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Toi wu hoa quy trinh phan tich dong thoi phenol va mot so din xuat clophenol
bang phwong phap dién di mao quén sir dung detector huynh quang
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Tom tit:

Nghién ctru trinh bay cic diéu kién t6i wu dé phén tich dong thoi phenol va 4 din xuit clophenol biang phwong phap
dién di mao quan (CE) véi ky thuat do gian tlép bflng detector huynh quang cim tng laser (LIF). Qua trinh phan
tach dién ra trong 20 phiit véi dung dich dién ly nén (BGE), gom borax 5 mM (pH 9,75), fluorescein 1 mM, dién thé
tach 17 kV va thoi gian bom mau 120 gidy. Tai cac diéu kién tdi wu, gi¢i han phat hién (LOD) thu dugc dédi véi cac
hop chét phenol nam trong khoang 0,08-0,23 mg/l, d§ 1ap lai va tai lip nhé hon 8% (‘101 véi ca thoi gian di chuyen
va dién tich pic tin hi€u. Quy trinh phan tich da dugc ap dung dé xac dinh dong thoi nong do cac hop chit phenol
trong mdt s6 miu nuwéc mit va nwéce thai véi hiéu suét thu hoi (H%) 59,4-102,5%.

Tir khéa: clophenol, dién di mao quan, do gian tlep, huynh quang cam wng laser, phenol.

Chi s6 phén loai: 2.4
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Ngay nay, 6 nhiém méi truong da tro thanh vén dé toan cau,
xay ra khong chi ¢ cac qudc gia dang phat trién ma ngay tai ca cac
qudc gia phat trién. Trong do, phenol 1a mot trong nhing ddi tuong
gdy 6 nhiém hang dau véi san luong wéc tinh khoang 3 triéu tin/
ndm trén toan thé giéi [1]. Phenol va cac dan xuét ciia chiing con
1a san phém phat sinh cua nhiéu nganh cong nghi¢p nhu luyén cdc,
dét nhudm, san xut giéy. .. [2]. Khi bi thai ra ngoai moi truong,
céc hop chat phenol khong chi dugc biét dén 1a cac hop chét twong
ddi bén, ton tai lau dai ma chiing con 1a nhém hop chét ¢6 doc tinh
cao, gy nguy hiém dén sinh vat va con ngudi [3, 4].

Quan ngai vé sy nguy hai cua céc hop chit phenol, Co quan
bao vé mdi truong My (USEPA) da dua 11 hop chat phenol vao
danh sach cac chat gy 6 nhidm duoc quan tim dic biét boi kha
nang hinh thanh trong nu6c thai cong nghiép va anh huong cua
ching dén hé sinh thai, sinh quyen Khong chi vay, nhiéu qudc gia
va to chirc moi truong trén thé gi01 da dua ra cac quy chuan nhim
gi6i han ham lugng cac hop chat phenol, giam thiéu nguy co cia
chang t6i stic khoe con ngudi. Trong nude udng, giéi han ham
luong phenol cua USEPA va T6 chirc Y té thé gioi (WHO) quy
dinh du6i 1 pg/l, Hoi dong chau Au quy dinh duéi 0,5 pg/l [1].
Trong nudc thai, QCVN 40:2011 da dua ra giéi han ham luong
phenol trong nude thai khong qué 0,5 mg/1 [5].

V6i myc tiéu phan tich xac dinh dong thoi cac hop chét phenol,
TCVN 7874-2008 [6] khuyén céo sir dung phuong phap sic ky
khi GC két hop voi detector ion hoa ngon lira (FID) hodc detector
bat gitr dién tir (ECD). Day 1a phuong phap ¢4 uu diém noi bat
vé d6 nhay nhung chi phi phén tich twong ddi cao va doi khi can
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tién hanh dan xuét hoa mau phtec tap [7]. Giai phap khac kha hiéu
qué 1a ap dung phuong phép sic ky long hiéu ning cao HPLC st
dung detector quang hodc khdi pho [8-13], nhung phuong phap
nay ciing c6 chi phi phan tich cao vi thuong phéi dung pha dong c6
d0 tinh khiét cao nhu acetonitril.

Ngoai cic phuong phap néu trén, CE ciing duoc biét dén 1a
phuong phap ¢6 cac wu diém nhu ky thuat tach don gian, luong
méu nho, chi phi phan tich tiét kiém va co thé cho két qua phan
tich trong tw cac phuong phap tiéu chudn [14]. Trong nghién ciru,
dbi twong phan tich 14 cac hop chét phenol ¢6 dic tinh dién (kha
nang phan ly trong nudc thanh cac ion phenolat) s€ thuan loi khi
st dung CE nhu 1a mot phuong phép tach chét. Do do, di co nhiéu
nghién ctru trén thé gidi sir dung phuong phép nay két hop voi cc
loai detector nhu: hoa phat quang [15], UV-Vis [14, 16-18], huynh
quang [19] hay dién hoa [20] dé phén tich cac hop chét phenol.
Trong d6, nghién ctru st dung phuong phap CE két hop véi do
huynh quang gian tiép mang lai nhimg wu diém vé kha ning phan
tich dong thoi cac hop chat phenol voi giéi han phét hién cia céc
hop chét phenol trén thiét bi trong ddi thap (0,01-0,75 mg/l) [19].
Mit khéc, ciing c6 mot s6 nghién ciru trong nudce da xdy dung quy
trinh phén tich phenol trong moéi truong [14, 21, 22], nhung chua
c6 nghién cu nao st dung phuong phap CE voi detector huynh
quang ciing nhu chua thyc hién v6i d6i tugng clophenol. Do vay,
nghién ctru nay da st dung phuong phap CE két hop véi LIF (CE-
LIF) dé phan tich cac hop chit phenol, cu thé 1a phenol va 4 hop
chat clophenol thugc nhom priority phenols: 2-clophenol (2-CP),
2,4-diclophenol (2,4-DCP), 2,4,6-triclophenol (2,4,6-TCP) va
4-clo-3-metylphenol (4-C-3-MP).
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Abstract:

This work presented a capillary electrophoresis method
with indirect laser-induced fluorescence detection for
the simultaneous determination of phenol and four
chlorophenol derivatives. The separation was obtained
within 20 minutes withabackground electrolyte composed
of 5 mM borax and 1 mM fluorescein (pH=9.75), 17 kV
of applied voltage, and 120 s of hydrostatic injection.
At the optimal conditions, the limit of detections for
phenolic compounds was in the range of 0.08-0.23 mg/1,
and the RSD data of repeatability and reproducibility
were less than 8.0% for both migration times and peak
areas. This developed method was applied to analyse
concentrations of phenolic compounds in surface water
and wastewater samples, with the recoveries ranging
from 59.4 to 102.5%.

Keywords: capillary electrophoresis, chlorophenol,
indirect, laser-induced fluorescence, phenol.
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Thuc nghiém
Thiét b va héa chit

Thiét bi: nghién ctru sir dung hé thiét bi CE tu ché tao, thao tac
bang tay (CE manual) cia CETASD, Truong Pai hoc Khoa hoc Ty
nhién, Pai hoc Qudc gia Ha N§i [14] vai detector LIF Zetalif LED
480 (Adelis, Phap). Detector co budc song kich thich ¢ 480 nm va
phat xa 1a 515 nm. Hé thiét bi st dung mao quan silica nong chay
dudng kinh trong 75 um, duong kinh ngoai 375 pm, chiéu dai tong
95 cm va do dai hiéu dung 80 cm. Trude mdi ngay phan tich, mao
quan duoc hoat héa bing quy trinh rira tuan tu v6i cac dung dich
HC10,1 M, NaOH 0,1 M, nudc deion va BGE trong 20 phut tuong
{mg v6i mdi loai.
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Cac thiét bi phan tich phu trg: méay do pH va do dan dién hién
truong HQ40d (HACH, My), can phan tich 4 so AE 200 (Mettler,
Thuy Si) va may rung Vortex G-560F (Scientific Industries, My).

Héa chat: cac chat chuan phenol, 2-CP, 2,4-DCP, 2,4,6-TCP
va 4-C-3-MP c6 d¢ tinh khiét >99,5% dugc mua tir Hing Merck
(buc) va Sigma-Aldrich (My). Borax decahydrate 98%, natri
hydroxit 97%, axit clohydric dac 37% (Merck, Ptrc) duge str dung
dé chuan bi cac BGE va cac dung dich hoat hoa mao quan. Chét
phat huynh quang fluorescein dugc mua tur Shanghai Zhanium
Chemical (Trung Qudc). Nude deion duge ldy tir may loc nudc
tinh khiét c6 dién tro 18 MQ, Milipore - Simplicity UV (Phap).

Céc dung dich chuén gdc 1a cac chuan don 1¢ véi nong do cia
phenol, 4-C-3-MP, 2-CP, 2,4-DCP va 2,4,6-TCP lan luot la 1.925,
1.725, 200, 1.225 va 500 mg/l duoc chudn b tir cac chat rén tinh
khiét trong tmg. Céc dung dich chudn hdn hop trung gian c6 nong
d6 mdi hop chat phenol 1a 100 mg/l duoc pha lodng tir dung dich
chuan gbc, dung dich nay duoc st dung dé chuan bi cac dung dich
1am viéc ¢6 ndng do thip hon. Cac BGE vdi thanh phan tetraborat
duoc diéu chinh t6i pH mong mudn bing cach thém dung dich
NaOH va bd sung chat phat huynh quang fluorescein. Tt ca cac
dung dich chuan va BGE déu dugc bao quan lanh ¢ 4°C va tranh
anh sang.

Phuong phdp nghién ciru

Céc diéu kién phan tich ctia quy trinh trén hé thiét bj CE-LIF
duoc khao sat va toi wu theo phuong phép i wu lan lugt timg yéu
t6 - khao sat bang cach giir ¢6 dinh yéu t6 da lya chon dé tiép tuc
khio sat yéu td khac. Trong do, cac diéu kién phan tich duoc ¢b
dinh gom ndng do chuin hdn hop phenol, 4-C-3-MP, 2-CP, 2,4-
DCP va 2,4,6-TCP 1a 10 mg/l. Cac yéu 6 duoc lan lugt khao sat
bao gém néng d¢ borax, fluorescein, pH BGE, di¢n thé tach va thoi
gian bom mau (bang 1).

Bang 1. Kh’oéng khao sat diéu kién phan tich cac hop chat phenol
trén hé thiet bi CE-LIF.

Didu Kkién khao sat Don vi tinh Khoang khio sat
Nbng d6 borax nM 1-20
pH BGE 9,5-10,5
Néng d fluorescein uM 250-1.250
Dién thé tach kV 15-19
Thoi gian bom mau gidy 60-120
Danh gia phwong phdp

Sau khi t6i wu quy trinh phan tich, cac thong s danh gia phuong
phép dugc xac dinh dé xac nhan hidu qua cta quy trinh nhu: LOD,
gi6i han dinh luong (LOQ), khoang tuyén tinh va duong chuan,
do6 chum (lap lai, tai 18p lai), d§ dung (H trén céac nén mau thuc).

Ldy méu va xir Iy méu
Mau thyc gém 3 mau nudc mat (NM1, NM2, NM3) dugc léy

trén dia ban TP Ha N¢i. Trong d6, NM1, NM3 lan luot 1a mau
nudc ¢ ho An Binh (Bac Tu Liém), ho dieu hoa Mai Dich (Cau
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Gidy), con NM2 duogc lay tir song Nhugé (6 vi tri chan cau Dién).
Céc mau nuée dugc 1y ¢ vi tri khoang 20-30 cm du6i bé mit va
cho vao binh dung mau sach t6i mau va c6 thé loc thd néu mau
nhiéu van duc. Sau khi mang vé phong thi nghiém, mau duogc bao
quéan lanh ¢ 4°C, tranh 4nh sang va duoc loc qua gidy loc véi mang
loc c6 dudng kinh 16 0,2 um trude khi phén tich.

Keét qua va thaoluan

Xdy dung quy trinh phén tich cic hop chit phenol trén h¢
thiét bi CE-LIF

Khdo sat anh hwong ciia nong d¢ BGE: cac BGE véi thanh
phan tetraborat 1a nhitng BGE thudng dugc sir dung trong céc phan
tich bang phuong phap CE sir dung detector quang (UV hodc LIF),
bao gbm cd nhimg nghién ciru xdc dinh céc hop chat phenol [17-
19]. Do d9, cac BGE tur dung dich tetraborat tlep tuc duoc lya chon
lam dung dich BGE, trong d6 nong d6 borax dugc khao sat trong
khoang 1-20 mM véi céc gia tri lan lugt 1a 1, 5, 10, 15 va 20. Gia
tri pH cta cac dung dich nay duoc giir ¢b dinh & muc 9,75 va bd
sung fluorescein nong do 1 mM.

1 mM
5mM
10 mM
3)(4)®
l L 15 mM
Q)] .
2) )
20 mM
T T T T
500 1000 1500 2000
Thoi gian di chuyén (s)
(1) Phenol  (2) 4-C-3-MP  (3) 2-CP (4)2,4-DCP  (5) 2,4,6-TCP

Hinh 1. Gian dé dién di khao sat anh hwéng cia néng dé borax
dén tin hiéu phan tich.

Tir gian d6 dién di & hinh 1 cho thay, khi ting nong do borax
thi pic ctia cac hop chit phenol dan tach ra khoi nhau do ndng do
borax ting, dan t6i ting do nhét cua BGE lam cho do linh dong
dién di cua chat phan tich giam, céc chat di chuyén cham hon
va dan tach ra khoi nhau. Tuy nhién, chi cac diéu kién borax c6
ndng do 5-15 mM cho kha nang tach dugc dong thoi ca 5 hop chat
phenol. Diéu kién nong do borax 5 mM cho dién tich pic ciia 5 hop
chit phenol 16n nhét va dugce lya chon.

Khdo sdt anh hwong ciia pH: céc hop chat phenol déu 1a axit
yéu nén pH ciia BGE duoc lya chon khao sat 13 cac gia tri pH
cao (>9,5) dé khong chi cac hop chat phenol chuyén hoa vé dang
anion phenolat ma con tan dung dong EOF nham 16i cudn cac ion
phenolat nay di chuyén vé phia cyc am ciia mao quan (ky thuat
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phan cyuc nguoc trong CE). pH cta dung dich BGE duoc khao sat
trong khoang 9,5-10,5; diéu chinh pH bé“mg cach thém NaOH vao
dung dich borax 5 mM dén khi dat duoc gia tri pH mong mudn va
b6 sung fluorescein nong do 1 mM. Céc gian do dién di thu duoc
trong khao sat nay duoc thé hién ¢ hinh 2.

[§3]
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Hinh 2. Gian dé dién di khao sat anh hwéng cua pH dung dich BGE
dén tin hiéu chat phan tich.

Céc hop chét phenol trong nghién ctru (ngoai trir phenol) déu
co gid tri pKa<9,5 (pKa phenol=9,95), nén trong cic didu kién
khao sat thi nhimg hop chat nay déu ton tai & dang anion phenolat.
Mit khac, két qua khao sat pH (hinh 2) cho thy, khi ting pH thi
thoi gian phan tich tang, d§ phan giai cua céc pic ting. Nguyén
nhan 1a do sy bd sung NaOH dé ting gi4 tri pH, dan i ting do
nhét ctia dung dich BGE va khién cho thoi gian phan tich dai hon.
Tuy nhién, chi c6 pH 9,75 1a xuat hién va tich dugc hoan toan 5
hop chét phenol nén gia tri nay dugc chon la diéu kién toi .

Khdo sat dnh hieong ciia nong do fluorescein: phenol va cac
dan xuat clophenol 1a nhing hop chat ¢6 kha ning phat huynh
quang kém. Do vdy, dé co thé phat hién bang detector LIF, cic
hop chét phenol thudng duoc dan xuat hod dé gan mot nhom phat
huynh quang manh (fluophore) hoac don gian hon la st dung k¥
thuat do gian tiép. ‘Trong k¥ thudt do huynh quang gian tiép, dung
dich BGE dugc bd sung mot chat ¢ kha ning phat huynh quang
manh nhu fluorescein, dan tdi tin hiéu huynh quang cua nén 16m,
khi c¢6 mat chat phan tich 1a cac hop chét phenol ¢6 tinh huynh
quang kém s& xuat hién pic ciia cac hop chat nay dudi dang am.
Luu ¥ ring, trong nghién ciru nay, cac pic tin hidu 4m néu trén da
dugc dao nguoc trong qué trinh xir Iy hinh anh dé thuan tién cho
viéc theo ddi va tinh dién tich pic bang phan mém.

Nong d6 fluorescein trong dung dich BGE dugc khao sat
trong khoang 250-1.250 pM, bao gdm cac gia tri: 250, 500, 750,
1.000 va 1.250 pM. Két qua trén hinh 3 cho thdy, khi ting nong
d6 fluorescein thi tin hi¢u cta cac pic phenol tang 1én. Tuy nhién,
khi tang nong d6 fluorescein ting dén 1.250 uM thi cac tin hiéu
nay dot ngot giam, nén diéu kién ndng do fluorescein 1a 1.000 pM
duoc lua chon.
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Hinh 3. Gian dé dién di khao sat anh hwéng cia néng do
fluorescein dén tin hiéu phan tich.

Khdo sat anh huong ciia dién thé tach: sau khi da t6i wu hod
cac diéu kién hod hoc (ndng do va pH cua dung dich BGE, nong
do fluorescein), dién thé tach 1a thong sd tiép theo duoc khio sat,
voi cac gid tri dién thé dat vao dién cuc phia dAu bom mAau lan luot
1a 15, 16, 17, 18 va 19 kV. Két qua thu duoc cho thay, khi ting
dién thé tach thi thoi gian xudt hién cta cac pic ngin hon, thoi gian
phan tich giam. Diéu nay la do khi ting dién thé tach thi cuong do
dién truong ting Ién, cac ion phenolat di chuyén nhanh hon trong
mao quan dén detector, do d6 thoi gian phan tich ngén hon. Tuy
nhién, khi dién thé tach ting ciing lam do phéan giai gitta céc pic
giam di. Diéu kién dién thé tach 17 kV duogc lua chon do vira thoa
mén yéu cu vé thoi gian phan tich ngén, vira dap tmg kha ning
tach pic tot.

Khdo sdt anh hiong ciia thoi gian bom mau: k¥ thudt bom
mau kiéu xiphong duoc sir dung trong khao sat véi thoi gian bom
mau ting dan tir 60 gidy, mdi gia tri khao sét tiép theo tang 1én 20
gidy. Khi tang thoi gian bom mau dén 120 gidy thi tin hi¢u phan
tich ting khong dang ké va khong con ty 1¢ v6i thoi gian bom mau.
Nguyén nhan do thoi gian bom méau qua dai xuat hién sy khuéch
tan ndng do va gian rong ving mau hoic luong mau di vao mao
quan di qua bao hoa 1am giam tin hiéu phén tich. Do d6, diéu kién
thoi gian bom mau tdi uu dugc lya chon la 100 gidy.

Danh gia phwong phdp phdn tich

LOD va LOQ: céc két qua duoc thé hién & bang 2 cho thay,
LOD cua cac hop chat phenol trong khoang 0,08-0,23 mg/l va
LOQ 12 0,28-0,76 mg/l. Cac két qua nay déu nho hon so véi quy
dinh vé tong phenol trong nu6c thai theo QCVN 40-201 I/BTNMT
(<0,5 mg/l) [5] cho thay, quy trinh phan tich da phat trién c6 thé ap
dung dé phan tich don 1& 5 hop chat phenol nay trong nudc thai.
Ngoai ra, LOD cua phuong phéap vdi phenol (0,08 mg/l) thap hon
50 v6i két qua trong mot nghién ctru khac ma nhom tac gia di thuc
hi¢n bang phuong phap CE-UV (LODph ol oy~ 0-33 mg/l) [14].
Vi thé, néu 4p dung k thudt xir ly mau phu hop thi CE-LIF hoan
toan ¢ thé cho két qua twong duong hodc t6t hon phuong phap
tiéu chuan theo TCVN 7874:40 [6], twong tu nhu nghién ctru da
duge thuc hién trude d6 trén thiét bi CE-UV.
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Bang 2. Théng s6 LOD, LOQ va dé chum.

Chit LOD LOQ RSD,(%) RSD, (%) RSD (%) RSD,(%)
phan tich (mg/l) (mg/ll) n=8 n=8 n=4 n=4
Phenol 0,08 028 6,6 2,2 2,1 3,7
4-C-3-MP 0,14 046 73 2,1 2,9 39
2-CP 0,23 0,76 6,2 0,8 6,9 5,9
24-DCP 0,15 049 6,1 0,8 45 5,9
2,4,6-TCP 0,10 033 7,1 0,6 1,9 5,6

Ghi chu: RSDa: dd lap lai theo dién tich pic; RSDb: d6 lap lai theo thoi gian di
chuyén; RSDc: d¢ tai lap lai theo dién tich pic; RSDd: dd tai lap lai theo thoi
gian di chuyén.

Dj chum: dugc xac dinh théng qua do lap lai (8 lan phan tich
trong cing mot ngay) va tai lap lai (trong 4 ngay lién tiép). Cac gia
tri d6 1éch chuan tuong ddi (RSD %) theo thoi glan di chuyén va
dién tich pic tin hiéu ciia cac hop chét phenol & nong do 5 mg/l déu
<7,3% (bang 2), dap tmg duogc tiéu chuan vé do chum cia AOAC
(7,3-11%) [23].

Pé dimg: dugc xac dinh thong qua H cta 5 hop chit phenol
(bang 3) trén cac nén mau thyc v6i nong do thém chudn 1a 7 mg/l
v6i moi hop chat. Két qua thu dugc cho thay, H cua phenol, 2-CP,
2,4-DCP va 2,4,6-TCP nam trong khoang 83,9-102,5%, dap (g
duoc tiéu chudn AOAC vé H (80-110%) [23]. Mic du vay, H cua
4-C-3-MP con khé thap (59,4-82,0%).

Bang 3. Thong s khoang tuyén tinh, dwéng chuan va H.

g:f‘t phn :fll)lfgznt%nh ;(;I(‘())T?;%huén R? oo

(mg/l) (mg/) NMI  NM2 NM3
Phenol 0,5-20 1-20 0,994 89459 913460 87,0457
4-C-3-MP 120 4-20 0,995 594+43 82,0460 69,4451
2-CP 1-20 4-20 0,996 83,9+52 102,5+6,4 92,8+58
24-DCP 120 2-20 0,998 89,8+55 97359 90,8455
2,4,6-TCP  0,5-10 0,5-10 0,998 94,0:6,7 882463  85,8+6,1

Khodng tuyén tinh, dwong chudn va phdn tich mdu thc:
khoang tuyén tinh cua phenol 14 0,5-20 mg/l, 2,4,6-TCP 0,5-10
mg/l, cac hop chét con lai nam trong khoang 1-20 mg/l (bang 3).
Dua trén khoang tuyén tinh, dudng chuan 7 diém duoc thiét lap
v6i cac hé s twong quan tuyén tinh R2>0,994. Sau qué trinh ti
uu hoa va xac nhan gia tri su dung ctla phu’ong phép, quy trinh
phén tich di phét trién duoc 4p dung trong thu'c té dé xac dinh ham
luong ciia 5 hop chat phenol trong mét s mau nude mat. Céc hop
chét duogc dinh tinh dya trén thi nghiém thém chuan va dinh lugng
bing phuong phap duong chuan. Két qua phan tich 3 miu thyc
(NM1, NM2, NM3) trén hinh 4 déu khong phat hién dugc cc hop
chat phenol. Didu nay c thé duoc giai thich 1a do cac dia diém lay
mau tiép nhan cac ngudn thai chu yéu 1a nudc thai sinh hoat von
¢ sy phat thai cac hop chat phenol va clophenol khong déng ké.
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Hinh 4. Gian d6 dién di phan tich 5 hop chat phenol trong cac mau
thye va mau thém chuén (TC).

Keét luan

Nghién ciru di khao sét, toi wu héa quy trinh phan tich dong
thoi 5 hop chat phenol thuge nhém céc hop chat 6 nhiém dugc
quan tam, dac bit l1a phenol, 4-C-3-MP, 2-CP, 2,4-DCP va 2,4,6-
TCP bang hé thiét bi CE-LIF vdi céc diéu kién da toi wu: dung dich
BGE véi n6ng d6 borax 5 mM, pH 9,75 va néng do fluorescein
1 mM, dién thé tach 17 kV va thoi gian bom mau 120 gidy. Quy
trinh budc dﬁu ¢4 thé ap dung dé phén tich cac hop chat phenol nay
trong cac mau nuoc thai voi LOD 0,08-0,23 mg/l. Nghién ciru mo
ra trién vong vé viéc sir dung hé thiét bj CE-LIF néu két hop véi
k¥ thudt xur 1y va 1am giau mau phi hop c6 thé ha thip LOD cua
cac hop chat phenol tdi cac tiéu chuan khit khe hon (trong nudc
mit, nu6e udng [1]) va phan tich nhanh, chinh xac véi chi phi thap.

LO1 CAM ON

Nghién ctru nay dugc thyc hién trén co s ngudn kinh phi
tr nhi¢ém vu thuong xuyén theo chitc nang ndm 2021 (ma s6
TXTCN.21.27) clia Pai hoc Qudc gia Ha Noi cap cho KLATEFOS.
Céc tac gia tran trong cam on.
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