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Panh gia kha ning xu Iy asen trong dat ctia mot s6
loai thuc vat ban dia moc xung quanh khu mé chi kém
Cho DPon, tinh Bac Kan
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Tém tit: Xir Iy 6 nhidm moi truong bang thuc vat (Phytoremediation) 1a cong nghé dugc danh gia
¢6 trién vong do gia thanh thip, van hanh don gian va than thién véi moi truong. Nghién ciu nay
dugc thyc hién nham dénh gid kha ning xir 1y asen (As) trong dét ciia 15 loai thyc vat moc xung
quanh khu mo chi kém Chg Dén, tinh Bic Kan. Him luwong As trong cac loai thuc vat va trong dat
tuong tng da dugc phan tich, danh gia mot cach chi tiét. Két qua nghién ctru cho thay, loai Duong
xi (Pteris vittata L.) c6 kha nang siéu tich liiy As v6i ham luong As 1én dén 2300 mg/kg trong
than - la. Dya vao ham lugng As tich [y trong thén - 14, h¢ sO van chuyén va hé sb tich liy,
nghién ctru da chi ra mot s6 loai thuc vat co kha nang st dung dé xur ly dét bi 6 nhlem As bao
gom cay Duong xi (P. vittata L.), Xuyén chi (Bidens pilosa L.) va Cé man trau (Eleusine

indica (L.) Gaertn.).

Tir khéa: Asen, mo chi k&m, thuc vat ban dia, xtr Iy 6 nhiém méi truong béng thuc vat.

1. Gi6i thidu

Asen (As) 1a nguyén tb phan bd tu nhién
trong nhleu khoéang vat, da, dat, trAm tich, nudc,
khi quyén va sinh vat [1, 2]. As c6 mit trong
hon 200 khoang vat khac nhau bao gém céc
khoang vat ctia As, khoang vat sunfua va oxit...
[2]. Ham luong As cao thuong lién quan dén
cac khoang vat sunfua do sy twong ddng vé tinh
chat hoa hoc cua As va luu huynh [2]. Ham
luong As trung binh trong vo Trai Dét, da
granit, bazan, d4 phién, cat két va da voi tuong
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ung la 1,5; 1,3; 1,7; 10; 1 va 1 mg/kg [3-5].
Ham lugng nén cua As trong dat thuong dao
dong trong khoang 5-10 mg/kg [2].

Chua c6 nghién ctu nao ghi nhan As la
nguyén t6 dinh dudng cta ciy [6]. Thong
thuong, ham luong As xudt hién trong cay
thuong nho hon 1 mg/kg [1]. Ngudong ham
lugng As trung binh va ngudng gy doc trong
than cay lan luot 13 1-1,7 va 5-20 mg/kg [7].

Phoi nhiém As c6 thé gdy anh hudng xiu
dén sirc khoe con ngudi va gy rui ro cao dén
hé sinh thai [8]. Cac phuong phap ly - hod hoc
dé xir Iy 6 nhim As trong dat phd bién hién
nay thuong kho kha thi khi ap dung trong nudc
do gia thanh xur Iy cao. Cong nghé sir dung thuc
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vat xtr Iy As trong dét 1a mot trong nhitng cong
nghé thich hop d6i voi diéu kién cua Viét Nam
hién nay, vi n6 de ap dung, chi phi thap, khong
can xdo tron cau trac dat ciing nhu thay doi
chtre ning cua dét [9-13]. Cong nghé chiét bang
thue vét (phytoextraction), 1a mét dang cong
nghé pho bién trong céng nghé st dung thuc
vat dé xur 1y; cong nghé nay sir dung cac thuc
vt tich lily lwong 16n kim loai ning & phén trén
mit dat cia cdy, sau d6 co thé thu hoach sinh
khéi nay va di chuyén ra khéi ving 6 nhiém
[11, 12, 14, 15]. Cac loai thyc vt ban dia
thuong c6 kha ning chong chiu t6t hon véi
nhitng thay déi ciia méi truong séng S0 V01 cac
loai ngoai lai [16]. Do d6, trén thuc té, cac loai
thuc vat ban dia thuong duoc nghién cuu, danh
gi4 va st dung dé xur 1y 6 nhiém tai khu vuc do.
Nhiéu nghién ctru da dugc thuc hién nhim danh
gia kha nang tich liily As trong thuc vat moc tu
nhién xung quanh khu vuc khai thac va ché
bién khoang san [17-19].

Nghién ctru ndy dugc thuc hién nhdm (1)
xac dinh ham lugng As trong cac loai thyc vit
moc xung quanh khu mé chi k8m Cho Dén,
tinh Bic Kan va (2) danh gia kha ning st dung
cac loai thuc vat nay trong xu 1y 6 nhiém As
trong dat.

2. Phwong phap nghién ciru
2.1. Khao sat thuc dia

Khu mé chi kém Cho Pon thudc huyén Cho
Ddn, tinh Bic Kan (Hinh 1). Hoat dong khai
khoang bat dau tir thé ky 18 va tiép tuc dén
ngay nay [20]. Luong mua trung binh vao mua
mua va mua kho tai khu vuc nghién ciu lan
luot 1a 100-600 mm/thang va 8-22 mm/thang;
d6 4m mua mua va mua kho twong ung 1a 76-
88% va 35-45%. Nhiét do trung binh cao nhit
va thap nhit tuong tmg 1a 31-36°C va 10-11°C.

Mau dit va mau ciy duoc ldy tai 8 diém
xung quanh khu mé chi k8m Chg Pdén véi
khoang cach giita cac diém ldy méau khoang
0,5-3 km va 1 mau tai khu vuc it chiu anh
hudng cua hoat dong khai khoang va hoat dong
nhan sinh (khu vuc dbi chimg). Khoang 500 g
dét duogc 1ay tai ting mat (0-20 cm) tai mdi vi
tri 1dy miu. Mau cdy dugc lya chon dua vao
mirc d6 phd bién trong khu vuc nghién ciru.
Téng s6 159 mau cay thudc 15 loai thuc vt
duoc léy va phan loai tai khu vuc nghién ciru
niam 2015 (Bang 1). Mau sau khi lay duoc bao
quan va van chuyén vé phong thi nghiém.
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Hinh 1. Vi tri ldy mau xung quanh khu mo chi kém Cho Pén.
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Béang 1. Ho, loai va $6 luong maflu thue vat duqcrléy xung quanh
khu mo chi kém Chg Pon va khu vuc doi chiing

STT Kyhiéu Ho Loai S6 mau
1 Age Asteraceae Ageratum houstonianum Mill. 12
2 Bid Asteraceae Bidens pilosa L. 6
3 Dip Athyriaceae Diplazium esculentum (Retz.) Sw. 9
4 Ele Poaceae Eleusine indica (L.) Gaertn. 9
5 Hou Saururaceae Houttuynia cordata Thunb. 9
6 Kyl Cyperaceae Kyllingia nemoralis 12
7 Lee Poaceae Leersia hexandra Sw. 9
8 Lyg Lygodiaceae Lygodium flexuosum (L.) Sw. 6
9 Nep Lomariopsidaceac ~ Nephrolepis cordifolia (L.) Presl. 9
10 Pte Pteridaceae Pteris vittata L. 24
11 Sac Poaceae Saccharum spontaneum L. 9
12 Sci Cyperaceae Scirpus juncoides Roxb. 9
13 Sel Selaginelaceae Sellaginella delicatula (Desv.) Alst. 15
14 The Thelypteridaceae Thelypteris noveboracensis 9
15 Thy Poaceae Thysanolaena latifolia 12

2.2. Cac phwong phap phan tich

Miu dit duoc siy kho & nhiét d6 80°C
trong 3 ngay, nghién min, trén déu va pha mau
sa dung hdn hop axit HNO;:HCI = 1:3. Quy
trinh pha mau duoc thyc hién st dung 1o vi
song Multiwave PRO (Anton Paar). Mau dét
(1000 mg = 5 mg) sau khi pha dugc cho vao lo
dung mau, dinh mic dén 10 ml st dung nudc
cét (deionized) [21].

Mau cay duoc rira sach bang nude cit, sy
kho & nhiét d6 80°C trong 2 ngay, sau dé dugc
nghién min. Mau cdy (200 mg) duoc phé bing
hdn hgp H,0,:HF:HNO; = 2:5:10.

Ham luong As trong mau dat va miu thuc
vat dugc xéac dinh st dung thiét bi Quang phd
Hap thu Nguyén tir (AAS 280FS, VGA77,
Agilent) tai Phong thi nghiém Trong diém cap
Dai hoc Quéc gia Ha Noi vé Dia mdi trudng va
Ung phé Bién dbi Khi hau. Mau dbi ching va
cac mau chuin cua dat (NIST-SRM 2587,
National Institute of Standard and Technology,
USA) va cay (NIES CRM No. 1, National
Institute for Environmental Studies, Japan)
duoc st dung nhim dam bao d6 chinh xac va
tin cdy cua két qua phan tich.

2.3. Hé s6 tich liiy va hé $6 vdn chuyén

Hé s tich liiy (Bioconcentration factor -
BCF) 1a ti s6 giita ham luong As trong thén - 14
v6i ham lugng twong tng trong dat [22, 23]. Hé
s6 tich lily BCF phan 4nh kha ning tich lily As
tir dat vao cay va dugc s dung dé danh gia
tiém nang xtr Iy 6 nhidm cua cac loai thuc vat.

Hé s6 van chuyén (Translocation factor -
TF) 1a ti sb gitta ham lugng As trong than - 14
v6i ham luong twong tmg trong 1é [24, 25].

2.4. Xuir Iy 56 liéu

Xtr Iy théng ké sb liéu dugc thyc hién trong
SPSS 20.0.

3. Két qua va thio luin
3.1. Ham lwong As trong dat va thuc vat

Két qua nghién ctru cho thdy, ham luong As
trong tat ca cac mau dat 1dy xung quanh khu mo
chi k8m déu cao hon trong mau khu vuc dbi
ching (p<0,001). Ham lugng As xung quanh
khu mé cao hon khoang 102-1180 lan ham
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lwong tuong tmg trong khu vuc d6i ching. Ham
luong As trong dat dao dong trong khoang
489-5630 mg/kg. Ham luong As trong tit ci
cac mau déat iy tai khu mo chi k&m déu cao
hon giéi han cho phép trong Quy chuin ky
thut qudc gia vé giéi han cho phép ctia mot s6
kim loai nang trong dat [26]. Ham luong As
trong dt tai cac diém 14y mau xung quanh khu
mo chi k&m cao hon gidi han cho phép khoang
34-358 1an [26]. Ham lugng As cao trong dt co
thé do su phat tan As vao mdi truong tir quéa
trinh phong hoa d4 va oxy hoa cac khoang vat
sunfua nhu arsenopyrit (FeAsS), galena (PbS),
sphalerit (ZnS), pyrit (FeS,), pyrotin (FeS) va
chalcopyrit (CuFeS;) cuong hoa boi hoat dong
khai khoang [20].

Ham luong As trong dit c6 thé di chuyén va
tich iy vao thuc vat moc trén d6. Ham luong
As cao nhét 1a 2300 mg/kg trong lwong khod
(mg/kg-DW) trong cdy duong xi (P. vittata L.).

Ham lugong As trong ré cta cac loai thuc vat
Ageratum houstonianum Mill., Bidens pilosa
L., Diplazium esculentum (Retz.) Sw., Eleusine
indica (L.) Gaertn., Houttuynia cordata Thunb.,
Kyllingia nemoralis, Leersia hexandra Sw.,
Lygodium flexuosum (L.) Sw., Nephrolepis
cordifolia (L.) Presl., P. vittata L., Saccharum
spontaneum L., Scirpus juncoides Roxb.,
Sellaginella delicatula (Desv.) Alst.,
Thelypteris noveboracensis va Thysanolaena

latifolia moc xung quanh khu mo 1an lugt dao
dong trong khoang 162-350; 156-213;
73,3-91,7; 230-448; 284-548; 84,8-119; 278-458;
16,3-23,1; 259-340; 291-861; 173-197; 237-700;
91-362; 42,1-54,3 va 172-480 mg/kg-DW; ham
luong tuong ing & phan trén mét dét (than - 14) 1
203-209; 285-528; 10,2-24,2;
204-524; 197-283; 29,6-97,5; 182-199; 14,7-21,5;
158-193; 251-2300; 166-182; 183-197; 78-164;
29.8-56,5 va 63,1-184 mg/kg-DW. Két qua
nghién ctru cho thdy, ham luong As trong hiu
hét cac loai thuc vt déu cao hon gi6i han giy
doc (5-20 mg/kg) [7]. Piéu nay chung t6 kha
ning chdng chiu va thich nghi kha tbt cua cac
loai thuc vat thu thap tai khu vuc nghién ciru.

Su tich liiy As trong cac loai thuc vét ban
dia xung quanh khu mé kim loai da dugc
nghién ctru va cong bd. Ham lugng As trong
cac loai Poa annua L., Echium vulgare (L.),
Sonchus asper (L.) Hill. va Barbera verna
(Mill.) Cay moc xung quanh khu mé Sb khu
vuc Ribes Valley (Eastern Pyrenees) dao dong
trong khoang 5,5-23 mg/kg-DW [27]. Ham
lwong As trong thuc vat moc xung quanh mo Sb
khu vuc Ouche (Cantal, Phap) dao dong trong
khoang rong 29-426 mg/kg [28]. Wei va Chen
(2006) [29] cong bd ham luong As dao dong
trong khoang 149-694 va 3-704 mg/kg trong P.
cretica va P. vittata moc tai mo As thudc quan
Shimen, tinh H6 Nam, Trung Quéc.
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Hinh 2. Ham lugng As (mg/kg) trong thyc vat moc xung quanh khu mo (N = 6-24).
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Ham lugng 24,5-597 mgAs/kg dugc ghi
nhan trong thyc vat moc tai khu vuc 6 nhiém
As khu vuc Tay Bengal, An Do [30]. Fernandez
va nnk. (2016) [31] ghi nhan ham luong As
trong khoang 30-40 mg/kg trong cdy moc trén
duodi thai mé Pb-Zn va Hg-As phia bic Tay Ban
Nha. Cac loai thuc vat moc trén cac tu khoang
giau Pb-Sb-Ag tinh Zamora (Tay Ban Nha) va
mo Globe-Miami, Arizona (MY) tich iy luong
nhd As trong than [32, 33]. Trong khi d6, cac
loai thuc vat moc trén khu vuc chiu anh hudng
ctia hoat dong khai khoang tai Trung Qudc tich
liiy ham lugng As (mg/kg) cao nhu P. fauriei
(>1000) [34], P. biaurita (2000), P. cretica
(1800), P. quadriaurita (2900), P. ryukyuensis
(3647) [35], va P. vittata (8331) [36].

3.2. Panh gia tiém nang xir Iy As cia mét sé
loai thuc vat

Céc loai thyc vat co tiém niang xir 1y kim
loai trong dat thuong c6 cc dic trung sau: (1)
siéu tich Iily kim loai trong phan trén mat dat
ctia cdy; (2) sinh khi 16, sinh trudng nhanh va
chéng chiu sau bénh; (3) BCF va TF 16n hon 1;
(4) phan bd rong rii va c6 bo ré phat trién nhiéu
nhanh; (5) d& trong va phan bd phd bién tai
nhiéu khu vuc khi hau khac nhau; va (6) dé thu
hoach [12, 37].

Cac loai siéu tich lity As la nhitng loai co
ham lugng As trong khi sinh it nhat 1000
mg/kg-DW khi trong trong mdi truong c6 ham
lugng As cao [22, 38, 39]. Trong s cac loai
thuc vat léy tai khu vuc nghién ctru, Duong xi
(P. vittata L.) siéu tich liy As trong than - la
(2300 mg/kg). Két qua nghién ctru nay phu hop
v6i nhitng cong bd trude day vé kha ning siéu
tich liiy As cua loai thyc vat nay [13].

He¢ sb tich liily As (BCF) cuia 15 loai thuc
vat dao ddng trong khoang rong 0,01-1,19
(Bang 2). Hé s6 tich liiy As cta céc loai thuc

vat moc xung quanh khu mo chi k€m 1én hon
hé sé tuong tmg trong cay khu vuc ddi ching
(p<0,01). Piéu nay c6 thé do ham luong As
trong khu vire mo chi kém cao hon khu vire doi
chung. P. vittata L. ¢6 gia tri BCF > 1 (1,19),
cac loai thuc vat khac déu co gia tri BCF < 1.
Két qua nay phan anh kha nang tich liiy As cua
cac loai thuc vat khac nhau. Gia tri BCF th?ip
con c6 thé do dang ton tai cia As trong dat.
Kim loai trong dét co thé ton tai & dang hoa tan,
trao d6i, hap phu... [20, 42]. As trong khu vuc
nghién ctru c¢6 ngudn gbc chinh tir khoang vat
As (arsenopyrit - FeAsS) va khoang vat sunfua,
do d6 As c6 thé ton tai & dang kém linh dong
sinh hoc, didu nay két hop véi cdu truc dét
khu mo lam giam kha néng tich lily As trong
cay [17].

Hé s6 van chuyén As (TF) caa 15 loai thuc
vat nghién cuu dao dong trong khoang 0,22-
2,98 (Bang 2). Hau hét cac loai thyc vat déu co
gia tri TF < 1. Gia tri TF khu vuc dbi chirng cao
hon tai khu mo chi kém (p<0,01). Gia tri TF
trong B. pilosa L., E. indica (L.) Gaertn. va P.
vittata L. cao hon gia tri tuong ung cia cac loai
thuc vat khac (p<0,05). B. pilosa L. va E.indica
(L.) Gaertn. c6 kha ning van chuyén As tir ré
vao than cao (Bang 2).

Trong s6 15 loai thuc vat thu thap, P. vittata
L. 12 loai phan bd phd bién nhét trong khu vuc
nghién ctu. P. vittata L. c6 kha nang tich liy
As cao, TF va BCF > 1. Ngoai ra, day cling la
loai thuc vat ¢6 sinh khdi tuong ddi 16n, sinh
truéng nhanh va dé trdng [13, 43, 44]. Do do,
P. vittata L. 14 ciy duoc lwa chon hang dau cho
xt Iy As trong dat. B. pilosa L. va E.indica (L.)
Gaertn khong phai 1a loai si€u tich iy As; tuy
nhién ham luong As trong cdy twong ddi cao
két hop véi TF > 1 cho thdy day 1a nhing loai
c6 tiém nang xtr Iy As trong dat.
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Béng 2. He s6 tich Ity (BCF) va h¢ s van chuyén
(TF) cua cac loai thyc vat khu mo chi kém Chg Bon

Ky hiéu BCF TF

Age 0,09+0,05 0,84+0,05
Bid 0,35+0,15 2,41+0,15
Dip 0,05+0,03 0,22+0,03
Ele 0,430,39 1,03+0,39
Hou 0,120,04 0,610,04
Kyl 0,010,01 0,54+0,11
Lee 0,52+0,42 0,54+0,42
Lyg 0,36+0,11 0,780,11
Nep 0,40+0,26 0,59+0,26
Pte 1,19+0,50 2,98+0,50
Sac 0,1240,03 0,94+0,23
Sci 0,15+0,01 0,5440,11
Sel 0,230,23 0,43+0,23
The 0,1240,13 0,64+0,13
Thy 0,1120,06 0,39+0,16

4. Két luan

Trong s6 15 loai thuc vét thu thdp quanh
khu mé chi kém Cho Don, Preris vittata L. 1a
loai siéu tich liy As v6i ham lugng As trong
than - 1a > 1000 mg/kg-DW. DPay 1a loai thuc
vat phu hgp nhat dé xir 1y As trong dat khu vuc
nghién cuu. Biden spilosa L. va Eleusine indica
(L.) Gaertn. ciing 1a nhiing loai c6 tiém ning
tuong ddi t6t. Két qua thu duge cho thiy su can
thiét phai tién hanh cic nghién ctru & quy mo
thi nghiém va pilot nhim kiém chung kha ning
sir dung céc loai thyc vat nay dé xir Iy As trong
dat tai khu vuc nghién ctru.

Loi cam on

Nghién ctru nay dugc thuc hién véi sy hd
trog kinh phi tr D& tai KHCN-TB.02C/13-18
thudc Chuong trinh Khoa hoc va Cong nghé
Trong diém cip Nha nudc giai doan 2013-2018
“Khoa hoc va Cong nghé phuc vu phat trién bén
vimg ving Tay Béac” va Dé tai KHCN cip co
so, HD sb 76A ngay 18/4/2016 cua Vién Khoa
hoc Dja chét va Khoang san. Tap thé tac gia xin
chan thanh cam on su hd trg can thiét do.
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The Potential of Plant Species Growing Around Cho Don
Lead - Zinc Mine for Phytoremediation of Arsenic
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Abstract: Phytoremediation is a potential, simple application, cost-effective, and environmental

friendly technology for remediation of contaminated environment. This study was conducted to
evaluate the potential of 15 plant species growing naturally at one of the largest Pb-Zn mines in
northern Vietnam for phytoremediation of As. Total concentrations of As were determined in the plant
and in associated soil. The results indicate that hyperaccumulation level of As was obtained in Pteris
vittata L. (2300 mg/kg dry weight in the frond). Based on bioconcentration and translocation factors,
P. vittata L.; Biden spilosa L. and Eleusine indica (L.) Gaertn. are potential plant species for
phytoremediation of As contaminated soil.

Keywords: Arsenic, lead-zinc mine, indigenous plant, phytoremediation.



