emedia ion, a biological’ app oach, i* a ¢a’e
managemen echnﬁ i ha aim¥ o emowe 0_neir al;_» e
polln an ¥ f om a con amina ed % e’ Ping 1nd1geno P o,
od 1ced 0 gan1 S [12],41 b he addi ion of fo 1k e
vrvgen 0, ohe fafc0§ 0 enco rage he apldg(w hof
polln an deg ade S, TheSe pollivan -deg. ading o gamb o
# od hen be able o b, eak dgy 0 he 0 _ganic pollu an,
_ebving on’ hei imménSe me abohc capaci ie® fo
¥ anbfo ma ion of q.ic polli-an ¥ in o e®en iallv ha mleSS
0,a fea’ , 1e%% 0 ic compo nd® a a co_e pondlngbv
faP e ae [13] The efo e, bio emedia i iof L. opide® a
J echnﬁ e fo_ cleanmg e pollnlon b"v enhancmg na -
_albv-occ 1ng biodeg ada ion p oce®e®; bio_emedia ion
s man)‘v adyran ageS incl |d1ng high effidiency, lawy
e pen®e and limied 0 no econda ¥ pollrv-ion when
compa ed wn hi adi ional Soil emedva ion: echnfj e,
Sich a%i 1ncme aion o 1andﬁ111ng Afr he adyran age of
b10 emedia ion i¥ ha E’011 Sedimen o wa e canbe caed
in % - @1 hore digging o plmplngr he’ con amlna ed
ma 1 o+ of heg omd. Thi® i X hv mic oo_gani Sm® plar
inc_ ea Singlv impo_an oleS in % e bié emedia ion.
Bica igmen a ion c¢an be applied a® ra " of in §1 I
b10 emedia ion _ea men Sand 1? ho nghr o be ap omi Sing
app oach o clean lp polln an ¥ in Soil [13, 14], bioa 1g-
men a ion 1n od 1ce’ a pec1ﬁc # .ain o_a con 0 i m of
mic 00 gani S’ "ol b he de® ied ¢ ¢a aly ic capablh ie® fo
accele a 1ng o enhancing: ‘he _emoyal efficiencr of
polliv anS in Si v [15,16]. B10a igmen a ion ha® been
in en ionall* pe fo med fo_ 'vea in a nmmbe of a ea®,
incl Wding ag ic il te and’ fo ¢ » [17] and g 2y ac
1 eamen [18] In’ _ecen decadeb bioa igmen a ion ha®
Been p.ac iced in he _emedia ion of a oma ic compo mnd-
con anmina ed Soil [19-27]. Mll]'va iae analv®i®, pe-
wio ®Lv Ped in plan ecology, i° nay alS being apphed 0
mic obial ecolog d - 1ng bioa 1igmen a ion _ea men [21].
Thi® epigy addke >Se¥ he bioa ngmen a jon of a oma ic
compo ind-con amina ed Soil® Sing a Specific | *'kaln a

COl’l O 1m of mlC 00 ganl mb O mlC 00 ganl Sm® com-

bined’ #ih phe® 1ca1 chemical” and’ ohe blologlcal
me hod®. Hay ewe ,7i *ho id be no ed har he § _aegie®
deSc ibed migh be al% effec i 19ve fo cleaning lp 0 he_
kind® of con amina ed S0il%, Sich a% heapy me al
con amina ed So0il® [28-33].

2 Bioaugmentation of aromatic-contami-
nated soil

2.1 Bioa igmena ion of a oma ic-con amina ed Soil gi h
Single bac e ial » ain®

Man bac e ial ® raln > hage he capa(n ie® of anbfo _ming
0_me aboh ing & oma ic p’?llu an S in o eSSer iallw ha m-
1¢58 . a lea®, 1e%r o ic compo md®. Then Some
con ankina ed Soil$ #/ih one kind of a oma 1c Nee
SicceSSFlle emed1a edgi h adding ®ingle s a1n

2.1.1 Bioa igmen a ion of ni _0a oma ic-con amina ed Soil
Nitrobenzene i® highby o ic ANae-in Sol ible, and eadlL*v
abbo bed h o 1gh he Skin. Pseudomonas putlda ZWL73 {5
able’ o g cw on mi_obegp ene a he Sole ca bon and
ni ogen 50 - cewn h he elea e of f ee ammoni im [5,34].
A he labo_ ao cale bioa 1igmen & ion of mi obeg ene-
con amina éd Soil ¥ing # .ain ZWL73* a® bhq n o be
feaSible [21]. The bioa i |gmen aion of ni_obep ene-
con amina ed Soilgi h® _ain ZWL73 effec iweliv enhanced
emowal of ni obeg ene’ conc - en bvgii bt he acc im ia-
“ion of amrponi m. Change® in "he comm i P ic e of
ammonla—o idj ing bac e ia in i robeg ene-con’amina ed
Soil a%%ocia ed wih change in enyi onmen al fac 0
(incl Wding concen aion® of mi obeQ ene, ammoni i,
ni fieand ni a e)w eea eniaedin he Soil bioa igmen-
i edgiih® ain ZWL73 [21].

Fenitrothion (0 O-dlmethyl 0-p-n1tro-m-tolyl phos-
phorothioate) i> a 0 ic mi ophenolic pe’icide ha can
bdld p he concen a ion of ni _ophenolic compo md® in

Soil®. Burkholderla >p. FDS-1, a fenl .0 hion- deg ading
® ain [35],¢ a> Ped oP 1 fae 0 S affec ingri 8 g oy h,
and hen eyal 1 ed fo ii S capaci 0 elimina e feni o hion
in Soil [24]. Va "vmg concen alon > (1-200 mg- kg d
Soil) of fenl 0 hlonw ee addéd in o 0115”1 h® ain F DS-
I; he e S11S Shay ed Ha feni o hionin he ange of 1-50
mg-kg! dk'v Soilgy a® effec iwely degraded 'S _ain FDS-1.
The add1 ion of a1n FDS-1a 2 X 10° colom fo ming

S.g tde b011* a®fomd o be > able fo_feni .0 hion

deg ada ion ope a empe a 1e ange of20. C-40. C and a
pH7.5. TheSe 511 indica’ed ha & _ain FDS-1 had he
poeniali o bé |ed fo bioa ngmenalon; eamen of
feni o hion andii i me aboli e-con amina ed Soil® a field

Scalé [24].

para-Nitrophenol (PNP), a mononi ophenoll ome , i®
a p 1or1 I enwl onmen al polliran; ha en e ¥ he enm ‘on-

—



men / h o ngh 1nd > jal eleaSe and deg ada ion of
raa hion-ba®ed pe® > icideS. To da e, ewe al p're bac ¢ ial
s a1nb haye been iden ifiedgyi b he abiliw o 'me aboIz e
PNP [4,36-38]. Among he p re PNP deg ade ®, Arthro-
bacter protophormzae RKIJ 100* aS inoc 1la ed'in o PNP-
con amina ed %oil a% a bioa lgmena ions ceamen [39].
Re®> 1l SShay ed ha,in hep oce® of bioa ngmena ion; he
»abilix of he 1nkod iced B _ain RKJ100 ¢ a° enhanced
&1 h immobil alon and hé ae of PNP con® mp ion
wa ied ¢iih inc eading deph of Soil. Unde na val
enwl onmen al condi ion®, Small-Scale field & die® (1n 1
m’ flo S) ¢ ¢ cond ic ed, in g hich # ain RKJ100 ¢ a®
inoc Hla ed in 9 PNP-con amina ed Soil f omanag ic il ral
field. In hi®e pe. imen , PNPwa comple ebv emowed 1n
5 daw® by immobil ed cell® of ® ain RKJ100, # he ea®
fee cellbw e e onbr able o con® ime 75% of he o al PNP
w i hin he Same ime pe iod [39].
Organophosphate pest1c1des a majo cla® of poll -
i an S, ae e>Sen ial o mode n agic i re, pa icda by in
depveloplng com ieS. Me hrl paa  hion (O O-dime kvl O-
p-ni opheno*pho pho o hioa e; MP) belong? o hegowp
())(f hlghlm 0 ic o ganopho rha e pe® icide®, whlch ae
el en n«elﬁ Sed ad ag ic 1l ral and dome® ic pe‘S icide®,
f ingicide®, and he bicide® [40] Pseudomonas Sp. P .ain
WBC 3', 2 1bolia edwn h heabilix o+l e MP and PNP
" he Sole Yo - ce® of ca bon, ni_ogen and ene g* fo_
cw h[4, 40] The efficacr of bioa ngmen a iongyfi hs a1n
WBC-3 wa i eSed in MP-con aminaed Soil a © he
labo a o Scale. Compa edgih hecon ol ( minoc Ha ed)
I ea men MP ¢ a® emowed mo e ‘1 icklv inr he
bioa ngmen ed/ eamen. Wihin 15 dax®, MP (0. 536
mg-g' d» boﬂ) in; he bioa igmen ed: _eamen wa°
comple elv emowedwn hair- acc im ila ion of o ic in e-
media €. S' ain WBC-3 ¢ i®ed " ablv d ving he en1e
bioa lgmenalon pe iod, a> de e mined br dena ring
g adlen gel elec opho eSi® (DGGE) and eal- ime PCR
analSeS. Baed 6n ed mdancy anaby®i df he _ﬂela ion-
Ship® bew een/ he enwl onmen al fac 0 S and mlc obial
commmiy © i ve, i ga® clea b bhcw n: hd i he
inoc la ed » a1n WBC-3 1gn1ﬁcan Iv infl ienced; he
indigeno bac e 1a1 comm i v e e (P=0.002) [20].

2.1.2 Bioagmenaion of chlo oa oma ic-con amina ed
Soil C
Pentachlorophenol (PCP) i* & enSiwelr Sed 2 ag ood
re ewalwea wella 1na', 1devva ie 3 ofag ic 11 - al and
ind r" ial applica ion®, ¢ thh ha® led o e io enwl on-
men polln ion @i hi hi® chemical [41]. Sphmgobmm
chlorophenolicum ATCC 39723, a ¢ ell-kngyn PCP
deg ade [42], ¢ hen inoc tla ed in o PCP-con amina ed
oﬂwn h plan ® Shay ed fa® e PCP deg adaion han he
minoc ila edi _eamen [25]. “Ins he bioa igmen ed Soil
SiS em, plan S ac ed a5 agec o fo  ain ATCC 39723 o
PCP; he a ge compo md. Motti 0 1ng of he plan 8. W h

]%W eda p.oec e ole of ¥ aln ATCC 39723 again® he
i 0 ici® of PCP o hé plan . I a bioa rgmen ed hid oponic
S em,® ain ATCC 39723 deg aded 16 mg-L "' PCP afe
7 dawS a "bo h concen aion% ‘e ed (20 and 30 mg-L
PCP). The bloabba)‘v conﬁ med: ha bioa igmen a 10n
1 eamen of PCP¢g a® S iceSSt ul and ini ial o iciw g a®
ed lcedw»l h deg ada ion p.og e>ion a bo h concen 2
“ionY e ed [25].
Bioa igmen a iongi h ATCC 39723 ¢ a° al’0 ¢° ed in
an a_ificialls PCP-con amina ed loamr ®andw Soil [43].
The o ic effec of PCP on plan S ¢ a® aeSSed h o 1gh
momi 0 ing plan ¢ eigh and oo leng h. Compa_ edwu h
i he minoc ila ed Soil, bioa lgmen ajongih?® Lain ATCC
39723 in plan ed b011 led o fa®e deg ada ion of PCP. Thi®
Shqy ed har he pe Sence of ¥ din ATCC 39723 no onlb
enhanced PCP emowal biv a®o p owided p o ecion fo_
plan ® f om PCP 0 ici». The combined ¢ of bioa e
men a ion and plan > 5 1gge® ¥ ha: he plan hj o°phe e
el onmen mlgh facilia e m1c obial deg ‘ada ion Of
pollu an ¥ in Soil.
4-Chlorophenol (4-CP), a monochlo ophenoll ome i
I 0 ic by °kin ab% p ion, inhala ion, o “inge® ion. Arthro-
bacter chlorophenolzcus A6L, a 4- cp deg ade , a
inoc #a ed in o 4-CP-con amina ed ®oil (180 pe 4 CP g
d» Soil) o a”eﬁ he impac of inoc a ed ® ain A6L on
i He indigeno ©* mic_ 0b10 a [44]. Af e 8 daxS,1eSY han 10
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# @ enhanced compa ed /i hr he minoc aed con ol,
ba%ed on: he g ad al acc im ila ion of ammoni m and
chlo ide. In 4CNB-con amina ed Soil, he G raniiv of
4CNB ehm an bac € ia 1nc ea®ed ,a hile he du«e % and
g anri® of ¢ il uvable he e o ophic bac e ia dec eaded.
DGGE anab«®i® Shay edr ha  he indigend ¢ mic obial
commmix © i -e changed Significan v gii h bioa lg—
men a ion [22]. Slmlla Lv, 4CNB-deg ade_ Comamonas ® p'
# ain CNB-1, i®ola ed fpm ac iwa ed 81 ldge [45,46],4 a°
inoc a ed in combina i iongi h alfalfa fo. by o emedia-
i ion of 4CNB-con ammJa ed Soil ar he labo a o v Scale
[23]. Confocal la% e Scanning mic o°copr powed» ha
S ain CNB-1 S 1ccéSSt illy Colorg éd alfalfa ’ 00 . The
ab mdance of ® a1n CNB-1¢ a° de ¢ mined b c il ipa ion
and bw § ani a iye compei 1we "PCR: a ge 1ngA he
chlo oni obegp ene mi o ed a%e gene. The e s
%cw edr ha s he ab mdance of d am CNB-1 ins he

o phe eq a> aborr- 10-100 e$ hlgher han ha in
i "he b ik %oil. § e ile and or+-doo_e pe imen S bo h Shay ed
i ha 4CNBQ axcomple ebe emowedwrl hin 1 o 2 dav®,
and i ® phv 0 0 icivi o alfalfaw a% al% elimina ed b
# ain CNB-1 [23].

2.2 Bioa ugmen aion of a_ oma ic-con amina ed Soil gi h
m1c obial con® 0 ia

A oma ic-con amina ed Soil of en con ain® m H iple poll -

i an® . The efo_e, mic_obial con o laa einc ea mglfv being
Sed in he bioa lgmen aion of mil i- -a, omha icS-con ami-
na ed Soil®.

2.2.1 Bioaigmenaion of md i- a_oma ic®-con amina ed
Soilgi h bac e ial con 0 ia

Nitrophenols a e phenolic compo md%_ha hape a ni o
g owpa diffe eh po? 110nbxof he hvd o ¥l g o p on he
beg ene |ing and hew ae oico mani liwing 0 gamb S,
In addi‘ion: o PNP,/ hee aergo ohe i ome ic
monorii ophenolb ortho-tii ophenol (ONP)" “and meta-
ni ophenol (MNP). A con®0_im con®®ing of PNP
i 112 e Pseudomonas Sp. ¥ ain’ WBC-3 [4], MNP il e
Cuprzavzdus necator JMP134 [6] and ONP ivilj €
Alcaligenes Sp. ® ain NwZ215 [3, A7l w a® inoc lla edi in o
Soil con amina ed #/ihi hee ni ophenol i*ome °/ o
inge® i 1ga ¢ he efficacy of bioa igmen a ion ai he labo a-
o Scale [19]. Compa ed @i h minoc a ed Soils,
inoc tla ed S0il® Shay ed ap1d and comple e emowal of
I he h ee i®ome ic mononi ophenolbwrl hin bew een 2 o
16 daxv Real- ime PCRI a ge ing fmc ional ca abolic
gene® of hes hree i ome ic ‘mononi ophenolb indica ed
 har he hee?’ aln um'«ed and ¢ e eSable dr -ing he
bioa igmen a ion p oce®®. The ab mdance of oal 1nd1gen—
o *® bac e ia, mea®-ed b 16S_RNA gene® #ing_eal- ime
PCR, o a8 bhgh Iy nega webv 1 1mpac ed by con amina ion
wih he hreel omeklc monori Fophenolb DGGE pkoﬁle

comm i ie®
4 m1c 00_gan-

ofr oal and g 0 lp pec1ﬁc indigeno
|ggetb ed ha Specie® ichne® of indigeno ¢
i>m® dwvnamicallv changed dving he p ocess of bloa 1g-
men a ion. Fu he mo e, PaeoLo e12 cuwe and
comm mi¥ o ganz @ ion ra ame ek indica ed’ ha he
bioa -gmena ion p oce had li le impac on Specie®
ewenne®S i hin hé mic obial comm i [19].
Polycyclic aromatlc hydrocarbons (PAHs) a e pe
I en o _ganic pollivan w idelv di® brred in he éco phe e
[48], w hich a e compo Sed of ¢ o 0 _mo e f1ed bep ene
1ng and po Se e io ® i%kY o h man and animal heal h
(w ing o hei ca cmogemc po en 1al [49]. PAH® in Soil
rend oine ac wrl h' he non-§ reo ® pha’e and o _ganic
ma e becal e of hei_high hwd ophobici » ,coan' en L,
i hede p'e %en o gamc pollitan > become 1e% apailable
fo fr he mlc obial deg ada ion [50]. <
"Thé bioa lgmena ion? eamen of a PAH mi e
con®® ing of fl 10_ene, phenanh ene and pr ene, ¢ ‘as
pe fo med b a bac e ial con®s 'im (con ammg h ee
bax:e ial & ain®, Rhodococcus Sg., Acinetobacter Sp. and
Pseudomonias ) en iched fom mang owe edlmen
mde Sedimen -f ee and Sedimen bll Ry condi ion® [51].
The “bac e ial con® 0 im had hlgh "PAH deg ada ion
capabili» w»lh 100% deg ada ion of fl o ene and
phenan h ene in Sedimen -f ee lf] iid medi im ‘af € fo -
# eek®. Af c_oneg eeki he hlghe _emopal pe cen age of
fl 10 ene and phenan h eneg e e f6 md i hé non-fb e ile
Sedimen S1 - ¥ inoc ila ed g b he bac e ial con® 0 i m,
follqy ed b “he inoc la ed e ile °1 oW he ea¥ hé non-
®eile Sedimen ° L Wi hon anv ' inoc la’ion hadr he
lqe emowal pe'cen age® of alli ea men . Afe 2
w eek®, 99% of fl 16 ene and 97% of ‘thenan h ene g’ e e
elimina ed in alli éamen S, bir we*v li le p'v enc ¢ as
_emowed. Newe heleSS, af e 4* eekb all h ee PAHb', ee
comple elv deg aded. The el indicaed: ha i he
bac e ial con® 0 1 m accelerd ed remowal oft her h ee
PAHS, bir ar-och hono mic 00 gani*m® in Sedimen
al®o had he abilix o deg adé PAHS. Comgple e biode-
g ada ion of p ene ook longerr han ha of fl 10 ene and
phenan h ene, pe hap® indica ingr ha: he bac e “ial con-
So i lmp efe en falby 71 iy ed lqy -molec la Al eigh PAH®
[s1. 7
2.2.2 Bioagmenaion of PAH-con amina ed Soil ing
f ngal con®o_ia

F mgi, ® ich a® Sap ophw ic and plan .00 -pa_ aliic g 0 nnd
fmgi, and ec omvco_ hy aland mi o po ic f ingi, a%y ell a®
# ood decaring f lngl hagre been iden 1ﬁedwr1 h he abihi »
I o deg ade PAH® [52-55]. Ba%d oni hei  deg ada ion
abili i 1e fmngi codd po eniallr be apphed fo ‘bioa 1g-
men a ion of PAH-con amina ed ®oil.
Lay -molec tla ¢ eigh Q?AHs (2-3 ing®)¢ e e ob%e wed
i 0 be deg aded mo® eI endipelr b Aspergzllus r.
Trichocladium canadense, and Fusarium oxysporum



[55]. Trichocladium canadense, Aspergillus Sp., Verticil-
lium ®p., and Achremonium ®p. all Shqy ed efficien abili
I o deg ade high-molec a ¢ eigh PAH® (4-7 mgs) 55].
TheSe f mgi opcaleda g e% capabili o deg ade a b oad
_ange of PATTS mde l(w -0 wgen condi ion®. rngnmobV ic
eg yme ac i ie® wee obbewed dnmgr he g ¥ h of
f mgi on heSe compo ind®. TheSe e i[5S 1ggeS ha fingi
ae® u able fo inoc ila ion in o PAH-con amina ed Soil®
beca ¢ of he1 il a ion of PAH® fo g @y h[55].

Fl 10 ene and ii S de iva ipeS ae commonty fo md in
enyi_ onimen al Soil, bedlmen andw ae Sample®. Bioa 1g-
men’a ions eamen®gee pe fo med on an a_ificialbr
fl uorene cofi amina ed non-> € ilé Soil #ih 47 fwmngal
S ain®, incl Wding Absidia cylmdrospomg ha we ei’ola ed
f om a PAH-con amina ed %ie. Im he p e®ence “of £ mgal
inoc lan $ , mo_ ¢ han 90% of he fl 1o enew a® ' deg aded
@1 hin 288 h,w hile in he abSence of f i ingi; he Same lewel
of fl 10 ene emoyal ook 1p 0576 h. The e 1l indica ed

i ha A cyllrndrospora coid be Sed SiceeSSFilly i he
bioa 1gmen a ion _eamen of fl lo_ene-con amina ed Soil
[56].

Bioa igmen a ion of a hn o icallx PAH-con amina ed

Soil fom a ga*okb e wab pe. fo med *nh 21
filamen o 1 fingi i ola ed fom: he ga% o k° % e Soil.
Bioa igmen a iongy a® pe fo_ med Sepa a el fo each f mngal
i%ola ewn h 5 po_e and myvcelial inoc xla Whén compa ed

#ih he Spo e'ba >ed inoc da,r he e en off oal PAH
deg ada ion ¢ a° mc eaded wu h mwcelial inoc da. The
hlgheb PAH deg_ ada’i iongy a® ob alnedwrl h Comothyrmm

(26.5%) and Fusarium Sp. (27.5%) inoc |lan
e p'emallx‘v fo_high molec nla W elgh PAHb Thee e”il s

SiggeSed ha filamen o fingi S ich a¥ hoSe de c ibed
abope co d be Ped fo bioa igmen a ion of long- em
PAH-con amina ed Soil® [57], @i hr he poen ial’ o
elimina e 0 Ved ice he ha m of PAHY 6 he enwik onmen .

2.2.3 Bioaigmenaion ¢ 1ng a con® o ia con aining bo h
bac e ial and f mgal ® a1n

Bioa 1igmen a ion _ea men of an h acene, phenan h ene
and pr ene con amina ed Soil of dlffe en concen a‘ion’
(0, 250, 500 and 1000 mg-kg™ d'v 011)* a® pe. fo med
[58] b a defined mic obial con® 0 im (con ammg figre
bac e ia: Mycobacterlum fortultum Bacillus cereus,
Microbacterium p, Gordonia polyzsopremvomns and
Microbacteriaceae Sp., and a fmg ®: Fusarium oxy-
sporum) i%ola ed fom a PAH-con amina ed land fa m
% e [59]. PAH deg ada i 10nw a® de ec ed by ga® > ch. oma’o-
g aphvand e Spi_ome J+.In heinoc a ed Soil, on ape. age
99%, 99% and"96% " of: he dlffe en concen alon of
an h acene, phenan h ene and prv_ ene e Spec jwelv, in he
oﬂw ee emowed b'w he mlc obial con o imowe a70-
da,w pe. 10d,¢, he_ ea¥ he arroch hono mlc obial comm -
# of he oil’ bh(w ed limi ed abili o mme ali e he
PAHb When bac e ial o fmgal i°ola e® fromr he

con® o imey ee e Spec welv ®ed fo bioa igmen a 1on
i he miine abk a oni of an h acene ¢ a¥ fo lndr o be 1>

efﬁmenr hanw hen heg hole conbo i mgy a® p e%en . The

¢S 1% indica edr ha i he mic_ obial mu |e I ended: o
gh(w Swne gi® ic ac i compa edgy/i b hé monoc il re
i%ola e%d uk ing he p oce®® of bioa igmen a ion _ea men of
PAH-c amma ed Soil [58].

A mi ed con 0 im of ﬁwe bac e ia (Bacillus Sp. BIF,
Bacillus ®p. B5A, ‘Bacillus S >p. B3G, Chromobacterium S L.
4015, and Enterobacter agglomerans



—_

—

o_ i hou # ain JMP222N (pJP4). Re® 1l ® Shay ed ha
cocoon® con aining’ he 2,4-D-deg ade_ w e e abler o
ole a e highe lewel® of 2,4-DCP. The%é e 518 S iggeS
ha i he . eSence of mic obio a con alnlng ca abolic
abili ie® mlgh 1mp oye hex lmwal ae of deweloping
ed_ }w 0, mSy hen her aee po ed 6’0 1c chemical®. In
addi ion, cocoon can Be 1ed a° ca_ie ® of beneficial
bac ¢ ia, ® 1ch a® polliran —deg ade S, for he1 in od ic ion
ino he enwl onmen [63].
2.3.2 Bioaigmenaion ©ing combined ¢ onaion and
biodeg ada ion

Bioa lgmen ajongy a® pe fo med in a e ai ie S0il con ain-
ing Sewen PAHS (naph halene flo, ene, phenanh ene,
an h acene, piv_ene, ch s »ene, and beg o(a)pw ene) ©ing a
combina ion of 9 ond ion and a con o i m capable of
deg ading wa io ** PAH® [64]. The effec’ of g ona ion on
he ' emoyral of PAH® ¢y a° de ec edgyi h ga eo ® ¢ one a
he Concen a ion of 12 mg-dav '. The sl SShay ed ha
@ ona 10nwab’| iie efficien ins he _emopal of lqy -
molec fa g eigh PAH® (naph halene, fl 10 ene, phenan-
h ene, and an h _acene) bir- no fos he emowal of high-
molec ila W e1gh PAH® (p_ene, ch o ene and bep o(a)
p"v ene) f om: he Soil. H(w ove, ¢limina ion of PAH®
in¢ ea Sed’ app eciably ¢iih ¢ one’ eamen in and
con aining 0.03% o_ganic ca bon [64] The%e e il S

Sigge®r har he combined Pesa men *;1 h ¢ ona i6n and
biodeg ada ion migh be a pomi 1ng bio emedia ion
echnologﬁ fo PAH-con amina ed Soil. Thé _combined
@ ona ion/bioa’ 'gmen & ion app oach migh be 51 able fo
hi® o icall* con amina ed % e> Sich a% he gafy o, kS 8ié
men ioned aboye [57].

2.4 Emwi onmen al fac o * affec ing bioa igmen a ionin i «

S 1cce®>f 1l bioa igmen a ion in ¥ +depend® no onbv on
he ca abolic capabili of he inoc Hla b al®o on hei,
l'v]'val in con amina ed oil® [65-67]. Enm onmen al
fax:o ae he ma]o faco impac 1ng he uwmal and
ca abolic ac 191 3¢ oﬁ he irioc nlgcedx ain®. Well- -kngy n
enwl onmen al fac 0 Sich a% o Wgen pH; epipe a re,
wae con en pho pho nb ni ogen and Soil el re, can
hawe impac > on; he 'S nmwal and ab lndance of i he
inoc la ed and indigeno * mic 0o  gani SmS. D -ing; he
bioa igmen a ion of a oma ic-con amlna ed Soil, caSe-
dependen pec1ﬁc engi onmen al fac 0 can albo plav
impo_an ole Fo e ample in he bida igmen a ion of
i obeg ehe-con atnina ed Soil by .ain ZWL73 [21] o
PNP-con amina ed Soil by 5 a1n WBC-3 [68] m i wa ia e
analbvSiS Shqy eds ha 1 he ‘concen aion® of pollivan S
(ni_obegp enco_ PNP), ammom im, i jieandni a cH € e
co_ eha edwn h' he dec ea%e in pollivan concen A jon’,
hé’ ac il onf deg. ade > and he comm mix P i e of
ammonia-o idj i 1ng bac eia and a chaea [21 68] “The
perb]r“‘ ence and ° lmwal of inoc a’ed & a1n depended

I

I

—
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—
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on he1 abilix o /vil e local e S0 ce® and con aminan >

in Soil [21 22,67]. Fr he mo e 1nd1gen0 ¢ comm mi ie®
hawe been demonP a ed o e nb ecological inga®ion [69];
he % 1cce®® o_faili | e of bloa |gmen a iongy ill depend on
whehe a peacef 0] coe it ence i peben bew eeni he
inoc ila ed aln and indigeno * comm mi ie®.

3 Perspective

Bioa igmen.g. ion P, opide® ce ain adwan age® in ca®e wn h
pollivan 1 o iciw or an ab%ence of app opiae mlc o-
o_gani®m® (bo h g lann:v and | alix) [16]7 S 1cceSSF il
bioa 1gmen a ion ét H eSa con 1de able bioagrailabili » of
he pollit-an 5 he Wuval and ac 19«1'* of he inoc da ed
mic 00 _gani Sm%, and’ he app_op ia e enwi onmen al con-
di ion® [16]. AS p_ewio Sl Saed, bioagmen aion
appea_ 5 o haye gea poenial fo i he emedla 1on of
a_omd icS-con amina ed oil, and mlc 00  gani Sm® plarv
ma]o ole® in: he p' oceS beca e Ofi he1 immen®e
me abohc capa(n 1e “fo_s anbfo malon of a_oma 1c
polliran ¥ ino een ialli ha mle5s o, 1e dange o

compo md®. Selec ion of app op iae mlc obial 8 ain® i¥
he mo® impo_an Pep in én®'ing S icceSStl bioa 1g-
men a ion ea men fo bio emedia ion.

Many > a1n Sed in'bioa’ ngmenalon hagre beenS died
o iden ifiv’ hei deg ada ion mechani®m of heco e pond-
ing a oma ic pollivan S [3-11]. P epio ¥ S icceSST il caSed
of bioa igmen a ion of a oma icSicon amina ed Soil haqve
Shqy n ha no onkv b‘mgle» _ain®bre al®o mi ed conl S0 ia
plaved impo_an ole in bioa 'gmen a ion _ea men [19—
22]. Fr he i mo e ph:v *ical, chemical o blologlcal me h-
od®, ich a5 pIan S ca_ ly o m egg cap de® and ¢ one,
co dd be i 1n .od iced in Combina i iongyi h bioa igmen a ion
0 inc_ eaSe he emedla ion efficiency [23,44,64]. Bio® a-
i%ical me hod® hawe been ed in he anal+Si® of he
mlc obial ecologr of bioa igmen a ion [19,21].11 1b likebv
ha’ he mo® effec i e elimina ion of con amman w ill be
achiewed °ing mic 00 gani*m® i%ola ed f om % e “wih
long— e m hi® 0 ical con amina ion [57] To enSre a

S 1cceSSfil bioa | ugmena 1on; eamen, i® wal abler o
kngy: he compo®i ion, pa ial and empo al di® _ibrrion
and pop da ion drnamic® of indigeno m1c obial com-
m miie®in he a _ge habi a opkedlcr he po én ial effec
of Soil inoc ila i6n [70]. To dae, inc_ ea®ing amo mn of
mic obial genomic daa hab been bé] ienced and i®
ayvallable in p iblic da aba®e The ei®po enial o analy e
he> e da aba%eSi o iden ifv nowél pollivan  deg ada ion
gene® o7 o dewelop enginee ed ® ain® fo he bloa (gmen-
aion of polliran -con amina ed Soils. T i% nece® Sa w0
de e mine: he bio%afe» and ® l'vl'val of inoc ila ed
deg. ade ¥ oopimj e hei efficacy. "The e a e in e ac jon®
bew eens he inoc daed’ Praln 0 con 0 ia andr he
indigeno > mic_obial comm i ieS; "he i inoc laed S _ain®
compe e*n v he indigeno * comm i ie®, g hich mlgh
decrea ¢ he ecological dmeﬁl ¥ of he Soil. In ra ic ular
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ini he ca® of bioa lgmenaion ®ing gene icallv-engi-
nee ed deg ade ®, i i® nece®a: o enres ha 1 he
englnee ed deg_ ade:kb dono ¥ lwlwe berond he comple e
emowal of pollrlanb Newe héleSs, enhancing he ® tgri-
wal and ca abolic ac i 3 of inoc ia ed deg ade 'nd
main aining he o iginal mic obial ecologlcal dige’ S of
i he Soil ar he Sanie ime, emam e ea chplo iiedin he
field of mlc obial emedva ion.
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Aromatics-contaminated soil is of particular enviréituas vorein ao 1 vamuvie
carcinogenic and mutagenic properties. Bioremediation, a biological approach
for the removal of soil contaminants, has several advantages over traditional soil
remediation methodologies. Bioaugmentation is a widely applied bioxermediation..
technology for soil remediation, defined as the introduction of specific competent
strains or consortia of microorganisms. A number of reports have been puli...__
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and their capacity to adapt to aromatics- contaminated environmer.'_ [ hus.

microorganisms are major players in site remediation. This review addresses

the bioaugmentation of aromatic compound-contaminated soils usmg a

specific strain, a consortium of microoz#EsE - ms. or micrgoréanisms combined

with physical, chemical and other biological methods. T_
bioaugmentation process relies on the immense metabolic capacities of microbes

for transformation of aromatic pollutants into essentially harmless or, at least, less

toxic compounds. Aromatics-contaminated soils are successfully remedmted with

adding not only single strains but also bacterial ogfungalsconsortiamburthermo

several novel approaches, which microbes combined w1th physmal chemlcal or

biological factors, increase remediation efficiency of aromatics-contaminated

soil. Meanwhile, the environgga*-'-£-ciactn’s ubormaeppittladenpaas drcun B
bioaugmentation process. The biostatistics method is recommended for analysis

W
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