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ABSTRACT

Studying  thermoluminescence (TL) phenomenon suggests potential
applications of this phenomenon in the radiation field and especially in
identifying food samples irradiated in Vietnam. Determining the right
radiation dose exposed to the food in the market will help examine the
safety of the irradiated food and ensure the health of the consumer. The
food samples needed to have silicate minerals separated by a proper
process including two steps: enriching minerals and separating density
before measuring thermoluminescence. The non-irradiated samples had a
low spectral peak while the irradiated ones had a higher peak which
gradually increased with respect to the irradiated doses. This paper
demonstrates the foundation of the detecting irradiated chili powder on
thermoluminescence equipment for a more fully assessment of the
applicability of this phenomenon in reality.

TOM TAT

Nghién cieu hién twong nhiét hupnh quang cho thdy tiéem ndng ing dung
hién twong nay trong linh viee phong xa va dac biét la trong viéc xdc dinh
mau thwe pham chiéu xa ¢ Viét Nam. Xac dinh ding liéu chiéu sé kiém
chung dwoc tinh an toan cua thuc pham chiéu xa trén thi truong va dam
bao sikc khée cho nguoi tiéu ding. Cdc mau thue pham can digc tich
khoang silicat theo mot qui trinh hop Iy qua hai budc: lam giau khodng va
tach 1y trong trudc khi dem nhiét phat quang. Mau khong chiéu xa cé dinh
phé thap cde mau chiéu xa c¢é dinh cao hon va | tang dan theo liéu chiéu.
Bai viét ndy néu ra co s¢ ciia viéc xdc dinh mau bot ot da chiéu xa trén
thiét bi nhiét hupnh quang nham danh gia day @i hon vé kha nang img
dung ciia hién twong nhiét huynh quang trén thuc té.

1 GIOI THIEU

Viéc chiéu xa thyc phdm véi lidu phu hop s&

Hién nay, trén thé giéi co trén 55 nudc chép
nhan sir dung thuc pham, gia vi va trai cay chiéu xa
(Farkas va Moha’csi-Farkas, 2011). Khi nhap khau,
cac san pham néu khong dwoc chiéu xa hodc chleu
xa khong ding lidu thi c6 thé bi tra lai. O mot sb
nude, san phim chiéu xa trong gidi han cho phép
dugc xem 12 an toan cho nguoi tiéu dung. Mot so
nuge khac, trong do c6 Viét Nam, voi san pham
chiéu xa, nguoi tiéu dung van rat e dé khi st dung.
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kéo dai thoi glan bao quan cho thuc pham, chdng
nay mam dbi véi trai cdy, diét con tring, ky sinh
trung gdy bénh, lam trai cdy cham chin, tranh nédm
moéc, chong thdi va tir d6 co thé sir dung duoc lau
hon. Thuc phidm khong duoc chiéu xa c6 thé nhanh
hu, théi, nhanh chin, vi khuén, c6n tring dé xam
hai. Tuy véy, thuc phim dugc chiéu xa qua liu co
the giam ham luong dinh dudng, gay mui. Vi vay,
can c6 mot phuong phéap, nhim kiém tra tinh trung
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thuc cua cac san pham nay. Viéc xac dinh san
pham chiéu xa doi vdi bot 6t 1a van dé méi chua
duoc quan tam va hién chua cé nghién ciru nao.

1.1 Hién twong nhiét huynh quang

Hién tugng nhi¢t huynh quang (TL) 14 hién
tuong phat ra anh sang tir cac chét cach dién hodc
chat ban dan khi chung dugc nung nong. Xac dinh
duogc lugng TL phat ra ta co thé xac dinh duoc lidu
btic xa ion hoa da chiéu 1én mau. Pay 1a co s& cla
ky thuat do lidu bang phuong phap TL trong viéc
xac dinh mau da chiéu xa.
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Dua trén 1y thuyét ving nang luong va mé hinh
nguyén tir ¢o lap, nguyén tir chat ban dan hodc chat
cach dién c6 ving héa tri, ving dan va & giira la
ving cidm. Biy nam trén muc cin bang Fermi va
do vy no hoan toan tréng rdng trong trang thai can
béng (trude khi hép thu buc xa), né dugc goi la thé
bay electron. Tam tai hop nim bén dudi mirc
Fermi nén no duoc chiém day céc electron va dugc
goi 1a thé bay 15 tréng. Co ché don gian giai thich
hién tugng TL trinh bay ¢ Hinh 1 (McKeever,
2000).

Viing dén
E,
4 Huynh quang (/v),
A ___ Mirc cin bing

Fermi E;
Photon hip thy R Téam tai hop
(hv)a 5

E,

O T Ving hoa tri , @ /

Hinh 1: Co ché don gién giai thich hi¢n twong TL

Véi nang lugng bure xa hép thu (hv). > Ec — E,
(16n hon bé rong ving cdm) s& dan dén qua trinh
ion hoa cac electron hoa tri tao ra cac electron tw
do trong vung dan va céc 15 tréng tu do trong vung
hoa tri (dich chuyen 1). Kha néng tai hop truc tiép
cac electron va lo trong qua vung cém it xay ra hon
tai hop gian tiép, nhat 1a d6i v6i chat ban dan va
chit cach dién c6 ving cAm rong. Vi vy, qua trinh
tai hop xay ra, dau tién cac 15 tréng bi by ¢ tAm tai
hop R (dich chuyén 5). Su tai hop dién ra qua viéc
huy cac 16 trong bi by bai cac electron tu do (dich
chuyén 4). Trong mau nay, néu sy dich chuyén tai
hop 1a do boi kich thich nhiét thi qué trinh nay
duoc xem la sy phat TL.

Ngoai ra, cac electron ty do ciing ¢6 thé bi biy
tai mtcc T (dich chuyen 2). Trong trudng hop nay,
s tai hop chi co thé xay ra, néu electron bi bay hap
thu du ning luong (E) dé quay tro lai ving dan.
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Thoi gian sdng cia electron va 16 trong 14 rat ngin
va no6 bi bit bai cac tim twong ng (ngudi ta goi
mau lic ndy & trang thai kich thich). Khi nhiét do
tang, cac electron dugc giai phong nh1eu hon va
qua trinh tai hop xady ra lam giam nong do cac 16
tréng va lam ting cuong d6 TL. Khi cac electron
bay it dan, tbc do tai hop ciing giam va theo dé
cuong do TL ciing giam theo. Qua trinh nay tao ra
dinh TL dac trung.
1.2 Nguyén tic xac dinh thye phim da

chiéu xa bang co' ché nhiét huynh quang

Céc chat khoang silicat 1dn trong thuc phdm du
trit nang luong thong qua qua trinh biy nap nho tac
dung cia chiéu xa. Khi ddt néng, cac chat khoang
silicat c6 su giai phong nang luong s& lam Xuét
hién cac duong TL co thé do duoc. Nguyén tic xac
dinh thuc pham da chiéu xa bang co ché TL md ta
o Hinh 2 (Furetta, 2003).
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Hinh 2: Nguyén Iy x4c dinh thwe phdm da chiéu xa bang co ché TL

Khi chiéu cic buic xa nhu anpha, beta hay
gamma vio cic chat silicat 1an trong thyc phdm
dan dén qua trinh ion hoa cac electron hoa tri tao ra
céc electron tu do trong ving dan va céc 13 tréng tu
do trong ving hoa tri (dich chuyén 1). Céc electron
tw do c6 thé bi by tai mic T (dich chuyén 2). Néu
electron bi bay hap thu di niang luong (E) s& quay
trd lai ving dan. O day, do kich thich nhiét s€ c6 su
dich chuyén cua electron vé viing dan (dich chuyén
3). Su tai hop s€ tao ra cac duong TL ddc trung,
dugc tao ra qua viée hity cac 15 tréng bi biy boi
cac electron ty do (dich chuyén 4) va cac 16 trong
bi biy & tAm tai hop R (dich chuyén 5).

2 PHUONG PHAP NGHIEN CUU
2.1 Chuén bi miu cho phén tich va chiéu xa

Bot 6t dugc thu mua tir cac chg sau do duoc
dong goi trong tii nhya va dugc chia thanh timg 16
nho c6 ma so riéng. Mot trong sO chung khong
chiéu xa, sb con lai duoc chiéu xa tai VinaGamma
v6i birc xa gamma theo tiéu chuin ding may
Cobalt-60. Mau can xir ly & nhiét do thich hop
khong qua cao, han ché anh sang mit troi chiéu lén
mau lam giam tin hiéu TL.

2.2 Tach lay khoang chit

2.2.1 Yéu cau cua viéc tach khodng

Céc chat khoang silicat da tach ldy tir bot 6t
khong dugc chira cac hop chét hitu co (EN 1788,
2001). Viéc c6 mit chit hitu co c6 thé sinh ra su
phat quang gia, hodc co thé 1am mo duwong TL. Cac
mau cé chira chat hiru co s& bi den di khi do TL.
Trong qua trinh tach khoang can phai tranh anh
sang, khong dé mau phoi ra dudi anh sing manh
hodc phoi ra ngoai 4nh sing dé tranh tdy tring
quang hoc, thuc hién trong diéu kién anh sang diu.
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Luong khoang silicat cén’ thiét cho phép phan tich
TL la khoang tir 0,1 mg dén 5 mg.
2.2.2 Quy trinh tach khodang

a. Lam giau khoang

—  Xu ly miu trong cbc bang bé siéu am trong
khoang 5 phut dé tach cac khoang dinh bam.

— Cho timg phan mau di qua sang niléng c6
¢ 16 125 um vao trong cdc 16n tir 500 mL dén
1000 mL mbi lan rira k¥ chat khoang bang nudc sir
dung binh tia. Loai b6 cic thanh phan trén sang.
DPb6i véi mdi mot mau sir dung mot sang niléng
moi. Bé ling trong khoang 5 phut.

— Gan hét nuéc trong cdc cung voi cac chét
hiru co, giit lai cic chat khoang cung vai vai mililit
nude. Néu van con sot lai mét lugng 16n céc hop
chit hiru co thi thém nude vao cdc sao cho lugng
chira trong cde dat duge tir 1 cm dén 2 cm tinh tir
day, khudy, chd khoang tir 5 gidy dén 10 gidy cho
léng hét khoang va gan lai. Lap lai budc nay cho
dén khi chi con mot lugng nhé chat hitu co con sét
lai voi chat khoang.

— Dung pipet Pasteur chuyén phin chét
khoang vao 6ng ly tim. Cho ly tm 1 phit & 1000
g. Cach khac, dé ling trong 5 phut. Gan bo hoic
hut loai nudc dé lai phan khoang.

b. Tach ty trong

— Thém 5 mL dung dich natri polytungstat
vao phan khoang dung trong 6ng ly tim. Lic manh
(ding may Vortex) va khudy manh trong bé
siéu 4m trong khoang 3 phut hodc tir 5 phat dén
15 phut.

— Cho ly tam trong 2 phit ¢ 1000 g. Khoang

silicat (ty trong tur 2,5 g/mL den 2,7 g/mL) s& ling
xudng con cac chat hitu co thi ndi 1én.
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— Céin than cho nudc phu Ién dung dich
polytungstat dé thuan tién cho viéc loai bo chét hitu
co. Chiét 16p nudc phia trén va chat hitu co biang
cach gan hodc hut chan khong dé lai philn chét
khoang trong 16p polytungstat phia dudi. Neu can,
lam sach ong ly tdm bang gidy udt. Néu tat ca chét
hitu co khong loai bo dugc hét, thi dung nudc dé
phu Ién dung dich polytungstat va chiét lai. Cach
khac, gan hét _dung dich polytungstat va chit hiru
co va néu can thi lam sach ong ly tim bing
gidy uot.

— Dé hoa tan cac mudi cacbonat bam vao cac
khoang silicat, thi thém tr 1 mL dén 2 mL axit
clohydric nong d6 1 mol/L, khuay va d¢ yén
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10 phut.

— Trung hoa axit béng’ dung dich amoni
hydroxit, cho nudc vao day ong ly tam, d€ lang
chat khoang hoic cho ly tim ngay. Loai bo 16p
phia trén va rira cin khoang hai 1an bang nuéc.

— Loai phan nude con lai, thém khoang 3 mL
axeton va khudy. Néu axeton tré 1én duc mau thi
loai bo va cho thém axeton moi.

2.3 Do tin hiéu TL
2.3.1 Nguyén ly

So @6 bd tri hé théng do TL dugc chi trong
Hinh 3 (Jensen, 1997).

I
NGUAN )
BIEN AP -7‘
CAO
——ANOT
«+— ONG NHAN QUANG
_ 4 DYNODE
| —
Soc |, —QUANG CATOT
' SN PIEU
k‘—'_ "
AU KHIEN
NITO __, ] X ? . HHIET
ip +—4—GIA NUNG ‘
—
S UA‘ T ?{ﬂfflf.’{)ﬂf!f?lf/fllfllllllf/ﬂﬂ
THAP |

‘LBG nhiét dién

Hinh 3: So d6 nguyén li hé do TL

H¢ do TL trong nghién ctru dugc thuc hién tai
phong thi nghiém an toan buc xa thudc Vién
Nghién ctru Hat nhan Pa Lat. May doc lidu Rexon
UL-320 dugc dung dé x4c dinh lidu buc xa
(gamma, notron va tia X) va dugc ung dung trong
viéc dinh lidu ca nhan, giam sat méi truong hodc
xac dinh lidu trong y khoa. Hé doc liéu UL-320 ¢
thé dung cho tAt ca cac dang vat liéu TL co ban.

Khi chu trinh TL hoan thanh, duong cong TL
va tap tin nhiét dd sé dugc hién thi va luu trir trong
cac tap tin analysis.

2.3.2 Do tin hiéu TL

Rira sach dia bang thép khong gi, xtr 1y trong bé
siéu am sdy kho trong tii sdy va bao quan trong cac
diéu kién khong bui. Dung pipet Pasteur chuyén
phan khoang da tach trong axeton sang dia. Sau khi
hat dung dich khoang vao pipet, chit khoang ling

dong ngay ¢ dau hut cua pipet va c6 thé dwoc
chuyén timg giot d& dang vOi lugng du sang dia
(axeton bay hoi gitra mdi 1an nho giot). Bé dia ¢
50°C qua dém trong tu séy.

Dé so sanh cac phép phan tich khac nhau, can
dam bao cac dicu kién do giong hét nhau. Thuong
xuyén do nén cua may doc TL va dam bao rang
may van gitr dugc mire 6n dinh. Dinh ky lam sach
bd loc quang va tam gia nhiét (tam kim loai) bang
etanol.

‘Dé giam TL gia, thoi 1u§ng khi nito vao
buong gia TL, & toc d¢ dong on dinh trong sudt
qua trinh do.

a. Piéu kién do
Céc diéu kién sau day cho thay thich hop:

Nhiét do ban dau:  70°C
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Tbe do gia nhiét: 6°C/s

Nhiét d6 cubi cung: tir 350°C dén 500°C

b. Do dwong phat quang

bat dia cung vdi can khoang 1én bd gia nhiét

ctia may doc TL va cho phat quang trong cac diéu
kién quy dinh.

3 KET QUA VA THAO LUAN

Két qua xéc dinh cdc mu 6t v6i liu chiéu 10
kGy, 5 kGy, khong chiu xa trén thi¢t bi TL nhan
thay cac mau khong chi€u xa c6 s6 dém tong rat
thap, trong khi cac mau da chi€u xa c6 s0 dém tong
cao va tang dan theo liéu chicu xa (Bang 1).

Tin hiéu TL s€ giam di néu dé mau theo thoi
gian kéo dai qua nhi€u thang. Cuong d6 TL
phu thudc vao liéu hap thu va gia tang theo liéu
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hép thy.
Bing 1: Két qua do miu &t chiéu xa 0 kGy,
5kGy, 10kGy
Maiu Liéu chiéu S‘("i dém tong ]
do (KGy) Polan1l BDolan2
1 0 185 183
2 5 5242 5187
3 10 11065 10962

Do nhay TL cua vat li¢u 1a kha nang btic xa TL
tinh trén mot don vi liéu. Xut phat tir ban chit cua
hiéu img TL: cuong do TL ti 1€ véi lidu bire xa ion
hoéa ma méu hép thy, tong s6 ¢ém TL ti 1& vai liéu
blic xa ion hoa. Theo do, ta can 2 diém 1a co thé
xay dung dugc duong tuyén tinh cho do nhay TL
(Hinh 4). Nhu véy, néu s6 dém 16n hon nhiéu so
v6i 185 thi c6 thé két luan san pham bot 6t dd qua
chiéu xa.

10 - 44065
<] //
S
S ~_|—7 = 0.00dox - 0.0444
— = =[0.99584
e
2 s //
2 s /—s< 2
r—
§ 3 "
—
N ’/
) 4””=””
o l&«ss
o 2000 4000 6000 8000 10000 12000

sS6 dém

Hinh 4: D6 thi tuyén tinh xic dinh d¢ nhay TL

C6 sw phdn biét khd ré rang gita mdu chiéu xa véi liéu chiéu 5 kGy va mau chiéu xa véi liéu chiéu 10 kGy (Hinh 5)

Seral# 0254
TTP GLOW CURVE

—_— 'IntEgrated Counts —_—

TIME

Phé TL ciia 6t khi bi chiéu xa 5 kGy

Senal# 054
TTP GLOW GURVE

M 'Integralned Counts —
COUNT

TIME

Phd TL cua 6t khi bi chiéu xa 10 kGy

Hinh 5: So sanh phd TL ciia 2 miu bt 6t chiéu xa 5 kGy va 10 kGy: Puwong phia trén 1a toc do gia
nhiét; dwong phia dwéi la pho TL
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Tién hanh kiém tra nim mau bot 6t ngau nhién
trén thi truong, cac mau duoc mua o siéu thi sau d6
dugc dem di tach 1y khoang silicat va do trén may
do TL. Bang 2 cho thiy sé dém rat cao, chimng to
cic mau nay di bi chiéu xa thuong mai nhim dat
dugc muc dich bao quan cta nha san Xuét.

Bing 2: Két qua do nim miu bt 6t tai siéu thi

Mau do Dia chi nha san xuat So dem tong

1 Quan Tha buc, TP. HCM 6517

2 Quén Thu buc, TP. HCM 6653

3 Quén9, TP. HCM 6459

4  Quan9, TP. HCM 5963

5 Binh Duong 5717
4 KET LUAN

Két qua xac dinh bot 6t da chiéu xa cho thiy
cac loai bt 6t trén thi truong hau hét di dwoc
chiéu xa: do ndm mau 6t trén thi truong ca nam
mau déu xac dinh 1a di chiéu xa, tuy nhién khong
¢6 dan nhan chiéu xa theo qui dinh. Nghién ctru
bude dau tao co s& kiém tra bot 6t trén thi truong
da chiéu xa hay chua, lidu chiéu xa c6 nam trong
gi6i han cho phép hay khong. Viéc xac dinh chinh
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x4c lidu chiéu 1a van d& can tiép tuc di sdu vao
nghién ciru va mg dung, tr d6 c6 thé ap dung
phuong phap nay dé xac dinh liéu lugng chiéu xa
cho céc thuc phim, rau cii va néng san khéc.
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