TAP CHI KHOA HOC PAI HOC KHANH HOA
tapchikhoahoc@ukh.e du.vin

XAC PINH MOT SO NGUYEN TO TRONG MAU IAEA - 336
BANG PHUONG PHAP TONG PHAN XA HUYNH QUANG TIA X
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Tém tit: Hién nay, ¢o nhiéu phicong phép vt 1y ¢6 thé phan tich dinh luong va dinh tinh mdu vt chdt ¢

cdc thé ran, long, khi, ...

Trong dé c6 phwong phdp phan tich huynh quang tia X, véi wu diém ciia phwong phdp

nay khong phda hiy mdu, cho két qua phan tich dong thoi nhiéu nguyén t6. Trong nghién cuu nay chiing t6i da
chon mau IAEA — 336 (dia y) va su dung mdy phdn tich S2 Picofox (bang phwong phdp 16ng phan xa huynh
quang tia X — TXRF). Két qua phan tich da xdc dinh dwoc 18 nguyén 16 ¢o trong mdu IAEA — 336, dang chit y
nhdt da xdc dinh ham hrong nguyén té photpho (P), vanadi (V), dong (Cu), selen (,Se) bari (Ba), va chi (Pb) voi
ds chinh xdc cao. Voi két qua phan tich nay ching t6i s¢ huomg dén phdn tlch doi tuong thuce vdt ding lam chi
thi sinh hoc dé nghién ceu ling dong kim loai trong khong khi va diéu tra nguon goc 6 nhiém khong khi.

Tir khéa:TXRE, 6 nhiém khong khi, chi thi sinh hoc.

1. Téng quan
1.1 Phwong phdp phdn tich

Phuong phap phan tich huynh quang tia Xla
phuong phap dua trén nguyén ly phat ra tia X, duoc
Wilhelem Conrad Rontghen phat hién ra nam
1895.Tia X 1a buc xa dién tu c6 bude song khoang
0,005 — 10nm, duoc chia thanh hai loai: Buc xa hdm
duoc tao ra do sy hdm dot ngot dién tir nang luong
cao va birc xa tia X dac trung tao ra boi su dich
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chuyén dién tir tir quy dao cao sang quy dao thép
hon trong nguyén t(Hinh 1).Quy wdc ki hi¢u cho
cac 16p electron va nhiing photon dugc phong ra khi
dich chuyén electron tuong tng. Buc xa K, duoc
phat ra khi mét electron dich chuyén tir 16p L xudng
16p K, Kp — tir 16p M xudng 16p K va L, — tir 1op M
xuodng 16p L. Can chu y rang cac photon c6 nhiing
budc song dac trung khac nhau.
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Hinh 1.Nguyén Iy phat ra birc xa tia X

Trong phan tich huynh quang tia X, muc tiéu
chinh la xac dinh sy c6 mat va ham lugng cua
nguyén td dwa vao bic xa tia X dic trung cua
nguyén t6. Voi phuong phap phan tich tong phan xa
toan phan huynh quang tia X (TXRF - Total
reflection X-ray fluorescence): c¢6 thé phat hién d6ng
thoi nhiéu nguyén to, xac dinh ham luong nguyén to
cd ppb, phan tlch duoc mau dang ran, long, khi,
khéng can pha mau.

Phuong phap TXRF da duoc su dung trong
nghién ctru di€u tra 6 nhiem khong khi bang chi thi
sinh hoc nhu: xac dinh ham luong kim loai trong tao
[1], tao nude [2], diay [3] va réu[4].

1.2 Gidi thiéu mau chudn 336

Mau 336 1a dia y (IAEA - 336) loai Eve;’rnia
prunastri dugc thu thap tu cac khu vuce bi 6 nhicm &
Bo Pao Nhg nhu: Gaviao (thudc tinh Portalegre —
khu vuc mién trung), Ourique va Serra de Cladeirdo
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(khu vuc phia nam). Dia y duoc thu thap va loai bo
cac thanh phan khac bam vao. sau do ria trong nudc
cat va siy kho ¢ nhiét do 40° C trong thoi gian 24
gio. Pia Y duoc nghién nho, min. San phém cudi
cung dugc khur trung dé dam bao su 6n dinh duoc
dung lam vat licu chuin (SRM - Standard Reference
Material)[5].

Hinh 2. Pia Y Evernia prunastri

Trong nghién ctru nay chung t61 thuc hién xac
dinh mot s6 kim loai trong mau chuin 336 (dia y)
cua TAEA bang phuo‘ng phap huynh quang tia X. Tu
do6 xac dinh mot s6 kim loai ning co thé phan tich
bang phuong phap huynh quang tia X, dinh huéng
dé nghién curu trong linh vue diéu tra 6 nhiém khong
khi voi doi tuong chi thi sinh hoc ty nhién.
2. Thue nghiém
2.1. Mdy phéin tich S2 PICOFOX- phwong phdp
tong phan xa hupnh quang tia X

Hé TXRF loaiS2 PICOFOX™ cua hing
Bruker cua Puc dugc trang bi tai Truong Dai hoc
Da Lat 1a hé thong phan tich ban tu dc}ng, phantich
dinh tinh va dinh lwong nhiéu nguyén t6, nguong
phat hién dén ppb (ug/kg), phan tich dai nguyen tb
tir nhém dén Uranium. Cau tao cua hé gom: ong
phat tia X(bia Molipden) hoat dong & diéu kiéndién
ap 50kV.dong dién 1000 pA; bo loc don nangla tinh
thé da 16p lam bang kim loai ddng:detector thu nhan
tia X 1a detector ban dan loai SDD[6].Hinh 3trinh
bay nguyén Iy tong phan xa huynh quang tia X cua
hé S2 Picofox.

Sampls on Polishod Carrisr Dac

Hinh 3. So d6 nguyén Iy hé phan tichTXRF S2
Picofox™

Cac cong thuc tinh ham luong, gidi han phat
hién, va d 1éch chuén [7].
Cong thire tinh gidi han phat hién :LLD; =
3ciyNpg
Nj
Cong thirc tinh d9 léch chuin :0; =

JN; + 2Ngg

Cong thirc tinh nong dd : sir dung chuan ndi
va moi twong quan giita nong do va do nhay tuong
dbi (calibration parameter).

N1

i = Cis

NIS
Sis

Trong do:

C:: 1a ndng do nguyén t can phan tich

N : dién tich dinh phat quang cua nguyén to

S : hé s6 do nhay tuong doi cua nguyén to i

Cis : Nong do nguyén t6 chuan noi

~ Nis : dién tich dinh phat quang cua nguyén tb

chuan noi1

Sis : hé s6 do nhay twong dbi cua nguyén to
chuén ndi
2.2 Quy trinh phan tich trén may S2 PICOFOX
Chuin bi miu

Mau rin hat nhé min (c6 kich thudc cac hat <
75 um).Cho mét lwong mau (udc lugng khoang 20 —
50 mg), nho 2.5 ml Triton X100, cho lugng mau
chuan Ga can thiét(duoc tinh toan theo ‘chuong' tl’il~lh
cua may do) vao o6ng dung. Sau do, dong nhat hon
hop bang may rung.Nho 10 pl mau sau khi duoc
dong nhat 1én dia dung mau va say kho mau trude
khi tién hanh do.

Quy trinh do miu

Buéc Mo ta

1 Mo phan mém do trén may tinh
2 Bt ché do6 “high voltage™
3 + Pt dia chira mAu chuan As vao vi tri diu tién cua khay dung mau (sample changer) dé

kiém tra d6 khuéch dai (gain correction)
+ Pat mau can do vao khay (sample changer)
+ Pé 1ap “job” vao Measurement — Job
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cu.
dinh

Ghi nhan két qua do.

4 Nhén vao biéu tugng Sample Changer control — chon Reference trong cira s6 Sample
Changer. Muc dich cua budc nay la ki€m tra van hanh cua bo chuyén mau.

5 Chon phuong phap — dat tén cho phép do (NIST 1640).
An dinh thoi gian do
Vao Measurement — Method — Live time

6 Bit dau tién hanh do

- Phép do duoc bit ddu bang cach nhan phim F5 hoic nhan biéu tuong do trén thanh cong
- Phép do s& két thuc mot cach tw dong sau khi chuong trinh chay hét thoi gian do da 4n

Trong qua trinh do ché d6 SAMPLE trén may quang phé sé sang dén

3. Két qua va bién luin
3.1 Két qud phan tich dinh tinh cdc nguyén t6 cé
trongmiu chudn 336 trén mdy S2 PICOFOX™

luong 17.5keV, kha nang phat hién va ghi nhéan phd
tia X doi voi nhimg nguyén t0 c6 nang luong nho
hon 17,5keV. Két qua phan tich mau 336 thé¢ hién

© Hg phan tich $2 PICOFOX™ st dung nguén ~ Uen hinh 4
chicu la dén phat tia X cuc Mo (Molyden) véi nang
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Hinh 4. Két qua ghi nhan phé huynh quang tia X ciia mau chuén 336

Két qua do phé huynh quang tia X da phat
hién duoc 22nguyén to bao gom: Na, Mg, Al P, S,
Sc, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Ge, As, Sc, Br,
Sb, Ba, La, Eu, Tb va Pb.
3.2 Két qud phan tich dinh liwgng mjt 6 nguyén t6
trong mau 336
. Dé danh gia tinh 61} dinh cua quy trinh chuan
bi mau, va quy trinh chuén cua may do ph6, ching
to1 ticn hanh thuc nghiém voi cung mét loai mau

336 duocchuan bi trén 3 dia khac nhau (ki hiéu: Al,
A2, A2); thuc hién do tuan ty ba miu vdi cung mot
ché dd do.

Sau khi phan tich dinh tinh cac nguyén t6 co
trong mau IAEA-336, ching t6i tién hanh xac dinh
va tinh toan ham luong cac nguyén t6 co trong mau
thé hién o bang 1. Két qua phan tich di xac dinh
duoc ham luong ciia 18 nguyén t6 co gia tri phan
tich phu hop (Fit quanlity)nho hon 10.

Bang 1. Ham lwong nguyén t (mg/kg) trong miu IAEA - 336

Al A2 A3
~_ | Kénh . . .
1\Iguyen ning Ham - LLD Ham - LLD Ham - LLD
to luong luong luong
luong
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(kEV)
Al 1,486 | 494 1545 |27.97 |358 |2151 |4022 |440 17.87 | 32.86
P 201|633 441 |634 |745 |613 [913 |678 |51 7.45

2309 [853 317 |351 |992 431 [505 |908 [363 |4.12
Ti 4512 |31,78 |02 023 |7018 [034 [033 |[4708 [026 |0.27
\% 4953 139 o1 019 |1.93 |o014 |028 |161 |012 |023
Cr 5415 057 007 |o016 |059 o1 023 |058 [009 0,19
Mn 5.9 82,11 |02 0,14 |10309 [028 [0,19 |[9047 [023 0,16
Fe 6,405 [540 043 |0, 665 0,59 [0,15 [590 |05 0,12
Ni 748 [1.00 [002 [004 |[121 [003 [006 |[1.09 [003 005
Cu 8,046 [293 [002 [004 |[306 [003 [005 |[315 [003 |0,04
Zn 8,637 [3727 |008 [004 |4516 [011 |006 |4041 |009 |0,05
Ge 9886 [0,06 [002 (003 [032 (002 [005 |o016 [002 |0,04
As 10543 093 002 [002 |12 0,02 (003 |[1.04 [002 003
Se 11224 021|001 [002 ]027 [001 [002 ]023 |00l |002
Br 11924 | 055 |001 [002 |19 [002 [003 |1L12 [002 002
Sb 3604 161 [065 [133 [242 |09 185 |193 |075 |154
Ba 4466 578 027 |05 717 039 073 |633 [032 0,539
Pb 10551 | 544 003 [003 |563 [005 [004 |531 |004 |003

Chu thich: LLD - Lowest limit detection -
Gio1 han phat hién thap nhat.
6-D6 1éch chuan.

Véi két qua do3 mau Al, AZ A3 gia tri ham
luong cac nguyén t0 co trong mau 336 tuong déi 6n
dinh. Nhu nguyén t6 Ti giita 1an do mau A1 (31,78)
va lan do mau A2(70,18); nguyén t6 Brom mau Al
(0.55) A2(1,99) c6 khoan sai khac lon, nguyen nhan
sai s6 co thé do chéng dinh ning luong giira vi
nguyén t6 Brom (Br) co dinh niang lwong K =
13,39keV trung voi dinh nang luong vdi nguyén tb
Rubidi (Rb); dinh ning luong cua nguyén t6 Titan
(K =4,93keV) trung voi dinh cua nguyén t6 Vanadi
(K =495keV).

3.3 Nhin xét va danh gia két qua phén tich
Pé so sanh cac két qua, ta st dung cong thirc
tinh do sai biét
|C; — C|

A= .100%

Trong do

Ci: 1a két qua ham luong nguyén t6 cua mau
336 do ta do duoc.

C: két qua ham luong nguyén t6 cua mau 336
theo cong bo TAEA.

Két qua ham luong trung binh 3 lan do va do
sai bi¢t cua cac két qua phan tich duoc trinh bay
trong bang 2.

Bang 2. Két qua dénh gia giita mAu phén tich va miu chuin dwec cong bd
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Két qua phan
tich trén may Chuén cong bd
S2-Picofox
. R . Ham I}I ang Ham luong , ., o
Nguyén Kénh nang nguyén to N Khoang gia | Sai biét

tb luong (KEV) trung hn%uyen ;12 tri cho phép %

binh(mg/kg) chuan(mg/ke)
Al 1,486 430 680 570 - 790 36,8
P 2,01 690 610 490 - 730 13,1
A% 4,953 1,64 1,47 1,25-1,69 11,6




Cr 5.415 0,58 1,06 0,89-123 | 453
Mn 59 90 63 56-70 42,9
Fe 6,405 600 430 380 - 480 395
Cu 8,046 3.1 3.6 3.1-4.1 13.9
Zn 8.637 40 30,4 27.0-338 | 315
Se 11,224 0,24 0,22 0,18 - 0,26 9.1
Ba 4.466 6.4 6.4 53-75 0

Pb 10,551 5.4 49 43-55 10,2

Két qua phan tich ham lugng mét s6 nguyén
to6 nhu photpho (P); vanadi (V), dong (Cu), sclen
(Se), bari (Ba), va chi (Pb) trong mau IAEA-336.c6
su sai biét dudi 15% gilra phuong phap phan tich
tong phan xa huynh quang tia X bang may S2
Picofox va két qua dugc cong bd cua IAEA.

Két qua cho théy su sai biét rat 16n ddi véi cac
nguyén t6 kim loai Al, Cr, Mn, Fe, Zn.

+ Nguyén nhan cé thé do hi¢u ung matrix
tang luong tir cac nguyén t6 co trong mau, giita cac
nguyén t6 ¢6 mic nang luong gan nhau dan dén su
can nhiéu tin hidu pho.

+ Do d6 phan giai han ché cua detector SDD
mdt sb nguyén td Crkhong thé xac dinh duoc. Diéu
nay giy ra su chong chap dinh voi cac nguyén to
khac gay ra kho khan trong qua trinh dinh luong

Két qua phan tich cua phwong phap TXRF dat
muc dich nghién ciru xac dinh ham luong nguyén t6
kim loai ning nhu chi (Pb), va dong (Cu) trong mau
dia y TAEA-336, tir do chung t61 dinh hudng phan

tich trén mAau thuc vat nhu réu tu nhién dé didu tra
nguyén t6 vét dé danh gia 6 nhiém khéng khi.
4. Két lugn

Véi phuong phap TXRF, ching ta co thé xac
dinh mot s6 nguyén t6 kim loai ning ¢ trong mau
thuc vat (voi dai dién la mau chuan 336). Két qua
dang chu y la nhitng nguyén t6 doc hai anh huong
dén stre khoe con nguoi nhu chi va dong. Tuy nhién,
mot s6 nguyén t6 bi can nhidu do nhiing nguyén to
khac trong mAu khi phat tia X c6 ning luong gan
nhan, cac nguyén nhan chdng chap mirc nang luong.
Do d6 TXRF la phuong phap nén duoc két hop va
hd tro cho cac phuong phap khac trong cac nghién
ctru phan tich ham luong nguyén t6 vi lugng trong
mot s6 doi twong thuc vat.

Tiép theo nghién ctru nay, chung t6i s& tién
hanh phan tich mot s6 mau that 1a déi twong sinh
hoc dung lam chi thi trong nghién ciru danh gia 6
nhiém khong khi nhu cdy réu bang phwong phap
phan tich tong phan xa toan phan huynh quang tia X
trén may phan tich S2 PICOFOX.
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DETERMINING ELEMENTAL CONCETRATIONS IN LICHEN (IAEA - 336)
BY TOTAL REFLECTION X - RAY FLUORESCENCE

Doan Phan Thao Tien!, Ha Xuan Vinh! , Nguyen Thi Nguyet Ha', Nguyen An Son'

"Nha Trang Institute of Technology and Research Application — VAST
2University of Da Lat

Abstract: Nowadays, there are many physical methods that can analyze quantitatively and qualitatively of
solid, liquid, gas samples. With the advantage of X-ray fluorescence methods does non-destructive samples,
analyze many elements at the same time. In this study, we analyzed the sample IAEA - 336 (lichen) by S2
Picofox (Total Reflection X-ray Fluorescence - TXRF). The results were identified 18 elements in the IAFA -
336, and the most remarkable determined the elemental concentrations: phosphor (P), vanadium (V), copper
(Cu), selenium (Se), barium (Ba), and lead (Pb) with high precision. With the analysis results, we will trend
toward analyzing plant objects that are used as bio - indicators to study deposition heavy metal in air pollution.

Keyword:TXRF, air pollution, bio - indicator.
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