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SUMMARY

SPECIATION AND SIMULTANEOUS DETERMINATION OF ARSENIC (111),
ARSENIC (V), MONOMETHYLARSONATE AND DIMETHYLARSINATE BY
HYDRIDE VAPOR GENERATION- ATOMIC ABSORPTION SPECTROSCOPY

USING MULTIVARIATE REGRESSION ANALYSIS
I. INVESTIGATION OF COLINEARITY AND SETTING UP MULTIVARIATE
CALIBRATION

Speciation in analytical chemistry have a difficulty in separating each specie to
determinate them, by using multivariate regression analysis we can simultaneous
determinate them without separating. In this study, investigation linear and setup
multivariate calibration were base on results in study conditions for the reduction of
arsenic species. The results measuring absorption of eight blank solutions in every
acide media HCI 6M, 1M and tactric/tactrate buffer (pH 2, 3, 4) were used to calculate
LOD (limit of detection) and LOQ (limit of quantitation) values, with As(I11) the LOD is
0,1ppb and the LOQ is 0,34ppb; for As(V) 0,6ppb- 2ppb, for MMA 0,15ppb-0,5ppb, for
DMA 0,1ppb-0,34ppb. In experiments investigation linearing indicated that each
species arsenic have investigated highly with each other, the linear range for As(llI)
0,2-10ppb, As(V) 1-40ppb, MMA 0,5-15ppb, DMA 0,5-30ppb. In another experiment,
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the absorptions of 40 solutions contained four species arsenic in linear range were
measured at five acide media and used to calculating coefficients of multivariate
calibration by inverse least squares (ILS) method and principal component regression
(PCR) method. With PCR, two initial principal component (PC) contains 99,8%
variance, are chosen to change origin data and built multivariate regession model. All
funtions were programmed and run by Matlab software.

1. MO DAU

Asen va cac hop chét ctia Asen 13 nhiing
chit c6 doc tinh cao, tuy nhién doc tinh
clia chung rat khac nhau tiy theo dang
ton tai. Viéc phan tich xac dinh ham
luong cua ting dang hop chit ¢6 y nghia
rt quan trong khong chi trong viéc danh
gia doc tinh sinh hoc ma con gitp cho
viéc nghién ctru chuyén hoa cac dang cua
chung vai cac qué trinh sinh, dia, héa va
moai truong. Phuong phap phan tich dang
ph6 bién hién nay 1a dung sic ki long
hiéu ning cao (HPLC) dé tach cac dang
ra khoi nhau va dé tang d6 nhay, c6 thé
ghép ndi v6i cic detector khdi phd
plasma cao tan cam tng (ICP — MS), hap
thu nguyén t¢ (HPLC — AAS) [1,2,3,4].
Trong diéu kién cua Viét Nam hién nay,
cac phong thi nghiém kho c6 thé trang bi
duoc céc loai thiét bi ghép ndi nay, viéc
giri mau di phan tich & nudc ngoai gip
khé khan vé bio quan mau va chi phi
phéan tich qua cao. Véi viéc van dung
toan, théng ké vao héa hoc phan tich
(Chemometrics), c6 thé xac dinh dong
thoi cac dang hop chét c6 héa tri khac
nhau ma khong can tach loai néu sir dung
mo hinh toan thong ké dé xir Iy ma tran

tin hiéu do [2,5]. Khi d6 cac dang vO co

60

va hiru co cua asen bi hidrua hoéa thanh
asin trong cac moi truong khac nhau véi
tdc do khir khac nhau, sau do dung thuat
toan hodi qui da bién dé xu 1y tin hiéu phd
hép thu nguyén tor cta asin sau khi
nguyén tir hoa.

Trong bai bado trudc [6], ching to61 da
trinh bay két qua nghién ciru hiéu suat
khtr 4 dang As (As(III) v6 co, As(V) vo
co, DMA(V) va MMA(V)) bang NaBH,
trong 5 moi truong phan ung khac nhau
la HCl 6M, HCl 1M, moi truong dém
tactric — tactrat nong do 1M c6 pH = 2, 3,
4 1am co s& cho phép xac dinh dong thoi
theo céac ki thudt c6 st dung phép binh
phuong t6i thiéu nghich dao. Trong bai
béo nay, chiing toi trinh bay tiép két qua
khao sat tinh cong tinh cta cac dang asen
va xay dung cac phuong trinh hdi qui da
bién tuyén tinh st dung thuat toan ILS
(binh phuong t6i thiéu) va PCR (phan
tich ciu ttr chinh) [2,6].

2. THUC NGHIEM

2.1. Héa chit va thiét bj

Céac loai hoa chét dugc st dung la loai
tinh khiét phan tich (P.A) va cac dung
dich dugc pha ché bang nudc cat 2 1an da
dé ion.



Cac dung dich chuin gbc c6 ndng do
1000ppm duoc pha tir hoa chét tinh khiét
dat mua ctua hang Merck (Puc) va dugc
bao quan trong ti lanh & 4°C.

Cac dung dich dém tactric — tactrat 1M
c6 pH = 2, 3, 4: pha ché tir axit tactric va
mubi kali natri tactrat va hiéu chinh bang
may do pH. Cac dung dich chuan céac
dang asen dung dé khao sat khoang tuyén
tinh dugc pha tor cdc dung dich chuin
gbc. Pho hap thu nguyén tir cia As duoc
x4c dinh bang may Shimazu AAS 6800
ctia Nhat Ban cung bd Hidrua héa HG-1.
2.2. Co s6 ly thuyét ciia phwong phap
xac dinh dong thoi cac dang asen

Tin hiéu phan tich duéi dang d6 hap thu
ctia nguyén tir asen thu dugc tir qua trinh
hidrua héa cac dung dich chira tt ca cac
dang As ¢ cac moi truong phan trng khac
nhau (ma tran tin hi€u phan tich Y) co
mdi quan hé tuyén tinh véi nong do cac
dang As cling ton tai trong mot dung dich
(ma trdn ndng d6 X) theo phuong trinh:
Y =kX + C. Trong d6, k 12 ma tran hé sd

hoi qui ctia phuong trinh, C 14 ma tran sai

s6 cua mo hinh. Pé xac dinh néng do cac
dang As trong cung mot dung dich, trudc
hét can xay dung dugc phuong trinh hoi
qui trén. T ma trdn X va ma trdn Y
twong Gmg, c6 thé dung cac thut toan
nhu ILS hodc PCR dé xac dinh céc h¢ so
k, tir @6 khi da co tin hi€u phan tich cta
mdt miu nao d6 ta co thé tinh dwoc nong
do cac dang As trong dung dich d6 dua
vao phuong trinh hdi qui di xay dung
duoc.

2.3. Céch tién hanh

Pha cac dung dich chudn chira cic dang
As (As(lll), As(V), DMA, MMA) cé
ndéng d6 khac nhau, do tin hiéu cac dung
dich nay & cac diéu kién khir va nguyén
tor hoa nhu bang 1 & 5 moi truong phan
ung la HCI 6M, HCl 1M, moéi trudong
dém tactric/tactrat 1M c6 pH = 2, 3, 4.
Nhép s6 liéu ma tran ndng d6 cac chit va
ma tran tin hiéu do vao phﬁn mém
Matlab, chay chuong trinh tinh toan ma
tran hé s6 hdi qui trén phan mém va sir
dung ma tran nay dé tim nong do céc

dang trong mau [2].

Bdng 1. Cdc diéu kién do phé AAS ciia As

Vach phd 193,7 nm Tbc d6 dong NaBH4 va HCI | 2 ml/phat
Nong d6 NaBH, 1% Téc d6 bom mau 6 ml/phat
Téc d6 bom nhu dong | 50 vong/phdt | Luu luong khi dot 1,8 lit/phut
Chiéu cao Buner 16mm Cuong do dong déen HCL 7mA

3. KET QUA VA THAO LUAN

3.1. Khoing tuyén tinh xac dinh cac
dang As riéng ré

O nghién ctru truée [6], ching tdi thiy

hiéu sut khir cac dang As(IIT) hay As(V)
6n dinh nhat va tot nhat 1a moi truong
HCl 6M, d6i véi ciac dang DMA va
MMA ¢ méi truong pH=2 1a tot nhat.
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Trong nghién ctru nay, chung t61 dua ra
két qua xdy dung duong chuan xac dinh
tung dang As ¢ cac moi truong HCl 6M
va dém tactric/tactrat c6 pH=2, dé chon
khoang tuyén tinh x4y duyng ma trdn ndng
d6 xac dinh dong thoi cac dang asen. Cac
két qua khao sat va tinh toan dugc trinh
bay trong bang 2.

Nhu vay, voi ca4 dang As & Cac vung

ndéng d6 nhat dinh c6 tuwong quan tuyén
tinh cao gitra tin hiéu do va ndéng do cac
dang, thé hién cac hé sb tuong quan R=1.
Do tin hi¢u cua cic dang & cac modi
truong phan tng khac cling c6 tuong
quan tuyén tinh twong tu nén ching t6i sir
dung két qua trén dé xdy dyng ma tran

nong d9, tir d6 xay dung mé hinh hdi qui.

Bdng 2. Khodng tuyén tinh va dwong chudn xdc dinh riéng cdc dang As

Hop | Khoang tuyén

Mobi truon ,
| chit tinh

Phuong trinh hoi qui

Gia tri hé sb tuong

day di
v guan R

(Cas: ppb)

As(lll) | 0,2 - 10ppb

HCI 6M

A= (0,00153 +
0,00116) +
(0,0319 +

0,00023)Casany

R =0,9994

As(V) 1 —40ppb

A = (-0,0005 +
0,0001) +
(0,00834 +

0,00006)Casev)

R =0,9995

DMA 0,5 —30ppb

Tactric/Tactrat

(0,0108 + 0,00004)Cpma

A = (-0,00269 +

0,00064) + R =0,9997

pH=2

MMA | 0,5 15pph

A = (-0,0004 +
0,0005) +
(0,0240 +

0,00007)Cyimia

R =0,9999

3.2. Kiém tra tinh cdng tinh ciia cac
dang asen khi xc dinh dong thoi

Tién hanh pha cac dung dich chira cac
dang asen riéng r¢, sau do thém lan luot
cac dang asen khac sao cho tong néng do

nam trong khodng tuyén tinh ctia céc
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dang d6. Céac thi nghiém kiém tra tinh
cong tinh dugc nay duge do phd AAS &
moi truong phan ung hidrua héa HCI
6M, & cac moi truong khac cac dang
cling c6 tinh cong tinh twong tu, két qua

thé hién qua bang 3.




Bang 3. Két qua kiém tra dg céng tinh cia cdc dang As

. Puong biéu dién mobi quan|
Hop chat . N ) H¢ so tuong
, Thanh phan thém hé
chinh quan
A- CAs
A . A =0,0015 +
Khéng thém 0,9994
0,0319Cas(iy
As(lll) 4ppb As(V) A=00344+ 0,9992
PP 0,0319C asqiy |
2ppb As(V), 1ppb DMA ve A =0,0544 +
ppb As(V), 1pp va 0,9996
MMA 0,0318Cas(iny
. . A =-0,0005 +
Khéng thém 0,9995
0,00834Cas(v)
A =0,0315 +
As(V) 1ppb As(I11) 0,9992
0,00835Cas(v)
X A =0,0665 +
1ppb As(111), DMA va MMA 0,9991
0,00832Casv)
R A A =-0,0027 +
Khéng thém 0,9997
0,0108Cpma
DMA 1ppb As(V) A =0,0306 + 0,0107Cpma 0,9996
2ppb As(V), 1ppb As(ll) va
Ppb As(V). 1ppb A VA | ) _ 6 0716 +0,0107Coma| ~ 0,9996
MMA
R ) A =-0,0004 +
Khéng thém 0,9999
0,0240Cyma
MMA 1ppb As(111) A =0,0306 + 0,0243Cyma 0,9993
5ppb As(V), 1ppb DMA va
As(ll) A =0,0851 + 0,0237Cyma 0,9995

Céac phuong trinh xdy dung dugc cho
thdy c6 mbi quan hé rat tuyén tinh giita
tin hiéu do A va nong do ting dang As
(c6 R = 1), cac hé sé goc cia mdi nhom
duong biéu dién mdi quan hé cia mdi
dang c6 gia tri sai léch khong dang ké, c6
thé coi 1a song song véi nhau. Nhu vy,

hé do nay da thoa man yéu cau cong tinh.

3.3. Xay dung mé hinh hdi qui da bién
tuyén tinh

Véi cac két qua khao sat trén, ching toi
tién hanh thiét 1ap ma tran nong do 5 cot
40 hang c6 chira ca 4 dang asen, modi
dang c6 noéng do bién ddi tir 0,5ppb dén
12ppb (thong s6 nay co thé thay ddi sao
cho khéng vuot qua xa khoang tuyén

tinh), cac két qua trinh bay ¢ dang ma
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tran duoc chuyén vao phan mém Matlab PCR. Két qua tinh hé s6 hdi qui theo hai

theo 2 phuong phap lya chon Ia ILS va m6 hinh thé hién qua bang 4.

Bang 4. Ma tran hé so hoi qui cua moé hinh

Moi Phuong phap ILS Phuong phap PCR

truong | As(lI) | As(V) DMA MMA | As(lll) | As(V) | DMA | MMA
HCI

6M 43,1760 | 94,8460 | -7,7169 | -46,6880 | 2,0021 | 5,9652 | 3,4076 | 2,0147
HCI

M -41,6330 | -108,8700 | -28,0360 | 106,6600 | 2,3598 | 7,0310 | 4,0164 | 2,3746
bém

oH=2 -1,3006 | 40,4890 | 5,1507 | -14,0230 | 2,5166 | 7,4981 | 4,2832 | 2,5324
bém

oH=3 0,8911 | 14,7460 | 1,6825 | -7,1677 | 1,7609 | 5,2464 | 2,9970 | 1,7719
bém

oH=4 29,8970 | -0,3355 | 88,6550 | -79,5170 | 1,1304 | 3,3680 | 1,9240 | 1,1375

Két qua tinh cac PC va phuong sai ciia timg PC theo phuong phap PCR duoc dan ra ¢

bang 5 va 6.
Bang 5. Hé s6 cuia cdac PC tinh theo ham SVD
Thanh phan PC1 PC2 PC3 PC4 PC5
HCI 6M -0,4445 0,7282 -0,0551 0,4976 0,1468
HCI 1M -0,5239 0,2576 -0,0115 -0,7728 -0,2487
pH =2 -0,5587 -0,4515 0,5819 0,2967 -0,2394
pH=3 -0,3909 -0,3996 -0,8070 0,1709 -0,0840
pH =4 -0,2510 -0,1998 0,0832 -0,1948 0,9232
Bang 6. Phwong sai cua cac PC
STTPC PC1 PC2 PC3 PC4 PC5

Gia tr1 phuong
sai
% phuong sai | 98,7790 1,0516 0,0998 0,0667 0,0028

13,0337 0,1388 0,0132 0,0088 13,0337

Tir céc s6 liéu tinh toan % phuong sai cac gian méi d6 chiém 99,8% phuong sai tap
PC, ching t6i nhan thay, véi hai PC dau, s liéu gdc, tirc 1a chiém 99,8% thong tin

ma tran ham muc tiéu A trong khong tir tap dir liéu ban dau. % dong gop vao
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PC1 ciia tin hiéu do tai 5 thoi diém xap xi
nhau cho thdy vai tro cta gia tri do tai
cac thoi diém nay nhu nhau trong khong
gian méi. Ba PC sau chiém luong rat nho
cac thong tin cia ham muc tiéu, cé thé bo
qua trong qua trinh xay dung khong gian
méi biéu dién tap s6 lieu. V& mit 1y
thuyét, cac PC sau chira it thong tin cta
tap s6 lidu gbc, dong thoi cac PC nay s&
chira sai s6 ngau nhién trong qua trinh do
ctia tap s liéu, néu chon ca cac PC nay
dé dua vao qia trinh tinh toéan s& khong
loai trir duoc sai s trén. Vi vay, ching
t6i lwa chon 2 PC dau (chiém 99,8%
phuong sai) dé chuyén héa tap sb liéu
gbc va xdy dung mo hinh hdi qui trong
khong gian méi voi hai PC nay.

Pé danh gia phuong phap nao cho két
qua tot hon va ap dung dé phéan tich mau
thuc té, ching toi s& trinh bay trong noi
dung cua bai bao khac.

3.4. Gioi han dinh lwgng LOD va gidi
han phat hién LOQ trong xac dinh
dong thoi

Dé danh gia gia tri st dung clia phuong

phap hdi qui da bién tuyén tinh, chung t6i
tién hanh xac dinh céc gia tr1 LOD va
LOQ. Cac budc tién hanh nhu sau: pha 8
méu tring tuong ung véi 4 dang asen,
mdi dang c6 2 méu tring. Két qua do 1a
bang ma tran d6 hip thu nguyén tir (Abs)
5 cot 8 hang (5x8) dugc nhap vao phan
mém matlab, cong thic tinh LOD, LOQ
theo phwong phéap da bién nhu sau:

oo 3lel oo 20lel
[l bkl [Ibk |
Trong do6 || || 12 ki hiéu ma tran, bk ma

tran cua hé s6 hdi quy twong tng véi cdu
tr phan tich, né dugc xac dinh thong qua
phuong phép hoéi quy da bién nhu & muc
3.3; con € 1a tin hiéu mau tring cua thiét
bi phan tich. Cau 1énh chay trong ph?m
mém matlab nhu sau: LOD =
3*norm(Z)/norm(M); LOQ =
10*norm(Z)/norm(M), v6i Z 1a ma tran
pho hip thy nguyén tir ctia asen trong cac
mau trang, M 1a ma tran hé sé hoi qui
tinh theo phuong phép ILS hodac PCR
nhu ¢ muc 3.3. Két qua tinh toan thén

hién qua bang 7.

Badng 7. Két qud tinh LOD va LOQ theo cdc phirong phdp héi qui da bién

Theo phuong phap PCR Theo phuong phéap ILS

Mai As(ll) As(V) DMA MMA As(lIT) As(V) DMA MMA

trudng LO | LO | LO | LO | LO | LO | LO | LO
LOD | LOQ | LOD | LOQ | LOD | LOQ | LOD | LOQ
D Q D Q D Q D Q

6M | 0,04 | 0,15 | 0,20 | 0,60 | 0,15 | 0,50 | 0,06 | 0,30 | 0,03 | 0,17 | 0,23 | 0,51 | 0,20 | 0,18 | 0,08 | 0,25

1M | 0,04 | 0,15 | 0,20 | 0,60 | 0,05 | 0,15 | 0,04 | 0,22 | 0,04 | 0,28 | 0,18 | 0,58 | 0,03 | 0,21 | 0,02 | 0,07
pH=2| 0,06 | 0,20 | 0,31 | 1,00 | 0,04 | 0,12 | 0,07 | 0,22 | 0,08 | 0,26 | 0,41 | 0,77 | 0,07 | 0,17 | 0,07 | 0,24
pH=3| 0,05 | 0,17 | 0,30 | 1,00 | 0,03 | 0,11 | 0,07 | 0,22 | 0,07 | 0,11 | 0,27 | 0,91 | 0,05 | 0,08 | 0,09 | 0,22
pH=4| 0,20 | 0,34 | 0,60 | 2,00 | 0,06 | 0,20 | 0,10 | 0,34 | 0,06 | 0,03 | 0,40 | 2,03 | 0,09 | 0,21 | 0,11 | 0,31
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So sanh két qua tinh theo hai phwong
phap, chung t6i thiy két qua tinh LOD,
LOQ sir dung thuét toan PCR cho két qua
cao hon khi str dung thuat toan ILS, vi
vay chung t6i chon cac gia tri cao nhat
trong bang 7 lam gioi han dinh lugng va
gidi han phat hién céc dang asen dung
phuong phéap hoi qui da bién, trén co d6
danh gia kha nang ap dung mo hinh vao
phan tich mau thuc té, néu cac mau thuc
t¢ ma c6 ham luong asen nam dudi
khoang nay thi khong stt dung mé hinh
dé x4c dinh dong thoi cic dang asen

duoc.

4. KET LUAN

Nghién cuou da xac dinh dugc khoang
tuyén tinh, giéi han phat hién, gidi han
dinh luong cho phép xac dinh riéng ré
timg dang As trén bang phuong phap
HVG — AAS va c6 két luan vé cac dai
luong nay cho phuong phap xac dinh
dong thoi cac dang As: khoang tuyén tinh
cia As(Ill) tr 0,2 — 10ppb, LOD =
0,1ppb, LOQ = 0,34ppb; As(V) tuyén
tinh trong khoang 1 — 40ppb, LOD =
0,6ppb, LOQ = 2ppb; DMA tuyén tinh
trong khoang néng d6 0,5 — 30ppb, LOD
= 0,15pb, LOQ = 0,5ppb; MMA cé
khoang tuyén tinh tir 0,5 — 15ppb, LOD =
0,1ppb, LOQ = 0,34ppb. Kha nang cong
tinh trong tin hiéu do trén toan vung
tuyén tinh cua cac dang nay déu cao,
hoan toan thoa man diéu kién cia phuong
phap hoi qui da bién tuyén tinh xac dinh
ddng thoi cac ciu tir trong dung dich.
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Nghién ctru cling xay dung dugc ma tran
ndng do tir d6 thiét 1ap phuong trinh hoi
qui da bién sir dung ki thuat pho riéng
phan va 4p dung phin mém Matlab dé
tinh toan ma tran hé sd hoi qui dya trén
thuat toan ILS va PCR.
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