[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

) el Ao
\f'\' QL:-..J'U ‘\' oJLQ.i ‘\? 092

b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

Lo ¥T pVhces 55 Loz, B i3

S adlae &

T ) ¢ Sl e 12
Ol Ol g2 3lanl Oy dgd oSl (g5, 5LiS 0aSLEls (St 508lS 5 5 SLslaul-)
Ol ¢Sl ekl oKl (g,5LaS s aSiils ( S 5alS oy 8 Sl =Y
z.bahmani@ilam.ac.ir
AARAVERVAR RGN '@)U AFY/0Q/TY sl s '@)U

\WV=Y" amin

ol

03 7S lide 53 Gy ame oy 595 4 omie (e A 5 Olgr nw 5 Jb 53 Loy 338 O st
S5l 5 o pslie SLS 5 el sladileny PSS I WOR- SN PRIV VINE Pt B O NPURICI PR
38,0 an Oy e gy Olpean Voo Sl ol b as Sy SIS Lol WY 4 S
@I S 5 Ol 55 ot ad ladnl b S0 L Shs onl 03 ol sl b jae S slame L 5L
Sheslial L dde sl S 5058 ol 53 sl o bdd o e LS 5 s pslie 5 o LS 5
S el VT Gl 5y 55 4 omie SOl o e ol 3 51 o2 o cnlin placd 5 (S5 sl ST
e o sl gl e W5 SUIS 5 Gols 50580 s 4 bz B Ole cpl 5o 5 s S5 Jas
SIS (6l e Sl 38 0T ol by dils o3 Jamn 3 (0l 2V 5) sdiS ey o O ey
sloml iiSen o Lol MT L e 5 S0 G b 5 a6 (503l cnl 5> s Do 4 S5 Jams
33 gt ) Copenl 4 a5 e et VT 3l 5 3 L (solot e Sl sl 4 e Calgd 3 5 S e
Sad atls Skl ss 555kl 4 0SU S slaacer 1B il sl 2 s

3 e (5B GG S (s 4 g ST slaely

ARY


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

SLagB Lol S Vs 55 oS g,
e S el oS s NS T S
Sl edis SUS 3 s jas s liSsbl ol se
oAb SSsST s solasl canl 55 ol
LgL_AGJLB .(Smith and Read, 2008) a_ s
ol G jed O 50w )Y)—{wy.ﬂ ﬁ)ﬁi\-‘
S S\ 5 S e 13 Bl 0LS wiy L
28 1 La0T 5Lss,ge 3l ye 555 glacioa
32 A gl g B ol S0 b s
Sl o3 sl 5L olS sladphe 5wt @
LS o i ea Lz U 5 0llS aS g shiles
Zhang ) L g e 35w SOASG L LU 51 5 e
cedie gl Sgy 3l ess,—sl (et al. 2019
23 3 s o M slge L sl 2L
o i a5 s gledl s iscesl
G ool 5 5y b e eslinal o o SlS
Il Olgean cul SVLoans ool le
s 5Slasly sladsslS 5 pfomw olsl
L (phytoremediation) LS VLo )
Cecietal. ) L3 o i >0 VLo
(2019
@Yhow ) sl

Sl s o 55 L SO Ve
5Bl s Sn a5l eslisd L S
Bl o 1 Laat VT 51 o3l 5 gl ) Ca

LAM@J\}JK:A (Kumar et al. 2021) Ll

YA

4oddo

shul b s St L Ve
Slesleal L aS el s s L 850
03 3o de sl N b SIS0, S
[T PRL S PSRRI Y P PUSRI PN
Ladl 31 S 5 eslinal Ly (5,51 (506w
LaS1 g3 ool 1y o slaea VT il 5 e
oS GVsame plo s Gne S (S
Mohamadi-) 4=cS Laos cdsjls (6 2 Coan
—= gladl_o ;5 (Sichani et al. 2019
G380 4 alres @l O Kamss sla 230
3o T laellanss bl 5 aias )2 Il
Wl et it o See e S Ge b
Shestiswl Lo ey ST S 5 O g3,
L oalie 53 Ol a5 5 b eslS 15 S
O3 e e rmb 5 505, SO dgons sl sy ple
Kumar and Dwivedi, ) ol jILL 5 43 0 4

(2021
S~ (mycoremediation) >, VLo
e ol sl e LAGJG)'\ S ol gYhowns B,
o bz b S e eslinal Jase S0 05
LS5 el s el S S
Ol st St a5l glac )l
ol sl 53 S e 5 eSS
SILSL sl p b Sl 138 0T s

)\ ojj_f U'ijj("‘e" L))&)Wﬂuw)m


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"L@GJ&:\J"YI &Ylﬂ@.&dﬁ) BE uGJB u.ll:l.; 4M 9 k;'.l.a.;.l.wj:ﬁ"

b 5 O L DSt e Fesle slad S
S el VT pons (sl s3lm o i A3
OV yames a5 LS o eslinal Ol s 5 Ol 20
Y el OS5 Ll s 5 055 %0 S8 o
e oleSh sla g,y g aS cul S5
s SoSh S | s (G5l
) i e $5ls8 St 5 JT LS 5
(Cecietal. 2019) ol (5315 o sladsl
DS slas gy Vb 53 IS 5 5ba
go s Gin situ) J>e > 05,5 53 4 ol 03
slas Sy, a8 Lsd o0 s (X sitU) oo )
Gl seS fal 2 > C)Q
O30l 3 «(biopiling) | s (composting)
e e 03 slas S5 s, 5 (land farming) (e
4 3¢5 (bio-stimulation) o3 & 5 el

P SN >~ «(bioventing) .o ;

Liea 2,6 YLcoo; 5 (bioaccumulation)
alsl 43 a5 (Ulrici. 2000; Akcil et al. 2015)
el sy T 51 S s s s b
L
3| WO WN o

S ol Rnt 6‘-‘*6}7‘}*”‘ 3 L;)'Lm;.w};.«S
Gk 3l s el rl.?u.‘ J{LB il gla ulide o
(S sl S il b sl Son e
5 b s aws b St ol im bl

<=l>.¢,\ (Lo S s b b a5 Sl pu

V4

Lol 5 (SS9 Gob 5l g, ddax
Cole 53 S e sloml Sl 1 eVl
b Ly oo Ol s sbnl 4 e
o=l (Gao et al. 2022) L yi o et VT LS
slas VT 5l sy w5 L 8515 e
slge Sioll Col primman 5 S e eslizsl I
Al (gdae ) slge 5 ed 055 20 AL (g dse
Lacerdaetal.) Lo o ClaS jole 5 ) 44 5
=k Sl = s 51 rl resdle (2019
NP PRCPU TSP W P PO AL P
Jobe L;La(._wglfjb_(.:.a .(Friesen. 2013)
S S e S Sl slage BT g st
Eel 5058 @i |y Ol bl godmmn JT 5150
Segura and ) L3 o 3l5e ol ):QLAT 2
Jsess ssbas pla 3T oo (Ramos, 2013
il slae e S5, o e ol 8
=8 sbea S (Neifar et al. 2015) el 5 4
H20 aibe Sesle OLS 5 4 |y Lasay VT Cilisis
gl Olyean Cule 5o 5 03,5 L3 COz
S e oalinl b S5 A, Gl S
3leds Ols s e i (Kumar et al. 2021)
S e el 0 oS el LS Ol s as O3S
spam 3 el slad e & I slse 4 s
Sl i AT nl S o plndl 05
S JslSO J b 53 o b e sl

Lot VT ay o s bS5 S


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

OUI{ PY Iy U PR VP S NS
3 Fed S S Sl el S
5,505 ol ol Lo VI Sl S e
03531 G 5 e iScal Co 55 gl i
Wedemeyer. ) 553 o esli ol 28 3|50 4y
(1967
S 3 & 5

Cdlad sl s skean 5, 05 s s
Wil ol (sdin 5150 o SlapeilE1s S
5 S am O5eST 5 fed 0555 S e
5 (Rigas et al. 2007) sd_i w3l o5 J1 slac]
3L SL Sdae sl 5 dl s oS el
5 S b Sl e 53 355 slagols
Kumar. ) doas o ol 3l sy oo 55
oy vy i glay Seu s (2011
S vy S a5 dies ooV

.(Marzan et al. 2017) L 55 o 4 52 e

) 4 5¢
Saws 55 a5 VL 5l S, ol s
:b»;Q}:MS\L:ﬁfJ»ﬂJBLJM);L;LA:J&j)
Gosp o3l Jomn i 5 05555 Al i
Sl 5l LS O3S i 5 5 e
Sl 31 s 3t a5 sl
N P S LR VEpA-L o P

Ls_il_«ho.,\_..iy] R LS‘J—’ [ N )jla‘t.: uj”ﬁJ U'i(

aul s by (Kumar et al. 2011) 555 s
el sl Lo S s Son Il s 5
Sel e 5 3 sd o0 s Rl 4 e &S
GO [P PONC VA | BT SUICIN | PR PO |
3l gaS 25 g0 bl seaS 53 (S sl
el LB (s5lon o op 5 SOlsp oo 4 o
Slap Do 4 01 IS o Sl Ll el
5 ole G gaS Ol o 2eS 53 a5 o
.(Huang et al. 2009)s 3 -
Je 9w

Vb Jou 5l o s SO, 5 (S
Sl Cogpme 50 ewjedsS 4 4S5 ol Biopiles
(et (A3 A e ahal e G Jel
o301 Glanl i soslaer w5 UL
cble pals ol i s SO, SRR
oslizal ol (g lim oSl 3 i glaed Vi
Laod VT 58 cnl s g 55 5l 5 358
PH 5 O3St it sl b S ozysb, 28
(Neill et al. 1999) .l (5,50
R SFSLPIC

eV e S s el 5, S,
Golim o3 T S 0T J3 a8 sl ey (55l
Sy a5 edd iy eslel ey (55 e
St X5 e s baedo VT a8 Slog b glo g
YO L Gos o odas 5bar 5558 0 SO


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"L@GJ&:\J"YI &Ylﬂ@.&dﬁ) BE uGJB u.ll:l.; 4M 9 k;'.l.a.;.l.wj:ﬁ"

P PL 5,8 s el dLizes Al 4 oL LU
o 530 il gl BT 35 5 Wy e
Jang et al. ) des Ciliiee laoa VT a2
(2009
s Polyporus sp. dsle SKnd 5K szl

3 Phanaerochaete chrysosporium

0 S or ol sl sy pe i (VLS
3 s b Al S e Lag U ol s
Birhanu and ) o8 o 55 | e slasa YT
4SS el esls OLis s Jia g3 (Tesfaye, 2020
oo G Sl ke Sdwsy bl slag U
Lo Sl 5laS| sl il =i 5 5 b
Sheslital ol esdle S e asas |y b
i~ |, Pleurotos pulmonarius 4 S
i s Js8 e b S glee VI
S da S osba Cl en g el S g sl
L8 2L ol lap s =026 55, 7Y
sl Sl s PV i~
(Njoku et al. 2016) L o341 slaSt=
[EYCWIV TR V| PP IR slaz b 5l s iolS
i Sy Jul g 5 Tinea versicolor wsL
4S 5,05 5459 Pleurotus ostreatus sl 4l
Ay Syl slacn S oodem s Ul
S3osliS Sluls s 5550 (PAHS) (ladl>
»s .(Rosales et al. 2013) a5, g

LSLAG")[—; S Cul ol u-‘-’b*:““ 6\4_*.]&»

Y

DU DI V-C I [ W P AL S R S VRGOS T
.(Rigas et al. 2007)
(S )

L ol ol S (s o sy 03
AP glm el (S plse Sl il
A o Lol e e w0 Laed VT o 5
L e slao] 5 SLs as JLol s
A 5 s st oSS b SLs 5
L5 3 yb on o3litul e jaeans 3l Lilods o34l
Aol S 5 sl e b LS 5 Laed YT oyl
Sy o=l Gls S s ban pd 4 e
S oK Sl Gl o s S bl
(Neill et al. 1999) cwul Lasa T
7B @Yo )

Sl csolal (63,555 (206 Vo
Je Losobs gl = e 5 oy s U
3l el OF 5 S ST a5,
5 e S Gl A e A b
53 Seaslie (Jhuz b Sy gl 5
PH 5 cosby bos Sllug 5 nKw Sl36 ol
Lol VT (5LSL gl 5 owlis a0 S g,
o=l > (Khan et al. 2019) it a o
b slaoa VT s L SV
B et b S e b 3050 0 15 O]
Yoo s (Kumar et al. 2018) u_S .-

e, 5 S 65\ﬁ4_ila;x)>):.i..:_3&>;)l5


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

Bz6 2V ) Jeily
b by el s e Juds 4o gl
5 oS4 S Ol e g B § e (S ple
5 Sb wl cilise sl tegu S 5s Ca es
.(Zhang et al. 2019) 45,0y T glaolKios
S yp{ WR-Fou | ] W IS gy S—Y S
355 g gl Sl 5o b il 15 oo
s s il slaelSay; 5o i LUl sl
Dlpea bg,B obul o et bag 5T 51 a
el ods VLo gl el g4 S
Pk o s Ik 5 sl 5T 51 g,
Syt o 5 4 PASO oy S s 5 5laS] dbe
oslit el Lol o1 oy 452 Py pa—
Durairaj et al. 2015; Morel et al. ) S
sla jfags o a (2013; Gao et al. 2020
ol plowil )8 Vb e o s3b5

adaz 5l e s 31 Goln 5 Ll ol

el slis Sy S b 4 gla s
s S s a5 S el 55Tk 5L
e S a—m IS e S e il
5 S SoS Yhoen s s sl sl
ol 5L e slaass gileoslas o uils ol
=l oldlas s iclals dalsr caenl s
Ll o 0505 IS ALl oS ol ol Gasis

J_ASU,.Q.Dr_,.:«.Al) &YL’C .:) le.h" o

.(Deshmukh et al. 2016)

YY

Loy LUl Penicillium o Aspergillus
Coo 5 Al ol S e slaclg
Huang and Liu, 2014; ) 45,15 |, L_gj'l_.,;(:j_;;
Gl ods (55158 ioees (Reya et al. 2013
o) S 55 s e i slagn S 5o
SLas S lvsd e ssba (5558 5 e
P.  chrysosporium 5 A.  niger =,L_3
» -(Maruthi et al. 2013) X 45 o SYhooss
LUt sl e palie OS5 Laassl bl
Al s s 5 OLl ol (g5 L0L5
o psl—te DL .S 5 0L 3o
SLS 5 sl dosr ST slacn Sosda
A S 53 YU Sl oL L sl I
Aspergillus curvularia 6u€,u L ougas
Drechslera

Lasiodiplodia Fusarium

9 Rhizopus Penicillium Mucor
Deshmukh) .55 » oVLcos 5 Trichoderma
sseslaal sy Sl sy (et al. 2016
Sl el S e (55,505 o
03 g ke e sl b ol 5 LS wle
sedd glde oy syl OLS 5 nl Sl
Sl OLusl O 53 cage 5580 50 508 YL
sla S (Gao et al. 2020) LS
Rhizopus 4 Aspergillus versicolor o ,L3
o S8 WS 5 ol VL ceen s 55 arrhizus

.(Kumar and Dwivedi, 2021) L ,ls 55


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"LQG-LZ\J"YI &Ylﬂ@*ﬂn‘) BE uGJB u.ll:l.; 4M 9 L;‘.LQ-:-LMJJ:ﬁ"

eV Sl bl 515 Sk

S 5 dlaslalb,ls sl ol iscsl
ol Lag b v s badss 5 5 b aud 55
Bose et al. 2021; Kumar et al. ) ¢l el
SUls Loz, sl 5 s o (2021
ez OF 51 aS Wyls 58 0, e Sz 00 a2

}J.:.cl_ws_,_:;dj)‘ 4 :Q\A Td

Solew Oy 8 gl a8 LS LS 5
55 oLl s i e ssliul o ol la
cilis glaoy , S (Podbielska et al. 2020)
white rot ) Liw Sdwy Julse b 0
«(brown rot fungi) les¢3 Sy (fungi
Sl 5 L;l_AGJLB s (yeasts) L__a asee
la S ol YL s s (filamentous fungi)
D i Sy ol slazoB Ll Ll i
Kl ol e il o5 s
rn 51 SLSY 5 5leSTy S Gl
s $3Sh sl addllas 555 slawy S
.(Zhuo and Fan, 2021) tas La iScil
bl 5 Trametes versicolor G)G Jls Ol ge s
5 U35 ey IS AS T e G
o=l el esls OLAS La a1y g te e
e A0 o35, VY ey S b S o0
Sl 5l Ao 3 A ey o IS ES el
L o e SS 3l 51 Aoy AY 5 U450

03 3,5 6LaSh e ndi a5 YO sles )

Yy

bzl hwy lbuffoéT @ Ybows )
(s gbaanl b s olend slge Sl eslizal
laaces 5 glas slatbasl (siyslis
slge Hlanl Col boluil o ey, S5 il
Dy o Sl 4 e 05l plad
atld Gy Ja e oS 03 0 pliacd 3l
Lacp Sasdeen dasslse S ol Juls ol
slpe 5 0dnS faste Jalse sl sladd>
PRI IRTRN] e s (55055 pland
(S o i) oS Sl B 5 (la 2Ses)
23 (G e cp S (LS cp presls LD
Sl S O Ll e 5l sla
LS sl Lagludl 5 Ol e s 3loas
LAJ:;SCJT sl < ,2e (Kumar et al. 2019)
L e = =B ol L, ol sladle b
JL s L(FAO))SLé uijlj-f Gk el el QLIS
¥ loi gi,slaS s e aSesl sleslinal YeYY
|5 (FAO. 2022) ceul 03 Jlu 55 o5 O sekes
Sl s e Llnl K ol dl s e iscsl
3 DV il 5 Jpae )58
3ol dile 5 Ll g B (ol i (LT
ol .(Ortiz-Hernandez et al. 2011) e
Sl LSl (5 mae DI L WSS ol
stlaell DIy e e e 3 YL
Kumar ) s ol o CGida o Ol g 40 5l

(et al. 2019


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

s Lo 53 YU e 5 ) e O
33 S o ST caslie sl ol cpl po e
u(ﬁ)j s Lasetsn b oE e e St
Sl ol e 5 g e e Dls g se
dnalr SV a3 3 SIS Rl
Kayode-Afolayan et al. ) c—wl sl O,
4SS Col el asie 2l Oldlee 55 (2022
3 s b e s Ll
O, s lasyls) mls OV s e
5 (Somdlis slag,ls 5 ol ws glagls
Rodarte-Morales et al. ) a,ls |, 3l
s 3B S 5B 65 S o e (2011
Lo Showsy Jolse clies nols OV pams
S Lasls e o sl bl oS dits aiy
P Gl 58S Jske 2 glag sl
esleul Jol o Bl GLsY 5 sla—ust
S s
&l 03,28 yba T, versicolor o=
Sl 4 S 18 il 550 o ssls a2
ol asS ) (Tran et al. 2010)
5 Dol comeliesdnl (S5 U (SIS
dny 7B pl S e o L G S
Shaess Yoo o3 A4/8 5 5w 5, VY
Dalecka ) 5,5 4 jo | 3 0558 5 SLi IS
el Sl eslial (ol esdle (et al. 2019

Y¥

oL iS5l a8 conl ol Lasiine o bl
Lozl 5 Ll (20 Glaany) ol Co
3 03,5 saodas can il gbcd ple W5 L
s e L L ST sl
slam 3l mesdle (Hu et al. 2020) s
b e s el sk £ols
La iS5 esl ooy 55 55 55 PA50 o S s ale
.(Magan et al. 2010) L,ls ol pws 24

Sl sdme sl G)l_é S 5 3l ealas
el Slos 3l Sl Sl b 2SS ST 4 a0
s e eslital e 4 Sdes slge b 25l &S
Phanerochaete S 5 JlL_s Olgea
silSL ¢l 55— 8 L chrysosporium
B Lﬁ_BT 6LAJM_§¢,_J a ehj_ﬂ slasl=
ssliul gl wor Sls,l gl S55dn
ss—am 5 S gsLash Ol colg js s
Aden) e A3 ¥Y 5 2L S S
DS 4 ol wplas e a8 Sl s S I
ol rals il 4 g 5LSL ol il e
.(Wang et al. 2014)
gl (bl 9 (29010 DY gae VBT )
bzb

o355 S e s e Y e
b ol i s sy slaeaoNT )
o) S e Sl ST S,

03 s e 3 YL gLl lls oS s


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"LQG-LZ\J"YI &YQWJ BE uGJB U’:";" ‘M 9 L}.‘.LA.;.LAJ:A"

dslr Gliley L& 5 Jam oy Sl
el (033 Cead Ol ¢ Jome 5o pldl (6 g
3 5 S B Ly S5 (oS sl
g JB s e A g O3 e e
Ao e oS oLl sl slae sl
o dd E515S hs onl Gl e e s
Oles 025 SV sb ctusydoms (p Joge .l
ol s e VT e Ly i~
Sluls 5o LB s, el Lavmf;k_f)lbi:ﬁ
g A e el Sl 5osliS 5 e
el Ol ot oS s e DS S

.(Akpasi et al. 2023) s3l6L

A e b gladlae js ol sl 55158 50
Av B> Ul cela YY b b ol s
] SO F a1 CHNURI DUFITE), -] L | R W E
Ganoderma applanatum 15l =6 slad S
s Ul 50 Laetiporus sulphureus j 4
NSl 5 als OV e LSt s
.(Bankole et al. 2020) &,ls Sl las
76 (@Vhom) ok 9 bl

Gl gl as ol Gy sl baslie 5o
3,08 358 e eslizal Jaows Cony laod Vi
3 S s Gl 1) 3L Ll o5k )

pd\ﬁdﬁngJlSJJls ol o 4y Laglidl

Laol Gas SlaS 5 5 Vb caw s Ho il 2,0 glaaisS lav 5 ol i S ol =) Jgax

gl ok 4o DS 5 Lo 51 T LS
Danesh et al. 2013 o i LS 8 5wl Fusarium oxysporium
Rhodes. 2014 Sy oS 5 Sy S Bjerkandera adusta
Tavares et al. 2017 O s S5 Lajl8Y Tinea versicolor
Gosh and Gosh, 2018 iS5 135 3150 B Aspergillus flavus
Trametes pavonia«

Singh et al. 2015 la_isesl 5 b isile

S 55 a5

Penicillium verruculosum ¢«
Penicilliums piculisporus ¢
Botryosphaeria laricina ¢
Aspergillus glaucus

=0 Jime sla i, Sl adls sds 5 051 5
Lo sy o) Ll el 6 e dols slailonsy
Ol etmen 5 s A ST sl
Sl s Sles 6‘—%—*:.—3@)‘};{:‘ Sl ys

S EPR v&b 65‘55),._(5 6LACA_9J,.IM.3 J}Jda

S a0 ol Sl (Vb
03 St el skl (5 OLIa W
OIS ay omis a5 I s sl 508
Laoldl gl godane 2illg 5 e s

4 S| .(Soobhany et al. 2015) o ul od


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

(o VLo s gde B VIR
Slsr an 53 e 5 ol OF 035 5l
el Ao 3 s e @ L VT Gl
Sosld il L;zUS Soetr Slp o5
Sl S Sl ealinal b sl o3 oV o5
5ol s sl S gl Sl il s
= AL S3IS1 oBle L s S
Cile 5 3,8 SaslS Lea VT ey (o 5
s Sl e 53 Ol s a8 5 S e Ll L
Olyea 653l (nl G lamme (S5 T 5 o5I
el el Sl sl 33 4 3 e (5515
S e Jes Lt St e 5 b
) G e Ll el sla ey
JESITRY U ISP WOy P P
3 m S sS il 533 5 S e
Ll S8 e (g, 6“@%@)‘))5\9
33t Sl p o 5,5 15 eslinals e 2
3050 03 PG R G s 2D
el 5l g0 2V Gla S
s 53 e S e S
el alin o, glaa 8 Clssl a5
il sl 5l 8 anl ol 2l
3 Somab 53 (256 g0 S s oVl
02,5 Salasl gl p raman 3,8 15 oL
il el sl sy andlls o, S0y, ol

B S SR SR p—.’.jj e

AR 4

St Al Gladilaay w85 Gl 5 (i &S
Ly Osewlblie s 5 3l seS Sl ola Sy,
oslewl .(Deshmukh et al. 2016) s slely
1l SLS 5 a5 sl La iy o Sl
AT Gt gaS 5 585 1 o e
SYRPIPUR RUCE I JE RPN
2 Sl ks Wyl 558 5 S w g
SV ale 0 la 5T 51 el 3 gl
OV Jsa) 555 g eslinal 5L 5 5l L5
el el LS 5 La 5T o
L5 Sl sl iy 5 Sesle LS 5
Jers i 5 o a5 W
o35 »> .(Deshmukh et al. 2016) 4S5 ..
Slesleal o e sl 50158 ilucan 5eS
9 Armilleria gemina A. niger A5l u_il.aG)L'é
Hattori et al. ) >,ls 55> Pholiota adipose

(2015

S 5 Ao
by o Oy e gy SO OB oVhees
O3 = o 3V Sl S 5 e e L LS5l
g \_AG)B Sleslewl Ly e e Yi
adlas ) 3 el LOTH) ekl i 5 DS 5
G sS S s plend (g OlHU
ol s b S 15 aadllas 5550 2,

aorlpe ol Glalossdoe L s (5 sl


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"LQA.X.LJ"YT &YQWJ BE uGJB U’:";" ‘L;."Q"GJ- 9 L}.‘.LA.;.LAJ:A"

References R0 o 58

Akcil A, Erust C, Ozdemiroglu S, Fonti V, Beolchini F. 2015. A review of approaches and techniques
used in aquatic contaminated sediments: metal removal and stabilization by chemical and
biotechnological processes. The Journal of Cleaner of Production. 86:24-36.

Akpasi SO, Anekwe IMS, Tetteh EK, Amune UO, Shoyiga HO, Mahlangu TP, Lewis kiambi S.
2023. Mycoremediation as a potentially promising technology: Current status and prospects. A Review.
Applied Sciences. 13(8): 4978.

Bankole PO, Adekunle AA, Jeon BH, Govindwar, SP .2020. Novel cobiomass degradation of NSAIDs
by two wood rot fungi, ganoderma applanatum and laetiporus sulphureus: Ligninolytic enzymes
induction, isotherm and kinetic studies. Ecotoxicology and Environmental Safety. 203.

Birhanu GT and Tesfaye A T. 2020. Mode of action, mechanism and role of microbes in bioremediation
service for environmental pollution management. Journal of Biotechnology & Bioinformatics Research.
2(3):1-18

Bose S, Kumar PS, Vo DVN, Rajamohan N, Saravanan R. 2021. Microbial degradation of recalcitrant
pesticides: A review. Environmental Chemistry Letters. 19: 3209— 3228.

Ceci A, Pinzari F, Russo F, Persiani AM, Gadd GM. 2019. Roles of saprotrophic fungi in
biodegradation or transformation of organic and inorganic pollutants in co-contaminated sites. Applied
Microbiology and Biotechnology .103(1):53-68.

Dalecka B, Juhna T, Rajarao G. 2019. Constructive use of filamentous fungi to remove pharmaceutical
substances from wastewater. The Journal of Water Process Engineering. 33.

Danesh YR, Tajbakhsh M, Goltapeh EM, Varma A. 2013. Mycoremediation of heavy metals. In
Fungi as Bioremediators; Springer: Cham, Switzerland, pp. 245-267.

Deshmukh R, Khardenavis AA, Purohit HJ. 2016. Diverse metabolic capacities of fungi for
bioremediation. Indian Journal Microbilogy. 56:247-264.

Durairaj P, Malla S, Nadarajan SP, Lee PG, Jung PG, Jung E, Park HH, Kim BG, Yung H. 2015.
Fungal cytochrome P450 monooxygenases of Fusarium oxysporum for the synthesis of x-hydroxy fatty
acids in engineered Saccharomyce scerevisiae. Microbial Cell Factories. 14:45.

FAO. 2022. Food and  Agriculture Organization  of the  United  Nations,
https://www.fao.org/statistics/highlights-archive/highlights-detail/pesticides-use-and-trade-1990-2022/en.

Friesen ML. 2013. Microbially mediated plant functional traits. Mol Microbial Ecol Rhizosphere 1: 87—
102.

Gao R, Liu R, Sun C. 2022. A marine fungus alternaria alternata FB1 efficiently degrades polyethylene.
J. Hazardous Materials. 431: 128617.

Hattori T, Hisamori H, Suzuki S, Umezawa T, Yoshimura T, Sakai H. 2015. Rapid copper transfer
and precipitation by wood-rotting fungi can effect copper removal from copper sulfate-treated wood
blocks during solid-state fungal treatment. Int Biodeterior Biodegradation. 97: 195-201.

Hu K, Barbieri MV, Lopez-Garcia E, Postigo C, Lopez De Alda M, Caminal G, Sarra M. 2022.
Fungal degradation of selected medium to highly polar pesticides by trametes versicolor: Kinetics,

Yv


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bL:.....aU 5“ GJL«‘:’ ‘\9 OJJ.} s;;.m.}_j d;».;‘ 41?5.6"

biodegradation pathways, and ecotoxicity of treated waters. Analytical and Bioanalytical Chemistry. 414:
439-449.

Huang J, Fu Y, Liu Y. 2014. Comparison of alkali-tolerant fungus Myrothecium sp. IMER1 and white-
rot fungi for decolorization of textile dyes and dye effluents. Bioremediation Journal. 5: 1-5.

Huang S, Peng B, Yang Z, Chai L, Zhou L. 2009. Chromium accumulation, microorganism population
and enzyme activities in soils around chromium-containing slag heap of steel alloy factory. Trans
Nonferrous Metals Soc China. 19: 241-248.

Jang KY, Cho SM, Seok SJ, Kong WS, Kim GH, Sung JM. 2009. Screening of biodegradable function
of indigenous ligno-degrading mushroom using dyes. Mycobiology. 37: 53-61.

Kayode-Afolayan SD, Ahuekwe EF, Nwinyi OC. 2022. Impacts of pharmaceutical effluents on aquatic
ecosystems. Scientific African.17.

Khan 1, AftabM, Shakir S, Ali M, Qayyum S, Rehman MU, Haleem KS, Touseef 1. 2019.
Mycoremediation of heavy metal (Cd and Cr)—polluted soil through indigenous metallotolerant fungal
isolates. Environmental Monitoring and Assessment.199.

Kumar A, Prasad M, Maiti S, Favas P. 2018. Mycoremediation for mine site rehabilitation. In Bio-
Geotechnologies for Mine Site Rehabilitation; Elsevier: Amsterdam, the Netherlands, pp. 233-260.

Kumar M, Yadav AN, Saxena R, Paul D, Tomar RS. 2021. Biodiversity of pesticides degrading
microbial communities and their environmental impact. Biocatalysis Agric. The Biotechnology. 31.

Kumar SS, Ghosh P, Malyan SK. Sharma J, Kumar V. 2019. A comprehensive review on enzymatic
degradation of the organophosphate pesticide Malathion in the environment. J. Environ. Sci. Health C
Environ. Carcinog Ecotoxicol Rev. 37: 288-329.

Kumar S. 2011. Composting of municipal solid waste. Critical Reviews in Biotechnology. 31: 112-136.

Kumar V. Dwivedi S K. 2021. Mycoremediation of heavy metals: processes, mechanisms, and affecting
factors. Environmental Science and Pollution Research. 28(9): 10375-10412.

Lacerda EC, Baltazar MD, dos Reis TA, do Nascimento CA, Cérrea B, Gimenes LJ. 2019. Copper
biosorption from an aqueous solution by the dead biomass of Penicillium ochrochloron. Environmental
Monitoring and Assessment. 191(4): 247.

Magan N, Fragoeiro S, Bastos C. 2010. Environmental factors and bioremediation of xenobiotics using
white rot fungi. Mycobiology. 38: 238-248.

Maruthi YA, Hossain K, Thakre S. 2013. Aspergillus flavus: a potential bioremediator for oil
contaminated soils. European Journal of Sustainable Development Research. 2: 57—66.

Marzan LW, Hossain M, Mina SA, Akter Y, Chowdhury AMM. 2017. Isolation and biochemical
characterization of heavymetal resistant bacteria from tannery e4uent in Chittagong city, Bangladesh:
Bioremediation viewpoint. Egyptian Journal of Aquatic Research. 95: 65-79.

Mohammadi-Sichani MM, Mazaheri Assadi M, Farazmand A, Kianirad M, Ahadi AM,
Ghahderijani HH.2017. Bioremediation of soil contaminated crude oil by Agaricomycetes. Journal of
Environmental Health Science & Engineering. 15:8.

Morel M, Meux E, Mathieu Y, Thuillier A, Chibani K, Harvengi L, Jacquot JP, Gelhaye E. 2013.
Xenomic networks variability and adaptation traits in wood decaying fungi. Microbial Biotechnology. 6:
248-263.

Neifar M, Maktouf S, Ghorbel RE, Jaouani A, Cherif A. 2015. Extremophiles as source of novel
bioactive compounds with industrial potential. In: Gupta VK, Tuohy MG, O’Donovan A, Lohani M (eds)
Biotechnology of bioactive compounds: sources and applications. Wiley. Hoboken. pp 245-268.

Neill C, Hawke FR, Hawkes DL, Lourenco ND, Pinheiro HM, et al. 1999. Colour in textile effluents
sources, measurement, discharge consents and simulation: a review. Journal of Chemical Technology and
Biotechnology.74: 1009-18.

YA


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"LQA.X.LJ"YT &YQWJ BE uGJB U’:";" ‘L;."Q"GJ- 9 L}.‘.LA.;.LAJ:A"

Nioku KL, Yussuf A, Akinola MO, Adesuyi AA, Jolaoso AQO, Adedokun AH. 2016.
Mycorememediation of petroleum hydrocarbon polluted soil by Pleurotus pulmonarius. Ethiopian Journal
of Environmental Studies and Management. 9:865-875.

Ortiz-Hernandez M L, Sanchez-Salinas E, Olvera-Velona A, Folch-Mallol JL. 2011. Pesticides in the
environment: Impacts and their biodegradation as a strategy for residues treatment. Pesticides -
Formulations, Effects, Fate.

Podbielska M, Ksiazek P, Szpyrka E. 2020. Dissipation kinetics and biological degradation by yeast
and dietary risk assessment of fluxapyroxad in apples. Scientific Reports. 10.

Reya I, Lakshmi Prabha M, Renitta E. 2013. Equilibrium and kinetic studies on biosorption of Cr(VI)
using novel Aspergillus jegita isolated from tannery effluent. Research Journal of
Chemistry and Environment. 17:72-78.

Rhodes CJ. 2014. Mycoremediation (bioremediation with fungi)—growing mushrooms to clean the earth.
Chemical Speciation and Bioavailability. 26: 196—198.

Rigas F, Dritsa V, Marchant R, Papadopoulou K, Avramides E, Hatzianestis, 1 . 2007.
Biodegradation of lindane by Pleurotus ostreatus via central composite design. Environment
Internationa. L 31: 191-196.

Rosales E, Pazos MA, ngeles Sanroman” M. 2013. Feasibility of solid-state fermentation using spent
fungi-substrate in the biodegradation of PAHs. Clean - Soil, Air, Water. 41: 610-615.

Segura A and Ramos JL. 2013. Plant-bacteria interactions in the removal of pollutants. Current
Opinion in Biotechnology. 24(3): 467-473.

Singh M, Srivastava PK, Verma PC, Kharwar RN, Singh N, Tripathi RD. 2015. Soil fungi for
mycoremediation of arsenic pollution in agriculture soils. The Journal of Applied Microbiology. 119:
1278-1290.

Smith SE. and Read JD. 2008. Mycorrhizal symbiosis. 3rd ed. London: Academic Press.

Soobhany N, Mohee R, Garg VK. 2015. Comparative assessment of heavy metals content during the
composting and vermicomposting of municipal solid waste employing Eudrilus eugeniae. Waste
Management. 39:130-145.

Tavares A, Pereira S, Xavier A. 2017. Biotechnological Applications of trametes versicolor and their
enzymes. Current Biotechnology. 6: 78—88.

Tran N, Urase T, Kusakabe O. 2010. Biodegradation characteristics of pharmaceutical substances by
whole fungal culture trametes versicolor and its laccase.J. Water and Environmental Technologies. 8:
125-140.

Ulrici W 2000. Contaminant soil areas, different countries and contaminant monitoring of contaminants
in Environment Proces 11. Soil Decontamination Biotechnology. 11: 5-42.

Wang C, Yu L, Zhang Z, Wang B, Sun, H. 2014. Tourmaline combined with phanerochacte
chrysosporium to remediate agricultural soil contaminated with PAHs and OCPs. The Journal of
Hazardous Materials. 264: 439-448.

Wedemeyer G. 1967. Dechlorination of 1, 1, 1-Trichloro-2, 2-bis (pchlorophenyl) ethaneby Aerobacter
aerogene. J Applied Microbiology. 15: 569-574.

Zhang B, Wang S, Diao M, Fu J, Xie M, Shi J, Liu Z, Jiang Y, Cao X, Borthwick AG. 2019.
Microbial community responses to vanadium distributions in mining geological environments and
bioremediation assessment. Journal of Geophysical Research-Biogeosciences. 124(3): 601-615.

Zhuo R and Fan F. 2021. A comprehensive insight into the application of white rot fungi and their
lignocellulolytic enzymes in the removal of organic pollutants. Science of the Total Environment. 778.

Y4


https://journalofbiosafety.ir/article-1-525-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-20 ]

"\f'* bL:.....aU 5“ GJL«‘:’ ‘\9 OJJ.} s;;.m.}_j Lé'“n‘ 41?5.6"

The Role of Fungi in the Bioremediation of Pollutants

Zahra Mirsoleymani'! and Zeinab Bahmani™

1- Assistant Professor of Mycology, Department of Plant Protection, Faculty of Agriculture, Shahid
Chamran University of Ahvaz, Khozestan, Iran.
2- Assistant Professor of Mycology, Department of Plant Protection, Faculty of Agriculture, Ilam
University, [lam, Iran.

z.bahmani@ilam.ac.ir
Abstract

Industrialization, growing affluence in the developed world, population explosion, and rapid
development in developing countries have resulted in accelerated environmental degradation on a large
scale. Owing to the above reasons, chemical and solid waste management has become a major cause of
concern today since the environment is loaded with a large quantum of contaminants and recalcitrant and
heavy metals. Many conventional physico chemical methods of treatment/removal of these compounds,
though effective, are not feasible for application on a large scale. Bioremediation involves the application
of suitable microbes in the polluted system which perform various physical and chemical reactions as a
part of their metabolism resulting in degradation and removal of pollutants. Because of their consistent
morphology and versatile metabolic ability, fungi play crucial roles as degraders and symbionts in the
environment, including soil and aquatic habitats; thus, they are particularly suitable for bioremediation.
Mycoremediation is a form of bioremediation in which fungi are used to decontaminate contaminated
areas. In this technology, fungi interact physically and chemically with pollutants, leading to structural
changes or total disintegration of those pollutants.
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