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TOM TAT

Tiém nang Gng dung thuc vat vao viéc xa 1y 6 nhidm kim loai nang — Phytoremediation
dang thu hut sy quan tdm cua nhiéu nha nghién ctru. Véi chi phi ddu tu ré, thuan tién, than thién
véi moi trudong, Phytoremediation dugc danh gia 1a mot trong nhitng cong nghé xir Iy 6 nhiém
cuia twong lai. Trong s nhiing thyuc vat hitu dung cho Phytoremediation, cay hoa hudng duong
(Helianthus annuus) duoc nhidu nha nghién ciru danh gia 1a hiéu qua trong xu 1y 6 nhiém kim
loai ning trong dat va ngudn nudc. Trong nghién ctru nay, chung t6i tong hop va phan tich
nhitng tiém nang tng dung cia H. annuus trong viéc loai bo kim loai nang Cadmium trong dat.
Qua do6, gitp dua ra nguong khir doc Cadmium trén thuc té ap dung cho moé hinh
phytoremediation sir dung H. annuus.

Tur khoa: Helianthus annuus, Phytoremediation, Cadmium, 0 nhiém kim loai nang.

1. MO PAU

O nhiém kim loai nang, cac chat phong xa (Radionuclides) va cac chit hoa hoc vo co khac
1a vin d& nan giai tai nhiéu nudc, trong d6 c6 Viét Nam. Nguyén nhan co6 thé bat ngudn tur tu
nhién, tuy nhién phan Ién 1a san pham duoc tao ra do cac hoat dong cua con ngudi. Pang ké
trong d6 1a hoat dong khai thac mo quang, chat thai tir cac khu cong nghiép nang, san xuét dau
Mo, phan bon... Phan I6n trong sé dé thai truc tiép ra méi truong ma khong qua xir 1y. Do vay,
tao nén sirc ép rat I6n 1én hé sinh thai va cac hoat dong bao vé méi truong. Thém vao do, 6
nhiém kim loai nang trong dat, nguén nudc sinh hoat va khong khi da va dang gay ra nhiéu téc
hai dén sirc khoe cua ngudi dan [1-5].

Tuy nhién, cng tac tim soat ngan can sy lan rong cta ving 6 nhiém gap nhiéu khé khan.
Nhiéu phuong an xur 1y di dwoc dua ra, cu thé la thuy tinh hoa in-situ kim loai (in-situ
vitrification), nhiét phan dat chta kim loai (soil incineration), chon lap (excavation and landfill)
[6]. Tuy nhién, da s6 cac phuong phép niy déu c6 chi phi dau tu cao, yéu ciu nguon nhan lyc
Véi trinh d9 ki thuat cao. Py ciing 1a trd ngai rat lon cho nhimng nuéc nghéo va co nén cong
nghiép dang phat trién nhu Viét Nam.

Phuong phap st dung thyc vat dé xir 1y 6 nhiém n6i chung va kim loai nang no6i riéng duoc
goi chung 1a “Phytoremediation”. Trong dd, c6 cac huéng tng dung khac nhau, c6 thé ké den
nhu: Rhizofiltration, 14 qué trinh hip phu cic chit 6 nhidm 1én bé mit r& hodc vao trong ré,
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phuong phap nay thuong dugc ap dung trong truong hop chat 6 nhiém dé tan trong nudc, ap
dung trong xu ly 6 nhiém ving ngap nudc; phytostabilization, 1a phwong an sir dung thyc vat ¢b
dinh chat 6 nhiém thay vi loai bo; phytovolatilization 1a phuong thirc sir dung thuc vat dé tach
chiét mot vai kim loai nhat dinh (vi du Thuy ngan, Hg hoic Selen, Se) tir ¢t va nhitng kim loai
nay sau d6 s& dugc giai phong vao khong khi thong qua qua trinh bay hoi tai khi khong cua 14;
phytoextraction 14 phuong thic sir dung thyc vat hap thu kim loai tir d4t va tich lity nhirng kim
loai nay vao canh non. Tuy theo dic diém va kha ning chiu dung cua tung loai thuc vat ma
phuong thirc ap dung khac nhau [6-7].

Do vay, xu huéng chii yéu va yéu cau cap bach hién nay tai cic nuéc dang phat trién 1a
dua ra phuong 4n cai tao va xur 1y 6 nhiém than thién, hiéu qua dau tu cao, véi kinh phi thap.
Ngay cang c6 nhiéu bang ching khoa hoc cho thiy mot sb loai thyc vat c6 kha nang tich liy
kim loai nang nhu: Alyssum markgrafii, Eleocharis acicularis, Schima superbal [6]. Nhitng loai
cay nay khong nhiing c6 kha néng khang lai duoc diéu kién nong do kim loai cao, ma con giup

“thu gom” kim loai trong dat, ngudn nuéc bang cach tich liy. Thém vao d6 mot s6 loai cay Voi
ru thé sinh truéng manh & cac ving dat 6 nhiém kim loai, s& chiém da s6 va dugc dung 14 loai
chi thi méi truong cho ving dat 6 nhidém. Vi thé, sir dung thyc vt trong van dé xtr Iy 6 nhidm 1a
phuong an kha thi, than thién véi méi trudng, chi phi dau tu lai “ré”

2. POI TUQNG NGHIEN CUU VA TAC PONG CUA CADMIUM
2.1. Pbi twong nghién ciru

Trong bai nay, chung t6i mudn d& cap dén kha ndng ung dung cua céy hoa huéng duong
(Helianthus annuus) (Hinh 1) vao viéc xu ly 6 nhiém kim Io’ai nang cu thé nhu Cadmium (Cd)
trong cac vung dat 6 nhiém nhu cac khu cdng nghiép, khu ché xuat, khu xir 1y rac thai...

2.2. Tiém ning cia H. annuus trong xir Iy & nhiém Cadmium

Cadmium (Cd) 12 kim loai ning duoc danh gia 1a chit giy 6 nhiém nghiém trong, véi doc
tinh cao khi & dang hoa tan Cd** trong nuéc. Do vay, Cd d& bi hip thu bai thuc vat va xAm nhap
vao chudi thirc an, gdy anh huong 16n dén sic khoe ciia con ngudi [8]. La loai thyc vat sng
duge trong diéu kién nong do kim loai cao, H. annuus dwoc danh gia tiém ning trong viéc
khéng ché sy phat tan ciia Cd trong hé sinh thai. Nhiéu béo cao khoa hoc cho thdy, H. annuus
c¢6 kha nang hap thu va tich Ity cao kim loai nang trong ré, tuy nhién it tich lily trong choi va
canh cay [9-10]. Dac tinh nay rat phi hop Vvé6i phuong thirc Rhizofiltration trong qué trinh khir
doc ving dat/ ngudn nude 6 nhidm kim loai.

3. KET QUA VA THAO LUAN
3.1. Thir nghiém H. annuus trong xir Iy 6 nhiém kim loai ning Cadmium

H. annuus duoc danh gia 1a c6 kha nang phat trlen trong moi trudng 6 nhiém Cd** [11],
[12]. Zou va cs, (2008) da thur nghiém trén sy nay mam cua 3 glong H. annuus va nhan thiy
rang, Cd & dang dung dich dugc chuyén héa va tich lity & chu yéu & ré, mot lugng thap hon &
than va la (Bang 1) [13]. Hién tuong twong tu cling dugc ghi nhén trong nghién ctru cua Ghani,
(2010) véi cac chung glong HI-SUN33, HI-SUN38, 5278 (Bang 1) [14]. Do vay, khi thu
nghiém hiéu qua xu 1y 6 nhiém kim loai ning trong dat/ ngudn nudc, can tinh dén phuong an
chang giéng H. annuus cho két qua t6i wru. Nghién ciru khac ctia Yang va Pan, (2012) chi ra
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rang so di Cd tich liy tap trung ¢ ré 1a do co6 4i luc hap thu I6n ddi véi dich chiét tir r& H.
annuus (Bang 1) [15]. Nghién ctru ciing giai thich rang, c6 thé do nhiing hop chat chuyén biét
tao ra ¢ ré (vi du nhu cac protein, duong polysaccharide, va cac chat c6 nhém chirc phenol) da
tao nén ai luc 16n gitip tich liiy ctia Cd tai ré.

Bang 1. Mot s6 tac dong ciia Cadmium 1én sy sinh truong caa H. annuus.

Gidng Ham luong Hién tuon Chung tich | Tai liéu
H. Annuus | Cd®™ on tong liiy Cd t6i wu | tham khao

No. 665 1000 ppm | Cay chét sau 10 ngay.

RH118 10-100 Ré va chdi than tc ché sinh truéng sau 20 No.665 [13]
QFS14 ppm | ngdy.

HI-SUN33 9 ppm Tat ca cac giéng cdy chét sau 10 ngay

HI-SUN38 khao sat. Cac chung cdy nay nhay Vvoi
5278 nong d6 9 ppm va tich luy hiéu qua ¢ | H|-SUN33 [14]

ndng do6 6 ppm Cd.
9-12mg/kg | (7c ché tang sinh cia réd/ than.

(***)

Wit

(****)

<50 ppm | it tac dong dén chu trinh bién dudng. N/A [16]

(*)ppm: particles per million, &p dung Xu 1y dung dich Cd (II+) trén hat.
mg/kg: miligram Cd/ kg dét trdng.

) wt: wild-type, gidng ty nhién.

") N/A: not available, khong xac dinh.

3.2. Tac dong cia Cadmium dén H. Annuus

Nghién ctru cua Kirbag Zengin va Munzuroglu (2006) chi ra rang, cac nong do 50, 70, 90
ppm s& tao nén anh huong doc ting dan 1én chu trinh bién dudng cia H. annuus, va tic dong
dén ham luong Chlorophyll a+b va protein tong s6 [16]. Piéu nay chirng té rang, mot khi nong
d6 Cd vuot qua ngudng gidi han chiu dung cua cay, su tang trudng cuia cay ciling bi tac dong.
Do vay, truéc khi sir dung H. annuus voi muc dich loai trir nhidm doc Cd, can tinh dén yéu té
nhiéu mua vu va yéu té kinh té. Trong khoang nong do Cd dat ngudng 50ppm, c6 thé dugc xem
xét nhu gia tri tham chiéu dé dua ra chién lugc khir doc kim loai tai ving 6 nhidm, trong khi do,
yéu t6 mua vu ciing duoc duy tri (Bang 1).

Nghién ciru gan day cua Rivelli va cs (2014) chira rang, ham luong Cd (5-15mg/kg dat)
anh hudng dén kha niang hép thu dinh dudng cua ré va anh huéng dén kha ning van chuyén
nguyén t6 vi lwong (Cu, Zn, Fe) tir ré 1én than/ 14 [17]. Piéu nay giai thich nguyén nhan vi sao
trong nghién cttu ciia Ghani (2008), H. annuus bi tc ché sinh trudng véi nong d6 Cd 9-12mglkg
(Bang 1) [14].

3.3. Cai tién hiéu qua sir dung H. annuus trong viéc khir doc kim loai ning

Qué trinh tich Iiiy kim loai nang caa H. annuus chu yéu dién ra tai ré, song cac co quan
khac cua cdy (than va 14) néu duoc sir dung ciing c6 thé 1a tiém nang 16n trong viéc hap thu va
tich luy kim loai ning tai ving 6 nhiém. Tuy nhién, viéc dua vao thyuc tién sir dung than va 14
clia cay trong khir doc kim loai gap nhiéu khé khan vi nhiing nguyén nhén sau: 1) khong phai
loai thuc VAt nao ciing c6 thé van chuyen kim loai va tich lu§, 2) mdi chung gidng H. annuus
khac nhau s& c6 hiéu qua van chuyén sinh hoc khac nhau, 3) viéc tich luy kim loai nang phan
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nao ciing tic dong dén su sinh truong cua cdy nhu di duoc dé cap ¢ phan trén. Nhitng yéu t6
nay tao ra “su bao hoa” trong qua trinh hap thu tich luy kim loai.

Nhiéu thir nghiém nham ting hiéu qua xur 1y kim loai Cd duoc trién khai. Hao va cs, (2012)
da thu nghiém tac dong cua cac yéu to tiém nang dugc cho la tdc dong 1én sy phat trién thong
thuong cua cay, didu nay dugc danh gia c6 thé cai thién hiéu qua tich Ly kim loai trong céy, cu
thé 1a phén heo (Swine manure) va Potassium chloride (KCI) [18]. Két qua cho thay, ca ba yéu
t6 trén déu gitp tang chiéu cao, kich thudc hoa va sinh khéi cua cay. Tuy nhién, doi VGi truong
hop bd sung phan heo lam giam rd rét ham lugng Cd va Zn trong cdy, tir d6 giam hé s6 tich liy
sinh hoc (Bioaccumulation coefficient, BCF) cua Cd va Zn. Do vy, viéc b6 sung phan heo c6
thé gitip hd tro phat trién cua cdy, nhung khong 1a lya chon t6i wu trong trong viéc hap thu va cb
dinh kim loai nang nhu Cd. Nguoc lai, sy b6 sung KCI & nong d6 0.54g/kg dit tai thoi diém
trude khi gieo va giai doan giita ciia chu trinh phat trién gitp ting rd rét BCF cia Cd, ciing nhu
lam tang hé s6 van chuyén (translocation factor, TF) ciia nguyén t6 vi lwong Zn tir ré 1én chdi va
hé s6 khtr doc (Remediation factor, RF) cua H. annuus (Bang 2). Do vdy, phan bon KCI ciing 1a
mot yéu t6 can can nhic khi chon lua giita yéu t6 kinh té va hiéu qua cai thién 6 nhidm moi
truong.

Laspina va cs (2005) da dua ra nhan dinh rang, viéc bo sung Nitric Oxide (NO) dudi dang
Sodium nitroprusside (SNP) giup cho H. annuus chiu dung dugc nong do Cd cao (500 ppm)
trong sudt 10 ngay phoi nhiém [19]. Cac triéu ching nhiém doc Cd o thuc vat: 14 ta vang
(chlorosis), ¢ ché ting truong. .. Nhu viy, trong truong hop sir dung don doc H. annuus trong
xtr Iy dat 6 nhiém Cd, c6 thé sir dung chat hoa hoc 1a ngudn tao ra Nitric oxide (NO-donor) dé
tang kha nang chiu dung (tolerance) ciia H. annuus di véi nong do cao Cd.

Mot cach tiép can khac, duge cho 1a ting kha nang hap thu kim loai vao thuc vat, giap khir
doc trong dat, do 1a sir dung cac chét trao d6i ion kim loai (chelators) [20]. Di voi nhiing thuc
vat chu yéu hap thu kim loai nang qua ré nhu H. annuus, thi néu nong do kim loai trong ré va
xung quanh r& qué cao, s& gay nhidm doc cho cdy, ciing nhu ¢ ché sy sinh truéng cua ciy. Do
vay, Viéc tim ra chelator giup tang hap thu kim loai & H. annuus, va ting hiéu qua van chuyén
kim loai tir ré dén than/ 14 (translocation factor) s& 1a mot budc dot pha 16n.

Vi du dién hinh cua Chelator da dwgc nghién ctu rong rii 1a Ethylene Diamine Tetracetic
Acid (EDTA) va N-(2-hydroxyethyl)-Ethylene Diamine Triacetic Acid (HEDTA) [21], [22].
Céc Chelator nay & nong do 0.5g/kg dat, giup tang dang ké hiéu qua hip thu Cd vao trong cdy.
Tuy nhién, v&i ham luong nay anh huong l6n dén sy phat trién cua cay (Bang 2) [21]. Két qua
thuc nghiém doc lap khac, duoc thuc hién trén cac ving dat ty nhién véi thanh phan ti 1¢ dat sét
khac nhau (dat sét pha cat, dat sét bun phu sa, dat sét déo) c6 tron Cd, Cr, Ni cho thy, co su uu
tién hap thu kim loai (uptake selectivity) tuy theo ndng d6 EDTA va muc d6 hap thu kim loai
duong nhu khong lién quan véi ham lugng dat sét trong dat [23]. Cu thé voi nong do EDTA
0.1g/kg trong dat, thir tu wu tién hap thu 1a Cd > Cr >> Ni, véi tong ham lugng kim loai hap thu
1a 0.73mg. Vé6i ndng d6 0.3mg/kg dit EDTA, ther tu wu tién 1a Cr > Cd >> Ni va téng ham
luong kim loai hap thu 1a 0.32mg. Trong ca hai nong do trén, dudng nhu EDTA khong hd tro
cho sy hap thu va van chuyén cia Ni & H. annuus (Bang 2).

Hién tuong tuwong tu cliing duoc ghi nhan trong nghién ctru cua Munn va cs (2008) [24].
Nghién ciru nay dugc thuc hién nham danh gia hiéu qua khir doc caa chiing H. annuus sundance
va teddy bear trong nha kinh (Greenhouse) va két qua cho thiy su bd sung EDTA 0.1g/kg dat
gitip ting cudng hiéu qua hip thu cua Cr, trong khi d6 voi ndng do EDTA 0.3g/kg dét gitip ting
kha ning hap thu Cd. Sy khac biét nay so voi nghién ctru ctia Turgut va cs (2008) co thé 1a do
su khac nhau vé chiing H. annuus st dung trong nghién ciru (Bang 2) [23].
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Bang 2. Mot s6 phuong an cai thién hidu qua hap thu kim loai trén H. Annuus.

Phuong an | Nong do Gidng o ) Tai liéu
X . Tac dong chinh L
bé sung bé sung | H.annuus tham khao
Potassium | 0.549/kg | H. annuus | Tang BCF cuia Cd, ting TF ciia Zn, ting RF cua H. [18]
chloride dat L. annuus.
Sodium SNP giip tao ra ngudn Nitric Oxide (NO), lam tang
; ; H. annuus £
nitroprusside | 100 mMm | " L kha nang chiu dung cua 14 H. annuus déi voi céc [19]
(SNP) ' tac dong uc ché cua Cd ¢ nong d6 500 ppm).
EDTA 0.59/kg | H. annuus | Tang kha nang hép thy Cd*" trong than cdy & ndng 21]
HEDTA dat L. d6 50ppm, tuy nhién ti 1€ cay chét 50%.
0.30/k Ti 1¢ song cao hon & nong d EDTA 0.5g/kg dat.
20/ Mirc d6 hap thu Cd** ting gép 12 lan so véi chiing
dat d6i ching, va duge tich luy trong 14, than, ré cay.
Mt d6 wu tién hap thu (30ppm)
Cr> Cd >> Ni.
EDTA H.annuus | __ R _ _ P B )
L. Téang kha nang hap thu kim loai so v6i nong do
EDTA 0.3g/kg dat do téng sinh khoi tich luy. Muc
do hap thu va tich luy Cd*" tai than cdy tang gip 18
lan va tai 14 ting gdp 12 1an so véi chung d6i chung
0'19/k9 Mtrc d6 wu tién hap thy (30ppm)
dat Cd > Cr >> Ni.
0.1-0.3 | H.annuus | Mic d6 vu tién hip thy (30mg/kg)
g/kg dit | SUNdaNce | cr> cd>> Ni
H. annuus e do ‘an ha
0.1g/k Mirc d6 vu tién hap thu (30mg/k
EDTA g g Teddy ’ . P thu (30mg/kg) [24]
dat bear Cr>Cd>> Ni
0.3g/kg Mtc d6 wu tién hap thu (30mg/kg)
dat Cd > Cr >> Ni.
Trong diéu kién ndng do Cd** 8.8mg/kg. EDDS d&
EDDS 0.8 - H. annuus | phan huy va hiéu qua khir kim loai cao hon EDTA [26]
4mM L. sau 40 ngay khao sat. Thoi gian khir kim loai ngan
hon.

Tuy nhién viéc str dung EDTA d hd trg qua trinh phytoremediation cling ¢6 nhimng tac
dong ngugc. EDTA v6i ham lugng cao, giy nhiém ddc cho dat, sinh vat trong dat va co dic tinh
khé phan hity, diéu ndy tao nén sy 6 nhiém cho mach nuéc ngam xung quanh [24], [25].
Ethylene diamine disuccinate (EDDS) dugc sinh ra tu nhién bai mot so vi sinh vat, ¢6 thoi gian
phan hity ngén va c6 dic tinh ciia mot chelator. Meer va cong su (2005) da thir nghiém so sanh
EDDS va EDTA trén H. annuus véi nong d6 0.8-4 mmol, két qua cho thay EDDS gitp khir kim
loai nhanh hon, thoi gian ton tai trong dat ngan hon so voi EDTA [26]. Tuy nhién nghién ctu
cling nhan dinh rang, thoi diém sir dung EDDS phdi hop voi H. annuus can dugc nghién ctu
sau rong hon dé hd tro ti da kha ning khir kim loai tai ving dét 6 nhidm.
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4. KET LUAN

Tiém nang sir dung H. annuus trong viéc khir doc kim loai tai cac ving dat va ngudn nudéc
1a rat 16n, vé6i kha nang tich liy kim loai nang ¢ ré, H. annuus 1a mot trong nhitng tng vién dang
gia trong bién phap khir 6 nhiém kim loai phytoremediation (Hinh 1). Vi kha ning ton tai trén
vung 6 nhiém Cd, H. annuus gitip tich liiy va ngin chin sy lan rong 6 nhiém theo mach nuéc
ngam toi nhimg ving xung quanh. Nong do Cd qua ngudng duoc cho 14 tac hai d&én sy sinh
truong cua cdy, do do khi sir dung phuong an khir 6 nhiém kim loai ding H. annuus can tinh
dén yéu t6 mua vy lau dai va c tinh kinh té cua dy an (Bang 1).

Nguyén nhan cha yéu can bd sung va tang yéu to TF 1a vi ré sau mot thoi gian hap thy kim
loai va vi mot lwong nhét dinh, qua trinh hip thy s& bio hoa, trong khi viing than/ 14 cia ciy
kha nang tich liy kim loai ciing c6 thé khai thac dwgc. Do vdy, dé khai thac triét dé kha ning
cua H. annuus trong khir 6 nhiém kim loai, mot s6 phwong an ciing c6 thé ap dung dudi dang bo
sung vao vung dat 6 nhidm, nham hd tro cho kha ning tich lity (Bioaccumulation) va kha ning
van chuyén kim loai tir r& 1én than/l4 (translocation factor, TF) cua cdy H. annuus. Khi sir dung
H. annuus cin cht ¥ ndng d6 EDTA va muc do wu tién hap thu kim loai (uptake selectivity)
tuong (ng, nham dat hiéu qua khir kim loai Cd t6i wu (Bang 2). Déi v6i phuong an sir dung
EDTA, Vé lau dai s& gay hiéu ung tich liiy EDTA trong dét, vi ddy 1a hop chat kho phan huay,
khién cho qua trinh “bat gitr” cac ion kim loai dién ra voi cudng do cao hon, dan dén ham lugng
ion kim loai cao xung quanh r& H. annuus. Theo nguyén tic chénh léch nong do, lwong ion nay
s¢ di chuyén vao mach nudc ngdm xung quanh, va tao nén mot ving 6 nhiém nudc ngam thi
cap (Metal leaching). Do viy, tim ra cac phuong an voi hi¢u qua tuong duong hodc cao hon
EDTA, véi chu trinh phan hiy ngén, va thoi diém bd sung dé hd trg H. annuus cho qué trinh
khtr doc kim loai 14 hudng nghién ctru rat can trién khai.

Tuy nhién, nhitng phuong phép nay thich hop cho nhitng ving dat 6 nhiém dién rong voi
muc d6 6 nhidm thap hoic vira phai. i véi ving 6 nhidm ning, can phai sir dung két hop véi
cac bién phap khac nhu nhiét phan dat chtra kim loai (soil incineration), chon lap (excavation
and landfill) [6], vi ndng do kim loai qué 16n co thé anh hudng dén su sinh truong thyuc vat, bao
gom ca thyc vat st dung cho phuong phap phytroremediation. Vé lau dai, day la phuong an khu
0 nhlem c¢6 thé ap dung nhidu mua vu khac nhau, cho dén khi ndng d6 kim loai trong ving 6
nhiém niam trong muc cho phép.
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ABSTRACT

ASSESSMENT OF POTENTIAL USES IN CADMIUM DEPOLLUTION
BY HELIANTHUS ANNUUS

Tran Puc Thao, Truong Thi Dieu Hien,
Ho Chi Minh city University of Food Industry
*Email: thaotd@cntp.edu.vn

Potentiality of heavy metal detoxification named as Phytoremediation, is attractive to the
researcher’s concerns. With the advantages such as: inexpensive fee, comfortable, and friendly
to the environment, Phytoremediation is considered as one of next generation technologies.
Among the plants which are useful to Phytoremediation, Helianthus annuus is known as an
effective implement to “clean” the trace of heavy metals in both soil and groundwater. In this
study, we analyzed and summarized the utilization of H. annuus to eliminate Cadmium and
thereby proposed the thresolds of Cadmium detoxification in H. annuus — based
Phytoremediation.

Keywords: Helianthus annuus, Phytoremediation, Cadmium, heavy metals contamination.
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