Nghién ctru khoa hoc céng nghé

QUY TRINH XAC DINH SELEN TRONG MAU S(’A BANG QUANG PHO
HAP THU NGUYEN TU S’ DUNG KY THUAT HIDRUA HOA (HG-AAS)
LE BAO HUNG, NGUYEN KIM THUY, NGUYEN TH| THU LY, NGUYEN TH| THU HANG

1. MO DAU

Sita me 12 ngudn cung cap Selen (Se) tét nhét cho tré so sinh va tré nho. Tuy
nhién luong Se trong sita me thuong khong di nén cac nha may san xuét sira dong
hop thuong thém Se vao trong san pham ciia minh. Liéu luong Se dwa vao co thé
nho hon 40 pg/ngay 1a hop 1y va néu 16n hon 400 pg/ngay s& giy ngd doc. Vi 1y do
nay nén viéc kiém soat luong Se dua vao co thé hét strc quan trong [6]. V& nguyén
tac, dé xac dinh Se quang phd hap thu nguyén tir sir dung 16 graphit c6 do nhay va
d6 chinh xac cao, nhung k¥ thuat nay lai khong han ché duoc sy bay hoi Se trong
qué trinh d6t. Phuong phap quang phd hap thu nguyén tir ghép ndi thiét bi tao khi
hidrua (HG-AAS) 1a mét trong nhiitng k¥ thuét hiéu qua nhit dé xac dinh Se. Pay la
phuong phap c¢6 d6 nhay cao, két qua phan tich 6n dinh va loai trir dugc nhidu cta
nén mau [3], [7]. Phuong phap nay cho phép xac dinh ham luong Se thap ma khong
can lam giau, diéu nay rat quan trong trong phan tich luong vét Se trong mau sira.

Nguyén tic xac dinh Se bang HG-AAS: Se(IV) dugc khir boi NaBHy4 trong
moi trudng axit HCI thanh hop chit H,Se:

3NaBH4 + 3HCI1 + 48602 + H20 — 4ste + 3H3BO3 + 3NaCl

Tiép theo, hop chit H,Se dugc mang vao budng nguyén tir hda ciia may AAS
bang dong khi mang (argon); ding ning luong dién lam ngudn duy tri dam hoi
nguyén tir ciia Se; chiéu chum don séc tir dén catdt rong cua Se vao dam hoi nguyén
ttr, khi d6 Se s& hip thu & budc song 196 nm; chon va do dinh luong cudng d6 vach
phé cua Se [3], [8], [9] nhd bo thu va phan tich phd hép thu.

Bai bao nay mo ta chi tiét cac cong doan trong quy trinh xac dinh Se trong miu
sita bang phuong phap quang phd hap thu nguyén tir st dung k¥ thuét hydrua héa da
dugc chiing t6i nghién ctru. Pé danh gia quy trinh xac dinh Se, ching t6i tién hanh
phan tich mau kiém tra chéo v&i phong thi nghiém phén tich c6 ning lyc.

II. THIET BI, DUNG CU VA HOA CHAT NGHIEN CUU

2.1. Thiét bi nghién ctru

- May quang phd hép thu nguyén tir Spectro AA-220FS hang Varian.
- Hé thdng tao hydrua VGA 77.

- Thiét bi v6 co héa mau bang vi séng Milestone Ethos E.

- Binh khi Argon.

- Cén phan tich.
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2.2. Héa chit va dung cu

- Hoa chét sir dung 13 cac loai tinh khiét cia Merck: HNO; 65%, H,0, 30%,
HCI 37%, H,SO4 96%, HC10, 70%; NaOH, NaBH,,

- Dung dich chuén Se(IV) va Se(VI) gbc néng do 1000 ppm.
- Binh dinh mic, binh tam giac, 6ng dong, pipet.

III. KET QUA VA THAO LUAN

3.1. Chon cac diéu kién do Se trén may AAS

Tir cac két qua nghién ciru vé do Se trén may AAS, chon vach do, do rong khe
do, cudng d deén catot rong, nhiét do nguyén tir héa mau [1], [3], cic diéu kién t6i
uu nhat cho phép do pho hap thu nguyén tir cua Se dugc chon va chi ra trong bang 1.

Bang 1. Cac diéu kién do phd AAS cua Se

Vach do Do rong Cuwong d§ déen |Nhiét do nguyén

Cac diéu ki¢n (nm) | khe do (nm) | catdt rong (mA) | tir héa (°C)

Céc gia tri tbiwu | 196,0 1,0 10 850

3.2. Khao sat diéu kién khir Se(VI) vé Se(IV)

Qué trinh tao hop chét H,Se chi tét va xay ra hoan toan véi Se (IV), do d6 dau
tién can khir Se(VI) vé Se(IV) bang HCI dic va dun trén bép dién ¢ nhiét do 90°C
[1], [8], [9]. P4 khao sat néng d6 HCI tir 2N dén 9N va thoi gian thuc hi¢n phan tng
khtr tir 10 dén 100 phit dé tim duoc diéu kién thich hop. Hinh 1 va 2 chi ra anh
huéng ciia nong d6 HCI va thoi gian khir dén d6 hap thy ctia san pham Se tao thanh.

Abs Abs
0.34 D.18
0.32 ey D.16 e - . - Y +

0.30 0.14
0.28 / 0.12 /

0.26 0.10
0.24 — 0.08 ./
0.22 . . . | 0.06
1 3 5 7 9 0 20 40 60 80 100
HCl (N) t (phut)
Hinh 1. Anh huong ctia ndng do HCl dén  Hinh 2. Anh huong cta thoi gian thyc
do hép thu cta Se hién phan g khur dén do hép thu ctia Se

Tir cac két qua thuc nghiém cho thiy: Nong do HCI 6N va thoi gian thuc hién
phan tng khtr 1a 50 phat dam bao khir hoan toan Se(VI) vé Se(IV). Két luan nay
cling phu hop véi nghién curu cua tac gia M. Korenovska [5].
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3.3. Khio sat cac diéu ki¢n tao H,Se

- No”‘ng do HCIl moi truwong trong phdn wng tao H>Se

Muén tao duoc H,Se tdt, binh phan tmg phai c6 ndng d6 HCI phu hop dé tao
moi truong va du dé tac dung véi chat khir NaBHy sinh ra hidro dé thuc hi¢n phan
ung tao H,Se. bé chon nong do thich hop, da tién hanh khao sat nong do HCI tur
1,0N dén 10N (bang 2, muc N°1). Do hép thy 16n nhit do duge & nong do HCI 8N
va nong do nay duoc chon trong phan tng tao H,Se.

- Nong d¢ chit khir NaBH trong phdn irng tao H,Se

Pé chon ndng d6 NaBH, ti wu, di khao sat cac mutrc ndng do nhu trong bang
2 myc N°2. O mirc ndng d6 NaBHy 0,5% tin hiéu do tot nhat. Do do, trong phan ng
tao H,Se nong do NaBH4 dugc chon 1a 0,5%.

- Toc dp bom axit HCI va chit khir NaBH

D3 khao sat toc d6 bom axit HCI 8N va téc do bom chat khir NaBH, 0,5% dé
chon tbc 6 bom tdi wu nhét. Tir bang 2 muc N°3 nhén thdy: Téc d6 bom axit HCI
va chét khir NaBH,4 1a 0,9 ml/phut cho d6 hap thy t6t nhat. Do d6 di chon tdc do
bom axit va chét khir 13 0,9 ml/phut.

Bang 2. Két qua khao sat cac yéu td tao H,Se

N1 Anh hwéng ciia nong do HCI trong phan tng tao H,Se
HCI (N) 2 3 4 5 6 7 8 9 10
Abs 0,168 | 0,258 0,269 | 0,281 1 0,306| 0,312 | 0,319 | 0,318 [ 0,314

N°2 Anh hwéng ciia nong dé NaBH, trong phan wng tao H,Se
NaBH4 (%) | 0,1 02 |03 | 04 | 05 ] 06 0,7 0,8 0,9
Abs 0,154 0,253 {0,258 0,271 {0,286 | 0,282 | 0,271 | 0,254 |0,240

N°3 Anh hwéng cia toc do bom HCI va NaBH,
(ml/phut) 0,5 0,6 0,7 0,8 0,9 1,0 1,1
Abs 0,158 10,173 {0,183 (0,198 0,213 | 0,200 | 0,194

3.4. Khio sat diéu kién vé co h6a mau

D3 khao sat hidu qua cua cac hon hop axit khic trong giai doan vo co hda mau
sita voi 4 hon hop axit: Hon hop A (HNO; + H,0); hén hop B (HNO; + H,SO4
5:2); hon ‘hop C (HNOs+ HCI 1:3); hén hop D (HNO; + HCIO,4 5:1) [1], [2]. Cén
1,00 g mau sita vao ong phan ng, thém luong chuan cua Se da biét nong do vao
mAu, tiép tuc thém cac axit trong cac hon hop trén vao mau lic nhe, dé phan ing
xay ra ty nhién trong 20 phut day ndp 6ng phan tng va tién hanh v6 co héa mau
bang vi song véi cac thong s da t6i wu [1] & bang 3.
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Bang 3. Cac thong s tdi uu ap dung cho v6 co hda mau bang vi song

Buéc Nang lugng (W) Nhiét do (°C) Thoi gian (phut)
1 500 190 10
2 650 210 10
Lam mat - - 20

Mau sau vo co hoa dugc loc va dun dé loai HNO; du nham giam thiéu anh
huong cia HNO; dén qua trinh hidrua hoa. Trong qué trinh dun mau, chat can phéan
tich s& bi mat do bay hoi néu dun ¢ nhiét d6 qua cao hoic dung dich bi can. Do d6, chi
dun méu t6i da dén nhiét d6 200°C va thé tich dung dich mau can dugc duy tri ti
thiéu & mirc 3-5 ml.

Két qua khao sat hdn hop 6xi hoa va ty 18 tdi vu khi v6 co hoa miu dugc trinh
bay trong hinh 3 va 4.

; /—_\’
> 8 -
2 8
£

84 84

) /

80
80

10:0 9:1 9:3 9:5 5:9
A(HNO3tH202) B(HNO3H2504) C(HNOFHCY) D(HNO3HCIOH)
Ty le V:V (HNO3:H202)

Hinh 4. Anh hudng ty 16 HNO3:H,0,
dén hiéu suit vo co hoa Se

Hinh 3. Hiéu suét thu hdi Se khi vo co
hoa miu bang cac hdn hop axit

Tir céc két qua thu dugc nhan thay:

Hon hop B dat hiéu suét tuong ddi cao, nhung can han ché st dung H,SO4 do
Se c6 thé c¢6 trong nguyén liéu san xuat H,SO,.

Hdn hop C ¢6 hiéu suat vo co hoa méiu thip nhét.

Hon hop D c6 hiéu suét thu hdi kha. Tuy nhién do tinh doc ciia HC1O4 nén can
han ché st dung.

Hon hop A cho hiéu suét cao nhét, c¢6 thé do H,0, 1a tac nhan loai bo tuong
d6i tét HNO5 du ra khoi dung dich. Pay 1a mot viéc rat quan trong vi HNO; du anh
hudng dén qua trinh hydrua héa. Do vay, viéc chon hén hgp HNOs + H,0, dé vo co
hoa méu 1 thich hop nhat.
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Pi khao sat ty 18 hdn hop HNO3:H,0, dé tim ty 1& tdi wu cho hiéu suat vo co
hoa mau cao nhat. Tir két qua khao st trinh bay trong hinh 4 nhan thy, ty 1¢ hdn hop
HNO;:H,05 tir 9:1 dén 9:5 vé thé tich cho hiéu sudt vo co hdéa mau tét nhat. Do vay,
da d& xuit chon ty 18 hdn hgp HNO3:H,0; 12 9:3 cho quy trinh v6 co héa mau phén
tich Se.

3.5. P diing, d6 lip, hiéu suit thu hoi ciia quy trinh

Pé danh gia d6 ding, do lap, hiéu suit thu hdi cia quy trinh, di tién hanh lam
thi nghiém véi cac mau thém ¢ 3 mirc ham luong, mdi thi nghiém 1ap lai 5 1an. Két
qué thu dugc trinh bay trong bang 4.

Bang 4. Do léch chuén tuong ddi va gia tri thuc nghiém xac dinh Se

ot | e iy el DO Db i i
(ng) (%) (SD) (n=5) ’
14,5 10 233 88,0 2,07 8,9 2,1 2,78
19,7 25 423 90,4 4,25 10,1 1,2 2,78
30,0 100 121,8 91,8 12,9 10,6 0,8 2,78

Két qua & bang 4 cho thay quy trinh c6 hiéu suat thu hoi tir 88,0 dén 91,8%; do
léch chuan tuong d6i (%RSD) nhé hon 11%. Nhu vy, & ca 3 mtc ham luong trén
nén méiu thuc phép phan tich déu cho két qua tt; cic gia tri tyn déu nho hon
thang=2,78 v61 P = 0,95; n = 4 (theo chuin Student) ching t6 khong c6 sy khac nhau
c6 ¥ nghia thong ké giira gia tri thyc va gia tri tim dugc hay phuong phap khong
mic sai s6 hé théng va c6 thé dung dé xac dinh Se trong mau sira [4].

3.6. Tinh gi6i han phat hién, giéi han dinh lugng

Tién hanh thi nghiém do day dung dich chuin Se ¢6 néng do: 0, 2, 5, 10, 15,
20 ppb (mdi mirc ndng do do lap lai 7 1an).

Phuong trinh dudng chuan thu dugc cua Se:

Abs =0,00519 +0,01813 * [Se]
D6 léch chuan mau tréng Sp=0,0024.
Gi6i han phat hién LOD va gidi han dinh lngng LOQ duoc tinh theo cong thirc sau [4]:

Lop =350, oo - 105,
b b

Tinh dugc gidi han phat hi¢n 1a 0,4 ppb, gioi han dinh lugng 1a 1,0 ppb.
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3.7. Panh gia quy trinh phan tich

D3 danh gia quy trinh phan tich di xay dung bang cach gtri mau kiém tra chéo
v6i phong thi nghiém phan tich c6 nang luc cua khoa Hoa hoc, Truong Pai hoc
Khoa hoc tu nhién Ha No6i. Cac mau dung cho phan tich kiém tra chéo duoc chia
lam 2 phan nhu nhau; phan méu gii di dwoc xtr Iy trén thiét bi vi song va tién hanh
phén tich trén thiét bi ICP-MS; phan mau con lai dugc tién hanh phan tich tai phong
thi nghiém trén thiét bi AAS theo quy trinh di xay dung va so sanh két qua phan tich
giita 2 phong thi nghiém. Két qua chi ra ¢ bang 5.

Bang 5. Két qua phan tich mau kiém tra chéo

Miu M1 (mg/g) M2 (mg/g) M4 (mg/g) MS (mg/g)

Theo | Theo Theo Theo Theo Theo Theo Theo

Se AAS |ICP-MS| AAS |ICP-MS| AAS |ICP-MS| AAS |ICP-MS

0,2569 | 0,2512 | 0,2136 | 0,2175 | 0,1003 | 0,0912 | 0,1536 | 0,1501

Tir cac két qua & bang 5, tinh cac gia tri do 1éch giita 2 phuong phap theo cac
cong thirc sau [4]:

di = Cpp so sanh ~ C pp nghién ctru

— n _ T\2 71 /
d = I_Z di 5 Sd = Z (dl d) 5 Yiinh :|d‘l’—n
n -

Céc két qua tinh toan duoc trinh bay trong bang 6.

Bang 6. Gia tri d0 léch, do Iéch trung binh, d¢ 1éch chuén va t

Nguyén thing
& d; d; ds d4 de Sa Leinn (P=0,95;n=3)

Se - 0,0057| 0,0039 |- 0,0091 - 0,0035|- 0,0036| 0,0055 | 1,31 3,18

Tir bang 6 nhan thiy: Gia trj tg, < thang, Nhur vay quy trinh xay duyng c6 do
dung nhu quy trinh chuan hay két qua phan tich theo quy trinh x4y dung 1a tin cdy
va hoan toan phu hop [4].

3.8. Quy trinh phan tich

Trén co so két qua nghién ctru thu dugc, ching toi dé xut quy trinh phan tich
Se trong mau sita nhu sau:
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Chuin bi so' by miu:
- Sita I6ng: dun cdch thity, trén, dong nhat mau
- Sita bét: tron ky, dong nhat mau
- Pho mat: bo vang, tron kyp, dé‘ng nhat méu

!

Rira ng pha mau bang axit HNO;:H,0,

v

Can 1,0g mau vao ong pha mau

\4

v

Thém 7ml HNO3 va 2ml H,0; vao mau, dam
bao lugng hoa chat trong cac 6ng nhu nhau

v

Dé phan tng xay ra tu nhién, sau 20 phat déng
nap ong pha mau, dit ong vao thiét bi vi song
- Chay chuong trinh pha mau (2.2)
- Lam mat vé nhiét d§ phong

Kiém tra vong an
toan ong pha mau c6
bi mo khong?

Chuyén, loc dung dich mau vao binh dinh muc
C6 dudi lugng HNO; du

Tdi wu cac diéu kién 1am viée cua AAS
Xay dung duong chuin nguyén té phan tich

Phan tich mau thuc, mau QC

v

Xt 1y s6 liéu, bao cdo KQPT

Hinh 5. So do quy trinh phan tich Se trong mau sita
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IV. KET LUAN

1. Pa xay dung dugc quy trinh x4c dinh Se trong mau sita bang phuong phap
phé hap thu nguyén tir str dung k¥ thuat hydrua hoa, sir dung hén hop HNOs : H,0,
ty 18 9:3 dé vo co hda mau, thyc hién khir Se(VI) vé Se(IV) bang HCI 6N trong 50
phiit, str dung nong d6 NaBH4 va HCI trong phan {mg tao H,Se 1an luot 1a 0,5% va
8N; téc d6 bom HCI va NaBH, vao binh phan tng 1 0,9 ml/phut.

2. Quy trinh c¢6 d¢ chinh xéc cao, do lap tdt voi do 1éch chuan tuong ddi nho
hon 11%, hiéu suét thu hoi Se dat tir 88,0 dén 91,8%. Gidi han phat hién cua Se 1a
0,4 ppb pht hop vdi yéu céu trong phan tich miu thuc. Ap dung quy trinh da xay
dung dé phén tich kiém tra chéo 4 miu sita. Két qua so sanh vdi quy trinh phan tich
bang ICP-MS cho thiy quy trinh phén tich Se trong sita bang quang phd hap thu
nguyén tu st dung k¥ thudt hydrua hoa hoan toan tin cdy duogc.
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SUMMARY

THE PROCESS OF DETERMINING SELENIUM IN MILK BY ATOMIC
ABSORPTION SPECTROMETRY USING HYDRIDE GENERATION
TECHNIQUE (HG-AAS)

This article shows the process of quantifying selenium by atomic absorption
spectrometry using hydride generation technique (HG-AAS) for milk samples. It
was found that in the process, the optimized conditions to form H,Se are the most
important to ensure reliable results. In the method Se (VI) is reduced to Se (IV) with
6N HCI. It also presents the reaction conditions to form H,Se (0,5% NaBH,4 and 8N
HCI; the velocity of acid and reductant to gas/liquid separator of 0.9 ml/min) and the
most suitable samples digestion mixture (HNO3:H,O, with volume ratio of 9:3). The
resulting procedure has high accuracy, sensitivity and repeatability (%RSD < 11%,
the recovery of selenium is from 88,0 to 91,8 %, LOD is 0.4 ppb), and being
proposed to analyse selenium in real milk samples.

Tw khoa: Hydride generation / Atomic absorption spectrometry (HG-AAS),
determination of selen in milk, conditions of reactions to form H,Se
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