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oABSTRACT O

This study dealt with evaluating the ability of Nettle Urtica dioica to
accumulate cadmium and lead in order to determine its efficiency for use in
phytoremediation, based on a pot-experiment

The results indicated a significant effect of lead and cadmium
concentrations in the soil on the reduction of fresh and dry root weights across all
treatments compared to the control. Furthermore, a significant effect of total lead and
total cadmium concentrations in the soil was observed on the content of both metals
in the roots and shoots.

The nettle plants were able to accumulate cadmium in their roots in higher
quantities than in their shoots, with root cadmium concentrations ranging from 12.5
to 64.93 mg/kg. This exceeded the normal range of cadmium in plants. The values
for the Bioconcentration Factor (BCF) were >1, while the Bioaccumulation
Coefficient (BAC) and Translocation Factor (TF) were <1. The Soil Extraction Yield
(SEY%) values for cadmium were low, indicating that approximately one thousand
nettle cultivations over a two-month period would be required to clean soil with a
total cadmium concentration of up to 15 mg/kg, which is impractical. Collectively,
these findings suggest that nettle is more successful as a phytostabilizer rather than a
phytoextractor for cadmium-contaminated soils, helping to protect the biosphere

from cadmium transfer, especially given that it is not grazed upon while green.

Nettle plants did not demonstrate efficiency in lead extraction, as all
phytoremediation efficiency coefficients for lead were less than one. The Soil
Extraction Yield (SEY%) values for lead were very low within the specific physio-

chemical properties of the soil used in this research.

Keywords: Phytoextraction, Phytostabilization, Nettle, Heavy metals, Bioconcentration
Factor (BCF), Bioaccumulation Coefficient (BAC), Translocation Factor (TF), Soil
Extraction Yield (SEY%).
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.(Audet and Charest, 2007) ¢Sl &5l il ¥ clall ol o] (glass TI 4l il
sl e galall bl dsaall bisall cleld e (1) Jeadll a5 dlilee Gadiiyg
ad cilS a5 Jsaall) 8 miase g LS aaly e il deadl)l G35 a8 OS G Laads ((4)
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oo ostall Gl 39l b aal i T ol ¢ 0.78 ~0.52 G zshm sdall Galadl 5l Jasdll Hli5e
eali oo bl e P2 5 CdI+PbIcyilelaall ae G5 Las %48 5 %22 c OIS 3aLa
Cmali Joi o gabien 1) cotladl Cyilelaall uity %42 5 %6 (il sanall Glall (sl
(oraaal) psand) o ST TR adall cupelily o(€)dsand) s (opina (S (aliall ilal) Liall A<
i 4L (2014) Pantola and Alam du S L re 3l Lo say ¢ alall Lgatan vie
Pl o Jals (<8 Galay ey AL cpalaad) slga) o Tagins SV LA b 35 50 galll Jes
Gy edall il O3l aali Gl cdalall cligd) ge Bpdlie el Gl en Jsl 435S ¢ il
O GlbAl e 2l 585 L gay %27 %6 n (gradl) gaanall Q3 Oyl %55 —%9
(Anjum et al.,2012, Kaur, L&l goledb &5ke L 4 saill die LAl daal) ABSH alids)
Laglsaadl] Slleal) ddle) ) dipll 8 A& Galead) (o Dl @lSAll gyl (505 G 2018)
Lea oS alga) claaly cduglal) BaseY) bl ¢ Hgwall ol dilas asii Jio Ligoad) LibaaSoully

.( Pantola and Alam, 2014)clall sei e e (et

wabajlly agaadlsll adap’ die aljall bl diladly eyl G5l TH Jaaill jdi3a 1(5) Jsaad

Gl Gyl bl Oyl caladl Gl byl )8l dg yaall COlalal)

BTAC osiadl Grad goanall Sradll g ganall

0.7 0.91 0.83 0.91 Cd1

0.63 0.91 0.73 0.78 Cd2

0.7 0.62 0.66 0.8 Pbl

0.52 0.45 0.58 0.73 Pb2

0.78 0.72 0.94 0.94 Cdl1 + Pbl
0.7 0.58 0.81 0.85 Cd2 + Pb2

Al Gl (i) gsanally ssiall 55 e assalSlly Gabaills Al 3 il 3-4
Ao Aalaall 5oUS Aoy psaadlsl) (o
goanall s Al Gl alimly palidll jsda (B asedlsll aaad (1) JSA e el
oo el a5 «(mg/kg) 64.93 —12.5 C Al i (B asedlSll GLLS Cingli G (gl
g9axalls Cingliig o Qunshan Wei et al., 2020) (mg/kg) 2.4 —0.1 bl 4 oawkl) Jlal)
assallll aaany agty Gali@ll s Gl (6) Jsaall (e L5 ((mg/kg) 0.25 —0.054 o (sadl)
ddee aali pae Jangl LS caaly 0 LS BCF Gguall S Jalae o JS8 dlle 55U 0)sda B
Gl S Uelae o8 Cingli Cun pppadlSll Bl g sy Gabill gis A sl S5
LA (A aspadlsll QU 5CHRN ay 4ed il igiee AV2 3535 a2 ae 4.78 = 391 o BCF
e OB U8 TF Q) Jalaag BAC (ssanll oS1 Jalae (40 JS i cilS s 8 ¢p>0.05 Cam
0S5 Lo 3y Cum ¢ A (AN pa ST L Bl dilans Gl LS ) udy Laa casls
34 Cruzado-Tafur et al., (2021) Mendez and Maier., 2008, Amin et al.,(2018)
zhaiay Lulies laely Wl bajste 1< TF 5 BAC BCF dabee ad e dlbic bl
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daalie i 1> Jl Jalaay Gopnd) 3K dalen o (ggint 3 bl Laty AL cpaleal) i

TF 5 V< BCF el ad o elia ) cblal)l 38 e 8 o aball cudnl) of slall padlandl

asd cumll Lualia V>

CDlalaa (109 ¢psaadlSl (o QalAll il (Sl gganally Jsdal) (Sgina (o asaadlslly alajlls il &35 3L (6) Jsaad
AL Axllaal) 5elis

TF BAC BCF | ymall g pendll el a8
- (mg/kg)
(mg/kg)

0.005+0.001 | 0.018+£0.002° | 4.16£0.95 | 0.054+0.006° 12.5+2.84° cdl
0.0022+0.00006 | 0.009+0.0005¢ | 3.9120.09 | 0.13+0.006° 58.6+1.35 Ccd2

0.0198+0.026 | 0.022+0.13* | 4.78+1.38 | 0.067+0.011¢ 14.33+4.13P Cd1+Pbl Cd
0.0039+0.00035 | 0.017+0.002° | 4.34+0.36 | 0.25+0.032° 64.93+5.17° Cd2+Pb2

0.386 0.001 0.66 P <0.001 P<0.001 P

8303 % SEYTCd psseadlll adain) g0y aidl (goien (adli 29ay (7) Joaadl (e Jaadls

oabailly anedldll dlelie ve oSa Lo Jumdl (DN 3p3ye OIS Ay A B asmealSl S5
0.1 s bt Gyed sl sasly dely) IS (gl cAaitia La 85 0.095% s say sV
e aspedl€l) e ) Cadanl (el 33 Be IS Be 1000 e AST pabill Al plias L
S A (ABY) 3930 Al iy L ) e ce Jjlall Liaginy Lk diilaia e Al ol
¢ S S e Yoy sy paall Gaal) Auji b il 2 ) sl

G asiiall iy paltied) 3€5) ZUd) agmalsl) €5 G oaas (Tdsaal) ) sasally
Gsine L 13 ade Talacly (mg/kg) 029 —0.078 o zahin (dolaally Al asuadll Jady
Hoams ((5) Adled) s (Doladly Qi) sl el S5 Y palEl B asedl
Li 5 32 21 o opal@) Aol gzl W6l %491 -3.17 n muad % SEY(MgnNo3p)
colill Wla gl gadlsl) cpa Al dallaal

leley paliiud) (o b digcand) salddly Lasply Jolally il sa Gl G Lagil 1)
& a8l (gina Lo 13 Ly (mg/kg) 0.65 — 0.124 Gu mobin oSl culS 8 caggeall
~1.68 (m zual % SEYNaom) O 2 sl Gleley galiicd) analll 3<5 ) alill
Ll 53858 Jaindl o gaadlSD) (pe A f Cadatil 50 60 34 0 (aliEl dely3l 2l L gl %2.93
o A B A S ) fows iy A psalsll (Sgiaa vie % SEY agaaslsll (adAiad) 393 ad G AEa) (7) Jaad

Ao 3l 0 psaageall @slay paliiowal) agsaslS HS i gf cpgujiiall iy palitoal) agadlS) A dons

Y Sy 3. )

= . ):‘\S)J poxedSll 585 }s}:

S SEY% o s

SE Slela (Mg(NO3)2) el ey SEY% (Toul) | asedSll | el .
Y% (NaOH) dﬂé e}ﬂ{}‘-ﬂs‘ ?Ji)"*‘d S dﬁ :‘:‘_‘:“);ﬂ‘ o

ae)ysll bl 8 il 35\

’ (mg/kg) y
(mg/kg) (mg/kg)
" 429.1 0.124 317422 0.083 0.087+0.033 3 Cdl

£
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2.9 0.38 491423 0.25 0.07+0.001 15 Cd2
340.94 cd
2.0 0.127 0.078 0.095+0.022 3 Cd1+Pbl
040,66 3.96+2.68
1.6 0.65 0.29 0.076+0.016 15 Cd2+Pb2
840,19 3.76£0.39
4 0.6 - 0.865 i 0.514 - P

oalEl Gl (Guadl) gganally Jsiall S5 e agaslslly palaiil LN gl il .4-4

A Aallaal Belis o csabaill (o
& ddls s3lL (mg/kg) 93.25 —13.38 o bl Gl jeda & pala)ll ad g 5

(mg/kg) 20 — 02 <l (abajll gkl Jsall cujlas 85 ¢(8Jseall) cSlabaal IS
pysin b pabal e LSl LS A g Ui Gali@ll @l G Lassls «(Qunshan et al., 2020)
Glae (goima S diill (A agaadlsll gag e M cdga e gl (8 paladll ISl S5l sabs
v asealSlly alajll dlalas duj3y (ala)ll dlalae 453 (g Alaa)) vie Haad) 8 paladl) s
spabadll S5 il

6.33 = 0.92 (n pala)ll e pabill Gl (B (gl goanall (s5ina 1 dilkally
Gsine B3 e (B G Al andall U e ol ccBlaladll IS 8 Al s3WL (mg/kg)
3B ABDle dsagl elld (e 5 (8 Jsanll) «CdatPby asseslSll 2sag aas AeY) S5 ld Alalaall
(goaall &SI aapg ¢(Kabata-Pendias and Pendias, 2001) <lill e 2 90&lly (aladll G
Lagen Aapal papdall GUA 8 ale (<8 LA 0g axey allisd alisdl ) paladll Gadiidl
s 35 aldl i e palalll palaidl ve Jag (Szezygowska ef al., 2011)
GV o Lmeiie 23S Jo g sdal) o jeaih 4t dealiaicl 2 Lo alineg lad Aabiie LA
.(Gupta et al., 2013) (sradll ¢sanall

LAY (ggina e Al yedal) dawd 3 Galiaill 6aS 35ng pae JUEY) Jalaa 5ol (o Jansl
Gun Dl mhao Bsh dpadll daud) Gan 4uaShe paeg EG sl 00 JiE BCF o ge e
lelis pxcs e Wjlatal 25 )sdall e casSl Al il sy o(8Usaal) 1S aals (e S BAC o3
Oasa 43l aieg canedldl Alie dbndall Gabafll paee LSa Gl (gads ((opadll gsanall
% SEYpp pabaill oadaiud as3pe O JELy cdossyaall Ljall Libaslly A5L5a1 ailadl)
%1 e 5 sgd Tax (midia (el (e Ugn Jigial)l JKEI G Gun %0.1 Holais ¥ Jis Loaidie
& I Al 8 aliaiaV] sy oSl abadll G Cagyaall ey «(Jena e al., 2013) LA
4Layl «Casparian strip 4)LulS)) ddaya¥) dals LS 5pal Jaly Jawdy) o 3l WIS
.(Kumar et al., 2019) dlladl wladll dauls jaall 438 jlas e (aladll Slanal 2y celly )

Ll el paad Sl cudl) o Sl padlandll calie e palil) @ils Gl JEL,
Jsaall) anly (e raal ZBLA Aalladl 5elS COlalan S 058 Cuon ) Gl du5i pailias dlla
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Cruzado-Tafur Amin et al., 2018, Mendez and Maier., 2008) oS> L xa (ileghy 1329 «(8

(et al., 2021
BeliS oy cpalail) (e palial) il (gpuadl) gsanally jsiall Ggina Ao agaanlslly pabail L3 &l Al (8) Jsaad
AL Axtlaal)
salayll 35 sabayl <5 gyl D Leladll
TF BAC BCF @rmall gsenal el Pb
(mg/kg) (mg/kg)
0.068+0.01° 0.009+0.002¢ | 0.13+0.0055¢ 0.9240.18¢ 13.38+0.55¢ Pbl
0.038+0.0026¢ | 0.005+0.0007¢ 0.144£0.01° 1.5440.2b 40.4242.93b Pb2
0.1+0.0082 0.027+0.0042 0.27+0.023" 2.71+0.4° 26.67+2.13¢ Cd1+Pbl
0.069+0.017° | 0.021+0.0038 | 0.31+0.023? 6.33+1.18? 93.25+7.16% Cd2+Pb2
0.001 P <0.001 P <0.001 P <0.001 P <0.001 P

Y s Laisie S % SEYrey ol dch) Gub oo paballl padiid 3535
sy led (bl JalS (e LA Cadanl 5 YT e pal@l del)3l plas W %0.01 jslan
and Aol SEY% gmvozpn) el pabadll (adlaind sg0pe OIS g 8 bl Saa 2
Y deas izl ol e LA Cadanl 5 75 e ST el deh) zbas W6l %1.57
SEY% af cuilS latie e Lgeand) salall Lagpally Joliadl paba)ll e Ll Cadanl 556 500 (e
S bl G G (2018) 0s)als Setia K a3y (9 Jsaall) %0.18 gt 5 (Ser Lo S (naoH)
L 70.06 =001 ¢ 7ol pabaill 38 5a0s 455 o pan ) LA Ala) 23 AL
dla Al paladl) e AL Al palEll b adsal K e g oG b S
Sl Gl L ailad
b A A Y A L B paball) (Sine qad s % SEY gabaill padaiay) .aw; ab oy AMal) (9) Jsaad
As )3 8 pgsageal) @lelay palitonad pgaadlsl) S dausi gf cpgafitall ity palituaal pgaadlsl S8 aush 5f ¢ Ayl

DL 3L A
SEY% )
abayll abayll rou) S el | sl
paliieall palidl L) A janl]
SEY% SEY% - Lonall B
(NaOH) <lele; (Mg(NO3)2) <y el s
JB asrgeal Ji agyinall (mg/kg)
eyl eyl
(mg/kg) (mg/kg)
0.2+0.023¢ 1.98 0.44+0.13¢ 0.93 0.004:0.0003° 100 Pbl
0.18+0.023¢ 429 0.48+0.08¢ 1.56 0.003+0.0006° 300 Pb2
0.6+0.0282 1.85 1.57+0.007* 0.71 0.011+0.0022 100 Cd1+Pbl | Pb
0.51+0.037° 5.02 1.35+0.012° 1.88 0.01+0.0032 300 Cd2+Pb2
P<0.001 _ P<0.001 - 0.002 - P

Gluagilly clalisiu) -5
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e il Cus (Phytostabilizer il S aguaalSll &35k L5 dallaay (il maby —1
A>TF J&y) Jabeag o1 >BAC (gsonl) Il Jalaag << BCF 1 (gonl) 5850 Jalae

Bl Ol JS il Gum ala)l) it o (adanaly 5:lS (bl cils el o -2
caslell e 81 AslAl dadledl)

A bl o) bl e Jie ey e 5kl shaliall (& QaliEll s slasiul it =3
il a3l Al dlanil e Lagiady asaedll) Jal (e (gouall Jamall dlead cileliva (g

el 8ol Y @l ey Al A alaag Al clils Lo clu))3) dabie —4
Adn gl Lo ana

p32alSly Galialll B e al3il Sl 535 pte ehys olaall) il Tinslssi Auyy oLl =5

slias pyn 5 degyjall BT £lsi¥) iaes daSlhe LGSy duaho (Y41 E) L canaly) e
B Gaalss oLl yualiell uuliil

A ALE yaliell S5 480esl aillasl] (aer duho (Yo 0 T) La ey o Jualle
DU daals dzadl) Qo 4o/

Labud L)) Esli jolas anai (YoVE) Ldub conldy ¢ ale cpmes ¢S (Lila e
Lilailly (PCA) dauslos¥) olpall (fulss Cisligy (uliils dite 4 ALill] Liveal] jualicl] (ianu
XA = FAL (Y)Y edie) 3 Gisadl B0l AN (HCA). s (s2piied

i Gl dap 2aad (VoY) cellle cpung $agana g9l ¢ ilaian ¢l alepre
e o g oSSl 69 3 42 g200l<V) ALEN olead] 300 uphsls dbidlne 8 LDl o]
(O)YY cdael3l astell 3y dasla

oo aladiuly (aguellly ol Lsle il L) dafleal) (Y2 YE) s co2ljo
LABDUI dasls ¢ Brassicaceae dinlial) dluadll cibly
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