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NGHIEN CUU XAC DINH DANG TON TAI CUA ASEN (As) TRONG

DAT, RAU MA (CENTELLA ASIATICA) VA CAI XANH (BRASSICA

JUNCEA) BANG PHUONG PHAP QUANG PHO HAP THU NGUYEN
TU (AAS) KY THUAT HYDRUA HOA (HG)
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SUMMARY

Due to the high toxicity of arsenic and the poison effects to human being, identification and
quantification of individual arsenic forms are important to appropriately measure the arsenic
foxicity, environmental impact and health risk related to arsenic exposure. Arsenic species were
quantified by HPLC-UV-HG-AAS. The separation was performed on an anion exchange Hamilton .
PRP-X100 (250 mm>4,1 mm i.d.x10 um) column by using mobile phase A: 12 mmol/l KH,PO,-
K,HPO,; pH = 6.5 and B: 24 mmolll KH,PO,-K,HPO,; pH = 6. The detection limits of arsenic
species (As™*, DMA, MMA, As**) with HPLC-UV-HG-AAS system was 5 ppbAs. The results
indicated that arsenic presented in soil solution is arsenate As(V) and no methylation of arsenic
taken place in the soil. There is a reduction of As(V) to As(Ill) in the root of Pennywort and
Cabbage. Arsenic accumulation in the root of these plants was As(lll}) and no methylation of

arsenic taken place in these plants.

1- M3 DAU

o} Viét Nam, vin dé 6 nhiém asen (As) dang
de doa siic khde hang triéu ngudi trong nhimg
nam qua. K& qua phan tich mau nudc giéng
khoan khu vuc phia Bic (Ha Noi, Ia Tay, Ha
Nam...) cho thdy hon 90% maiu nudc giéng
khoan 6 nhiém asen (As) [1]. Tai déng bing
song Ciru Long, cling phat hién nudc ngdm cla
cdc tinh nhu: An Giang, DPéng Thdp, Séc
Trang... ¢6 mitc d6 6 nhiém As rat cao [1].

Poc tinh va tinh linh dong cia As phu thuéc
rdt nhiéu vao dang héa hoc ciia As. Trong khi
As vb co 13 chit giy ung thu thi As hiu co:
menometyl asen (MMA) va dimetyl asen
(DMA) 1a chit kich thich ung thu [6,7], va doc

tinh cha dang As(IIl) v6 co thi cao hon nhiéu
14n so v&i As(V) cung loai & cing néng do [6,7].
Vi vay, viéc xdc dinh ting dang riéng biét cla
As trong miu thuc phdm rau li rdt quan trong,
g6p phdn ddnh gid mot cich khoa hoc déc tinh
va nguy co gay hai clia As cho sitic khoe con
ngudi qua ngudn thuc phim.

Tach x4c dinh truc tiép dang As biang quang
phd hip thi nguyén tir (AAS) lién hop sic ky
16ng cao 4p (HPL.C) két hop xir 1y bing tia UV
12 phuong phdp phan tich hién dai ¢6 d¢ chinh
xdc cao va tin cdy cao dugc st dung trong
nghién citu nay.

Il - THUC NGHIEM
1. Héa chat
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- Chat chudn As: NaAsO, (As™), - Héa chét khdc: metanol, NH,ILPO, vi
Na,HAsO,.7H,0 (As™), DMA (GH,AsO,Na) (NH,),HPO,, K,S,0,, HCl, NaOH Merck.
Fluka; MMA (CH,NaHAsO;) Sigma. 2. Thiét bi

Loai AAS
@ khi Bom
Pha
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]
Cot tach sic . Tach
Y h .
k¥ Hamilton u,ilge P u:nng long -
PRP-X100 oxthéa khi
. uv
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Hinh I: So d6 phan tich lién tuc truc tiép cdc dang As bing k¥ thuit ghép HPLC-UV-HG-AAS

3. Chuin bi mau phan tich

- Rau md va rau cai xanh tréng trén dat 6
nhi€ém As (35 mg/kg), thu hoach sau 45 ngay,
miu dugc rira sach bing nuéc cit dé loai bd dat
va bui b4n. Ding dao nhya t4ch riéng phdn ré va
phén 14, sdy kho 60°C trong 72 git. Tuong tu
nhu vay hai loai rau mé va cdi xanh cling duoc
trong trén dat nén kho 6 nhiém As d€ d6i chimg.

- Quy trinh xit Iy mau: (1) Vo co héa miu
bang hén hgp axit HNO,:HCI (10:3), & 165°C
trong 5 phuit trén thiét bi vi séng (MarsX 5 plus,
CEM, M3). Pinh luong ham lugng As téng trén
thiét bi AAS k¥ thuat hydrua héa. (2) Tach chiét
dang As dé tan trong dit v rau [3]:

- Chiét dang As dé tan trong d4t bing dung
dich ILPO, 0,5 M.

- Chiét dang As d& tan trong miu rau bing
hén hop dung moéi metanol: nude (1:1), & nhiét
d6 75°C, trén thiét bi vi séng (MarsX 5 plus,
CEM, M¥).

- Xdc dinh dang As d& tan bing ky thuat
ghép HPLC-UV-HG-AAS.

4. Piéu kién phan tich dang As bang phuong
phap HPLC-UV-HG-AAS [9]
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HPLC: Cot tich séc ky: Hamilton PRP-
X100 (250 mm x 4,1 mm 1.d. x 10 pm)

Pha dong A: 12 mmol/l KH,PO,-K;HPQ,;
pH = 6,5. B: 24 mmol/l KH,PO,-K,HPO,; pH =
6. Toc do dong pha dong: 1 ml/min.

Hoéa hoi hidrit HG: Téc do NaBH, : 2.5
ml/min; Tdc dé HCl 4M: 1,6 ml/min; Téc do
K,8,04: 1 ml/min; T6c d¢ khi mang Argon: 50
ml/min.

AAS: Budc séng 193,7 nm; Khe sdng: 5 nm;
Cudmg do dong den catot réng: 12 mA.

II - KET QUA VA THAO LUAN

1. HPLC-UV-HG-AAS cua cic dang tén tai
ciia asen

Sau khi phan tich x4c dinh thoi gian Iuu cia
timg chdt chudn riéng biét, ti€n hanh tich phan
tich hén hgp 4 chét chudn As(III), As(V), DMA
vi MMA hinh 2. Th tu gidi hap khéi cot tach
séc ky thy thudc vao gid tri pK, va dugce kiém
sodt boi pH cua pha dong [4]. V&i cdc diéu kién
sic k¥ nhu trén cic dang clia As s bi rira giai ra
khoi cot theo thif ty As™, DMA, MMA va As’™.
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Hinh 2: Sic ky d6 cia cdc dang As (Sppb tinh theo As cho méi dang)

2. Dang As trong dat va trong rau

a} Dang As trong ddt é nhiém As

K&t qua phan tich dinh dang As dé& tan trong dit dugc trinh bay trong bang 1 va hinh 3.

Bdng 1. Dang As dé& tan trong d4t tréng rau

Miu Dang As {(mg/kg)
As™ DMA MMA As™
D?.t 0 nhiém trudc khi KPH KPH KPH 6.46
trong rau
KPH: Khéng phit hién.
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Hinh 3: Dang As d& tan trong dit

Trong thi nghiém nay, d4t wéng rau duge xi
Iy v6i mudi NaAsO, ndng dé 35 ppm As. Két
qua phan tich As sau 30 ngay &n dinh cho thay
c6 khodng 18 dé€n 19% As tan vio dung dich dét
va bi oxi héa thanh As(V). Két qua xdc dinh
dang As dé& tan trong dit dugc trinh bay trong
hinh 3 di khing dinh khéng phat hién cé qud
trinh metyl héa As trong thoi gian 0 dét. Diéu
d6 cho thdy, dit 6 nhiém As trong diéu kién
thodng khi, bi oxi hda thanh As(V) mac din gay

6 nhiém 13 dang As(IIl). As dé tan sé di vio
dung dich dat va day chinh 13 nguén lan truyén,
hap thu bdi cay tréng.
b) Dang As trong ré cdy rau md va cdi xanh

Dé tra 10 cho cau hdi As (V) tir dét bi hip
thu bdi cay rong s& chuyén ddi dang nhu thé
nao? Pi tién hanh xdc dinh dang As trong ré, 14
rau ma va cai xanh, Két qua phan tich trinh bay
trong bang 2 va hinh 4.
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Bdng 2: Dang asen dé tan trong ré rau md v cai xanh

5 Dang As (mg/kg)
Mau 3+ 5+
As DMA MMA As
Ré rau ma 1,70 KPH KPH 0,06
Ré céi xanh 37,00 KPH KPH 6,64
KPH: Khéng phdr hién. As™
3+
Abs 0047 AST (4) Abs 0.04 (2)
0.03 1 0.03 1
0.02 1 0.02 1 As™
0.01 A As™ 001 -
0 T T T _A-_H--I L T T T 1
0 200 400 600 800 1000 0 200 400 600 800 1000

Cic thé hién trén sic ky dé & hinh 4 d3

Hinh 4: C4c dang As trong ré cay rau moc trén dit 6 nhiém As

Thoi gian, sec

(1) Ré& cai xanh; (2) R& rau md

khing dinh chi c6 As dang v6 co trong 1& ciy va

di c6 su khir As(V) vé As(IIl) trong ré cay rau,
K&t qua cho thdy ham lugng As(III) cac hon
As(V). Diéu niy ¢6 thé giai thich nhu sau: trong
dat, As 1a mot oxyanion AsO,> déng gia vai rd
cha PO,*, canh tranh véi phéStphat dé di vao
trong ré, né dugc van chuyén ngang qua mang
huyét tuong theo hé théng van chuyén phétphat
[2]. Tai r€, da xay ra qud trinh khir As v s khir
As trong ré cla hai loai rau nay rat ddng ké, cé
dén 92% As trong ré rau mé va 81% As trong ré

rau cdi xanh & dang As(III) so vdi téng lugng As

dwgc chiét bing hén hop dung moi

metanol/nudc.

Nhitng két qua thu duge con cho thdy trong
khi trong ré rau md ham lugng As(II) cao gip
28 1dn As(V), thi trong ré cai xanh chi cao hon
tlr 5 dén 6 14n; cho dii, cai xanh hdp thu va tich
liiy As nhiéu hon rau md. Diéu d6 chitng t6 mic
d6 khir As(V) clia cdy ran cai thip hon so véi
rau mi. Tuy cé su khidc nhau nhu viy nhung quy
luat chung trong ré ctia hai loai tau nay chi yéu
1a As(III) v6 co.

Thoi gian, sec

¢) Dang As trong lé rau md va cdi xanh

Két qua xdc dinh dang As trong 14 rau md va

cai xanh trinh bay trong bang 3 va hinh 5.

Bang 3: Dang asen dé& tan trong 14 rau m4d va cai xanh

D
Miu ang As (mg/kg) :
As™ DMA MMA As™
) ) O nhiém 1,12 KPH KPH KPH
L4 rau ma - -
P6i chiing 0,16 KPH KPH KPH
o O nhiém 21,66 KPH KPH KPH
L4 cai xanh -
bai ching KPH KPH KPH KPH

KPH: Khéng phdt hién.
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Hinh 5: Cic dang As trong 14 rau moc trén dat 6 nhiém As
(3) L4 cai xanh; (4) L4 rau ma

Tir két qua phan tich cho thiy khong phit
hién ¢ qud trinh metyl héa As trong 14 rau ma
vi cdi xanh nhim 1am gidm doc tinh cha As. Va
trén sic ky dé chi ¢6 duy nhat 1 pic dic trung
cho dang As (III) vo co. Diéu ndy ciing phit hop
véi cic nghién ciu trude day chitng minh ring
thuc vat bic cao moc trén dit khong cé kha
nang metyl héa As gidng nhur thye vat bac thap:
nim, dia y, tdo... [5]. Két qud nay cling giai
thich cho hién tugng ham lugng As vo co trong
thuc vit bic cao trong trén dat 6 nhiém [5, 8].
Dua vio két qua phan tich c6 thé du dodn: Hodc
dd c6 su khit hoan toan As(V) thanh As(IID)

trong qud trinh As di chuyén tir ré 1én 14; Hodc
chi ¢6 As(III) di chuyén lén 14.

Dé 1am sing 1O du dodn trén di ti€n hanh
xdc dinh va so sanh lugng As dé tan va tdng As
6 trong cdy. Két qua phin tich lugng As dé tan
dugc trinh bay trong bang 4.

Tir két qua trén cho thdy, lugng As dé tan
trong ciy rau ma thip hon so véi rau cai xanh,
¢6 khoang 79 dén 88% As trong rau cii xanh la
& dang dé tan. Trong khi d6, rau md chi c6 tir
62 dén 80%. Lugng As cOn lai & nhilng dang
khong dé tan chiém tir 12 dén 38% thy timg loai
rau.

Bdng 4: Haim luong As trong cdy rau ma va cai xanh

Miu As dé tan Dang khic' Téng As (HNO/IICI)
ppm % ppm e ppm
) La 1,12 62 0,69 38 1,81
. Rau ma —
Ré 1,76 80 0,35 20 2,19
Cai La 21,66 79 1,35 21 27,37
. xanh Ré 43,64 88 1,63 12 49 48

‘Dang khic=Téng As(HNOy/HCI)-As dé tan.

. Cau héi dat ra 1a luong As cdn lai ndm &

- ditg nao? Hitu co hay vo co?. Theo tai ligu [5]
S8 'qué trinh khir As(V) thanh As(III) va As (IIT)

$€ k&t hgp v6i nhom sulhydryl(-SH) trong
phytochelatin  (PCs) cud 1€ bao. PCs la

= gelypeptid, cdu tric (y-GluCys),-Gly, 1a chi thi
- “#inh hoc dugc tao thanh khi thyc vat bi 6 nhiém

kim loai ning va trong thuc t€, sy tao phiic 1a
bt co ché cdn thiét d¢ loai bo doc tinh cha kim

loai tir do trong cay [5]. Diéu nay s& dugc 1am 18
trong cac nghién citu ti€p theo.

IV - KET LUAN
- Két qua nghién citu vé qud trinh hdp thu
As tit d4t, su van chuyén va bién ddi dang héa
hoc As trong cdy rau md va cai xanh, mot s6 két
luan dugc nit ra;
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Ham luong

As, mgfkg 50-
40
30
201
104

O Metanol/nuée (1:1)
B HNQ3/HC

Hinh 6: Hap thu va phan b6 As trong cay rau md va rau cai xanh

1. Asen tan trong dung dich dit & dang vo
cd la As(V), chiing lan truyén tir moi trudng dat
lén rau mé va cai xanh trong qud trinh sinh
trudng.

2. Da khong phdt hién qud trinh metyl hod
As trong d4t vi trong ¢4y rau. As tich lily trong
ré va trong 14 chli yéu & dang As(III).

3. DA ¢6 su khir As(V) thanh As(III) trong ré
rau mi vi cii xanh va thy tong loai rau lugng
As(V) chi con lai trong ré tir 10 dén 22%.

4. Hap thu va tich 1y As ctia rau md thdp
hon so vdi rau cai néi 1én dic diém sinh hoc va
s nhay cam ciia méi loai thyc vat rdt khic nhauv
ddi vai doc t6 kim loai. Tuy vay, kha nang van
chuyén As tit r& lén 14 & cAy rau m4 lai cao hon
s0 vGi rau cai.

Loi cam on: Tdc gid xin chdn thanh cdm on
Vién Céng nghé Héa hoc tai Thanh phé” Hé Chi
Minh, Phdn Vién Khoa koc Vit liéu 1gi Nha
Trang, Khoa Tai nguyén Thién nhién va Khoa
hoc M6t Truong ciia Truong Pai hoc Nevada
tai Reno, M§ dd tao diéu kién thudn lgi dé tdc
gid thue hién cong trinh nay.
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