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SUMMARY

ANALYSIS OF CHEMICAL CHARACTERISTICS OF THE ROAD DUST
COLLECTED IN HANOI URBAN - MULTIVARIATE OPTIMIZATION
OF ICP/MS INSTRUMENT PARAMETERS FOR METAL ANALYSIS

This study presents a response surface methodology (RSM) to find the experimental optimum conditions
of an inductive couple plasma mass spectroscopy (ICP-MS) for simultaneous analysis of 23 elements
including 5 elements of platinum group (Ru, Rh, Pd, Ir, Pt) and 18 other metals (Sb, Au, Hf, Te, Sn, Ti,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Mo, Cd, As, Pb). Three main parameters of the ICP / MS system that
greatly affect the analytical signal include radio frequency power, nebuliser gas speed and the ion lens
potential that are simultaneously varied during the experiments. Box — Behnken quadratic experimental
model with 20 experiments conducted at the center and star points that allows to overcome the
disadvantages of the previous univariate method, which is to examine each influencing factor for all
elements. That way lead to difficulty combine the suitable conditions to find the general optimum
conditons. Based on the quadratic mathematical model, only the influencing factors that are
statistically significant are retained. The optimisation obtained by using the desirability algorithm of
each regression function and the composit desirability D for all regressions. The optimum values

determinaed for radio frequency power, nebulizer gas flow, and lens potential were 1260 W, 1 L min-1,
and 11 V on the Elan 9000 (Perkin — Elmer), respectively. Following the results of this paper, the RSM
will continue to be applied to optimize road dust sample preparation using the microwave technique.
The analytical procedre will be validated to determine the chemical chracterization of road dust
samples collected in Hanoi urban area.

1. MO PAU duoc gidi thiéu tai Hoa Ky vao nim 1975.
Sy gia ting cac phuong tién giao thong, cung Trong thanh phan caa bd chuyén d6i xdc tac
Vi viéc bat buoc tuan tha cac yéu cau vé chat lubn c6 cac kim loai chuyén tiép, dac biét 1a
lugng khéng khi doi héi phai st dung ngay cac nguyén té c6 hoat tinh xtic tic cao nhu cac
cang nhiéu chét xuc tic cho dong co dét trong, nguyén té thudc ho Pt (PEG) gdm Pt, Pd, Ru,
dung nguyén liéu héa thach. Bé giam nong do Ir, Rh, Os, dugc phan bd trén chat mang [1].
hydrocachon, cacbon monoxit va oxit nito trén Do d6, qua trinh phat tan cac PEG va kim loai
co s& chuyén ching thanh cac hop chét it doc ning ra ngoai méi truong dan dén méi lo ngai
hon, bo chuyén d6i xdc tac lan dau tién da cho sirc khoe con ngudi nhu cac van dé vé 6
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nhiém kim loai ning trong bui lo leng, van dé
vé di tng....[2]. Tuy nhién, sy phat tan cac
PEG khong tuan theo qui luat nao [3], phu
thudc vao loai dong co dat tiéu chuan khi thai
Euro 3,4,5 va khac nhau gitra cac dong co chay
xang hay diesel [4] do két qua cua qué trinh
dbt chay khong hoan toan, cua su ting nhiét do
va ting toc trong dong co... Mot khi xam nhap
vao moéi truong, cac PGE c6 thé dé dang bién
dbi thanh cac dang doc hai hon dudi tac dong
cta cac qua trinh sinh hoa khéac nhau, va do do
gdy ra cic nguy co tiém an vé sic khoe cho
con nguoi théng qua chudi thirc an.

Dé phan tich cac kim loai niang néi chung va cac
PEG trong mau bui, cAc phuong phap nhu quang
phé hap thu nguyén tir sir dung 10 graphite (GF-
AAS)[5-8], von-ampe hoa tan anot (ASV)[9-10],
quang phd phat xa nguyén tir nguon kich thich
plasma cao tan cam tng (ICP-OES)[11], phé
khdi str dung ngudn ion hda plasma cam tng cao
tin (ICP-MS)[6, 12-16] . Trong c4c phuong phép
phan tich néu trén, ICP-MS ngay cang duoc st
dung phd bién do cac wu diém ciia nd nhu thoi
gian phan tich nhanh, d6 nhay cao, d6 chon loc
tdt, khoang tuyén tinh dong hoc I6n, ¢6 kha ning
phén tich dong thoi da nguyén t6 véi dai ndng do
khac nhau, c6 kha nang phan tich dong vi...[17].
Trong nghién ctu nay, phuong phap ICP-MS
dugc lya chon dé phan tich cac nguyén té trong
mau bui duong thu thap tai noi thanh Ha Noi.
Dé c6 thé phan tich dugc thanh phan héa hoc
ctia c&c mau bui, can thiét lva chon diéu kién
t6i wu dé phan tich ddng thoi cac nguyén té
bang phuong phap ICP/MS. So vdéi viéc khao
sat don bién khao sét bién thién dong thoi cac
yéu tb sau d6 tim diéu kién t6i uu dua trén md
hinh thi nghiém bac hai s& cho két qua chinh
xac hon. Trong s6 cac yéu té anh huéng dén
diéu kign phan tich trén h¢ ICP/MS, ba yéu t6
chinh 1a c6ng suit ngudn phét cao tan, toc do
khi Nebulizer, thé thiu kinh (len voltage) s&
duoc téi uu hoa theo phuong phap bién thién
dong thoi sir dung phuong phap mat muc tiéu
(RSM) nham danh gia anh huong bac hai va
anh huong twong hd cua cac thong sé dén tin
hiéu phan tich ma néu khao sat theo phwong
phap don bién trude day khong tim duogc diéu
kién phu hop.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

Dung dich chuan gbc chira 23 nguyén t6, ndng
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d6 1000 pg.L %, axit HNO3 65%, va HCI 37%
siéu tinh khiét dwoc mua cua hing Merck
(Singapore). Khi Ar d¢ tinh khiét 99,999% cuia
hing Messer (Singapore) duoc st dung la khi
tao plasma. Nuéc siéu sach, do dan 0,055
uS/cm. Céc dung dich chuan lam viéc cé nong
d6 nho hon dwoc pha loéng tir dung dich chuan
gbc trong HNO3 2% (v/v).

Thiét bi ICP/MS, model ELAN 9000 (Perkin
Elmer, M¥) kém theo b ldy mau tu dong duoc
su dung cho nghién ctu nay. Bo nhay, do
chinh xac khéi va d6 6n dinh cua ICP-MS
duogc kiém soat thong qua dung dich hiéu chinh
méy (tune solution). 6 6n dinh dugc kiém
soat thong qua ti I& cuong doc cua hai manh
khdi CeO / Ce. Po nhay cua ICP-MS cho céc
nguyén té ho Pt dwoc danh gia hang ngay
thong qua dung dich kiém soat do nhay gom
céc nguyén t6 ho Pt nong d6 10 ng /mL. Ty 1&
khi lwong/ dién tich cua cac ion can phan tich
la 121G, 197y, 177Hf, 193] 105pq 195pt 103Rp
lOlRU, 13°Te, 1208“, 48Ti, SZCF, 55Mn, 56Fe, 59CO,
80Ni, ®3Cu, 84Zn, Sr, %Mo, Cd, ™As, 2°8Pb.
Céac didu kién do khac khi phan tich céc
nguyén té ho Pt va cac nguyén té kim loai khéac
duoc liét ké trong Bang 1.

Bang 1. Cdc dieu kién cua ICP-MS ding dé

phan tich cac nguyén to trong mau bui duwong

TT Théng sb Gia tri
1 |Luu lugng khi Ar tao plasma
(L/min.) 16
2 |Téc @6 khi phi tro (L/min.) 3
3 | Téc d6 bom mau (vong/phut) 26
4 |Do sau plasma (mm) 51
5 |Chédo do Peak
hopping
6 |Noi chuan 1151
7 | Ap suit chan khong khi do miu
(x10° Torr) 1,2-1.3
8 |S6lan do 5
9 |Sé l1an lap lai 5

Phan mém ELAN version 3.2 (Perkin Elmer,
M) duogc sir dung cho diéu kién, thu nhan va
xtt ly s6 lidu trén hé ICP/MS. Phian mém
MINITAB 17 duoc sir dung && md hinh héa tin
higu do theo cac bién khao sat va tim diéu kién
t6i wu cua phuong phap phan tich trén co so
thuat toan “Desirability” tim gia tri bién sao
cho dat duogc gia tri ham muc tiéu lya chon tdi
wu mong mudn (tin hiéu cuc dai).



2.2. Phwong phap mit muc tiéu tim diéu
kién t6i wu ctia phép phan tich

DPé Iya chon diéu kién bién phu hop cho
phuong phap RSM, céac gia tri du doan tir hé
thdng ICP/MS cho 3 théng sé khao sat duoc
t6i wu ¢ ché do tu dong, sir dung dung dich
chuan hdn hop 6 nguyén t6 (Pt, In, Pd, Pb, Co,

phan mém MINITAB 17 véi ham muc tiéu la
cuong do tin hiéu cua cac ion chat phan tich da
chon. M6 hinh todn hoc bac hai diy du cua
ham muc tiéu (Y) dugc mo ta dya vao mo hinh
Box — Benken.

Bang 2. Cdc diéu kién cua ICP-MS ding dé
phan tich 6 nguyén té (Pt, Pd, In, Pb, Co, Cu)

Cu) & ndong d6 100 ng/ml. Két qua thu duoc & Cong
bang 2. Sut Thé
Tur diéu kién goi y nay, md hinh héa thyc ) . ngudon  Tbcdo khi  thau
nghiém Box — Benken 3 nhan té c6 sé thi Thi Nguﬁyen ngudn  Nebulizer  kinh
nghiém Ia: 22 + 2x3 + 6 = 20 (thi nghiém) duoc tw 1 phat  (Lphdtl)  ion
xay dung, trong d6 c6: 2% = 8 thi nghiém ¢ ma cao tan V)
tran goc; 2x3 = 6 thi nghiém diém sao va 6 thi (W)
nghiém lap lai ¢ diém tdm. Céc gia tri ma hoa 1 Pt 1270 1,05 11,0
va gia tri thuc nghiém cua mé hinh héa thuc 2 In 1260 1,0 11,0
nghiém dugc liét ké trong Bang 3. 3 Pd 1260 1,05 11,0
Su dyng dung dich chuan chia 23 nguyén t6 4 Ph 1260 1,0 111
can phéan tich, nong d6 moi nguyén t6 50 5 Co 1260 1.0 11,0
ng/mL va do cudng do tin hiéu‘(Cps) cua cac 6 Ccu 1260 1,0 111
ion phén tich va sur dung lam dau vao cia mé
hinh hoéa thuc nghiém. Céc tinh toan trén mé
hinh héa thuc nghiém duoc tién hanh bing
Bang 3. Gia tri ma hoa va gia tri thyc nghiém cia md hinh thuc nghiém 3 yéu té day di
Cong suét Téc dd ik
™ cao tan (W) khi nebulizer (L/min.) The thau kinh (V)
Giatrithuc Giatrimahoa | Giatrithuc  Giatri ma hda Gia tri thuc Gia tri ma hoa

1 1200 -1 0,8 -1 5 -1

2 1400 +1 0,8 -1 5 -1

3 1200 -1 1,2 +1 5 -1

4 1400 +1 1,2 +1 5 -1

5 1200 -1 0,8 -1 15 +1

6 1400 +1 0,8 -1 15 +1

7 1200 -1 1,2 +1 15 +1

8 1400 +1 1,2 +1 15 +1

9 1132 -1,68 1 0 10 0

10 1468 +1,68 1 0 10 0

11 1300 0 0,67 -1,68 10 0

12 1300 0 1,34 +1,68 10 0

13 1300 0 1 0 1,6 -1,68

14 1300 0 1 0 18,4 +1,68

15 1300 0 1 0 10 0

16 1300 0 1 0 10 0

17 1300 0 1 0 10 0

18 1300 0 1 0 10 0

19 1300 0 1 0 10 0

20 1300 0 1 0 10 0
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Ham muc tiéu bac hai duoc biéu dién bang mot
phuong trinh hdi qui dang da thrc:

Yiim toai = Do + b1x1 + baxz + baxs + buxi? +
b2oX2? + basxa? + b1aX1Xz + b13X1Xs + D2sXoXs
Trong d6: Y 1a cuong d6 tin hiéu (cps) cua ion
chit phan tich da chon; by 1a gié tri hang sé (tin
hiéu blank); cac hé s6 by dén byz 1a hé sé hdi
qui mo ta mirc d6 anh huong cua céc yéu té va
anh huong twong hd cua ching (X1 dén xa3) dén
tin hiéu phan tich; Cac bién x1, X, X3 lan luot
la céng suat ngudn phat cao tan, tbc do khi
nebulizer va thé thiu kinh hoi tu ion. Do tin
cay thdng ké cua mé hinh tinh toan dwoc cai
dat 6 ngudng 95%.

3. KET QUA VA THAO LUAN

3.1. Lua chon s6 khéi ciia ion chét cAn phan tich
Trong phép do ICP-MS, lya chon manh khdi
cua ion nguyén t6 can phan tich 1a mot yéu té
quan trong. Do cac nguyén té can phan tich
trong tu nhién ton tai nhiéu dong vi bén khéac
nhau véi ti 1& khac nhau nén manh khéi cua ion
nguyén té can phan tich anh huong toi do nhay
cua phuong phap phan tich. Bén canh 46, trong
ngudn ion héa bang ICP ludn ton tai cac ion da
nguyén tir xuat phét tir nguon khi tao plasma,
tir nén mau phan tich, tir cac hoa chat dung dé
chuan bi miu... c6 ti s6 khdi lugng / dién tich
tring véi ti s6 nay cua ion nguyén té can phan
tich [17]. Do d6 viéc lya chon cac manh khoi
cling s& anh huong téi do chon loc cia phép
do. Vi vay, lya chon manh khdi cua ion nguyén
t6 can phan tich phai dam bao hai hoa vé do
nhay va dg chon loc, dac biét 1a cac phép do sur
dung phdé khdi phan giai thap nhu ICP-
quadruple MS. Trong nghién ctu nay, cac

manh khéi cua tit ca cac nguyén té phan tich
duoc lya chon va liét ké nhu trong muc 2.1.
3.2. Xay dwng md hinh hoi qui bac hai mo ta
anh hwéng ddng thoi caa cac yéu té dén két
qua thi nghiém

Tong s6 20 thi nghiém duoc thuc hién ngiu
nhién theo diéu kién da 1ap trong ma tran &
bang 2 sau d6 sap xép lai cac két qua tin hiéu
cia 23 nguyén té phan tich theo thir tu thi
nghiém trong ma tran.

Bang 4 liét ké tin hiéu do cua 4 nguyén té
chinh trong nhém Pt va 3 nguyén té thuong
xuit hién trong mau bui dudng do ngudn phat
tan 1a cac phuong tién giao thong (trong s6 23
nguyén t quan trong) can téi wu hoa diéu kién
phén tich.

Tir céc két qua & bang 3, tinh toan duoc céc hé
s6 hdi quy cua phuong trinh hdi quy da bién
thé hién sy phu thuoc giita cuong do tin hiéu
ctia c4c ion kim loai va cac bién x1, X2, X3. St
dung kiém dinh t (t-test) dé xac dinh cac hé sb
hdi quy khac “khong” ¢ nghia (1a nhiing hé sb
cho biét anh huong cua yéu t6 1on hon sai sb
cia md hinh, tng véi p < 0,05). Nhiing hé s6
khac “khong” khong co ¥ nghia théng ké s&
duoc loai bo ra khoi mé hinh va cho biét yéu t6
d6 hoic anh huong tuong hd cua nd véi cac
yéu té khac khong dang ké. Trong sé 5 nguyén
t6 nhom platin phan tich (trr Os) thi chi tin
hiéu cua 2 nguyén té Pt, Ir bi anh huong bac
hai boi yéu to cong suit cao tan (xi) Vi
phuong trinh héi qui (kém theo hé sé twong
quan R?) nhu sau:

Ype = -49265 - 0,0277 X1, R? = 0,999

Y =-110711 - 0,0623 x;° - 11589 X% R? = 0,998

Bang 4. Ma trdn thi nghiém véi 3 yéu to va cac két qua cuong do tin hiéu ion
ciia mét sé nguyén to nhém Pt va kim logi ngng phé bién.

STT Cuong df tin hi¢u ion (cps)
Pt Ru Rh Pd Pb Cu Zn

1 2120 1771 5122 1326 6834.2 10746 4421
2 2166 1922 5368 1559 6886.2 10381 4616
3 2186 2025 5582 1476 7126.5 9545 4703
4 2326 1824 5368 1450 7421.7 10403 5054
5 2470 2009 5832 1572 7930.3 11019 5222
6 2484 2001 6229 1654 8193.5 10812 5232
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7 2444 1931 6018 1722 7892.2 11291 5240
8 2482 2399 6345 1648 8227.6 11324 5347
9 2642 2082 6094 1830 8239.6 11444 5457
10 2550 2176 6627 1602 8756.1 11571 5659
11 2690 2088 6347 1846 8756.1 11908 6002
12 2827 2154 6613 1570 8992.4 12000 5645
13 3877 2008 6411 1806 9023.4 12043 5826
14 2881 2264 6763 1912 9205.7 12736 6197
15 2999 2098 6849 1817 9106.6 12526 6247
16 2644 22229 6467 1672 8799.2 12448 5834
17 3151 2367 8597 1637 9293.9 12556 6169
18 3343 2098 6849 1817 9244.7 12692 6282
19 3019 22229 6467 1672 9182.6 12844 6058
20 3096 2367 8597 1637 9245.8 12104 6044

Ngoai ra, ciing chi cé tin hiéu caa 10 nguyén té
khéc bi anh huong chu yéu bai bién x; 1a cong
suit cao tan cua plasma c¢6 ham hoi qui mé ta
anh huong cua cac bién nhu dudi day:

Y as=-23632 -0,00093 x4 - 2324 X2 - 3,77 % ; R2=0999
Y au = -53639 - 0,0293 x;? ; R = 0,998

Ypp =-95102 - 0,0521 x;% ; R = 0,999

Yni =-12119 - 0,01124 X2 + 0,251 X1.X3; R?= 0,999
Yco = -115775 - 0,0720 x;% R? = 0,998

Ycu = -88263 - 0,0587 x:2; R = 0,999

Yzn =-79689 - 0,0447 x4 ; R? = 0,999

Ysn = -27613 - 0,01261 x;? ; R>=0,998

Yre = -15456 - 0,00864 ;2 - 3,14 x5? ; R?=0,999

Y =-97085 - 0,0502 x;% - 11861 X, ; R =0,999
Céc phuong trinh hdi qui thu dugc cho thiy
khéng c6 anh huéng bac 1 nao dang ké cua 3
yéu t6 nghién ctu dén tin hiéu do trir anh
huéng tueong hd bac 1 gitra cong suat cao tan
(x1) va thé thdu kinh (x3) dén tin hiéu do cua
Ni. Anh huong dang ké bac hai cua cong suét
ngudn phét cao tan c6 ¥ nghia thong ké dén tin
hién cudong do cua hiu hét cac ion phan tich
(Puatue < 0,05). Tdc do khi nebulizer chi ¢ anh
huéng bac hai dén tin hiéu do cua Hf va Ir con
thé thau kinh ion chi c6 anh huong bac hai dén
tin hiéu do cua Te. Riéng tin hiéu do cua As bi
anh huong déang ké bai bién thién bac hai cua
ca 3 yéu té.

Céc két qua ¢ trén ciing cho thay, cac hé s hoi
qui R? d6i véi cac phuong trinh hdi quy déu
kha 16n (0,998 — 0,999), chung to rang, ddi voi
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tin hiéu phan tich céc kim loai bang ICP/MS,
cac phuong trinh hdi quy thu dugc mé ta duoc
chiéu huéng (dau cua hé sé hdi qui va muc do
anh hudng cua cac yéu té (do 16n cua cac hé s6
hdi qui) dén tin hiéu do. Mat khéc, kiém dinh
tinh thiéu phu hop (lack of fit) cua cac mé hinh
noi trén ciing cho thay, céc gia tri p déu lon
hon 0,05, nén c6 thé khing dinh ring, cac
phuong trinh hdi quy thu duoc déu cé thé s
dung d& mé hinh héa thi nghiém.

Hinh 1 md phong cac mit muc tiéu biéu dién
sy phu thudc cua tin hiéu phan tich Pt theo 2
trong 3 yéu té anh huong.

3.3. T6i wu héa diéu kién ICP - MS biing
phuwong phap mat muc tiéu

Phan mém MINTAB tim diéu kién t6i wu dya
trén viéc bién thién dong thoi cac bién dé tim
két qua ham muc tiéu dat gia tri mong muén
(target). Khi c6 gié tri mong mudn d cua tirng
ham hdi qui (Individual desirability (d)) va gia
tri mong mudn té hop (composite desirability
(D)) cua tit ca cac ham hdi qui s& tim dugc
diéu kién tdi wu chung khi phén tich dong thoi
cac kim loai. Trén co so cac gia tri d cua ting
tin hiéu riéng rg, tuy theo mae d6 quan trong
khi phén tich ham lugng cua cic kim loai ma
lya chon diéu kién tdi wu chung (thong qua cai
dit trong s6- weight) thu dugc. Gia tri D cang
gan 1 cang tét.

Két qua xac dinh diéu kién téi wu déi véi cac
nguyén td co phuong trinh hdi qui néi trén



(gébm 2 nguyén té nhém Pt 1a Pt va Ir) va 3
nguyén t5 khac ma anh huong cua tin hiéu do
la dang ké gom As, Pb, Au duoc néu & hinh 2.
Céc gia tri d riéng ré cua céc nguyén td lya
chon khao sat thu dugc trong khoang tir 0,53
dén 0,89, gia tri D t6 hop dat dugc la 0,79
chung to diéu kién téi wu ma phan mém tim
duoc trén md hinh thyc nghiém tin cay duoc.
Diéu kién t6i wu nay (ddi véi ca 3 bién x; — Xa)
duuoc dung dé xac dinh dong thoi ca 5 nguyén
t6 nhom Pt va 18 nguyén t6 kim loai khéc.

Két qua tdi wu hoa theo phuong phiap RSM dé
phéan tich dong thoi cac kim loai 1&: cong suat
ngudn phét cao tan 1308 W, toc d khi nebulizer
1,0 L.min', va thé thau kinh ion 11 V.

a,

o —.
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Hinh 1. Mdt muc tiéu biéu dién sw phu thudc cuong
dg tin hiéu Pt (Yey) theo cdc yéu t6 anh huong: ():
theo xa, X2; (b) theo x4, Xs; (C) theo Xz, Xs.
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Optimal x1 x2 x3
High 1468.1793 1.3364 18.4080
Cur [1308.4939] [1.0170] [11.4440]

Predict Low 1131.8207 0.6636 1.5910

ST
NV
VT
VT
VR
T

Hinh 2. Biéu kién t6i wu ciia 3 bién X1 — X3 trén
co 6 ham desirability ciia nguyén té phan tich

D: 0.7925

Composite
Desirability
D: 0.7925

As
Maximum
y = 2200.7191
d = 0.78416

Pb
Maximum
¥ = 7573.1626
d = 0.81682

Au
Maximum
y = 4055.7185
d = 0.89928

Pt
Maximum
y = 3046.0708
d = 052700

Ir
Maximum
¥y = 8286.3746
d = 0.76240

N B B B

Nhu vay, bang cach tién hanh theo qui hoach
thue nghiém mat muc ti€u da giam thiéu duge
s6 lwong 16n cac thi nghiém néu tién hanh theo
phuong phép don bién truée ddy, dic biét véi
truong hop nhiéu nguyén t6 phan tich dong
thoi.

So sanh tin hiéu do ¢ cung ndéng d6 voi diéu
kién t6i vu tim duoc theo phuong phap don
bién nhan thay diéu kién t6i uu theo phuong
phap RSM da ting dugc do nhay cua phép
phén tich.

Phan tiéén hanh xac nhan gia tri st dung cua
phuong phap va mg dung dé phan tich miu thuc
t& s& duoc trinh by & cac bai béo tiép theo. h

4. KET LUAN

Nghién cuou nay da uwng dung thanh cdng
phuong phap tim didu kién téi wu cua hé
ICP/MS trén co so bién thién dong thoi 3 yéu
t6 anh huong chinh 1a cong suit nguon phat
cao tan, tdc do khi nebulizer va thé thiu kinh
ion. Tir md hinh hdi qui thu dugc, bing
phuong phap tim gi4 tri tdi wu mong mudn tir
phan mém MINITAD, bing cach gan céc trong
sb cho tin hiéu do mong mudn, da tim dwoc gia
tri tdi wu chung khi phan tich tat ca cac kim
loai ma khong can tén nhiéu thoi gian dé khao
sat diéu kién téi wu véi ting nguyén té nhu
phuong phap don bién thuong sir dung.

L&i cam on

Nghién ctu ndy dugc tai trg boi Dai hoc Quéc
gia Ha Noi trong dé tai ma s6 QG-20.23”
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