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ABSTRACT

A supersensitive analytical method to determine inorganic arsenic (iAs)
in water was successfully performed by inductively coupled plasma—mass
spectrometry (ICP-MS) combined with a solid phase extraction (SPE)
technique using synthesized ZIF-8 as a stationary phase for sample
enrichment. The limit of detection (LOD) is 0,5 pg/mL in water medium
with 20 times preconcentration. ZIF-8 in this study was synthesized by
solvothermal method and its texture properties were characterized by X-
ray diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR),
Scanning Electron Microscopes (SEM) and Brunauer-Emmett-Teller
method (BET). Dynamic adsorption through SPE column and desorption
using shacking-assisted extraction were employed for enrichment
procedure with recovery of iAs more than 85%. The solid material
demonstrated the capacity could be recycled several times without
significant loss of activity and its structural properties remained
unaltered

TOM TAT

M6t phirong phdp phan tich siéu vét arsenic vo co (iAs) trong nuée duwoc
thuwe hién thanh céng bang phwong phdp phé khéi plasma ghép cdp cam
umg cao tan (ICP-MS) két hop ki thudt chiét pha ran (SPE) sir dung vit
liéu ZIF-8 lam vit liéu hdp phu cho qud trinh lam gidu mau. Gidi han
phat hién ciia phwong phdp (LOD) cho két qua 0, 5 pg/mL voi h¢ s6 lam
giau 20 lan. ZIF-8 trong nghién ctru nay dugc tong hop bang phuong
phdp nhiét dung méi va dac trung cdu triic vt ligu duwoc kiém tra bang
cdc phuong phdp phan tich hién dai bao gom nhiéu xa tia X (XRD), pho
hong ngoai bién doi fourier (FT-IR), kinh hién vi dién tir quét (SEM) va
phuwong phap Brunauer-Emmett-Teller (BET). Qua trinh hap phu dong
qua cét SPE va gidi hap phu bang phirong phdp ldc chiét dwoc dp dung
cho qud trinh lam giau mau cho hiéu sudt thu hoi ciia iAs trén 85%. Vit
liéu ZIF-8 con cho thcfy kha nang thu héi va tdi sir dung nhiéu lan véi hoat
tinh va cau triic dwoc duy tri twong doi on dinh.
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1. GIOI THIEU

Viéc xac dinh ham luong dang vét va siéu vét
clia cac nguyén tb ciing nhu cac hop chét cia chung
trong cac loai mau khac nhau déng mét vai tro rat
quan trong cho viéc nghién ctru cac tac dong sinh
hoc, danh gia va giam sat 6 nhiém moi truong. Boi
vi mot s6 ‘nguyén t6 va cac dang chuyén hoéa cua
chung & cap do siéu vét ciing anh huong khong nho
dén hé sinh thai méi truong, trong d6 c6 arsenic (He
et al., 2017). Arsenic vo co (iAs) ton tai trong tw
nhién dudi dang cac hop chit arsenite (As") va
arsenate (AsY), su chuyén hoa cua iAs strong moi
truong dan dén sy hinh thanh cac hop chét hitu co
arsenic (0As). Trong do, xét vé doc hoc iAs co doc
tinh manh hon cac cac oAs do kha nang tac dong tao
phtrc vai phdi tir sinh hoc trong co thé sinh vat dic
biét la DNA (Jerry, 2009), do do iAs thuong dugc
quan tam nhiéu hon 0As & mot sb tiéu chuan qudc
té. Pho khdi plasma ghép cap cam tng (ICP-MS)
dugc xem 1a phuwong phap t6t nhét trong sé cac ky
thuat do phd nguyén tir do tinh siéu nhay cia né va
viéc sir dung ICP-MS dé xac dinh As 1a cong cu hiéu
qué nhét cho dén nay. Tuy nhién, ing dung phén tich
As bang ICP-MS bi anh huéng manh bai nhiéu khéi
phd. Cu thé, tai m/z ®As* s& bi anh hudng boi
ArCI* khi nén miu c6 ham luong chloride hogc
tong chat ran hoa tan (TDS) cao nhu nén mau nudc
ngdm va nudc bién. Trong nhiéu nim qua, cac ky
thuat phan tich da dugc nghién ctru khic phuc nhiing
thach thirc nay. Trong d6, mot cach tiép can méi da
dugc sir dung trong viéc phat trién cac ky thuat tach
chat phan tich khoi nén nén mau. D6 1a sir dung vat
liéu khung hitu co tdm kim loai (MOFs) 1am pha tinh
dé chiét pha ran (SPE) vi cc dic tinh ndi bat cua
MOFs phu hop véi ki thuat nay nhu dién tich bé mat
riéng 16n, thé tich 18 x&p cao va tinh 6n dinh hoa hoc
(Lietal., 2014).

Vit liéu khung imidazole tam kém (ZIF-8) la
mot nhoém thugc MOFs. ZIF-8 dugc hinh thanh boi
cac phol tor 2-methylimidazole lién két tao cau ndi
ba chiéu voi cac ion k&m dé tao thanh tinh thé khdi
da dién. ZIF-8 c6 do bén nhiét va bén hoa cao. Vit
liéu nay c6 thé on dinh cAu tric trong NaOH va dung
moi hitu co nhu benzene trong 7 ngay & nhiét d6 cao
va duy tri cdu trac ctia n6 & nhiét d6 1én dén 400°C
khi phén tich bing phuong phap phan tich nhiét
trong lwong (TGA) (Park et al., 2006). Mot sb
nghién ctru di st dung ZIF-8 1am pha tinh dé lam
gidu cac kim loai ning trong cac nén mau khac nhau
(Li et al., 2019; Roudbari et al., 2021 & Hou et al.,
2019). Co ché hap phu kim loai nang cua ZIF-8 phu
thudc vao ban chat ctia chat phan tich. Trong truong
hop ciia Pb?*, sy hap thu chu yéu xay ra thong qua
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khuéch tan ni hat (intraparticle diffusion), trong khi
dbi véi su hap phu Cu?* xay ra theo co ché trao doi
ion gitra Cu?* va Zn?* (Tanihara et al., 2021). Co ché
hap phu As"' va AsY da dugc nghién ctru bang quang
phd hong ngoai (IR) va quang phd quang dién tir tia
X (XPS) (Jian et al., 2015). Qua trinh hydroxyl hoa
xay ra trén tinh thé ZIF-8 trong dung dich nuéc &
moi truong trung tinh khi cac phan tir nude hap thy
trén bé mat vat liéu, tao ra cac vi tri hoat hoa nhu:
Zn — OH, C = NH* — va C — NH} — (Chizallet et
al., 2010). Céc tam hoat dong nay trén bé mat ZIF-8
¢6 thé hap thy cac ion 4m mot cach hiéu qua dua trén
tuong tac tinh dién.

Trong nghién ctru nay, mot phuong phap phén
tich da dugc phat trién dé dinh lugng siéu vét cua
arsenic v co trong nudc bang ICP-MS két hop véi
k¥ thuat SPE sir dung ZIF-8 1am chét hap thu dé lam
gidu va lam sach mau. Cac yéu t6 anh huéng da
dugc nghién ciru bao gom (i) budc hap phu: pH, toc
d6 tai mau qua cot, liéu lwong ZIF-8, ndng do cua
chat phan tich va ham luong TDS trong mau; (ii)
budc giai hap thu: nhiét 4o, tbe do lic va thoi gian
chiét. Hon nira, kha nang tai stir dung cua vat liéu da
dugc thyc hién, ZIF-8 duoc hoat hoa lai sau mdi lan
thir nghiém va tai str dung nhu vat liu moi dé so
sanh. Cau triic ciia né & lan sir dung cudi cing ciing
dugc phan tich dac trung bdi XRD, FT-IR va SEM
dé danh gi4. Piém dang gia ciia nghién ctru nay 1a
phat trién thanh cong mot phuong phap phan tich
siéu nhay va dong thoi dép tmg cac tiéu chi cta hoa
hoc xanh, dong gop vao su phat trién bén viing cia
nganh hoa phan tich noi riéng va hoa hoc noéi chung.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit li¢u va thiét bi

Céc héa chat chuan phan tich va tong hop: 2-
methylimidazole (2-Hmim) 98%, Zn(NOs),.6H,0O
(Sigma — Aldrich), chuin géc As" va AsY 1000
mg/L (Merck), HCI, NaOH, N,N-
Dimethylformamide (DMF), HNOs; (Merck hoic
Sigma — Aldrich). Nudéc khir ion (DIW) ¢6 do dan
dién nhoé hon hoic bang 18,2 MQ.cm va cac hoa
chét co ban phong thi nghiém tiéu chuin phan tich
khéc. Cot polyethylene (PE, 1 x 6 cm), can phan tich
4 chir s6 (Mettler Toledo, Thuy si), auto pipette 1
mL va 5 mL (Sartorius-Dirc), may khudy tir (IKA,
buc), pH ké (Mettler Toledo, Thuy si), 10 nung
(LabTech, Han Qudc), bé lic diéu nhiét (Memmert,
Dric), nhiéu xa tia X dang bot (PXRD, D8 Advanced
Brucker, sir dung biic xa CuKa), phd hdng ngoai
bién d6i fourier (FTIR, Brucker Tensor 27, Btc), hé
thdng ICP-MS 7700 (Agient, My).
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2.2. Tong hop ZIF-8

ZIF-8 dugc tong hop bang phuong phap nhiét
dung mdi dua trén nghién ciru trude day véi mot sb
thay doi theo diéu kién thyc té (Park et al., 2006).
Cu thé, lan Iugt hoa tan 0,3284 g 2-Hmim (4 mmol)
va 0,2975 g Zn(NO3)2.6H20 (1 mmol) trong 25 mL
DMF trong 2 cdc riéng biét. Tron 2 dung dich lai
v6i nhau va khudy ¢ 400 rpm trong 10 phut. Sau do,
hén hop dugc chuyén vao ng telflon, dong nap va
dat vao trong 10 nung. Gia nhiét 16 nung dén 140°C
va duy tri nhiét do trong 24 gio. Sau 24 gio, tit dién
16 nung cho ngudi dén nhiét 6 phong, thu 1ay san
phdm phwong phép ly tim, rira san pham bang 3 x
10 mL DMF, tiép tuc rira voi methanol 3 x 10 mL.
Say chit rin thu dugc ¢ 60°C trong 8 gio thu dugc
san pham cudi cung.

2.3. Khao diéu kién hip phu iAs
Céc yéu t6 anh huong dén higu qua hap phu bao
goém: pH, tdc do nap mau, thé tich mau, khdi lwong
ZIF-8/cot va nhiét do hap phu. Khoang khao sat cac
yéu té duoc trinh bay tai Bang 1.

Bang 1. Cac yéu t6 anh huong dén sy hap phu

Yéu to Khodng khio sat
pH 2-12

Téc d6 nap mau (mL/phit) 2, 5,10, 15

Thé tich mau (mL) 50, 100, 150, 200
Khdi lugng ZIF-8/cot (mg) 25, 50, 75, 100
Nhiét d6 (°C) Nhiét 46 phong

2.4. Khao sat diéu kién giai hap phu iAs

Céc yéu t6 anh hudng dén higu qua giai hap phu
thu hoi iAs bao gom: pH, toc d6 lac chiet, nhiét do
chict, thoi gian chict. Khoang khao sat dicu kien giai
hap phu duogc trinh bau tai Bang 2.

Bing 2. Céac yéu to anh dén dén sy giai hap
Yéu td

Khodng khio sat

pH 2-12

Téc d6 lic (nhip/phat, spm) 60, 120, 150, 210
Nhiét do chiét (°C) 25, 30, 35, 40
Thoi gian chiét (gio) 1,2,3,4

Anh huéng cia ham luong chét rin hoa tan
nghién ctru str dung nén mau c6 TDS = 35 g/L, dugc
phdi ché tir cac hoa chét trong phong thi nghiém dua
theo tai liéu tham khao (Ettensohn et al., 2004) voi
thanh phan chinh 1a 28,32 g/L NaCl; 5,48 g/L
MgClz; 3,6 g/L MgSO4; 1,11 g/L CaCl. As dugc
thém vao nén mau nudéce bién & 2 mac ndng d6 0,01

pg/Lva 0,1 pg/L.
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2.5. Quy trinh lAm giau miu phan tich

Dua trén diéu kién hip phu va gidi hap phu toi
uu, quy trinh lam giau mau phan tich dugc thuc hién
trong 7 budc nhu sau:

Buéc 1: Chuan bi cot PE c6 kich thuéc 1 x 6 cm,
16t tim loc phia dudi. Can 100 mg ZIF-8 (sau khi
tong hop dwoc hoat héa & 60°C sau 8 gio) vao cot
PE, lam phang déu mat 16p ZIF-8, sau d6 16t thém 1
tém loc bén trén, nén chat cot.

“Buéc 2: Loc mau qua gidy loc 0,45 micron,
kiém tra pH cua mau sau cho nam trong khoang 4 —
10. Thu lay 100 mL mau va doi 1én cot véi toc do 1
— 2 mL/pht.

Buéc 3: Sau khi mau da dwoc doi lén ¢t hoan
toan, rua cot bang 15 mL nudce khir ion, moi lan 5
mL.

Buréc 4: Théo toan b chat ran trong cot bao gom
ca 2 tam loc trong cot SPE vao Ong ly tdm PE co
dung tich 50 mL.

Bugc 5: Dung pipet hit chinh xac 5 mL dung
dich NaOH 0,01M vao 6ng ly tAm ¢ budce 3, day nap
lai.

Budéc 6: Chuén bi bé lac mau, on dinh nhiét ¢
35°C, dat ong ly tdam mau vao bon lac va tien hanh
lac chiét trong 4 gio vai toc do 150 spm.

Budc 7: Sau 4 gio, mau duoc ldy ra va loc bang
syringe c¢6 man loc 0,45 micron, thu ldy dich loc,
acid héa bang 20 uL HNO35M, lic déu va tién hanh
do bang ICP-MS. Diéu kién van hanh thiét bi ICP-
MS dugc trinh bay tai Bang 3.

Bang 3. Piéu kién van hanh ICP-MS

Théng s6 Gia tri
RF power 1550w
RF matching 1,7V
Plasma gas 15 L/phut
Aux gas 1 L/phut
Sampling depth 8,0 mm
Nebulizer gas 1 L/phat
Nebulizer pump 0,2 rps
Make up gas 0,2 L/phut
OctP RF 200V
Helium gas 4 L/phut
Energy discrimination 3V
Internal standard (Ge) 10 pug/L

Gidi han phat hién cua thiét bi (IDL) dugc xac
dinh bing cach tiém 1ap 7 1an miu tring sau d6 tinh
d6 léch chuan (SD). IDL ly thuyét = 3 x SD, gii
han phat hién (LOD) ly thuyét va gi6i han dinh
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luong (LOQ) 1y thuyét caa phuong phap cling dugc
xdc dinh tuong ty IDL nhung thay mau tring bang
nén mau thuc khong chira chét phan tich khi d6 LOD
=3 x SDva LOQ = 10 x SD. Tuy nhién, dé xac dinh
gi4 tri sir dung cia LOD va LOQ thyc té can duoc
tham dinh lai bang cach thém chuan. Nong d¢ tai
LOD va LOQ thuc té duogc chap nhan khi ti 1¢ tin
hiéu/nhiéu (S/N) 16n hon 3 d6i véi LOD va 16n hon
10 d6i véi LOQ.

3. KET QUA VA THAO LUAN

3.1. Tong hgp va phin tich dic trung ciu

tric caa ZIF-8

Vit liéu ZIF-8 dugc tong hop thanh cong bang
phuong phap nhiét dung méi DMF tai 140°C trong
24 h véi hiéu suat tong hop dat 55% tinh theo luong
mudi zinc st dung.

[110] ‘
Yaghi report
J 1 | I S, M n
L A L Buliving
:é" o . S S-S
2 [222]
Q
8
£
[211]
[200]
JMTA
T T T T T T T T T T T T T
5 10 15 20 25 30 35 40

2-theta (degree)
Hinh 1. Gian dd XRD cua ZIF-8

ZIF-8 theo cac cong bd trude day 1a vat lidu tinh
thé khéi 12 mat, cac mat duoc dic trung theo tung
goc chiéu 2 theta khac nhau. Vat lidu ZIF-8 tong hop
trong nghién ctru nay c6 ddy du nhiing dinh dac
trung tng vaéi cac goc 2 theta = 7,1° 10,4°; 12,7°;
14,8° (Hinh 1) twong wng véi cac mat tinh thé dac
trung 1an luot 1a [110], [211], [222], va [200] so v6i
gian dd duoc cong bd boi nhém nghién ciu
ciaYaghi va gian dd mo phong ly tuong
(simulated), két qua cho thiy ZIF-8 da dwoc tng
hop thanh cong va c6 do tinh thé cao (Park et al.,
2006).

Phé hong ngoai ding trong nghién ctru nay nham
muc dich xac dinh su hinh thanh lién két Zn-N, lién
két chi chét hinh thanh nén tinh thé ZIF-8, dua vao
dao dong nbi. Theo nghién ctru trude day dao dong
ndi Zn-N nam tai vi tri 420 cm* (Zhou et al., 2021),
phd d6 ZIF-8 (Hinh 2) cho thdy c6 xuét hién 1 dinh
tai 420 cm'! x4c dinh sy hinh thanh lién két Zn-N.
Bén canh d6 céac dinh khac déc trung cho nhiing lién
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két khac nhau trong tinh thé ZIF-8: lién két Zn-O
746 cm, C-N 1146 va 1310 cm™, dao dong ndi C-
H cta vong imidazole 1370 va 1583 cm™ (Zhou et
al., & Park et al., 2006).

Vit liéu ZIF-8 tong hop trong nghién ctru ndy ¢
céu tric khéi da gidc nhidu mat thé hién & Hinh 3.
Két qua giéng vai cau trac 12 mit thoi trong céc
nghién ctru truge (Lee et al. 2015) cac canh cua
khdi da giac nhin thay rd va sic nét. Bén canh d6
kich thudc cac hat tinh thé twong d6i ddng nhit va
do tinh thé cao. Mot cach dinh tinh, kich thudc tinh
thé ZIF-8 dao dong trong khoang 3 dén 5 micron,
kich thude nay phu hop lam pha tinh trong ki thuat
SPE.
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Hinh 2. Phé FT-IR caa ZIF-8 tong hop

Hinh 3. Hinh 4nh ZIF-8 qua SEM ¢ cac mirc d@
phong dai khac nhau a) x10000, b) va ¢) x
20000, d) x30000

Vit ligu ZIF-8 tong hop ciing dugc phan tich
dién tich bé mit riéng theo phwong phap BET, két
quéa cho thay dién tich bé mit riéng 1én dén 1662
m?/g trong duong so v6i nhiéu nghién ciru trude day
(Park et al., 2006 & Lee et al., 2015).
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3.2. Khao sat diéu kién hap phu iAs

pH 1a mot yéu té anh huéng quan trong dén su
hap phu, dic biét 1a d6i véi cac co ché hap phu phu
thugc vao dién tich bé mat cua vat liéu. Boi vi pH
khong nhitng anh huong dén sy hinh thanh dién tich
clia cac nhom chure dan dén sy thay ddi cia dién tich
bé mat vat liéu ma con anh huong dén trang thai dién
tich cuia chét phan tich. Sy anh huéng caa pH dung
dich dén sy hap phu cia As'" va AsY 1én vat liu
ZIF-8 dugc trinh bay & Hinh 4. Két qua khao sat cho
thiy, ZIF-8 cho hiéu qua hip phu t6t d6i vsi ca As'"
va AsY trong khoang pH tir 5 dén 11 véi hiéu suét
hip phu trén 90% va cho hiéu qua hip phu kém
trong moi tudng acid va kiém (pH nho hon 4 va 16n
hon 11).

100 ﬁ:m’ﬁ

804

60

H%

401

204

1 2 3 ;1 5 6 7 8 9 1I0 'Il‘l 1I2 13
pH
Hinh 4. Anh hwéng caa pH dén hiéu suit hap
phu As'! va AsV
(MmziF8 = 50 mg, r = 2 mL/phut, T = nhiét d¢ phong, V =
50 mL)

100 4 —a— As(lll)
—e— As(V)

804

60

H%

40 4

204

0 T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16
Téc dé nap méau (mL/phat)
Hinh 5. Anh hwéng caa toc dg nap mau dén
higu suat hap phu

(mzirs=50 mg, pH 7, T = nhiét dé phong, V =50 mL)

~ Téc do nap mau qua cot anh huwong manh dén sy
hap phu. Béi vi, sy hap phu la mot qua trinh can
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bang dong, can thoi gian dé sy hip phu dat d&n can
bang. Néu téc d6 qua cot nhanh s& dan dén mat mat
chat phan tich, didu nguoc lai s& tiéu ton nhiéu thoi
gian phan tich. Sy anh huong cua téc do nap cot
trong nghién ciru nay dugc trinh bay ¢ Hinh 5. Két
qua cho thay, sy hip phu tét khi tc do nap cot 1a 2
mL/phut va hiéu qua giam dan khi ting toc do dén
20 mL/phat. Trong thuc té, tiy thudc vao thé tich
mau, nong do chat phan tich trong mau, hé s lam
giau va thoi gian phan tich khi sir dung vat liéu ZIF-
8 1am pha tinh cho ki thuat SPE, c6 thé sir dung téc
d6 nap cot tir 1 - 2 mL/phat.

100

90 1

504 —a— As(lll)
—+— As(V)

40 T T T T T T T
25 50 75 100

m ziF-g (Mmg)

Hinh 6. Anh huwéng ciia khéi lwgng ZIF-8 trén
mgt don vi thé tich mau

(pH 7, r = 2 mL/phut, T = nhiét do phong, V =50 mL)

Luong ZIF-8 anh huong dén hiéu suat hip phu
lién quan dén dung luong hap phu cua ZIF-8. Luong
ZIF-8 sir dung cang nhiéu, tim hap phy cang nhiéu
dan dén tang hiéu qua hap phu trén mot don vi thé
tich mau nhat dinh. Hinh 6 cho két qua khao sat anh
huéng caa khéi lugng ZIF-8 dén hiéu qua hap phu
trong diéu kién 50 mL mau thir co ndng d6 0,1 pg/L,
tbc d6 nap mau 2 mL/phut, pH 7. Trong diéu kién
thi nghiém thuc té, lugng ZIF-8 phii hop ¢ mic 50
mg trén 1 ¢ot SPE cho hiéu qua tot, trén 90% chat
phan tich bi hap phu va khong c6 nhiéu thay doi khi
tang lugng ZIF-8 1én 75 va 100 mg ddi véi ca As"'
va AsY.

Céc két qua trén cho thay trén 1 cot SPE c6 khdi
lwong ZIF-8 1a 50 mg cho hiéu qua hip phuy tbt,
nghién ctu tién hanh ting lugng mau thir 1én 100,
150 va 200 mL twong ng véi hé s6 1am giau mau 1a
(EF =20, 30 va 40). Trong diéu kién cot SPE chira
50 mg ZIF-8, téc d6 nap mau 2 mL/phut, pH 7 hiéu
qua hap phu dat 100% dbi véi AsY va 90 — 95% ddi
v6i As"' & ca 4 muc thé tich mau (Hinh 7). Két qua
cho thiy ZIF-8 c6 dung lugng hap phu iAs 16n. Bén
canh d6, ZIF-8 c6 tiém nang lam giau mau phan tich
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iAs 16n tao diéu kién cho cac phép phan tich dinh
luong duoc iAs ¢6 ham luong cuc thap (siéu vét),
tuy nhién nhugc diém vé mat ky thuat 1a khi xu 1y
luong I6n thé tich mau thi s& mat nhiéu thoi gian
phan tich vi can bang hap phu twong dbi cham. Can
bang hap phu cham do can thoi gian phan tng 1a mot
trong nhiing tinh chét caa hap phu héa hoc, 1a mot
nhuogc diém, tuy nhién d6 1a ciing 1a uu diém cho
kha nang hap phu chon loc cua vat liéu ZIF-8 dbi
VGi iAS.

1001 #=—— &
e —
904
804
=
T 70+
60
504 —a— As(lll)
—— As(V)
40 T T T T
50 100 150 200

V sample (ML)

Hinh 7. Anh hwéng cia thé tich mau thir trén
mot don vi khoi lwong ZIF-8

(mziF-s = 50 mg, r = 2 mL/phut, T = nhiét d¢ phong, pH 7)
3.3. Khao sat diéu ki¢n giai hip phu iAs

ZIF-8 cho thiy kha ning hap phu tot d6i véi As"'
va AsV. Tuy nhién, dé ap dung ZIF-8 vao muc dich
SPE thi diéu ki¢n giai hap phu 14 diéu kién can phai
duoc danh gia, tim ra diéu kién giai hap téi vu, thu
hoi téi da lwong iAs da hip phy dé tranh mit mat
chat phan tich, gay sai léch 4m trong phén tich dinh
lwong. Cac yéu t6 dugc khao sat trong nghién ctu
bao gom pH, nhiét do, toc do l4c chiét va thoi gian
giai hap phu. Yéu t6 pH dugc lya chon trong ving
nho hon 4 (mdi trudng acid) va 16n hon hoic bang
12 (moi treong kiém) 1a 2 ving pH ma ZIF-8 khong
cho kha ning hip phy. Tuy nhién, ZIF-8 kém 6n
dinh trong méi truong acid, va dé mat mat tim hap
phu (Zn) trong khi bén vimng hon trong méi truong
kiém (Zou et al., 2018). Do d6, khoang pH duoc lra
chon cho diéu kién giai hip phu iAs 1a dung dich
NaOH 0,01M (c6 pH 12). Cac yéu tb con lai duoc
khao sat va trinh bay & cac phan tiép theo.

Kiém soat nhiét do trong qua trinh chiét thu hoi
iAs 1a yéu t6 quan trong, dac biét nhiét do va thoi
gian 12 2 yéu té c6 anh huong 1an nhau. Két qua Hinh
8 cho thdy, hiéu suit thu hdi tang khi nhiét d6 ting,
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hiéu qua giai hap phu AsY t6t hon so véi As'" & cac
muc nhiét do khao sat, nguyén nhan dy doan c6 thé
dén tir lién két gitra Zn-As" chac ché hon so voi
AsV, tuy nhién dé kiém chang lai gia thuyét nay can
¢6 nhitng phuong phap phan tich hién dai hon, pho
XPS ¢6 thé dugc dung dé tinh toan cic mirc ning
luong dé dua ra két luan chinh xac nhat. Két qua nay
cho thay duoc, khi ap dung ki thuat nay dé phén tich
tong iAs tu do (As"' va AsY) thi khoang nhiét do giai
hip phu nén 16n hon 35°C dé c6 hiéu suét thu hoi
trén 85%.

100 N A (i)
As(V)
80 -
g
2 60
=1
£
=
7 40-
=
@
I
20 -
04
20 25 30 35 40 45
Nhiét do giai hap phu  (°C)

Hinh 8. Anh hwéng ciia nhi¢t dp dén higu suat
thu héi As"' va AsV

(pH 12, tée dg ldc = 150 spm, t = 4h)

100 -
H As)
A

80 4

60 ~

404

Hiéu suat thu héi (%)

20

2
Thi gian giai hap phuy (gid)

3 4

Hinh 9. Anh huéng caa thai gian giai hap phu
(pH 12, téc dg lidc = 150 spm, T = 35°C)

Thoi gian giai hap phu (thoi gian chiét) iAs tir
ZIF-8 hap phu dugc khao sét tir 1 dén 5 gio véi diéu
kién ¢ dinh ¢ cac 1an thir nghiém. Két qua Hinh 9
cho thay, hiéu suét thu hdi phu thudc vao thoi gian
chiét, hiéu suét thu hoi ting dan déu tir 1 dén 4 gio
khao sat va khong c6 nhiéu thay dbi khi ting 1én 5
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gid. Hiéu suat cao nhit dat dugc di voi As"' 1a 88% (spm). Két qua Hinh 10 cho théy, téc d6 lic anh
dbi vai AsY 1a 90%. Hiéu suat khong dat 100% cé hudng dang ké dén hiéu suat thu hdi cua iAs. Vi thuc
thé dwoc giai thich nhu sau: (i) Hiéu suat hap phu té, qua trinh lic hd tro cho sy khuéceh tan iAs ra khoi
khong dat 100% dan dén hiéu sut thu hdi iAs ciing vat liéu hap phy, tc d6 lac nhanh gitp cho qué trinh
s& khong dat duoc 100%; (i) Qua trinh hap phuy 13 giai hap dién ra nhanh chong. Tuy nhién, tir 150 spm
hap phu dong, co thé c6 nhitng phan tir chui sau vao dén 200 spm hiéu qua giai hap phu khong thay doi
trong cau trac xop cua ZIF-8, trong khi phuong phap nhiéu. Do d6, trong nghién ciru nay téc ¢ 150 spm
chiét tinh, dung dich chiét s& kho di siu vao trong duogc lya chon cho qua trinh thiét lap phuong phap

céu trac xOp hon, nén c6 thé van chua giai hap dugc phan tich.

hoan toan. Tuy nhién véi hiéu suét thu hoi dat gan 3.4. Anh hwong cia ham lwgng chét rin hoa
90%, phuong phap nay van kha thi doi véi yéu cau tan trong nén miu )

cua phan tich dinh luong.

1004 Két qua Bang 4 cho thay su anh huong khong
s dang ké ciia ham lugng chat ran hoa tan trong nén
A mau dén hiéu suat hip phu ciing nhu hiéu suat thu

80+ hoi tong cong cua iAs & 2 mirc nong do khao sat voi
g hiéu sut thu hdi dat trén 85% & muc ndng d6 0,01
2 60- ug/L va gan 90% ¢ mirc ndng d6 0,1 pg/L. Theo
2 AOAC, véi cip ndng do /L thi hiéu suat trén 80%
§ 40. 1a gia tri chap nhan dugc trong phan tich dinh lugng.
2 Do do, viéc stir dung ZIF-8 trong muc dich tach iAs
I tir nuwdc bién 1a kha thi. So véi cac nghién ctu chiét

20+ iAs bing phuong phap chiét long — long (LLE),
phuong phap chiét ran long sir dung ZIF-8 cho nhiéu
vu diém hon: (1). Dung luong hap phu 16n c6 thé

30 60 90 120 150 180 210 240 Chlet dugc nhiéu iAs hon trong 1 1an chiét, cho hé

Toe ag lac (spm) s0 1am giau 16n hon. (ii). Hap phu dugc ca As"' va

Hinh 10. Anh hwéng ciia tée d9 1ic dén higu As’ ma khong can khir As¥ ve As'! dé tao phirc
sudt thu hoi ’ trong chiét long long (LLE). (iii). Khéng ton thém

nhiéu dung méi hitu co nhu methyl isobutyl ketone

(pH 12, T = 35°C, t = 4h) (MIBK) hay mmmonium

Trong nghién ciru ndy, viéc thu hdi iAs sir dung p}/rrolidinedithiocarbamate (:APDC) gié}m diA nhiéu
phuong phap chiét trong bdn lic diéu nhiét, nén toc cbng doan va tranh duoC that thodt chat phan tich
6 lc ciing dwoc khao sat theo cac mirc khuyén nghi hay nhiem ban. (iv). Phuong phap xanh hon va

cita nha san Xuat: 60, 120, 150 va 200 nhip trén phat ~ thanh hon so v6i LLE.
Bang 4. Anh hwéng ciia ham lwgng chét rin hoa tan dén hiéu suit thu hdi iAs

Ham lugng As thém Két qua ICP-MS
(ng/L) C(ng/L) Recovery (%) RSD? (%) H&é s6 lam giau
0,01 0,0860 = 0.0025 86,34 2,96 10
0,1 0,8750 + 0.0266 87,52 3,05 10

12 Gig trj trung binh va d@é léch chudn ciia cdc lan 1ap lai (n = 7)

3.5. Phwong phap phan tich téng iAs trong dugc danh gia théng qua do léch chuan twong ddi
nwéc bang ICP-MS két hop SPE/ZIF-8 (%RSD) & cac muc ndng do khac nhau bao gdm
LOD, LOQ va mot diém duoc thém & nong do cao
hon (HPS). Két qua dugc trinh bay tai Bang 5. Két
qua cho thay phwong phap c6 d6 ding cao véi hiéu
sut thu hoi nam trong khoang cho phép 80 — 110%
va RSD < 10% & ca 3 mic nong do. Do d6, phuong
phap phan tich trong nghién ctru nay co gia tri St
dung va c6 thé dugc st dung trong phan tich cac
mau thuc véi ngudng dinh luong LOQ 13 2,5 ng/L.

Gigi han phat hién (LOD) va gi¢i han dinh lugng
(LOQ) cua phuong phap dugc thuc hién bing céc
thém chuan vao nén mau. Thuc hién chiét pha rin
qua cot SPE/ZIF-8, giai hip phu va phan tich. Cac
thi nghiém duoc thuc hién mdi ngay 3 lan trong
vong 3 ngay thu ldy cac sb liéu va tién hanh xu Iy
thdng ké. Po dung ciia phuong phap duoc danh gia
thong qua hiéu suat thu hoi (%recovery) va do chum
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Bang 5. LOD, LOQ va HPS cia phwong phap

phén tich
Mike Nong d6 Nong do Hiéu sudt RSD
ndng d9 1y thuyét  thucté  thuhdi (%)
(ng/L) (ng/L) (%)
LOD 0,5 0,43 85,65 3,97
LOQ 2,5 2,10 84,00 5,39
HPS 5,0 4,20 84,81 2,03

Nghién ctru ciing tién hanh phan tich cic miu
thuc té bang phuong phap phan tich da phat trién.
Trén nén Mau nudc cap va 2 mau nudc udng dong
chai trén thi truong. Két qua dugc trinh bay tai Bang

Bang 6. Két qua phan tich tong iAs mdt s6 mau thuc
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6. Két qua cho thdy miu nudc cap va 1 miu nudc
udng dong chai phat hién dugc tong iAs lan luot 1a
10,36 + 1,20 ng/L va 5,37 + 1,10 ng/L va mot mau
nhé hon LOD cua phuong phap. Mic du cac mau
nudc c6 phat hién iAs, tuy nhién véi ham lugng rat
nho so véi yéu cau cho phép 10 pg/L ddi véi nudc
uéng theo quy chuan Viét Nam (QCVN 8-
2:2011/BYT) ciia Bo Y Té. Phuong phap phén tich
c6 su hd tro cua ki thuat SPE/ZIF-8 1am ting dang
ké d6 nhay cho phuwong phap phén tich, c6 do chon
loc cao va do lap lai tot phu hop cac yéu cau cua mot
phuong phéap phan tich dinh lugng.

Nén miu Chuin thém (ng/L) Tim dwoc (ng/L) Hiéu suit thu hdi (%) RSD (n = 3)
0,00 10,36 + 1,20 - 12%
Nuéc cip 2,50 12,63+ 1,21 91 12%
5,00 14,63 + 1,22 85 10%
Nude 0,00 5,37 +1,10 - 20%
Khodng 2,50 7,70+1,30 93 17%
5,00 10,14 + 1,62 95 16%
Nuée tinh 0,00 KPH < 0,5 - -
Khit 2,50 2,32+0,16 89 6%
5,00 454+0,16 89 4%

3.6. Kha ning thu hdi va tai sir dung vat liéu.

Vit liéu ZIF-8 sau khi dugc sir dung duoc tién
hanh thu hdi, rra bang dung dich NaOH 0,1M trong
24 gio, rira lai véi nude dén pH 7, sau d6 rira lai bang
MeOH (3 x 10 mL) va say & 60°C trong 24 gio. Vat
liéu sau khi tai sinh dugc thir hoat tinh lai nhu vat
lieu mai dé so sanh. K&t qua Hinh 11 cho thdy, vat
liéu co kha ning thu hdi va tai s dung, hoat tinh
duoc duy tri trén 80% sau ba 1an sir dung.

100

T
[ ] drinking water matrix
} % [ sea water matrix

804 —I_ %% 4
£ 0 -
o
@
3
o 404
4

204

0
1st 2rd 3th 4th
Run

Hinh 11. Hiéu suét thu hdi iAs qua céc 1in tai
sinh vt liéu
Ddng thoi vat lidu sau khi sir dung 1an cudi cing

cling duogc tién hanh phén tich lai ciu trac bang
XRD, FT-IR va SEM. Két qua Hinh 12 cho thay, vat
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liéu ZIF-8 thé hién kha ning bén viing ciu tric trong
diéu kién phan tich qua 4 lan sir dung. Ciu trac tinh
thé van duoc giir kha tdt, véi cac dinh nhidu xa gan
nhu khéng thay ddi so véi vat liéu ban dau. Cy thé,
Véi cac goc 2 theta = 7,1°; 10,4°; 12,7°; 14,8° trong
(g v&i cac mit tinh thé dic trung 1an luot 1 [110],
[211], [222], va [200] c6 cudng do khong co nhidu

thay doi.

(110) ZI¥-8 Fresh

(211)

ZIF-8 Used

Intensity (a.u)

_J\ U | A
5 15

-ZO (degr:: B . ”
Hinh 12. XRD ciia ZIF-8 ban diu va ZIF-8 tai
sinh

B sung nhan dinh cho XRD, két qua phé hdng
ngoai (Hinh 13) ciing cho thy c4c dao dong ndi cua
cac nhom chre trén bé mat van lidu con kha nguyén
ven. Lién két Zn-N, lién két cha chét hinh thanh nén
tinh thé ZIF-8 duogc tim thay tai dinh 420 cm twong
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tu nhu hinh dang phd cua mau sach ban dau. Bén thé bi tac dong v cac hat tinh thé 16n theo chiéu
canh d6, cac dinh khac dic trung cho nhing lién két huéng khong ddng déu lam giam hiéu ning hap phu
khac nhau trong tinh thé ZIF-8: lién két Zn-O 746 ctia cot SPE. Phuong phéap phan tich trong nghién
cmt, C-N 1146 va 1310 cm™, dao dong ndi C-H cua ctu ndy ciing dugce so sanh vdi nghién ciu cia Zou,
vong imidazole 1370 va 1583 cm™ ciing duoc tim 2018 va cong su trong phén tich tong iAs dugc tom
thiy va khong c6 nhiéu thay doi vé ca sb song va tat tai Bang 7.

cuong do. Co sy khac biét vé cudong do dao dong
cua mot dinh trong vung tir 3000 — 4000 cm® cua
vt liéu sau khi tai sinh va vat liéu ban dau, tuy nhién
dao dong nay c6 thé 1a cua nhom O-H cua nudc,
khong dic trung cho céu trac cia ZIF-8, dao dong
nay cho thay su hién dién cua hoi nudc 1a thong sb
kho kiém soat trong qua trinh luu trit ciing nhu do
trén thiét bi. Tir d6 cho thdy, vat liéu ZIF-8 van gitr
6n dinh cau tric qua cac 1an sir dung.

5-4800 10.0kV 8.0mm x30.0k SE(M)

LR, Hinh 14. Anh SEM ciia ZIF-8 sau sir dung
Uu diém cua n~ghiénrc1'1u nay c6 do nhay cao hor},

thoi gian xu ly mau ngén hon. Tuy nhién, hi¢u suat

thu hoi thap hon. Nguyén nhan 1a trong nghién ciru

Transmittance (%)

V{zn-0) 1583

— V40 — clia Zou, tac gia da khong thu hoi iAs bang cach giai
§ 1000 2000 00 E— hap phu ma pha huy vat liéu vat liéu bang acid do
Wavelengh (em-1) doé thu hoi du'(_)'C hoan toan iAs (ZOU et a.I., 2016)

. 2 3 . Tuy nhién, nhuoc diém caa phan hay vat lidu 1a gop
Hinh 13. Pho FT-IR cia ZIF-8 ban dau va ZIF-  pnj, am tang TDS ciia mau do thanh phan chinh
8 tai sinh cua vt liu 1a kém, anh huong Ion dén qua trinh jon

V& dic diém hinh hoc, két qua SEM cho thdy vat hoa trong plasma khong phu hop phén tich bang
liéu ZIF-8 ¢ sy thay ddi vé hinh dang do sy tuong ICP-MS. Thém vao do, phai st dung acid ¢ nong do

tac vai chét phan tich va méi truong nudc, tac dong cao va khong tai sir dung duoc vat li¢u chua dép ing
vat 1y 1am ZIF-8 bi v& co hoc va khong giit dwoc nhu cau hoa hoc xanh va xu hudng phat trién bén
hinh dang khoi da giac sac nét nhu vat liéu goc. Co vung.

Bing 7. So sanh két qua nghién ciru

Nén miu Vit lidu  Phwong phap phén tich LOD (ng/L) Hiéu suét thu hdi % TLTK

Nudc cap ZIF-8 d-SPE két hop AFS 5 97 Zou et al., 2018

Nudcudng  ZIF-8 SPE két hop ICP-MS 0,5 85,65 Nghién ctru ndy

- " nghién ctru ndy cung cip cac gia tri khoa hoc cho

4. KET LUAN nhu cAu lam sach nén mau khi phan tich iAs bing
Nghién ctru da ti wu hoa diéu kién hap phu va ICP-MS loai téi da nhiéu khdi phd bai nén mau cua

giai hap phu iAs, sir dung diéu kién da toi wu thiét cac phuong phap phan tich hién hanh.

lap quy trinh xir Iy va lam giau iAs bao gom As'"' va S~

AsV. Sau qua trinh 1am giau va phén tich bang ICP- LOICAM TA

MS, phuong phép phan tich cho dé nhay rat cao véi Nghién ctru nay dugc tai trg boi chuong trinh

LOD dat 0,5 ng/L (0,5 pg/mL). Phuong phép phan hoc bong dao tao thac si, tién si trong nu6c cua Quy

tich dwoc thiét 1ap c6 do chinh xac tdt, c6 thé ap Do6i méi sang tao Vingroup (VINIF), Vién Nghién

dung trén nhiéu nén mau bao gom ca nén mau co ctru Dit liéu 16n (VinBigdata) thudc tap doan

ham lugng TDS cao. Cot SPE/ZIF-8 con cho thiy Vingroup, ma s6 2021.ThS151.

kha nang tai str dung nhiéu lan ma hoat tinh va cu

trac van duoc duy tri kha 6n dinh. Két qua cua
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