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ABSTRACT

Heavy metal pollution isone of the most important environmental problems
today. Phytoremediation is an effective and low-cost interesting technol-
ogy. The aim of this study isto compare the accumulation of metalsin the
investigated native plants, with metal concentrations in roots and in soils,
and to assess the feasibility to use these plants for phytoremediation pur-
pose aswell as its use as bioindicators for heavy metals in different soils.
Four plants species (Hyoscymus muticus, Citrullus colonythsis, Artemisia
judaicaand Cleomedroserifolia.) were collected fromAbu Zeneimaarea; in
Southwestern Sinai with their associated soils. Concentrations of heavy
metal swere determined in both soil and plants using atomic adsorption. All
plant species can uptake heavy metals and aluminum but with different
concentration. Hyosymus muticus was effective in taking up Ni while
Citrullus colonythsis was effective in taking up Cu and Mn.
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INTRODUCTION

Accumulation of heavy meta sin theenvironment
may cause chronic damageto living organismsand must
be carefully controlled. They are harmful to humans,
animalsand tend to bio-accumulate in thefood chain.
Thethresat the heavy metal sposeto human and animal
hedlthisaggravated by their long-term persistencein
theenvironment. Severd technologiesareavailableto
remediate soil sheavy metal s contaminated that. How-
ever, many of thesetechnologiesarecostly (e.g. exca
vation of contaminated materia and chemica/physicd
trestment) or do not achievealong-term nor aesthetic
solution( 1€,

Phyto-remediation can provideacost-effectiveand
long-lasting solution for remediation of contaminated
sites™®, Phytoremediation isan emerging technology
that employ theuse of higher plantsfor the cleanup of
contaminated environments.

Fundamental and applied research have unequivo-
caly demonstrated that selected, plant speciespossess
the genetic potential to remove, degrade, metabolize,
or immobilizeawiderangeof contaminants.i.e. through
uptake and accumulation of metalsinto plant shoots
which can then be harvested and removed from the
gte. phytoremediation dependson theinteractionamong
s0il, contaminants, microbes, and plants. Thiscomplex
interaction, affected by avariety of factors, such ascli-
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matic conditions, soil properties, and Sitehydrogeol ogy,
aguesagaing generdization, a

It is important to use native plants for phyto-
remediation because these plants are often better in
termsof surviva, growth and reproduction under envi-
ronmental stressthan plantsintroduced from other en-
vironment. A few studies have evaluated the phyto-
remediation potentia of native plantsunder field condi-
tiond** %, Heavy elementslike, Cu, Fe, Mn, Ni and
Zn, areessentid elementsrequired for normal growth
and metabolism of plants. These elementscan easily
|ead to poison and severe phyto-toxicity whentheir con-
centration risesto supra-best values.

The phyto-toxicity of thesemetalsmay result from
dterationsof numerousphysiologica processescaused
at cellular/molecular level by inactivating enzymes,
blocking functiona groupsof metabolicaly important
molecules, displacing or substituting for essentia ele-
mentsand disrupting membraneintegrity. Another con-
sequenceof heavy metd poisoningistheenhanced pro-
duction of reactive oxygen species (ROS) duetointer-
ferencewith dectrontransport activities, especidly that
of chloroplast membranes*>29,

Biologica responses can be considered morerep-
resentativethan datasupplied by chemical or physica
detectors, inthat they are spatially and temporally ex-
tensive; lower or higher plants can act as bio-indica-
tors, bio-monitorsand bio-accumulatord® ), Theaims
of thisstudy were:: 1) to determinethe concentrations
of heavy metals(lron, Zinc, Copper, Nickel, Manga-
nese) and Aluminumin plant biomassgrowing onacon-
taminated site; 2) to compare meta concentrationsin
theaboveground biomassto thoseinrootsandin soils,
and 3) to assessthefeasibility to usethese plantsfor
phyto-remediation purpose. Information obtained from
thisstudy should provideinsight for using native plants
toremediatemetal contaminated.

MATERIALSAND METHODS

Plant speciesand sampling locations

Plant samples, were collected, with their associ-
ated soil samplesbased ontheir coverageat the study
area(Abu Zeneimaareain southwestern Sinai). Soil
samplesfrom therooting zone (0-30cm) were taken
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from each location, air-dried for two weeks, and then
sieved through 2 mm mesh. Samples were then ana-
lyzed for total metals (Al, Zn, Cu, Ni, Mn and Fe)
using atomic adsorption. Soil pH was measured using
al:2 soil to water ratio. Selected characteristics of
the soil samplescollected from thisstudy are shown
inTABLE (2).

Plant samplingand analysis

Threereplicates of different plant specieswere
collected from the studied area. These plantswere
Hyoscymus muticus, Citrulluscolonythsis, Artemi-
siajudaica and Cleomedroserifolia. Each replicate
consisted of sub samplescollected from three differ-
ent points. Plant sampleswerethoroughly washed with
running tap water and rinsed with dei oni sed water to
removeany soil/sediment particlesattached to the plant
surfaces. The aboveground and underground tissues
werethen separated and air dried to constant weight.
Thedried tissueswereweighed and ground into pow-
der for metal concentration analysis. Metal anaysis
(Al, Zn, Cu, Ni, Mn and Fe) of the plant sampleswas
carried out by acid digestion [conc. HNO3 + conc.
HCIOg4 (4:1, v/v)] followed by measurement of total
concentrationsof al e ementsof interest usng atomic
adsorption.

RESULTS

Soil propertiesand metal concentrations

Previousresearch has shown that these soilshas
relatively high organic matter (5.1%)*> 8, Selected
propertiesof the 12 collected soil samplesarelistedin
TABLE (1). Thedigtributionsof heavy dementsin sedi-
mentary rocks (soils) weremainly controlled by ionic
size, chargeand bond character but with different influ-
ences. Other factorscontrolling thedistribution of trace
elementsare preci pitation following by oxidation or re-
duction beside variousreactionswith organic matter

Theinvestigated soilscharacterized by highlevel of
various heavy metds, all exceeded therelevant locd
s0il background va ues. Total iron concentrationsinthe
soil samplescollected from the sitesrang from 980 at
site12t021546 mgkg1 at site1 (TABLE 1), Many
tracedementslike Cu, Co, Ni, and Zn can beincorpo-
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rated together with Fe3*, and AI3*, in hydrated phos-
phates (Mikula and Indeka, 1997 and Xiulan et a,
1999). Thiscaseisobservedin ferrasol and sandy soils
of Abu zeniemaarea. It refl ectsthe high concentration
of ironand duminumintheinvestigated soil samples™.,
The concentration of Cu, Ni and Zn ranges between
(32- 650), (22- 1250) and (34- 922) mg Kg1 re-
gpectively (TABLE 1). Their high concnetrationiscon-
trolled by the presence of iron aswell asthe presence
of clay components®> 18, The manganese concentra-
tionin thesoil samplesrange between 151 and 7689

mg/Kg.

TABLE 1: Selected propertiesof soil samplesfromAbu
Zienemaarea

Total Total Total Total Total Total

Site Location Soil Fe Cu Ni Al Zn  Mn
PH  (mg  (mg (mg (mg  (mg (mg

kg™) kg™) kg™) kg™) kg™) kg™)

1 W.Shdad 65 21546 42 25 18225 34 7689
2 W.Sahw 6.8 19888 32 29.6 19380 42 799
3 W.Nasb 6.3 22145 57 153 16258 48 815
4 W.Sahw 57 15234 320 45 8254 922 336
5 W.Shda 59 4056 18 77 12354 340 46.8
6 W.Hamata 6.9 2546 17 83 14050 450 25.8
7 W.Baba 69 12457 61 64 7658 71 425
8 W.Sidri 7.4 11546 84 139 8574 86 288
9 W.Shda 7.8 14256 40 64 5687 59 322
10 W.Hamata 7.6 8254 300 48 11234 280 425
11 W.Sshw 6.3 1254 280 31 10800 340 312
12 W.Sdri 58 980 144 22 8954 210 238

Metal concentrationsin plants

Plants can accumul ate trace €l ements especially
heavy metalsintheir tissueduetotheir great ability to
adapt many variable chemical properties of the envi-
ronment. Plantsareintermediatesreservoirswheretrace
elements movefrom soilsto man and animals. Plant
may be passivereporter for trace el ements (fallout in-
teraction or root) but they also exert, control uptake or
rejection of some el ements but appreci ate physiol ogi-
cal reaction'®!, Thetransfer of heavy elementswithin
the soil—plant chain is a part of the biochemical cycling
of elements. Several factors control the processes of
mobility and availability of elementslikepH, organic
matter and redox conditions; between thesepH iscon-
sidered to bethe most important and easily manage-
ableone®. Heavy metdsoccur in different speciesac-
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cording to whether they areexternal or internal bound
to varioussoil componentsor intheliquid phase.
Theability of aplant to hyperaccumulateany meta
may enhance some ability to accumul ate other metal g
23, Some metals may interact competitively for accu-
mulation (e.g., Zn and Ni in calamine and serpentine
s0il9). Suggested common mechanismsof absorption
and transport of severd metdsby Thlaspi species. They
observed high uptake by therootsfor al metal s stud-
ied. Zn, Cd, Co, Mnand Ni werereadily transported
to the shoot, whereas, Al, Cr, Cu, iron (Fe) and Pb
werepredominantly immobilizedintheroots.
Inthisstudy atotal of 12 plant samples of 4 plant
specieswerecollected from 12 |ocationsin theinvesti-
gated area. Concentrationsof Fe, Cu, Zn, Mn, Ni and
Al insoil and plant biomasswereprovidedin TABLES
2,3,4,5,6and 7. Total copper concentration ranges
from 10.58 to 284.4 mgK g-1 with the maximum con-
centration being intheroot of Citrulluscolonthsisfrom
thesite4 (TABLE 2). Theobtained result for citrullus
colonthisisin contradict with that obtained by!? who
found that the uptake of copper islow for the same
plant. No plant speciesaccumul ate copper above 1000
mgKg1. Alsotheroot of Artemisiajudaica contained
significant amount concnetration of copper 80 mgKg-
1 while Hyosymus muticus and Cleome droserifolia
contain norma concentration from copper rangingfrom
10.58t0 21.4 mg Kg-1 which agreed to thosefoundin
the literature obtained by!*Y (1.1 to 33.1 mg K g-1)2u,
Reported that the range of Cu contentsin 50 medici-

TABLE 2: Copper concentrationsin soil and plant samples
(mgkg?).

Scientific name Site Roots  Shoots Soil

1 13.27 2.32 42

H. muticus 2 11.78 1.53 32
3 10.58 0.59 57

4 284.4 63.5 320

C. colonythsis 5 19.29 3.3 18
6 19.37 2.8 17

7 21.4 5.18 61

C. droserifolia 8 20.6 5.19 84
9 15.82 4.9 40

10 80 19.3 300

A. judaica 11 63.5 11.3 280
12 59 8.72 144
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nally important |eafy materialsgrowingin Indiawere
17.6-57.3 mgkg 1.

Zincisanessentid eement todl plants; themean
concentrationinnormal plants (abovegroundtissue) is
66 mgKg-1{19]. The physiological activitiesof theplant
influence Zn absorption and theinteractionswith many
elementslike Fe, Mnand Cu d so affect Zn uptake,
Theconcentration of zincintuls (Ocimum sanctum)
and neem (Azadirachtaindica) leaves, whicharewidely
used in Indian Ayurvedic medicine, were 140 and 10
mg g-1, respectively29. The zinc concentration in the
investigated plant speciesranges from non detectable
to 607.5mg kg1 (TABLE 3). Like copper the maxi-
mum value was found in the root of C. Colonythsis
fromsite4. Also no plant speciesaccumulated Zn above
1000 mgkg-1. The root of Artemisia judaica con-
tained asignificant concnetration of Zincranging from
70.24t0188.5 mgkg~L. Similar to copper Zn concen-
tration were greater in the root than that found in the
shoots.

TABLE 3: Zinc concentrationsin soil and plant samples
(mg kg™)

Scientific name Site Roots  Shoots  Sail

1 34

H. muticus 2 42
3 - - 48

4 607.5 86.25 922

C. colonythsis 5 104.5 49 340
6 112.5 59.25 450

7 40.5 18925 71

C. droserifolia 8 345 145 86
9 24.25 8.75 59

10 1885 13.925 280

A. judaica 11  70.25 5.9 340
12 99.25 29 210

The concentration of total manganeseranged from
32.5t01123.75mgkg 1 (TABLE 4) wherethe highest
concentration was found in the root of Hyocumus
muti cus species. Both Citruluus colonthysisand Ar-
temisia judaica contain normal concentration from
manganese whichisnearly inthesamerange obtained
by2 who reported that therange of Mnintheir study
tobe 10.5-81.6 mg kg~1. While Cleomedroserifolia
contain higher concentration from manganesewhichis
higher than the value obtained by?4. In their study.
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TABLE 4: Manganese concentrationsin soil and plant
samples(mg kg?)

Scientificname  Site  Roots Shoots  Sail

1 1123.75 450.235 7689

H. muticus 2 402 160 799
3 324 113.75 815

4 46.75 15 33.6

C. colonythsis 5 59.75 18.5 46.8
6 35.5 13.75 25.8

7 443 140 425

C. droserifolia 8 8l 33.25 288
9 80.75 27.25 322

10 59.75 20.3 425

A. judaica 11 27.25 104 312
12 325 8.5 238

Hyosymus muti cus contain higher concentration from
manganese (1123.7 mgkg-1) >1000 mgkg1. 4 stated
that theplant issdlectiveinaccumulatingMn.

Thenickel concentrationintheinvestigated plant
ranges from undetectableto 53.75 mgK g-1(TABLE
5). Both Hyosymus muticus and Cleome droserifolia
possestheability to uptake nickel. The concentration
in Hyoscymus muticusis higher than that in Cleome
droserifolia species but, both plants are under 1000
mg K g-1- Theconcentrationin theroot ishigher than
that in shoot. The concentration of iron rangesfrom 67
t0 2840 mg K g1, wherethe highest concentration was
found in the root of Hyoscymun muticus. Both
Hyosymus muticus and Cleome droserifolia show
the ability to accumulate Fein their root part with a
concentration exceeds 1000 mg Kg-1126]. Reported
that the concentration of Feintuls (Ocimumsanctum)
and neem (Azadirachtaindica) leaveswhicharewidely
used in Indian Ayurvedic medicinewere 129 and 355
mg g1, respectively. Thesuggested Ferequirement for
anima srange between 30 and 100 p.p.m. and the maxi-
mum tolerablelevd for cattleissuggested as1000 ppm.
(National Research Council*7,

Aluminum (Al) isnot regarded asan essentia nutri-
ent, but low concentrati ons can sometimesincreaseplant
growth or induce other desirable effects. The Alumi-
num concentration in roots ranges between 875 and
3825 mg Kg-1. All investigated, plant species show
theability to uptakea uminum with concentration nearly
to be>1000 mg Kg-1. The highest concentration was
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TABLE5: Nickd concentrationsin soil and plant samples
(mg kg™)

Scientific name Site Roots  Shoots  Sail
1 50.75 7.2 25
H. muticus 2 43 5 29.6
3 53.75 13 15.3
4 - - 45
C. colonythsis 5 - - 77
6 - - 83
7 16 4.75 64
C. droserifolia 8 11.85 2.03 139
9 49 11.85 64
10 - - 48
A. judaica 11 - - 31
12 - - 22

TABLE6: Iron concentrationsin soil and plant samples
(mgkg™).

Scientific name Site  Roots  Shoots Soil
1 2840 781.25 21546
H. muticus 2 2540 575.75 19888
3 2180 3875 22145
4 97425 169.75 15234
C. colonythsis 5 287.5 15.3 4056
6 34275 225 2546
7 20832 350.2 12457
C. droserifolia 8 1202.7 200.75 11546
9 3140 335 14256
10 423 44.3 8254
A. judaica 11 128 335 1254
12 67 12 980

TABLE 7: Aluminum concentr ationsin soil and plant
samples(mg kg?)

Scientific name Site Roots  Shoots Sail
1 3825 635 18225
H. muticus 2 2825 675 19380
3 2400 456 16258
4 1325 875 8254
C. colonythsis 5 1500 4625 12354
6 2125 475 14050
7 1255 200 7658
C. droserifolia 8 935 197.5 8574
9 875 100 5687
10 2340 475 11234
A. judaica 11 1600 225 10800
12 1075 200 8954
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foundintheroot of H. muticuswhilethelowest was
foundin C. droserifolia (TABLE 7). The concentra-
tion of root is higher than that in shoot as what ob-
servedinthe previouse ements.

M echanismsfor metal tolerance

Pant speciesthat arenaturdly highin heavy metals
develop astrategy to tolerate heavy metals by unre-
stricted absorption and, asaresult, accumulate high
concentrations from heavy metal intheir tissue. The
hyper-accumulation strategies requires some
mechanism(s) to detoxify themetals. It iswidely ac-
cepted that detoxification of metal ionswithinplant tis-
sues must depend on chelation by appropriateligands.
Theanionic speciesof organic acids, such ascitrate,
malate, and mal onate, are commonly foundin high con-
centrationsintheleavesof Alyssumspp.©?2 has pointed
out that theseanionstend to bepresent congtitutively in
these plantsin substantial amounts and cannot account
for themetd-gpecificity or speciesvariahility of Ni hyper-
accumulators?. Suggested that the Ni hyper-accumu-
lationtraitin Alyssumwasassociated with theability of
theroot system to produce substantial amountsof his-
tidineasaNi complexion legend

Accumulation and trandocation of metalsin
plant

Inthisstudy noneof the plant speciesshowed meta
concentration > 1000mg Kg-linthelesf part (TABLE
2,3,4,5,6and 7) in other word none of them are
hyper accumulator™®, however theability of theseplants
to tolerate and accumul ate heavy meta smay be useful
tool for phyto-stabilization. Both bio-concentration fac-
tor (defined asthe concentration of metal intheroot to
that intheleafl) and trand ocation factor (defined ascon-
centration of metal in leaf to that inroot) estimatesa
plant’s potential for phyto-remediation purpose.

The processof phyto-extraction general ly requires
thetrand ocation of heavy metalstotheeasily harvestable
plant part. By comparing the BCF and TFwe can com-
paretheability of different plant to takeup metalsfrom
s0il and trand ocating them to shoots, tolerant plant tend
to restrict soil root and root- shoot transfer and there-
fore have much lessaccumulation intheir part while
hyper-accumulator plant take up and trand ocation met-
dsintotheir aboveground part”. Stated that when plant
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TABLE 8: AverageBACsand TFsfor investigated plant species.
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Bioaccumlation Factor

Trandocation Factor

Scientific name

Cu Zn Ni Mn Fe Al Cu Zn Ni Mn Fe Al
H. muticus 0.28 236 035 012 017 012 016 038 023 0.23
C. colonythsis 105 041 134 009 014 018 038 034 01 0.4
C. droserifolia 028 046 037 074 016 014 026 041 023 035 015 0.16
A. judaica 030 0.45 012 006 016 019 06.2 0.33 018 0.17

TABLE 9: Normal and toxic concentrationsfor the
screened heavy elements

Non-toxic Toxic Hyper accumulation

HM concentra;t;on concentr%tlmn limit (mg kg?l)
(mgkg™) (mgkg™)

Cu 5-30° 20-100° 1000

Zn 27-150° 100-400° 10,0004 a4 [©1

Ni 0.1-5° 10-100° 1000°

Mn  30-300° 400-1000° 10,000¢

Fe 5-250° - 10,000¢

Al 3-6°

Vasquez et al. (1992) ; "Henry (2000); °K abata-Pendias
(2001); *Alvarez et al. (2003); ‘Wong (2003).
had low TFand BCF vaues, their ability to accumulate
and trand ocat heavy metasislimited (TABLE 8).
among all investigated, plants Hyosymus muticus
had the highest BCF greater than 1 for Ni (BCF + 2.36;
TABLE 8), whilethetotal concentrationin the plant
was < 1000 mg Kg-1, C. colonythsis plant species
havethe highest BCFsfor Cuand Mnwhichishigher
than onewhere BCF are 1.05 and 1.34 respectively
(TABLE 8). Although the concentration of theMnin
C. colonythsisis < 1000 (TABLE 4) but its BCF is
higher than onewhich complieswith (kabataand pnedias
2001) who stated that the concentration of the sub-
strate playsanimportant rolein the valueof the BCF.

The BCFsfor theFe, Al and Znwerelessthan one
inal theplant specieswheretheaverage BCFfor these
plant are 0.06-0.12, 0.14-0.17 and 0.41-0.46 respec-
tively inspite of the concentration of Al wasmostly >
1000mgKg-linal plantsaswell asFein Hyoscymus
muticus and C. droserifolia. Similar to Mn the high
s0il concentration decreasethe value of BCF for those
plant.

Though noneof the plant samplesweremetd hyper-
accumulator some observation were noted. Based on
theaverage BCFsof dl plants, Ni (0.68) isthe highest
onefollowed by Mn (0.63), Cu (0.48), Zn (0.33), Al
(0.15) andfinadly Fe(0.11). Regarding to the average

Tf’s of all plant samples the plants were most efficient
intrans-loating Znand Mnwith vaueof 0.35followed
by Mn (0.35), Al (0.24), Cu (0.19), Fe (0.17) and
findly Ni (0.1). Among the screened d ements, theplants
growing in the investigated area were efficient of
uptaking Ni, Mnand Zn whilelow trand ocation of Fe
and Ni fromtheir root to shoot™®. Discussed restriction
of metal uptake by plant from contaminated soil and
the presence of exclusion mechanism in such plant
specie. Ingenerd all heavy meta soccurred at elevated
level in plant part collected from thesite, normal and
phyto-toxic concentration werereportedin TABLE (9).
Theseresultsmay show that plant speciesgrowing on
the contaminated sitewith heavy meta sweretolerant
of thesemetals. Restriction of upward movement from
root into shoot can be considered as one of thetol er-
ancemechanismi®Y.

Although no metal hyper-accumulator werefound,
heavy metal tolerant specieswith high BCF and low
TF can be use phyto-gtaiblization of contaminated Site
together with avegetative cover. Exampleof such plant
inthisstudy includes C. colonythsisfor Cuand Mnand
Hyoscymus muticus for Ni (TABLE 8). Phtyto-
stablization minimizesmigration of contaminant in oil
(Susard et a. 2002), thisphenomenausethe ability of
plant root to change environmental condition viaroot
exudates. Plant cansimmobilize heavy meta through
absorption and accumul ation by roots, adsorption onto
rootsor predipitationwithin rhizosphere. Thistechmique
reduces metalsmohility and leaching onto ground wa
ter and reduces metal bioavaiality for entry into food
chan.

Animportant advantage of thistechniqueisthat the
disposal of themetal- laden plant materialsisnot re-
quired (Suarlaet a. 2002). Using metal tolerant plant
speciesfor stabilizing contamination soil may dsoim-
prove condition for natural attenuation. Although met-
dsaccumulatedinrootsare considered rdlaively stable
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asfar asreleaseto environment isconcerned so many
studiesare needed to regard theturn over of nutritive
roots and the potential rel ease of metalsfrom decom-
posing roots¥.

CONCLUSION

This study was conducted to screen native plants
growingon anarid areato determinetheir potential for
meta accumulation. Only specieswith both BCFsand
TFsgreater than one havethe potential to be used for
phyto-extraction. Within all theinvestigated plant spe-
ciesscreened no plant sampleswereidentified asmetd
hyper-accumul ator. However Hyosymus muticusand
Citrullus colonythsis have BCF greater than one
where Hyosymus muticus was effectivein taking up
Ni while Citrullus colonythsiswaseffectivein taking
up Cu and Mn. So it can be ended that Hyoscymus
muticus and Citrullus colonythsiswas considered as
the most promising speciesfor phyto-excluder of heavy
metasincontaminatesite.
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