[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

) Ay Adaa
\Ya¥ OE\MJ Y DJLA.A.::I A 594
GRS g oot 9 Con ) T (6 hencSly o ATBly 3 gagn 3 Slee Ly 4l ) 5 Glals
u.i.\u N uj Lguo.\lg‘ﬂ uﬂ\!‘;”‘ég J.\ J;J.\

Ol 32,5 OlamliydT e dgd oSl (63,5L28 (658 55 5 )| puslid )18

pkhoshniat@yahoo.com

ol Sl b 5 Ol el 53 S 4 S s b b 5 Oludl sl Rl L S5 T Ol
B bl K Sl els Sdee oUS 5 s JI OlS 5 x5 il baeaNT G s (Sa
b auye Cle w Ol Js a)ls 35 beaoVT pl (3LeSL gl ks olawd 5 SCsd sla s,
Sla sy ans 5 asdlle 4l s ool o el le b 5 G ilase (g 55 ety VT LIS Gl pe
5 I bt VT (G3luiSly g DL 5l eslinal (o Vb5 la by gl 31 S Lles,sT (55 i
S o Do OBLS 53 il sdomy GlapeilSe G b 5l LeSh il a5 SOl s G
OLS (3lwSh 53 05l LUl b SLaLS 53 35z ge (a5 3l ealinul b K mdign oo O St s5 055 0l
Sl a5 b asdllas ol 53 S o a5 Lot VT VL slacdale (g 3luanilil b WU o lie U a5
Mg a3 SS5wdige o iy 5 ke slastn VT (g3leSl s OlS cile GlaplSe (ot

el 4 S 13 sl s (o VLelS LB L a5 OLS

O sl 5 sdme LS 5 JT laedo VT (Hyper- Accumulator) bss S cuslil i 16 dS SilalS

Ao
losd sl S Sl day VAAY L 21 51.00) (e NVpame g wdlS a0 b
Sl sl i, s ol 5 S gilsl SOl cilises gledle 5 () S0dme s S i
5 @sbasl Sl e (S 15 slse (05 5) el 0 s s 13 S5 T o go 8 g
Coom b 5 5 odd Sl W) pl e S R O3 03 o 4 SIS by
Sy B Sl o 4 O ide e sl ol ok O 5 Dl Sb o528 Ss

'Y


mailto:pkhoshniat@yahoo.com
https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

MIYAY e ) Y OJM oA 5 yga suﬁugjw\ M.AA"

ol o s e Sl O S (lSL
obdan s Sl sl de ey o Cans | S
ECT TRt I X P INCIE VRS I\ LD BN VNS
wops Loy Yoode opds) oS el s a ag e
Olal S 5 1l Sl (STl sla s,
&b ba- (Ol MK.A ke bl
Gl olg s il by (b
5 o sk AL el alS sl e
CrSy o onl el W ages S
AL il Ol O35 Y5k O placee
5 S Lld 3t s (SO la i,
S gsy o oarlil SIIE e glprso]
s e s oot 4 ST Jlist 0l « lie
e @l ST e b 4 SLS S s
CNYL PRGNS PSP O P
i) s ol Jseme el Sl
340 @\) A sba S (YA col alat
ble Jss JT olsS s oVLelS s eslinal
O ST (e e ds Ol
.(Yo)w\w)ﬁcljjdmdsf‘)@

2 YlolS dhomnsy 4 28 JB (slaats, VT

Lol 81 Lise oS 5l ssrs LaeaVT ¢l
G Sns o ars Locwl Gl gbels
33 L) Lol deet VT Cils S3d 5 plend
035 35 Gl S o e Gme 5 I ol s
b ek (03 slaasls 5w s
Jre e ols s Lle JT 0 claerVI
Slagyl KUy (PCB) s o i S L
(o peiin 31g0) SSlesslsis (PAH) (S50

'Y

S S et amelr Jsd apse 5 olL e
S el el s S Vb
51 eslizal b oesdl Lol L sl gslest
i, ol 3l S8 (Y0) cnl sliy Dls s 5o
b g OLS 3l eslind s 4y VLS
Loy lamee 51 oV Gl 5 (g3laansll
oo ol o el Lol lasl 5l cales 3l
Ssrse Shas g uﬂ L;LM.L‘.{YT Gl S Oy s

V) 5 8 eslizal |pa 5 Of (S s
GV KI5 5 s pile SWS L egs
Sl Sl s 02 3l slacd iy
5 SSe elad 5 OlalS s LaeaVT & s ylis
L Sl Oladign Sl 0l plowil a0l (S53
Jele by Jlaml 5k 5l a5 OlS A g
dr g oo ge (0T Gl i b5 LS 4 glie

(Y9) Wsd o S 5 Sgslasl SVLelS
Vel iy o5

Lsie  Jold) Phytoremediation L VLolS
remedium Y i, 5 olS x4 phyto SUs
‘(ﬁ)t}j('}‘f &b&dblicw\wb
L G g oS Sl eslial b 3t g8 S
Lol 3 L) 4 5Bk (2 VLelS s 85 OlalS
4{).}&}&3){ 5[}\.&&_)]).} ‘%N&_M-i) e
Wt )L:M._.' J‘).A ClS L::-‘ ‘JLE:J cJADJ 4;).)\2-
i add= wile JT 35, slse oS l5l)
LSLAQ"JS)J‘?A B aﬁ:il.o J‘}A LLQJSCA.‘%T nrb—
(Y0) dzea o301 lac] 5 Sl (Kslag

sleidsSS ple Lol s uﬂ“ﬁﬂj


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

" oy Shaane (s ShaaSly 3 AT 3 gags 25 Les Ly ATy 15 ALK (s (AT

Sl cds S e Jes LeaNT (excluders)
lsr il 55 bed ¥l mess sy L OLaLS
L Lol VT il &S ol cpl cdSle o 03 35
Y T T
ST sleedVT YLl e s Jlint ol lacil,
CLSS S S Bk Sl ea e s
J45 e» 5 (phyto-extraction Ry gl A
%5 L phyto-degredation LS « >5) o)
S5 p 4 4 (phyto-transformation LS o 5
S sl biologically inert forms olaJles ,.&

(YY)

AL gl Al

WY - A soleaslil al8) alS (:\fw\
o Soslpam 53 olS GUlg el (G e
» ol leadll 5 S5l e OLS S
pl 2 oS Dose S Ll sl
4 536 OllS ety el Vhon 5 OLlS sl
JB e & ol Sdne 3lse a5 sl e Ol
Slaplbl & o sl 3 b 5l eV 51 e
sl bao,lestls 5 S, s 5 asl Jusl S6 s
V) 355 00

stabilization- Phyto alS <.

031 Sy 5 St otV o anl 3 Kl
Colg s aS col OlalS sl eslazul L 54 J>e
Ao e DB G L Sl O 2 lee )
AL SbaS ssie S s s e
Glao VT ot VT (gilucas 3 ot glulis
Gl 3L e ol 5 S s s
gy adkie 53 ey boals) o) b ol

\¥

22 agd e NS laddy L3 glagy S5
s ‘_J slasa Vi (oo LS 5L aslie
e a o opl s Lol Ol Gl S ke
oS 3 Lol 0Ad axdlil pde 5 S (5 pd STy
sl

g i oK S el Sdee slaedNT
5 Sl Jio Ut DUS 5 g sl 5 e
w55 e pssl Je LS LSS
YY) el bﬁbjr}::if“ g(aj,:wj\J:.ﬂ\

siS bl by LS

Gleanill 4 3B S 1) alS Glaa S 5 &
S s ale s Sl 5 YL Sl slackle
U P VL SV ] G VRS P I G LUV P
Glasshe QLS 51 alS w58 £ Sl iy 0t
sl ol sl 8l glaesl gl I gl s B s S
Slolis e Ul iy Olpe o anlys) 5wl
S SLLE V) shds ol oK ol
Loy N Gl e s b sy s LB
> Zn L Ni Mn aeys )V 5l Ao L Cr Co Pb
JlS Olge a4 S @j@? st slaasls
ool Ol b plulid saeS C2ll i
bl e i S 55 Cu 5 Zn Niogr S156
(YY) Ay o0 Kot O35 do s V=0 @ oS

Olge 4 o VLalS =B 2l gl o5all > ol
Jsims S0 Ul Gl ol soslep
Sopooslerls b SLLS w0 23Ul iy g
04) 558 0 slglg

s YLelS 55 585 S s |Se

s LS b B n.LMSg,.JL;\ Q\}.\_C« O QLA[.:;


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

MIYAY e ) Y OJM oA 5 yga suﬁugjw\ M.AA"

PSS ehs

Jols G jsb wcalise T8 5 T cbaetVI
Sl S Lo (sl am S Sl s edd ol el
Sl b cl (See a8 Cld b5 Jleb
30sn 3l 6ok 53 (1) tins sland Wgm J sk
5 S5 SRSl (alSe b ks 3 b 5 ObLS
236 OLlaiil 3 Y uamme (diuedS OF JLis &
(Y0) dizeen T slaodo¥T 05 5 05 slio w
(Rhizofiltration) & gl =l g5

aoder S OLLS ety Sl eslital ol ol
TIPS e AT [ K e T
ol Gsteds ol il ¢5I5S5 Gl e
S 5 I gt Gis Lol
S baS gl JblS SLs L loslsl
Jlodl oS & dten Sogsoder Ldy 4 36
(St Ly e 50 L Ol b Gl
Loade) 038 Com) s JB DM Co v
(Y0) &S 5 S5 pedame

(stimulation-Phyto) sud G 058 VLol

JeoSS LS Wleds L S Slacs S
OB L s sty min s VLS i
oS Jouily olS (sl S Sl enl i
Gl S s e JalBl 1 oS YL
ol S T glaeaVT W56 St s 54
ol Ulye 45 08 g gole JIolss

(YA) das Sl 3 OlalS Hlasl js lie

Vo

OlS bLigws Wile o St (husiy)
(Y0) dites i o8 SL (laetsy Vi

Pb, Cd, 0 oS Db @ o3l gba e o
$lr ¥ pse U 5 Zn, As, Cu, Cr, Se
SIS e b gy (ST slasl 568l
G amlio Sl 5955 pl ool O s a0
Sy Seml $80de bl slileny S

(YO) Sl c}:.:\))‘ 9 N:,u!S

(Volatilization Phyto) LS s

S oS S Uls ) (alS s el s
S slaaisy 5l Ol ool e Guas 5 s
395 gl <=l.,\3l Sk Sl lalS sl e eslad
G 5 e S Ol Sl el s (S )
o a1y ol VT G Ol (oedlSe pl s S e
eIl Gosb Shedd plajem b 5 00,8 LAl
S B Ol (Y0 ssdpe Gomd oS s
Lot VT pdny ol s 1l 3 (SIS S0
(VOC) Ll JI bS5 5 e ppile oo
(8) L5 5031 s a0 S Gy b 51 Sl 5 s
AL 43S

SN PO PR PR TN [N S POV S R
S el aes LSl ess e Olaods
sladsle ol Solapl (Sl anl 3 b
S Fp A e el Ollaarls Loaly,
b5l b5 g L2355 s 3 1 Leed N
ooy el S e pbend SLS S L
Ol Glidlas Glissdes Jsene sk

(Y0) dzea 5LSTo 5 3N Glles U ss]


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

" oy Shaane (s ShaaSly 3 AT 3 gags 25 Les Ly ATy 15 ALK (s (AT

Pb (Bismuth) Bi Ag of 5l day 5 e35 pseeslS

(Y0) el AU 0458 s Hg Cu Zn

Olge a4 LMT «(MTs) lasoadgle &
M )‘ J& 4&‘JJ.9 sl SeMNS 6uuﬁjﬂ
Ol lulas sk 4 LIS s S dses
s 4 A MT .del::ﬁjrﬁzgoﬁ&:{;ﬁ

Y) ks oo L5 Ag 5 Ca Hg Zn l5ls L

GluodS aLS gladshe 53 Sl (glue et
sladsbe 53 BsSly icwslis slrl Cgr K 5S1s
Bl Sl (gl b Lol e aLS
St (sl s ol ghseds e
adiS bl i OS5I & aslis -
‘_;)ﬂcv,- &L s b L T. goesingens oLS .ol
0500 (JS6 ik Olpe oS b 5l (IS
dase Rl reslie (S slad e 55515

(Y1)

26l g am sl 5 OlalS a5

C]a“ 53 OLLS eslinul odiS ssdme ol fole
el S LS g sk Ol Sl s
OBGl ey 53 63l Sl ) sl &
b Gl glad) (Bme 5o glal) Ol Al
oS 513 U5 Sl sk 4 Ol w4 b S
OA) Gl e acS 5o 3 b alilis s
Ol o S b Lgl.av.mgjlia gl ke 3
TSP S Y o3 bl 3 A, bl
odd alwil L SIS 528 (65, ol Dlalllas
ol 0l (ol Gl s s Gas Lol
Lok 055058 W5 Ol S Ld b

Gk ol &S ap sl il ol Sl 508 b

\R4

S S gl 3 D s Sla sl
Oals bu g

SIS PU glagtig, g Ol gla, SIS
SO B S e 53 K SIS 03
GhwedS OF Js a5 Yo oS5 e b
L3 ols s (Compartmentalization)
2 03 Slosl g sl sl 5l Jlaz]
Jasl bt oS s oK Sl e
3 RS NI TP IRC FE
S i Bl e Jels
Sl oS ()l 0alS s Jusl 5 ol
Ll glabs alsie s 5 b
sl goal  Jlgladenl als b gla, 5
Soss sl 5 (Phytochelatin) = s 5o b
sFras flPl o Sl s e (Metallothionein)
diamine tetra acetic acid) EDTA « L, S
ethylene glycol tetra acid) EGTA  (Ethylen
SIS syl s S elal Ol e (acetic
Cu S s Lgs 5> EDTA wile o g

(YY) &l i b Ni 5 Zn Cd

& LS 53 La SIS sz (PCS) lagydIS b i
a5l e (Ol L sdias ki gy sladzy Olge
s 4 & Lien (Gly 5 Cys Glu) deul ol
WOl U 5 ey 20 53 Ko A6 05 SIS
Sl SdeS Slalr S M55 Gk
L ol i (a8 sladsle FsSls 5o PC—3
o LPC Al ajls sdge DB abssan o
des L S K ol e
sdcSJled o e 345 o (activated/stimulated)


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

MIYAY e ) Y OJM oA 5 yga suﬁugjw\ M.AA"

St Jo 2 (V) e 4 sl o5 L 5ImerA O
2 b I, 0bIS L as s
porke 4 polie By IS izmen 5 O s
L0} eSOl ol e dol] OLaLS 1(0)
Caoslis Sodan L ACT 2p/-ECS 5 SRSIP/AISC

Sl Sl s (LS S 5 AU S
Jle (sl ols anw s OLLS L3 Olse 1) st
53 &S odd Jame OlalS 4 MerB 5 MerA (sla0;
opr 4 pslie pln i an )5 LS ens
Llos S s 3505 13 5 e 0 b 4]y Ol 5 ek
ars C slaoss b a5 s sl ] OALS ()
a Sl Ut 4 536 (s YeS/ 5 SLECSy
5 eyl 4 Ol gl B gl (_;Lar\.,b'\
Jsi bty o oSlaS Sppe 01 3llix
Ao 31 bgs o 55IAnST 25 53 s (V) s
Bgh Ol 4 Cuglie 55 sl o ge 3l Jlez]
St Gk 3 psesll 4 Zeslie Jis
4l 23S Ty 5 3andl 58 0 b S b i
odd I8 b tass elel p (-4) ol
ol S i Dl o) e b SIS
S, o D3 LU Sl gl s el
Sl s e s e S W e slaals o
O ool b s 525 53 olS (VL 5 Shas o 5o oS

CA) o K A3 La STl
Lol 5 53 PA50 o5 S st 03,5 ol nidS Slalllas
Ul J GLSS e a b b
(10) ol O Jla 5 b iScike «olal 18 55

3 U815 ST el an a5 CyP 2EL 05 sk ol

'V

L SRl psedls (oluanalil wse 5o ol
glal oS 1o,y sl Lel&aslesl 51 & 2 52 .(08)
(oLl 5 Otk (Ol i« osee) La sy o5 i
Lol hlety ool S WS i oS 4 L
AN A JE S CRCH 51 R P PP P |
05 2l b bl e b (Ll ke (V8
s Mo b 4w o s 5l Line 5| CUPL
Ottt e GRS Gl oD S S e
D N PTrcHis (o b=ty 53 05 (!
(W) WS Jae 085 4 A tumefaciens a5
Wals LS L 05 )l gl anli
Sl 3 ol g Ldy 5 Cwslie Bl Sl
Giloanill il elen 4 paeeslS 4 eyl
aole 53 LS 5 S gaoder SIS sk o seelS
SLLS an gladle 55 ((VA) 54 pgasls (gl
LS L 0g s oLS Populus angustifolia |z
syl 5 Gl s el Sl g
33 oS Ol (5larilil Ol s 4z 53 LA
s e S L alis 3wl 5 glaw S
w5 OS5l ped L (V) @b il o
Olge s asls 25 DL VLelS b Jamsd Cogr
JBL) CAX-2 05 b awlls 055 oS Jls
Solaadll 4y 530 ¢ g sdeyT olS 51 (S 5ST5
g sl HOY) 58 5 paaslS (edS L
oL 5l LAl 3-8 s sladl b oa )l
055 Q) e 5 e cosmndll @ pslie 055
© opslie O s oS I NECBPA 0 L il s
Er oo 055 () e gileadll 5 S
e 4 6 (VY) Lsw s/Ferretin o5 L a5

L el 5 055 5 Gmemsdal] ol 3luazalll


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

" oy Shaane (s ShaaSly 3 AT 3 gags 25 Les Ly ATy 15 ALK (s (AT

oS Lug o35 A5 5l wle Ol5 e siSiLl
ey ol 53 ekd 2oke IS o AT (YY) as
5 Ggr 5 pode Joo) U3 S o 5 Sl
35 s ol & J s ol s (ST sl
53,8 o Do Sl e Sl Gl 4
by Dl S Ol Blis 53 (b g
Oler il 53 (anb Aal 3 () (o slags SL
S Ll pale 58 Gble S 5L 5l
O 350aS 235 53 (ae 36 Ll e 1y & OF L)
(V) AL azils

oS Sl Jols e Bl ol ile s
& «(incineration) oLl sla iy, (oY
s (ashing) o> S xS+ (directdisposal) (rolins
& oo ke (liquid extraction) el gl
©93) 0Ll apl Ol 55 LS jasie ol
@bl L St o S es Olpe 4 (055
Coslodd slgiiy Sy Lo L S50 5 J5 LG
(Y8)

S domess

LIl daet VT b Jamacn s la Say)l
5 Lol mobe o ol gl cle w0 (JT e
o plple sl sl ceal Sllge
maS e sl SO s p skl
e RCITE>- RN S I PN P RS e
3 Al S pluld aeg 53 @by Sldlas
Sl ek pll Lol e Gl
53 Lol iluaalil 5 e VT Ol lapsilSa
Lol ol oosline alS il glaw S

S8 SN 5 S35 sl s, Sl sl

YA

e b e pge 5 055 4 BS £y S
ol as sl Olil Glasse 5 slabdS ldlas
OJ',:JJ.EL:A B} C)L:SJJ Ji’i'} s TCE J..u‘jJL;a umﬁ

OV s

G i S Sl esls Ol il Olalas
SN Sl e 4 Gl PH S beeais el
PH LslS ool s (F) ls 5 iy ol ol
L Js ol 2VLelS s il gla, 86 51 (S
Rl 03 S gons o se A1 Gl 4 PH LalS
ol Sl e s S slag S ObLS
OGl (e 358 0 DI3E (VL lachile o
Sl s s sbaY o ol ol e
crly ede (V) suls sems e p ‘_gLa;.j
Lo LodiS CBUl e Gpae ol o SIS
sy Dlie 5 OLlelS e 5l sl
O3ls 41,3 O ailge 3l eslanal L Ol e aS 5508
oS x> olals culS das Gloyss Mg ws

() by Blas a1y 55 opl o ol
ol ol sl Ol aS esls Ol ol 1S
sl S o asgls bS5l bl s
O) syl sy Slidles S 3 b 5l Wslis
el JUEBI L oS s yls sy adaly cpl ys g SIS
@ e 2l (Bpan #1504 LS
SIS WG [V CRCIN S W T IV PR S I
Syd e e sl ClS fals 5 gl sl
il 05 JUEl 5l Cwles slaaly 5 S
] JML}f S8 el olls

o QLS 4 e 5 sa0) JEl L e


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

MIYAY e ) Y OJM oA 5 yga su'iugjw\ M.AA"

iy shol eI L5 Gk e
55 rign 45 ol il ol il 35 (6,5 sl
OlalS b b ssg g 1) (g8 i il

s 6l e gbaodNT (g5LSL s

14

Gl bl w3 s BB S0y
ol SlaS Jpen 5 Cuslie (g8 Jtme LS
Lol sdd pll oSl iy OLLS s
Gz s (38T bl b sl 5 OlalS W) 5

o Lol 55,5 eVl s anwy 3l Ol5


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

" oy Shaana (s ShaaSly 3 A3 3 gags 2SLes Ly ATy 15 ALK (s (AT

References ooliwl 350 b

1- Angle JS, Linacre NA. (2005). Ecological Risks of Novel Environmental Crop Technologies Using
Phytoremediation as an Example. EPT Discussion paper 133. International food policy research
institute.

2- Arazi T; Sunkar R; Kaplan B, Fromm HA. (1999). Tobacco plasma membrane calmodulin binding
transporter confers Ni* tolerance and Pb?* hypersensitivity in transgenic plants. Plant Journal 20:
171-182.

3- Chaney RL. (1983). Zinc phytotoxicity. In: Robson AD (ed.) Zinc in soils and plants. Dordrecht.
Kluwer Academic Publishers, 131-150.

4- Cunningham SD, OW DW. (1996). Promises and Prospects of Phytoremediation. Plant Physiology
110 (3): 715-716.

5- D"Souza MP, Pilon-Smits EAH, Terry N. (2000). The physiology and biochemistry of selenium
volatilization by plants. In: Raskin I, Ensley BD (eds.) Phytoremediation of toxic metals: using
plants to clean up the environment. General Environmental Chemistry, 171- 188.

6- Eapen S, D’Souza SF. (2005). Prospects of genetic engineering of plants for phytoremediation of
toxic metals. Biotechnology Advances 23: 97— 114,

7- Eapen S, Singh S, D’Souza SF. (2006). Phytoremediation of Metals & Radionuclides. In: Singh SN,
Tripathi RD (eds.) Environmental Bioremediation Technologies. Springer Publication, 189-209.

8- Eapen S, Suseelan K, Tivarekar S, Kotwal S, Mitra R. (2003). Potential for rhizofiltration of
uranium using hairy root cultures of Brassica juncea and Chenopodium amaranticolor.
Environmental Research 91: 127-33.

9- Ezaki B, Gardner RC, Ezaki Y, Matsumoto H. (2000). Expression of aluminium induced genes in
transgenic Arabidopsis plants can ameliorate aluminium stress and/or oxidative stress. Plant
Physiology 122: 657-665.

10- Fulekar MH, Singh A, Bhaduri AM. (2008). Genetic engineering strategies for enhancing
phytoremediation of heavy metals. African Journal of Biotechnology 8(4): 529-535.

11- Gordon M, Choe N, Duffy J, Ekuan G, Heilman P, Muiznieks I, Ruszaj M, Shurtleff BB, Strand
S, Wilmroth J, Newman L. (1998). Phytoremediation of trichloroethylene with hybrid poplars.
Environmental Health Perspectives 106 (4): 1001-1004.

12- Goto F, Yoshihara T, Saiki H. (1998). Iron accumulation in tobacco plants expressing soybean
ferritin gene. Transgenic Research. 7: 173-80.

13- Hirschi KD, Korenkov VD, Wilganowski NL, Wagner GJ. (2000). Expression of Arabidopsis
CAX2 in tobacco altered metal accumulation and increased manganese tolerance. Plant Physiology
124: 125-33.

14- Karenlampi S, Schat H, Vangronsveld J, Verkleij JAC, van der Lelie D, Mergeay M,
Tervahauta Al. (2000). Genetic engineering in the improvement of plants for phytoremediation of
metal polluted soils. Environ Pollut 107: 225-231.

15- Kellner DG, Maves SA, Sligar SG. (1997). Engineering cytochrome P450s for bioremediation.
Current Opinion Biotechnol. 8: 274-282.

16- Macek T, Mackova M, Burkhard J, Demnerova K. (1998). Introduction of green plants for the
control of metals and organics in environmental remediation. In: Holm FW (ed.) Effluents from
Alternative Demilitarization Technologies, Kluwer Academic Publishers, Dordrecht, Boston,
London, 71-85.

17- Macek T, Mackova M, Kotrba P, Truksa M, Singh-Cundy A, Scouten WH, Yancey N. (1997).

\)


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

MIYAYF ey Y OJM oA 5 yga su'iugjﬁ\ M.;A"

Attempts to prepare transgenic tobacco with higher capacity to accumulate heavy metals containing
yeast metallothionein combined with a polyhistidine. In Verachtert H and Verstraete W (eds.)
Environmental Biotechnology, Technological Institute Gent, 263-266.

18- Macek T, Mackova M, Pavlikova D, Szakova J, Truksa M., Cundy AS, Kotrba P, Yancey N,

19-

20-

21-

22-

23-

24-

25-

Scouten WH. (2002). Accumulation of cadmium by transgenic tobacco. Acta Biotechnol 22 (2):
101-106.

Martinez M, Bernal P, Almela C,Vélez D, Garcia-Agustin P, Serrano R, Navarro-Avifié J.
(2006). An engineered plant that accumulates higher levels of heavy metals than Thlaspi
caerulescens, with yields of 100 times more biomass in mine soils. Chemosphere 64: 478-485.

Mello-Farias PC, Chaves ALS. (2008). Biochemical and molecular aspects of toxic metals
phytoremediation using transgenic plants. In: Tiznado-Hernandez ME, Troncoso-Rojas R, Rivera-
Dominguez MA (eds.) Transgenic Approach in Plant Biochemistry and Physiology. Research
Signpost, Kerala, India, 253-266.

Pulford ID, Watson C. (2003). Phytoremediation of heavy metal-contaminated land by trees - a
review. Environment International 29: 529-540.

Raskin I, Smith RD, Salt DE. (1997). Phytoremediation of Metals: Using Plants to Remove
Pollutants from the Environment. Current opinion in biotechnology 8: 221-226.

Salt DE, Blaylock M, Kumar NPBA, Dushenkov V, Ensley D, Chet I, Raskin 1. (1995).
Phytoremediation: a novel strategy for the removal of toxic metals from the environment using
plants. Biotechnology 13: 468-474.

Sas-Nowosielska A, Kucharski R, Makowski E, Pogrzeba M, Kuperberg JM, Kryn'ski K.
(2004). Phytoextraction crop disposal—an unsolved problem. Environmental Pollution 128: 379-
373.

Sinha RK, Valani D, Sinha S, Singh S, Herat S. (2009). Bioremediation of contaminated sites: A
low-cost nature's biotechnology for environmental cleanup by versatile microbes, plants and
earthworms. In: Faerber T, Herzog J (eds.) Solid Waste Management and Environmental
Remediation. New York, Nova Science Publishers, 1-72.

26- Sriprang R, Murooka Y. (2006). Accumulation and detoxification of metals by plants and microbes.

27-

28-

29-

30-

31-

In: Singh SN, Tripathi RD (eds.) Environmental Bioremediation Technologies. Springer Publication,
77-100.

Strauss SH, Rottmann WH, Brunner AM. Sheppard LA. (1995). Genetic engineering of
reproductive sterility in forest trees. Molecular Breeding 1: 5-26.

Susarla S, Medina VF, McCutcheon SC. (2002). Phytoremediation: an ecological solution to
organic chemical contamination. Ecological Engineering 18:647-658.

Suthersan SS. (1997). Remediation engineering: Design concepts; Geraghty & Miller, CRC Inc.
Florida, USA.

Watanabe ME. (1997). Phytoremediation on the Brink of Commercialization. Environmental
Science & Technology 31: 182-186.

Wenzel WW. (2009). Rhizosphere processes and management in plant-assisted bioremediation
(phytoremediation) of soils. Plant Soil 321: 385 — 408.

AR


https://dor.isc.ac/dor/20.1001.1.27170632.1394.8.2.8.5
https://journalofbiosafety.ir/article-1-113-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-11-15]

[ DOR: 20.1001.1.27170632.1394.8.2.8.5]

M. oy S (5 Sy 5 4Bl 3 pag 3)SLes L AT ) 5 ALK (cul (AN

Genetically modified plants with improved performance in environmental cleanup and
Study the mechanisms involved in phytoremediation of organic pollutants and mineral
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Abstract

The pollution with increased human activity and industrial development is increasing every day around the
world. The pollution is generated by contaminants such as organic compounds and inorganic compounds
containing heavy metals. There are various chemical and physical methods to remove these contaminants. But
scientists due to high cost, incomplete removal of contaminants, environmental destruction and erosion by these
methods, to study and development of biological techniques have made. A type of bioremediation methods is use
of plants to clean up organic contaminants and minerals in water, soil and air. The remediting is done through
complex mechanisms in plants. Today, the science of genetic engineering by using the genes in plants with the
potential to clean-up or accumulation, they can produce transgenic plants with resistance to higher
concentrations of pollutants. In this paper, according to previous studies, mechanisms of plants in removing of
various contaminants and genetic engineering advances in the production of transgenic plants with
phytoremediation potential is revised.

Keywords: Hyper- Accumulators, Organic compounds, Mineral matter, Transgenic, Gene.
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