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sinh hoc bang phuong phap trung phung

gamma - gamma

e Trwong Vian Minh
Truong Dai Hoc Pong Nai
e Pham Dinh Khang
e Nguyén Xuin Hai
Vién Nghién Ctru Hat Nhan, Pa Lat
e Nguyén An Son
Truong Pai Hoc Da Lat
e Nguyén Pic Chau
Hoc Vién hai quan Nha Trang

(Bai nhdn ngay 25 thang 10 nam 2015, nhén dang ngay 02 thang 12 nam 2016)

TOM TAT

Tai lo phan ung hat nhin Pa Lat, phuong
phap trung phung gamma - gamma da kha thanh
cong trong nghién ciu sé liéu hat nhan. Bang
phicong phdp ndy, mét sé phong thi nghiém trén
thé gidi da thir nghiém phan tich kich hoat trén
cac mdu dia chdt, mau sinh hoc va mdu moi
triwong. Trong bdi bdo nay, trinh bay két qua xdc

dinh ham heong Selenium trong mau sinh hoc
bang phwong phdp triing phing gamma - gamma.
Két qua cho thdy phwong phdp nay da logi bo
danh hwong ciia nén phéng compton khi phan tich
Selenium va da cai thién dwoc ty s6 dinh trén
phéng 64,2 lan, gi6i han phat hién 8,9 lan so voi
phirong phép do don sir dung mét dau do.

Tir khéa: phdn tich kich hoat, tring phung gamma-gamma, selenium

MO PAU

Hién nay, phuong phap trung phing gamma
- gamma dugc ung dung cha yéu trong nghién
ctru s6 lieu va ciu trac hat nhan. Nho kha ning
giam phdng va chon lya cac cap dinh gamma nbi
tang trong so d6 phan 4, nén phuong phap ciing
duoc bit dau nghién ciu tng dung trong phan
tich kich hoat (INAA) [1-4]. Mot s6 trung tam
nghién ctu I6n vé phuong phap INAA di ung
dung hé trung phung trong phén tich kich hoat.
Dang cha ¥ c6 thé ké dén nhom nghién ciu cua
Y. Hatsukawa [1], nhém nghién nay cau da sir
dung hé do tring phung véi 12 dau do Ge, két
qua xac dinh duoc ham luong cua 24 nguyén té
trong mau chuan dia chit cia Cuc Pia chat Nhat
Ban.

Céc nghién ciru khac nhu nhém cua B.E.
Tomlin [3] khi phan tich cic dong vi trong mau
chuan Bovine Liver SRM-1577 bang phuong
phap tring phung gamma - gamma, da ching to
ti s6 dinh trén phéng tai cac dinh quan tdm cua
cac ddng vi tang 1én dang ké so véi do don su
dung mét dau do.

Trong phén tich kich hoat do selenium céc
mau dia chat, sinh hoc, méi trudng bang phuong
phap do sir dung hé mot dau do bi nhuoc diém
I6n can trg qua trinh phan tich xac dinh dinh
lugng cua selenium 1a vi cac dinh gamma cua
™Se khi giai kich thich bi cac dinh ning lugng
ctia cac dong vi khac can nhiéu, cu thé:

- Dinh nang lugng 121,8 keV bi anh hudng
boi dinh 121,1 keV ciia "?Eu;
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- Dinh nang lugng 136,0 keV bi anh hudng
boi dinh 136,3 keV cia **'Hf;

- Dinh nang lugng 264,7 keV bi anh hudng
boi dinh 264,1 keV cia **Ta;

- Dinh ning lugng 279,5 keV bi anh hudng
boi dinh 279,1 keV cua “®Hg.

Dé giai quyét van d¢ trén, k¥ thuat tach hoa
dugc sir dung dé loai bo cac ddéng vi nhidu. Van
dé tach hoa doi hoi k§ thuat, kinh phi va rat phac
tap trong phan tich. Mot phuong phap nira cling
da thyuc hién 1a do cac dic trung cta dong vi song
ngan ""™Se (chu ky ban rd 17,4 gidy), nhung khi
sir dung ddng vi nay doi hoi phai ¢6 cac hé phan
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tich nhanh hoéc phan tich kich hoat neutron lap
vong [5-7].

Trong nghién ctu nay, da st dung ky thuat
do trung phung gamma - gamma ghi theo phuong
phap “su kién - sy kién”, xir Iy pho bang phuong
phép cong bién d6 cac xung tring phung dé xac
dinh ham lugng nguyén té selenium trong mau
phan tich. O phuong phap nay, sir dung cac cap
chuyén doi gamma néi tang khi giai kich thich
cia "°Se theo so d6 phan ra trinh bay ¢ Hinh 1.
Phuong phap trung phung gamma - gamma da
loai bo cac ddng vi can nhidu ma khong phai sir
dung bién phép tach héa hay sir dung dong vi
mse,
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Hinh 1. So db phan ra ctia °Se
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VAT LIEU VA PHUONG PHAP
Chuan bi mau

Mau phan tich duoc sir dung la mau Tuna
Fish, IAEA-436, khdi lugng 115,8 mg, ki hi¢u
mau: Fi-33h. Mau duoc dung trong tdi nylon
sach han kin, kich thuéc 10 mm x 10 mm. Mau

A

dugc chiéu tai mam quay cua 10 phan @ng hat
nhan Pa lat. Thong lugng neutron tai vi tri chiéu
mau ~3,76x10% n/cm?/s. Hinh 2 trinh bay hinh
hoc bia mau va vi tri kénh chiéu tai 10 phan tng
hat nhan Da Lat.

/B_\/

Hinh 2. A. Hinh dang va hop chura mau. B. So d6 mam quay chiéu xa tai 1o phan Ung hat nhan Da Lat
(1) BO truyén dong va vi trf thanh; (2) Giéng hat; (3) Ong dét va lay mau;
(4) Hoc chiéu xa; (5) Vanh phan xa graphite.

Mam quay c6 chiéu cao 30 cm, duoc dit ¢
mat trén cua vanh phan xa graphite, bao gém
ranh nhom dé chira cac mau trong sudt thoi gian
chiéu xa. Trén ranh nay c6 40 6 gidng nhau bang
nhém, ma ra & phia trén va dong lai ¢ dudi day,
sir dung dé dat cac hop dung mau chiéu xa. Céc
15 nay c6 duong kinh 31,75 mm va chiéu cao 274
mm. Mot hé thng bao gom don bay bing tay, bo

phan truyén dong va éng nap thing dung cho
phép nap cac hop chira mau vao bat cir & nao tir
trén mat 16 phan ung.
So d6 hé thye nghi¢m

Cau hinh h¢ do trung phung st dung trong
nghién ctru duoc mo ta trén Hinh 3.
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Hinh 3. Hé do va cach bd tri thi nghiém
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Trong d6: HPGe I va HPGe II 1a hai dau do
ban din GMX35, hiéu suit ghi twong d6i va do
phan giai tai niang luong 1332 keV cua dau do |
1a 35 % va 1,9 keV; ctia dau do 111238 % va 1,9
keV.

Mau do duoc dat gitra hai ddu do, song song
v6i mit cua cac dau do, khoang cach tir mau toi
moi dau do 1a 4 cm. Céc tham sb cua hé do dugc
luya chon theo phuong phap trong tai liéu tham
khao [8].

O ché do do thuong, vi hiéu suat ghi 1on, nén
mau duoc do vé6i thoi gian 1 gio. Trong ché do
tring phang, hiéu suat ghi thap, nén mau duoc do
v6i thoi gian 75 gio. S liéu luu trir theo phuong
phap su kién — su kién nham loai bo véan dé troi
kénh véi phép do dai, va xtr 1y theo phuong phap
cong bién d6 cac xung trung phung.

Xir 1i 56 liéu

Ph6 do trong ché do do don thong thuong,
chuong trinh FitzPeak duoc st dung dé xac dinh
dién tich cac dinh quan tam trong pho.

Trong ché d6 do trung phung “su kién - su
kién”, dé danh gia tbc do tring phung cua mot
dinh quan tdm nao do6 véi cac dinh khac, phuong
phép chon phé gate dwoc sir dung. Gia sir goi C1
va C2 la vi tri twong tng va&i chan trai va chan
phai caa dinh quan tam, cac su kién trang phung
tuong Gng Vi cic su Kién c6 bién d6 (hoac ning
luong) & trong khoang [C1, C2] duoc xét. Phd
tuong g véi cac su kién nay s& bao gom ca cac
sy kién tring phung thyc va tring phung ngau
nhién.

DPé danh gia phong do trung phang ngau
nhién gay ra trong phd, phd phong dugc chon
bang ky thuat ba trir véi cac vang phdng lan can
cta dinh dugc st dung. Thuat todn st dung nhu
sau: gia st goi B1 va B2 Ia vi tri chén trai va
chén phai cta vung phong tuong tng véi dinh,
nhiing sy Kién trung phing twong ung vai cac su
kién c6 bién do hoic nang lugng nam trong ving
phdng bén trai [B1, C1] va ving phbng bén phai

[C2, B2] s& dugc xem nhu phd cua cac su kién do
trung phing ngau nhién tao ra. Pho chua loai trir
phdng s& duoc trir cho phd phdng, dién tich cua
mot dinh trong phd trang phung s& dugc tinh
bang cach tong s6 dém cua cac kénh trong ving
dinh vai d6 tin cay 2c.

Ti s dién tich dinh/phéng trong ca hai
truong hop duoc sir dung dé danh gia gisi han
phat hién gitta hai phuong phap. Ngoai ra gidi
han phén tich cling dugc danh gia theo cong thic
sau [9]:

@

trong do:

CpL la gigi han do tinh theo don vi ham
luong (ppm);

C 1a ham lugng cia dong vi quan tam trong
mau phan tich (ppm);

P la dién tich dinh phé (s6 dém);

B la dién tich nén phong duéi dinh (s6 dém);

T la thoi gian do mau (gidy);

ne Va ng 1a hang sé.

Ham luong cua selenium trong mau (& ché
d6 do don va do trung phung) dugc xac dinh
bang cong thirc sau:

N, /1,
WxDxC )

N, /t,
WxpxDxC

l )

trong do:

0 1a ham lugng cta nguyén té can phan tich;

N, 12 s dém dinh ciia dong vi quan tam
trong mau chuin va mau phan tich;

W la khéi lugng mau phan tich (g);

W la khéi lugng nguyén té quan tam trong
mau chuin = ham lwong x khéi lvgng mau chuan

(9);
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D la hé sb rd = exp(- A tg) , tg 12 thoi gian phép do trung phung dwoc trinh bay trong Bang 1

phan ra; va Hinh 4.
C Ié h,\ s,( d =I1- ex '/It / /It : 0 200 400 600 800 1000
¢sodo=[ ) p(- A /(A tc) ) o aate 26d : ; .
Ki hiéu: a chi mau phéan tich va s chi mau -
2 L 2 J
chuan. 2 2
Ap dung cong thuc truyén sai sé, c6 cong 15| a -

thirc tinh sai s6 twong ddi nhur sau:

S6 d€m

2 2 2 2
2 2 O—Na O—Ns O-Ws O—Wa (3)
= — |+ + | —= L .
- 7 9 Y 30
V6i Se, cac cip dinh 121 keV - 279 keV va iate 136
136 keV - 264 keV la nhitng cap gamma ndi ting 3
¢ cuong d6 lon. Can ctr vao cac phén tich so dd 20| § i
phan rd cua cac hat nhan "Se, cap dinh gamma P
136 keV-264 keV phat ndi ting co cudng do I6n o
nhét, do d6 str dung cap nay cho két qua tét nhat. or T
KET QUA VA THAO LUAN
Mau sau khi chuin bi dugc dat trong 0 ' ' ' '
) . . . A R 0 200 400 600 800 1000
container nhdm va kich hoat neutron tai mam Nang lwgng E(keV)
quay cua 10 phan rng Hat nhan Da Lat trong thoi Hinh 4. Phé gate trong ché d6 do tring phing
gian 10 gid. Mau sau khi chiéu duoc dé ra véi
thoi gian 60 ngay. Sau d6 mau dugc do trén h¢ Bang 1. S liéu Se trong mau Tuna fish do tring
phé ké tring phing gamma - gamma ghi theo phung

phuong phap sy kién - sy kién; ddng thoi ciing sir Nang | Pinh | Dién Dién | Tysbé | Gisi

X a4 A A mAF A AR A4 lugng | quan tich tich dinh han
ng m hé m : :
dung mau nay dé do trén hé mot dau do dé so qate tam dinh | phong | trén phat

sanh, d6i chiéu. (keV) | (keV) phong | hién

O ché do do tring phung, cip dinh ning (ppm)
luong dugc chon lam gate 1a 136 keV-264 keV 264 | 136 | 75(1) 3 25 0,13
dé loai bo anh huong cua nén phong 1én két qua 136 | 264 | 77(1) 1 77 0,07

phan tich selenium trong mau nay. Két qua cua
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O ché @6 do don st dung mot dau do, dwoc
tién hanh do trén toan dai ning lugng cua "Se.
Bang 2, Hinh 5 trinh bay mot sé két qua thu
duoc.

Bing 2. S6 liéu selenium trong méu Tuna Fish
do don str dung mot dau do

Dinh | Diéntich | Dién | Tysé | Gi6ihan
guan dinh tich dinh phat
tam phéng trén hién
(keV) phong | (ppm)
136 126 (35) 149 0,85 0,74
264 164 (21) 137 1,2 0,62
100
80 E >
= %07 17 > -
S E
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Hinh 3. Phé do don six dung mot dau do

Két qua do don va do trung phing cta mau
Tuna Fish cho thay:

- O phuong phép do tring phung, két qua
khong con anh huong cua nén phong compton tir
cac dinh gamma nidng lugng cao lén cac dinh
ning luong thap. Ty sé dinh trén phong da duoc
cai thién dang ké, cu thé 1a: ddi vai dinh 136 keV
la 29,4 lan va d6i véi dinh 264 keV 1a 64,2 lan.
Gidi han phét hién da cai thién 5,7 lan dbi voi
dinh 136 keV va 8,9 lan ddi vai dinh 264 keV.

- O phuong phap do don sir dung mot dau do,
anh huéng nén phong lién tuc cua tan xa compton
1én cac dinh c6 cudng do phat thap. Két qua cho
thay ti s6 dinh trén phdng thap (~1). V& mat thuc
nghiém vat |y hat nhan, diéu kién tdi thiéu ti sb

s dém giira dinh quang dién — ving phong dudi
dinh phai > 3 lan thi d6 tin cady mai co y nghia
thuc tién. Do vay, véi két qua trinh bay & Bang 2
trong truong hop do don sir dung mot dau do
trong thuc nghiém nay phong rit cao, nén néu
ding dé xac dinh dinh luong cua selenium trong
mau phan tich thi sai sb s& rat I6n va y nghia s&
khong cao.

Tir két qua do phd gamma cho hai truong
hop do tring phing va do don st dung mot dau
do, ham lugng cua selenium trong mau dugc
trinh bay ¢ Bang 3. Két qua phan tich dinh lugng
bang phuong phap tring phing gamma — gamma
khé& phu hop so véi ching nhan trong mau chuén
[10] va sai s& nho trong khi d6 gia tri trong do
don c6 sai s6 rat lon.

Bang 3. Ham lugng Se trong mau

Ham luong (mg/kg)
Nang luong - o
(keV) Do trung ung
Bodon | “hing | nhan [10]
4,67 4,65+ 4,63 =
264 (keV) |y o7 0,49 0,48
KET LUAN

K¥ thuat do trung phing gamma — gamma
cho thdy kha ning (ing dung tét & mot sé truong
hop trong phéan tich INAA do kha nang tach
phong khoi phd thu nhan bang phan cing va
chuong trinh xu ly. K¥ thuat nay da loai bo dugc
su anh huong cua nén phong compton va chong
chap dinh gamma vao viéc xac dinh selenium.
Két qua cho thiy phwong phap tring phing
gamma — gamma ung dung thanh cdng trong cac
truong hgp phén tich dinh tinh va dinh luong caa
c4c nguyén té ¢ trong mau bi anh huéng can
nhiéu tir cac ddng vi khéac, hoic tir c4c dinh ning
lwong cua chinh nd. Uu diém cua phuong phap
da tach bde dugc thanh phan nén lién tuc cua tan
Xa compton ciing nhu do chdng chap cac dinh
nang luong c6 cudong do phat 1on. Pay 1a hudng
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giai quyét cho bai toan phan tich kich hoat khéng
phai sir dung phuong phap tach héa hay phuong
phép vong lap. Uu diém nira cia phuong phap 1a
cho d6 nhay cao.

Nghién ctru nay budc dau cho thay kha ning
g dung cua hé phé ké trung phung gamma -
gamma trong phan tich kich hoat tai 16 phan ung
Hat nhan Pa Lat. Tuy nhién, cling trong nghién
ctru nay cho thdy, han ché chinh khi phan tich
kich hoat bang do tring phing gamma - gamma

la hiéu suat ghi thip. Do d6, dé c6 cing muc sai
s6 théng ké nhu nhau thi thoi gian do véi tring
phiing gamma - gamma phai rat dai so véi do don
thong thuong.

Loi cam on: Nhém tac gia xin chdan thanh
cam on den Ban lanh dao Vién nghién cuu Hat
nhgin, Ban lanh dao Phong I{dt li dién tr da tao
dieu kién c%zo yho’m dwoc tien hanh thuc nghiém
trén hé pho ké tring phung gamma - gamma fai
kénh thuc nghiém so 3 cua lo phdan vumg Hat nhdn
Pa Lat.

Determination of the selenium content in
biological samples by gamma - gamma

coincidence method

e Truong Van Minh
Dong Nai Univesity
e Pham Dinh Khang
¢ Nguyen Xuan Hai
Pa Lat Nuclear research Institute
e Nguyen An Son
ba Lat Univesity
¢ Nguyen Dac Chau
Nha Trang Naval Academy

ABSTRACT

At Dalat nuclear research reactor, the
gamma - gamma coincidence method is eficiently
used in data nuclear research direction. By this
method, some laboratories in the world test
neutron activation analysis of geological,
biological and environmental samples. In this
paper, we present the determination of the
selenium content in biological sample by gamma

— gamma coincidence method. The results
showed that the compton scattering was
suppressed. The ratio of peak counts/back was
improved up to 64.2 times. The detection limit for
selenium in biological sample was enhanced to
8.9 times to compare to the method one detector
system.

Keywords: Neutron activation analysis, gamma - gamma coincidence, selenium
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