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Phytoremediation has received wide attention in remediating heavy
metals from contaminated soils because it has been shown to be an
efficient, economical, and environmentally friendly technique.
Nevertheless, the deficiency in efficient management and post-
phytoremediation treatment disposal and handling methods for heavy
metal-contaminated biomass has impeded the advancement and
implementation of this technology. The article has synthesized and
analyzed data on phytoremediation technology from publications over
several years, using specialized search engines with keywords before
filtering out irrelevant information based on titles, abstracts, and
keywords of each article. Based on an overview of phytoremediation
technology, post-harvest biomass treatment methods such as pyrolysis,
extraction, nano-material synthesis are advocated towards sustainability
objectives, aligning with a circular bio-economic paradigm aimed at
heavy metal reuse. This represents a promising green strategy to tackle
future challenges related to fuel scarcity, necessitating ongoing further
research model deployment to expand industrial applications.
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Cong nghé xir Iy 6 nhiém bang thuc vat (phytoremediation) nham giam
thiéu 6 nhim kim loai ning trong dit dang ngay cang dugc quan tim
boi tinh hiéu qua, tiét kiém va than thién véi moi truong. Tuy nhién,
viée thiéu cac phuong phap quan ly va xu ly hiéu qua sinh kh01 thuc vat
chira kim loai nang da han ché viéc ung dung va phat trién cong nghé
nay. Bai viét da téng hop, phan tich cac dir liu vé Cong nghé xtr 1y 6
nhiém bang thyc vat tir cac an pham duge cong bd trong nhiéu nam, sir
dung cong cu tim kiém véi cac tir khoa chuyén nganh truée khi loc ra
cac thong tin khong lién quan dua trén tiéu dé, phan tom tat va tir khoa
ctia mdi bai viét. Trén co s& khai quat vé Cong nghé xu 1y 6 nhiém bang
thuc vét, cac phuong phap xur ly sinh khdi sau thu hoach nhu nhiét
phan, chiét xuit, tong hop vat liéu nano,... dugc dé xuét theo dinh
hudng bén vimg, tiép can nén kinh té sinh hoc tudn hoan nham tai st
dung kim loai nang. Pay 1a mét chlen lwoc xanh dly hira hen gop phan
giai quyet tinh trang khan hiém ngudn nhién liéu trong twong lai, do d6
can tiép tuc trién khai cac mé hinh nghién ciru dé mo rong pham vi g
dung & quy md cong nghiép.
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1. Gioi thigu

Hién nay, 6 nhiém kim loai ning dugc coi la canh bao nghiém trong nhat ddi v6i hé sinh thai
trén Trai dat. Kim loai ning co6 thé ton tai trong cc thanh phan khac nhau ctia méi truong do dic
tinh khong phén huy cta néd. Thong qua viéc xam nhép vao chudi thirc an, kim loai ning lam tang
thém moi de doa nghiém trong d6i véi strc khoe con ngudi va hé sinh thai [1]. Kim loai ning ton
tai trong moi trudng dét c6 thé do qua trinh tu nhién nhu nui lia, x6i mon dat va phan huy d;
trong khi cac hoat dong cua con ngudi nhu khai thac khoang san, chon lép, luyén kim, san xuét
hang dién tir, st dung thudc nhudm, san xuit nong nghiép, hoat dong giao thong,... lai 1a nguyén
nhan gay 6 nhiém kim loai ning [2], [3]. Céc phuong phép vt ly, héa hoc va sinh hoc da dugce
thuc hién ¢ nhidu quy mé khac nhau nham giam thiéu tinh trang 6 nhiém kim loai ning trong dat
[4], trong d6 xur 1y 6 nhiém bang thuc vat (phytoremediation) duoc coi 1a mdt trong nhiing
phuong phap xir Iy sinh hoc hiéu qua, tiét kiém va than thién véi moi truong, dong thoi cé thé thu
hdi kim loai nang sau qué trinh xr 1y [5] - [7].

Phytoremediation 1a cong nghé sir dung thuc vat dé giai doc hoac loai bo cac kim loai nang
(Pb, Zn, Cd, Cu, Ni, Hg) trong méi trudc dat va nude bi 6 nhiém. Thong qua qua trinh hap thy,
phan huy, 6n dinh hodc bay hoi nho thyc vat, cac chat giy 6 nhidm trong dat hodc nudc co thé
dugc loai bo hodc ¢d dinh dé 1am sach méi truong [8], [9]. Xt 1y 6 nhiém bang thuc vat 1a mot k¥
thuat xanh day hira hen nham loai bo 6 nhiém méi truong. Trong cong nghé phytoremediation,
cac loai thuc vat ¢6 kha nang chéng chiu va tich lily kim loai nang, dac biét la cac loai “siéu tich
lity” duoc sir dung dé xir 1y dat bi 6 nhiém [10], [11]. Toan bg cay hodc cac bo phén trén mat dat
sau khi thu hoach déu chira kim loai ning va s& rat nguy hiém cho hé sinh thai néu sinh khéi
khong duoc xir Iy dung cach.

Trudc tinh trang khung hoang nhién liéu hoa thach ngay cang ting cing véi nhimg véan dé lién
quan dén bién ddi khi hau 1a nhimng yéu t thiic day cac nha nghién ciru tim kiém nhitng ngudn
nang luong méi, trong d6 ngudn nang lugng sinh hoc tir sinh khéi thyc vat chira kim loai néng
thu huat nhiéu su quan tam trong nhiing ndm gan day. Loai sinh khéi nay dugc coi 1a ngudn
nguyén liéu ¢ nhiéu trién vong gop phan giai quyét khing hoang trong san xuat nhién liéu sinh
hoc véi cac tiéu chi dap img nhu cau vé nang lugng tai tao. Trudc déy, k§ thuét xur ly sinh khoi
dugc ap dung phd bién théng qua cac phuong phap giam thé tich nhu nén, U phan [12], cung véi
céc qua trinh phan hity nhiét nhu d6t chay va khi hoa [13]. Hién nay, cong nghé xir 1y sinh khoi
thuc vat da c6 nhiing tién bd vuot bac, dic biét 1a viéc tai ché céc kim loai nang dugc chiét xuét
béng thuc vat. Vi vay, viéc phat trién mot hé théng quan ly va st dung sinh khéi thuc vat da duoc
xem xét dé tranh tinh trang 6 nhiém thir cip bao gém xir Iy nhiét, chiét xuat, tong hop vat liéu
nano, ... két hop tao ra cac san phém co gia tri thuong mai [14] - [16]. Pay la qua trinh hoan toan
phu horp v6i xu thé phat trién kinh té the gidi hién nay, huéng t6i mot moé hinh kinh té tuan hoan
bén viing; tap trung su dung céc ngudn tai nguyén tai tao, dan thay thé nhién liéu hoa thach de
kiém soat, han ché téi da rac thai vao tu nhién va la yéu to cot 18i dé chuyén dich sang nén kinh té
sinh hoc tuan hoan [17]. Tuy nhién cac dir liéu tong quan vé xir 1y sinh khéi thyc vat chira kim
loai ning sau xtr 1y 6 nhidm con rat han ché, do d6 cac thong tin dugc thu thap trong nghién ctru
nay dac biét nhin manh dén cac chién lugc dﬁy htra hen dé tai str dung kim loai nang theo hudng
tiép can kinh té sinh hoc tuan hoan ciing nhu dé xuat nhiing giai phap khic phuc cac trd ngai khi
trién khai & quy mé cong nghiép.

2. Phwong phap nghién ciru

Tac gia st dung céc dit liéu dugc thu thap tir 73 an pham xuit ban trong khoang thoi gian tir
nim 1983 dén nam 2023. Mot sé tir khoa “phytoremediation”, “kinh té sinh hoc tuan hoan”,
“sinh khéi”, “kim loai nang”, “ning lugng sinh hoc”,... dugc sir dung dé thu thap thong tin khai
quét trude khi loc ra cac thong tin khong lién quan dua trén tidu dé, phan tom tit va tir khoa ciia
mdi bai viét. Trong khi cac tai lidu lién quan dén cong nghé xir Iy 6 nhiém bang thyc vat
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(phytoremediation) duoc xudt ban tir nim 1983 thi cac phwong phap xir 1y sinh khdi thuc vat
chura kim loai nang cling nhu céch ti€p can nén kinh t€ sinh hoc tuan hoan chu yeu dugc xuat ban
trong nhitng nam gan day.

3. Két qua va ban luin
3.1. Xir Iy 6 nhiém méi trwong bang thuc vit (phytoremediation)

C6 nhiéu phuong phéap khac nhau di dugc thyc hién theo cach riéng 1é hoc tich hop trong xtr 1y
6 nhiém mai trudng bang thuc vét (phytoremediation). Cac ki thuat pho bién d6 1a chiét xuét chat 6
nhiém béng thuc vat (phytoextraction), cb dinh chit 6 nhidm bang thyc vét (phytostabilization), loc
chit 6 nhiém bang thyc vat (thizofiltration), phén hiy chit 6 nhim bang thyc vat
(phytodegradation) va bay hoi chat 6 nhiém bang thuc vat (phytovolatilization) [ [15], [16]. Trong
do, cac ki thuat thuong dugc ing dung trong xu ly dat 6 nhiém kim loai ning bao gém:

- Chiét xuat chét 6 nhidm bang thuc vat (phytoextraction): St dung cac loai thuc vat “siéu tich
lity” kim loai ning nham hap thy va van chuyén cac kim loai ning c6 trong dat vao ré sau d6 van
chuyen lén cac by phan trén mat dét cua cdy, dac bict 1a ¢ 14 véi nong dd cao hon 100-1000 1an
so v6i ndng d6 duoc tim thay trong cac loai khong phai “siéu tich liiy” ma khong biéu hién bit ky
triéu chuing doc tinh nao [18], [19]. Cho dén nay, co s& dir liéu toan ciu [20] d cong bd co hon
700 loai thyc vat siéu tich ity kim loai nang, trong do hau hét 1a cac loai thuc vat tich lity Ni (523
loai) va mot sb loai tich lity Cu (53 loai), Co (42 loai), Mn (42 loai), Su (41 loai), Zn (20 loai), Pb
(8 loai), Cd (7 loai), As (5 loai). Cac loai thyc vat c6 mat nhidu nhat thudc ho Cai (Brassicaceae)
vdi 83 loai va ho Di¢p ha chau (Phyllanthaceae) cé 59 loai. Déi véi cac loai thue vat siéu tich
lity, toc do hép thu, dich chuyén kim loai nang tir ré sang chdi va tich liiy & d6 cao hon so véi cac
loai khong siéu tich liy. O cip do phén tir, thuc vat siéu tich liiy co kiéu biéu hién va diéu hoa
gen khac voi thyc vat khong tich iy [21]. Thye vat siéu tich lay hép thu va van chuyén kim loai
mot cach hiéu qua tir ré dén chdi, co 1ap chung trong thanh té bao va khong bao [22], [23]. Thuc
vat tich Iily biéu hién qua murc cic gen mi hoa protein van chuyen mang, chang han nhu ZIP,
HMA, MATE, YSL va MTP dé van chuyen kim loai trong té bao [22] - [24]. C4c loai thyc vat
siu tich liy dong vai tro quan trong i dé loai bo kim loai khoi dat 6 nhiém, dong thoi sinh khéi thu
hoach c6 thé 14 ngudn nguyén liéu dé tao ra cac san pham co gia trj kinh té [25].

- C dinh cht 6 nhiém bé“mg thuc vat (phytostabilization): Str dung cac loai thuc vat co cac chét
tiét ra tir ré dé 1am giam do hoa tan ciia cac kim loai doc hai cling nhu ngan chin su phat tan kim
loai ra méi truong xung quanh [26]. Dich tiét ra tir r& cay c6 thé két tia cac ion kim loai ning dud6i
dang mubi khong hoa tan (nhu chi phosphate) hogc 1am giam ndng do cac ion ¢6 hai (nhu CrO,* va
CrO;* thanh Cr*") bang cach thay ddi thé oxy hoa khir ciia dat. Nguoc lai véi cong nghé chiét xuat
thuc vat, cac loai sir dung dé cd dinh cac chit 6 nhiém c6 mirc d6 van chuyén kim loai tir r& 1én than
thap [27] nhung van dam bao phai c6 bo ré phat trién rong va cho sinh khéi 16n.

- Bay hoi chét 6 nhiém béng thuc vat (phytovolatilization/phytoevaporation): Qu4 trinh nay
phii hop véi méi truong dat va nude bi nhiém Hg, As, Se va cac din xuat dé bay hoi ciia ching
[28]. Chang han véi thuc vat hap thu Se dudi dang SeO4 ", Se05” va dugc tiét ra dudi dang
dimethyl selenide [29]. Uu diém cua qua trinh bay hoi bang thuc vat la khéng tao ra bat ky chat
thai nao, nhung nhuoc diém nghiém trong 1a cac dang d& bay hoi doc hai hon dang gdc va nguy
hiém cho doi sdng con nguoi va modi truong [30]. Vi vAy, qua trinh bay hoi bang
phytovolatilization it dugc ing dung trong thuc té.

Tom lai, dé xu 1y dat bi 6 nhidm kim loai ning mét cach hiéu qua, thyc vét phai co cac dac
tinh ly tu0’ng sau: (i) hap thu kim loai hiéu qua va kha ning van chuyén t6t 1én than 1a dé thuan
loi cho viéc thu hoach, (ii) kha nang chiu dung va tich lily kim loai cao ma khong co6 cac triéu
chimg doc hai, (iii) hé thong ré phat trién t6t va sinh khéi chdi khong 16 [24].
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3.2. Cong ngh¢ phytoremediation tiép cin kinh té sinh hoc tuan hoan

Hién nay, tinh trang khan cép vé khi hgu va khung hoang da dang sinh hoc la nhirng tin hi¢u
cho thdy chung ta phai thay d6i cach séng. Khi dan s6 thé gidi ngay cang tang thi ngudn tai
nguyén hiru han s& khong thé dam bao cho tat ca ching ta va cac_ thé hé mai sau. Pay 1a mot
thach thirc 16n nhung ciing 1a co hoi cho chiing ta tim ra nhitng ngudn tai nguyén tai tao thay thé
cho ngudn ning lugng héa thach dang dan can kiét. Nén kinh té sinh hoc tuan hoan (circular
bioeconomy) tap trung vao con ngudi va thién nhién, thu duge gia tri cao tir cac nguodn tai nguyén
c6 thé tai tao dong thoi giam thiéu chat thai. Pay 1a mé hinh kinh té gitp méi truong va cong
dong phat trién thinh vuong va bén viig [31].

Thay vi nén kinh té tuyén tinh nhu hién tai dang lam suy thoai cac hé sinh thai ty nhién va giy
6 nhiém moi truong, kinh té sinh hoc tudn hoan dai dién cho mot nén kinh té st dung tai nguyén
bén viing, cac san phim duoc tao ra nhim muc dich st dung lau dai; cac san pham phy tir quy
trinh nay c6 thé 1a nguyén liu cho quy trinh khac. Str dung hiéu qua cac ngudn tai nguyén dong
thot thu dugc san pham gid tri gia ting ma khong tao ra chat thai 1a muyc tiéu chinh cta nén kinh
té tuan hoan. Cac ngudn tai nguyén sinh hoc nhu thyc vat, dong vat va vi sinh vat dugc danh gia
1a thuan loi nhat cho qua trinh nay [32].

Chuyén d6i sinh khéi thanh cac san phdm cé gia tri thuong mai 1a khau cudi cing cua kinh té
sinh hoc. Do tinh chét than thién véi méi trudng, kinh té sinh hoc d& dang dugc x3 hoi chip nhan,
it carbon, xu 1y tai nguyén ben virng, hiu qua va c6 thé canh tranh v6i cac phuong phap xtr 1y
khac. V& co ban, nén kinh té sinh hoc tuan hoan tap trung vao viéc s dung, quan ly sinh khdi va
nang luong cung voi viée chuyén d6i sang nén kinh té it carbon hon. Su phat thai khi nha kinh co
thé giam dang ké nho tao ra ning lugng sinh hoc tir sinh khéi [32]. Do do, trién vong sir dung
sinh khéi thu duoc sau qué trinh xir Iy 6 nhiém bang thuc vat cé thé thiic day xu hudng kinh té
tuan hoan trong twong lai (Hinh 1).

Cong nghe
Xt ly 6
nhidm bang
thuc vat

Xur 1y sinh
khoi thyc vat
chira chat 6

Dit 6 nhiém
kim loai

nang nhidm

. Nguyén liéu
San pham hodc ning
cong nghiép luong su
chira kim dung cho san
loai ngng xuat cong
nghiép

Hinh 1. Cich tiép cn kinh té sinh hoc tudn hoan tir cdy trong xit Iy 6 nhiém trong cong nghé phytoremediation [7]

Phan 16n hiéu qua cta qua trinh xir Iy trong cong nghé phytoremediation déu do céc loai cay
trdng “siéu tich lily” quyét dinh vi chung €6 kha nang tich liy sinh hoc cac chét gy 0 nhiém
trong sinh kh01 thyc vat [33]. Do do, cay trong sau thu hoach 14 chét thai nguy hai, c6 thé dé dang
tro thanh ngudn 6 nhiém thr cp néu khong xur 1y ding cach. Vi vy, diéu quan trong 1a phai phat
trién cac phuong phéap xtr Iy thich hop ddi v6i nhiing chét thai sinh hoc nguy hai nhu vay. Viéc
loai bo kim loai doc hai khoi thuc vét sau qua trinh xir 1y ¢6 thé dugc giai quyét triét dé bang
cach tai su dung mot cach hi¢u qua cac kim loai dé nho 4p dung céc cong ngh¢ thich hop, trong
d6 cb dinh kim loai 12 mot trong nhiing co ché quan trong nhat [34].
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Xay dyng nén kinh té dya vao tai nguyén sinh hoc nho sir dung sinh khoi thye vat xir Iy 6
nhiém 1a mot y tuéng hudng ti sy phat trlen bén vimg. Sy két hop cua cay trong duoc xir ly
bang cong nghé phytoremediation véi kinh té sinh hoc tudn hoan c6 thé dam bao giam thiéu chat
thai hoan toan, loai bd tac hai cia kim loai ndng va thu duoc nhiéu loai san pham, dong thoi cling
¢b céc hoat dong kinh té than thién voi méi truong. Khi sinh hoc, ethanol sinh hoc, than sinh hoc,
dau sinh hoc, dau diesel sinh hoc, axit caffeic, hat nano va khi téng hop la cac san phérn co gia tri
thuong mai quan trong thu dugc tir thyc vat chira kim loai nang (Bang 1). Khi so sanh véi thuc
vat thong thuong, viéc tao ra san pham cé gia tri thwong mai tir thyc vat duge xir Iy bang cong
nghé phytoremediation phu thudc vao loai kim loai nang va loai thyc vat [35].

Bang 1. Danh sach cac loai thuc vat dwgc sir dung trong cong nghé phytoremediation
trong kinh té sinh hoc tuan hoan

San pham c6 gia tri Thuwe vit sit dung trong cong nghé¢  Tai li€u

T gia ting Kim logi ning phytoremediation tham khao
1 Khi sinh hoc Zn, Cu, Pb, Cd Lta (Oryza sativa) [36]
. Cr, Co, Ni, Cu, Zn, As, Populous species
2 Khi sinh hoc Se, Cd, Pb [37]
3. Ethanol sinh hoc As, Cu, Fe, Mn Miscanthus x Giganteus [38]
4. Than sinh hoc Ni Alyssum species [39]
5 Dau diesel sinh hoc Cd, As, Pb, Zn, Mn, Cu Thau dau (Ricinus communis) [40]
6 Nhién liéu sinh hoc Cd, As Salix species [41]
7 T.han sinh hoc, dau Zn Sedum plumbizincicola [42]
sinh hoc
. ) Béo Tay (Eichhornia crassipes) va
8. Khi sinh hoc Rong Téc Tién (Vallisneria spiralis) [43]
9. Ethanol sinh hoc Zn Cai dau (Brassica napus L.) [44]
10.  Acid caffeic Cu Elsholtzia splendens [45]
11.  Ethanol sinh hoc - C(? . Bom  Ngya  (Pogonatherum [46]
crinitum)
12.  Ethanol sinh hoc Cd Cao Luong (Sorghum bicolor L.) [47]
13.  Ethanol sinh hoc Zn, Cd, Cr Co Napier (Cenchrus purpureus) [48]
14. Dau sinh hoc Zn, Mn, Pb Thau dau (Ricinus communis L.) [49]
15.  Ethanol sinh hoc Cd Mu tat An Do (Brassica juncea) [50]
Khi tong hop va ..
16. than sinh hoc Cd, Zn Sedum alfredii [51]
17.  Dau sinh hoc, duong Pb Switchgrass (Panicum virgatum) [52]
18.  Céc hat nano bac Ag Mu tat An Do (Brassica juncea) [53]

Nguon: Trich theo [7]

3.3. Mpt sé phwong phdp xie ly sinh khéi thuc vit chiva kim loai niing tiép cén theo dinh
hwdng kinh té sinh hoc tuan hoan

Nhiéu phuong phép xur ly sinh khdi tién tién, than thién v6i moi trudng, tiét kiém chi phi da
dugc xem xét nham san xuat nhién liéu sinh hoc va cac chat hoa hoc phuc vu cho nghién ciru, san
xuit bao goém: phuong phap xur 1y nhiét nhu db6t chay (incineration), nhiét phan (pyrolysis), khi
hoa (gasification), bién d6i thuy nhiét (hydrothermal modification); chiét xuét (extraction); téng
hop vat liéu nano; va khai thac thuc vat (phytomining) [14].

3.2.1. Xur Iy sinh khoi bang phwong phdp nhiét phdn

Nhiét phan duoc cho 1a phuong phép tét nhat dé giam thiéu hiéu qua sinh khdi cia cac tan du
thuc vat da tich liiy kim loai ning [41]. Sinh khdi thuc vat bi phan hity ¢ nhiét do cao tir 350 —
700°C trong diéu kién ki khi tao ra san phérn chtra kim loai dugc ¢b dinh & dang ran, do dé giam
thai kim loai ning ra mdi trudng, giam méi de doa lién quan dén hé sinh thai [54]. San pham cudi
cung cua qua trinh nhiét phan sinh khéi thuc vat bao gém dau sinh hoc, than sinh hoc va khi nhiét
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phan (hén hop H,, CO; va CO) [55]. Qua trinh nhiét phan mang lai nhiéu loi ich vé kinh té va
moi trudng vi sinh khéi duoc chuyén thanh cac san pham gidu ning luong st dung cho cac muc
dich kinh té khac nhau. Bén canh d6, nhiét phan 1a phuong phép luén dugce uu tién vi no it
chuyén dbi kim loai nang thanh cac san pham d& bay hoi [56].

San xudt dau sinh hoc

Mot s6 loai thyc vat thude chi Duong (Populus), chi Dau Mé (Jatropha) va chi Miscanthus
vura thich hop de loai bo kim loai ning trong mdi truong, dong thdi c6 thé sir dung lam nguyén
lidu dé san xuat dau sinh hoc. Nho qua trinh nhiét phan nhanh sinh khéi thuc vét chira Cu, dong
thoi chinh kim loai ning c6 thé giup ting cuong sy phan hay sinh khéi va tao ra dau sinh hoc
[57]. Mot loai cé ban dia & Bic M¥ (switch grass) sau khi tréng xtr ly kim loai nang da duogc
nghién ctru dé san xuat dau sinh hoc. Sinh khdi co duge xir Iy dé tao thanh duong trude khi sir
dung dé san xuat dau, 14 ngudn nguyén lidu tot dé san xut ra cic san phdm phuc vu cho muc dich
thuong mai khac [52]. Tuy vay, viéc loai bo kim loai nang ra khdi sinh khdi thuc vat doi hoi
ngudn chi phi khé 16n, d6 ciing 14 1i do can thuc hién thém cac nghién ctru trong san xuét dau sinh
hoc theo phuong phap nay.

San xuat khi sinh hoc

Giéng nhu cac loai nhién liéu sinh hoc khac, khi sinh hoc duogc coi la nguén nang luong tai
tao quan trong. Nhiéu loai thyc vat trong d6 c6 Lia (Oryza sativa) [58], thudc chi Duong [37],
Béo Tay (Eichhornia crassipes) va Rong Toc Tién (Vallisneria spiralis) c6 thé duoc sir dung mot
cach hidu qua dé san xuat khi sinh hoc. Diéu dang chu ¥ 1a sinh khdi chira kim loai ning da cai
thién kha nang san xuét khi sinh hoc khi so sanh véi céc loai thuc vat khong bi 6 nhiém kim loai
ning [43]. Cac kim loai ning nhu Cr, Cd va Ni c6 trong sinh khéi thuc vat anh hudng dén hoat
dong cua vi sinh vat thong qua cac enzyme lién két kim loai va dong thoi xay ra su thay doi hoat
dong xtic tac sinh hoc [58]. Tuy nhién, tat ca cac kim loai ning c6 trong thuc vét sir dung trong
cong nghé phytoremediation khong cai thién dugc toc do tao ra khi sinh hoc. Qua trinh phan hay
ky khi tang Ién phu thudc rat nhidu vao dang ion kim loai. Vi vay, can thuc hién thém cac nghién
ctru sau rong lién quan dén san xuét khi sinh hoc theo phuong phap nay.

San xudt than sinh hoc

Trong mot nghién ctru dugc thuc hién boi Zhang va cong su [59], mdt loai cay siéu tich 1y
Cd va Zn 1a Sedum plumbizincicola (thugc ho La bong) da duoc chon dé xir Iy nhiét phan nham
nghién ctru nguy co ctia than sinh hoc d6i voi moi truong, két qua thu héi dugc 80,95% Cd va
95,56% Zn ¢ nhiét d6 nhiét phan 350°C, ching minh hiéu qua ctiia qué trinh xur ly nhiét phan
trong viéc nén kim loai nang trong than sinh hoc. Than sinh hoc sau d6 lai dugc st dung lam chét
hap phu kim loai ning va cai tao dat [60]. Mot nghién ctru khac [61] da sir dung than sinh hoc
nhu mot dang phan boén cho ciy trong do cd chira cac thanh phan nhu carbon, potassium,
phosphorous va nitrogen. Tuy nhién, do ddc tinh cta kim loai ning, mot s6 chét phu gia nhét
dinh nhu canxi dihydro photphat, natri hydroxit, canxi cacbonat va sat (II) clorua c6 thé dugc str
dung dé giam thiéu qué trinh loc kim loai ning tir than sinh hoc bang cach phan ting va tao thanh
cac hop chit 6n dinh trong qua trinh nhiét phan (trich theo [14]). Vi du, Wang va cong su [62] da
b6 sung kali cacbonat lam chat phu gia dé day nhanh qua trinh nhiét phan sinh khdi than cay
Bong va két qua phan tich than sinh hoc cho thay ham lugng Pb ting tir 51,5% 1én 93,4% do hinh
thanh hydroxit chi 6n dinh. Nhin chung, dé dam bao an toan, chat luong cua than sinh hoc cé
nguén géc tur cac thuc vat si€u tich Ity kim loai nang can duoc danh gia trudce khi stir dung cling
nhu can tiép tuc nghién ciru.
3.2.2. Xur Iy sinh khoi bang phwong phap chiét xudt

bay 1a phuong phap loai bo cac kim loai nang khoi thue vat “siéu tich lty” bémg cach str dung
cac chat chiét nhur amoni axetat, amoni oxalat, axit sunfuric va nudc tinh khiét. "Tuy nhién, viéc

giam trong lwong cta sinh khéi thuc vat siéu tich lay })ang phuong phap chiét xuat tha}p hon
phuong phap xtr 1y nhiét [63]. Trudc khi xir 1y chiét xuat, sinh khoi thuc vat duoc nén dé ép ra

http://jst.tnu.edu.vn 282 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(10): 277 - 288

chét long hodc xt 1y nhiét dé co dac kim loai nang. Theo Song va cong su [64], cac kim loai nang
chira chat 1ong ¢ ddc phai duoc xir 1y trudc khi tién hanh chiét xuat. Trong mot nghién ciru duge
thuc hién boi [65], viéc xur 1y chat long ép bang chat keo tu di lam giam nong d6 Cd tir 1,98
mg/L xudng 0,066 mg/L.

Hién nay, nhiéu phuwong phap chiét méi c6 hiéu qua cao, tiét kiém ning luong va than thién véi
mbi truong di thay thé phuong phap chiét bang dung méi truyén thong nhu chiét vi song, chiét siéu
am, chiét ban sinh hoc cling nhu chiét xuat dién hoa [66], [67]. Delil va cong sy [68] da thu hoi Cd
va Pb tir hat Cai Dau (Brassica napus) va Dau tuong (Glycine max) bang phuong phap chiét xuét
dién hoa véi ty 1¢ thu héi 1an lugt 1a 80% Cd va 94% Pb cling nhu 97% Cd va 99% Pb.

3.2.3. Tai sir dung kim logi ning bang phwong phdp tong hop vt liéu nano

Cac phuong phap tong hop hat nano oxit kim loai thong thuong dang gdp phai nhiéu nhuoc
dlem nhu tén thoi gian, sir dung cac tac nhan hoa hoc doc hai, chi phi san xuét cao ciing nhu tiéu
tén nhiu ning luong, vi vdy giai phap thay thé vira tiét kiém chi phi vira than thién véi moi
truong dugc cac nha nghién ctru déc biét quan tam. Qua trinh tong hop hat nano oxit kim loai tir
ngudn thyc vt tich 1ty kim loai nang chtra cac hop chat protein, enzyme, duong, phenolics va
flavonoid con duogc goi 14 qua trinh tong hop xanh. Wang va cong su [69] da tong hop thanh cong
cac hat nano oxit kém tir loai sicu tich liy Sedum alfredii (thudc ho La bong) bang cach sir dung
diép luc k&m chiét xuat tir chdi cia cdy. Cac hat nano oxit k&m duogc tong hop ciing ¢6 kha nang
phan hiy quang xuc tac, lam phan huy 96,93% 2-chlorophenol dudi sy chiéu xa ciia 4nh sang
mat troi sau 120 phat.

Céc hat nano thuong dugc téng hop tu nguén thuc vat 1a Ag, Cu, Zn, Au va Pb [70]. Khai
niém st dung thyuc vat trong cong nghé phytoremediation dé tong hop hat nano chi dya trén hoat
dong trao d6i chat cua thuc vat trong d6 cac ion kim loai doc hai dugc hap thu s& chuyén thanh
hat nano va dugc luu trir trong ré, 1a va than cua cac by phan cua cay [71]. Mu tat An Do
(Brassica juncea) c6 khd nang tong hop cac hat nano bac khi tiép xtc voi 6 nhiém kim loai ning
goc bac, cung voi voi su xudt hién ctia mot sb loai dudng khir nhat dinh, luc lap cua cdy tuong
ung da chuyen d6i bac nitrat thanh cac hat nano bac [53]. Tuy nhién, cac co ché chinh xac cua
viéc chuyén doi kim loai ndng thanh hat nano cua tat ca cac loai thuc vat sir dung trong cong
ngh¢ phytoremediation Van chua duge nghién ciru ddy du. Bén canh do, cac hat nano dugc tong
hop co thé rat khac nhau vé kich thudc va hinh dang, gdy khé khin cho viéc ap dung & quy md
cong nghiép [72].

3.2.4. Tai sir dung kim logi ndng bang phwong phdp diéu ché ethanol sinh hoc

Sinh khéi ctia c6 Switchgrass (Panicum virgatum) va co Bac Nhat Ban (Miscanthus sinensis)
[73], co Napier (Cenchrus purpureus) [48], Cai Dau (Brassica napus) [44], Cao Luong (Sorghum
blcolor) [74] trong trén d4t 6 nhi®m kim loai ning da dugc st dung nhu nhirng ngudn tai nguyén
tiém nang dé san xuét ethanol sinh hoc. Quy trinh san xudt ethanol sinh hoc bao gdm qua trinh so
ché, thiy phan bang enzyme, 1én men, chung cat va khir nuéc. San luong ethanol thu duoc tir
sinh khoi co Napier trong trén dat 6 nhiém Cd, Cr va Zn déu cao hon sinh khdi thu dugc tir ¢o
tréng trén dat khong bi 6 nhiém. Nong d6 ethanol sau qué trinh 1én men 1an luot 1a 8,69-12,68 g.
L™, 13,03-15,50 g. L™ va 18,48-19,31 g. L. Kim loai ning di c6 tac dung tich cuc 1én qua trinh
1én men ctia vi khuan, nhung néu ham luong kim loai nang tich luy trong sinh khéi qua cao lai
lam giam h1eu qua 1én men. Tuy nhlen can tién hanh nghién ctru cai tién cac budc trong quy
trinh san xuét dé ting hiéu qua vé mit chi phi va chuyén dbi thanh céng quy md san xuit tir
phong thi nghi€m sang quy mé cong nghiép [75].

3.2.5. Thu hoi tinh dau tir cdy trong trén dat 6 nhiém

Ngoai gia tri kinh té, cac loai co chtra tinh diu cling 1a nhirng loai thuc vat tiém nang duoc lua
chon trong cong ngh¢ phytoremediation nh¢ kha nang chong chiu kim loai nang, chiu mén, chiu
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han va cic stress mdi truong khac. Ngoai ra, khi chung cét chi chiét xuat dugc tinh dau nén san
pham an toan cho ngudi sir dung [76]. Nhiéu loai tinh dau co gia tri trong cong nghiép san xuat
my ph?im, xa phong, nudc hoa, huong liéu, thude chéng con trung [77]. Céc loai c6 thom nhu cac
loai Oai Huong (Lavandula angustifolia, Lavandula officinalis), Hang Tay (Ocimum basilicum),
Cutc La Ma (Matricaria recutita), Bac Ha Au (Mentha piperita), Bac Ha A (Mentha arvensis), Xa
Huong (Thymus vulgaris) va X6 Thom (Salvia officinalis) da dugc sir dung dé xir Iy dat bi 6
nhiém kim loai ning ma khong anh hudng dén chat luong va nang sut tinh dau [10]. Tham chi
mot sb loai nhu Sa Chanh (Cymbopogon citratus), Sa An D6 (Cymbopogon martini), Sa Diu
(Cymbopogon flexuosus), Sa Xoe (Cymbopogon winterianus) va Cé Huong Bai (Vetiveria
zizanioides) duogc trong & cac khu vuc bi 6 nhiém kim loai niang con cho san lugng tinh dau cao
hon san luong tinh dau thu duoc & cdy trong trong dat khong bi 6 nhiém [78].

3.4. Nhitng gidi phdp cin thwce hién

Hién nay trén thé 8101, cac giai phap tiép can xanh nham muc dich tao ra nang lugng dya trén
viéc quan 1y sinh khdi thuc vat ctia cong nghé phytoremediation van dang trong giai doan nghién
ctru, nhung xu huéng nay hoan toan phu hop v6i xu huéng chung cua kinh té thé gioi hién nay va
nhitng nim sip toi. Sy chap nhan rong réi giai phap xur ly xanh 1a do su nhén thire ding dan vé
cac giai phap dé giam thiéu dau chan carbon va hién tugng b1en d6i khi hau toan cau [79]. Tuy
nhién, dé t6i wu hoa chi phi va mé rong quy méd cong nghiép can thu thap diy du cac dir liéu chi
tiét vé xir Iy nhimg rao can ki thut va hiu qua kinh té.

Trudce tién, can tang cuong hiéu suat xtr 1y 6 nhiém cua thue vat bang viéc Iya chon cac loai
ciy trong tiém ning voi cac ddc tinh can duoc cai thién nhu toc d9 sinh truong va sinh khdi; ciu
triic va déc dlem ctia r&; kha niang chdng chiu va tich liiy kim loai ning. Nhimg tién bo trong ki
thuat di tmyen va sinh hoc phén tir da@ dugc ing dung trong nhimg nam gan day nham nang cao
kha nang hap thy, van chuyén va tich liiy kim loai nang cua thuc vat [22] - [24], [29]. Phuong
phap lai tao c6 thé t6i uu hoa toc do sinh trudng va sinh khoi thyc vat. Cac chat phu gia hoa hoc
va vi sinh vét cling co thé hd trg cay trong chiét xuit hodc ¢b dinh kim loai nang. Bén canh do,
céc thi nghiém ngoai hién trudng ciing dan duoc thay thé nghién ctru trong phong thi nghiém dé
thu duoc nhitng dit liéu chinh xac va thuyét phuc hon [13].

Sinh khéi thyc vat thu duoc tir qua trinh xtr 1y 6 nhiém kim loai ning phai dwoc xur Iy ding
cach. Mdi phuwong phép xir 1y va cac san pham thu dugc déu cé nhimng wu diém va han ché riéng.
Phuong phap xu 1y nhiét phan va téng hop vat liéu nano déu co ty 1& giam sinh Kkhéi cao; qua
trinh chiét xuit va tong hop vat liéu nano c6 thé giam thiéu dang ké nguy co 6 nhiém thtr cap dbi
v6i méi truong [70], [71]. Do do, su két hop ctia cac phuong phép xtr Iy khac nhau nay c6 thé 1a
mot chién lugce tot, gip cung ¢b wu diém va khic phuc nhuoc diém cta chung [79].

Giai quyét viéc téi wu hoéa quy trinh khai thac thuc vat bang phan tich chi phi - loi nhuén
thong qua viéc thu hoach va thuong mai hoa sinh khéi bi 6 nhiém 1a can thiét [80]. Xem xét cac
chi phi dau tur dé thyc hién quy trinh xtr Iy 6 nhiém bang thuc vat va doanh thu cua cac san pham
thu dugc tir viée khai thac sinh khéi. C6 thé thu dugc loi nhuan néu thoi gian thyc hién dy an du
dai va qua céc giai doan khac nhau. Hon nita, giita loi ich vé mit kinh té v&i su tac dong vé moéi
truong clia cac bén lién quan ciing can duge xem xét va can nhic.

4. Két luan

Xt 1y 6 nhidm méi trudng bang thuc vat (phytoremediation) di dwoc ching minh 13 mot
phwong phap hiéu qua vé chi phi va than thién v&i méi truong. Sinh khdi duoc tao ra tir qué trinh
xur ly thuc vat tich lily kim loai nang c6 thé duogc ung dung cho nhiéu muc dich kinh té véi cac
san pham co gia tri thuong mai. Tuy nhién dé tién hanh thuong mai hoa theo dinh hudng kinh té
sinh hoc tudn hoan can cai thién nhitng han ché vé cac yéu t6 kinh té - ki thuat, déng thoi danh
gia sy tac dong trén cac khia canh moi truong, kinh té va xa hoi 1 nhitng nghién ciru can thiét
trong tuong lai.
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